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Section I. Overview 

System Interface Overview 
Summarizes the facilities provided by the this release of the UNIX operating system 
for the Sun Workstation. 

Section II. Reference Manual Pages 

I. 
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4. 
5. 
6. 
7. 
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D. 

System Calls - previously section 2 of the UNIX Programmer's Manual. 
C Library Functions - section 3. 
Compatibility Functions - section 3C. Covers those functions which are included 
for compatibility with older versions of the C Library. 
Mathematical Functions - section 3M. 
Network Library Functions - section 3N. 

Standard 1/0 Library Functions - section 3S. 
Miscellaneous Library Functions - section 3X. 
Special Files and Hardware Support - section 4. 

File Formats - section 5. 
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PERMUTED INDEX 

gettable - get NIC form&t hon ta.blea from a. host 
information &le for read11.ew1(1) and checknew1(1) 
no~,p - run a. command at low priority (sh only) 

prog~m file including aliues and paths {csh only) 

login, newgrp, read,/ sh, for, cue, if, while, :, 
- informa.tion file for readnew11(l) a.nd checknew11( 

newsrc - inform&tion file for rea.dnewe( 
interf&ce. vp - Ikon 

tm - ta.pemuter 
ar - Archive 

mli - Syolech MTl-800/ 
tm - ta.pemal!lter 1/ 

ip - Disk driver for Interphue 
printer interf&ee. vpc - Systech VPC· 

ec
ar - Archive 1/ 

at - Driver Cor Syegen SC 
vp - Ikon 10071· 

sd - Disk driver for Ada.ptec ST· 
mli - Sy,tech MT!· 

18 - 1ilog 

index, rindex, b1.blnk, lea - tell 
getrusa.ge - get information 

vtimee - get information 
btab - lltatic information 

aboli - terminate 

a.bi - integer 
labs, Boor, ceil -

accept -

getgroup1 - ge\ group 
initgroup1 - initialise group 

1etgroup1 - 1et group 
acce11 - determine 
acce11 - determine 

ac - login 
ea, accton - system 

acct - execution 
pac - prinler/plollor 

acct - tum 

••• 1in, co,, tan, 11in, 
,ign&l - ch&nge the 

1ad - print current SCCS &le editing 
forhae - priat a ri.ndom, hopefully intere1tin1, 

1d - Di1k driver for 

adbgen - genen.te 

n&pon -

addu11er - procedure for 
awa.pon - specify 

inetJnaof, inet_netof, inet_nto& - Internet 
toe - return the 

•rp -
arp -

ma.ila.ddr - ma.ii 
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phpicaJ relation1hip1 of screens. 

admin - crea.te and 

new11rc -
nice, 

. which - locate a. 
@: a.rithmetie on 11hcll variable,. 
., brea.k, continue, cd, eval, exec, exit, export, 
1). newsrc • • • • , , , , , , , , , 
1) and checknew11(1). • •••••••• 
10071-6 Multibu11 Verntec pa.ra.tlel printer 
1/2 inch ta.pc drive. 
1/4. inch Streaming Tape Drive. 
1600 multi-terminal interface. 
2 inch tape drive. • • • • • 
2180 SMD Di11k Controller. • • • • • • • 
2200 Vena.tee printer/plotter and Centronica 
SCom 10 Mb/s Ethernet interface. 
4 inch Streaming Tape Drive. • • • • • • 
4000 (Archive) Tape Controller. • • • • • 
5 Multibu1 Vena.tee p&ra.llet printer interface. 
606 Di11k Controllen. • • • • • • • 
800/1600 multi-termina.l interface. 
8530 sec aeria.t comunica.tion, driver. 
abort - genente & fa.ult. , • • • • • • . 
abort - terminate abruptly with memory image. 
about charader object,. • 
about resource utilisation. 
about resource utili1a.tion. 
about the fileay,tem.s. 
abruptly with memory image. 
ab, - integer absolute value. 
ab1olute value. • • • • • • 
ab1olute value, Boor, ceiling function,. 
ac - login accounting. • • • . • • • 
accept - accept a connection on a 11ocket. 
accept. & connection. on a. socket. 
acce!la - determine a.cce9ubility or a file. 
&CCCIII - determine &cces11ibility or file. 
&CCH8 list.. , , , , , 
&CCCIII list.. , , • • , 
&CCe!II list. • , • • , 
&CCHHbility of a. file. 
accea11ibility or file. 
accounting. 
accounting, 
accounting file. 
accounting information. 
accounting on or of. 
acd - execution a.ccounting file. 
acct - t.urn accounting on or of. 
acct-on - !lyatem accounting. • • • • 
aco1, atan, &t&n2 - trigonometric functions. 
action for & signal. • • • • • • 
activity. • •• , , • , , • , , 
adage. • •••• , , , ••• 
Ada.ptec ST·606 Disk Controllen. 
&db - debugger. , , • • • , , 
a.db 1cript.. . •••• 
a.dbgen - genera.te 1.db script. • • • • • 
add & nap device for Interleaved paging/napping. 
addbib - crea.te or extend bibliographic da.tabue. 
adding new u11en. , • • , • • , , , • • • • , 
additional device for paging and swapping. • , •• 
addrt111 ma.nipula.t.ion. /inet_network, inet_ma.kea.ddr, 
addre1111 of an object. • • • • • • • 
address resolution displa.y and control. 
Addre111 Reaolution Protocol. 
&ddres!ling de!lcription. • • , . • • 
&ddaeer - procedure for adding new u11en. • 
adjacentecreen11 - notify the window driver of the 
admin - create and administer SCCS file,. 
adminiater SCCS filct1. 
a.dventure - an exploration game . 

.. i • 

gettablc(8C) 
newsrc(5) 
nice(!) 
which(!) 
csh(I) 
ah(!) 
newnc(5) 
newsrc(5) 
vp(4S) 
tm(4S) 
a,(4S) 
mti(4S) 
lm(4S) 
ip(<S) 
vpc(4S) 
ec(4S) 
a,(4S) 
,t(4S) 
vp(4S) 
,d(4S) 
mti(4S) 
18(4S) 
abort(3) 
abort(3F) 
indcx(3F) 
getruoage(2) 
vlime,(3C) 
btab(s) 
abort(3F) 
ab,(3) 
&b,(3) 
Boo,(3M) 
&<{8) 
&ccept(2) 
&ccept(2) 
a.cce11s{3F) 
acce11s(2) 
getgroups(2) 
initgroups(3) 
,etgroup11(2) 
&cce:is(3F) 
acce11t1(2) 
•<(8) 
,a(B) 
acct(S) 
pac(B) 
•cct(2) 
&cct(S) 
&ect(2) 
,a(s) 
,in(3M) 
oignal(3F) 
,.ct(l) 
lortune(6) 
,d(4S) 
&db(l) 
&dbgcn(8) 
&dbgen(8) 
,wapon(2) 
&ddbib(l) 
addu,c,(8) 
nra.pon(8) 
inet(3N) 
loc(3F) 
arp(8C) 
arp(4P) 
mailadd,(7) 
&ddum(8) 
adja.centscreens(l) 
admin(I) 
admin(t) 
a.dventure(6) 
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Permuted In4e• 

va.dvi11e - give 
Bock - apply or remove &D 

ye, - be repetitively 
buename - st.rip filename 

bif- m&il 
time. 

una.lia.1: remove 

which - loea.te a program &le including 
newaliue11 - rebuild t.be data. ban for the m&il 

a.liue1 -
v&Jloc -

ma.Hoc, free, reaJloc, ca.lloc, dree, 
free, rea.lloc, ca.lloc1 cfree, alloca - memory 

valloc - &ligned memory 
ey&ec - modified ya.cc 

imemteat - 1tand 
pte1t.-1ta11.d 

diag - Gea.eral•purpon 1tand-
1e&ndir, 

limit: 
renice -

elst: 
lex - genera.tor of lexic&I 

error -
a.na.Jy,e - Virtual UNIX poatmortem cra,h 

worm, -
r&ia -

bed - convert to 
exit - terminate a procea1 after lubing 

graphic,/ 

Sock -

number - convert 
bc-

openpl, erue, label, line, drcle1 

cpio - format of c:pio 
ar
ar

tar - ta.pe 
ar

,t - Driver !or Sy,geo SC 4000 ( 
tar - tape 

cpio ·- copy file 
nnlib - convert. 

w - who i11 on and wba.t they 
uera - compa.ct list of usen who 

glob: filename expand 
shift: manipula.te 

vararg1 - vari1ble 
echo: echo 

echo - echo 
geta.rg, iargc - return commud line 

expr - evalu.1te 
getopt, opta.rg1 optind - get option letter from 

mout, pow, gcd, rpow - multiple preci1ion integer 

January 1984 

be ·· a.rbitrary-preci111on 
0: 

new1 - USENET network new, 
expire - remove outda.ted new1 

inew1 - 1ubmit new, 
postnew1 - 1Ubmit new, 

rea.dnew1 - rea.d new1 
rccnewa - receive unproce1111ed 
recnew11 - receive unproce1111ed 

1endnew11 - 11end new, 
uurec - receive proce1111ed news 

advice to paging system. 
advi11ory lock on an open &le. 
affirmat.ive. • • • • • • • 
af'txe1. • • • • • • ••• 
al&J'JD. • • • • • • • • • • • • • 
al&J'JD - execute a 1Ubroutine after a 11peci&ed 
alarm - schedule 1ipM after 11peci&ed time. 
alias: ,hell m.a.cro1. • • • • • • 
aliue1. • • • • • • • • • •• 
aliaaee - aliuea &le for aendma.il. 
aliaaes and palha (ah 0017). 
aliuea file. • • • • • • • 
aliuea file for aendm&il. 
aliped memory allocator. 
alloca - memory allocator. 
allocator. malloc, 
allocator. • • • • • •• 
allowiag much improved error recovery. 
alone memory ten. • • • • • • • • • 
alone teat for the Sun video graphics board. 
alone utility package. • • • • • • • 
alphaaort. - acu a directory. 
alter per-proceu re1ource limitation,. 
alter priority of running proce110. 
alternative command,. • • • • • • 
analyai1 program,. • • • • • • • • • • • • • 
analyse - Virtual UNIX postmortem cruh analyier. 
analyse and dispene compiler error me111ge1. 
an&ly1er. • • • • • • • • • • • • 
animate worms 011 a di11play terminal. 
animated raindrops di11play. 
antique media. • • • • • • • • • • 
any pendiug output. • • • • • • • 
a.out - aaaembler and link editor output. 
apply or remove an &dviaory lock on u open &le. 
ar - Archive 1/4 inch Streaming Tape Drive. 
ar - archive ud library maintainer. 
ar - archive (libraey) file formal. , , • • • 
Arabic numeral, to Engli1h. • • • • • • • 
arbitr&JY•preci1i0D arithmetic language. 
are, move, cont, point, linemod, apace, clo11epl -
archive. • ••••••••••••• 
Archive 1/4 inch Streaming Tape Drive. 
archive ud library maintainer. 
archive file format. 
archive (libraey) file !orm&I. 
Archive) Ta.pe Controller. 
archiver. , , , ••••• 
archive, in and out. 
archives to random libra.rie1. 
an doing. 
are on the ayatem. 
argument li1t. 
argument liat. 
argument liat. 
argument.. 
argumentt. 
arguments. 
&rgumentl aa an expreaaion. 
argv. , • , , • • • • • • • ••••• 
arithmetic. itom, m&dd, maub, mult, mdi•, mia, 
arithmetic - provide drill in number fa.ct,. 
arithmetic language. • • j • • • • • • • 

arithmetic on aheH variables. • • • • • •• 
arp - addreaa resolution diaplay and control. 
arp - Addre11 Resolution Protocol. 
article, utility file1. 
a.rt idea. 
article,. 
articles. 
articlea, 
articles via ma.ii. 
articles via. ma.ii. 
&tiiclea via. ma.ii. 
a.rticlea via ma.ii. • 
a.a - mc68000 a.aaembler. 

vadvi,e{2) 
lock(2) 
7e,(t) 
baaeoame{t) 
bill(t) 
alarm(3F) 
alarm(sc) 
cah(l) 
cah(l) 
aliam(5) 
which(t) 
newalia.aes(B) 
aliaaes(S) 
valloc(3) 
malloc(3) 
malloc(3) 
nlloc(3) 
e7acc(l) 
imemlest(8') 
gxlest(B,) 
diag(B,) 
IC&Ddir(3) 
c,h(t) 
reoice(B) 
cah(l) 
lex(l) 
aoalyre(B) 
error(t) 
aoal7re(8) 
wonn,(6) 
raio(6) 
bcd(6) 
exi1(3) 
a.oul(S) 
8ock(2) 
ar(4S) 
ar(t) 
ar(S) 
oumbe,(6) 
bc(l) 
plot(3X) 
cpio(S) 
ar(4S) 
ar(l) 
tar(S) 
ar(s) 
,1(4S) 
lar(t) 
cpio(l) 
raolib(t) 
w(t) 
u,m(l) 
c,h(t) 
c,h(l) 
nrarg,(3) 
c,h(l) 
echo(l) 
gela.rg(3F) 
expr(t) 
gelopl(3C) 
mp(3X) 
arithmetic(&) 
bc(t) 
c,h(t) 
arp(BC) 
arp(4P) 
oew,(5) 
expire(B) 
ioew,(t) 
postoew,(t) 
readnewa(l) 
recnewa( 1) 
recnews(8) 
,eodoew,(8) 
uurec(B) 
u{I) 
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expr - cvala&tc a.rgumenU as an expression. • • • • • • • • • • • 
time1one, dy!lite - convert date ud time to ASCII. ctimc, localtime, gmtimc, asctime, 

getdate - convert time a.nd date from ASCII. • • • • • • • • • • • • 
a.11cii - map or ASCII character set. 

a.ecii - map of ASCII character eet. • • • • • . 
od - octal, decimal, hex, a.11cii dump. . , , • • , , • • • 
a.to(, a.toi, atol - convcR ASCII to numbcn. , • • • • • • 

to ASCII. ctime, localtimc, gmtime, aectime, timezone, dy11i1e - convert date and time 
i,ia, co11, tan, a11in, a.cos, a.tan, a.tan2 - trigonometric functions. 

help - ••k for help. • • • • • • • • • 
u - mc68000 11111cm bier. • • , • • • , • • • 

&.oui - a.1111emblcr and link editor output. • • • 
a1111crl - program verification. 

aetbuf, aetbuler, 11etlinebuf - &Hip butrering to a. stream. • •••• 
at - execute comma.nd11 a.t a. later time. 

shutdown - cloae down the 11yatem a.t a. given time. 
at - execute comm1.n.d11 at & later time. • • • • • • • • • • 

nice, nohup - ran & command at low priority {eh only). • • • • • 
ein, coe, t&n, &Bin, &co,, &t&n., &t&n.2 - trigonometric Cunction11. 

ein, co,, ta.n, uin, &coe, &t&n, &t&n2 - trigonometric function,. • • 
&tof. &toi, &tol - convert ASCII to numben. 

atof, atoi, atol - convert ASCII to numben. 
&tof, &toi, &tol - convert ASCII to numben. 

interrupt. eigpa.uee - &tomic&lly relea.ee blocked eignale and wait for 
re - command acript for a.uto--reboot a.nd daemon,. • • • • • • • •• 

w&it - a.wait completion of proce118. • • • • • • • • 
a.wk - pattern eca.nning and procesaing language. 

b&ckg&mmon - the game of ba.ckga.mmon. • • • • • • • , • • • • 
backga.mmon - the ga.me of backga.mmon. 

bg: place job in background. • • • • • • • • • • • 
wa.it; wait for b&clcground procem:s to complete. 

b&nner - print large banner on printer. 
banner - print large banner on printer. 

gettyta.b - termini configura.tion data ba8e. 
ho8t1 - ho8t name data base. 

networks - network name data. ba.ae. 
pbon• - remote ho,t phone number data b1.1e. 

printcap - printer capa.bility data baae. 
protocol, - protocol name d&t& base. 

eerven - inet eerver d&t& ba.ee. 
1ervic11 - eervice name d&t& bate. 

lermcap - terminal capabilil7 data ba,e. • • • • • • • • 
new&liuee - rebuild the data baee for the ma.ii alia.11e11 file. 

tlylype - dal& ba,e ol terminal type, by port. 
fetch, store, delete, lntlcey, nmctkey - data. b&ee eubroutinee. dbminit, 

vi - 1creen oriented (vieual) dieplay editor baaed on ex. , • , • • . • • 
baee:name - strip filename affixes. • • 
be - a.rbitrary.preci8ion arithmetic la.ngua.ge. 
bed - convert to antique media. • • • • . • 

bcopy, hemp, bsero, fs - bit and byte 11tring operations. 
operation,. bcopy, hemp, b1ero, f1'11 - bit and byte 8tring • • 

Dieplay. bdemos - demonetra.te Sun Monochrome Bitma.p 
yes - be repetitively affirmative. 

cb - C program beautifier. • • • • • • • • • • • • • • • , 
uptime - show how long system bu been up. ~ • • • • • • • • • • • • • •• 

jO, j1, jn., yO, y1, yn. - be1111el functions. • •••••••••••• 
changing/ random, ,random, iDitetate, setstate - better random number genera.tor; routines for 

bg: place job in background. 
a.ddbib - create or extend bibliographic da.taba.ee. • • • • • • • • • • 

rofbib - run of bibliogra.phic databa.se. • • • • • • • • • • 
sortbib - son bibliographic data.hue. • • • • • • • • , • 

a bibliogra.phy .br lookbib - find reference, in. a. bibliography. indxbib - make inverted index to 
bibliography. inclxbib - make inverted index to a bibliography .br lookbib - find refmncea in• 

bil - ma.ii alarm. • • • • • • • • 
comea.i - bif aerver. • • • • • • • • • • • 

whereie - locate 8ource, binary, and/or manual for program. 
- find printable strings in an object, or other bina.ry, file. 8trings • • • • • • • 

uuencode,uudecode - encode/decode a. binaty file for tra.n111ni1111ion via ma.ii. 
frer.d1 (write - buffered binary input/output. • • • • • • 

bind - bind a. name to a 11ockct. 
bind - bind a. name to a socket • • • 

/ bin/ma.ii - send or receive ma.ii among usef8. 
bcopy, hemp, bzero, !11 - bit a.nd byte string operations. 

bdemos - demonstrate Sun Monochrome Bitmap Di11play. • • • • • • • • • • 
Hrip - remove aymbol, and relocation. bit!J. • , • • • • • • • • • • • • • 

communication. bk - line discipline for machine-machine 
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Perm~ted lndez 

expr(I) 
ctime(3) 
getdate{3) 
ascii{7) 
ascii(7) 
od(!) 
atof(3) 
ctime(3) 
,in(3M) 
help(!) 
••(!) 
a.out(5) 
&!lllcrt(3) 
,etbu!(3S) 
at(!) 
,hutdown(8) 
at(l) 
nice(!) 
oin(3M) 
sin(3M) 

atol!3! atof 3 
a.to( 3 
,igpause(2) 
rc(8) 
wait(!) 
awk(l) 
ba.ckgammon(6) 
b&ckgammon(6) 
c,h(ll 
csh(l 
b&nner(6) 
b&nner(6) 
gettytab(S) 
ho,t,(5) 
networks(5) 
phone,(5) 
prinlcap(S) 
protocols(S) 
mver,(5) 
11ervice11(6) 
tenncap(S) 
newalia11e11(8) 
ttytype{S) 
dbm(3X) 
vi(I) 
baecna.me(l) 
be(!) 
bcd(6) 
bslring(3) 
b,tring(3) 
bdemo,(6) 
ye,(!) 
cb(I) 
uptime(!) 
j0(3M) 
random(3) 
c,h(I) 
addbib(I) 
rol!bib(I) 
,ortbib(I) 
indxbib(I) 
indxbib(I) 
biff(I) 
com11a.t(8C) 
whercis{l) 
1trings(l) 
uucncode(lC) 
fread(3S) 
bind(2) 
bind(2) 
binmail(l) 
bstring(3) 
bdemos(6) 
,trip(!) 
bk(4) 
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bw - Sua bl&ek and white frame butler. 
aync - upda.te the l!luper block. 

1yn.c - upda.te super- block. • •• 
11yn.c - update the 11uper block. • •• 

update - pcriodica.lly update the super block. • •• 
1igblock - block signals. • • • • • • 

i,igpause - atomially relea.ae blocked 11igna.l1 and w&i.\. for interrupt. 
11Um - nm and count blocks in a file. • • • • • • • • 

- 11t&nd ,Jone teat for the Sun video graphic, boa.rd. pteet • • • • • • • • • 
boggle - play the game of boggle. , , , , , , , , , , , , 

boggle - play the game of boggle. , 
ching - the book of change. and other cookie.. 

reboot - UNIX bootRnppiDg procedure.. 
mille - play Mille Bone,. • • • • • • • • • • • • • • • • 

indxbib - ma.kc inverted index to a bibliography . br lookbib - find referea.ces in a bibliography. 
switch: multi-way command br&Dcb. • ••••••••••••••• 

locin, nt!Wgrp./ 11h, for, c.a1e, lf, while, :, ., bruk, continue, ed, eva.l, exec, exit, export, 
break: exit while/loreach loop. 
breabw: exit from switch. • • • • • 

fg: bria1 job into foreground. • • • • • 
brk, 1brk - change data. eegmeat 1i1e. 

more, pqe - brow1e through a text file. • • 
bauncube - view 3·0 San logo. 

bw - Su.a black and white fn.me baler. • • • • • • • • • • 
fre&d, !write - bufered bina.ry input/output. 

1tdio - ,tandard bufered input/output pa.ck.age. 
aetbuf, 11etbufer, ,etlinebuf - a11iga buferin1 to a 1trea.m. 

lbio - genera.I propertiet of In.me bufen. • • • • • • • • • • 
generate a dump ol the open.tins ay1tem'1 pro6.le bu.fen. kgmoa - • • • • • • 

mknod - build ,pecial file. , , , , , , 
coals - build l)'lltem configuration file,. • 

bw - Sun black ud white fn.me bull'er. 
- print out manual pages; lad manual information by lcey,rord1. ma.a • • • • • 

mbtr - crea.te &a error mee1age &le by ma.11agiag C 1ource. 
ttytype - data bue of terminal type, by port. • • • • • • • • • .• 

atoh1 - convert valuea between host and network byte order. htonl, ·htoa11 at.obi, 
bcopy, bcmp, bsero, f1 - bit and byte 1tring opera.tiou. 

IIW&b - IWap bytee. • • • • • • • • • • • • • • • 
bcopy, bcmp, bsero, f11 - bit and byte 11trin1 operation,. 

cc - C compiler. • • • • • 
cpp - the C langaa.ge preproce11or. 

cb - C program beautifier. 
indent - indent and format C program source. 

lint - & C program verifier: • • • • • • • 
x1tr - extract 1trinp lrom C pro.gram, to implement aha.red strinp. 

mk1tr - create an error me,u.ge 6.le by m111agin1 C source. • • • • • •• 
hypot, cab, - Euclidean distance. 

cal - di1pla.y calendar. • 
de - de1k calculator. • • • • • •• 

cal - dieplay calendar. , • • • • • • 
calendar - reminder 1ervice. 

ay1ca.ll - indirect 11yetem call. • • • • • • • • • • 
gprof - dioplay call graph profile data. 

getuid, getgid - get u1er or group ID of the caller. • • • • • • • • • • • • 
malloc, free, realloc, calloc, cfree, alloca - memory allocator. 

intro - introduction to 1yltem calla and error numben. • • • • • • • 
canleld, cf1cora - the 10Jitaire card game can6eld. • • • • • • • • • • • • •• 

canfield. canfield, cf11core1 - the ,olitaire ca.rd game 
printcap - printer t&pability dab bue. 

termcap - terminal capability da.ta. hue. 
oci - Centnl Data octal 1erial card. • • • • • • 

can6eld, cl1ccrea - the 101itaire card game c&n6eld. 
cribbage - the card game cribbage. • • • • • 

exce1 exit, export, logia, newgrp, rea.d,/ eh, for, cue, il, while, :, ., brea.k, continue. cd, eval, 
cue: selector in switch. 
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ca.\ - concatenate and di11pla.y. 
ot.man - create the cat files lor the mu.ual. 

ccat - compre11 and uncompre18 filee, a.nd cat them. compa.ct, uncompact, 
dcfa.ult: utchaU cla.u11e in switch. • • 

ca.hnan - create the ca.t filee for the manual. 
cb - C progra.m beautifier. • ••••••• 
cc - C compiler • • • • • • • • • • • • 

them. compact, uncompact, cca.t - compre1111 and uncompre18 file,, &nd cat 
cd - change working directory. • • • • • •• 
cd: change directory. • • • • • • • • • • • 

11h, for, cue, if, while, :, ., break, continue, cd, eval, exec, exit, export, login, newgrp, read,/ 

.. iv -

bw(4S) 

:;:1~1 
,ya~8 o 
update(8) 
1igblock{2) 
1igpau,e(2) 
,um{!) 
gxteot(s,) 
boggle{6) 
boggle{6) 
ching(6) 
reboot{S) 
mi11e{6) 
inclxbib{l) 
e1h{l) 

;:f~l! 
cah(t 
brk{2 
mo I) 
houncuhe{6) 
hw{4S) 
fread{3S) 
intro{3S) 
1etbul{3S) 
fbio{4S) 
kgmon{S) 
mknod{B) 
con&g(B) 

bw{4~ mau(l 
mkot I) 
ttytype{6) 
byteorder(3N) 
b,tring{3) 
owab(3) 
b,tring(3) o 
cc{!) 
cpp{l) 
cb{l) 
indent{!) 
lint(!) 
x,tr(l) 
mkotr(I) 
hypot{3M) 
cal{!) 
dc(I) 
cal(!) 
caleudar(l) 
1yocal1(2) 
gprof{l) 
getuid(3F) 
malloc(3) 
intro(2) 
canfield{6) 
can&eld(6) 
priutcap{6) 
termcap(6) 
oct(4S) 
caufield(6) 
cribbage{6) 
,h(I) 
coh(I) 
cat(!) 
catman(8) 
compact(!) 
coh(l) 
catman(B) 
cb{l) 
cc{!) 
compact{!) o 
cd{I) . 
coh{l) 
,h{l) 
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delta. 
fab,, floor, 

f1ob1, loor, ceil - &bsolute value, floor, 
od

- Sy1teeh VPC-2200 Venatec printer/plotter and 
malloe, free, realloc, calloc, 

canficld, 

chdir
brk, ,brk -

chdir -
chsh -

cd: 
chdir: 

ioinit -
chgrp -

punrd-
chmod -
chmod -

chmod, fchmod -
umuk: 

chowa -
cbown, febown -

chroot -
,ignal -

cdc-
rena.me -

delta - make • delta ( 
set: 

cd -
ching - the book of 

- better raadom number genera.tor; routine, for 
vi - view & file without 

pipe - create an interproce11 communie&tion 
ungetc - pu,h 

/i111cii, isgraph, toupper, tolower, toa.1cii -
eqnch&r - special 

getc, fgetc - get a 
index, rindex, lnblnk, len - tell about 

getc, getcb&r, fgetc, getw - get 
putc, putch&r, fputc, putw - put 

a1cii - map of ASCIJ 
putc, fputc - write a 

tan - en1bli1h terminal 
tr - truslate 

IID&ke, 11n1core - di11pla.y 

dcbeck - &le IJ'ltem directory con,istency 
icheck - lie S)'8tem atonge conaiatency 

lplype -
f1ck - file ayltem con1i1tency 

checkne1n -
checknr -
eqn, neqn, 

fulhll - rebool/hall lhe ayolem wilhoul 
new, network. 

new,rc - in(ormatioa file for rudnew1(1) and 

clo1epl - gra.phics/ openpl, era.ae, label, line, 
i1gnph1 tonpper, tolower, toascii - ch&ra.cter 

default: catchall 
uucleaa - ttu.cp 1pool directory 

chi -
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cdc - change the delta commentary of an SCCS 
ceil - a.bsolute value, floor, ceiling function,. 
ceiling function,. • • • , , •• 
Central Data octal aerial card. , • • • , 
Centronic1 printer interface. vpc • • • • 
dree1 a.lloca - memory allocator. 
d:icores - the solitaire card game canfield. 
cg - Sun color graphica interface. 
change current working directory. 
change data. 1egment ai1e. 
change dela.ult directocy, 
cha.n.ge default login :ihell. 
chuge directory. • • • , 
chan.ge directory. 
chan.ge f77 1/0 initialisation. 
chuge group. 
chu.ge login pa.111word. 
change mode. 
change mode of a file. 
change mode of file. 
change or display file creation mask. 
change own.er. • • . • • • • • 
change owner an.d group of a tile. • 
cha.n.ge root directory. • • • • • • 
ch&nge the action for a. signal. • • • • • 
change the delta commentary of au secs delta. 
change the name of a file. 
change) lo an SCCS file. 
change value of shell variable. 
change working directory. 
chan_gea and other cookiee. • • • • • 
changing genera.ton. /1random, initata.te, 1etlta.te 
cbangin.1 it using the vi visual editor. 
channel. • • • • • • • • • • • • • • • • • 
character back into input atream. • • • •• 
chan,cter claHification. and conver1ion. macros. 
character definition.a for eqn. • • 
character from a logical unit. 
character objecb. • • • • • • 
character or integer from atrea.m. 
char&cter or word on & stream. • 
cbar&cter 11et. • • • • • • , • • • 
char&eter to a. FORTRAN logica.l unit. 
char&c:teriatic11 for the en.viron.ment. • 
characters. • • • • • • . • • • • 
cbue - Try to e1cape to killer robot,. 
chue game. • • • • • • , • • • • • 
chdir - cban.ge curren.t working directory. 
chdir - change dclaull directory. 
chdir: change directory. 
check. • ••••• , ••• 
check. , •• , .... , • 
check a Boa.ting point number. 
check and in.teractive repair. • • • • • • . • • • • 
check if user has news on the USENET new1 network. 
check nrof/trofl file,. • • • • • , • • • • • , •• 
checkeq - type1et mathematic,. • • • • • • • • 
checking the di1b. faatboot, • • • • • • • • • 
checknew1 - check if u1er bu news on the USENET 
checknew,(1). • ••••.••• , , ••• 
checknr - check nrotr/trotr ti.lea. • • • • • • 
chgrp - change group, • • , . • • • • • • 
chins - the book of changes and other cookie1. 
chmod - change mode. • • • • • • • • • • 
chmod - cha.nge mode of a file. • • • • • • • 
chmod, fchmod - chauge mode of file. • • • , 
chow:n - change owner. • • • • • • • . • • • 
chow:n, fchown. - change owner and group of a file. 
chroot - change root directory. • • • • • • 
chsh - change default login. 1hell. • • • • • 
circle, are, move, cont, point, linemod, 11pace, 
cla111ification. a.nd convcnion macros. /i11a.11cii, 
clause in switch. • , , , • • • • • • , . 
clea.n-up. • • . .. , • • • • • • • • • • 
clear - clear workstation or terminal screen. 
clear i-node. • • • , • • • • • , • , • , 

• V • 

Permuted lndez 

cdc(I) 
floor(3M) 
floor(3M) 
oct( 48) 
vpc( 48) 
malloc(3) 
canfield(6) 
cg(4S) 
chdir(2) 
brk(2) 
chdir(3F) 
chsh(I) 
c,h(I) 
csh(I) 
ioinil(3F) 
chgrp(I) 
pas,wd(I) 
chmod(I) 
chmod(3F) 
chmod(2) 
cah(I) 
chown(8) 
chown(2) 
chroot(2) 
aignal(3F) 
cdc(I) 
rename(2) 
delta(!) 
csh(t) 
cd(I) 
ching(6) 
random(3) 
view(!) 
pipe(2) 
ungclc(3S) 
ctyp,(3) 
eqnchar(7) 
gclc(SF) 
index(3F) 
getc(SS) 
putc(3S) 
&ocii(7) 
putc(SF) 
laet(t) 
Ir{!) 
cha,c(6) 
,nakc(6) 
chdir(2) 
chdir(3F) 
cah(I) 
dcheck(S) 
icheck(8) 
lplype(SF) 
bck(8) 
checknew,(1) 
chccknr(I) 
cqn(I) 
faolboot(8) 
checknews(l) 
newm(S) 
checknr(t) 
chgrp(I) 
ching(6) 
chmod(I) 
chmod(3F) 
chmod(2) 
chown(8) 
chown(2) 
chroot(2) 
chsh(I) 
plo1(3X) 
ctype(3) 
cah(I) 
uuclca.n(8C} 
clear(!) 
clri(S) 
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Permuted Ind'" 

clea.r -
ferror, feof, 

c,h - • ,hell (commud interpreter) with 
cron -

shutdown -
(close, fflush -

opendir, re&ddir, telldir, aeekdir, rewinddir, 
ayslog, open.log, 

circle, arc, move, cont, point, linemod, space, 

pi - Pucal interpreter 

log. dme11g
colordemo1 - demonltn.te Sun 

cg - SUD 
Di1play. 

pr- priat file(,), pmibly ia multiple 
colrm - remo•e 

comb -
file,. 

exec: overlay 11hell with epecified 
time: time 

- routine, for returning a. stream to a remote 
rexec - return etream to a remote 

sy,item - i111ae a. shell 
ayatem - execute a UNlX 

teat - condition 
time -time a 

nice, nohup - run a 
•witch: multi-way 

uux - a.nix to an.ix 
rehuh: recompute 

unha11h: di1card 
ba,hat&t: print. 

nohup: run 
coh - • ,hell ( 

wha.tis - describe what a 
rea.donly, ,et, abift, timea, tn.p, umuk, wa.it -

getarg, iargc - return 
repeat: execute 

rc
onintr: proce111 interrupta in 

goto: 
else: a.lternative 

intro - introduction to 
- introduction to eyetem maintenance and opera.tion 

&t - execute 
while: repeat 

lutcomm - ,how last 
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11ource: read 
cdc - ch&nge the delta 

comm - eeled or reject line, 
bk - line discipline for machine.machine 

1ocket - create an endpoint for 
pipe - create an interproce111 

u1en
filee1 and ca.t them. 

dil - dilerenti&J file and directory 
cmp

accadil -
difl'3 - 3-wa.y difl'erentia.l file 

intro - introduction to 
cc-C 

fl7 - FORTRAN-77 
pc - Pascal 

ya.cc - yet a.nother compiler· 
error - analyse and diape111e 

ya.cc - yet another 
w&it: w&it for background proceHCII to 

w&it - aw&it 
compa.ct1 uncompact1 ccat -

clea.r worbbtion or terminal screen. 
clearerr, 6.leno - stream Ratue inquiries. 
C-like ,ynlu. , , , , . 
clock daemon. • • • • • • • • • • 
clo1e - delete a dcacriptor. • • • • • 
cloee down the a)'!f.em a.t a given time. 
cloee or aueh a stream. • • • • • • 
closedfr - directoiy operation,. 
clo11elo1 - control 11yatem log. • • • 
cloeepl - graphia interface. /erue, label, line, 
clri - cleu i-nodc. • • • • • • 
cmp - compMe two &lei. • • - • • • • • • • 
code translator. • • • • • • • • • • • • • 
col - filter revene paper motions. • • • • •• 
colcrt - filter nrol output for CRT previewing. 
collect eyBtem dia.g:noetic mel!lagea to form error 
Color Graphia Oieplay. • • • • • • • • • • 
color graphia interface. • • • • • • • • • • 
colordemo1 - demonstrate Sun Color Graphic, 
colrm - remove column, from a &le. 
column,. • •••••• • • 
column• from a &le. • • • • • • • • • • • • 
comb - combine secs deltu. • •••••• 
combine secs deltu. • • • • • • • • • • • 
comm - select or rejed line, common to two sorted 
command. • •••••••••• 
command. • ••••••• • •• 
comm&D.d. rcmd, rrcavpori1 rui,erok 
command. 
command. 
command. 
command. 
command. • • • • • • 
command at low priority (1h only). 
command branch. 
command execution. 
command huh table. 
command huh table. 
command huhing statistics. 
command immune to hangups. • • • • 
command interpreter) with C-liJce·eyntu:. 
command i1. • •••••••••••••• 
command language. /export., login, newgrp1 read, 
command line argument,. , • • , • • • • • 
command repeatedly. • • • • • • • • • • • 
command 1cript for auto-reboot and daemon1. 
command 1cript1. 
command tranefer. 
command,. 
command,. 
commands. intro 
command, at a later time. 
command, conditionally. • • • 
command, executed in rcvene order. 
command• from file. 
commentary of ID SCCS delta. 
common to two 1orted filC8. 
communication. • • • • • • 
communication. • • • • • • 
communication channel. • • • • • • 
compact list or Ulen who arc on the 1ystem. • •• 
compact, uncomp&ct, cca.t - comprea1 and uncompre1111 
compara.tor. , • • • • • • • • • • 
compa.re two files. • . • • • • • • 
compare two venions of an secs file. 
comparieon. • • • • • • • • 
compatibility library functions. 
compiler. 
compiler. • ••••• 
compiler. • ••••• 
compiler. • ••••• 
compiler error message,. 
compiler•compiler. 
complete. • ••• , • 
completion of proce!!s. • • 
compress and nncomprC1111 files, and ca.t them. 

clear(!) 
ferror{3S) 
ah(!) 
cron(B) 
close(2) 
1huldown(8) 
fclose(3S) 
directory(3) 
•:r•log(3) 
plot(3X) 
clri(B) 
cmp(l) 
pi(l) 
col(!) 
colcrt(l) 
dme,g(B) 
colordemo,(6) 
cg(4S) 
colordemo,(6) 
colrm(l) 
pr{!) 
colrm(I) 
comb(!! 
comb(! 
comm(!) 
c,h(ll 
csh(l 
rcmd(3N} 
rexcc(3N) 
ey,lem(3) 
1y,tem(3F) 
leol(I) 
lime(!) 
nice(!) 
coh(I) 
uux(IC) 
c,h(l) 
ceh(I) 
c,h(l) 
c,h(l) 
c,h(l) 
whati,(I) 
,h(l) 
gelarg(3F) 
coh(l) 
rc(B) 
c,h(ll 
csh(l 
c,h(I 
intro(!} 
intro(B) 
at(l) 
c,h(l) 
laolcomm(l) 
c,h(l) 
cdc(l) 
comm(!) 
bk(4) 
1ockel(2) 
pipe(2) 
usero(I) 
compact(!) 
di!(l) 
cmp(I) 
madiff{l) 
di«3(1) 
intro(3C) 
cc(l) 
fl7(1) 
pc(!) 
yacc(!) 
error{!) 
yacc(!) 
coh(l) 
wait(!) 
comp&et(l) 
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hangmu - Computer version of the game hangman. 
comu.t - biff server. 

11- rilog 8530 SCC aerial comunication11 driver. 
cat - conca.tena.tc &nd dii,play. 

teat - condition command. 
endil: terminate condition.a.I. • • • • • 

if: conditiona.l statement.. 
while: repeat command, conditiona.tly. 

config - build ay11tem configuration &lea. 
gettyta.b - terminal configuration data baae. • • • • • • • 

config - build 11y11tem configuration files. • • • • • • • • • 
ifconfig - configure network interface parameteni. • 

connect - initiate a. connection on a socket. 
tip, cu. - connect to a remote 11yt1tem. 

getpeername - get na.me of connected peer. 
11ocketp&ir - create a pair of connected socket,. 

abut.down - ,hut down part of a full~duplex connection. 
accept - accept a connection on a 11ocket.. 

conned - initia.te a connection on a socket. 
listen - listen for connection, on a 1ocket. 

COD.Ii - driver for Sun con1ole. 
dcheek - &le 9Y1tem directory consi1tency check. 

icheck - &le 1:ystem 1tonge consi1tency check. • • 
f11ck - &le 1ystem con,i1tency check and intenctive repair. 

cons - driver for Sun console. • • • • • • • • • • • 
mkf• - con1Ftruct a &le 1y,tem. 

newfs - construct a new &le 1ystem. 
mkpro~ - construct a prototype file 1)'1tem. 

derol - remove nrol, trol, tbl and eqn con1truct1. • • • • • • • • • 
1etrlimit - control maximum eyatem re1ource connmption. getrlimit, • • •• 

vlimit - control maximum 1y,tem rc1ource con1umption. • •••••••••••• 
openpl, erue, label, line, circle, arc, move, cont, point, linemod, ,pace, tlo1epl - graphie1/ 

11 - lilt content, of directocy. 
1iptack - 1et and/or get 1ignal ,ta.ck context. • •••••••••••••• 

locklcreea - maintain window context until "login". • • • • • • • • • 
newgrp,/ ,b, for, c:ue, if, wbile, :, .1 break, continue, cd, eval, exec, exit, export, login, 

continue: cycle in loop. 
a.rp - addn11 resolution di1play and control. 

!call - Ale control. • • • • • • 
· ad - network di11k control. •••••• 

ioctl - control device. 
init - proce11 control initialisation. • 

getrlimit, 1etrlimit - control maximum 1Y9tem re1ourc:e con1Umption. 
vlimit - control maximum 1Y9tem re1ource con1umption. 

icmp - lntemet Control Mee11ge Protocol. 
dkio - generic di1k control operation,. 

fcntl - &le control option,. 
lpc - line printer control program. 

tcp - Internet Tran1mi11ion Control Protocol. 
1y1Jog1 openlog, clo1elog - control 9Y1tem log. 

vhangup - virtually 11 hangap" the current control terminal. 
ip - Di1k driver for Interphue 2180 SMD Di1k Controller. 
11 - Driver for Sy1gen SC 4000 (Archive) Tape Controller. 

1d - Di1k driver for Adaplec ST,608 Di,k Conlrollen. 
x:, - Diak driver for Xylogic1 SMD Di1k Coatrollen. 

ecvt., fcvt, gcvt - output conveniion. 
printf, fprintf, 1printf - formatted output convenion. 

11c:&nf1 f,canf, 11ca.nf - form&tted input. convenion. • • • • • • • • • • • • • • 
tolower, to11cii - c:han.cter clu1i&cation and conveniioa m&ero1. /i111c:ii1 i,graph, toupper, 

uaitl - convenion program. • • • • • • 
v,,rap - convert a foreign font. file. 

dd - convert and copy a file. • • • • • 
number - convert Ara.hie: numerals to Engli1h. 

ranlib - convert archives to random librariee. 
a.tof, a.toi, a.tol - convert ASCII to numben. 

localtime, gmtimc, uctime, time1one, dy1ise - convert. date a.nd time to ASCII. ctime, 
htable - convert NJC 11tandard form.at ho:it table:i. 

getdate - convert time and date from ASCII. 
bed - convert to antique media. • • • , , • • • • • • 

htonl, htons, ntohl, ntohs - conv-ert value, between host and network byte order. 
ching - the book of changes and other cookie,. 
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rep - remote file copy. • • • • • • • • • • 
uucp, uulog - unix to an.ix copy. • ••••••••• 

dd - convert. and copy a file. • • • • • • , 
cpio - copy file archive1 in and out. 

cp - copy file11. • • • • • • • . 

- vii~ 

Permuted lndez 

hangman(6) 
com:ia.t(SC) 
ss(4S) 
cat(!) 
test(!) 
csh(I) 
csh(I) 
csh(I) 
config(8) 
gettytab(5) 
config(8) 
ifconfig(8C) 
connect(2) 
tip{IC) 
getpeeruame(2) 
,ocketpair(2) 
,hutdown(2) 
accept(2) 
connect(2) 
li,ten(2) 
con,(4S) 
dcheck(8) 
icheck(8) 
fsck(8) 
con,(4S) 
mkf,(8) 
newf,{8) 
mkproto(8) 
derofl(I) 
getrlimil(2) 
vlimit(3C) 
plot(3X) 
1,(1) 
1ig,tack(2) 
lockscreen(l) 
,h{I) 
coh(I) 
arp(8C) 
fcnt1(2) 
nd(8C) 
ioct1(2) 
init(8) 
getrlimit(2) 
vlimit(3C) 
icmp(4P) 
dkio(4S) 
fcntl(5) 
lpc{8) 
tcp(4P) 
,y,log(3) 
vhangup(2) 
ip/4S) 
It 4S) 
,d(4S) 
xy(4S) 
ecvt(3) 
print!(3S) 
ocan!(3S) 
ctype(3) 
units(!) 
vswap(l) 
dd{I) 
number(6) 
ranlib(I) 
ato!(3) 
ctime(3) 
htablc(8) 
getdate{3) 
bcd(6) 
bytcordcr(3N) 
ching(6) 
rcp(IC) 
uucp(!C) 
dd(I) 
cpio(I) 
cp(l) 
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Permuted /ndes 

fork - crea.te a. 
tee-

ea.veeore - aa.ve a 
gcore - get 

f11yoc - synchron.iie a. fi.le11 in. .. 
functions. aiu, 

1inh, 
we -word 

sum - ,um and 

cpio - form" of 

ana.lyie - Virtual UNIX postmortem 
en.ah - what happen, whea the 1yliem 

fork -
tmpna.m

creP
opea - opea a. file for readins or writin1, or 

fork -
aocketpair -

ctap -
socket -
mkllr -

pipe
&dmia
addbib
c&tmH -

a.muk: cban.ge or display &le 
umuk - ,ct 61e 

cribbace - lbt eal<I 1am, 

pxref - Puca! 
colcn - &lter n.rol output for 

1ynta.x. 
loa.te a program &le indudin1 1lia.1e1 and pa.th, ( 

- convert, da.te and time to ASCII. 
tip, 

vba.ngup - virtually "hngupn the 
gethoatid - get a.1ique identifier of 

gethoatname, eethoatname - get/1" na.me of 
hoatnm - get name of 

ho1tid - print identifier of 
boatname - set or print name of 

job1: print 
IUD - i1 
vu: - i, 

HCt - print 
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1ipetmaek - eet 
whoa.mi - di1play elective 

chdir - change 
gctcwd - gel palbname of 

getwd - get 
motion. 

CUflH - IICrteD hDdion, with 11optimal" 
l!lpline - interpolate l!lmooth 

contiDue: 
bnncu be - view S. 

cron - dock 
inetd - internet l!lenicea 

lpd - line printer 
routed - network routing 

re - command script for auto-,reboot and 
!tpd -

telnetd -
timed -
l(lpd -

copy of this procen. • • • • • • 
copy standard output to muy file,. 
core - format of memory image file. 
core dump of the operating syatem. 
core ima,gea of running processes. 
core 11ta.te with that OD di11k. 
co,, to, aain, a.co,, a.tan, atan2 - trigonometric 
coah, bnh - hyperbolic fundion1. 
count. • • • • • • • • • • • • 
count blocka iD a file. • • • • • • 
cp - copy file1. • • • • • • • • • 
cpio - copy &le an:hivea iD u.d out 
cpio - format of cpio archive. 
cpio archive. • • • • • • • • • • 
cpp - t;he C language preproce111or. • • 
cruh - what happen, when the system craahea. 
cruh analyser. 
cruhe1. • • • • • • • • • • • • 
creat - create a new file. 
create a copy of thia process. • • • 
create a n&m.e for a temporary &le. 
create a Dew &le. • • • • • • • 
create & new &le. • • • • • • • 
create & new proce111. • • • • • 
create & p&ir of connected 1ockeU. 
create a tap file. • • • • • • • 
create &D endpoint for communication. • • 
creat.e u. error meaaage &le by managing C 1ourco. 
create n int.erproce111 communica.tioD cha.nDel. 
create a.ad &dminillter secs filea. 
create or extend bi.bliogra.phic database. 
create the cat ilea for the maaual. 
creation mule. • • , • • • • • • 
creation mode muk. • , • • • • 
cribbace. , . • • , • • • • • • 
cribbage - the card game cribbage. 
croa - clock d&emoa. • • • • • • • 
crontab - table of time, to run periodic job,. 
cro11-reference program. • • • • • • • • • 
CRT previewing. • ••••••••••• 
crypt - encode/ decode. • • • • • • • • • 
crypt, ,etk:ey, encrypt - DES encryption. • • 
c,b - a ,bell (command inlerprcter) wilb CJ.like 
c,b only). which - . . . . . . . . . . . . 
ct&p - create a taga &le. • • • • • • • • • • 
ctime, localtime, gmtime, uctime, timesone, dyaise 
cu - connect to a remote ayatem. 
current control terminal. 
current host. • •• 
curreDt boat. • • • 
current host. • • • 
current boat ay11tem. 
current host system. 
CUrNDt job lj,t, • • • 
current ma.chine a eun worlcatation. 
current machine a vu. 
cumnl secs 61e ediling activil:,. 
current 1ip.al muk. 
current uaeruame. • • • • • • 
current working directory. 
current working directory. • • • • 
current working directory pathname. • • • • 
cun, - acreen functions with "optimal" cursor 
cunor motioa. 
curve. • •• 
cycle ia loop. 
D Sun logo. 
daemon. 
da.emoD. 
da.emon. 
daemon. 
daemons. • •••••••••• 
DARPA Internet File Tn.ufer Protocol server. 
DARPA TELNET protocol aerver. • •••• 
DARPA Time server. • •••••••••• 
DARPA Trivial File Tra.nder Protocol aener. 

!orlt(SF) 
lee(!) 
core(5) 
uvecore(S) 
gcore{I) 
f,ync(2) 
,in(3M) 
,inh(3M) 
we{!) 

::~,(!) 
cpio I) 
cpio 6) 
cpio 6) 
cpp(l) 
cra,h(B,) 
analy1e(8) 
craoh(s,) 
creat(2) 
fork(3F) 
lmpnam(SC) 
creal(2) 
open(2) 
fork(2) 
,ockctpair(2) 
ctago(I) 
1ocket(2) 
mkllr(l) 
pipe(2) 
admin(l) 
addbib(l) 
callDll(B) 
cob(!) 
uma,k(2) 
cribbage(6) 
cribbage(6) 
cron(B) 
cronlab(5) 
pxre((I) 
colcrt(l) 
crypt(!! 
crypl(3 
c,h(I) 
wbich(I) 
ctago(l) 
ctime(s) 
lip(IC) 
vbangup(2) 
gelbo,lid(2) 
gelho,lname(2) 
bollnm(3F) 
bollid(l) 
bollname{l) 
c,h(l) 

•••\!) vu: 1) 
,act 1) 
1ipelma,k(2) 
wboami(I) 
cbdir(2) 
gctcwd(3F) 
gelwd!3) 
curm 3X) 
cune11 SX) 
1pline(IG) 
c,h(l) 
b,uncube(6) 
cron(S) 
inctd(SC) 
lpd(B) 
rouled(SC) 
rc(S) 
ftpd(BC) 
lelneld(BC) 
limed(BC) 
lltpd(SC) 
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evaJ: rHvaluate shell da.ta.. 
gprof - display ca.JI graph profile da.ta.. 

prof - di11play profile data.. 
ttys - terminal initialisation data.. 

getlyta.b - terminal configuration data. ba.11e. 
ho,t, - hoet name data. ba8e. 

networkl - network name da.ta. ba.11e. 
phone, - remote ho,t. phone number da.ta. ba.11e. 

printca.p - printer capability data. ba.11e. 
protocol, - protocol name da.ta. ba.11e. 

aerven - inet 11erver dat.1. base. 
1ervice1 - eervice name data base. 

term.cap - term.ind capability data. base. 
nnraliues - rebuild the data. base for the ma.ii aliases file. 

ttytype - da.ta. baee of terminal types by port. 
dbminit, fetch, store, delete, fintkey, next.key - data. base 1ubroutine11. 

oct - Central Da.ta octa.l aerial card. 
brk, abrk - change d&ta. aegment 11i1e. 

null - da.ta. ,ink. 
types - primitive: aystem da.ta. types. 

&ddbib - create or extend bibliographic d&ta.bue. 
rofbib - run of bibliographic d&ta.bue. 

aortbib - 11ort bibliographic d&ta.bue. 
join - relationaJ data.hue operator. 

udp - Internet User Oa.tagr&m Protocol. 
date - di11pla7 or eet the da.te. • • • • • . 

d&te - di11pla7 or 11et the d&te. 
1ettimeo(d1.y, 1ettimeofda.y - get/11et da.te and time. • • • • • • • 

time, !time ~ get da.te and time. .. • • • • • • • • 
rmtime, 1.,ctime, timerone, dy11ite - convert da.te and time to ASCII. ctime, localtime, 

rda.te - set 11yi,tem da.te from &- remote host. 
getda.te - convert time and da.te from ASCII. • • • • • • • • • • • 

touch - upda.te date Jut modified of a. file. • • • • • • 
idate, itime - retuna. da.te or time ia numericaJ form. • • 

d&ta bue subroutines. dbminit, fetch, store, delete, firatkey, nextkey -
dbx - debugger. • • • • • • • • • • • • • 
de - de1k ca.lcula.tor. • • • • • • , , • • • 
dcheck - file 11yatem directory con,ietency check. 
dd - convert and copy ,. file. 

&db - debugger. • • • • • • 
dbx - debugger. • • • • • • 

od - octaJ, decimal, hex, ucii dump. 
tp - DEC/mag tape formats. 

csypt - encode/ decode. • • • • • • • • • • • • • • 
aaencode,audeeode - encode/ decode a binary file for tran11mis11ion via mail. 

default: catchall clauee in nritch. 
chdir - cha.nge default directory. • 
ch11h - cha.nge default login 11hell. 

kbd - keyboard tnn,lation l&ble form&t and def.ult table. 
eqachar - 1peciaJ char&cter de&nitions for eqn. 

close - delete a descriptor. • • • • • • • • • 
dbminit, fetch, store, delete, &ntkey, ncxtkey - da.ta hue eubroutines. 

edc - cbnge ne delta commentary of &D secs delta. • • • • . • • • • • • • • • • • • • 
delta - make a delta. (chuge) to an SCCS &le. 

delt& - make • delt& ( ch&nge) to an SCCS file. • • • 
cdc - cb&nge the delta commentary of an SCCS delta. 

rmdel - remove a delta from an SCCS &le. • • • • • 
comb - combine SCCS deltu. . • • . • • • • • • • • • 

colordemo1 - demonstrate Sun Color Gn.phic11 Di11pla.y. • • 
bdemo1 - demonRra.te Sun Monochrome Bitma.p Di11play. 

mess - permit or deny me11sage11. • • • • • • • • • • • 
coastruch. derol - remove nrof, troll', tbl a.nd eqn 

crypt, 11etkey, encrypt - DES encryption. • • • • • 
wha.tis - de11cribe wha.t & command is. 

m.&ila.ddr - mail addre1111ing description. • • • • • • • 
remote - remote hollt de11cription &le. • • • • • • 

close - delete & descriptor. • • • • , • • • 
dup, dup2 - duplicate,. de11eriptor. . • • • • • • • • • • , • 

getf1t7pe, 1etfsent, endfsent - get file sy11tem descriptor file entry. /getf111pec, getMile, 
getfd - get the file deecriptor of an extemal unit number. 
getdta.ble1i1c - get de11criptor table 11i1e. 
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de - desk calculator. , • • • • • 
acce111 - determine aeees11a.bi1ity of a file. 
accees - determine a.ccessibility of file. 

file - determine file type. 
drum - paging device. • • • • • • • • • 

- ix .. 

Permuted Indez 

coh(l) 
gprof(l) 
prof(!) 
tty,(5) 
gettytab(5) 
ho,t.(5) 
nctworb(5) 
phone,(5) 
printca.p(5) 
protocol,(5) 
mvero(5) 
eervices(6) 
tcrmc&p(5) 
newalia.11e:,(8) 
tlytype(5) 
dbm(3X) 
oct(4S) 
brk(2) 
null(4) 
lypcs(5) 
&ddbib(l) 
rol!bib(I) 
,ortbib(I) 
join(l) 
udp(4P) 
d&tc(I) 
dale(!) 
gettimeofday(2) 
time(3C) 
ctime(S) 
rd&te(8) 
getd&te(3) 
touch(!) 
id&tc(SF) 
dbm(3X) 
dbx(l) 
de(!) 
dcheck(8) 
dd(I) 
&db(!) 
dbx(I) 
od(i) 
tp(5) 
crypt(!) 
uucncodc(IC) 
c,h(l) 
chdir(3F) 
ch,h(I) 
kbd(5) 
eqnch&r(7) 

clooc/2) 
dbm 3X) 
cdc(I) 
delta.(!) 
delta.{!) 
cdc(l) 
rmdel(l) 
comb(!) 
colordemo11(6) 
bdemo,(6) 
me,g(l) 
dcrofi(I) 
crypl(3) 
wh&ti,(1) 
mailaddr(7) 
remote(5) 
closc(2) 
dup(2) 
gethent(3) 
gctfd(SF) 
getdtablesize(2) 
de(!) 
a.ccess(3F) 
access(2) 
file(!) 
drum(4) 
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Pcrmutc4 /n4c# 

fold - fold long lines for finite width output 
ioctl - control 

IIW&pOn - &dd & IIW&p 
nra.poD - 11pecify additional 

tlmi'a, lmax, dlmi'a, 
8.min, 8.ma.x, 

package. 
dme11g - coiled 11y,tem 

ra.tfor - rational Fortn.a 

dif
dil!3 -3--..:, 

dir - format of 
rm, rmdir - remove (unlink) 6le11 or 

rmdir, rm - remove (unlink) 
cd - change working 

chdir - chnge current working 
chdir - change defa.ult 

chroot - change root 
cd: change 

chdir: ch&nge 
getcwd - get pathume of current working 

11 - list contents of 
mkdir - ma.ke a 

11cu.dir, alpha11on - scan a 
uuclean - uucp spool 

dil - diferentia.l &le and 
dcheck - file syriem 

unlink - remove 
unlink - remove a 

mkdir - ma.ke a 
rmdir - remove a 

pwd - print working 
re&ddir, telldir, 1eekdir, rewinddir, cloeedir -

getwd - get current working 
popd: pop ,hell 

pu,hd: pu,h shell 
,etquota - enable/ 

an.hub: 
unset: 

bk - line 
- synchronise a &le', in•core atate with that on 

nd - network 
dkio - generic 

ip - Diak driver for lnterphue 2180 SMD 
1d - Di,k driver for Adaptec ST.608 

xy - Ditk driver for Xylosic• SMD 
ad - network 

,d -
Controller. ip -

xy
quota - manipulate 

di - report free 
du - summarise 

- reboot/halt the system without checking the 
mount, amount - mount and 

error - a.na.lyie and 
bdemo, - demonstrate Saa Monochrome Bitmap 

cat - concateute and 
colordcmo, - demon1tr&te Sun Color Graphic, 

ra.in - anim&ted raindrop, 
arp - addrcn resolution 

ca.I -
gprof -

l!ID&ke, an,core -
vi - aereen oriented (viaual) 

whoami -
umulc: change or 

head -
perfmon - graphical 

date
prof

worms - animate worm, on a 

Ja.nua.ry rns4 

device. • • • • • • • • • • • • •• 
device. • • • • • • • • • • • • •• 
device for interleaved paging/swapping. 
device for paging aad awapping. 
df - report free disk apace on file aystem1. 
dffmu, inmu - return extreme values. • •• 
dflmin, dflmu: 1 inmu: - return extreme va.lue11. 
diag - Genera.I.purpose atand·a.lone utility • • 
diagnostic mcaaage1 to form error log. • • • • 
diaJect. , , • .. • , , • , , , , , , , , 
dil - dilerentia.l file and directory compantor. 
dil3 - $,,way diferentia.l file comparison. 
dilerential &le and directory compamor. 
dilerential &le comp&ri11oa. 
dir - format of directorie1. 
directorie1. 
directorlee:. 
directoriea or &lea. 
directory. 
directory. 
directory. 
directory. 
directory. 
directory. 
directory. 
directory. 
directory. 
directory. 
directory clcan·up. 
direciory comparator. • 
direciory con1iate11.cy check. 
directory entry. 
directory entry. 
direetory file. 
directory file. 
directory name. • 
directory operationa. opendir, 
directory pathname. 
directory stack. • • • • • 
directory ,tack. , , . , , , 
disable quotas on a file eylltem. 
diecard command ha.ah table. 
diacard ehell variables, • • • • • • 
discipline for machine--machine communication. 
diak. faync • • • • • 
diek control. • • • • • 
di1lc control operation,. 
Di1k Controller. 
Disk Controllen. 
Disk Controllen. 
disk driver. • • 
Disk driver for Adaptec ST·60G Di11lc Controllen. 
Disk driver for lnterphue 2180 SMD Disk 
Disk driver for Xylogic1 SMD Di11t Coatrollen. 
disk quota.,. • ••••• 
dilt apace on file aynem,. 
dialc uaage. • • • • • • 
disks. futbool, falllha.11 , 
dismount file ayatem. • 
diapene compiler error me1111.gca. 
Di1play. 
di,play. , .• , , 
Diaplay. • • • •• 
di1pla.y. • • , • , 
diapla.y and control. 
di11pla.y calendar. • • • • 
diaplay call graph profile data. 
diaplay chaae game. • • • • • 
diaplay editor baaed on ex. • • 
display effective current uaemame. 
diaplay file crcat.ion muk. 
diaplay &rat few linca of apecified filca. 
di11pla.y of general ayatem atatiatica. 
di11play or act the date. 
di11play profile data. 
diapla.y terminal. 

-. -

·, 

fold(!) 
i0<11(2) 
awaponl2l 
IWapOD 8 
elf(!) 
range{3F! 
ruge(3F 
diag(Bs) 
dmesg(B) 
ralfor(l) 
dill(!) 
ditf3(1) 
dill(!) 
dit!3{!) 
di5sJ 

:i~! 
rmdir(l) 
cd(I) 
chdir(2) 
chdir(3F) 
chroo1(2) 
c,h(lj 
c11h(l 
getcwd(3F) 
1,(1) 
mkdir(l) 
,candir(3) 
uuclean(BC) 
dill(!) 
dcheck(B) 
unlink(2) 
unlink(3F) 
mkdir(2) 
rmdir(2) 
pwd(l) 
directory(3) 
gctwd(a) 
c,h(l) 
csh(I) 
,etquota(2) 
c,hll! 
csh I 
bk(4) 
fsync(2) 
nd(BC) 
dkio(4S) 
ip(4S) 
1d(4S) 
xy(4S) 
nd(4P) 
td(4S) 
ip(4S) 
xy(4S) 
quota{2) 
di(!) 
du(!) 
falllboot(B) 
mounl(B) 
error(!) 
bdcmo,(6) 
cal(!) 
colordemoa{6) 
rain(6) 
arp(BC) 
ca.I(!) 
gprof(t) 
,nake(6) 
vi(l) 
whoami(l) 
csh(I) 
head(!) 
perfmon(I) 
date(!) 
pro!(!) 
worm,(6) 
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ta.ii - di11pla.y the tut pa.rt of a. file. 
hypot, cabs - Euclidean distance. • • • . • • • • • 

dkio - generic di:,k control opera.tiou. 
error log. dmeeg - collect 11y11tem diagnostic mc:,sa.gea to form 

refer - &nd ud insert literature rcferencet1 in documents. • • • • • • • • • • • 
trof - typeset or format documents. • • • • • • • • • • • 

w - who i11 on and what they a.re doing. • . • . • • • • • • • • • • 
shutdown - 11hut down pa.rt of a. fuli-duplcx connection. 
11hutdown - clo1e down the 11ystem at a. given time. • 

draw - interactive graphics drawing. 
graph - dra.w a graph. 

draw - inter&etive graphics drawing. • • • • • 
arithmetic - provide drill in number Ca.ct11. 

ar- Archive 1/4 inch Streaming Tape Drive. 
tm - ta.pemuter 1/2 inch tape drive. 

nd - network disk driver. 
pty - paeudo termin&I driver. 

II - siJog 8530 $CC aeri&J comunicationa driver. 
11d - Diet driver for Adaptec ST-506 Di11k Controllen. 
ip - Did:: driver for Interpha11e 2180 SMD Disk Controller. 

coa, - driver for Sun coasole. • • • • • • • • • 
Controller. et - Driver for Sy11gen SC ,t;OOO (Archive) Tape • 

xy - Disk driver for Xylogice SMO Disk Controllen. 
&dj1ceatacnea1 - notify the window driver of the phy,icaJ relationehipe of ecreen11. 

term - terminal driving tables for nroff'. 
term - terminal driving ta.blea for nroff'. 

drum - paging device. • 
du - 1ummari1e di11k a11a.ge. 

dump - incremental file 11yetem dump. • • • • • • • • 
od - octal, decimal, hex 1 ascii dump. • • • • • • , • 

dump - incremental file e:ystem dump. 
dump, dumpdatee - incremental dump format. 

dumpf11 - dump file 11ystem information. 
dump, dumpdatea - incremental damp format. • • • • • • • • • • • • •• 

eavecore - ea.ve a. core dump of the operating eyetem. • • • • • • • 
kgmon - generate a. damp of the open.ting 9Y11tem11 profile bafera. 

dump, dampdatee - incremental dump format. 
dumpf1 - dump file eyi,tem information. 
dup, dap2 - duplicate a deacriptor. 

dup, dap2 - duplicate a dCBcriptor. 
1huldowa - ,hut down p&rl of• full• duplex connection. • • • • • • • • • 

dup, dup2 - duplicate a. descriptor. • • • • • • • 
etime, loealtime, gmtime, &1ctime1 timerooe, dyeire - convert. date a.nd time to ASCII. 

ec - SCom 10 Mb/1 Ethernet interface. 
echo - echo a.rgumente. 

echo: echo arguments. • • • • • • • • 
echo - echo a.rgumentl. • • • • • • • • 

echo: echo argumente. • • • • • • 
ecvt, fcvt, gcvt - output convenion. 
ed - text editor. • , , • • , • 

end, etext, edata - la.st location11 in program. 
ex, edit - text editor. 

vipw - edit the pusword file. 
11d - print current SCCS file editing activity. 

ed - text editor. 
ex, edit - text editor. 

Id - link editor. 
eed - etream editor. 

view a Alt without changing it using the vi vieaal editor. vi -
vi - 1creen oriented (vieaal) di11play editor bued on ex. 

&.out - &seembler and link editor output. 
whoa.mi - diepl&y elective current u11ername. 

eetregid - set. real &nd efl'ective group ID. 
1etreuid - ,et real a.ad elective ueer ID'e. 

vfork - ep&WD new proce111 in & virtual memory efficient way. • • • • 
grep, egrep, fgrep - eea.rch a file for a pattero.. 

ineque, remque - ineert/remove element from 1, queue. 
,oelim - elimina.te .1011 from nroff' input. 

elee: alternative commande. 
telctool - Tektronix 401f terminal emulator tool. • • • • • • • • • , • • 

Sun System R~le ... 1.1 

en - Sun 3 Mb/a experimental Ethernet interfa.ce. 
act.quot& - enable/disable quota.a on a file system. 

uuencode - format of a.n encoded uuencode file. • • • • • • • , • • 
crypt - encode/decode. • • • • • • • • • • • • • • 

mail. uoencode,uudecode - encode/decode a. binary file for tran11mis11ion via 
crypt, setkey, encrypt - DES encryption. • • , , , , • • 

Permuted lndez 

tail(!) 
hypot(3M) 
dkio(4S) 
dmc,g(8) 
refer(!) 
troll(!) 
w(l) 
,hutdown(2) 
11hutdown(8) 
draw(6) 
graph(IG) 
draw(6) 
&rilhmetic(6) 
&r(4S) 
tm(4S) 
nd(4P) 
pty(4) 
11(4S) 
od( 4S) 
ip(4S) 
con,(4S) 
,t( 4S) 
xy(4S) 
adjacent11creene(l) 
,term(5) 
tcrm(5) 
drum(4) 
du(!) 
dump(B) 
od(l) 
dump(B) 
dump(5) 
dump!,(8) 
dump(5) 
11a.vecore(8) 
kgmon(B) 
dump(5) 
dumpf,(8) 
dup(2) 
dup(2) 
,hutdown(2) 
dup(2) 
ctime(3) 
ec(4S) 
echo(!) 
c,h(l) 
echo(!) 
coh(l) 
ecvt(3) 
ed(l) 
cnd(3) 
ex(l) 
vipw(B) 
a&ct(l) 
ed(l) 
ex(!) 
Id(!) 
,ed(l) 
view(!) 
vi(l) 
&.out(5) 
wboami(l) 
sctregid(2) 
11etreuid(2) 
vfork(2) 
grcp(l) 
in,quc(3) 
1oelim(l) 
cob(!) 
lcktool(I) 
en( 4S) 
11ctquota(2) 
uuencode(5) 
crypt(!) 
uuencode(lC) 
crypt(3) 
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Permuted Indeo 

crypt, 11etkey, en.crypt - DES 
ma.k:ekey - generate 

SCCII - froDt 

logoui: 

/getfaspec, getfsfile, gethtype, setfaent, 
getgrent, getgrgid, getgruam, 11etgrent, 

gethoeiby&ddr, gethostbyna.me, aetho,tent, 

getn.eten.t, getnetbya.ddr, getnetbyna.me, 1etn.etent, 
socket - create an 

getprotobynumber, getprotobyname, aetprotoen.t, 
getpwent, getpwuid, getpwn.a.m, aetpwent, 
getaervbyport, getaervbyna.me, 1et11ervent, 

number - convert Arabic numer&I, to 
xsend, xget, 

olin - gel 
en.dfaent - get file 11yliem deacriptor ile 

getgrna.m, ,etgrent, endgrent - get group &le 
sethoatent, endhostent - get network hort 

geh.etbyume, setnetent, endnetent - get network 
setprotoent, endprotoent - get protocol 

getpwnam, aetpweat, endpwent - get p&11word file 
eetservent, end,ervent - get service 

1y1log - make ayatem log 
unlink - remove directory 

unlink - remove a directory 
execl, execv, execle, execlp, a:ecvp, 

,eten•: ,et variable in 
environ - uter 

printenY - print out the 
1untool1 - the Suntool1 window 

t1et - eatabli1h terminal characteri1tica for the 
getenv - v&lue for 
un1etenv: remove 

getenv - get value of 
eqncbar - 1peci&l character de&nition1 for 

derol - remove nrof, trol, tbl and 

linemod, 1pac:e, clo1epl - gr&phic1/ openpl 1 

perror, 111_errli1t, 1y1_nerr, 
mea:1age1. 

dme11 - collect 1y1tem diap.011tic me1111agea to form 
mbtr - create an 

error - aaalyse and di11pene compiler 
perror, ,ya_entin, 1y1_nerr1 errno - 1yatem 

perror, gerror, ierrno - get 1yatem 
intro - introduction to 1yi,tem call, and 

eyacc - modilied yacc allowia1 much improved 
spell, 1pellia, 1pelloul - find 1pellio1 

chase - Try lo 
environment. t1d -

end, 
ee - 3Com 10 Mb/• 

en - Sun 3 Mb/1 experimental 
hypot, cab, -

for, case, if, while, :, ., break, continue, cd, 

expr
evaJ: re

bistory: print history 
- 1creen oriented (vi111al) di1play editor baaed on 

lpq - 1pool queue 
/can, if, while, :1 ., break, continue, cd, evaJ, 

execute a &le. 
exed, execv, 

exec!, execr, execle, 
Ricky -

excel, execv, exede, execlp, ~ecvp, environ -
execve -
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encryption. • • • • • • • • • • • • • • 
encryption key. • • • • • • • • • • • • 
end, etcxt, edata - last locations in program. 
end for the .SM SCCS eub1yatem. 
end 1e111ioa. • • • • • • • • • • • • • • 
end: terminate loop. • • • • • • • • • • 
endfsent - gd file 1yatem descriptor file entry. 
endgrent - get group &le entry. • • • • • • • 
endho,tent - get network ho1t entry. gethoetent, 
endif: terminate conditional. 
endnetent - gd network entJY, • • • • •• 
endpoint for communication. • • • • •• 
endprotoent - get protocol entJJ. getprotoellt, 
endpwent - get paHword &le entry. • • • 
end11enent - get aervice entry. get1ervent, 
end1w: terminate rwitch. 
English. • ............. . 
enroll - aecret m&il. • • • • • • • • • • 
entrie1 from name list. • • • • • • • • • 
entcy. /geUHpec, getf1&le1 1etfRype, ,etfaent, 
entry. getgrent, getgrgid, • • • • • • • • • • 
entJJ. gethoetent, gethodbyaddr, getho1tbyname, 
entcy. gebet.ent, getnetbyaddr, • • • • • 
entry. /getprotobynumber, getprotobyname, 
entry. getpwent1 getpwuid, • • • • • • • 
entry. getservent, get,ervbyport, getservbyname, 
entzy. • • • • • • • • 
entJJ'. • • • • • • • • 
entry. • • • • • • • • 
environ - execute a &le. • 
environ - uer environment 
environment. 
environment. 
environment. 
environment. 
environment. • 
environment name. 
environment variable,. 
environment variable,. 
eqa. • •••••• 
eqa con1truct1. • • • • • • • ••• 
eq11, 11eqn1 checkeq - typeaet matbema.tia. • 
eqachar - 11peci&I character de&nition1 for eqa. 
erue, label, line, circle, arc, move, cont, point, 
ermo - system error mes111,ge1. • • • • • 
error - analyse and di1pene compiler error 
error log. • • • • • • • • • • • • • • 
error mel!age &le by mu11agia1 C 1ouree. 
error me11age11. • t 
error me11agd. 
error me11&ge11. 
error numben. 
error recovery. 
erron. • •• 
escape lo killer robola. , • , • • • 
eetabli1h terminal charac:terietic1 for the 
etext, edata - laat location, in procn,m. 
Ethernet interface. • • • • • • • • • 
Ethernet interface. • • • • • • • • • 
Euclidean di11t&nC'e. • • • • • • • • • • • • • 
ev&I, exec, exit, export, login, newgrp, re&d,/ 1b, 
eval: re-evaluate 11hell data. • • • • • • • • • 
evaluate arguments aa u expre111ion. 
evaluate ,hell d&t&. 
event li11t. • • • • • 
ex. vi • • • • • • 
ex, edit - text editor. 
examination program. • • • • • • • • • • • 
exec. exit, export, logia, newgrp, read, re&donly,/ 
exec: overlay 11hell with apecified command. • • 
execl, execr, execle, cxeclp, execvp, environ -
execle, execlp, execrp, environ - execute a file. 
execlp, execvp, environ - execute & &le. 
executable file1 with pe111i1tent text. 
execute a &le. 
execute a file. • • • • • • • • • 

crypt(3) 
makekey(S) 
eod(3) 
mo(!) 
cah(lj 
csh(l 
getf,eol(3) 
getgreo1(3) 
gelhosleol(3N) 
cah(I) 
geloeteot(3N) 
eocket(2) 
gelproloeo1(3N) 
gelpweot(3) 
getmveol(3N) 
cah(I) 
oumber(6) 
xoeod(I) 
olin(3) 
gelfaeot(3) 
gelgreot(3) 
gelhoslent(3N) 
geloeteot(3N) 
gelproloeol(3N) 
gelpweot(3) 
getmvent(3N) 
ey1log(I) 

UD!iok~2) 
••link 3F) 
execl(3 
eoviroo(6) 
c1h(1) 
eoviroo(6) 
prioleov(l) 
nntool,(1) 
llel(I) 
geleov(3) 
cah(l) 
geleov(3F) 
eqnchar{7) 
derolf(l) 
eqn(I) 
eqochar(7) 
plot(3X) 
perror(3) 
error(!) 
dmeog(S) 
mkalr{I) 
error{!) 
perror(3) 
perror{3F) 
iolro(2) 
eyacc(I) 
1pell(I) 
ch .. e(6) 
het(I) 
eod(3) 
ec(4S) 
en(4S) 
hypol(3M) 
ah(!) 
c1h(1) 

exp~) eahs cab 1 
vi(! 
ex(!) 
lpq(!) 
eh(!) 
cah(I) 

execl13l execl 3 
execl 3 
1ticlcy(8) 
execl(3) 
execve(2) 
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alarm
ll)'Jtem -

repeat: 
&1-

luieomm - 11how la.st comma.nd1 
uu - unix to unix command 

acct -
Bleep - su11pend 
sleep - suspend 
sleep - suspend 

monitor, moaR&nup, moncontrol - prepare 
pxp - P.ucaJ 

rexecd - remote 
profil -

pix - Pascal interpreter and 
file. execl, 

exec:I, exeev, execle, execlp, 
link, oymlnk - iuke & link to &n 

tuner. - tune up aa 

pending output. 

/if, while, :, ., break, continue, cd, eval, exec, 
breabw: 

br<ak: 
logarithm, power, 1quare root. 

glob: filename 
expand, anexpa.nd -

vena. 
en - Sun 3 Mb/• 

adventure - an 
Crup, ldup, modi - 1plit into maatiH& and 

exp, log, log10, pow, sqri -
/while, :, ., break, eontinae, cd, eval, exec, exit, 

a:pr - evaluate argument, u a.n. 
re_comp, re_exec - regulu 

t.ddbib - erea.te or 
gelld - gel lbe file deocriplor ol &n 

atriap. xltr -
recovery. 

ioinit - eha.nge 
tcloae, tna.d, twrite, trewin, takipf, t5tate -

functions. 
1ipal - 1impli8ed software 1ignal 

1igvec. - 1oftw are 1iguJ 
arithmetic - provide driU iD number 

pltat - priDt 1y1tem 
true, 

in.et; - IDtern.et; protocol 
without checking the disb. 

the di1b. rutboot, 
&bori - gen.er&te a 

trplpe, lpecnl - lrap and r<pair Boating point 
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chmod, 
cbowD, 

ecvt, 
fopen, freopen, 

ferror, 
inquiries. 

base 1ubroutine1. dbminit, 
head - diopl&y fir,t 

felon, 
bcopy, hemp, b1ero, 

getc, 
stream. getc, getcbar, 

execute & subroutine after & specified time. 
execute a. UNIX command. 
execute command repeatedly. 
execute commands at a later time. 
executed in reverse order. 
execution. • • • • • • 
execution accounting file. 
execution for an interval. 
execution for an interval. 
execution for interval. 
execution profile. 
execution profiler. 
execution server. 
execution time profile. 
executor. • • • • • • • • • • • • • • • • 
execv, execle, execlp, execvp, environ - execute a 
execve - execute & file. 
execvp, environ - execute & file. 
e,ci,ling file. • • • • • • • • 
exi1ting file system. , • • • • 
_exit - termina.te a. process. • , • 
exit - terminate a procen after Bushing any 
exit - termina.te proce11 with lt&tu1. • 
exit, export, login, newgrp, read, readonly, set./ 
exit from nritch. • • • • • • • • • • 
exit: lea.ve shell. • • • • • • • • • • 
exit ,rhile/forea.ch loop. • • • • • • , 
exp, log, log!O, pow, sqrt - exponentia.l, 
exp1,1.d a.rgument li1t. • • • • • • • • 
expa.nd tab1 to space11 a.nd vice versa. • • • • • 
expa.nd, unexpa.nd - expand ta.bi to sp&ee1, and vice 
experimental Ethernet inted&ee. 
expire - remove outdated. news article1. 
explora.tion ga.me. • • • • • • • • • 
exponent. • • , ••••••••••• 
exponential, loga.rithm, power, equa.re root. 
expo-rt, login, newgrp, read, rea.donly, set, shift./ 
expr - evaluate arguments a.1 a.n expression. 
exprea,ion. • • • • • • • • 
expres1ion hu.dler. • • • • • • • • • • • 
extend bibliographic da.ta.ba1e. • • • • • • 
external unit number. • • • • • • • • • • 
extract 1tring1 from C progra.m1 to implement 1hared 
eyacc - modified ya.cc allowing much improved error 
177 - FOR TRAN-77 compiler. • • • • • • 
'77 I/0 initia.li11tion. • • • • • • • • • • 
177 tape I/0. topen, • • • • • • • • • • 
fa.bi, Boor, «ii - ab1olute value, Boor, ceiling 
facilitie1. 
fa.cilitiea. • • • • • • • , 
fa.ct,. • • • • • • • • 
facto. . ....••..• 
fa.l,e - provide truth valuee. • 
fa.lie, true - provide truth va.tuee. 
fa.mily. • •••••• , ••• , ••••• , • 
rastboot, fa.sthalt - reboot/ha.It the 1ystem • • • 
rastb&lt - reboot/ha.It the system without checking 
faull. • •••••••••••••• 
fa.ult,. • • • ~ • • • • • • • • •• 
fbio - genera.I propertiei, or fra.me bull'en. 
rchmod - change mode or &le. 
fcbown - cha.age owner and group of & file. 
fcloae, mush - cloi,e or Bu1b a. stream. 
fcntl - file control. • • • • , • • • , • 
fcntl - &le control options. • • • , • • • 
rcvt, gcvt - output. convenion. • • • • • 
fdopen - open a. 1tream. • • • • • • • • • 
reor, clea.rerr, 61eno - stream It.a.tu, inquiries. 
(error, feor, clearcn, fileno - stream status • 
fetch, store, delete, fintk:ey, nextk:ey - data. 
few lines of ,pecified filea. • • • 
mush - cloi,e or flush a. i,trea.m. • .••• 
ft', - bit and byte 1tring operation,. • • • 
fg: bring job into foreground. • , • . • 
(getc - get a. cha.racter from a logical unit. 
fgetc, getw - get character or integer from 
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Permuted lndez 

&larm(3F) 
1y:,tem(3F) 
c,h(l) 
•1(1) 
la.:Jtcomm(l) 
uux(tC) 
&cct(5) 
,leep(I) 
eleep(3F) 
,leep(3) 
monitoi{3) 
pxp(I) 
rexecd(SC} 
profi1(2) 
pix(!) 
execl(3) 
execve(2) 
execl(3) 
link(3F) 
tune!,(8) 
exit!2) 
exit 3) 
exit 3F) 
oh(!) 
coh(l) 
cob(!) 
cob(!) 
exp(3M) 
cob(!) 
exp•nd(I) 
exp&nd(I) 
en(4S) 
expire(8) 
advcuture(6) 
frexp(3) 
exp(3M} 
ob(!) 
exp!{!) 
exp!{!) 
regex(3) 
addbib(l) 
getfd(3F) 
xoti{I) 
ey•cc(I) 
177(1) 
ioinit(3F) 
topen(3F) 
ftooi{3M} 
,ign•l(3) 
•igvec(2) 
arithmetic{6) 
pot.t(8) 
true(!) 
faloe(I) 
inet(4F) 
faotboot(8) 
b,tboot(8) 
abort(3) 
lrpfpe(3F) 
fbio(4S) 
chmod(2) 
chown(2) 
fclo,e(3S) 
fcntl(2) 
fcntl(5) 
ecvt(3) 
fopen(3S} 
ferror(3S) 
ferroi{3S) 
dbm{3X) 
he•d(l) 
fclose(3S) 
b,tring(3) 
csh(t) 
gctc(3F) 
gctc(3S) 
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Permuted /ndea 

get,, fgeb - gci a string from a 11tre&m. 
grep1 egrep, fgrep - aeuch a file for a patten.. 

acce111 - determine accessibility of &le. 
a.ccer, - determine a.cceasability of a &le. 

acd - execution accounting file. 
chmod, fchmod - change mode of &le. 

chmod - change mode of a file. 
chowa, fchown - chuge owner and group of a &le. 

colrm - remove column, from a &le. 
core - format of memo11 image &le. 

creat - create & new file. 
1ource: rea.d commaad, from &le. 

ct&g:1 - create a ta.p &le. 
dd - convert and copy a &le. 

dell& - make. delta (change) to .. secs filt. 
execv, execle, execlp, execvp, environ - execute a &le. exed, 

execve - execute a lie. 
- apply or remove an advisory lock on an open lie. lock 

!pr - pri•I Forlra• file. 
gel - gel • venio• of .. secs filt. 

gro•p - gro•p 611. 
link - make a hard link to a filt. 

link, symlnk - make a link to ID exi11tia1 &le. 
mkdir - make a directory I.le. 

mbod - make a 1pteial !It. 
mhod - b•ild 1pteial 611. 

more, page - brown through & text lie. 
- rebuild the dab but for the m&il &liue, lie. newaliuea 

opea & lile for readia1 or writia1, or create a new Ile. opea -
purwd - punrord &le. 

pn - pri•t •• secs &le. 
remote - remote hon dercriptia. lie. 

rename - ch&nge the name of a Ile. 
ren&me - rename a lie. 

NT - revene line, of a llt. 
rmdtl - .. move • delta from .. secs &le. 

rmdir - remove a directory llt. 
1cc1dif - comp&N two vtnioll of ID SCCS &It, 

,ccdlt - format of secs !lo. 
lilt - lilt or &D object ft.It. 

pri1.table 1tring1 iD an object, or other bin&r1, lie. ,trinp - Ind 
nm - nm and count blockl in a &le. 

,ymli•k - make 1:,mbolic li•k to a 611. 
lail - di1pl•y the Jul parl of a 611. 

tmpnam - crea.te I name for a temporary llt. 
touch - •pclate elate Jul modi Bed of a 611. 

u11et - undo & previoua get of ID SCCS llt, 
uaiq - report repeated li1111 in a llt. 

uuencode - format or &11 encoded uaen.code lie. 
val - nlidato secs &le. 

vipw - edit the pusword lie. 
vswap - conven a. foreip font &le. 

write, writtT - wriie on a lie. • 
611 - determine &le type. • 

dil - dilerential &le &Dd directory comparator. 
cpio - copy lie archives in and out. • 

mkltr - create an error me1111ge &.le by ma11agi111 C 101.ree. 
dilS - 3•way dilerentiaJ lie compa.ri1oa. 

fcntl - &le control. 
fcntl - &le control option1. 

rep - remote &le copy. 
umuk: change or display &le creation muk. 

umuk - set &le creation mode mut. • • • • • 
getfd - get the &le descriptor of an external unit number. 

s&et - print current SCCS &le editin1 activity. • • • • • • • • • 
11etf11ent, endf11ent - get file system descriptor file eutry. /getf1111pec, getfll&le, getfstype, 

getgrgid, getgmam, ,etgrent, eadgrent - get group &le entry. getgrent, •••••••• 
getpwnam, eetpweat, endpwent - get paasword file entry. getpwent, getpwuid, 

grep, egrep, (grep - 11arch a &le (or a pattern. , , • • • • • • • • • • 
open - open a &le for reading or writing, or creaie a new &le. 

newarc - information &le for readnewa(l) and checknewa(l). 
aliaaea - alia.aea &le for aendmail. • • • • • 

uuencode,uudecode - encode/decode a. bin&ry file (or traasmi111ion vi& ma.ii. 
ar - archive (libraty) &le format. • • • • • • • 

tar - tape a.rchive &le format. • • • • • • • • • 
which - locate a program file including aliasea and patht1 (c11h only). 
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get,(3S} 
, .. p(1) 
aece111(2) 
acce .. (SF) o 
accl(6) 
chmod(2) 
chmod(SF) 
chown(2) 
colrm(l) 
core(6) 
creat(2) 
c1h(1) 
clag,(1) 
dd(l) 

delta(~ 
exed(3 
execv 2) 
lock(2) 
fpr(ll 
get(l 
gro,p(5) 
li•k(2) 
li•k(3F) 
mkdir(2) 
mbod!2! 
mbod8 
mo,.(1) 
•ewaliaoe,(8) 
ope•(2) 
panwd(5) 
pn(l) 
remote(5} 
rename(2) 
,.•ame(3F) 
m(l) 
rmde~l) 
rmdir(2) 
,ca,dill(l) O 
,cafile(5) 
1i1e(1) 
,1ri,g,(l) 
,.m(l) 
1:,mli•k(2) 
lail(l) 
lmp .. m(SC) 
louch(l! 
aaget.(1 
uiq(l) 
uuencode(5) 
val(l) 
-ripw(8) 
VIW&p(l} 
write(2) 
&le(l) 
dill(l) 
cpio(l) 
mkllr(l) 
dil3{1) 

fcotl!2! 
tent.I 6 
rcp(lC) 
coh(l) 
•muk(2) 
gelfd(SF) 
1act(1) 
getf1ent(8) 
getgrent(S) 
gelpwent(3} 
, .. p(1) 
open(2) 
n.ewnc(S) 
aliam(6) 
.. encode(lC) 0 
ar(6) 
lar(5) 
which(l) 
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f11plit - split a multi-routine Fortran file into individual &lea. 
split - split & file into piece:,. 

pmerge - pucal file merger. 
mktemp - make a. unique file name. 
faeek, ftell - reposition a file on a logical unit. 

sta.t, lsta.t, ft1ta.t - get file l!lta.tus. 
mkfs - construct & file system. 

mk:proto - construct a prototype file l!lystem. 
mount, amount - mount or remove file eyrt.em. 

mount, amount - mount a.nd dismount file 11y11tem. 
newfa - conehud a new file eyatem. 

aetqaota. - enable/disable quota.a on a. file eyatem. 
tunefa - tune up an existing file l!lyatcm. 

repair. f11ck - file eyetem consistency check and intera.ctive 
getfdle, getf11type, setrsent, endfsent - get file ayatem descriptor file entry. /getf1111pec, 

dcheck - file system directory consistency check. 
dump - incremental file eyetem dump. 

bier - file eyetem hierarchy. 
dumpf1 - dump file eystem information. 

quot - nmmari1e file system ownership. 
restore - incremental file l!lystem restore. • • • 

icheck - file syetem etorage coui11tency check. 
mta.b - mounted file l!lyatem ta.ble. 

f11, inode - format of file l!lyatem volume. 
elf - report free disk 11p&ee on file eysteme. 

utime - set file timer. 
utima - set file time,. 

uueend - send a file to a remote host. 
truncate, ftrunca.te - truncate a file to a specified length. 

ftp - file tru,fer program. 
ftpd - DARPA Jntemet File Tn.nlfer Protocol server. 
tftpd - DARPA Trivia.I File Tn.nsfer Protocol server. 

file - determine file type. • • • • • • • • • • • , • 
editor. vi - view a file without changing it using the vi vina.l 

buename - strip filename af'uces. • • • • • • 
glob: fileume expand &rgumenl liol. 

ferror, feof, dea.rerr, fileno - ltrea.m ,ta.tu, inquirie,. 
admin - c, .. 1. &nd administer secs file,. 

checknr - check nroff/troff file,. 
cmp - compare two fila. 

comm - select or rejeci line. common to two sorted &la. 
confic - build oy,tem configuration file,. 

cp - copy file,. 
find - find fileo. 

1plit a multi .. routine Fortraa file into individual fila. fllplit -
be&d - di,pl&y &nl few lines of ,pecified file,. 

inst.JI - inol&il file,. 
MAKEDEV - m&ke ,yotem opeci&I file,. 

mv - move or reaa.me fil•. 
nft'I - USENET network 11.ew11 a.rticle, utility fi.Jea. 

rmdir, rm - remove (unlink) directoria or fil•. 
eon - sort or merge &la. 

tee - copy Randa.rd output to many fi.la. 
what - ideatify the venion of fi.la. • 

compact, uncompad, ccat - compre11 and uneompre11 fi.le11, and cat them. 
intro - introduction to 11pecial fil• a.nd hardwa.re support. 

catma.n - create the ca.t fi.la for the manual. , 
fsync - ,ynchroniie a file', in.core state with tha.t on disk. 

rm, rmdir - remove (unlink) ti.lea or di~ctoriee. • •••••• 
pr - print file(,), po.,ibly i• multiple column,. 

1ticky - execut&ble fila with penistent text. 
fet&b - 1tatic information &boat the fi.leeyatems. • • • • . • • • • • 

colcrt -· filter nrol output for CRT previewing. 
col - filter reverse paper motion,. 

plot - graphic, filten. • • • • • • • • • • • • • 
find - find files. • • • • • • • • • 

refer - find a.nd insert literature references in documents. 
find - find file,. • • • • • • • • • • • • 
look - find linee in a sorted li:it. • • • , • 

ma.n - print 09t manna.I pa.ges; find ma.nual infonna.tion by keyword,. 
ttyna.me, isatty, ttyslot - find name of a. terminal. . •.•.• 

ttynam, i:iatty - find name of a. terminal port. 
!order- find ordering relation for an object. libra.ry. 

bina.ry, file. string, - find printa.ble 11tringe in an object, or other 
inverted index to a. bibliography .br lookbib - find references in a bibliography. indxbib - make 

spell, 11pellin, spellout - find spelling errors. , • • • • • • • • . , • , 
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Permuted lndez 

fsplit(l) 
,plit(l) 
pmerge(l) 
mklemp(3) 
fseek(3F) 
,tat(2) 
mkf,(8) 
mkproto(B) 
mount(2) 
mount(B) 
newfa(8) 
,etquota(2) 
tunef,(8) 
!,ck(B) 
getfsent(3) 
dcheck(8) 
dump(8) 
hier(7) 
dumpf,(8) 
quot(8) 
mtore(8) 
icheck(8) 
mtab(S) 
fs(S) 
df(l) 
utime(3C) 
ulime,(2) 
uuoend(IC) 
truncatc(2) 
ftp(IC) 
ftpd(BC) 
lftpd(SC) 
file(!) 
view(!) 
baseD&me(l) 
c,h(l) 
ferror(3S) 
admin(l) 
chccknr{l) 
cmp(l) 
comm(!) 
config(8) 
cp(l) 
find(!) 
f,plit(l) 
head(!) 
inolall(l) 
makedev(8) 
mv(l) 
new,(6) 
nndir{l) 
,ort(l) 
lee(!) 
what(!) 
compact(!) 
inlro(4) 
catman(8) 
f,ync(2) 
nn(l) 
pr{!) 
,ticky(B) 
htab(S) 
colcrt(l) 
col(!) 
plot(IG) 
find(!) 
refer{!) 
fiud(l) 
look(!) 
man(!) 
ttyname(3) 
llynam(3F) 
!order(!) 
1.1tring:i(l) 
indxbib(I) 
opell(l) 
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Permuted /nde6 

!old - fold long line, !or 
head - di,play 

dbminit, fdch, ,tore, delete, 
&,h - play "Go 

valuea. Bmin, 
extreme value,. 

irpfpe, fpecnt - tr&p a.nd repair 
fplype - check • 

i,inf, i11nu - teat for indetermin&te 
open file. 

functions. fab11 

fab,, Boor, ceil - ab1olute value, 

!close, !1a11l - close or 
h,h

exit - termiu.ate a proce11 after 

device. 
fold -

vswap - conven a foreign 
vfoat -

b, .. k: exit while/ 

fg: bring job into 
nwa.p - convert a 

idate, itime - return date or time in. numerical 
dmac - collect ,yatem diagnostic me11n,ga to 

ar - archive (libra,y) &le 
dump, dumpda.tea - iacremeat&I dump 

tar - tape archive &le 
kbd - keyboard tra.a,latioa ta.hie 

indent - indent and 
trol - type,et or 

ht&ble - coaven NlC 1taad&rd 
gell&ble - gol NIC 

uuencode -
cpio
dir

r,, inode -
core-

1ccdle
tbl

lp - DEC/m&g l&pe 
vfont - font 

,canf, fscanf1 11caaf -
priatf, fprin.tf, 1priatf -

fmt - 1imple text. 
arof - tex& 

m, - text 
me - macro, for 
n.tfor - rational 

fpr- print. 
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bplit - i,plit. a multi-routine 
intro - lntroductioa to 

putc, fputc - write a character to a 
177 -

adage. 
trpfpe, 

printf, 

unit.. putc, 
putc, putchu, 

putl!I, 
bw - Sun black and white 

fbio - general properties of 

df·- repori 
allocator. ma.lloc, 

fopeD, 
exponent. 

from - who ji, m;y m&il 

finite width output device. • • • • • • • 
&m few liaei, of epecified &lei,. • • • • • 
&mke;y, nextkey - data bue Hbroutinei,. 
Fii,h". • • • • • • • • • • • • • • • 
&i,h - play 11Go Fii,h". • • • • • • • • 
8max1 dlmin, dflmu, in.max - retum extreme 
flmiu, 8max, dflmin, dflma.x, inma.x - return 
Boating point faulti,. • • • • • • • • • •• 
floating point aumber. • • • • • • • • •• 
floa.tiuc point valuei,. • • • • • • • • • • • 
lock - apply or remove an ad.vii,ory lock on u 
loor, ail - abi,olute value, loor, -ceilinc 
loor, -ceiling functioa,. • • • • • • 
h,h - luoh oatpal lo & logic&! .. ;1. 
lui,h a ,trea.m. • • • • • • 
Bui,h output to a logica.l uait. 
flu1hing any pending output. 
fmt - simple text forma.tter. 
fold - fold long lines for finite width output 
fold lon.1 liae1 for finite width output device. 
font &le. • • • • • • • • • • • • •• 
font formatl!I. • • • • • • • • • • • 
fopeD, freopea, fdopea - open a stream. 
foreach loop. • • • • • • • • 
foreach: loop over li1t of name,. 
foreground. • • • • • • • • 
fo,.ip font &le. • • • • • • • 
fork - create a copy of t.hi• prot"e11, 
fork - create a. new proce11. 
form. 
form error log. 
format. 
format. 
format. • • • 
format ud · default table. 
format C progn.m ,oarce. 
format document,. 
form&I ho,t t&blea. • • 
format ho1t hbla from a ho8' . 
form.at of aa encoded ua.encode. lie. 
fOrmat of cpio archive. 
format of directorie,. 
format of &le 1yatem volume. 
format of memory image &le. 
formal of secs &le. 
format table. for nrof or·trol. 
format,. • • • • • • •• - • 
format,. • • • • • • • • • 
formatted iaput coavenion. 
formatted output convenioa. 
formatter. • •••••• 
form&tting and typeeettia:g. 
formatting m&cro,. 
formatting papen. 
Fortr&11 dialecl. 
Fortr&11 &le. • • • 
Fortna &le into individual .&lei. 
FORTRAN libmy funclioao. 
FORTRAN logical unil. 
FOR TRAN°77 compiler. • • • • • •• 
fortune - print a. r&ndom, hopefully interesting, 
fpecnt - tr&p and repair loa.ting.point fa.ult,. 
!pr - prinl Fortru &le. • • • • • • • • • • 
fprintf, ,print! - formatted output convenioa. 
fptype - check ,. floating point Dumber. • • • • 
fpatc - write a. character to a FORTRAN logical 
fpatc, putw.,- pui character or word on a. stream. 
fpata - put a atring on a stream. • • • • • 
frame baler. • • • • • • • • • • • • • • 
frame bufen. • • • • • • • • • • • • • 
frea.d, (write - ball'tred binary input/output. 
free diak 11pa.ce on &le syatema. • • • • • • 
free, reallo~ c&lloc, cfrec, altoca - memoi:r • 
freopen, fdopen - open a atrea.m. • • • • • 
frexp, ldexp, modf - aplii into manti1111a and 
fromf. • ••••••••••••••• 

fold(!) 
head(!) 
dbm(3X) 
&,h(6l 
&,h(6 
r&Dge{3F! 
range(SF 
lrpfpe(3F) 
fptype(3F) 
isinf(3) 
8oc~2) 
loo 3M) 
loo 3M) 
la,h(3F) 
fclo,e(3S) 
8a,h(8F) 
exit(3) 
fmtll) 
fold ll 
fold I 
Vlw&p(l) 
vfont(6) 
fopen(3S) 

c,h!l! cah 1 
csh I 
VIW&p{!) 
fork(3F) 
fork(2) 
id&te(8F) 
dme,g(S) 
a,(6) 
dump(5) 
lu{6) 
kbd(6) 
indent(!) 
lrolf(l) 
ht&ble(8) 
geltable(SC) 
uaencode(6) 
cpio(6) 
di,(6) 
!1(6) 
core(6) 
mlfile(6) 
lb!(!) 
lp(6) 
vfonl(6) 
m.nf(3S) 
printf(3S) 
!mt(!) 
nrolf(!) 

=~~l 
r&lfo,(1) 
fpl(l) 
f1plit(l) 
intro(3F) 
palc(8F) 
177(1) 
fortune(6) 
lrpfpe(3F) 
!pl{!) 
printf(8S) 
fplype(8F) 
pate/SF) 
pule 8S) 
put, 8S) 
bw(4S) 
fbio(4S) 
fread(3S) 
elf(!) 
malloc(3) 
fopen(3S) 
frexp(8) 
from(!) 
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11cca - front end for the .SM SCCS subsystem. 
fs, inode - format of file ey11tem volume. 

l!le&nf, fsca.nf, !llca.nf - formatted input conversion. 
intera.ctive repair. f11ck - &le system consistency check and 

unit. f:,eek, ftell - rcpo:,ition a. file on a. logical 
f11eek, (tell, rewind - reposition a. i,trea.m. 

individual &lea. fsplit - split a. multi•routine Fortran file into 
fst&b - at.a.tic information a.bout the fileaystem11. 

stat, h,tat, fsta.t - get file sta.tu11. , • • • • • • • • • 
tha.t on di11k. f11ync - 11ynchroni1e & 6le'11 in•core state with 

f11eek, ftell - repo11ition a file on a logical unit. 
faeek, ftell, rewind - reposition a. atrea.m. 
time, ftime - get date a.nd time. • • • • • • 

rtp - &le tra.nsfer program. • • • • • 
server. ftpd - DARPA Intemet File Tra.n11fer Protocol 

truncate, ftnu1c&te - trunca.te a. file to a 11peci6ed length. 
11hutdo,rn - 11hu\ down part of a full-duplex connection. 

gamma - log gamma function. 
fab1, Boor, eeil - abaolute v&lue, 8oor1 ceiling function,. 

intro - introduction to libraiy function,. 
intro - introduction to compatibility libruy function,. 

intro - introduction. to FORTRAN library fuactioa.1. 
intro - introduction to ma.thematica.l libra.ry function,. 

intro - introduction to network library function,. 
jO, jl, jn, yO, yl, ya - be11el function,. 

co,, ta.n, a.11in, a.co,, a.tan, a.ta.n2 - trigonometric function,. ,in, 
1inh, co,h, tub - hyperbolic function,. • • 

cunee - screen functions with "optimal" cursor motion. 
fread, fwrite - bulered binary input/output. 

adventure - an exploration game. 
monop - Monopoly game. 

1n&ke, anscore - display chaae game. 
trek - trekkie game. 

worm - Play the growing worm game. 
c&n&eld, cf1core1 - the solitaire ca.rd game can&eld. 

cribbage - the cud game cribbage. 
hangman - Computer venion of the game hugma.n.. 

backgammon - the game of backgammon. 
boggle - play the game of boggle. 

,rump - the game of huntathe-wumpus. 
gamma. - log gamma. function. 

gamma. - log gamma. function. • • • • • • • •• 
itom, ma.dd, m1ub, mult, mdiY, min, mout, pow, gcd, rpow - multiple precii,ion integer arithmetic. 

gcore - get core imagci, of running processee. • • 
eevt, fcvt, gcvt - output conversion. • • • • • • • • • • 

bulen. kgmoa - generate a dump of the opera.ting i,ystem's profile 
abort - generate a fault. • • • • • • 

adbgea - generate a.db script. 
makekey - generate encryption key. 

a.check - generate aamea from i-numben. 
r&nd, l!ll'&Dd - random number generator. • • • . . • • • • • 

lex - genera.tor of lexical u.a.lysii, programs. • 
/iaitRate, 11et11tate - better ra.ndom number genera.tor; routine" for changing generaton. • 

random Dumber gellerator, routine, for changin1 genera.ton. /sra.ndom, init11ta.te, 11ehtate - better 
dkio - generic disk control opera.tiou. • • • • • • 
perror, gerror, iermo - get i,yi,tem error messages. • • 

geta.rg, ia.rgc - return command line argumenh. 
gctc, fgetc - get a. ch&ra.cter from a logical unit. 

integer from stream. getc, getchar, fgetc, getw - get character or 
from etream. getc, getc:har, fgetc, getw - get character or integer 

directory. getcwd - get pathname of current working 
getda.te - convert time and da.te from ASCII. 
getdtablesiie - get descriptor ta.hie sire. 

getgid, getegid - get group identity. • •••••• 
gctenv - get value of environment variablCll. 
getenv - value for environment name. • • • 

getuid, geteuid - get user identity. • • , • , • • 
unit number. gctfd - get the file descriptor of an external 

setfeeat, endfeent - get file system descriptor/ gct(l!lent, getfsspcc, get(i,file, gethtype, 
file i,y11tem de11criptor file/ getfeent, getbi,pec1 gct(116le, getfetype, ·eetbent, endhent - get • 

- get file system descriptor file/ getfeent, get(l!lspec, getfdile, getfi,type, eetfsent, endfsent 
de1criptor file/ gctf11ent, getfa11pec, getfsfile, get(11type, i,ethent, endfi,ent - get file eyi,tem • 

getuid, getgid - get ueer or group ID of the caller. 
getgid, getegid -- get. group identity. 
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g~ group file entry. getgrent, getgrgid, gctgrnam, eetgrent, cndgrent -
.file entry. getgrent, getgrgid, getgrnam, eetgrent, endgrent - get group 
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Permuted lndez 

sec,(!) 
fs(5) 
scan1(3S) 
lsck(8) 
lscck(3F) 
fscck(3S) 
!split(!) 
fstab(5) 
stat(2) 
fsync(2) 
fscck(3F) 
fseek(3S) 
timc(3C) 
ftp(IC) 
ftpd(8C) 
truncatc(2) 
shutdown(2) 
gamma(3M) 
8oor(3M) 

intro!3) 
intro 3C) 
intro 3F) 
intro 3M) 
intro(3N) 
j0(3M) 
ein(3M) 
sinh(3M) 
curscs(3X) 
fread(3S) 
adventun,(6) 
monop(6) 
snake(6) 
ln,k(6) 
worm(6) 
canfield(6) 
cribb&gc(6) 
hangman(6) 
backgammon(6) 
boggle(6) 
wump(6) 
ga.mma.(3M) 
gamma(3M) 
mp(3X) 
gcon,(1) 
ecvt(3) 
kgmon(8) 
abort(s) 
adbgcn(8) 
makckcy(8) 
ncheck(B) 
rand(3C) 
lex(!) 
random(3) 
random(3) 
dkio(4S) 
perror(3F) 
gct,rg(3F) 
gctc(3F) 
getc(3S) 
gctc(3S) 
getcwd(3F) 
gctd,te(3) 
getdtablcsire(2) 
gctgid(2) 
gctenv(3F) 
getcnv(3) 
gctuid(2) 
gct!d(3F) 
getlsent(3) 
get!aent(3) 
getlsent(3) 
getfaent(3) 
gctuid(3F) 
getgid(2) 
getgrent(3) 
getgrent(3) 
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Permuted Ind'" 

entry. getgrenl, getgrgid, 

endhoate.D.t - get network hosi entry. gethostent, 
network boat entiy. getho,tent, gethoalbyaddr, 

aethoatent, endhoatent - get network hon entry. 

host. 
timer. 

get network entry. getnetent, 
entry. getnetent, getnetbyaddr, 
endnetent - get network entry. 

argv. 

getpid, 
1cheduling priority. 

protocol entry. getprotoent, getprotobynumber, 
endprotoent - get protocol en.try. getprotoent., 
aetprotoent, endprotoent - get protocol entry. 

get paanrord file entry. 
entry. getpwent, getpwuid, 

pu1word file entey. get pwent, 
reaoarce connmption. 

utili11tion. 

service entry get11ervent, getaervbypori, 
endservent - get aervice entry. getaervent, 
setaervent, endaervent - get service entry, 

1ocket1. 

time. 

caller. 
getc, getchar, fgetc, 

v&dviae -
abut.down - close down the 1yatem at a. 

and time to ASCit. ctime1 localtime, 
&oh - play" 

eetjmp, longjmp - aoa.•loca.l 

graph - draw & 

gprof - di,play call 
perfmon -

pten - 11t&nd alone ten for the Sua video 
colordemo, - demonstrate Sua Color 

dn.w - inter&ctive 
plot -

cg - Sun color 
arc, move, cont. point, liuemod, epa.ce, cloeepl -

plol -

vgrind -
chgrp - change 

getpgrp - ge& proceH 
k.illpg - send signal to & procel!IB 

eetpgrp - 11et procen 

getgroupe - get 
initgroup1 - initialise 

1etgroup1 - set 
group -

getgrgid, getgmam, aetgrent, endgrent - get 
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gctgrnam, aetgrent, endgrent - get. group file 
get.group, - get group accesa list. • • • • • 
getboatbya.ddr, gethoatbyname, acthostent, 
getho11tbyname, eethoatent, eudhoetent - get 
gethoetent, gethoaibyaddr, gethodbyuame, 
gethoetid - get unique identifier of current host. • 
gethoetname, aethostname - get./afA n.ame of current 
getitimer, aetitimer - get/set value of interval 
getlog - get a.1er'1 login na.me. • • • • • • • • • 
getlogin - get login name. • • • • • • • • • • • 
getnetby&ddr, getnetbyname, aetnetent, endnetent -
getnetbyname, aetnetent, endnetent - get network 
getnetent, getnetbyaddr, getnetbyn&me, aetnetent, 
get.opt, optug, optind - get option letter from 
getpagaiite - get system page aiae. 
getpua - read & paanrord. • • • • • • 
getpeername - get name of connected peer. 
getpgrp - get procea1 group. • • • • • • 
getpid - get prom, id. • • • • • • • • 
getpid, getppid - get procen identiication. 
getppid - get proceH identiica.tion. • • • 
getpriority, ,etpriority - get/1et program 
getprotobyn&me, 1ctprotoent, endprotoent - get 
getprotobynumber, getprotobyname, aetprotoent, 
getprotoent, getprotobynumber, getprotobyname. 
getpw - get name from a.id. • • • • • • • • • 
getpw-ent, getpwuid, getpwn&m, actpwent, endpwent -
getpwnam, aetpwent, endpwent - get paaaword ile 
getpwuid, getpwnam, aetpwent, endpwent - get 
getrlimit, setrlimit - control maximum l)'lltem 
getrua&ge - get information &bout re1ource 
get1, fgeta - get a string from a stream. 
get1Crvbyname, 1etaeJVent, endaervent - get 
getaenbypori, get1ervbyn&me, 1et1ervent, 
getsenent, getaervbyport, get1ervbyname1 

getaockname - get 1ocket name. 
get1ockopt, 1et1ockopt - get and aet. option.a on 
gettable - get NIC format boat tables from a host 
getlimeofday, ,etlimeofday - get/,et date and 
getty - aet term.in&! mode. • • • • • • • 
gettyta.b - terminal configura.tion data ba.ae. 
getuid, get.ea.id - get. a.1cr identity. 
getuid, getgid - get um or group ID of the 
getw - get chara.cter or integer from atream. • 
getwd - get current working directory pathname. 
give advice to p&ging 111tem. • • • • • • • • 
given time. • • • • • • • • • • • • • • • • 
glob: filename expand a.rgument li1t. • • • • • 
gmtime, uctime, timesone1 dyai1e - convert d&te 
Go Fi1h". • ••••••••••• 
goto. • • , • • • • • • • • • • • 
goto: command transfer. • • • • • 
gprof - diapl&y call graph profile data.. 
grapk. . . • • • • • . • . • • • 
graph - draw a graph. • • • • • • 
graph profile data. . • • . . • • • • • 
gn.phical diaplay of gencnl system atati1tiea. 
graphica board. 
Gra.phica Di1pla.y. 
graphiea drawing. 
graphics filten. 
graphica interface. 
gra.phica interface. /e;~e,

0

1abci, iin~, ~i;cl;, 
gra.phiai interface. • • • • • • • • • • • 
grep, egrep, fgrep - aearch a ile for a pattem. 
grind nice listings of prognma. 
group. 
group. 
group. 
group. 
group - group &1e. 
group &CCCI! liat. 
group acccn liat. 
gronp acce111 lilt. 
group file. 
group file entry. getgrent., 

getgrent(S) 
getgroup,(2) 
gcthostent(3N) 
getho,tent(SN) 
gelho,tent(3N) 
getho,tid(2) 
getho,tname(2) 
getitimer(2) 
getlog(SF) 
getlogin(3) 
getnetent(3N) 
gctnetent(3N) 
getnetent(3N) 
getopt(SC) 
getpageai,e(2) 
getpao,(3) 
getpcername(2) 
getpgrp(2) 
getpid13F) 
getpid 2) 
getpid 2) 
getpriority(2) 
getprotoent(3N) 
getprotoent(3N) 
getprotoent(SN) 
getpw(S) 
getpwent(3) 
getpwent(3) 
getpwent(s) 
getrlimi1(2) 
cetru,age(2) 
gel,{3S) 
getaervent(3N) 
getaervent(3N) 
getoervent(3N) 
get1ockna.me(2) 
get,oekopt(2) 
gettable(SC) 
gettimeofday(2) 
getly(B) 
geltytab(5) 
getuid(2) 
getuid(3F) 
gete(3S) 
getwd(S) 
vadvioe(2) 
,huldown(B) 
e,h(l) 
clime(a) 
fi,h(6) 
1eljmp(3) 
e,h(l) 
gprof(l) 
graph(!G) 
graph(lG) 
gprof(l) 
perfmon(l) 
gxteat(S,) 
colordcmo1(6) 
draw(6) 
plol(lG) 
eg(4S) 
plot(3X) 
plot(6) 
C"'P(l) 
vgrind(l) 
ehgrp(l) 
gelpgrp(2) 
killpg(2) 
,etpgrp(2) 
group(5) 
getgroup,(2) 
in.itgroups(S) 
aetgroup,(2) 
group(5) 
getgrent(3) 

.. xviii • Sun System Release 1.1 

0 

0 

0 



0 

0 

0 

11etrcgid - set real and effective group ID. • • • • • •• 
11ctruid, setgid, 1etegid, 11etrgid - act u11er and group ID. aetuid, 11eteuid, 

getuid, gctgid - get user or group ID of the caller. 
getgid, getegid - get group identity. • • 

groupa - show group memberships. 
chown, fchown - change owner and group o( a file. 

make - mainta.in program groups. • • • •• 
groups - show group membenihip11. 

worm - Pla.y the growing worm game. • • , • • • 
atty, gtty - set and get terminal state. • • • • 

graphics board. gxtest - at&nd a.lone test for the Sun video 
ha.It. - 11top the proceeaor. • • • • • • • 

11top: ha.It. a job or proce111. • • • • • • • • • 
reboot - reboot 11ystem or halt proceeaor. • • • • • • • • • • • • 

fut boot, fasth&lt - reboot/ halt the 11ystem without checking the disb. 
rm.ail - handle remote ma.ii received via uucp. • •• 

re_comp, re_exec - regular expres:1ion handler. • • • • • • • • • • • • • • • • 
hangman - Computer venion of the ga.me ha.ngma.n. , , , • • , , , , • , , • • • , 

hangman - Computer ven1ion of the game ha.ngman. 
vha.ugup - virtua.lly" ha.ngup" the current control termina.l. 

nobup: run command immune to hangup,. • • • • • • • • •• 
crash - wh&t h&ppens when the syatem era.she,. 

link - ma.k:e & hard link to a. &le. • • • • •• 
intro - introduction to speci&I fi.le1 a.nd hardware 1uppon. • • • • •• 

uptime - show bow long system has been up. • • • • • • • • • • • 
checknew, - check if u1er ha., new, on the USENET new, network. 

reha1h: recompute command hash table. • • • • • • • • • • • • 
unhuh: di11card command ha1h table. • • , • • • • • • • • • 
haahatat: print command ha11hing atatiatic11. • • • • • • • • • • 

ha1h1ta.t: print. command hashing 1t&tistic11. 
leave - remind you when you have to leave. 

help - 111k: for help. • • • , • • • • • 
help - &0k !or help. 

od - octal, decimal, hex, ucii dump. ·• • • • 
bier - file sy1tem hierarchy. 

bier - &le 1yetem hier&rchy. • • • • • • • 
hi1tory: print history event li1t. • • • • • • 

hietory: print history event list. 
fortune - print a. ra.ndom, hopefully intere1ting, adage. 

getho,tid - get unique identifier or current hon. 
gethoatname, sethoatna.me - get/Bet name or current ho1t. 

hoatnm - get Hme of current host. 
rd&te - 1et. eyatem d&te from & remote boat. 

uu1end - 1end & file to & remote host. 
gell&ble - rol NIC lorm&I ho1l l&ble1 from • boll . , , , , , , , , , • 
hton,, ntohl, ntoh1 - convert va.luea between host a.ad network byte order. htonl, 

remote - remote boat description file. • • • 
1etho1tent, endhoetent - get network host entry. /getho11tbyaddr, getho1tbyuame, 

hoat1 - host name data baae. 
phone, - remote boat phone number data baae. 
ruptime - ahow boat 1ta.ta1 of loe&I machiae,. 

ho11tid - print identifier of current hoet ey11tem. • • • • • 
hoetname - 11et or print n&me of current ho1t ayetem. • • • • • • • 

btable - convert NIC at&nd&rd format boat tablee. • • • • • • • 
gettable - get NIC format hoet ta.blee from a. host . 

hoetid - print identifier or cu1Tent host system. 
1yi,tem. hoatname - 11et or print name or current host 

hostnm - get name of current host. • • • • • 
host, - hoet name data baae. • • • • • • • 

uptime - 11how how long ey1tem has been up. • • • • • • • • 
hta.ble - convert NIC ata.nda.rd format host tables. 

between holli &nd network: byte order. htonl, hton11, ntohl, ntoh11 - convert valuc11 • • • 
&nd network byte order. htonl, hton11, ntohl, ntoha - convert value1 between ho11t 

wump - the game of hunt-the-wumpu1. • • • • • • • •• 
ainh, co1h, ta.nh - hyperbolic function11. • • • • • • • • • •• 

hypot, cab11 - Euclidean dieta.nce. • , • • •• 
getarg, iargc - return command line a.rgumcnt11. 

icheck - &le 11y21tem storage consistency check. 
icmp - Internet Control Met1t1a.ge Protocol. 

getpid - get proces1 id. • • • • • • • • • • • 
aet.n:gid - set real and ell'ective group ID. • • • • • • • • • • • 

1etgid, 11etegid, 1etrgid - 1et user and group JD. 11etuid, seteuid, 1etruid, 
getuid, getgid - get u11er or group ID of the caller. • • • • • 

Sun System Release 1.1 

11u - nbatitute u11er id temporarily. • •••••••••••• 
form. idate, itimc - return date or time in numerical 

getpid, getppid - get proceas identification. • , • • • • • • • • • • , • 

Permuted lndez 

,etregid(2) 
setuid(3) 
getuid(3F) 
getgid(2) 
groups(!) 
chown(2) 
make(!) 
group:,(1) 
worm(6) 
stty(3C) 
gxtest(S,) 
halt(S) 
c,h(l) 
reboot(2) 
!astboot(S) 
rmail(S) 
regex(3) 
hangman(6) 
hangman(6) 
vh&ngup(2) 
coh(l) 
cra,h(a,) 
link(2) 
intro(<) 
uplime(l) 
checknew11(t) 
csh(l) 

csh!!) 
coh I) 
cob 1) 
leave(!) 
help(!) 
help(!) 
od(l) 
hier(7) 
hier(7) 
c,h(l) 
coh(l) 
lortuue(6) 
getho,tid(2) 
getho11tna.mc(2) 
ho,tnm(3F) 
rdate(S) 
uu,end(IC) 
geltable(SC) 
byteorder(3N) 
remote(S) 
getho,tent(3N) 
ho,t,(6) 
phone,(6) 
ruptime(IC) 
hoetid(l) 
hostname(t) 
htable(S) 
gettable(SC) 
hoetid(l) 
ho11tname(l) 
hostnm(3F) 
ho,t,(6) 
uptime(!) 
htable(S) 
byteorder(3N) 
byteorder(3N) 
wump(B) 
oinh(3M) 
hypot(3M) 
getarg(3F) 
ichcck(S) 
icmp(4P) 
getpid(3F) 
setregid(2) 
iictuid(3) 
getuid(3F) 
,u(l) 
idate(3F) 
getpid(2) 

Jan ua.ry 1984 



Permuted Ind,~ 

gethostid - get unique 
bostid - print 

wh&l -
getgid, getcgid - get group 

getuid, geteuid - get 1111er 
1etreaid - not real and elective user 

perror, gerror, 

checknew, - check 
exii, u:pon, login, newgrp, re&di/ 1h, for, cue, 

interface. 'VJ> -
abort - termina.te a bniptly ,rith memory 

core - form&& or memory 
gcore - get core 

notify: requeai 
nohap: ran command 

x,tr - extract 1trinp from C program, to 
eyacc - modi&ed yacc allowing much 

ar - Archive 1/4 
Im - lapem11ler 1/2 

which - locate a program &le 
dump, dumpd1te1 -

dump
reltiort -

indent -
tsetlag, tget1tr, tgoto, tput, - terminal 

i1iDf1 i11nan - ten for 
ptx - permut~d 

Hmcai, lti'cmp, liracmp, 1trcpy, dnacpy, Arica, 
object,. 

refere1ce1 in a/ indxbib - m&ke iaverted 
laol

,:,scall
f,plit - ,plit a multi-routine Fortr&D &le into 

.br lookbib - &nd references in a bibliograpJay. 

''"en -
inet_aetof, iaet_atoa - In.ten~ addreae/ 

addreH/ inet_addr, inei_network, inet_makeaddt, 
lnternet addreH/ inet_addr, inet_network, 

inet_addr, ine\_network, inet_mlleaddr, in.etJnaof1 

ine\_aetof, inet_ntoa - Intemet/ in.et_addr, 
/ine\JDa.keaddr, inetjn&0f1 inei_netof, 

dumpf1 - dump file 11yaierl:. 
pac - printer/ploiier accounting 

getru,age - get 
viimea - get 

r,tab - atatic 
maa - print out manual p&getj &nd manual 

new,rc -
mi1cellueou1 - mi1eellaneo111 uuful 

init - pro~11 coauol 
ioinil - change 177 1/0 

ity1 - terminal 
initgroup1 -

connect -
popen, pclo11e -

generator; routine11 for changing/ n.ndom, arandom, 
Bmin, flmax, dflmin, dBmu:, 

clri - clear 
r,, 

read, readv - read 
1oelim - eliminate .10111 from n.rol 

11ca.nl, f11ca.nl, 1111canf - formatted 
ungdc - pui,h character back into 

frea.d, fwrite - bufl'ered binary 
stdio - eta.nda.rd bull'ered 

lcrror, feof, clca.rerr, filcno - stream 11tatus 
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identifier of current host. 
identifier of current ho11t system. 
identify the venion of files. 
identity. 
identity. • • • • • • • 
1D'e. • •••••• 
ienn.o - get 1yaiem error meHagea. • 
if - general properties of network interfacea. 
if: condition.al statement. • • • • • • • • • 
if ui,er hu new, on the USENET new, network. 
if, while, :, ., break, continue, cd, eval, exec, 
ifconfi.1 - configure network interface parameten. 
Ikon 10071 .. 5 Multibu1 Vena.tee pa.r&llel printer 
image. • •••••••••••• 
image file. • • ... • • ••••••• 
images of running pro~1111e1. 
imemtest - atand alone memory ten. 
immedi&te noti6ca.tion. 
immune to h&ngup1. 
implement ahared nrinp. 
improved error recovery. 
inch Strea.minc Tape Drive. 
in.cit tape drive. , • , • • • •• 
iacludiug alia,e, aud path, (cok only). 
incremental dump format. • • • • • 
increment.al Ile ayatem dump. 
ia.cremCDtal lie 1yatem reltore. • • • • • 
indent - indut and format C program 101n"Ce. 
indent and format C program 1ource. • 
in.depeaden.t. operation routin•. tgetent, tptnam, 
indeterminate loatia1 poiDt valuea. • • • • • 
index. • ••••••••••••••• , • 
index, rindex - ltring operatiou. lin:al, 
index, rindex, lnblnt, ten - tell about character 
index to a bibliography .br lookbib - &n.d 
indica.te lut logiDI of u11en and t.eletypee. 
i11.direc\ 1yetem call. • • • • • • • • • 
individul tila. • . • • • • • • • • • • 
indxbib - mU:e inverted index to a bibliogra.phy 
inet - Internet protocol family. • • • • • ••• 
ind 1erver data baae. • • • • • • • • • • • • • 
inet_addr, inet_aetwork, inet_makeaddr, inetJnaof, 
inetd - intenaet services daemoa. • • • • • • • 
inetjnaof, inet_aetof, inet_ntoa - Intern.et 
inet_makeaddr, inetJna.of, inet_netof, inet_atoa -
inet_netof, inei_atoa - lnteruet addreH/ 
inet_notwork, inet_m.akeaddr, inetJnaof, 
in~_ntoa - Internet a.ddren manipulation. 
inew1 - eubmit new, articlea. 
informatioa. • ,. • • , , • • , • • 
informatioa. • • • • • • • • • , • 
informa.tioa about moarce utilitatioa. 
information about resource utilisation. 
information about the 6le1yatem1. 
informatioo by keyword,. • • • • • • • • • • 
iuformalioa &le for readaew,(1) aud chechew,(I). 
information P&I•· , • , • • • • • 
in.it - proco11 control initialisatioa. • 
initgroup1 - initiali1t group a.cce11 tin. 
initialisation. • • • • • 
initiali,ation. • • • • • • • • 
initiali11tion data. • • • • •• 
initialise group acct111 liR. 
in.itia.te a connection on a aocket. 
initiate 1/0 to/from a procea,. • • , • • 
init11tate, 11etsta.te - better random number 
inmu - return extreme valuea. 
i-node. • • • , • • • • • •••• 
inode - form» of 61c aystem volume. 
input. • • • • • 
input. • • • • • • • 
input con.venioa. • • 
input atream. 
input/output. 
input/output package. 
inquiric11. • • • • • 

gethoalid(2) 
hoolid(I) 
what(!) 
getgid(2) 
getuid(2) 
,etreuid(2) 
perror{3F) 
if(4N) 
coh(I) 
chechew,(1) 
1h(I) 
ifcon&g(8C) 
vp(4S) 
abort(3F) 
core(s) 
gco,.(1) 
imemleol(8•) 
cab(!) 
c,h(I) 
xotr{!) 
eyacc(I) 
ar{4S) 
tm(4S) 

which!!! dump S 
dumps 
nolore(8) 
iudeut(~ 
1nden.t(l 
termca 3X) 
i•i•f(3) 
pix(!) 
11ring(3) 
iadex(3F) 
iadxbib(I) 
laot(I) 
1y,call(2) 
f1plit(I) 
iadxbib(I) 
iaet(4F) 
1erve111(6) 
iaet(SN) 
iaetd(8C) 
inet(3N! 
inet(3N 
inet!3N 
iuet 3N) 
iuet 3N) 
iuew,{1) 
dumpf,(8) 
p&c(8) 
getru,age(2) 
vlime,{30) 
fot&b(6) 
man(!) 
aeworc(6) 
ialro{7) 
init(B) 
iuilgroup,{3) 
iait(8) 
ioinil(3F) 
tl:,s(S) 
iuitgroup,(3) 
conuect(2) 
popen(3S) 
raadom(3) 
rauge(3F) 
clri(8) 
r,(s) 
read(2) 
aoelim(I) 
acanf(3S) 
uagetc(3S) 
fread(3S) 
iatro{3S) 
ferror{3S) 
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refer - find &nd in11ert literature rcfercncCll in docaments. 
insque, remque - insert/remove element from a queue. 

queue. in11que, remque - in11ert/rcmove element from a. 
in~a.ll - install ii!Cll, 

insta.JI - install &lea. • • • , • • • 
draw - interactive gra.ph.ica drawing. 

f,ck - file 11ystem coneietency check and intera.etive repair. 
fortune - print & nndom, hopefully intereating, adage. 

cg - Sun color graphics interface. 
cc - 3Com 10 Mb/11 Etheruei interface. 

eD - Sun S Mb/8 experimental Ethernet. inteiface. 
lo - eoftw&re loopback network interface. 

mti - Syatech MTJ..S00/1600 multi-terminal interfa.ce. 
mtio - UNIX m&gnetic tape interface. , • • • • • 

cont, point, linemod, apace, closepl - gra.phice interl'ace. /en.11e, label, line, circle, are, move, 
plot - graphics interface. 

tt.7 - genera.I termina.l interl'.ace. • • • • • • • • • • • 
- Ikon 10071·6 Multibu11 Venatec parallel printer interface. vp ••••••••• 

Venatec printer/plotter and Centronic11 printer interface. vpc - Systcch VPC-2200 
ifcon&g - configure network interface parameten. • • • • • , 

telnet - u11er interface to the TELNET protocol. 
if - general propertie11 of network interf.ace11. • , • , • • • • 

1wapon - add a nap device for interleaved paging/napping. 
1endmail - 1end ma.ii over the intemet. • • • • , • • • 

inet_makeaddr, inetJu.of, inet_netof, inet_ntoa - Internet addrei,11 manipulation. /inct_network:1 

icmp - lnteraet Control Message Protocol. 
ftpd - DARPA Internet File Transfer Protocol server. 

ip - Internet Protocol. 
inet - Internet protocol family. • • • • • 

inetd - intemet 1ervicee daemon. • • • • • 
tcp - lntenaet Tra.nt1mi111ion Control Protocol. 

udp - lntenaet Uaer Datagram Protocol. 
ip - Diek driver for lnterphue 2180 SMD Dii,k Controller. 

apline - interpolate amooth curve. 
Pti·- phototypesetter interpreter. • •••• 

px - Pa.acal interprete,. • • • • • • 
pix - Pa.acal interpreter and executor. 

pi - Puc&I interpreter code tranalator. 
csh - a ahell (command interpreter) with C·like synta.x:. 

pipe - create an interprocess communication channel. 
- atomie&lly releaae blocked aignals and wait for interrupt. 1igpau11e • , • • , 

onintr. proceas interrupt, in command acripta. 
aleep - auapend execution for &D. interval. • • • • • • •• 

eleep - euepend execution for interva.1. • • • • • • •• 
aleep - 1u11pend execution for an interval. • • • • • • •• 

intro - introduction to commands. 
intro - introduction to compatibility library functions. 
intro - introduction to FORTRAN libra.ry functions. 
intro - introduction to library functions. • • • • , • 
intro - introduction to m&thematica.l libra.ry function,. 
intro - introduction to network library functions. 
intro - introduction to othe, libraries. • • • • , • , 
intro - introduction to special file, a.nd ha.rdware support. 
intro - introduction to system ca.Ila &nd error numben. 

comma.nd1. intro - introduction to system maintenance a.nd operation 
ncheck - generate namai from i•numbcn. • , •• , •••••••••• 

lnd reference, ia a bibliography. indxbib - make invcrt-ed index to a bibliography .br looJcbib -
tn&d, twrite, trewin, tllcipf, tetate - f77 tape 1/0. topen, tclo1e1 

ioinit - change f77 1/0 initialisation. 
select - synchronou1 1/0 multiplexing. 

mem, kmem, mbmem, mbio - ma.in memory a.ad 1/0 space. 
ioetat - repon 1/0 1tati11tiai. • • • 

popn., pclo1e - initiate J/0 to/from a proce111. 
ioctl - control device. • 
ioinit - change f77 1/0 initialisation. 
ioetat - report 1/0 statistia. • , •• 

Controller. ip - Disk driver for Interpha.ee 2180 SMD Disk 
ip - Intemet Protocol. 

sail - multi-ueer wooden ships and iron men. • • • • , • • • • • • • • • 
whatis - describe what a. command is. • • • • • • • • , • • • • • • • . 

i1a.lpha1 isupper, ielower, isdigit, isxdigit, isalnum, ieepace, iepunct, isprint, i11cntrl,/ 
isa.lnum, i11pace, ispunn, isprint, iscntrl,/ isa.lph.a, isupper, islower, isdigit, i::ixdigit, 
/isalnum, i11paee1 ispunct, i1print 1 i11cntrl1 isa.ecii, i11gra.ph, toupper, tolowcr, toa:icii -/ 

ttyna.m, isa.tty - find name of a terminal port. 
ttyname, i11a.tty, ttyslot -· find name of a terminal. 

/isxdigit, iea.lnum, iespaco, ispunct, isprint, i11cntrl1 i11a.ecii1 ji,graph, toupper, tolowcr,/ 
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Permuted lndez 

refer(!) 
ineque(3) 
in11que(3) 
inotall(l) 
in11tall(l) 
draw(6) 
f,ck(8) 
lortunc(6) 
cg(4S) 
cc(4S) 
cn(4S) 
lo(4) 
mti(4S) 
mtio(4) 
plot(3X) 
plot(5) 
lly(4) 
vp(4S) 
vpc(4S) 
i!config(8C) 
lclnct(IC) 
i~4N) 
ewa.pon(2) 
eendmail(8) 
inct(3N) 
icmp(4P) 
ltpd(8C) 
ip(4P) 
inct(4F) 
inctd(8C) 
lcp(4P) 
udp(4P) 
ip(4S) 
,plinc(IG) 
pti(l/ 
px(l 
pix(!) 
pi(l) 
c,h(I) 
pipc(2) 
eigpa.u11e(2} 
c,h(I) 
sleep(!) 
eleep(3) 
,lecp(3F) 
intro(!) 
iutro(3C) 
intro(3F) 
intro(3) 
intro(3M) 
intro(3N) 
intro(3X) 
intro{4) 
intro(2) 
intro(8) 
nchcck(B) 
indxbib(t) 
lopcn(3F) 
ioinit(3F) 
,clcct(2) 
mcm(4S) 
io,tat(8) 
popcn(3S) 
ioct1(2) 
ioinit(3F) 
io,t&t(8) 
ip(4S) 
ip(4P) 
oail(6) 
wha.tis(l) 
ctype(3) 
ctypc(3) 
ctype(3) 
ttynam(3F) 
ttyname(3) 
ctypc(3) 
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Permuted Ind,; 

i11print, i11cntrl,/ i11a.lpha, i11upper1 i11lower, 
/isspace, i1punct, i11print, iscntrl, i211.11cii, 

point va.Juea. 
i1punct, iaprint, i11cntrl,/ i111.lph&, i1upper, 

va.Jue11. i11inf, 
/i11digit, iaxdigit, isalnum, iHp&ee, ispunct, 
/islower, i11digit, iaxdigit, in.In.um, i1111pace, 
/isupper, i11lower, isdigit, iadigit, isalnum, 

1y,tem -
i111,pa.ce, ispunct, i11print, i11cntrl,/ iu.Jpha, 
i11cntrl,/ iu.lpha., isupper, islower, isdigit, 

vi - view a file without changing 
ida.te, 

rpow - multiple preci11ion integer arithmetic. 
au11pend: 1u11pead a 1hell, rauming 

jO, 
jO, jt, 

bg: place 
lg: brine 

job1: print current 
lllop: hall a 

croatab - t&ble of tima to ran periodic 
. kill: kill 

lprm - remove 

de!&UII table. 
makekey - generate encryptioa 

table. kbd -
print out mu.a&! page,; 6nd manu&I informatioa b7 

profile bulen. 

proce111. 

kill: 

chue - Try to eacape to 

mem, 
qui, - ten your 

linemod, apace, closepl - graphica/ openpl, eraae, 
a.wk - pattern acanning and proceaaing 

be: - arbitrary-preciaion arithmet.ic 
aet, 1hifi, time1, trap, uma1k, wait - command 

cpp - the C 
order. 

lrel<p, 
leave - remind yo1& when you have to 

exit: 
index, rindex, lnblnk, 

ftruncate - truncate a &le to a 1peci&ed 
getopt, optarg, opt.ind - get option 

lex - genera.tor of 
intro - introdudion to other 

ranlib - convert. uchives to ra.ndom 
lorder - 6nd ordering rela.tion for an object 

ar - archive ( 
intro - introduction to 

intro - introduction to compatibility 
intro - introdu.ction to FORTRAN 

intro - introduction to mathematical 
intro - introduction to network 

a.r - a.rchive a.ad 
csh - a.11hell (comma.nd interpreter) with C-

limit: a.lter per-proce11 re11ource 
unlimit: remove re11ource 
ulimit - get and 1et tt1er 

getarg, ia.rge - return comma.ad 
1pa.i:e, closepl - grapbic11/ openpl, era.11e, la.bet, 

bk -
lpr - olf 
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i1digit, isxdigit, is&lnum, i111pa.ee, i11punct, 
i11gra.ph, toapper, tolower, toa.acii - chancter/ 
iainf, i11nan - test for indetermina.te Boa.ting 
i11lower, i1digit, iudigit, iaa.lnum, i,11pa.ce, 
i1nan - ten for indeterminate Boa.ting point 
i11print, iscntrl, iaascii, i11gra.ph, toupper,/ 
i,punct, i,print, i11cntrl, i1ucii, i1graph,/ 
isspa.ce, i,pand, i1print, iscntrl, i11&1cii,/ 
i11ue a. 1heU comma.ad. • • • • • • • 
isupper, i,Jower, i,digjt, iaxdigjt, iulnum, 
iudigit, i,a.lnum, i1111pa.ce, iapunct, iaprint, 
it using the vi viaaal editor. • • • • • • 
itime - return date or time in numerical form. 
itom, ma.dd, m1ab, mult, mdiv, min, moat, pow, gcd, 
it, 1uperior. • • • • • • • • • • • 
jO, j1, jn, yO, y1, YD - beaael fandion1. 
jl, jn, yO, y1, YD - be11111el functions. 
ja1 yO, y1, ya - bea:sel function,. 
job in b&ekground. 
job into foregrouQd. 
joblin. 
job or process. 
job,. 
job, a.nd proce211eo. 
job1 from the line printer 1poolinc queue. 
job1: print current job list. • • • •• 
join - relational da.tabaae operator. 
kbd - keyboard tranolalion table formal and 
key. • • • • • • • • • • • • • • • • • 
keyboard tnnala.lion table torma.t and default 
keyword,. 1111,a - • • • • • • • • • • • • 
kgmon - generate a. dump of the operating 1ystem'21 
kill - 1end a signal to a proce11. • • • • • • 
kilt - ,end a signal to a proce11, or terminate a 
kill - .end eigna.l to a proceH, 
kill job, and proce11es. 
kill: kill jobs a.ad proce1111e1. 
killer robot1. • • · • • •• 
killp1 - ,end 1igna.1 to a. proce11 group. • • • • • • 
kmem, mbmem, mbio - ma.ia memory and 1/0 spa.cc. 
knowledge. • ••••••••••• 
la.bel, line, circle, a.re, move, cont, point, 
la.ngua.ge. • • • • • • • • • • • • • 
la.ngua.ge. • • • • • • • • • • • • • • • • • 
l&Dguage. /export, logia, newgrp, read, re&donly, 
language preproce1111or. • • • • • • • • • • • • 
lutcomm - show laat comma.nds executed in revene 
Id - link editor. • • • • • • • • • • ••• 
ldexp, modi - 1plit into muti111a a.nd exponent. 
lea.ve. • • • • • • • • • • • • • • • • 
lea.ve - remind you when you ba.ve to leave. 
lea.ve ,hell. • • • • • • • • • 
fen - tell about cha.ra.cter objects. 
length. truncate, • • • • • • • 
letter from argv. • • • • • • • • 
lex - generator of lexical analy11i1 progra.ma. 
lexical &D&Jy1i1 program1. 
libra.ries. 
libra.rie1. 
libracy. 
library) file lormat. 
library functions. 
library function,. 
library functions. 
libn.ry functions. 
libra.ry functions. 
library maintainer. 
like ayntu. • •• 
limit: alter per-process re11ource limitations. 
limitation,. 
limitia.tioDB. 
limitl. 
line arguments. • • • • • • • • 
line, circle, a.re, move, cont, point, linemod, • • 
line di1cipline for machine-machine communication. 
line print. • • • • • • • • • • • • • • • ••• 

ctypel3! 
ctype S 
ieinl(3) 
clype(3) 

~~;!~3!~, ctype S 
ctype(3 
1ylllem 3) 
ctype(3 
ctype(S 
view(!) 
idate(3F) 
mp(3X) 
coh(I) 
j0(3Ml 
j0(3M 
j0(3M) 

coh!I) 
c,h ll 
cah 1 
cab 1 
crontab(S) 
coh(I\ 
lprrn 1) 
coh(I 
join(ll 
kbd(S 
makekey(8) 
kbd(S) 
man(I) 
kgmon(B) 
kill 3F) 

till I! kill 2 
cah 1 
coh I 
chue(6) 
tillpg(2) 
mem(4S) 
qui1(6) 
plot(3X) 
&wk(I) 
bc(ll 
i,h(1 
cpp(I) 
l&lllcomm(I) 
ld(I) 
lrexp(3) 
leave(!) 
leave(!) 
coh(I) 
index(3F) 
lruncate(2) 
getopt(3C) 
lex(ll 
lex(I 
intro(3X) 
ranlib(1) 
lordcr(I) 
ar(S) 

intr~3) ?ntro SC) 
intro SF) 
intro 3M) 
intro 3N) 

~:l.llll cah 1 
cah 1 
cab 1 
ulimit(3C) 
getarg{3F) 
plot(3X) 
bk(4) 
lpr(I) 
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lpc - line printer control program. • • • , • • 
lpd - line printer daemon. • • • • • • . • • 

lprm - remove jobs from the line printer apooling queue. • • • ••• 
/era.ae, b.bel, line, circle, a.re, move, cont, point, linemod, c:pa.ce, doc:cpl - graphic, intetface. 

comm - eeled or reject linea common to two Borted files. 
fold - fold long linea for finite width output device. 

uniq - report repeated lines in a. file. 
look - find line, in a. eorted list. 

rev - rcvc111e lines of a. file. 
hea.d - display fim few lines of 11pccifi.ed files. 

rcadlink - relil value of a 11ymbolic link. • • • • • • , • 
link - make a hard link to a file. 

Id - link editor. , • • • • • • •• 
a.out - usembler and link editor output. • • • • • • • • • , • 

link, eymlnk - make a link to an existing file. 
link - make a hard link to a file. • • • • 

eymlink - make symbolic link to a. file. • • • • • • 
link, symlnk - make a link to an existing &le. 

In - make linb. • • • • • • • • • 
lint - a C program verifier. 

glob: filename expand argumenl liol. 
history;_ print history event list. 

job,: print current job list. 
1hift: manipulate argument lin. 

getgroup1 - get group acce11 list. 
initgroup1 - initj&li1e group accea11 list. 

look - 6.iid lines in a eorted list. 
nlin - ge$ entriee from name list. 

- nm - print na.me list. 
1ctgroup1 - eet group a.cce11 list. 
vamp - variable argument list. • • • 

11 - list content, of directory. 
Corea.ch: loop over list of name,. • • • • 

ueen - compact list of ueen who are on the eyetem. • • 
lietea - li11ten for connection11 on a 11ocket. 

1illten - listea for connection, on a 11ocket. 
vgrind - grind nice lilltinga of program11. • • • • • • •• 

refer - find ud in11ert literature reference11 in document,. 
In - make linb. • • • • • • • • •• 

index, rindex, lnblnk, len - tell about char&eter objects. 
lo - eoftware loopback network interface. 
loc - return the addres11 of an object. • • • 

convert dato and time to ASCII. ctimc, localtime, gmtime, asctime, time1onc, dy11i.ze -
(ab only). which - locate a program file including aJiaz,cs and paths 

wherei, - locate 11ource, bin&JY, and/or manual for program. 
end, ctext, edata - la.et locations in program. • • • • • • • • • • 

Sock - apply or remove an advi11ory Ioele on an open tile. • • • • • • • • • • 
11login". locbcreen - maint&in window context until 

- coiled eylltem diagnoltic menage. to form error log. dme11g • • .• 
1y1log, openlog, clo11elo1J - control 11yatem log. • • • • • • • • • • • • • • • • • • 

1y11log - make 1yatem log entry. • • • • • • • • • • • • • • • 
gamma - log gamma function. • • • • • • • • • • 

power, 11quare root. exp, log, loglO, pow, 1qrt - exponential, logarithm, 
syelog - log 1y11tem11 me1111age11. • • • • • • • • • • • 

1quare root. exp, log, JoglO, pow, 11qrt - exponential, logarithm, power, 
exp, lor, loglO, pow, 1qR - exponential, logarithm, power, 11quare root. 

rwho - who', Jogged in on local machinea. 
fla.11h - flu11h output to a logical unit. · 

f11eelc, (tell - reposition a file on a logical unit. 
getc, fgetc - gd a character from a logical unit. 

putc, fputc - write a character to a FORTRAN logical unit. 
locklcreen - maintain window context until u login'1. 

rlogin - remote login. 
login - sign on. 

ac - login accounting. • 
login: login new u11er. 

g'etlog - get u11er111 login name. 
getlogin - get login name. 

login: login new u1er. • • • • • • • • • 
/., break, continue, ed, evati exec, exit, export, login, newgrp, read, rea.donly, set, shift, timea,/ 

paz,swd - change login pa.1111word. 
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utmp, wtmp - login record,. • • , • • • 
-·,·rtogind- remote login 11ervcr. , •• , •• , 

chah - change default login 11hell. • • • • , , • , 
laz,t - indicate last loginl!I of u11ers and telctype1. 

bsuncube - view 3-D Sun logo. , • • • . • • • 

- xxiii .. 

Permuted lndez 

lpc(8) 
lpd(8) 
lprm(l) 
plot(3X) 
comm(!) 
fold(!) 
uniq(l) 
look(!) 
rev(!) 
bead{!) 
readlink(2) 
link(2) 
Id{!) 
a.ont(S) 
link(3F) 
1;nk(2) 
,ymlink(2) 
link(3F) 
In(!) 
lint(!) 
c,h(l) 
c,h(I) 
c,h(l) 
c,h(l) 
getgroup1(2) 
initgroups(3) 
look(!) 
nlirt(3) 
nm(!) 
11etgroups(2) 
vararg,(3) 
18(1) 
c,h(!) 
n,ern(I) 
li,ten(2) 
lirten(2) 
vgrind(l) 
refer(!) 
In(!) 
index(3F) 
lo(4) 
loc(3F) 
ctim,(3) 
which(!) 
whereis(l) 
end(3) 
8ock(2) 
lockllcreen(l) 
dmesg(8) 
,y,log(3) 
oyslog{I) 
gamma(3M) 
exp(3M) 
,y,log{8) 
exp(3M) 
exp(3M) 
rwbo(IC) 
8n,b(3F) 
foeek(3F) 
getc(3F) 
pntc(3F) 
lockllcreen(l) 
rlogin(!C) 
login(!) 
ac(8) 
coh(I) 
getlog(3F) 
getlogin(3) 
coh{I) 
,h(I) 
pa,,wd(I) 
ntmp(S) 
rlogind(8C) 
ch,h(l) 
la,t(I) 
b:rnncube{6) 
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ectjmp, 

/- make inverted index to & bibliography .br 
break: exit while/Coreach 

continue: cycle in 
end: terminate 

foreach: 
lo - 1oftwue 

libr&ry. 

queue. 

eun - ia current 
va.x - is current 

bk - line di1c;ipline for maehin• 
bk - line discipline for 

ruptime - ahow host 1tatu1 of local 
rwho - who's logged in on local 

m4-
&lias: 1hell 

toa,cii - char&etE-ir cluai&c&tion and convenion 
m - text form&ttin1 

me
mo

- multiple preci1ion intepr arithmetic. itoiD, 
tp-DEC/ 

mtio-UNIX 
ml

rint. - remote 
m&il - aend and receive 

prmail - print out waitin1 
l'ecnewa- receive unproceaaed·article1 vi& 
reC:new, - receive unproee11ed· article, vi& 

sendne•• ... ae"nd new, ·&rticles vi& 
-·encode/decode.,. binary· &le fOr tra.n1miS1ioa vi& 

uurec - receive proce1ie~ neW, articles via 
· xsend, Xi:et, enroll - 1ecret 

/bin/ 
mailaddr

bif -
newalia1e1 - ·rebuild the d&t& baae for the 

/bin/mail - iead or receive 
froin - who ia my 

aendin.ail - 1e11.d 
ritiail - bu.die ·remote 

mem, kmem, mbmem, mbio -
Diak~ -

locklC:reen -
ar - archive ud libri.ey 

intro - introduction to 1ystem 

delta -
mkdir
mlr:dir-

link -
link, ,ymlnk -

mknod -
mktemp

- &nd references in a bibliography. indxbib -
In -

aymlinlr: -
,y,log -

MAKEDEV -
1cript -

memory allocator. 
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logout: end 1e1Sion. • • • • • • • • • • 
longjmp - non-local goto. • • • • • • • 
look - &nd lines in & sorted li1t. 
Jookbib - &nd reference, in a bibliography. 
loop. • •••••• 
loop. • • • • • • • • • • 
loop. • ••••••••• 
loop over list of namea. 
loopback network interface. • • • • 
lorder - &nd ordering relation for u object 
lpc - line print.er control program. 
lpd - line printer daemon. • • • • • • • 
lpq - ,pool queue examination program. • 
lpr - of line print. • • • • • • • • • • • • 
lprm - remove job1 from the line printer 1pooling 
11 - liat. contents of directory. 
lleek, tell - move read/write pointer. 
llt&t., fat&t. - get lie atat.u. 
m4 - ma.cro procea1or. 
m&chin.e & aua workat&tioa. 
machine a vu. • •••• 
machine comman.ie&tion. • • 
machine-ma.chine communicatioa. 
machine1. 
machine,. • ••••••••• 
maCro procenor. • • • • • • • 
macro,. • • • .. • • • • • • • • ••• 
macro,. /ilucii, i1graph, toupper, tolower, 
macro,. • • • • • • • • • • • • • • • 
macro, for format\in.g papen. • • • • • 
macro, to type1et manual. • • • • • • • • • • • 
madd, maub, mult, mdiv, min, moat, pow, gcd, rpow 
m&g t&pe formats. • • • • • • • • 
map.etic h.pe intedace. • • • • • • 
m&pet.ic tape ma.nipalatin.1 program. 
magt&pe protocol module. 
ma.ii. 
mail. 
ID&il. 
mail. 
·mail. •••••••• 
mail. a1ienc0de;uudecode 
"inail. • • • • • • • • • 
mail. ••••••••• 
mail - send and receive· mail. • • • 
mail - ,end ·or reeeive mail" among uaen. 
mail addrenin1 doicription. 
mail alarin. • • 
mail" aliues &le. 
mail ·amonc aaen. 
mail fi'omT. 
mail ·over t.l:i.e internet.. 
mail received via 'ciaep. • • • ••• 

'mail&ddr - -niail· &dd~uing description. 
main memoiy and 1/0 1p&ce. 
maintain -'program -stoups. • • • • • • 
maintain window context until ·11Jogin". 
'maintainer. • • • • • • • • • • • • 
maintenance u.d operation cOJDDl&nd1. 
make - maintaiD -j,rograiD gtoup,. • 
make• delta (change) to an SCCS file. 
make a ditectoiy. • • • • • 
make a directory fife. 
mU:e·a hard link to a file. • • 
make a tin.Ir: to u. existing &le. 
make a special &le. • • • • • 
make a unique file name. • • • • • • • • 
make inverted index to & bibliography .hr tookbib 
make linkl. • • • • • • • 
make symbolic link to a &le. 
·make 1yltem log entry. 
make syltem special filea. • • • • 
ma.ke typescript of terminal 1e11ion. 
MAKEDEV - make eystem specia.l &lea. 
makekey - generate encryption key. • 
malloc, free, rea.lloc, calloc, cfree, alloca -

csh(I) 
1eljmp(3) 
look(!) 
indxbib{I) 
c,h(I) 
cab(!) 
c,h(I) 
c,h(I) 
lo(4) 
lorder(I) 
lp<(8) 
lpd(B) 
lp<t{I) 
lpr(I) 
lprm(I) 
b(I) 
l,eek(2) 
,t&t(2) 
m4(1) 
oun(I) 
vu(!) 
bk(•) 
bk(4) 
ruptime(I C) 
rwho(IC) 
m4(1) 
csh(I) 
clype(3) 
m,(7) 
me(7) 
man(7) 
mp(3X) 
tp(6) 
mlio(4) 
mt(!) 
rmt(8C) 
mail(!) 
prmail(l) 
recnewa(l) 
recnew1(8) 
aendnewe(8) 
uuencode(lC) 
uure<(8) 
x,end(I) 
mail(!) 
binmail(l) 
mailadd,(7) 
bill(!) 
newali&aea(B) 
binmail(I) 
from(!) 
sendmail(8) 
rmail(8) 
mail,ddr(7) 
mem(4S) 
m&ke(I) 
locbcreen(I) 
•r(t) 
intro(8) 
m&l:e(I) 
delta(!) 
mkdir(I) 
mkdi,(2) 
link(2) 
link(3F) 
mknod(2) 
mktemp(3) 
indxbib(t) 
ln(I) 
,ymlink(2) 
syslog(I) 
ma.kedev(8) 
mipt(I) 
makedev{S) 
malcekey(8) 
ma.lloe{3) 
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inform&tion by keywords. 
shift: 

quota -
route - ma.nua.lly 

mt - magnetic tape 
inet_netor, inet_ntoa - Internet a.ddre111 

frexp, ldexp, mod( - 11plit into 
catma.n - crea.te the cat file11 for the 

mu. - ma.cros to typc11ct 
whereis - loca.te 11ource, binary, a.nd/or 

man - print out manna.I pa.ge11; find 
mu - print out 

route -
tee - copy 11tanda.rd output to 

umuJc: change or diapla.y &le creation 
1igsetma11lc - 1et current 11igna.l 
umuJc - 11et &le creation mode 

mbtr - create an error me111&ge file by 
intro - introduction to 

eqn, neqn, checkeq - typeset 
getrlimit, 1etrlimit - control 

vlimit - control 

mem, Jcmem, mbmem, 
mem, Jcmem, 

ec- 3Com 10 
en-Sun3 .,_ 

precision integer/ hom, madd, msub, mult, 

bed - convert to antique 
11pace. 

groups - ehow group 
mmap - map pages of 

munm&p - unmap page, or 
ma.Hoe, free, rea.lloe, ca.lloc, dree, alloca -

va.lloc - aligned 
mem, kmem, mbmem, mbio - ma.in 

vf'ork - apa.wn new proce111 in a. virtual 
abort - terminate abruptly with 

· core - format of 
vmetat - report virtual 
imenitell't - lt&nd a.lone 

11&il - multi-user wooden 11hip1 and iroa 
11ort - eo~ or 

pmerge - pucal file 

man - macro:, to typeaet manual. • • • • 
man - print out manual pa.ge:,; find manna.I 
manipulate argument li:,t. 
ma.nipulate di:,k quot&!. 
ma.nipula.te the routing table:,. 
manipulating program. 
manipulation. /inet_maJcea.ddr, inet_lnaof, 
man ti :,:,a. and exponent. 
manual. • •••• 
ma.nua.l .••••••• 
ma.nu.al for program. 
manual information by keyword:,. 
manual pageej find manual information by keyword:,. 
ma.nually manipula.te the routing tablee. 
many file:,. 
ma.et. 
muJc. 
muk. 
muu . .ging C eource. 
mathematical library functions. 
ma.thematice. • • • • • • • 
maximum eyll'tem reeource con:,umption. 
maximum eyll'tem reeource con:,umption. 
mb - Multibue. • • • • • • • • •• 
mbio - main memory and 1/0 epa.ce. • • 
mbmem, mbio - main memory a.nd 1/0 :,pace. 
Mb/• Ethernet interface. . • • • . 
Mb/e experimental Ethernet interface. 
mc68000 u:,embler. • • • • • • , , 
mdiv, min, moat, pow, gcd, rpow - multiple 
me - macros for formatting pa.pen. 
media. • ••••• , ••••••••••• 
mem, k:mem, mbmem, mbio - main memory and I/0 
membenhipe. 
memory. • •• 
memory. 
memory allocator. 
memory allocator. • 
memory and 1/0 epace. 
memoty efficient way. 
memoty image. • • 
memozy image file. 
memory etatiatica. 
memory te:,t. 
men. 
merge &lee. 
merger. 
me:,g - permit or deny me:,ugea. 

mJcitr - create an error meaeage &le by ma:,:,a.ging C eource. 
recv, recvfrom, recvmeg - receive a mea1age from a eocJcet. 

send, 11endto, aendIDllg - send a me:,,a.ge from a 11ocJcet. 
icmp - Intemet Control Me11uge Protocol. 

error - analyse and di11pene compiler error me:,11a.ge11. 
me:,g - permit or deny me1111a.ge1. 

1711_errli11t, 11711_nerr, erm.o - 11711tem error menagea. perror, 
perror, gerror, ierrno - get 11Y11tem error measage,. 

p11ip.al, 117e_11igli11t - 117:,tem 11igna.l me1111age1. 
mlog - log 11111teIDl1 . me:,11agea. 

dmeag - coiled eyltem diagnostic mea11a.ge1 to form error log. 

mille- play 
integer arithmetic. itom, mad.cl. IDlub, malt, m~iv, 

pa.go11. 
mi11cella.neou1 -
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C 11ource. 

chmod - change 
getty - set terminal 

umuk - set file creation 

mille - pla.y Mille Borne,. 
Mille Bomea. • • • • • 
min, moat, pow, gcd, rpow - multiple preci11ion 
mi11cellaneoue - mi11cellaneou11 useful informa.tion 
mi11cellaneon1 u11eful information pages. 
mkdir - ma.Jee a directory. 
mkdir - make a. dire<:tory file. 
mJcfa - construd a. &le 11y:item. 
mknod - build 11pecia.l &le. 
mknod - ma.Jee a. special &le. 
mkproto - con11truct a prototype file system. 
mk:,tr - create an error mea11age file by ma.suging 
mktemp - make a unique file name. 
mmap - map page11 of memory. 
mode. 
mode. 
mode ma:,k, 

- XXV -

Permuted lndez 

man(7) 
man(!) 
c,h(I) 
quota(2) 
route(8C) 
mt(!) 
inct(3N) 
frexp(3) 
catman(S) 
man(7) 
whcrei:,(1) 
man(!) 
man(!) 
route(8C) 
tee(!) 
cah(I) 
aipetma.:,k(2) 
uma,k(2) 
mkati(l) 
intro(3M) 
eqn(l) 
getrlimit(2) 
vlimit(3C) 
mb(4S) 
mcm(4S) 
mem(4S) 
ec(4S) 
en(4S) 
aa(l) 
mp(3X) 
me(7) 
bcd(6) 
mem(4S) 
group,(!) 
mmap(2) 
munmap(2) 
malloc(3) 
valloc(3) 
mem(4S) 
vfork(2) 
aborl(3F) 
core(5) 
vmsta.t(S) 
imemtest(Ss) 
aail(6) 
aort(!) 
pmcrgc(I) 
meog(!) 
mbti(l) 
recv(2) 
acnd(2) 
icmp(4P) 
erroi(I) 
meog(!) 
pcrro,(3) 
perroi(3F) 
psignal(3) 
,y,log(8) 
dmc,g(8) 
millc(6) 
millc(6) 
mp(3X) 
intro(7) 
intro(7) 
mkdii(l) 
mkdi,(2) 
mk!,(8) 
mknod(B) 
mknod(2) 
mkproto(8) 
mbti(l) 
mktemp(3) 
mmap(2) 
chmod(I) 
getty(8) 
umask(2) 
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Permuted /n.dez 

chmod - ch&nge 
chmod, fchmod - cha.nge 

frap, ldexp, 
touch - update date last 

recovery. eyacc -
rmt - remote ma.gtape protocol 

monitor, monatartup, 
execution profile. 

bdemos - demonstnt.e Sun 

monop
pro&le. monitor, 

cunes - screen functions with "optima.I" cunor 
col - &lter revene paper 

mount, amount. -
mount., umount -

mtab
mouse- Sua 

arithmetic. itom, madd, maub, mult, mdiv, min, 
graphics/ opeapl, ense, label, line, circle, a.re:; 

mv-
1,,.k, lell -

multiple preci11ioa integer arithmetic:. itom, madd, 

interface. 
mti - Syetech 

eyacc: - modified yacc: allowing 
preci1ion integer arithmetic. itom, ma.dd, DlllUb, 

mb
YJ> - lko• 10071-6 

pr - print 6le(11), po1111ibly in 
maub, mult, mdiv1 min, mout, pow, gcd, rpow -

11elect - 1ynchronou1 1/0 
f11plit - 1plit a 

mti - Sy,tech MTl-800/1800 
11&.il -

switch: 
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from- who is 
getenv - value for environment 

getlog - get u11er'1 login 
getlogia - gel logia 

getaoc:kname - get socket 
mktemp - make a unique &le 

pwd - print working directory 
tty - get terminal 

ho11t1 - boat 
aetworb - network 
protocol, - protocol 

11ervic:ea - service 
tmpnam - create a 

getpw - get 
nliot. - get entria from 

nm - print. 
rename - cha.age the 

ttyname, ju.tty, tt)'81ot - find 
ttynam, i1atty - find 

getpeerna.me - get 
getho11tname1 11ethostname - get.feet 

host.nm- get 
hoetname - set or print 

bind- bind a 
foreach: loop over lilli of 

acbeck - generate 

mode of a. file. • • • • • • • • • • • 
mode of file. • • • • • • • • • • • 
modf - split into ma.ntissa a.nd exponent. 
modified of a &le. • • • • • • • • • • 
modi&ed yacc allowing much improved error 
module. • • • •••• • • • • • • • • • 
moncontrol - prepare execution profile. 
monitor, mon11tartup, moncontrol - prepare 
Monochrome Bitm&p Display. 
monop - Monopoly game. • • • • • • • • 
Monopoly game. • • • • • • • • • • • • 
monatartap, moncontrol - prepare execution 
more1 page - browee through a text file. 
motion. • • • • • • • • • • • 
motion,. • • • • • • • • • • 
mount and dismount file aystem. 
moUDt or remove &le 11ydem. 
mount, a.mount - mount and diamoant .&le ayatem. 
moUDt, amount - mount or remove file ayatem. 
mounted file ayatem table. 
mouse. • • • • • • • • • • • • • •••• 
mou1e - Su• mo11u. • • • • • • • • • • • 
mout, pow, gcd, rpow - muttiple precieion integer 
move, cont, point, linemod1 11pa.ce, do11epl -
move or rename file1. 
move rea.d/write pointer. • • • • • • • 
m, - text formatting macro,. • • • • • 
ml1lb, malt, mdiv, min, moat, pow, gcd, rpow -
mt - magnetic tape manipalat.ing program. 
mt.ab - mounted &le syntem table. 
mti - Systech MTI·S00/1600 multi-term.iu.al 
MTl-800/11500 multi•terminal interface. 
mtio - UNIX magnetic: tape interface. • • • 
much improved error recovery. • • • • • • 
mult, mdiv. min, moat, pow, gcd, rpow - multiple 
Maltiba1. • • • • • • • • • • • • • • • 
Multiba1 Venatec parallel printer interface. 
multiple column,. • • • • ••••••• 
multiple precision integer arithmetic. itom, ma.dd, 
multiplexing. • • • • • • • • • • • • •• 
multi•routine Fortran &le into individual &lee. 
multi•terminal interface. • • • • • 
multi.ueer wooden ship11 and iron mea. 
multi•way command bn.nc:11. 
manm&p - unma.p pages of memory. 
mv - move or rename &le1. 
my mail fromf. 
napie. 
name. 
name. 
name. 
name. 
name. 
name. 
na.me data ba.ae. 
name data hue. 
name data. base. 
name data baa:e. 
name for a temporary file. 
name from uid. 
name list. 
namelial. 
name of a file. • 
name of a terminal. • 
name of a terminal port. 
name of connected peer. 
name of current host. 
name of current host. • • • 
name of current boot system. 
name to a socket. 
name,. • •••••••• 
names from j.aamben. • •••• 
ncheck - generate aames from i,.numbera. 
nd - network disk control. • • • • • 
nd - network diak driver. • • • • • 
neqn, checkeq - typeset mathem.a.tic11. 

chmod(3F) 
chmod(2) 
fr,:xp(3) 
louch(I) 
eyacc(l) 
rmt(BC) 
monitor(3) 
monitor(3) 
bdemo,(6) 
monop(6) 
mooop(6) 
monitor(3) 
mo1<(l) 
curaes(3X) 
col(l) 
monot(B) 
mouot(2) 
mount(S) 
moant(2) 
mtab{5) 
mouae(4S) 
mou,e{4S) 
mp(3X) 
plot(3X) 
mv(l) 
laeek(2) 
m,(7) 
mp(3X) 
mt(l) 
mtab(5) 

mtii•si 
mt.1-4.S 
mtio(4) 
eyacc(I) 
mp(SX) 
mb{4S) 
vp(4S) 
pr{l) 
mp(3X) 
,elect(2) 
faplit(l) 
mti(4S) 
eail(6) 
cah(I) 
munmap(2) 
mv(l) 
from(l) 
geteov(3) 
getlog(3F) 
gellogin(3) 
getsocb.a.me{2) 
mktemp(3) 
pwd(I) 
tty(l) 
host,(5) 
networks(&) 
protocols(5) 
11ervices(S) 
tmpnam(3C) 
getpw(3) 
oliai(3) 
om(l) 
reoame{2) 
ttyname(3) 
ttyoam(3F) 
get peen.a.me( 2) 
gethostname{2) 
hostum(SF) 
hoai .. me(l) 
biod(2) 
cah(l) 
ncheck(8) 
ached::(B) 
od(BC) 
od(4P) 
equ(l) 
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- check if user ha.1 news on the USENET news 
ntohl, ntoha - converi va.luea between host a.nd 

nd
nd

getnetbyname, aetnetent, endnetent - get 
gethoatbyn&me, 11etho11tent, endhostent - get 

lo - software loopb&ek 
ifconfig - configure 

if - general propertiea of 
intro - introduction to 

networb -
news - USENET 

routing - system supporting for local 
routed -

neti,ta.t - 1b6w 

cre&t - create a 
- open & file for reading or "'riting, or create a 

newf11 - construct a 
fort - create a 
'¥fork - apa.wn 

login: login 
&ddueer - procedure for &dding 

aliue11 file. 

/continue, cd, eval, exec, exit, export, login, 

new, - USENET network 
expire - remove outdated 

inew1 - nbmit 
poatnew1 - submit 

readnew, - read 
1endnew11 - ,end 

uarec - receive proce1111ed 
checknew1 - check if user bu news on the USENET 

cbecknews - check if uer bu 
checknew,(I). 

dbminit, fetch, store, delete, fi.rstkey, 
gell&hle - gel 

htable - convert 

vgrind - grind 
only). 

clri - cle&r i
n.ice, 

eetjmp, longjmp -
notify: requen immediate 

relation11hip1 of 11creen11. adj&eentecreen.1 -
term - terminal driving tablq for 
term - terminal driving tabld tor 

eoelim - eliminate .,o's from 
tbl - forma.i tables (or 

colcrl - filler 
derol - remove 
checknr - check 

network byte order. htonl, htone, 
byte order. btonl, htou, ntohl, 

fptype - check a floating point 
- ge$ the file deecriptor of an external unit 

phone, - remote hoet phone 
arithmetic - provide drill in 

rand, erand - random 
/era.ndom, initetate, eehtate. - better random 

atof, atoi, atol - converi ASCII to 
intro - introduction to system call, a.ud error 

ncheck - gener&te namee from i
n.umber - convert Arabic 
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nehtat - show network eta.tu,. • 
network. chcckliewe • • • •• 
network byte order. htonl, htone, 
network diek control. • • • •• 
network diek driver. • • • •• 
network entry. getnetent, getnetbyaddr, 
network host entry. getho:itent, getho11tbya.ddr, 
network interface. 
network interface pa.rameten. 
network interfa.cC11. 
network libr&ry functione. 
network name data b1J1e. 
network newe article, utility ti.lee. 
network packet routing. • • • • 
network routing d&emon. 
network atatu11. • • • • • •• 
networb - network name data ba.:,e. 
new file. 
new fi.le. open 
new 6.le syetem. 
new proce1111. 
new proce1111 in a virtu&I memory efficient way. 
new user. . . , ••••••••••••• 
new usen. • • • • • • • • • • • • • • •• 
newaliasei, - rebuild the da.ta ba.11e for the ma.ii 
newfa - construct a new file i,ystem. 
newgrp, read, readonly, eet, ehift, timee, trap,/ 
new, - USENET network newe article, utility file11. 
new, article, utility file,. 
new, article,. 
new, article,. 
new, article,. 
new, article,. 
neWs article. via mail. 
news articlee via mail. 
news network. 
news on the USENET new, network. • • • 
newerc - information file for rea.dnew1(l) and 
nextkey - data. ba1e subroutine,. 
NIC format ho1t table, from a. host . 
NIC 1tandard format ho,t tablce. 
nice - set progn.m·priority. 
nice lietinge of proSra.m,. • • • • • • • •• 
nice, nohup - run & command a.t low priority (sh 
nice: run low priority procec:1. 
nlin - get entrie1 from name li1t. • • • • • • • 
nm - print name liet. • • • • • • • • • • • • 
node. • • • • • , • • • • • • • • • • • • • 
nohup - run a command at low priority (,h only). 
nohup: run command immune to hangup,. 
nonalocal goto. • • • • • • • • • • 
notification. • • • • • • • • • • • • 
notify: requeet. immediate notification. 
notify the window driver of the phyeical 
nrol. • •••••••••••••• 
nrof. • •••••••••••••• 
nrof - text formatting and typceetting. 
nrof input. • ••.••••• 
nrof or troff. ! • • • • • • • 

nrofl' output for CRT previewing. 
nrofl', troff, tbl and eqn cooet.ructl. 
nrofl'/trofl' &lee. • • • • • • •• 
ntohl, ntohe - convert value, between host and 
ntoh1 - convert va.lue1 between hoet a.nd network 
null - data eink. 
number. • •••••••••••••••• 
numl>er. getfd • • • • • • • • • • • • •• 
number - convert Arabic numerale to Englieh. 
number data. hue. 
number fa.cte. • • • • • • • • • • • • •• 
number genera.tor. • • • • • • • • • • • • 
number generator; routines for changing genera.ton. 
numben. 
numben. 
numbers. 
numeral, to Engli11h, 

... xxvii -

Permuted lndez 

net5ta.t(8) 
checknew:i(l) 
byteorder(3N) 
nd(BC) 
nd(<P) 
getnetent(3N) 
getho,tent(3N) 
lo(4) 
i!config(BC) 
if(4N) 
intro(3N) 
networh(S) 
new,(S) 
routing(4N) 
ronled(BC) 
net11ta.t(8) 
networks(S) 
creat(2) 
open(2) 
newl,(8) 
lork(2) 
vfork(2) 
c,h(l) 
addu,er(B) 
newa.lia.11es(8) 
newl,(8) 
,h(l) 
new:i(S) 
new,(S) 
expire(8) 
inew11(l) 
po1tnews(l) 
rea.dnew11(l) 
11endnew11(8) 
uurec(8) 
checknewe( 1) 
checknewe( 1) 
newnc(s) 
dbm(3X) 
geltable(8C) 
htable(8) 
nice(3C) 
vgrind(l) 
nice(l) 
c,h(l) 
nli,t(3) 
nm(l) 
clri(B) 
nice(l) 
c,h(l) 
11etjmp(3) 
c,h(l) 
c,h(l) 
adja.cent,creene(t) 
,lerm(S) 
lcrm(S) 
nrol!(l) 
,oelim(l) 
tbl(l) 
cokrt(l) 
derol!(l) 
checknr(l) 
byteorder(3N) 
byteorder(3N) 
null(4) 
lptype{3F) 
getld(3F) 
number(6) 
phone,(S) 
arithmetic(6) 
r&nd(3C) 
random(3) 
atol(3) 
intro(2) 
ncheck(8) 
number(6) 
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Permuted lndez 

idate, itime - return date or time in 
hrrite, trewin, talr:ipf, htate - f77 tape 1/ 

loc - return the &ddreaa of an 
aise - 11i1e of an 

lorder - find ordering relation ror aa 
at.ring• - find printable lltringa in a.a 

index, rindex, lnblnk, lea - tell about character 

od
od - Central Data 

a.cd - tuna accountinc on or 
login - aign 

nice, aohup - run a command at low priority (ah 
a program &le including alia.ae1 and pa.th11 (call 

create a new &le. 
&le. open -

!open, !reopen, fdopea -
lock - apply or remove an advisory lock on an 

cloaedir - directory opera.tion1. 
ll)'!log, 

cont, point, linemod, apa.ce, clo,epl - gra.phic1/ 
11a.vecore - 11.ve a core dump of the 

kgmon - genera.te a dump of the 
intro - introduction to system mainteance and 

tget11tr, tgoto, tputl!I - termina.l independent 
bcopy, hemp, bsero, 11 - bit and byte 1tring 

telldir, aeekdir, rewinddir, elo1edir- directory 
dkio - generic disk control 

11trcpy, atrncpy, 1trlen, inde:x,AJ\dex - atrinc 
join - relatiUh.&J da.tabue 

getopt, 
ca.net - aereen function, with 11 

getopt, opta.rg, 
getopt, opta.rg, optind - get 

fcntl - &le control 
atty - 1et terminal 

get1ockopt, 1et1ockopt - get and 11et 
- convert. valuea between hon and network byte 

lutcomm - 1how la.ff comm&nd1·executed in rcvene 
Jorder- find 

vi - 11creen 
cpio - copy &le a.rchivee ia and 

expire - remove 
a.out - a.aeembler and link editor 

- termin.a.te a proceaa after Bushing aay pending 
· frea.d, fwrite - bufered binary input/ 

ecvt, fcvt, gen -
printf, fprintf, ,print! - forma.tted 

fold - fold long linea for finite width 
colcrt - filter arol 

stdio - Randa.rd bufered input/ 
lush - 8u11h 

tee - copy 11ta.nda.rd 
foreach: loop 

aeiidm&il - 1end mail 
exec: 

chown - cha.age 
chown, fchown - cha.age 

quot - 1Umma.rise &le system 

dia.g - Gener&l-purpoee 11ta.nd-a.lone utility 
stdio - 1tandard bulered input/output 

routing - ayatem eupporting for loca.l network 
more, 

getpa.ge1ise - get system 
pagesise - print system 

miscella.neoa.1 - miscellaneoua useful information 
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mu - print out ma.nual 
mma.p- ma.p 

i,iunmap - unma.p 

1,rapon - 1pe<:ify additiona.l device for 
drum

vadvi1e - give &dvice to 

numerical form. 
0. topen, tclose, tread, 
objed. • •••••• 
object file. • • • • • • 
objed libB,Y. • 
object, or other bina.ry, &le. 
objccta. • • • • • • • • • •• 
oct. - Centra.l Data octal eeria.l card. 
octal, dedma.l, hex, aacii dump. 
octa.l 11erial card. • • • • • • • • 
od - octal, decimal, hex, a.1cii dump. 
011'. • • • • • • • • • • • • • • 
OD. • • • • • • • • • • • • • • • • • • 
onintr. procea, interruptl in comm&nd 1cript1. 
only). • • • • • • • • • • • • • • • • • • 
only). which - loca.te • • • • • • • • • • • 
open - open a file for rea.ding or writing, or • 
open a 6le for rea.ding or writing, or create• new 
open a 111tream. • • • • • • • • • • • • 
open file. • • • • • • • • • • • ••• 
opendir, readdir, telldir, 1eekdir, rewinddir, 
openlog~ closelog - control 1yatem log. • • 
openpl, erue, la.bel, line, circle, arc, move, 
operating ayetem. • • • • • • • • • • 
operating 1ystem'111 prolle bufen. 
operation commands. • • • • • • • • • • 
opera.tion routine,. tgetent, tgetnum, tget8ag, 
operations. • • • • • • • • • • • • • • 
operatio-n.111. opendir, readdir, • • • • • • 
operation,. • • • • • • • • • • • • • • 
operation,. ,trca\, 1traca.t, ltn:mp, 11tmcmp, 
opera.tor. • • • • • • • • ••••••• 
opta.rg, optind - gd option letter from argv. 
optimal" curaor motion. • • • •• 
optind - gd option letter from arr. 
option letter from argv. 
options. • • • • • • • • • •• 
options. • • • • • • • • • •• 
option, on ,ockets. • • • • •• 
order. htonl, htons, 11.tohl, ntohs 
order. • • • • • • • • • • ••• 
ordering rela.tion for an object library. • 
oriented. (vi1Ual) diepla.y editor ba.aed on ex. 
out. • •••••• 
outda.ted new, article,. 
output. • •••• 
output. exit • • • 
output. • •••• 
output coavenion. 
output convenion. 
output device. • • • 
output for CRT previewing. 
output pa.ckage. 
output to a. logica.l a.nit. 
output to ma.ny &le,. 
over lis\ of name,. 
over tho interncl. , • • • • • •• 
overlay ,hell with 1peci&ed commu.d. 
owner. • • • • • • • • • • • • • 
owner a..nd group of a. file. • • • • • 
owaenhip. • ••••••••••••• 
pac - printer/plotter accounting informa.tion. 
pa.cka.ge. • • • • • • • • •• 
pa.ckage. • ••••••••• 
pa.cket routing. • • • • • • • 
pa.ge - brow,e through a. text &le. 
page 1i1e. • • • • • • • • • • 
page 1i1e. • • • • • • • • •• 
pages. • • • • • • • • • • • • • • • • • 
pa.ge1j .find manual informa.tioa by keyword,. 
pa.gee of memory. • , • • •• 
pages of memory. • • • • •• 
pagesise - print system page 1i1e. 
paging and nrapping. 
pa.ging device. 
paging 1ylltem. 

.. xxviii .. 

idate{3F) 
lopen(3F) 
loc(3F) 
aise{l) 
lorder{l) 
string,(!) 
index(3F) 
oct(4S) 
od(l) 
oct{4S) 
od(l) 
acct(2) 
login(!) 
ah(l) 
nice{!) 
whicb(l) 
open(2) 
open(2) 
fopen(3S) 
8ock(2) 
din,ctory(S) 
syolog(3) 
plot(3X) 
1a.vecore(8) 
kgmon(B) 
intro(B) 
lermc•p(3X) 
b,tring(3) 
din,ctory(3) 
dkio{4S) 
atring(3) 
join(!) 
getopt(SC) 
curm(SX) 
getopt(SC) 
getopt(3C) 
fcntl(S) 
,tty(!) 
get,ockopt(2) 
byteorder{SN) 
la.,tcomm(l) 
!order{!) 
vi(l) 
cpio(l) 
expire(B) 
a.out(S) 
exit(3) 
fread{3S) 
ecvt(3) 
printf{3S) 
fold(!) 
cokrt(l) 
intro(3S) 
8a,h(3F) 
he{!) 
c,h(l) 
aendm>il(B) 
cob{!) 
chown(B) 
chown(2) 
quot(B) 
pac(B) 
diag(B,) 
inlro(3S) 
routing( 4N) 
mon,(l) 
getpageaise(2) 
pa.geai1e(1) 
intro{7) 
man(!) 
mm&p(2) 
munmap(2) 
page,i1e( 1) 
8W&pon(8) 
drum(4) 
vadvi,e(2) 
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swa.pon - add a ewap device for interleaved 
11ocketpair - create & 

col - &lter revcnie 
me - macro11 for formatting 

vp - Ikon 10071-6 Multibu11 Versatec 
ifcon&g - configure network interface 

pc
pxref -
pxp-

pmerge -
px -
pix -
pi-

getp&H - read a 
pa:nrd - change login 

pMIIWd
vipw - edit the 

getpwuid, getpwnam, aeipwent, endpwcnt - get 
getwd - get current working directory 

getcwd - get 
- loca.te a program &le including atia11es and 

grep, egrep, fgrep - search a file (i,:r a 
· alilc-

popen, 
getpeeruame - get name of connected 

exit - termina.te a proce1t1 after Bushing any 
11tatietic11. 

erontab - table of time, to run 
mesg

ptx -
limit: alter 

meH&gCI. 
error meeaage1. 

sticky - executable &le1 with 
phone. - remote hon 

pti
adjaeent1creen1 - notify the w1~dow driver of the 

1plil - 1plit a t;lc into 
cha.noel. 

bg: 
fi,h -

mille -
boggle -
worm-

pac - printer/ 
vpc - Systecla VPC-2200 Vena.tee printer/ 

trpfpe, fpecnt - trap and repair floating 
era1e, label, line, circle, arc, move, cont, 

fptype - check a floating 
i1inf, isna.a - teat for indeterminate Aoa.ting 

lseelc, tell ..:: move read/write 
popd: 

ttyna.m., isatty - find .name of a. terminal 
ttytype - da.ta baa:e or terminal typca by 

pr - prinl file(,), 
a.nalyse - Virtual UNIX 

itom, ma.dd, msub, molt, mdiv, min, moot, 
root. exp, log, loglO, 

log, loglO, pow, sqrt - exponential, logarithm, 

be - arbitrary
mult, mdiv, min, moat, pow, gcd, rpow - multiple 

monitor, monstartap, moncontrol -
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paging/swapping. 
pair of connected sockets. 
paper motions. 
papen. • ••••• , 
parallel printer interface. 
paramcter11. • •••• 
Pa:,cal compiler. 
Pucal crosa-reference program. 
Pa.t1cal execution profiler. 
pascal file merger. • • • • • 
Puc&! interpreter. • • • • • 
Pucal interpreter and executor. 
Pucal interpreter code traub,tor. 
passwd - change login password. 
paHwd - pa1111word file. 
pa111word. 
past1word. 
paHword file. 
pa1t1word file. 
pauword file entry. gctpwent, 
pathname. • • , •••••• 
pathna.me of current working directory. 
path, (coh only). which ...... . 
pattern. • ••••••••••••• 
pattern scanning and processing language. 
pause - atop until signal. • • • • • 
pc - Pascal compiler. • • • • • • • 
pcloae - initiate 1/0 to/from a process. 
peer. • ••••••••••••• 
pending output. • • • , • • • • • 
perfmon - graphical di11play of general system 
periodic job,. 
permit or deny mes11ages. 
permuted index. 
per-proce1t1 resource limitation,. 
perror, gerror, ierrno - get l)'!Jtem error 
perror, ,y11_errliet1 ll)'II_Derr, errno - 11)'!Jtem 
penistent text. • • • • • • • • • • • • 
phone number data. bue. • • • • ••• 
phone, - remote host phone number data baae. 
phototypesetter interpreter. 
physical relationships of screens. 
pi - Pascal interpreter code tra.nt1lator. 
piece,. • • • • • • • • • • • • • 
pipe - create i.D interproce111 communication 
pix - Pa11cal interpreter and executor. 
place job in background. 
play "Go Fish". 
play Mille Borne,. 
play the game of boggle. • 
Play the growing worm game. 
plot - graphics filten. 
plot - graphics interface. 
plotter accounting information. 
plotter and Centronic1 printer interf&ce. 
pmerge - paee,.l file merger. , • • • , 
point faulte. • • • • , • • • • • •• 
point, linemod, 11pace, clo11epl - graphics/ openpl, 
point number. 
point valum. • • • • • 
pointer. • •••••• 
pop shell directory stack. 
popd: pop 11hell directory 11ta.ck. • • , •• 
popcn, pclo11e - initiate 1/0 to/from a proce1111. 
port. • ••••••••• 
port. • ••••••••• 
pos11ibly in multiple column11. 
polltmortem cra11h analyser. 
postne1n - nbmit news articles. 
pow, gcd, rpow - multiple precision integer/ 
pow, sqrt - exponential, logarithm, power, 11quare 
power, square root. exp, • • • • • , • • • 
pr - print file(11), po1111ibly in multiple columns. 
precision arithmetic language. • • • , • • , 
precision integer arithmetic. itom, madd, msub, 
prepue execution profile. • • • • • , , • • • 

• xxix • 

Permuted !ndez 

11wapon(2) 
soclcetpa.il\2) 
col(!) 
me(7) 
vp( 4S) 
ifconfig(8C) 
pc(!) 
pxref(l) 
pxp(t) 
pmerge(l) 
px(l) 
pix(!) 
pi(!) 
p•sawd(!) 
pa.,swd(5) 
getpa,,(3) 
p•o,wd(I) 
p•mrd(s) 
vipw(8) 
gctpwcnt{3) 
getwd(3) 
getcwd(3F) 
which(!) 
grep(I) 
awk(l) 
pau11e(3C) 
pc(!) 
popen(3S) 
getpcernamc(2) 
cxit(3) 
perfmon(I) 
cront&b(5) 
me,g(I) 
pix(!) 
c,h(!) 
perroc(3F) 
perroc(3) 
11ticky(8) 
phone,(5) 
phoneo(S) 
pti(I) 
a.dja.ccnt11creen11( 1) 
pi(!) 
21plit(l) 
pipe(2) 
pix(!) 
c,h(!) 
fi,h(6) 
mille(6) 
boggle(6) 
worm(6) 
plol(!G) 
plot(S) 
p•c(8) 
vpc(4S) 
pmerge(!) 
lrpfpe(3F) 
plot(3X) 
fplype(3F) 
i,inf(3) 
loeek(2) 
coh(!) 
cob(!) 
popen(3S) 
llyn•m(3F) 
llylype(S) 
pc(!) 
•••lyse(a) 
po11tncw11(l) 
mp(3X) 
exp(3M) 
cxp(3M) 
pc(!) 
be(!) 
mp(3X) 
monitor(3) 
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Permuted /n4es 

cpp - ihe C la.oguage 
coled - liter nrof output for CRT 

unget - undo a 
typH -

lpr- off liae 
fortune

pn
huh,t&I: 

job1: 
,aci

pr
fpr

historr, 
ho1tid -

bu.ner-
nm -

holtaame - 18 or 
keyword,. mu -

printenT
prmMI -

pot&l -
pagesise -

pwd
lile. otrinp - !ind 

boner - print large banner on 
printcap -

lpc - line 
lpd - line 

vp - Ikon 10071·6 Multibu Vena.tee puallel 
VPC-2200 Venatec printer/plotter and Centroaic1 

lprm - remon job, from the lint 
pac

"PC - Syateeh VPC-2200 Vena.tee 
convenioa. 

1etpriority - get./1ei program scheduling 
nice - set program 

reaice - alter 
nice: rua low 

nice, nohup - ran a commud at low 

adduaer
reboot - UNIX boot1trappin1 

nice: run low priority 
stop: halt a job or 

_exit - termiaa.te & 

fork - crea.te a new 
fork - create a copy of thll 

kill - aend a 1ipal to a proce11, or terminate a 
kill - aend 1ipal to a 

kill - send a eipal to a 
popea, pcloae - initiate J/0 to/from a 

wait - await completioa of 
exit - terminate a 

init -
getpgrp - gel 

killpr - ,end oipal to a 
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. ,etpgrp - ,et 
getpid - gel 

getpid, gelppid - gel 
vfork - 1p1,rn new 

oniDtr: 
kiU - ,end a ,ignal to a 

limit: alter per• 
p1 -

times - get 
wait - wait for a 

wait, wait3 - wait for 
ptrace -

exit - terminate 
uuree - receive 

kill: kill job, .. d 
gcore - get core images of running 

rcnice - alt.er priority of running 
w&it.: wl.it for background 

preproceaaor. • • • • • • 
previewing. • • • • • • • 
previou, get of all secs &le. 
primitive l)'!tem data types. 
print. • • • • • • • • • • • • • • 
print a random, hopefully interc1ting1 adage. 
print .. secs lile. • • • • • • • • • 
print colll!D&lld hashing statistic,. 
print current job li1t. • • • • • • • • • 
print current SCCS &le editing activity. 
print &le(,), poHibly in multiple column,. 
prinl Fortran lile. , , , , , , , , 
print histol')" event list • • • • • • 
print identi&er of current host ayatem. 
print la.rce banner on printer. 
print n&m.e list. • • • • • • • • • 
print name of current host 1ystem. • • • • • • 
print out muu&I p1ge1j &nd manual iaforma.tioa by 
print out the environment. 
print out waiting mail. 
print 111tem fact,. • • • • • 
print syatem pace 1i1e. 
print working directory a&m.e. • • • • 
printable strinp ia an objecl, or other binary, 
printcap - printer capability data bue. 
printenv - print out the environment. 
printer. • • • • • • • • • 
printer capability data bue. 
printer coatrol program. 
printer daemon. • • • • • 
printer intedace. • • • • • • 
prinler interface. vpe - Syoteeh 
printer 1poolin1 queue. 
printer/plotter accountia1 information. • •• 
printer/plotter and Ceatronic1 printer interface. 
print!, fpri•lf, 1printf - formalled oulpul 
priority. getpriority, 
priori,;. , , , , • • • , , 
priority of ruaaing proceun. 
priority proce11. • • • • • 
priorily (,h only). , 
prma.il - print out waiting mail. 
procedure for adding new usen. 
procedure,. 
proce,~. 
proceri. 
procen. 
procen. 
procen. 
proce11. 
procen. 
proce11. 
proce11. 
proce11. • • • • • • • • • 
proce11 after l111hinc any peadin1 output. 
proce11 control initialisatioa. 
procen group. · 
proce11 group. 
procen group. 
proce11 id. • • 
proce11 ideati&catioa. • • • • • • • • 
proce11 in a virtual memo!')" elicient way. 
proce11 interrupts ia comm.and 1cript1. 
proce111 or terminate a proce11. 
proce11 resource limitation,. 
procea, ltatu1. • • • • • • 
proce11 time&. • • • • • • 
procen to terminate. 
proce11 to terminate or atop. 
procet11 trace. • • • • • • 
proceH with 1tat111. • • • • • 
procc11sed news articles Yi& ma.ii. 
prOCCSSCI, • • • • • 

processm. • • • •• 
proce11aea. • • • •• 
proceasea to complete. 

cpp(l) 
colcrt(lj 
ungel(l 
lypes(S) 
lpr(l) 
fortune(&) 
pn{l) 
c,h(lj 
c11h(l 
1aci(I) 
pr(!) 
fpr(l) 
c,h(I) 
lootid(l) 
banner(&) 
nm(l) 
hootname{l) 
man(!) 
printenv(l) 
prmail(l) 
p,lat(B) 
page,ise{l) 
pwd(l) 
1tringr(l) 
printup(S) 
printenv(I) 
banner(6) 
prinlcap(S) 
lpc(B) 
lpd(B) 
vp(4S) 
'9])<(4S) 
lprm(l) 
pac(B) 
'9])<(4S) 
printf(3S) 
gelpriority(2) 
nice(3C) 
renice{8) 
cah(l) 
nice{!) 
prmail(l) 
adduer(B) 
reboot(B) 
c,h(lj 
csh(l 
exit(2) 
fork(2) 
fork(SF) 

kill!!) kill 2) 
kill SF) 
popen(3S) 
wait(!) 
exit(3) 
inil(B) 
gelpgrp(2) 
killpg(2) 
,etpgrp(2) 
gelpid(3F) 
c<1pid(2) 
'lfork(2) 
c,h(l) 
kill(ll 
cah(l 
P•(l) 
time,(3C) 
wait(3F) 
wait(2) 
plrace(2) 
exit(3Fl 
uurec(8 
coh(I) 
gcore{l) 
renice(8) 
c,h(I) 
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&wk - pattern 11canning a.nd proce1111ing langu.tge. 
halt - 11top the proces!lor. 

m4 - macro procenor. 
reboot - reboot sy,tem or halt proceesor. 

prof - ditiplay profile data.. 
profil - execution time profile. 

mon5tarlup, moncontrol - prcp&re execution profile. monitor, 
profil - execution time profi]e. 

kgmon - generate a dump of the opera.ting syetem'1 profi]e bufl'era. 
gprof - di1pla.y call gnph profile data. 

prof - di11play profile da.ta.. 
pxp - Pa.acal execution profiler. 

end, etext, edata. - l&.11t loca.tio1u1 in program. 
ftp - file tranefer prog:ram. 

lpc - line printer control program. 
lpq - spool queue ex:a.mination progra.m. 

mt - magnetic tape manipulating progra.m. 
pxref - Pucal cross-.referenee program. 

unit, - conversion prognm. 
wherei1 - loca.te 1ource, binary, and/or manual for program. 

cb - C progra.m beautifier. • • • • • • • • • • 
only). whicb - locate a program file including aliases and path" (csb 

make - maintain program group19. • • • • • 
nice - set program priority. • • • • • 

getpriority, aetpriority - get/set program scheduling priority. 
indent - indent a.nd form&t C program eource. 

&Hert - program verification. 
lint - a. C program verifier. 

lex - genera.tor or lexical analysis program". 
vgrind - grind nice li,tinga of progn.ml9. • • • • • • • 
xatr - extr&d stringe from C program" to implement 11hared strings. 

fbio - general propertiei, of frame bulen. 
if - general properties of network interfa.ces. 

arp - Addre111 Reaolutioa Protocol. 
icmp - Internet Control Me111age Prot,ocol. 

ip - Internet Protocol. 
tcp - Internet Traumi1111ion Control Protocol. 

telaet - user interface to the TELNET protocol. 
udp - Internet User Datag_ram Protocol. • 

getprotobyname, 11etprotoent, "endprotoent - get protocol entry. getprotoent, getprotobynumber, 
inet - Internet protocol family. 

rm\"'.' remote magtape protocol module. 
protocols - protocol name data base. 

ftpd - DARPA Internet File Trander Protocol server. 
telnetd - DARPA TELNET protocol mver. 

trtpd - DARPA Trivial File Transfer Protocol server. 
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trpt - tranaliten.te protocol tra.c:e. • • 
protocol, - protocol name data base. 

mk:proto - construct a prototype file syetem. 
aritbmetit - provide drill in number facts. 
fa.lee, true - provJde truth value11. 
true, fallle - provide truth value11. 

pn - print an SCCS file. 
pa - proce111 etatus. 

pty - pseudo terminal driver. 
p11ignal, sya_aiglist - 11yatem sign&! meeeagee. 
pstat - print system fa.eta. • • • 
pti - phototypesetter interpreter. 
ptnc:e - procc:,1 tra.ce. 
ptx - permuted index, 
pty - pseudo terminal driver. 

diag - Genera.la purpose 11tandaalone utility package. 
ungetc - pu11h chara.cter bade into input atream. 

p11shd: push 1hell directory stack. 
pushd: push shell directory sta.ck. 

puts, fputa - put a. string on a stream. 
putc, putchar, fputc, putw - put chara.cter or word on a stream. • • • • 

logia.I unit. pute, fputc - write a cha.ra.cter to a FORTRAN 
on a stream. pate, putchar, fputc, putw - put chara.cter or word 

11tream. pute, putdi.ar, fputc, putw - put character or word on a 
puts, fputs - put a. string on a atrca.m. • 

pate, putehar, fpute, putw - put chancter or word on a. strea.m. 
pwd - print working directory name. 
px - Pa.sea.I interpreter. • • • • • • • 
pxp - Pa,ca.l execution profiler. 
pxref - Pascal cro.azi:arefercnee program. 

• xxxi • 

Permuted Index 

awk(I) 
halt(B) 
m4(1) 
reboot(2) 
prof(!) 
profil(2) 
monitor{3) 
profil(2) 
kgmon(B) 
gprof(l) 
prof(!) 
pxp(l) 
end(3) 
ftp(!C) 
lpc(B) 
lpq(l) 
mt(l) 
pxre!(l) 
unit,(!) 
whereia(l) 
cb(l) 
which(!) 
make(!) 
nice(3C) 
getpriority(2) 
indent(l) 
• .. ,rt(3) 
lint(!) 
lex(!) 
vgrind(l) 
xotr{l) 
fbio(4S) 
if(4N) 
&rp(4P) 
icmp(4P) 
ip(4P) 
tcp(4P) 
telnet(lC) 
udp(4P) 
getprotoent(3N) 
inet(4F) 
rmt(BC) 
protocole(5) 
ftpd(BC) 
telnetd(BC) 
t!tpd(BC) 
trpt(BC) 
protocol,(5) 
mkproto(8) 
arithmetic(6) 
false(!) 
true(!) 
pr,(!) 
p,(l) 
pty(4) 
p,ignal(3) 
p,tat(8) 
pti(l) 
ptrace(2) 
ptx(l) 
pty(4) 
diag(B,) 
ungetc(3S) 
c,h(l) 
c,h(l) 
put,(3S) 
putc(3S) 
putc(3F) 
putc(3S) 
putc(3S) 
put,(3S) 
putc(3S) 
pwd(l) 
px(l) 
pxp(l) 
pxref(l) 
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Permuted /ndez 

ip.11que, remque - io1ert/rcmove element from a 
lprm - remove job, from the line printer apooling 

lpq - spool 
qsori
qson-

quota - manipulate diak 
set quota - enable/ di1able 

rain - animated 

. fortune - print a 
rulib - convert archive, to 

rud, ua.n.d -
nndom, 11n.ndom, initatate, aetstate - better 

random number generator; routine, for chuging/ 

ratfor

a stream to. a remote comm&J:1.d. 

getpu, -
source: 

re&d, ready -
readoew1 -

wait/ /cd, ev.aJ, exec, exit, export, logiD, newgrp, 

re&dlink -
directosy operatiou. opendir, 

opeD - open a &le for 

new,rc - informa.tion &le for 
/cd, eval, exec, exit, export, login, newgrp, re&d, 

read, 
lseek, tell - move 

setregid - ,et 
setreuid - set 

malloc:, free, 

re - comm&nd script for auto
reboot -

fastboot, futhalt -
newalia11ea -

recv, rernrom, recvm11-
mail - ,end and 

/bin/mail - ,end or 
a.urec -

l'CCDCWI -

recnews -
rmail - handle remote mail 

reh&.11h: 
utmp, wtmp - logia 

ey&ec - modified y&ec allowing much improved error 
socket. 

socket. reev, 
reev, reevfrom, 

eval: 
re_comp, 

documents. 
pxref - Puca.I croH

index to a bibliography .br lookbib - find 
refer - find a.nd insert literature 

re_comp, re_exec -

comm - 11eled or 
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qeort. - quick sort.. 
qsort - quicker sort. 
queue. • • • •• 
queue. • •••• 
queue examination. program. 
quick sort. • ••••••• 
quicker eoR. • • • • • • • 
qui1 - teat your knowledge. • • • 
quot - summarise &le eystem ownership. 
quota - manipulate disk quotu. 
quota,. • • • • • • • • • • • 
quotas on a &le eyatem. 
rai11 - uimated raindrop, display. 
raindrop, display. • • • • •• 
rud, en.ad - random number generator. 
random, hopefully intereatin.g, adage. 
rudom libraries. • • • • • • • • •• 
rudom number gen.era.tor. • • • • • • • • • 
random number gen.entolj routines for changing/ 
rudom, eru.dom, initstate, setsta.te - better 
ran.lib - convert archives to random librarie11. 
ralfor - n.tional Fortran dialecl. • • • • • 
ration.al Fortran dialect. • • • • • • • • • • 
re - command script for auto-reboot ud daemons. 
rcmd, rrellVJ>Ori, ruserok: - routines for rehming 
rep - remote &le copy. • • • • • • • • • 
rdate - ,et system da.te from a remote host. 
re&d a punord. 
rea.d comma.ad, from &le. • • • • • • • • 
rea.d input. • • • • • • • • • • • • • • 
re&d news article,. • • • • • • • • 
read, rea.donly, set, shift, time,, trap, umuk1 

read, readY - rea.d input. • • • • • • • • 
read value of a. 1ymbolic link. • • • • • • 
readdir, telldir, eeekdir, rewinddir, cloeed.ir -
rea.ding or writing, or create a new &le. • 
readlink - read value of a oymbolic link. • • 
rea.dnewe - rea.d news a.rticle,. • • • • • • • 
readnew,(1) and checknew,(1). • •••••• 
rea.donly, set, shift, times, trap, umaak:, wait-/ 
readv - rea.d input. 
read/write pointer. 
real aud elective group ID. 
real a.nd elfective user ID',. • • • • • • • 
realloc, calloc, dree, alloca - memory allocator. 
reboot - reboot 1yrtem or ha.Ii processor. 
reboot - UNIX boot,tra.ppia.g proceduree. 
reboot ud daemon,. • • • • • • • • • 
reboot l)'ltem or halt proce11or. • 
reboot/halt the 1yrtem without checking the dieb. 
rebuild the data bue for the m&il aliuea file. 
receive a. me111age from a ,ocket. 
receive mail. • • • • • • • • • • • • 
receive mail a.monc· 111en. • • • • •• 
receive proce11ed new, artide11 via mail. 
receive unproceHed article, via mail. 
receive unproceHed articlea via mail. 
re«ived via uucp. • • • • • • • • • 
recnew1 - receive unprocessed artidea via mail. 
recnew, - receive unprocessed artides via ma.a. 
re_comp, re_exec - regular expres,ion hu.dler. 
recompute comm&n.d huh ta.hie. • • • • • • 
record,. • • • • • • • , • • • • • • • • • 
recovery. • • • • • • • • • • • • • • • • • 
recv, recvfrom, reevmag - receive & mea1a.ge from a 
recvfrom, recvm1 - receive a meHage from a. 
recvm11g - receive a menage from a. socket. 
re-evaluate shell data. • • • • • • • • • • 
re_exec - regular expression handler. 
refer - &.nd ud insert literature referencee in 
reference program. • • • • • • • • • • • 
references in a bibliography. /- make inverted 
references in documents. • • • • • • 
regular expre1111ion. handler. • • • •• 
reha.ah: recompute command ha.ah table. 
reject lines common to two sorted file,. 

qsort(SF) 
q,ort(3) 
inaque(3} 
lprm(I) 
lpq(I) 
qsort(3F) 
qsort(3) 
quis(6) 
quot(8) 
quota(2) 
quota(2) 
,etquota(2) 
rain(6) 
rain(6) 
rand(3C) 
fortune(6) 
ranlib{I) 
rand(3C) 
random(3l 
random{3 
ranlib(ll 
ratfor(I 
ratfor(l 
rc(8) 
rcmd(3N) 
rcp(IC) 
rdate(8) 
getp .. s(3) 
c,h(I) 
re&d(2) 
re&dnew,(1) 
,h(I) 
re&d(2) 
re&dlink(2) 
direetoiy(3) 
open(2) 
re&dlink(2) 
readnew,(1) 
newm(6) 
oh(I) 
read(2) 
l,eek(2) 
oetregid(2) 
,etreuid(2) 
mallo~3) 
reboot 2l 
reboot 8 
rc(8) 
reboot(2) 
fa81boot(8) 
newaliuee(S) 
recv(2) 
mail(!) 
binmail(I) 
uurec(8) 
recnew11(1) 
recnews(B) 
rmail(8) 
recnew11(l) 
recnew11(8) 
regex(3) 
csh(I) 
atmp(6! 

~!ll ~=~2 
c,h(I) 
regex(3) 
refer(!) 
pxref{I) 
indxbib(I) 
refer(!) 
regex(3) 
coh(I) 
comm(!) 
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lorder - find ordering: 
join -

- uotify the window driver of the phy11ical 
1igpa.ue:e - a.tomie&lly 

strip - remove 19Ymbol11 a.nd 
lea.ve

calendu -

nu,erok - routines for returuing & !trtam to a. 
rexec - return 11treun to a 

rexecd -
rep -

rd.ate - aet. system da.te from a 
uusend - send a file to a 

remote -
phone, -

rlogi• -
rlogind -

rml
rm&il - ha.ndle 

roh
rohd-

tip, cu - connect to a 
rmdel -

unli>k -
rmdir
unaliu: 

Bock - &pply or 
colrm

unlink -
in.1qae, remque - insert/ 

un11etenv: 
mount, umount - mount or 

lprm
derof -
expire -
an.limit: 

,trip -
rmdir, rm -
rm, rmdir -

inaque, 

rename
mv- move or 

- file system con1h1teacy check and intera.ctive 
trpfpe, fpecnt - tn.p a.ad 

while: 

uni<l - repon 
repeat; execute command 

yea - be 
df

ioat&I -
uniq

vmz,ta.t -
faeek, {tell -

fscek, ft.ell, rewind -
·. notify. 

etate. 
react -

arp - &ddreee 
arp - Addreee 

getrlimit, setrlimit - control ma.ximum system 
vlimit - control ma.ximum system 

limit: alter per-proceH 
unlimit: remove 

getrunge - get informa.tion a.bout 
vtimes - get, .ib.forma.tion a.bout 

restore - incremental file system 

suspe,d: suspend a shell, 
getarg, iargc -
idatc, itime -

Im.in, &max, d8min, d8ma.x, in.max -
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relation for an object library. • • • • • • 
relational databa.:,e operator. • • • • • • 
relationship:, of :,creen:,. adjacenhcreena • 
relea:11e blocked signals and wait for interrupt. 
relocation bitll. • • • • • • • • • • 
remind you when you have to leave. 
reminder service. • • • • • • • • • 
remote - remote host description file. 
remote command. rcmd, rresvport, 
remote command. 
remote execution server. 
remote file copy. 
remote host. • • • • • 
remote host. • • • • • • 
remote host dcecription file. 
remote host phone number data hue. 
remote login. • • • • • • • • 
remote login server. • • . • • • 
remote magtape protocol module. 
remote mail received via uucp. 
remote shell. 
remote shell server. • • • • • 
remote system. • • • • • • • 
remove a delta from an SCCS &le. 
remove a directory entry. 
remove & directoty file. 
remove atiasee. 
remove an advisory lock on &11 open &le. 
remove columns from a. file. 
remove directory entry. 
remove clement from a queue. 
remove environment va.riables. 
remove file system. • • • • • • • • • 
remove jobs from t·he line printer spooling queue. 
remove nrol, trol, tbl a.nd eqn constructs. 
remove outdated newe articlea. 
remove resource limitiationa. • • • 
remove symbols and reloca.tion bih. • • • 
remove (unlinkl directories or filee. • • • • 
remove (unlink files or directoriee. • • • • 
remque - ineert/remove element from a queue. 
rena.me - change the name of a. &le. 
rena.me - rena.me a. &le. • • • • • 
rena.me a &le. • • • • • • • • • 
rcna.me &lea. • • • • • • • • • • • • • 
renic:e - alter priority of running proccHe11. 
repa.ir. fe-c:k • • • • • • • • • • • 
repa.ir floating point faults. 
repeat commande conditionally. 
repeat: execute commu.d repeatedly. 
repeated linee in a. &le. • • • • • • 
repeatedly. • • • • • • • • • • • 
repetitively affirmative. • • • • • • 
report free disk apa.ee on file eysteim. 
report 1/0 ot&liotic,. • • • • • 
report repeated linee in a. tile. 
report virtual memory etatistic11. 
reposition a &le on & logical unit. 
reposition a stream. • • • • • 
request immedia.te noti&ca.tion.. • • • • 
reset - re11et the teletype bits to a. e-en11ible 
reset the teletype bits to a. eeneible state. 
reeolution di11pla.y a.pd control. 
Resolution Protocol. 
resource consumption. 
re11ource coneumption. 
rceource limitations. 
resource limitiatione. 
reeource utiliza.tion. • 
reaource utilisation. • 
restore. • • • • • • • • • • 
reetore - incremental file system restore. 
reeuming its superior. • • • • • • • 
return command line argumente. 
return date or time in numerical form. 
rcturu extreme valuce. • , • • • • 

- xxxiii -

Permuted /ndez 

lorder(l) 
join(!) 
adjacentscreens(l) 
sigpause(2) 
,trip(!) 
leave(l) 
calendar(!) 
remote(,) 
rcmd(3N) 
rcxcc(3N) 
rcxccd(8C) 
rcp(IC) 
rdate(8) 
uu,end(!C) 
remotc(5) 
phones(,) 
rlogin(IC) 
rlogind(8C) 
rmt(8C) 
rmail(8) 
r,h(!C) 
rohd(8C) 
lip(IC) 
rmdel(l) 
unlink(3F) 
rmdir(2) 
coh(l) 
8ock(2) 
colrm{l) 
unlink{2) 
inoque{3) 
coh(l) 
mount(2) 
lprm{l) 
deroff{l) 
cxpire(8) 
cob{!) 
,trip(!) 
rmdir(l) 
rm{!) 
inoque(3) 
rcname(2) 
rename(3F) 
ren.ame(3F) 
mv(l) 
renice(8) 
fock{8) 
trplpe(3F) 
cob(!) 
coh(l) 
uniq(l) 
c,h(l) 
ye,(1) 
di{!) 
io,tat(8) 
uniq(l) 
vm,tat(8) 
f,cck(3F) 
focck(3S) 
coh(l) 
re11et(l) 
rceet(l) 
&rp(8C) 
&rp(4P) 
getrlimit(2) 
vlimit(3C) 
c,h(l) 
coh(l) 
getru,.ge(2) 
vtimes(3C) 
restore(8) 
restorc(8) 
c,h(l) 
getarg(3F) 
idate(3F) 
range(3F) 
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Permuted /nde• 

rexec
loc -

rcmd, rreavpori, ruserok - routinea for 

rev
la.stcoQlm - 11how last commands executed in 

col - filter 
faeek, ftell, 

opeadir, reM!dir, tclldir, aeekdir, 

strcmp, 51.rncmp, strcpy, stmcpy, atrlen, index, 
objecta. index, 

rmdir, 

rm, 

c:hue - Try to escape to killer 

pow, sqrt - exponential, logarithm, power, aquare 
c:hroot - change 

fsplit - split a multi
tgoto, tputa - terminal independent operation 

eet1t&te - better random number generator; 
command. rc:md, msvport, ruserok -

- l)'ltem eapportin1 for local network packet 
packet routing. 

routed - network 
route - manually manipulate the 

it.om, madd, mnb, malt, mdiv, min, moat, pow, gcd, 
Rream to & remote command. rcmd, 
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nice, nohup -
nohup: 

nice: 
rolbib -

c:ronta.b - \able of timea to 
gc:oro - get con im&gea of 

renice - alter priority of 

remote comma.ad. rcmd, rrenpon, 

ec - 8Com 10 Mb/ 
en-SDD 8Mb/ 

pr - prinl &le{ 

1avecore -
l)'Btem. 

brk, 
1t - Driver for Sy1geD 

1candir1 alphuori -

convenion. 
awk - pattern 
II - 1ilog 8S30 

cdc - change the delta commentuy of an 
comb - combine 

delta - ma.Ice a delta (change) to &D 

get - get a vcnion of an 
pn - print an 

rmdcl - remove a delta from an 
accadifl' - compare two venion1 of an 

acca&le - form1.t of 

return stre&m to & remote command. 
return the &ddrees of an object. 
returning a. stream to a remote command. 
rev - revene lines of a. &le. 
revene lines of a. file. 
revene order. • • • • • • 
revene pa.per motions. 
rewind - reposition a stream. • 
rewinddir, closcdir - directory operation,. 
rexec - return 1tream to a. remote command. 
rexecd - remote execution server. 
rindex - .iring operation,. streat, st.meat, 
rindex, lnblnk, Jen - tell a.bout character 
rlogia - remote login. • • • • • • • • • 
rlogind - remote login 11erver. • • • • • •• 
rm - n,move (unlink) din,ctorie, or &le,. • • 
rm, rmdir - remove (unlink) files or directorie1. 
rm.ail - handle reD;lote m&il received via uucp. 
rmdel - .remove a delta from an SCCS file. 
rmdir - remove (unlink) file, or diredoriea. 
rmdir - remove a directory &le. • • • • • • 
rmdir, rm - remove (unlink) diredorie1 or file,. 
rmt - remote magiape protocol module. 
robot,. • • • • • • • • • • • • •• 
rolbib - run of bibliographic databaee. 
root. exp, log, loglO, • • • • • • • • 
root directory. • • • • • • • • • • • • •• 
route - manually manipulate the routing t&ble1. 
routed - network routing daemon. 
routine Fortra.n file into individual file11. 
routine,. tgetent, tgetnum, t.get8ag, tgetstr, 
rout.in.ea for changing genera.ton. /init1ta.te, 
routine, for returning a stream to & remote 
routing. routing • • • • • • • • • • • • 
routing - 1ystem npporting for local network 
routing daemon. • • • • • • • • • • • • 
routing tables. • • • • • • • • • • • • • 
rpow - multiple precieion integer arithmetic. 
rresvpoR, ruserok - routine, for returning a 
nh - remote ,hell. • • • • • • • • • 
nhd - remote 1hcll 11erver. • • • • •• 
run & command at low priority (•It only). 
run comm&nd immune to hanpp1. 
run low priority proce11. 
run ol bibliographic databa.1e. 
run periodic jobs. • • • • • 
running proce111ea. • • • • • 
running proce11ee. • • • • • • • • • • 
ruptime - show host 1tatu1 of local machines. 
ruserok - routines for returning a stream to a 
rwho - who's logged in on local machinea. 
nrhod - sy1tem 1tatu1 ,erver. 
11 Ethernet interfa.ce. • • • • • 
1 experimental Ethernet interface. 
1), po11ibly in multiple columns. 
,a, accton - 1ye:tem accounting. • • • • 
11d - print cumnt SCCS file editing &etivity. 
,ail - multi•t11Cr wooden 1hip1 and iron men. 
11ve a core dump Of the operating ,ystem. • 
savecore - ,ave a core dump of the operating 
1brk - cha.age data ·,egment 1iie. 
SC 4000 (Archive) Tape Conlroller. • 
,can a directory. • • • • • • • • • 
1cu.dir, alpha1on .:. 1cu a directory. 
1cu.f, fsca.nf, 111canf - formatted inpu, 
1cu.ning and proce11ing la.ugu&ge. 
sec serial comunic1.tion1 driver. 0 • 

1cce: - front end for the .SM SCCS nbl}'ltem. 
SCCS delta. 
secs deltu. 
SCCS &le. 
SCCS &le. 
SCCS &le. 
secs &le. 
SCCS &le. 
secs &le. 

.. xxxiv • 

rexec(3N) 
loc(SF) 
rcmd(SN) 
rev{!) 
n,v{I) 
lutcomm(l) 
col(!) 
f,eek(SS) 
dir<ctory(3) 
rexec(3N) 
rexecd(SC) 
atring(3) 
index(3F) 
rlogin(IC) 
rlogind(SC) 
rmdir{I) 
rm(!) 
rmail(S) 
rmdel(l) 
rm(!) 
rmdir{2l 
rmdir{l 
rmt(8Cl 
ch .. e(6 
roffl>ib(l) 
exp(3M) 
chroot(2) 
route{BC) 
ronled(SC) 
fsplit(I) 
lermcap(3X) 
ra.ndom(3) 
rcmd(3N) 
routing( 4N) 
routing( 4N) 
rouled(SC) 
route{SC) 
mp(3X) 
rcmd(3N) 
n,h(IC) 
n,hd(BC) 
Di«(I) 
c,h(l) 
csh(l) 
roffl>ib{ I) 
crontab(o) 
gcor<(!) 
reni«(a) 
ruptime{IC) 
rcmd(3N) 
rwho{IC) 
rwhod(8C) 
ec(4S) 
en(4S) 
pr{!) 
u(B) 
uct(I) 
oail(6) 
savecore(8l 
saveeore(B 
brk(2) 
ot(4S) 
,candir{S) 
,candir(S) 
ocanf(3S) 
awk(I) 
H(4S) 
,ca(I) 
cdc(l) 
comb(!) 
della{l) 
getll) 
pn, 1) 
rmdel(l) 
scadil!{I) 
,ca&lc(,) 

Sun System Release 1.1 

0 

0 

0 



0 

0 

0 

unget - undo a previous get of an 
val - validate 

11ad - print current 
ad.min - create &D.d a.dminil.!ltcr 

eccs - front end for the .SM 

a.la.rm
gctpriority, 11etpriority - get/eet progra.m 

clear - clear worbta.tion or terminal 
cunee -
ex. vi -

the window driver of the phyziicd rela.tion11hip1 of 
adbgen - generate a.db 

re - command 
onintr: procea1 interrupt1 in command 

Controllen. 
grep, egn,p, fgrep -

xsend, xcet, enroll -

operatioDt. opendir, ruddir, telldir, 
brlr:, 1brk - ch&nge da.t& 

comm
ca.ae: 

uusend -
send, tendto, 11endm11g -

kill -
kill

m&il-
sendm&il -

11cndnew1 -
/bin/m&il -

soclr:ei. 
kill

killpg
aliuea - a.liuea filo for 

,end, 
react - read the teletype bits to a. 

oct. - Central Data octal 
n - 1ilog 86SO SCC 

COtm&t - bif 
ltpd - DARPA Internet File Tranofer Protocol 

rexecd - remote execution 
rlogind - remote login 

nhd - remote 11hell 
rwhod - syt1tem 1tatu1 

telnetd - DARPA TELNET protocol 
tftpd - DARPA Trivial File Tron,fer Protocol 

timed - DARPA Time 
11crvcn - inet 

calendar - remiD.der 

inetd - internet 
logout: end 

1cript - make typeacript of terminal 
ucii - map of ASCil ch&rader 

,tty, gtty -
1ipta.ck -

sig11etma.ak -
gcttimeofday, 11cttimeofda.y - get/ 

umuk -
utime

utimc1 -
,ctgroupr -

gethoRname, setho11tnamc - get/ 
geteockopt, 11ctzioekopt - get a.nd 

hostnamc -
11etpgrp -

nice -

Sun System Release 1.1 

secs file. • •••••• 
secs file. • • • , , • • 
SCCS file editing activity. 
secs file,. • ••••• 
SCCS !1Ub~11tcm. • • • • • • 
accadif - compa.re two vcniions of an SCCS file. 
accsfile - format of secs file. 
schedule 11igna.l a!ter specified time. • • , •• 
scheduling priority. • • • • • , • • • • • • 
screen. • •••• , ••••• , , , , , , 
1creen functions with 0optima.l" cursor motion. 
11creen oriented (vinal) di11pla.y editor based on 
screens. &.djacent11crcen11 - notify • • • • • 
11cript. • • • , • , • • • • • , , , , , 
11cript - md:e typescript of termin&l 11ei,sion. 
11cript for auto-reboot and daemons. 
11cripti,. • • • • • • • • • • • • • • • 
11d - Di11k driver for Adaptec ST-506 Dii,k 
11ea.rch a. file for a. pattern. • • • • • 
secret ma.ii. ••••••••••• 
,ed - lltrea.m editor. • • • • • • • 
seekdir, rewinddir, closedir - directory 
11egm.ent 11i1e. • • • • • • • • • • 
11eled - synchronous 1/0 multiplexing. • • 
select or reject linee common to two sorted files. 
selector in switch. • • • • • 
!lend ,. file to a. remote bolt. • • • • • • • • 
,end a me111age from a. socket. • • • • • •• 
11end a. signal to a. procees. • • • • • • • • • • 
11end a eign.&I to a procees, or terminate a. process. 
send and receive m&il. • • • • • 
,end ma.ii over the internet. • • • • • • • • 
,end news article! via. ma.ii. • • • • • • • • 
,end or receive ma.ii a.mong ueen. • • • • • 
send, aendto, eendDl!lg - eend a. meeuge from a. 
send sign&! to a. procees. • • • • • • 
send aign&I to a proce111 group. 
11endmail. • • ~ •••••••••• 
11endmail - 21entl ma.ii over the intemet. 
sendmeg - aend a message from a 21oclcet. 
IICDdnews - 11end DCWII a.rticlC!I via. ma.ii. • • • 
,endto, 11endm11g - send a message from a 11ocket. 
e:eoe:i hie state. , • • • • 
11erial card. • • • • • • 
11eria.l comunication, driver. 
11erver. 
aerver. 
Hl'Ver. 
server. 
server. 
11erver. 
server. 
,erver. 
11erver. 
11erver data ba.11e. • • • • 
1erve11 - ind 11erver data ba.ae. 
11ervice. • • • • • • • • • • • 
eervices - 11ervice na.me da.ta hue. 
21ervic~s daemon. 
11e11sion. • , • • • • • • 
11es11iod. • • • • • • •• 
11et. • • • • • • • • • • 
21et and get terminal 11ta.te. • • • 
,et and/ or get 11igul 11tack context. 
set: change value of 11hell variable. 
eet current eignal ma.11k. 
tiet date and time. 
eet 6.le creation mode ma11k. 
eet file timea. 
set file times. 
set group accefla liri. • 
11et na.me of current hoiit. 
,et options on eocketa. , 
set or print a.a.me or current host i,yetem. 
set proccee group. 
set progra.m priority. • • • , • • , • 

• XXXV • 

Permuted lndez 

unget(I) 
val(!) 
sact(I) 
admin(l) 
aces(!) 
occsdiff( I) 
occsfile(5) 
alarm(3C) 
getpriority(2) 
clear(!) 
curse,(SX) 
vi(!) 
&djacentecrecns( 1) 
adbgen(S) 
,cript(l) 
rc(8) 
csh(l) 
,d(4S) 
gn,p(l) 
x,end(l) 
oed(I) 
directory(3) 
brk(2) 
select(2) 
comm(!) 
coh(l) 
uu,end(!C) 
,end(2) 
ki11(3F) 
kill(!) 
mail(!) 
,endm&il(S) 
11endnewe(8) 
binmail(l) 
oend(2) 
ki11(2) 
killpg(2) 
•liam(5) 
,endmail(8) 
,end(2) 
,endnew,(8) 
,end(2) 
re11et(l) 
oct(4S) 
18(4S) 
comsa.t(SC) 
ftpd(SC) 
rexecd(8C) 
rlogind(8C) 
i,hd(SC) 
rwhod(8C) 
telnetd(8C) 
tftpd(SC) 
timed(8C) 
mven,(5) 
mven,(5) 
ca.lendar(l) 
eervicee(S) 
inetd(SC) 
coh(l) 
ocript(I) 
a11cii(7) 
,tty(SC) 
oig,tack(2) 
csh(I) 
aigsetmask(2) 
gettimeofday(2) 
uma.,k(2) 
utime(3C) 
utimes(2) 
aetgroup:i(2} 
gethoiitoa.me(2) 
getsockopt(2) 
hostna.me(l) 
setpgrp(2) 
nice(3C) 
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Permuted lndez 

getpriority, 11etpriority - get/ 11et program 11cheduling priority. • • • • • • 
11etregid - act real and elective group JD. • • • • • • 
1etreuid - 11et real and effective user ID'a. • • • • • • • 

/exec, exit, export., login, newgrp, read, readoaly1 11d, shin, times, trap, umulr:, w&it - command/ 
rda.te - set system da.te from & remote host. 

getty - set terminal mode. • • • • • 
atty - 1et terminal option,. 

date - display or set the date. • • • • • 
1eteuid, aetruid, setgid, aetegid, 1etrgid - Ht. user and group ID. aetuid, 

ulimit - get and ,et aaer limit,. • • • • • • • 
getitimer, setitimer - get/ ,et v&lue of iaterva.l timer. • • 

aetenor, set v&riable in en:vironment. • 
to a atream. ,et.bar, aetbafer, ,etlinebuf - a111ip butrerinc 

atre&m. aetbuf, setbufer, ,etlinebuf - a11ip. bufering to a • 
set.aid, 11eteuid, aetruid, 1et(id, ,etegid, aetrgid - set uaer and group ID. 

teteav: ad v&ri&ble in environment. • • • • 
u1er ud group ID. 1etuid, 1eteuid, 1etruid, aetgid, 1etegid, 1etrgid - ,et 

&le/ getfaent, getfHpec, getf1&le, getfetype, ietfaent, eadfaeat - get file sy1tem de1criptor 
1ehid, 1eteuid, 1etruid, aetgid, aetegid, 1etrgid - ,et ueer &Dd group ID. 

getgrent, getgrgid, get.grn&m, eetgrent, endgrent - get group ile enhy. 
1etgroup1 - ,et group &ece11 liR. • • • • • • 

getho1tent, getho1tby&ddr, getho1tbyname, aetho1tent, endhostent - get network host entry. 
getho1tname, 1etho1tname - get/1et name of current hod. 

getitimer, eetitimer - get/ad v&lue of interv&I timer. 
1etjmp, longjmp - non•loc&I goto. 

crypt, setkey, encrypt - DES encryptioa. 
1etbuf, 1etbulrer, 1etlinebuf - &BSign buffering to a ltreun. 

getnetent, getnetbyaddr, getnetbyDame, eetnetent, endneteat - get network eutry. 
,etpgrp - ,et proceH group. • • • • • • • • 

getpriority, setpri-ority - get/1et program scheduling priority. 
getprotoent, getprotobynumber, getprotobyuame, ,etprotoent, endprotoent - get protocol entJ)'. 

getpwent, getpwuid, getpwnam, setpwent, endpwent - get panword &le entry. 
,et.quot& - en&ble/dinble quota, on a file 1yltem. 
aetregid - set real and elective group ID. 
eetreuid - ,et real and efl'ective user ID's. 

eetuid, 1eteuid, 1etruid, 1etgid, 1etegid, 1etrgid - ,et u1er and group JD. 
coD11umptioa. getrlimit, 1etrlimit - control maximum ey1tem reaource 

group ID. 1etuid, seteuid, 1etruid, 1etgid, 1etegid, 1etrgid - ,et u.eer and 
get1erveat, get1ervbyport1 get1ervbyname, aetee"ent, end1ervent - get aervice entry. 

get1ockopt, 1etlockopt - get and set option, on socket,. 
routine, for changing/ random, 1random, inihtate, 1etlta.te - better random number generator; 

g:ettimeofday, 1ettimeofday - get/1et date and time. • • • 
- 1et 111er and group ID. setuid, seteuid, 1etruid, setgid, ,etegid, 1etrgid 

cd, evaJ, exec, exit, export, login, newg:rp, re&di/ 1h, for, cue, if, while, :, ., break, continue, 
nice, nohup - run a command at low priority ( 1h only). 

- extract 1trings from C prognm1 to implement shared strings. xetr 
ch1h - change default login 1hel1, 

exit: leave 1hel . • • • • •• 
nh - remote ehell. • • • • •• 

system - i11ue a ,hell commaad. • • • • • • • • • • • • • 
cab - a shell (commalld interpreter) with Celike syntax. 

eval: re-evaluate shell data. 
popd: pop ,hell direelory ot&ck. 

pa1hd: pa,b ,hell directocy ,tack. 
aliu: ,hell macro,. • • • 

1uspend: 1u1pend & shell, reeuming ita 1aperior. 
nhd - remote shell 1erver. 

set: change value of ,hell variable. • • • • • 
0: &rithmetic on shell variable,. • • • •• 

uneet: di1card ehell variable.. • • • • • • 
exec: overl&y 1hell with apecified comma.ad. 

shirt: manipulate argument li1t. • • • • • • • 
exit, export, login, nnrgrp, read, readonly, aet, shift, time,, tnp, umaak, wait - comma.ad/ /a.ec, 

,ail - multi•a1er woodu ship1 and iron men. • • • • • • • 
groupa - ehow group memberships. • • • • • • • •• 

ruptime - ,how host st.aha of local machinea. • • • •• 
uptime - show how long 1yatem ha, been up. • • • •• 

la.at.comm - ahow la1t commands executed in revene order. 
netatat - 1how network 1tatu1. • • • • • • • • • • • 

1hutdown - shut down part of I fuJl.duplex connection. • • 
1hutdown - clo1e down the 1ystem at a given time. 

connection. ehatdown - shut down p&rt of a fulleduplex 
1igblock - block 1ip.ab. 

login - aip. on. 
paqee - atop until signal. 

sign.a.I - change tbe action for a aignal. 

getpriority(2) o· 
,etregid(2) 
,elreuid(2) 
1h(I) 
rdate(B) 
getty(B) 
,tty(!) 
d&te(I) 
,etuid(3) 
ulimit(3C) 
getitimer(2) 
coh(I) 
1elbuf(3S) 
oelbuf(3S) 
,eluid(3) 
coh(I) 
,eluid(3) 
gelfoeul(3) 
,etuid(a) 
getgrent(3) 
1etgronp1(2) 
getho,tenl(3N) 
gethoatname(2) 
getitimer(2) 
oetjmp(3) 
crypt(3) 
,etbuf(3S) 
getnetenl(3N) 
oetpgrp(2) 
getpriority(2) 
getprotoent(3N) 
getpwent(S) 
,etquota(2) 
oelregid(2) 
aetreuid(2) 
oetuid(S) o 
getrlimit(2) 
,eluid(3) 
getoervent(SN) 
get1ockopt(2) 
r&ndom(3) 
getlimeofday(2) 
1eluid(3) 
1h(I) 
nice(I) 
xotr(I) 
choh(I) 
c,h(I) 
nh(IC) 
,yetem(3) 
coh(I) 
c,h(I) 
coh!I) 
cob I) 
c,h(I) 
c,h(I) 
nhd(BC) 
coh(I) 
c,h(I) 
c,h(I) 
c,h(I) 
c,h(I) 
,h(I) 
,&il(6) 
group,(!) 
ruplime(IC) 
uptime(!) 
1..tcomm( I) 
neletat(8) 
ehutdown!2) 
,hutdown8) o 
,hutdown(2) 
,igblock(2) 
login(!) 
p&n,e(3C) 
oigual(3F) 
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alarm - echedule 
eignal - simplified eoftware 

eigvec - eoftwa.re 
eigsetmuk - eet current 

paipal, e:ya_sigliet. - eystem 
1ig11tack - 11et a.nd/or gd 

kill - eend 
kill - eend a. 
killpg - ,end 
kill - send a 

eigblock - block 
1,igpa.use - atomically relean blocked 

wait for interrupt. 

1ip.&l -
trigonometric functions. 

null - data 
brk, ebrlc - change da.ta segment. 

getdtable,ise - gel de,criptor table 
getpageeise - get eyatem page 
pa.gei,i,e - print eyatem page 

eise-

eca - front end for the 
ip - Diet driver for lnterphue 2180 

xy - Di,k driver for Xylogice 
apline - interpolate 

an&lte, 
accept - accept a connection on a 

bind - bind a name to a 
conned - initiat~ a connection on a 

lieten - listen for connectione on a 
recv, rccvfram, recvmag - receive a menage from a 

11end, sendto, eendmg - 1end a menage from a 

getsockname - gd 

getaockopt, 11et11oclcopt - get. and eet option, on 
aocketpair - create a pa.ir of connected 

lo -
1ip&I - eimplified 

eigvec -
canfield, cfecoree - the 

qeori - quicker 
qoon - quick 

teo?t - topolo~cal 
H 

eorttilb -
,on-

co1DJD - selecl or rejCU line, common to two 
look - find line, in a 

eoelim - eliminate 
indent - indent and format C program 

- create an error meeaage file by ma11nging C 
wherei1 - locate 

mem, lc:mem, mbmem, mbio - main memory a.nd 1/0 
line, circle, arc, move, cont, point, linemod, 

di - report free diek 
expand, unexpand - expand tabe to 

way. vfork -
exec; overlay ehell with 

head - display tint few linei, of 
truna.te, ftruncate - trunca.te a file to a 

ala.rm - schedule signal alter 
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eigna.l - change the a.ction for a. signal. 
signa.l - simplified so!twa.re signa.l facilities. 
sign.a.I alter specified time. 
signa.l !a.cilitie,. 
aigna.l facilitiea. 
,igna.l ma.ale. 
aigna.l me,u.ges. 
aigna.l at&ek context. 
aigna.l to a proce111. 
signal to a. process. 
signal to a proce111 group. 
sign.a.I to a proceu, or termina.te a process. 
1igna.l11. • • • • • • • • • • • • • • • 
signal, a.nd wa.it for interrupt. • • • • • • 
sigpa.uee - atomiea.lly relea.ee blocked 11ignal11 and 
1ipetma11k - set current signal ma.ek:. 
eipt&ek - set and/or get signal eta.ck context. 
eigvec - software signal fa.cilitiea. 
simplified software signal facilities. 
sin, co11, t&n, uin, aco11, a.tan, a.tan2 - • 
einh, coeb, ta.nh - hyperbolic function11. 
sink. 
1i11. 

aise. 
1ise. 
1i1e. • • • • • • 
sire - 1ise of an object &le. 
1ise of an object file. • • • • • • 
1leep - 1u11pend execution for an interval. 
1leep - suspend execution !or an interval 
sleep - au11pend execution for interval. 
.SM SCCS eub,yetem. . . • . . 
SMD Diek Conlroller. • • • • • • 
SMD Diek Conlroller,. • • • • • 
amootb curve. • • • • • • • • • 
snake, anscore - display chase game. 
anacore - display cbue ga.me. 
1ocke!. 
,ocke . 
,oake . 
aocket. 
aocket. 
1ocket. • • • • • • • • • • • • • •• 
socket - create an endpoint for communication. 
1ocket name. • • • • • • • • • • • • • • • 
1ocketpair - create a pa.ir of connected aockets. 
1ocket11. • • • • • • • • • • • • •• 
1ocket1. • • • • • • o • • • • • •• 

1oelim - eliminate .so's from nroff input. 
1oftware loopba.ck network interface. 
1oftware signal facilities. 
software sign&I facilities. 
,o,itaire card ga.me canfield. 
eo\1. .. ....... 
101*. • • • • • • • • • 
eofl. ......... 
aort - sort or merge files. 
sort bibliographic data.base. 
,ort or merge 61ei,. • ••• 
aortbib - sort bibliographic data.ba.ee. 
11orted file11. 
11orted li11t. • • 

source. 
source. mk11tr • , • • • • • • • • • • 
,ource, bina.cy, and/or manual for progra.m. 
source: read command, from file. 
space. • • • • • • • • • • •• 
spa.ce1 clo11epl - gra.phic11 interface. /label, 
11pa.ce on file systems. • • • • • • • • • 
11pa.cee, and vice ver11a. • • • , • • • • •• 
spawn new proce111 in a virtual memory efficient 
specified comma.nd. 
apeci&ed file11. 
specified length. 
11pecified time. 

- xxxvii -

Permuted lndez 

oign&l(3F) 
oign•l(3) 
alarm(3C) 
oign•l(3) 
oigvec(2) 
,i~etma.sk:(2) 
poign•l(3) 
eig,t&ck(2) 
ki11(2) 
kill(3F) 
killpg(2) 
kill(!) 
oigblock(2) 
eigp .. oe(2) 
eigpa.use(2) 
oig,etmaok(2) 
oig,tack(2) 
oigvec(2) 
oigual(3) 
oin(3M) 
oiuh(3M) 
null( 4) 
brk(2) 
getdtableoiee(2) 
getpagesi1e(2) 
pa.gc:si1e(l) 
,i,e(t) 
ei1e(I) 
oleep(I) 
oleep(3F) 
oleep(3) 
occ:,(1) 
ip(4S) 
xy(4S) 
opline(IG) 
on&ke(6) 
enake(6) 
&ecept(2) 
bind(2) 
connect(2) 
lioteu(2) 
recv(2) 
eend(2) 
eocke1(2) 
getsockna.me(2) 
eocketpair(2) 
gehockopt(2) 
oocketp&ir(2) 
11oelim(l) 
lo(4) 
oign•l(3) 
oigvec(2) 
canfield(6) 
qoort(3) 
qoort(3F) 
teort(I) 
oort(I) 
oortbib(I) 
oort(I) 
oortbib(I) 
comm(l) 
look(!) 

indent(!) 
mbtr(l) 
wherei11(l) 
cob(!) 
mem(4S) 
plot(3X) 
df(I) 
expand(!) 
vfork(2) 
coh(I) 
he&d(I) 
truncatc(2) 
a.la.rm(3C) 
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Permuted lntlez 

alum - execute 1. 11ubroutine after a 11pccificd time. • • • • • • • • • • • • • • • • 
na.pon - 11pecify additional dcvice for paging ud 11wappia.g. 

11pell, apellin., 11pcllout. - find 11pelling erron. 
11pell, 11pellin, 11pellout - find 11pelling crron. 

11pell, 11pellin, spellout. - find apelling erron. • • • • • • • • 
epcll, epellio, 1pellout - find spelling erron. 

1plinc - interpolate smooth curve. 
split - split a file into pieces. • • 

11plit - split a. file into pieces. • • • • • • • • • •• 
files. f11plit - split a. multi-routine FortJ'&ll file into individual 

frexp, ldcxp, modi - 11plit into muti111a and exponent. 
uucleu - uucp spool directory .cleu-up. 

lpq - spool queue examination progra.m. 
lprm - remove jobs from the line printer 1pooling queue. • • • • • • • • 

priotf, {print.I, 1printf - formatted output. convenion. 
exp, log, loglO, pow, sqrt - exponent.i,J, logarithm, power, square root.. 

log:10, pow, 11qrt - exponential, logarithm, power, square root. exp, log, • • • • • • • • • • 
r&Dd, era.nd - ra.ndom number generator. • • • •• 

number generator; routine• for chuging/ random, 1ra.ndom, initetate, 1et1tate - better nndom 
1cuf, fecanf, 11canf - forma.tted input. convenion. 

Controller. ,t - Driver for S)'lgen SC tOOO (Archive) Tape 
1d - Diak driver for Adaptec ST-&08 Disk Controllen. 

popd: pop 11hell directory 11taclc. • • • • • • • • 
pu1hd: puh 11hell directory ,tack. • • • • • • • • 

1iptack - set. ud/ or get signal stack -context, 
imemteat. - stand alone memoiy tellt. • • • • • 

gxteat - ataud alone te1t for the Sun video graphic11 board. 
diag - Genera.l•purpoae 1t&n.d-alone utility package. • • • •• 

otdio - ,tandard bul!ered input/outpul package. 
ht.able - convert NIC 11ta.ndard format. hos\ tables. 

tee - copy ,tandard output to many tile,. 
stat, IRat, fRa.t - get tile atatU1. 

reset - re11et the teletype bit11 to a sensible 11tate. • • • • • • • • 
,tty, gtty - ,et and gel terminal ,tale. • , , , , , , • , , , , 

fi,ync - 1ynchroni1e a. file's in-core 11t&te with that on di11k. 
if: conditional atatement.. • • • • • • • • • • • 

f11ta.b - ,ta.tic infoJ'lll&tion about. the filesyatems. 
ha11h1tat: print. command h11hin1 11tatist.ic11. 

ioetat - report 1/0 1tatiRic1. 
perfmon - graphical display of genera.I 1y11tem ,tatist.ic,. 

vm,tat - report virtual memory statistic,. 
exit - terminate proce11 with 11t&tU1. 

net.stat - show network 1tatU1. 
pa - proceH 1ta.tu1. 

stat, l11ta.t, flt.at - get. 6.le 1tatu1. • • • 
terror, feof, cleuerr, fileno - 1tream ,tatu, inquiries. • • 

ruptime - 11how hon ,ta.tu, of local ma.chine,. 
rwhod - 1ystem Btatua server. • • • • • • • • •• 

,tdio - standard butrered input/output package. 
sticky - executable file, with peniatent text. 

wait, wait3 - wait for proce11 to termina.te or atop. • • • • • • • • • 
atop: ha.It I job or procesa. 

halt - stop the proce1111or. 
pa.use - stop antil signal. 

icheclc - file 1yatem 11torage consistency check. • • • • • • 
e:ubroutines. dbminit, fetch, ,tore, delete, first.key, nextkey - data. baae 

atrlen, index, rindex - Rring operation.a. 11trcat, 11trnca.t, etrcmp, IJtmcmp, 1trcpy, strncpy, 
rindex - atring operations. lltrca.t, 11trncat, 1tremp, atmemp, strcpy, 1trucpy, at.rlen, index, 

operation.11. 11trca.t, etrnca.t, 11trcmp, lltrncmp, 11trepy, etrncpy, 1trlen, index, rindex - 11tring 
fcloae, fflu11h - cloae or 8u11h a etrea.m. • • • • • • 

fopea, freopen, fdopea - opea a 
f11eek, ft.ell, rewind - repo11itioa & 

fgetc, getw - get. character or integer from 
get,, {get.a - get a string from a 

putcha.r, fputc, putw - put cha.ra.cter or word OD a 
pub, fpuh - put a 11tring oD 1 

11et buffer, aetlinebuf - a,111igu buffering to & 

stream. 
11tream. 
stream. 
atrea.m. 
stream. 
11tream. 
11trea.m. 

ungetc - pullll chan.cter back into input 11trea.m. 

.' 

getc, getchar, 

putc, 

eetbuf1 

1ed - atream editor. 
ferror, fcof, clea.rerr, fileno - at.ream 11tatu11 inquiries. • 

tte3vport, ru11erok - routinea: for returning a. 11tream to a remote couunand. remd, 
rexec - retul'll stream ti) a remote command. 

ar- Archive 1/4 inch Strea.ming Tape Drive. 
gets, fget11 - get a 11tring from & lltream. 

put11, fput11 - put a string on a strea.m. 
-bcopy, hemp, b1ero, fl'a - bit a.nd byte 11tring operations. 

alarm(3Fl 

:;:irl~nl(8 
spell I 
spell I 
spell I) 
spline(IG) 
split(!) 
split(!) 
foplit(I) 
frap(3) 
uuclean(8C) 
lpq(I) 
lprm(I) 
printf(3S) 
exp(3Ml 
exp(3M 

rand(3C~ 
random 3) 
scanf(3S 
st(4S) 
sd(4S) 
c,h(ll 
c,h(I 
sig,lack(2) 
imemteot(s,) 
gxleot(s,) 
diag(8s) 
intro(3S) 
htable(8) 
Ice(!) 
lt&t(2) 
re,et(l) 
stty(3C) 
foync(2) 
cob(!) 
r,tab(s) 
csb(l) 
iootat(B) 
perfmon(I) 
vmstat(B) 
exit(3F) 
net,tat(8) 
p,(1) 
,tat(2) 
ferror(3S) 
ruptime(1C) 
nrhod(8C) 
intro(3S) 
1ticky(8) 
wait(2) 
c,h(l) 
halt(B) 
pau,e(3C) 
icheck(Bl 
dbm(3X 
,tring(3) 
,tring(3) 
,tring(3) 
fclo,e(3S) 
fopen(3S) 
f,eek(3S) 
gotc(3Sl 
get,(3S 
putc(3S) 
puto(3S) 
,etbuf(3S) 
ungetc(3S) 
sed(I) 
ferror(3Sl 
rcmd(3N 
rexec(3N) 
ar(4S) 
gelo(3S) 
put,(3S) 
botring(3) 
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1tmcmp1 aircpy, etn.cpy, etrlen.1 index, rindex -
extract atring1 from C progm:n1 to implement eha.red 

other binary, file. 
strings. xstr - extract 
atringa - find printable 

buename -
B\rcat1 etrncat, strcmp, stncmp, strepy, etrncpy, 

inde.'t, rindex - atring operations. ,treat, 
string operations. 11trcat, stmcat, strcmp, 

etrc&t, stmc&t, strcmp, stmcmp, etrcpy, 

in.ewe -
postnews -

&lann - execute & 
store, delete, 6ntkey, next.key - dat& bue 

,u
,cc, - lronl end for the .SM secs 

aum
du -

quot -

en -
bw -

colordemo11 - demoutra.te 
cg

cons - driver for 
bsuncube - view 3,,0 

bdemo11 - demonstnte 
mouse

pteR - stand alone teai for the 
win -

e:an - i1 current machine a 

sun.tools - the 
,yuc - upd&le the 
sync - upda.te the 

update - periodically upda.te the 
eync - update 

suepend: auspend a. shell, resuming its 
intro - introduction to special 6le1 and hardwa.re 

routing - eystem 
euepend: 

eleep -
eleep -
sleep -

swab-
1wapon - add a. 

pqing/rwappinc. 
swapping. 

1wapoa - add a rwap device fodnterlea.ved paging/ 
nrapoa - specify additional device for paging and 

breabw: exit from 
cue: nlector in 

def&Ult: catchall clauo in 
· . eadnr: terminate 

readliak - read value or a 
,ymlink - make 

strip - remove 

link, 

disk. fsync -
select -

c,h - • ,hell (comm,,nd interpreter) with C-like 
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m.eHa.ges. perror, 
et - Driver for 

etring operations. strca-t, etrncat, strcmp, 
etringe. xetr - • • • • • • • • • • • • 
,trio.gs - find printable at.rings in an object, or 
string, from C programs to implement ehared 
stringe in a.n object, or other binary, file. 
strip - remove uymbole and relocation bite. 
etrip filename affixes. • • • • • • • • • 
1trlen, index, rindcx - string opera.tions. • 
strncat, strcmp, strncmp, 11trcpy, 1trncpy, strlen, 
strncmp, 1trcpy, 1trncpy, ,trlen, index, rindcx -
1trncpy, strlen, index, rindex - at.ring/ 
atty - 11et terminal options. 
,tty I gtty - set u.d get terminal 1ta.te. 
eu - 1ubstitute user id temporarily. 
nbmit news &rticle1. • • • • • 
eubmit news a.rticlcs. • • • •• 
eubroutine alter a specified time. 
eubroutine,. dbminit, fetch, 
substitute user id temporarily. 
1ub11yatcm. • ••••••• 
,um - eum and count blocks in a. file. 
eum &nd count blocks in a. file. 
1umma.riie disk usage. • • • • • • 
,ummarise file 1yriem owncnhip. • • • 
IUD - is current machine a IUD workstation. 
Sun 3 Mb/a experimental Ethernet interface. 
Sun bla.ck and white frame bufl'er. 
Sun Color Gra.phica Display. 
Sun color gra.phics interface. 
Sun console. • • • • • • • 
Sun logo. • ••••••• 
Sun Monochrome Bitmap Display. 
Sun mouse. • ••••• 
Sun video gnphia board. 
Sun window ry1tem. 
sun workstation. • • • • • 
1untool1 - the Suntoola window environment. 
Suntool11 window environment. 
1Uper block. 
nper block. 
euper block. 
super-block. 
superior. 
1upport. • • • • • • • • • • • • • • 
npporting for local network packet routing. 
n1pend a ,hell, reeuming its 1uperior. 
eu1pend execution for an interval. 
eu1pend execution for an interval. 
1u1pend execution for interval. • 
1u1pend: 1u1pend a ,hell, reeuming it, 1uperior. 
1w&b - 1Wap bytes. • • • • • • • • • • • 
1wa.p byte,. • • • • • • • • • • • • • • • 
,wa.p device for interleaved paging/swapping. 
1wa.pon - add a nrap device for interleaved • • 
1wa.pon - 1pecify &dditional device for paging and 
11wa.pping. 
1wapping. 
,witch. 
,witch. 
,witch. 
twitch. • ••• , ••••••• 
,witch: multi-way command br&nch. 
,ymbolic link. • • . • . • • • . 
symbolic link to a. 61e. • • • • • 
1ymbol1 &nd reloca.tioD bite. • • • • 
1ymliDk - make 8)'mbolic link to a file. 
eymlnk - make a. link to an existing file. 
1ync - update ,uper-block. • • • • • 
1ync - update the euper block. 
sync - update the euper block. • 
1ynchroni1e a file's in-core state with that on 
1ynchronou1 1/0 multiplexing. 
1ynta.x. • • • • • • • • • • • • • • . 
1y1call - indirect eyetem call. • • • • • 
ry1_errlist, rya_nerr, errno - ay:item error 
Syi,:gen SC •iOOO (Archive) Tape Controller. 

.. xxxix -

Permuted !ndez 

,tring(3) 
xstr(I) 
string,(!) 
xstr(I) 
,tring,(1) 
,trip{!) 
ba:iename( 1) 
,tring(3) 
,tring(3) 
,tring(3) 
,tring(3) 
,tty(!) 
,tty(3C) 
,u(I) 
inew,(1) 
po,tncw,(1) 
alann(3F) 
dbm(3X) 
,u(I) 
occs(I) 
,um(!! 
sum(l 
du(!) 
quot(8) 
•••(!) 
en(-IS) 
bw(-IS) 
colordemo,(6) 
cg(4S) 
con,(4S) 
bsuncube(6) 
bdemo,(6! 
mou:ie(4S 
gxteB1(8•) 
win(4S) 
eun(l) 
euntool:i(l) 
1untool:i(l) 
sync{!) 
,ync(8) 
updat,(8) 
oync(2) 
cob(!) 
intro(-!) 
rouling(4N) 
c,h(I) 
oleep(I) 
oleep(3F) 
oleep(3) 
csh(I) 
,wab(3) 
,wab(3) 
awapon(2) 
swapon(2) 
1wapon(8) 
ewa.pon(2) 
,wapon(8) 
c,h I) 
cob I) 

c,h 'l c1h 1 
c1h 1 
roadlink(2) 
,ymlink(2) 
,trip(!) 
,ymlink(2) 
link(3F) 
,ync(2) 
,ync(I) 
sync(8) 
f,ync(2) 
,elect(2) 
csh(I) 
oy,call(2) 
perror(3) 
st( 4S) 
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Permuted /nde~ 

perror, sya_errlist, 
p11ign.al, 

mti
Ccnt.ronica printer interfi.ce. vpc -

hostid - print identifier of current hon 
hoatname - 11et or print name of cumnt hon 

mkf• - contlrucl a &le 
mkproto - construd a. prototype &le 

mount, amount - mount or remove &le 
moun1., amount - mount ud dismount &le 

newf11 - construci & new &le 
11a.vceore - sa.ve a. core dump of the open.tins 

aetquota - enable/diu.blo quota. on a &le 
tip, cu - conned to a remote 

tunef1 - tune up &D exi1tin1 file 
u11n - compM:t liri of usen who are oa the 

vadvile - give advice to pa.gins 
who - who i• OD the 

win - Sun window 
df - ftport free di,k ,pace on 61, 

,yolos - loe 
ksmon - genera.te a. dump of the oper&tinc 

reh&ah: recompute comma.nd bub 
unhuh: discard command huh 

- keyboud tra.n1lation t&ble format a.ud defa.ult 
mtab - mounted &le 11ystem 
kbd - keyboard translation 

crontab -
getdtableaise - get de,eriptor 

htable - conven NIC 1tandard format holi 
route - manually manipulate the routine 

term - terminal drivinc 
term - terminal drivin1 

lbl - formal 

January !984 

gel\able - gel NIC format host 
expand, unexpand - expand 

ctap - create a 

talk -
·tunction1. 1in, co,, 

1iD-h, co1h, 
lar
br

,t - Driver for Sy,gea SC 4000 (Archive) 
ar - Archive 1/4 inch Streamin1 

tm - t&pemalter 1/2 incla 
Ip-DEC/mac 

mtio - UNIX magnetic 
tread, twrite, trewh:a, t1kipf1 t1tate - rn 

mt - magnetic 
Im-

derol - remove nrof, trol1 

f77 l&pe 1/0. lope•, 

tebool -
re1ei - reset the 

lut - indicate tut login, or u11en and 
llleek, 

index, rindex, lnbh1k, leu -
operation,. opendir, rea.ddir, 

telnet - u11er intetfa.ce to the 
lel•etd - DARPA 

n - 1ubeiihte u11er id 
tmpnam - create a name for a 

1yalog - log ayaiema meHages. • • • • • • 
1y1log - ma.ke 1yatem log entry. • • • • • 
1yalog, openlog, clo11elog - control ayatem log. 
aya_nerr, ermo - ziyatem error meH&ge1. • • 
ey1_eigli1t - 1yatem signal mea1a~1. • 
Sy,tech MTl-800/1600 mult~terminal i•lerface. 
Syatech VPC-2200 Vena.tee printer/plotter and 
eyetem. 
eyetem. 
eyatem. 
eyetem. 
ayatem. 
eyffem. 
,yet.em. 
eyetem. 
system. 
eyliem. 
ayetem. 
ey,tem. 
ayetem. 
1yffem. 
1y,tem. 
1yatem1. 
1yliem1 me11age1. • 
eyffem'1 pro&le bulen. 
table. 
lable. • .... , • , 
lable. kbd .... . 
lable .......... . 
lable formal and defaul\ table. • 
t&blo of time1 to run periodic job,. 
table ,iso. 
t&blea. 
lable1. 
t&ble1 for arol. 
t&blee for arol. 
tablea for nrol or trol. 
table, from & boat . • • • • 
t&ba to apace,, and vice vena. 
tag, &le. • • , • • • • • • •• 
tail - di,pl&y lhe Ian pan of a &le. 
talk - lalk lo a•olher user. 
talk to another uer. • • • • • • • • • 
tan, aain, aco,, atan, atan2 - trigonometric 
tanh - layperbolic function,. 
tape archive &le format. 
t&po archiver. 
Tape Controller. 
Tape Drive. 
tape drive. 
tape rormatl. 
tape interface. • • • 
t&po I/0. topen, tcloee1 • 

tape manipulating program. • 
t&pemuter 1/2 inch tape drivo. 
tar - tape archive &lo format. 
tar - tape archiver. • • • • ••• 
tbl - format tablea for nrol or trol. 
tbl and eqn con1truct1. • • • • • • • • 
tcloee, tread, twrite, trewin, bkipf, t11tate -
tcp - Intemet Tr&nami11ioa Control Protocol. 
tee - cop7 ,taadud outpul to maay file,. • • 
tektool - Tektronix 4014 terminal emulator tool. 
Tektronix 4014 len:ninal emulator tool. 
teletypci bit, to a 1en1ible 1ta.te. 
teletype,. • • • • • • • • • • • •• 
tell - move read/write poi11ter. • • • • 
tell about character objeds. • • • • • • • 
telldir, aeekdir, rewinddir, cloaedir - directo11 
telnet; - a1er interface to the TELNET protocol. 
TELNET protocol. • , , , • , • • • • , 
TELNET protocol 1ener. • • • • • • • • 
telnetd - DARPA TELNET protocol 1erver. 
tempor&rily. • • • • • • • • • • •• 
temporary &le. • • • • • • • • • • • 
term - terminal driving tablee for arofl'. 

. xi. 

,,..IW8l sy,1 I 
1y1lo 3 
perror(S 
psignal(S) 
mli(4S) 
vpc(4S) 
hostid(l) 
hot\name(l) 
mkf,(8) 
mkproto(8) 
moun1(2) 
mounl(8) 
newf,(s) 
eavecore(8) 
selquot.(2) 
lip(IC) 
tunef,(8) 
am,(!) 
ndviae(2) 
who(!) 
wi•(4S) 
df(l) 
ay,log(8) 
kgmon(8) 
c,h(l) 
cah(l) 
kbd(S) 
mtab(S) 
kbd(S) 
cronta.b(5) 
geldlable,i1e(2) 
hlable(8) 
routc(SC) 
,lcrm(S) 
lerm(S) 
1bl(1) 
gcllable(8C) 
expand(!) 
clag,(1) 
lail(l) 
lalk(ll 
&alk(l 
tin(SM) 
ai•h(SM) 

lar(S\ lar{l 
•1(48 
ar(4S 
tm(4S) 
lp(S) 
mtio(4) 
&ope•(3F) 
ml(!) 
lm(4S) 

:m:l 
deroll{l) 
lopen(SF) 
lcp(4P) 
lec(l) 
telctool(l) 
telctool(l) 
met(!) 
last(!) 
lacek(2) 
i•dex(SF) 

diftclo~S) 
lelnel IC 
lelne1)1c 
lelnetd(8Cl 
lelnetd(SC 
••(1) 
lmpnam(SC) 
,term(s) 

Sun System Release I.I 

0 

0 

0 



0 

0 

0 

term - terminal driving tables for nroff. 
termcap - terminal capability data ba.se. 

ttyname, ieat.ty1 Uys1ot - find name of a terminal. • • • • • • • • 
vha.ngup - virtually "hangup" the current control terminal. • • • • • • • • • • • •• 

worm, - animate worms on a di11play terminal. • • • • • • • • • • • • • 
termcap - terminal capability data. base. 

tsct - esta.blish terminal characteristics for the environment. 
gettyta,b - terminal configuration data. ba.ac. 

pty - p11eudo terminal driver. • , • • • • 
term - terminal driving ta.hies for nrofl'. 
term - terminal driving tables for nrof. 

tektool - Tektronix 401 f terminal emulator tool. • • 
tgeh.um, tget8a.g, tgehtr, tgoto, tpub - terminal independent operation routines. tgetent, 

ttys - terminal initia.lisa.tion data. 
mti - Systech MTl-800/1600 multi- terminal interface. 

tty - general terminal interface. 
getty - set terminal mode. • 

tty - get terminal name. • 
atty - set terminal option.a. 

ttyn.&m, i1atty - find nune of a termina.l pon. 
clear - clear worbtation or terminal screen. 
script - m&ke typeecript of terminal 1eaeion. 

atty, gtty - 11et and get terminal 11tate. • • • 
ttyiype - data hue of terminal type1 by port. 

wait - w&it for a proce111 to terminate. • • • • • • 
exit - terminate a. procen. 

kill - 1end & eipaJ to a pro«n, or terminate a proce111. • • • • • • • • • 
output. exit - terminate & proceae after Bushing any pending 

abon - terminate abruptly with memory image. 
endif: terminate conditional. • • • • 

end: terminate loop. • • • • • • • 
wait, waits - wait for proce111 to terminate or atop. • • • • • 

exit - terminate proceH with st.atus. 
endaw: terminate n,itch. • • • • • • 

imemten - ata.nd alone memory ten. • • • • • • • • • • • 
teat - condition. comm&nd. • • • • • 

i11inf
1 
isnan - teat for indeterminate Boa.ting point va.lue11. 

p:test- - lltand alone ten for the Sun video gra.phica boa.rd. 
qui1 - test- your knowledge. 

1ticky - executable &lee with peni11tent texl. 
ed - text editor. 

ex, edit - text editor. 
mon, page - browse through a text &.le. • • 

fmt - 11imple text formatter. • • • • • 
nrol - text formatting and typea:etting. 

ID8 - text formatting macros. • 
1effer. tftpd - DARPA Trivia.I File Transfer Protocol 

- terminal independent oi,era.tion routines. tgctent, tgetnum, tgetBa.g, tgetatr, tgoto, tputa 
independent operation routine,. tgetent, tgetnum, tgetbg, tgetetr, tgoto, tputa - terminal 
terminal independent operation routine,. tgetea,, tgetnum, tget8ag, tgetatr, tgoto, tputa -

operation routines. tgetent, tgetnum, tgetBag, tgetstr, tgoto, tputs - terminal independent 
routine.. tgetent, tgetnum, tget8ag, tgetstr, tgoto, tputa - terminal independent operation 
f,yac - 1ynchroni1e a &.le'1 in-core state with tha.t on dialr:. • • , • • • • 

ccat - compreu and uncompre11 &la, and ca.t them. compa.d, uQ.compa.d, 
w - who i1 on and wbat they are doing. • • 

more, page - browae through a. text &le. 
&Jann - 1ched11le eigaal after 11peci&ed time. 

ala.rm - execute a aubroutine after a epecified time. 
at - execute commande at a later time. 

gettimeofda.y, aettimeofda.y·-get,/ed date and time. 
1hutdowa - cloee down the 11ystem at a given time. 

time, f)ime - gd da.te and time. • • 
time - time a. comma.ad. 

time - time a comm&lld. • • • • 
getda.te - convert time and da.te from ASCII. 

time: time comma.ad. • • 
time, ftime - get da.te a.nd time. 

idate, itime - retum da.te or time in numerial form. 
profil - execution time profile. • • • • • • • • 
timed - DARPA Time 11erver. • ••••••• 

time: time comma.ad. • • • 
asctime, timesone, dyeise - convert date a.nd time to ASCII. ctime, loca.ltime, gmtime, 

timed - DARPA Time se"er. 
getitimer, eetitimer - get/set. va.lue of inteffa.l timer. 

timea - get procelll time1. • 
utime - ad file times. • • 
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Permuted Inde:z 

tenn(S) 
lenncap(S) 
ttyna.me(3) 
vhangup(2) 
wo'rms(6) 
tenncap(S) 
t,et(l) 
gellytab{S) 
pty(4) 
,tenn(S) 
tenn(S) 
tektool(l) 
tenncap(3X) 
tly,(5) 
mti(4S) 
tly(4) 
getty(8) 
tly(l) 
,tty(!) 
llynam(3F) 
cle&r(l) 
mipl(l) 
,tty(3C) 
tlytype(S) 
w&it(3F) 
exil(2) 
kill(!) 
exi1(3) 
abort(3F) 
c,h(l) 
c,h(l) 
wa.it(2) 
exil(3F) 
c,h(l) 
imemtest(Ss) 
leol(l) 
i,in!(3) 
gxteo1(8,) 
qui1(6) 
,ticky(8) 

:!f!~ 
mon,(l) 
lml(l) 
nroll(t) 
mo(7) 
lltpd(8C) 
termea.p(3Xl 
lennc&p(3X 
lenncap( 3X) 
termca.p(3Xl 
termeap(3X 
f,ync(2) 
compact(!) 
w(l) 
mon,{1) 
ala.rm(3C) 
alann(3F) 
al(l) 
getlimeofd&y(2) 
11hutdown(8) 
lime(3C) 
time(l) 
time(l) 
getdate(3) 
c,h(l) 
lime(3C) 
id&te(3F) 
protil(2) 
timed(8C) 
cab(!) 
etime(3) 
timed(8C) 
getitimer(2) 
tim08(3C) 
utime(3C) 
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Permuted lntle~ 

atimee - s~ file 

crontab - ta.hie of 
/export., logia, newgrp, rea.d, rea.donly, 1d, 1hin, 

ASCII. ctime, localtime, gmtime, &1ctime, 

/i1cntrl, i111.1cii, i1gra.ph, toapper, tolower, 
/i1print, i1cntrl, i111cii, i1gr&ph 1 toapper, 

tek:tool - Tektronix 4014 terminal emala.tor 
lll&le - 177 lape 1/0. 

Ison-

i1paact., i1print 1 i1cntrl1 i1a1cii, iqr&pb, 

tgetent., tget.num, t.get.bg, t.get.,t.r, t.goto, 

ptrace - procen 
t.rpt - tru.,liter&to protocol 

goto: COJDJD&Dd 
flp - Ale 

flpd - DARPA lnlenu• File 
l!lpd - DARPA Trivial File 

lr
kbd - keyboard 

pi - P:ucal interpreter code 
lrpl

tcp - Internet 
- encode/ decode • binary file for 

trpfpe, fpecnt -
locha, newgrp, rea.d, readonly, ,et., 1hift, time., 

1/0. lope•, lclo,e, 

January 1984 

lrek -
t.opea, tdotse, tread, twrite, 

1h11 co,, tu, aeia, aco,, atan, atu.2 -
lflpd - DARPA 

tbl - fonD&t i&ble1 for arol or 

chfClcar - check nrol/ 
derol - remove nrol, 

faulll. 

fal1e, 

truncate, ftnncate -
apecified lenglh. 

fal1e, true - provide 
true, falae - provide 

chue-
enviroament. 

topea, tcloae, trei.d, twrite, t11wi1, 

topen, tclo1e, tre&d., twrite, trewin, fakipf, 

terminal. 

tuner, -

topen, tclo1e, tread, 
file - determine file 

typea - primitive 1y,tem da.ta 

ttytype - da.ta ba.1e of termiaal 
1cript - make 

man - macro, to 
eqn, neqn, ched:eq -

troll -
nrol - text forma.tting a.ad 

getpw - get name from 

timea. • • • • • • • • • • • • • • • • • • 
t.imee - get. proceaa timee. • • • • • • • • • 
timea to run periodic job1. • • • • • • • • • 
time&, trap, ama.ak, wait - comm.u.d lu.gaage. 
time1one, dyai,e - conven date ud time to 
tip, ca - connect to a remote.l)'ltem. 
Im - lapemuler 1/2 inch lape drive. 
tmpnam - create a name for a temporary fi.le. • 
toaacii - char&eter daa11i&cation and convenion/ 
tolower, toucii - character d11ai&cation and/ • 
tool. • • • • • • • • • • • • • ••• 
topea, tdoae, head, hrrit.e, trewiD, t.11kipf, 
lopological aon. , , , , , , • . , • , 
touch - update date la.at modified of a &le. • 
toupper, totower, toucii - character/ /inpace, 
Ip - DEC/mag iape fonnall. , • , • , •• 
tputl - terminal indepeD.dent operation roatiaea. 
tr - tr&ael&te characten. 
trace. • • • • • 
trace. • • • • • • • • 
tnnlfer. • • • • • • 
tna,ler program. 
Tn.n,ler Protocol ae"er. 
Tn.nder Protocol ""er. 
tn.n1late charact.en. • • • • • • • • 
tnnala.tion table forma.t. and default table. 
t.n.n1lator. • • • • • • • • • • • • • • 
tr&n11iterate protocol trace. • • • • • • 
Tnn1mi11ioa Control Protocol. 
tnn1minioa via mail. uuencode,audecode 
trap ud repair lo&ting point fault,. • • • 
trap, umaak, wait - command language. /expori, 
tread, twrite, trewin, t,kipf, t,ta.te - f77 tape 
trek - tRkkie game. • • • • • • 
trekkie game. • • • • • • • • • • 
trewin, takipf, ht&te - rn tape 1/0. 
trigonometric functioa,. • • • • • • 
Trivial File Tran1fer Protocol ,erver. 
lroll' ............. . 
trol - typeset or forma.t documeat11. 
lroll' filea. • • • • • • • , • • , 
trol, tbl and eqa conltract11. • • • • • • • 
trpfpe, fpecnt - trap and Rpair floating point 
trpt. - tnnaliterate protocol trace. 
t.rae - provide truth va.luee. • • • • • 
true, (alee - provide truth valuea. 
truncate a &le to a ,peci&ed length. 
hunc&te, (truncate - truncate a &le to a 
truth vaJue,. • • • • • • • • • • • • 
truth value11. • • • • • • • • • • • • 
Try to e-,cape to kiHer robot,. • • 
t,et - eatabliah terminal charaeteriatic, for the 
llkipf, lalale - 177 lape 1/0. , 
hoft - topological sort.. 
lrlate - 177 lape 1/0. 
tty - general terminal interf&ee. 
tty - get terminal name. • • • • 
ttynam, iaatty - find name of a terminal poR. 
ttyname, iaatty, tt11lot - find name of a 
ttya - terminal initialisation data. • • • • • 
tty1lot - &ad name of a. terminal. • • • • • • 
llylype - data baae of lenninal lype, by port. 
tune up an existing file ayatem. • 
tuner, - tune up u existing &le S)'ltem. • • 
twrite, trewin, t1kipf, t,tate - f77 ta.pe 1/0. 
lype ............ .. 
lype,, ••••••••••••• 
type, - primitive ay,tem data typea. 
typee by port. • • • • • • 
type,cript of terminal session. 
lypeael manu&I. • • , , • 
typaiet mathematic11. 
typeaet or format document11. 
typeactting. • • • • • • • • • • • 
udp - Internet Uaer Data.gram. Protocol. 
uid. • • • • • • ·• • • • • • • • •• 

ulime,(2) 
iime,(SC) 
cronlab(6) 
,h(l) 
clime(s) 
lip(IC) 
lm(4S) 
lmpnam(SC) 

!=l!l 
leklool(l) 
lopen(3F) 
t,olt(l) 
louch(I) 
clype(S) 
lp(6) 
lenucap(SX) 
ti(!) 
plrace(2) 
lrpl(BC) 
cah(I) 
flp(!C) 
flpd(BC) 
lflpd(BC) 
11{1) 
kbd(6) 
pi(l) 
lrpt(BC) 
lcp(fP) 
uuencode(lC) 
lrpfpe(SF) 
,h(l) 

lopen~SF) 
lrek(6 
lrek(6 
lopen 3F) 
,in(3M) 
lfipd(BC) 
lbl(l) 
lroll(l) 
checknl(l) 
deroll(t) 
lrpfpe(SF) 
lrpt(BC) 
fal,e(l) 
lrue(I) 
tnncate(2l 
truacate(2 
fal,e{l) 
lrue(I) 
chue(6) 
laet(I) 
lopen(3F) 
laolt(l) 
topen(SF) 

::m 
llyuam(3F) 
llyuame(S) 
llyi,(6) 
llyuame(3) 
tlylype(6) 
tunef11(8) 
tuoefs(8) 
lopen(3F) 
file{!) 
lypeo(6) 
lype,(6) 
llylype(6) 
,cripl(l) 
man(7) 
eqn(I) 
lroll(l) 
nroll(t) 
udp(4P) 
gelpw(s) 
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newgrp, rea.d, re&do11ly1 aet, shin, timea, trap, 
mount, 
mount, 

a.nd cat them. compa.ct, 
comp.Id, uncompad, cca.t - comprea1 and 

ul-do 
uuget -
expud, 

mktemp - make a 
g,,lho,tid - gel 

au,h - ftuoh oulpul lo • logical 
f1eek, ftell - repo1ition a &le on a logicaJ 

getc, fgetc - g~ a char&eter from a logical 
!pule - wrile • ch&r&eler to • FOR TRAN logical 

getfd - get the file deecriptor of &D external 

reboot -
eyetem - execute a. 

uu - unix to 
uucp, uulog - unix to 

mtio
analy,e - Vinual 

aux -
a.uep, uulog -

rmdir, rm - remove l 
rm, rmdir - remove 

muumap
recnew1 - receive 
recnew, - receive 

uptime - ,how how Joni· 1y1tem hu been 
uucle&D - uucp 1pool directoJY clean• 

tugef1 - tune 

touch -
aync-
1ync -
IYDC -

apd&lo - periodic&lly 

du - eummariie disk 
mi1cellueoa.1 - miacellueoue 

new, -
chtcb.nn - checlc if user bu new• on the 

login: login new 
l&lk - l&lk lo &uother 

write - write to another 
1deuid, aetruid, aetgid, aetegid, 1etrgid - ee& 

udp - Internet 
environ -

checknew1 - check if 
n - 1abetitute 

getaid, geteuid - get 
1etreuid - eet real ud elective 

telnet -
ulimit - get ud 1ei 
geiuid, getgid - get 

nil - multi-
whoa.mi - di11pla.y elective current 

a.dduser - procedure for adding new 
/bia/m&il - 1ead or receive m&il among 

lt'a.11 - write to a.II 
1ystem. 
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ul - do underlining. • • , • , • • , • • • 
ulim.it - get a.nd 11et user limih. • • • • • 
uma.ak - set file creation mode mask. 
uma.ak: cha.uge or di1play file creation muk. • . 
umuk, wait - comma.nd langua.ge. /export, login, 
amount - mount and di11mount file 1y1tem. 
amount - mount or remove file 11ystem. 
uualia.8: remove aliases. • • • • • • • • • • • 
uucompac:t, ccat - compre111 a.nd uucompre11s files, 
uncompre11a fi.le11 1 and cat them. , • • • • • • 
underlining. • • , , • • • • • • • • • • • • 
undo a previoaa get of au SCCS &le. • • • • • 
unexpand - expa.nd ta.ha to ispa.ces, and vice vena. 
ungd; - undo a previous get of au SCCS file. • • 
ungetc - puh character ha.ck into input stream. 
unha11h: di11ca.rd comma.nd ha11h ta.hie. 
aniq - report repea.ted lines in a file. 
unique file name. • • • • • • • 
unique identifier of current hoR. 
unit. 
unit. 
unit. 
unit. pate, 
unit number. • • 
auita - conversion program. 
UNIX boohtrapping procedures. 
UNIX command. • • • • • • 
unix comm&Dd execution. 
unix copy. • ••••••••• 
UNIX magnetic tape interface. • 
UNIX po,tmortem era.ah analy1er. 
unix to unix commud execution. 
unix to unix copy. • • • • • • • 
unlimit: remove reaource limitiationa. 
unlink - remove a directory entry. 
unlink - remove directory entry. 
unlink} directoriea or file,. 
an.link} filee or directoriee. 
an.map pagea of memory. , 
11nproce11aed articlea via. ma.ii. 
11nproce1111ed articlea via ma.ii. 
an.act: di11cud shell va.ria.blee. • • • • 
an.11eten.v: remove environmen\ varia.bles. 
up. • ••••••••••••••• 
up. • • • • • • • • • , • , , •• , 
up &D. exiatin.g file ay11tem. • • • , • • • • 
update - periodically update the super block. 
apd&le d&le l•ol modified of • file. 
update 1uper•block. • • 
update the auper block. 
update the nper block. 
update the 11aper block. • • • • • 
uptime - 1how how long 11711tem hu been up. 
u11age. • • • , • , , • • • • • • • • • 
ueful information pages. • • • • • • • 
USENET network new, article, utility 6.le11. 
USENET n.ew1 network. 
Oller, 

aaer. 
uaer. • • • • • • • •• 
uaer and group JD. 1etaid, 
User Datagram Protocol. 
aaer environment. • • • • • • • • 
u11er bu new11 on the USENET news network. 
user id temporarily. • • • • • • ••• 
user identity. • • • • • • • • • • • 
user JD11. • • • • • • • • • • • •• 
user interface to the TELNET protocol. 
user limits. • • • • • • • • • 
user or group JD of the caller. 
user wooden 11hips and iron men. 
u11ema.me. 
u11en. • •••• , •••••• 
UlleJI. , , , , , , • , , , , , 
Ullel'I, , , , , , , • , , • , , , , 

a11cn - compact Jilli of u11cn who are on the 

• xliii • 

Permuted lndez 

ul(I) 
ulimit(3C) 
ama,k(2) 
c,h(I) 
oh(!) 
mount(8) 
mount(2) 
c,h(I) 
compa.ct(l) 
compacl(I) 
ul(I) 
anget(I) 
expand(!) 
angel(!) 
angelc(3S) 
c,h(I) 
aniq(l) 
mklemp(3) 
gelho,lid(2) 
duoh(3F) 
f,eek(3F) 
getc(3F) 
putc(3F) 
getfd(3F) 
unit11(1) 
rebool(8) 
oyolem(3F) 
aax(lC) 
aacp(lC) 
mtio(4) 
&n&ly1e(8) 
aax(lC) 
aucp(!C) 
c,h(!) 
unlink(3F) 
unlink:(2) 
rmdir(l) 
rm(!) 
munmap(2} 
recnew11ll) 
recnew1 8) 
coh(I) 
c,h(I) 
aptime(l) 
aacle&n(SC) 
lunef,(8) 
apdale(8) 
louch(I) 
oync(2) 
oync(l) 
oync(S) 
apdale(S) 
uptime(!) 
du(l) 
intro(7) 
new11(S) 
checknew11(l) 
coh(I) 
l&lk(I) 
wrile(l) 
oelaid(3) 
adp(4P) 
environ(S) 
checkuew,( I) 
,a(l) 
getuid(2) 
1ctreuid(2) 
lelnet(IC) 
alimit(3C) 
getaid(3F) 
••il(6) 
whoami(l) 
&dduoei{S) 
binmail(l) 
wall(!) 
a,ei,(l) 
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Permuted /ntlez 

lad - indicate Im logins of 
getlog- get 

ueen - compact liet of 
vi - view a file without changing it 

aew, - USENET aetwork aews art.icle, 
diag - Genen.1-purpoee stud-alone 

getru1age - get inform.&tion a.bout reeoun:e 
vtime1 - get informa.tion a.bout re1oun::e 

rm.&il - handle remote mail received via 
uudeu. -

tra11mit11ion vi& mail. uuencode, 

uuencode - format of an encoded 
for tran1minion via ma.ii. 

uucp, 

val -

&bl - integer a.b1olute 
fa.bi, aoor, ceil - a.b,olute 

gdenT
rudlink - read 

geteaT - get 
getitimer, ,etitimer - get/set 

,et: cha.age 
false, true - provide truth 

ianan - ten for indeterminate 8oatin1 point. 
lmax, dim.in, dDmu, inmax - retum extreme 

true, fa.lie - provide truth 
htonl, hton1, at.obi, ntoh1 - conven 

,et: cha.nee value of shell 
vararp

aetenv: ,et 
0: arithmetic on ahell 

aa1el: di,card ,hell 
unaetenv: remove environment 

get.HT - get value of environmeat 
vu - i1 cumnt ma.chine.a 

, .. 
uaett - proiniil 

linl - & 0 prograla 
apand, aaexpand - expand tab1 to apace,, ud vice 

vp - Ikon 10071-5 Mulliba, 
ialelface. vpc - Syolec• VPC-2200 

gl!I - gel • 
whal - idenli(7 lhe 

hugmaa - Computer 
1cc1dil - compare two 

elicient way. 

terminal. 
OD ex, 

visual editor. 
vi - view a &le without changing it uing the 

recnewa - receive unproceaaed article, 
recnewa - receive uuproceaaed artideai 

aendnew, - send news article, 
- encode/ decode a. biD&JY &le for tra.nsmi11ion 

aurec - receive proce11ed newa articles 
rmail - handle remote mail received 

expa.nd, unexpand - expand tab, to apace,, and 
gxteat - stand alone teat for the Saa 

bauncube -
editor. vi -

January 1984 

usen u.d teletype,. • • • • 
user's logia name. 
uaen who are on the 1:,,tem. 
aaing the vi visual editor. 
utiliiy 6le1. 
utility package. 
utilisation. 
utilisation. 
utime - 1el. &le timm. 
uiimn - act Ale timn. 
utmp, wt.mp - login record,. • 
uucleaa - uucp 1pool directory dean-up. 
uucp. • • • • • • • • • • • • • •• 
uucp ,pool directory cleu•ap. 
uucp, aaloc - anix to unix copy. • 
uadecode - encode/decode a binuy lie for • 
uueacode - format of u encoded uuencode &le. 
uuencode &le. • • • • • • • • • • • • • • 
uuencode,uudecode - encode/decode & binary &le 
uuloc - uuix to unix copy. • • • • • • • •• 
aurec - receive proceaaed new, &nida via. mail. 
uu1end - aend a &le to a remote host. 
au - anix to unix comJD&Dd execution. 
vadvise - give ad.vice to pa.cine q1tem. 
val - .. lidate SCCS §le. 
validate SCCS §le. • • • • • • 
nlloc - aliped 111emo17 allocalor. 
T&lue. • • • • • • • • • • 
value, loor, ceiling faactioa1. 
value 'for eavironmeat name. • 
nlae of a l)'Dlbolic link. 
value of eavironment variabln. 
value of interval timer. 
value of 1hell variable. 
value,. 
values. i11iDf, 
valuea. Amin, 
value,. • • • • • • • • • • 
values between ho1t ud network byte order. 
va.ra.rp - variable argument Hat. 
variable. • • • • • • 
variable argument. Het. 
variable in eavironment. 
vari&bln. 
variable,. 
V&ri&blet. 
T&ri&bJe1. 
vu. • •••••••••• 
vu - i, cumnt ma.chine a Tax. 
verification. • • • • • • • • 
verifier. • • • • > • • • • • 
vena. • • • • • • • • • • •• 
V matec parallel printer iaterface. • • • • • 
Vena.tee printer/plotter and Ceatroaic, printn 
nnioD of &D SCCS &le. 
venion of Ila. • • • • • • • 
venion of the game haagmaa. 
venion1 of an SCCS &Je. 
vfont - font format,. • • • • • • • 
vfork - ,pawn new proce111 in a virt.aal memory 
vgrind - grind aiee·liatinp of program,. • ••• 
vh&agup - virtually "hangup" the cum!nt control 
vi - screen oriented (visual) display editor baaed 
vi - ,iew a &le without chanciac it u1inc the vi 
vi viauaJ editor. 
via ma.ii. 
via ma.ii. 
via. mail. • •• 
via. mail. uuencode,uudecode 
via mail. 
via uucp. • • • • • 
vice veraa. • • • • • 
video graphics boa.rd. 

.• 

view 3 .. 0 Sun logo. • • • • • • • • • • • • • 
view a &le without ·changing it uaing the vi viaual 
vipw - edit the pa.esword &le. • • • • • • • 

lul(I) 
getlog(3F) 
asen(I) 
view(!) 
aew,(5) 
diag(Bs) 
gdra,age(2) 
nime,(3C) 
ulime(3C) 
alime,(2) 
almp(5) 
aaclean(BC) 
rmail(B) 
auclean(BC) 
aacp(IC) 
uuencode{lC) 
auencode(6) 
auencode{6) 
auencode(lC) 
aacp(IC) 
aurec(B) 
aa,end(IC) 
aux(IC) 
vadviae(2) 
nl(I) 
val(t) 
valloc(3) 
ab,(3) 
loor{3M) 
gdenv(3) 
readlink(2) 
getenv(3F) 
getitimer(2) 
c,h(l) 
(al,e(l) 
i,ia!(3) 
range(3F) 
trae(l) 
byleorder(3N) 
vararg,(3) 
cah(I) 

:r'!1l (3) c,h t 
cah I 
cah t 
getenv(3F) 
vax(l) 
va.x(l) 
u,er1(3) 
lint(I) 
upand(t) 
op(4S) 
vpc(4S) 
get(!) 
what(!) 
haagma•(6) 
1cadill(I) 
nont(s) 
nork(2) 
vgrind(I) 
•hangup(2) 
vi(l) 
view(ll 
TJew(t 
recnewa(t) 
recnew1(~ 
,endnew 8) 
uuencod lC) 
aurec(B) 
rmail(B) 
upand(t) 
gxlest(S,) 
b,ancube(6) 
view(t) 
vipw(B) 
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vfork - epa:wn new process in a virtual memory efficient wa.y. • , ••• 
v~&t - rcpoii virtual memory 11ta.ti11tic11. • • • , • 

analy1e - Virtual UNIX postmortem crash analyzer. 
vha.ngup - virtua.Ily "hangup" the current control terminal 

vi - ecrcen oriented ( visual) di11pla.y editor ba.aed on ex. 
vi - view & file without changing it ueing the vi visual editor. • • • • • • • • • • , , 

con11umption. vlimit - control mu:imum !ly:Jtem resource 
vmi,ta.t - report virtual memory statistics. 

(11, inode - format o( file t1ystem volume. • • • • , • • • , • • , • , , 
printer interface. vp - Ikon 10071·5 Multibus Vena.tee parallel 

and Ceotronice printer interface. vpc - Syotech VPC,2200 Vena.tee printer/plotter 
printer interface. vpc - Syetech VPC-2200 Versa.tee printer/plotter and Centronics 

v11wa.p - converl a foreign font file. 
utilisation. vtimes - get information about reaourcc 

w - who ia on and wha.t they arc doing. 
wait - await completion o( proce,11. 

read, readonly, set., shin, timee, tra.p, umuk, wait. - comma.nd language. /export., login, ncwgrp, 
wait - wait (or a. procc1111 to terminate. 

wa.it - wait for & proce1111 to terminate. 
wait: wait (or background proce1111e11 to complete. 

eigpauae - atomically releue blocked 1ignal1 and w&it (or interrupt. • • • • • , • • • • 
wa.it, wait3 - wait for process to terminate or et.op. 

wait: wait (or background proce11es to complete. 
atop. wait1 wait3 - wait for proccH to terminate or 
wa.it, wait3 - w&it (or proccH to terminate or atop. 

prmail - print out waiting mail. 
wall - write to all usen. 

- ap&wn new proce11 in a virtual memory efficient way. vfork • • • , • 
wc - word count. 
wh&t - identify the version o( files. 

whati1 - deacribe what a command ia. • • • • , • 
cruh - wha.t happens when the system cra.shcs. 

w - who is on &nd wha.t they &re doing. • • • • • •• 
whatia - deieribe what a command is. 

era.ah - what happens when the 11ystem cra.ahea. • • • • • 
leave - remind you when you have to lea.ve. , • • • , , 

program. wherei11 - locate ,ource, binary, and/or manual for 
ud pa.th, (cab only). which - locate a program file including a.lia.se11 

export, login, newgrp, ret.d,/ ah, for, cue, i(, while, :, ., break, continue, cd, eval, exec, exit, 
while: repeat commands conditionally. 

break: exit while/Corea.ch loop. 
bw - Sun bla.ck &nd white frame bull'er. 

who - who ia on the ayatem. 
uaen - compaQ list of users who are on the ayatem. 

from - who is my ma.ii from?. 
w - who ia Oil and what they are doing. 

who - who is Oil the system. • • • • • • 
whoa.mi - display eff'cctive current username. 

rwho - who's logged in on local machines. 
fold - fold long linea for finite width output device. 

win - Sun window syetem. 
locbcreen - maintaill window context until "login". 

scre,ena. adjacentsci-eena - notify the window driver o( the physical relationships o( 
suntools - the Suntoot, window environment. • • • • • • • • • • 

win - Sun window system. • • • • • • • • • • • • 
vi - view a file without changing it using: the vi visual editor. 

futboot, futhalt - reboot/halt the system without checking the disks. 
aail - multi•u1er wooden ships a.nd iron men. 

wc - word count. 
putc, putchar, fputc, putw - put character or word on a strea.m. 

cd - change working directory. 
cbdir - change current working directory. 

g:etcwd - get pathname o[ current working directory. 

Sun System Reio .. • 1.l 

pwd - print working directory name. 
getwd - get current working directory pathname. 

eua - is current m&Chine a. SUD workstation.. • • • • • • • 
clea.r - clear workstation or terminal !Screen. • 

worm - Play the growing worm ga.me. 
worm - Pla.y the growing worm game. • • • • • • • • • • • 

worm.a - animate worms on a diaplay terminal. 
worms - animate worm.a on a. display terminal. • • • • • • . 

write - write to another uaer. • • • • • • • 
putc, fputc - write a. character to a FOR TRAN logica.l unit. 

write, writev - write on & 61e. 
lseek, tell - move read/ write pointer. 

wall - write to all U11cn. 

• xiv· 

Permuted lndez 

vfo,k(2) 
vmsta.t(8) 
analy,e(S) 
vhangup(2) 
vi(l) 
view(l) 
vlimit(3C) 
vmstat(s) 
18(5) 
vp(4S) 
vpc(4S) 
vpc(4S) 
v,wap(I) 
vtime,(3C) 
w(l) 
wait(!) 
,h(l) 
wait(3F) 
wait(3F) 
cah(I) 
1igpa.use(2) 
wait(2) 
c,h(l) 
wait(2) 
wait(2) 
pnnail(I) 
wall(!) 
vfo,k(2) 
wc(l) 
what(l) 
whati,(1) 
ua,h(S,) 
w(l) 
whati,(1) 
ua,h(s,) 
leavc(l) 
whcreia(l) 
which(!) 
,h(l) 
c,h(I) 
c,h(l) 
bw(4S) 
who(l) 
u,er,(1) 
f,om(l) 
w(l) 
who(!) 
whoami(l) 
rwho(lC) 
fold(!) 
win(4S) 
locbcmn(l) 
a.djacentscreens(l) 
auntools(l) 
win(4S) 
view(!) 
faotboot(8) 
,ail(6) 
we(!) 
putc{3S) 
cd(I) 
chdii-(2) 
getcwd(3F) 
pwd(l) 
gctwd(3) 
oun(l) 
cleu{l) 
wonn(6) 
worm.(6) 
wonn,(6) 
worms(6) 
write(!) 
putc(3F) 
writc(2) 
lseek(2) 
wall{!) 

January 1984 



Permuled /n4ez 

January 1984 

write - write to another user. • • • 
write, writev - write on a &le. 

write, writev - write on a file. 
opea - open a &le for reading or writing, or create a new &le. 

utmp, wtmp - logia records. • • • • • • 
wump - the game of hani.the-wumpus. 

wump - the game of hunt-the- wumpus. • • • • • • • • • • • •• 
xaend, xget, en.roll - 1ecret mail. • • • • •• 

x11end, xgd, enroll - secret mail. 
implement shared strings. x11tr - extra.ct 1tring1 from C program, to 

Conlrollen. xy - Di,k driver for Xylogics SMD Disk 
XJ - Disk driver for Xylogica SMD Diak Coatrollen. • 

jO, jl, ja, yO, yl, JD - be11el function,. • • • • •• 
jO, jl, ja, yO, yl, JD - bessel functions. • •••••• 

yacc - yd uother compiler-compiler. 
eya.cc - modified yacc allowing much improved error recovery. 

yea - be repetitively a.firmative. 
jO, jl, ja, yO, yl, ,.. - bessel fundion1. • •••••••• 

leave - remind you when you have to leave. • • • • • • • • • • 
leave - remind 1011 when you have to leave. • • • • • • 

111 - lilog 85:SO sec aerial comunicationa driver. • 
IS - 1ilog 8530 $CC 11eria.J comunic&tiODII driver. 

• xlvi • 

write(!) 
wrile(2) 
write(2) 
open(2) 
Qtmp{S) 
WQmp(6! 
WQmp(6 
xsend(l) 
xsend(l) 
xslr{l) 
xy(4S) 
xy(4S) 
jO(SM! 
jO(SM 
yacc(!} 
eyacc(I) 
yes(!) 
jO(SM) 
leave(!! 
leave{! 
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System Interface Overview 

Revised for Sun Release 1.1, April 1984 

This document summarizes the facilities provided by the 1.1 and later releases of the UNIXt 
operating system for the Sun Workstation. It does not attempt to act as a tutorial for use of 
the system nor does it attempt to explain or justify the design of the system facilities. It gives 
neither motivation nor implementation details, in favor of brevity. This document is in three 
major parts: 
Part I describes the basic kernel functions provided to a UNIX process: process naming and 

protection, memory management, software interrupts, object references (descriptors), 
time and statiotics functions, and resource controls. These facilities, as well as facilities 
for bootstrap, shutdown and process accounting, are provided solely by the kernel. 

Part II describeo the standard system abstractions for fileo and file systems, communication, 
terminal handling, and process control and debugging. These facilities are imple
mented by the operating system or by network server processes. 

Part III is an appendix containing a summary of the facilities described in parts I and II. 

Notation and Types 

The notation used to deocribe system calls is a variant of a C language call, consisting of a pro
totype call followed by declaration of parametero and results. An additional keyword result, 
not part of the normal C language, io uoed to indicate which of the declared entities receive 
reoults. As an example, consider the road call, as described in section 8.1: 

cc - read(fd, buf, nbytes); 
reoult int cc; int fd; result char • buf; int nbytes; 

The Ii.rot line shows how the road routine is called, with three parameters. As shown on the 
second line cc is an integer and road also returns information in the parameter bu/. 
Description of all error conditions arising from each system call is not provided here; they 
appear in the Sgatom Intorfaco Manual. In particular, when accessed from the C language, 
many calls return a characteriotic -1 value when an error occuro, returning the error code in the 
global variable errno. Other languages may present errors in different ways. 
A number of system standard types are defined in the <•11•/tgpoa.h> include file and used in 
the specifications here and in many C programs. These include caddr _t giving a memory 

t UNIX ii a ~rademark or Bell Laboratories. 
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address (typically as a character pointer), ofl'_t giving a file offset (typically as a long integer), 
and a set of unsigned types u_char, u_short, u_int and u_long, shorthand names for 
unsigned char, unsigned short, etc. 
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System Interface Overview Kernel Primitives 

Part I - Kernel Primitives 

The facilities available to a UNIX uoer process are logically divided into two parts: kernel facili
ties directly implemented by UNIX code running in the operating system, and system facilities 
implemented either by the system, or in cooperation with a aerver proce... The kernel facilities 
are deocribed in thi• part of the document. 

The facilities implemented in the kernel are those which define the UNIX virtual machine which 
each process tuns in. Like many real machines, this virtual machine has memory management 
hardware, an intenupt facility, timers and counters. The UNIX virtual machine also allows 
access to files and other objects through a set of deacriptora. Each descriptor resembles a device 
controller, and supports a set of operation•. Like devices on real machines, some of which are 
internal to the machine and some of which are external, parts of the descriptor machinery are 
built-in to the operating SY!ltem, while other parts are often implemented in server processes on 
other machines. The facilities provided through the descriptor machinery are described in Part 
II. 
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1. Processes and Protection 

1.1. Host and Process Identifiers 

Each UNIX host has associated with it a 32-bit host id, and a host name of up to 255 characters. 
These are set (by a privileged user) and returned by the calls: 

sethostid(hostid); 
long hostid; 

hostid = gethostid(); 
result long hostid; 

sethostname(name, len); 
char •name; int len; 

gethostname(buf, buflen); 
result char • buf; int buflen; 

The host id is not used in this release of the system. The 6u/ containing the host name returned 
by gethoatname is null-terminated (if space allows). 

0 

On each host runs a set of proce11e1. Each process is largely independent of other processes, 
having its own protection domain, address space, timers, and an independent set of references to 
system or user implemented objects. 
Each process in a host is named by an integer called the proce,a id. This number is in the range Q. · 
1-30000 and is returned by the getpid routine: 

pid = getpid(); 
result int pid; 

On each UNIX host this identifier is guaranteed to be unique; in a multi-host environment, the 
(hostid, process id) pairs are guaranteed unique. 

1.2. Process Creation and Termination 

A new process is created by making a logical duplicate of an existing process: 

pid = fork(); 
result int pid; 

The fork call returns twice, once in the parent process, where pid is. the process identifier of the 
child, and once in the child process where pid is 0. The parent-child relationship induces a 
hierarchical structure on the set of processes in the system. 

A process may terminate by executing an ezit call: 

exit(status); 
int status; 

returning 8 bits of exit status to its parent. 
When a child process exits or terminates abnormally, the parent process receives information 
about any event which caused termination of the child process. A second call provides a non-
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blocking interface and may also be used to retrieve information about resourceo consumed by 
the process during its lifetime. 

#include <sys/wait.h> 

pid - wait( astatus ); 
result int pid; result union wait •astatus; 

pid - wait3(astatus, options, arusage); 
result int pid; result union waitstatu.s •astatus; 
lpt options; result struct rusage •arusage; 

A process can overlay itself with the memory image of another process, passing the newly 
created process a set of parameters, using the call: 

execve(name, argv, envp) 
char •name, ••argv, ••envp; 

The specified name must be a file which is in a format recognized by the system, either a binary 
executable file or a file which causes the execution of a specified interpreter program to process 
its contents. 

1.3. User and Group Ids 

Each process in the system has associated with it two user-id's: a real u,er id and a effective 
uaer id, both non-negative 16 bit integers. Each process has an real accounting group id and an 
effective accounting group id and a set of acceaa group id',. The group id's are non-negative 16 
bit integers. Each process may be in several different access groups, with the maximum con
current number of access groups a system compilation parameter, the constant NGROUPS in 
the file <sys/param.h>, guaranteed to be at least 8. 

The real and effective user ids associated with a process are returned by: 

ruid = getuid(); 
result int ruid; 

euid = geteuid(); 
result int euid; 

the real and effective accounting group ids by: 

rgid = getgid(); 
result int rgid; 

egid = getegid(); 
result int egid; 

and the access group id set is returned by a gelgroup, call: 

ngroups = getgroups(gidsetsize, gidset); 
result int ngroups; int gidsetsize; result int gidset(gidsetsize); 

The user and group id's are assigned at login time using the aetreuid, aelregid, and aetgroup, 
calls: 
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setreuid(ruid, euid); 
ii\~ ruid, euid; 

setregid(rgid, egid); 
int rgid, egid; 

oetgroups(gidsetsize, gidset ); 
int gidsetsize; int gidset(gidsetsize]; 

The ,etreuid call sets both the real and effective user-id'•, while the ,etregid call sets both the 
real and effective accounting group id's. Unless the caller is the super-user, ruid must be equal 
to either the current real or effective user-id, and rgid equal to either the current real or effective 
accounting group id. The 1otgroup1 call is restricted to the super-user. 

1.4, Process Groups and System Terminals 

Each process in the system is also normally associated with a proceu group. The group of 
processes in a process group is oometimes referred to as a job and manipulated by high-level sys
tem software (such as the shell). The current process group of a process is returned by the 
golpgrp call: 

pgrp = getpgrp(pid); 
result int pgrp; int pid; 

The process group associated with a process may be changed by the 1etpgrp call: 

setpgrp(pid, pgrp ); 
int pid, pgrp; 

Newly created processes are assigned process id's distinct from all processes and process groups, 
and the same process group as their parent. A normal (unprivileged) process may set its process 
group equal to its process id. A privileged process may set the process group of any process to 
any value. 

When a process is in a specific process group it may receive software interrupts affecting the 
group, causing the group to suspend or resume execution or to be interrupted or terminated. In 
particular, every system terminal has a process group and only processes which are in the pro, 
cess group of a terminal may read from the terminal, allowing arbitration of terminals among 
several different jobs. A process can examine the process group of a terminal via the ioctl call: 

ioctl(fd, TIOCGPGRP, pgrp); 
int fd; result int •pgrp; 

A process may change the process group of any terminal which it can write by the ioctl call: 

ioctl(fd, TIOCSPGRP, pgrp); 
int fd; int •pgrp; 

The terminal's process group may be set to any value. Thus, more than one terminal may be in 
a process group. 

Each process in the system is usually associated with a control terminal, accessible through the 
file / dev /tty. A newly created process inherits the control terminal of its parent. A process 
may be in a different process group than its control terminal, in which case the process does not 
receive software interrupts affecting the control terminal's process group. 
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Q 2. Memory management 

0 

0 

This section represents the interface planned for later releases of the system. Of the calls 
described in this section, only abrk, etpageaize, and mmap are included in the current release. 
Note that mmap is restricted in that it only works with certain character devices such as the 
framebuffer and devices like mbmem. 

2.1. 1)1ext, Data, and Stack 

Each Pl'(lfess begins execution with three logical areas of memory called text, data and stack. 
The text area is read-only and shared, while the data and stack areas are private to the process. 
Both the data and stack areas may be extended and contracted on program request. The call 

addr = sbrk(incr); 
result caddr_t addr; int incr; 

changes the size of the data area by incr bytes and returns the new end of the data area, while 

addr = sstk(incr); 
result caddr_t addr; int incr; 

changes the size of the stack area. The stack area is also automatically extended as needed. 
On the VAX the text and data areas are adjacent in the PO region, while the stack section is in 
the Pl region, and grows downward. 

2.2. J\1a.pping Pages 

The systtm supports sharing of data between processes by allowing pages to be mapped into 
memory. I :These mapped pages may be ,hared with other processes or private to the process. 
Protection and sharing options are defined in <mman.h> as: 

/ • protections are chosen from these bits, or-ed together • / 
#define PROT..READ Ox4 /• pages can be read•/ 
#define PROT_WRITE Ox2 /• pages can be written•/ 
#define PROT.,J:XEC Oxl /• pages can be executed•/ 

/• sharing types; choose either SHARED or PRIVATE•/ 
#define MAP _SHARED 1 /• share changes•/ 
#define MAP _FRIVATE 2 /• changes are private•/ 

The cpu-~~pendent oize of a page is returned by the getpage,ize system call: 

Pl\r;esize = getpagesize(); 
rejult int pagesize; 

The call: 

mmap(addr, len, prot, share, fd, pos); 
caddr_t addr; int len, prot, share, fd; off_t pos; 

causes the pages starting at addr and continuing for len bytes to be mapped from the object 
represented by descriptor fd, at absolute position po,. The parameter ,hare specifies whether 
modifications made to this mapped copy of the page, are to be kept private, or are to be ,hared 
with other references. The parameter prot specifies the accessibility of the mapped pages. The 
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addr, /en, and po, parameters must all be multiples of the pagesize. 0 
A process can move pages within its own memory by using the mremap call: 

mremap(addr, !en, prot, share, fromaddr); 
caddr_t addr; int lcn, prot, share; caddr_t fromaddr; 

This call maps the pages starting at fromaddr to the address specified by addr. 

A mapping can be removed by the call 

niµnmap(addr, len); 
cl!ildr_t addr; int len; 

This causes further references to these pages to refer to private pages initialized to zero. 

2.3. Page Protection Control 

A process can control the protection of pages using the call 

mprotect(addr, len, prot); 
caddr_t addr; int len, prot; 

This call changes the specified pages to have protection prot. 

2.4. Giving and Getting Advice 

A process that has knowledge of its memory behavior may use the madvi,e call: 

madvise(addr, len, behav); 
caddr_t addr; int len, behav; 

Beha11 describes expected behavior, as given in <mman.h>: 

#define MADY _NORMAL O /• no further special treatment•/ 
#define MADY _.RANDOM 1 /• expect random page references•/ 
#define MADV_SEQUENTIAL 2/• expect sequential references•/ 
#define MADV_WILLNEED 3 /• will need these pages•/ 
#define MADV_pONTNEED 4 /• don't need these pages•/ 

Finally, a process may obtain information about whether pages are core resident by using the 
call 

mincore( addr, ten, vec ); 
caddr_t addr; int len; result char •vec; 

Here the current core residency of the pages is returned in the character array 11ee, with a value 
of 1 meaning that the page is in-core. 
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Q 3. Signals 

0 
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The system defines a set of 11'gna/1 that may be delivered to a process. Signal delivery resembles 
the occurrence of a hardware interrupt: the signal is blocked from further occurrence, the 
current proce88 context is saved, and a new one is built. A process may specify the handler to 
which a signal is delivered, or specify that the signal is to be blocked or ignored. A process may 
also spefify that a default action is to be taken when signals occur. 
Some sipals will cause a process to exit when they are not caught. This may be accompanied 
by creaflon of a core image file, containing the current memory image of the process for use in 
post-mqrtem debugging. A process may choose to have signals delivered on a special stack, so 
that sophisticated software stack manipulations are possible. 

All signals have the same prioritu. If multiple signals are pending simultaneously, the order in 
which they are delivered to a process is implementation specific. Signal routines execute with 
the signal that caused their invocation blocketl, but other signals may yet occur. Mechanisms 
are provided whereby critical sections of code may protect themselves against the occurrence of 
specified signals. 

3.1. Signal Types 

The signals defined by the system fall into one of five classes: hardware conditions, software 
conditions, input/output notification, process control, or resource control. The set of signals is 
defined in the file <signal.h>. 
Hardware signals are derived from exceptional conditions which may occur during execution. 
Such signals include SIGFPE representing floating point and other arithmetic exceptions, 
SIGILL for illegal instruction execution, SIGSEGV for addresses outside the currently assigned 
area of memory, and SIGBUS for accesses that violate memory protection constraints. Other, 
more cpu-specific hardware signals exist, such as those for the various customer-reserved 
instructions on the VAX (SIGIOT, SIG EMT, and SIGTRAP). 

Software signals reflect interrupts generated by user request: SIGINT for the normal interrupt 
signal; SIGQUIT for the more powerful quit signal, that normally causes a core image to be gen
erated; SIGHUP and SIGTERM that cause graceful process termination, either because a user 
has "hung up", or by user or program request; and SIGKILL, a more powerful termination sig
nal which a process cannot catch or ignore. Other software signals (SJGALRM, SIGVTALRM, 
SIGPROF) indicate the expiration of interval timers. 

A process can request notification via a SIGIO signal when input or output is possible on a 
descriptor, or when a non-blocking operation completes. A process may request to receive a 
SIGURG signal when an urgent condition arises. 
A proce88 may be ,topped by a signal sent to it or the member, of its process group. The SIG
STOP signal is a powerful stop signal, because it cannot be caught. Other stop signals 
SIGTSTP, SIGTTIN, and SIGTTOU are used when a user request, input request, or output 
request respectively is the reason the process is being stopped. A SIGCONT signal is sent to a 
procC88 when it is continued from a stopped state. Processes may receive notification with a 
SIGCHLD signal when a child process changes state, either by stopping or by terminating. 

Exceeding resource limits may cause signals to be generated. SIGXCPU occur, when a process 
nears its CPU time limit and SIGXFSZ warns that the limit on file size creation has been 
reached. 
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3.2. Signal Handlers 

A process has a handler associated with each signal that controls the way the signal is delivered. 
The call 

#include <signal.h> 

struct sigvec { 
int 
int 
int 

}; 

( •sv _handler)(); 
av_mask; 
sv _onstack; 

sigvec(signo, sv, osv) 
int signo; struct sigvec •sv; result struct sigvec •osv; 

assigns interrupt handler address ,v_hand/er to signal •iflllo. Each handler address specifies 
either an interrupt routine for the signal, that the signal is to be ignored, or that a default 
action (usually process termination) is to occur if the signal occurs. The constants SIG_IGN 
and SIG_DEF used as values for av_hand/er caw,e ignoring or defaulting of a condition. The 
av_maak and ,v_on,tack values specify the signal mask to be used when the handler is invoked 
and whether the handler should operate on the normal run-time stack or a special signal stack 
(see below). If a,v is non-zero, the previous signal vector is returned. 
When a signal condition arises Cor a process, the signal is added to a set of signals pending for 
the process. If the signal is not currently blocked by the process then it will be delivered. The 

0 

process of signal delivery adds the signal to be delivered and those signals specified in the asooci-

0 ated signal handler's ,v_ma,k to a set of those ma,ked for the process, saves the current process 
context, and places the process in the context of the signal handling routine. The call is 
arranged so that if the signal handling routine exits normally the signal mask will be restored 
and the process will resume execution in the original context. If the process wishes to resume in 
a different context, then it mw,t arrange to restore the signal mask itself. 

The mask of blocked signals is independent of handlers for signals. It prevents signals from 
being delivered much as a raised hardware interrupt priority level prevents hardware interrupts. 
Preventing an interrupt from occurring by changing the handler is analogous to disabling a dev
ice from further interrupts. 
The signal handling routine ,v_hand/er is called by a C call of the form 

( •sv _handler)( signo, code, scp ); 
int signo; long code; struct sigcontext •scp; 

The •iflllo gives the number of the signal that occurred, and the code, a word of information 
supplied by the hardware. The acp parameter is a pointer to a machine-dependent structure 
containing the information for restoring the context before the signal. 

3.3. Sending Signals 

A process can send a signal to another process or group of processes with the calls: 
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kill(pid, signo ); 
int pid, signo; 

killpgrp(pgrp, signo ); 
int pgrp, signo; 

Signals 

Unless the process sending the signal is privileged, it and the process receiving the signal must 
have the same effective user id. 
Signals are also sent implicitly from a terminal device to the process group associated with the 
terminal when certain input characters are typed. 

3.4. Protecting Critical Sections 

To block a section of code against one or more signals, a aigb/ock call may be used to add a set 
of signals to the existing mask, returning the old mask: 

oldmask - sigblock(mask); 
result long oldmask; long mask; 

The old mask can then be restored later with 11i,aetmaak, 

oldmask - sigsetmask(mask); 
re~ult long oldmask; long mask; 

The ,igblock call can be used to read the current mask by specifying an empty maak. 
It is possible to check conditions with some signals blocked, and then to pause waiting for a sig
nal and restoring the mask, by using: 

sigpause(mask); 
long mask; 

3.5. Signal Stacks 

Applications that maintain complex or fixed size stacks can use the call 

struct sigstack { 
caddr_t 
int 

}; 

sigstack(ss, oss) 

ss,;,sp; 
ss_onstack; 

struct sigstack •ss; result struct sigstack •oss; 

to provide the system with a stack based at aa_ap for delivery or signals. The value u_onatack 
indicates whether the process is currently on the signal stack, a notion maintained in software 
by the system. 
When a signal is to be delivered, the system checks whether the process is on a signal stack. If 
not, then the process is switched to the signal stack for delivery, with the return Crom the signal 
arranged to restore the previous stack. 
Ir the process wishes to take a non-local exit from the signal routine, or run code from the signal 
stack that uses a different stack, a aigatack call should be used to reset the signal stack. 
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4. Timers 

4.1. Real Time 

The system's notion of the current Greenwich time and the current time zone is set and 
returned by the calls: 

#include <sys/time.h> 

settimeofday( tvp, tzp ); 
struct timeval •tp; 
struct timezone •tzp; 

gettimeofday( tp, tzp ); 
result struct timeval •tp; 
result struct timezone •tzp; 

where the structures are defined in <1111/time.h> as: 

struct timeval { 
long 
long 

}; 

struct timezone { 
int 
int 

}; 

tv_sec; 
tv_usec; 

tz_minuteswest; 
tz_dsttime; 

/• seconds since Jan 1, 1970 •/ 
/ • and microseconds • / 

/ • of Greenwich • / 
/ • type of dst correction to apply • / 

Earlier versions of UNIX contained only a 1-second resolution version of this call, which remains 
as a library routine: 

or 

time(tvp) 
result long •tvp; 

tv - time(O); 
result long tv; 

returning only the tv _sec field from the 11ettimeofda11 call. 

I 4.2. Interval Time 

The system provides each process with three interval timers, defined in <sys/time.h>: 

#define ITIMER_REAL O / • real time intervals • / 
#define ITIMER_VIRTUAL 1 /• virtual time intervals •/ 
#define ITIMER....PROF 2 /• user and system virtual time•/ 

The ITIMER_REAL timer decrements in real time. It could be used by a library routine to 
maintain a wakeup service queue. A SIGALRM signal is delivered when this timer expires. 
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The ITIMER_VIRTUAL timer decrements in process virtual time. It ruru, only when the pro
cess is executing. A SIGVTALRM signal is delivered when it expires. 

The ITIMER_PROF timer. decrements both in process virtual time and when the system is run
ning on behalf of the process. It is designed to be used by processes to statistically profile their 
execution. A SIGPROF signal is delivered when it expires. 

A timer value is defined by the itimerval structure: 

struct itimerval { 
struct 
struct 

}; 

timeval it_interval; / • timer interval • / 
timeval it_value; / • current value • / 

and a timer is set or read by the call: 

getitimer(which, value); 
int which; result struct itimerval •value; 

setitimer(w hich, value, ovalue ); 
int which; struct itimerval •value; result struct itimerval •ovalue; 

The third argument to ,etilimer specifies an optional structure to receive the previous contents 
of the interval timer. A timer can be disabled by specifying a timer value of 0. 

The system rounds argument timer intervals to be not less than the resolution of its clock. This 
clock resolution can be determined by loading a very small value into a timer and reading the 
timer back to see what value resulted. 

The alarm system call of earlier version,, of UNIX is provided as a library routine using the 
ITIMER_JtEAL timer. The process profiling facilities of earlier versions of UNIX remain 
because it is not always possible to guarantee the automatic restart of system calls after receipt 
of a signal. 

Pf!>fil(buf, bufsize, offset, scale); 
result char • buf; int bufsize, offset, scale; 
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6. Descriptors 

Each procese has acce .. to resources through de,criptor,. Each descriptor is a handle allowing 
the procees to reference objects such ae files, devices and communications links. 

5.1. The Reference Table 

Rather than allowing processes direct access to descriptors, the system introduces a level of 
indirection, so that deecriptors may be shared between processes. Each procees has a deacriptor 
reference table, containing pointers to the actual descriptors. The descriptors themselves thus 
have multiple references, and are reference counted by the system. 
Each proce .. has a fixed size descriptor reference table, .,. here the size is returned by the getdta
ble,izc call: 

nds ~ getdtablesize{); 
result int nds; 

and guaranteed to be at least as large as the constant NOFil.E defined in <param.h>. The 
entries in the descriptor reference table are referred to by small integers; for example if there are 
20 slots they are numbered O to 19. 

6.2. Descriptor Properties 

Each descriptor has a logical set of properties maintained by the system and defined by its twc. 
Each type supports a set or operations; some operations, such as reading and writing, are com
mon to several abstractions, while others are unique. The generic operations applying to many 
of these types are described in section 8. Naming contexts, files and directories are described in 
section 9. Section 10 describes communications domains and sockets. Terminals and (struc
tured and unstructured) devices are described in section 11. 

5.3. Managing Descriptor References 

A duplicate of a descriptor reference may be made by doing 

n~w = dup(old); 
result int new; int old; 

returning a copy of descriptor reference old indistinguishable from the original. The new chosen 
by the system will be the smallest unused descriptor reference slot. A copy of a descriptor refer
ence may be made in a specific slot by doing 

dup2(old, new); 
int old, new; 

The dup!! call causes the system to deallocate the descriptor reference current occupying ,lot 
new, if any, replacing it with a reference to the same descriptor as old. This deallocation is alBO 
performed by: 

14 

close( old); 
int old; 
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5.4. Multiplexing Requests 

The system provides a standard way to do synchronous and asynchronous multiplexing of 
operations. 
Synchronous multiplexing is performed by using the ,elect call: 

nds - select( nd, in, out, except, tvp ); 
result int nds; int nd; result •in, •out, •except; 
struct timeval •tvp; 

The ,elect call examines the descriptors specified by the sets in, out and ezcept, replacing the 
specified bit masks by the subsets that select for input, output, and exceptional conditions 
respectively (nd indicates the size, in bits, of the bit masks). If any descriptors meet the follow
ing criteria, then the number of such descriptors is returned in nd, and the bit masks are 
updated. 
• A descriptor selects for input if an input oriented operation such as read or receive is possi

ble, or if a connection request may be accepted (see section 10.1.4). 

• A descriptor selects for output if an output oriented operation such as write or ,end is possi
ble, or if an operation that was "in progress", such as connection establishment, has com
pleted (see section 8.3). 

• A descriptor selects for an exceptional condition if a condition that would cause a SIGURG 
signal to be generated exists (see section 3.1). 

If none of the specified conditions is true, the operation blocks for at most the amount of time 
specified by tvp, or waits for one of the conditions to arise if tvp is given as 0. 

Options affecting i/o on a descriptor may be read and set by the call: 

dopt - fcntl(d, cmd, arg); 
result int dopt; int d, cmd, arg; 

/ • interesting values for cmd • / 
#define F _SETFL 3 
#define F _GETFL 4 
#define F _SETOWN 6 
#define F _GETOWN 6 

/ • set descriptor options • / 
/ • get descriptor options • / 
/ • set descriptor owner (pid/pgrp) • / 
/• get descriptor owner (pid/pgrp) •/ 

The F _SETFL cmd may be used to set a descriptor in non-blocking i/o mode and/or enable sig
nalling when i/o is possible. F _SETOWN may be ueed to specify a process or process group to 
be signalled when using the latter mode of operation. 
Operations on non-blocking descriptors will either complete immediately, note an error 
EWOULDBLOCK, partially complete an input or output operation returning a partial count, or 
return an error EINPROGRESS noting that the requested operation is in progress. A descrip
tor which has signalling enabled will cause the specified process and/or process group be sig
naled, with a· SIGIO for input, output, or in-progress operation complete, or a SIGURG for 
exceptional conditions. 
For example, when writing to a terminal ueing non-blocking output, the system will accept only 
88 much data 88 there is buffer space for and return; when making a connection on a aockot, the 
operation may return indicating that the connection establishment is "in progress". The ,elect 
facility can be used to determine when further output is possible on the terminal, or when the 
connection establishment attempt is complete. 
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6. Resource Controls 

6.1. Process Priorities 

The system gives CPU scheduling priority to processes that have not used CPU time recently. 
This tends to favor interactive processes and processes that execute only for short periods. It is 
possible to determine the priority currently assigned to a proce .. , proce .. group, or the proce .. es 
of a specified user, or to alter this priority using the calls: 

#define PRIO_PROCESS O /• proce"" •/ 
#define PRIO_PGRP 1 /• proce .. group•/ 
*define PRIO_USER 2 /• user id•/ 

prio = getpriority(which, who); 
result int prio; int which, who; 

setpriority(which, who, prio); 
int which, who, prio; 

The value prio is in the range -20 to 20. The default priority is O; lower priorities cause more 
favorable execution. The getpriority call returns the highest priority (lowest numerical value) 
enjoyed by any of the specified processes. The ,etpriority call sets the priorities of all of the 
specified processes to the specified value. Only the super-user may lower priorities. 

6.2. Resource Utilization 

The resources used by a process are returned by a gelru,oge call, returning information in a 
structure defined in <sys/resource.h>: 

16 

#define RUSAGE_SELF 0 
#define RUSAGE_CHILDREN 

/ • usage by this process • / 
• 1 / • usage by all children • / 

getrusage(who, rusage); 
int who; result struct rusage •rusage; 

struct rusage { 
struct 
struct 
int 

· int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 

timeval ru_utime; / • user time used • / 
timeval ru_stime; / • system time used • / 
ru_maxrss; / • maximum core resident set size: kbytes • / 
ru_ixrss; / • integral shared memory size (kbytes•sec) • / 
ru_idrss; / • unshared data " • / 
ru_isrss; / • unshared stack " • / 
ru_minftt; / • page-reclaims • / 
ru_majftt; /• page faults • / 
ru_nswap; /• swaps •/ 
ru_inblock; / • block input operations • / 
ru_oublock; / • block output " • / 
ru_msgsnd; / • messages sent • / 
ru_msgrcv; / • messages received • / 
ru_nsignals; / • signals received • / 
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}; 

int 
int 

ru_nvcsw; 
ru_nivcsw; 

/ • voluntary context switches • / 
/ • involuntary " • / 

The who parameter specifies whose resource usage is to be returned. The resources used by the 
current process, or by all the terminated children of the current process may be requested. 

6.3. Resource Limits 

The resources of a process for which limits are controlled by the kernel are defined in 
<sys/resource.h>, and controlled by the getrlimit and ,etr/imit calls: 

#define RLIMIT_CPU 
#define RLIMIT_FSIZE 
#define RLIMIT.J)ATA 
#define RLIMIT_STACK 
#define RLIMIT_CORE 
#define RLIMIT_J?SS 

#define RLIM_NLIMITS 

#define RLIMJNFINITY 

struct rlimit { 
int 
int 

}; 

rlim_cur; 
rlim_max; 

getrlimit( resource, rip); 

0 
1 
2 
3 
4 
5 

6 

/ • cpu time in milliseconds • / 
/• maximum file size•/ 
/• maximum data segment size•/ 
/• maximum stack segment size • / 
/• maximum core file size•/ 
/ • maximum resident set size • / 

Ox7fffffrt 

/• current (soft) limit•/ 
/ • hard limit • / 

int resource; result struct rlimit •rip; 

setrlimit(resource, rip); 
int resource; struct rlimit •rip; 

Only the super-user can raise the maximum limits. Other users may only alter r/im_cur within 
the range from O to rlim_maz or (irreversibly) lower rlim_maz. 
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7. System operation support 

The calls in this section are permitted only to a privileged user. 

7 .1. Bootstrap Operations 

The call 

mount(blkdev, dir, ronly); 
cj,.ar •blkdev, •dir; int ronly; 

System Interface Overview 

extends the UNIX name space. The mount call specifies a block device 61kdo11 containing a UNIX 
file system to be made available starting at dir. If ronlg is set then the file system is read-only; 
writes to the file system will not be permitted and access times will not be updated when files 
are referenced. 

The call 

swapon(blkdev, size); 
char • blkdev; int size; 

specifies a device to be made available for paging and swapping. 

7.2. Shutdown Operations 

The call 

unmount(dir); 
char •dir; 

unmounts the file system mounted on 
currently being used. 

dir. This call will succeed only if the file system is not 

The call 

sync(); 

schedules input/output to clean all system bufl'er caches. 
The call 

reboot(how ); 
int how; 

causes a machine halt or reboot. The call may request a reboot by specifying how as 
RB_AUTOBOOT, or that the machine be halted with RB_HALT. These constants are defined 
in <sys/reboot.h>. 

7 .3. Accounting 

The system optionaity keeps an accounting record in a file for each process that exits on the 
system. The format of this record is beyond the scope of this document. The accounting may 
be enabled to a file name by doing 
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acct(path); 
char •path; 

System operation support 

If path is null, then accounting is disabled. Otherwise, the named file becomes the accounting 
file. 
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Part II - System Facilities 

This part or the document discusses the system facilities that are not considered part of the ker
nel. 

The system abstractions described are: 

Directori Conte:zt, 
A d ectory context is a position in the UNIX file system name space. Operations on files 
and· ther named objects in a file system are always specified relative to such a context. 

File, 
Files are used to store uninterpreted sequence or bytes on which random access read• and 
write, may occur. Pages Crom files or devices may also be mapped into process address 
space. A directory may be read as a filet. 

Communication• Domain, 
A communications domain represents an interprocess communications environment, such as 
the communications facilities or the UNIX system, communications in the INTERNET, or the 
resource sharing protocols and access rights of a resource sharing system on a local network. 

Socket• 
A soc)cet is an endpoint of communication and the focal point for !PC in a communications 
domain. Sockets may be created in pairs, or given names and used to rendezvous with 
other sockets in a communications domain, accepting connections from these sockets or 
exchanging messages with them. These operations model a labeled or unlabeled communi
cations graph, and can be used in a wide variety or communications domains. Sockets can 
have different type, to provide different semantics or communication, increasing the flexibil
ity or the model. 

Terminal, and other device• 
Devices include terminals, providing input editing and interrupt generation and output flow 
control and editing, magnetic tapes, disks and other peripherals. They often support the 
generic read and write operations as well as a number of ioctls. 

Procea,e, 
Process descriptor,, provide facilities for control and debugging of other processes. 

t Support for mapping files is not included in this release. 
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o 8. Generic Operations 

0 

0 

Many system abstractions support the operations read, write and ioctl. We describe the basics 
or these common primitives here. Similarly, the mechanisms whereby normally synchronous 
operations may occur in a non-blocking or asynchronous fashion are common to all system
defined abstractions and are described here. 

8.1. Read and Write 

The road and write system calls can be applied to communications channels, files, terminals and 
devices. They have the form: 

cc = read(fd, bur, nbytes); 
result int cc; int fd; result caddr_t bur; int nbytes; 

cc = write(fd, bur, nbytes); 
result int cc; int fd; caddr_t bur; int nbytes; 

The read call transfers as much data as possible from the object defined by /d to the buffer at 
address bu/ of size nbytea. The number of bytes transferred is returned in cc, which is -1 if a 
return occurred before any data was transferred because of an error or use or non-blocking 
operations. 

The write call transfers data from the buffer to the object defined by /d. Depending on the type 
or /d, it is possible that the write call will accept some portion of the provided bytes; the user 
should resubmit the other bytes in a later request in this case. Error returns because of inter
rupted or otherwise incomplete operations are posoible. 

Scattering of data on input or· gathering of data for output is also possible using an array of 
input/output vector descriptors. The type for the descriptors is defined in <sys/uio.h> as: 

struct iovec { 
caddr_t 
int 

}; 

iov_msg; 
iov_len; 

The calls using an array of descriptors are: 

cc = readv(fd, iov, iovlen); 

/ • base of a component • / 
/• length of a component•/ 

result int cc; int fd; struct iovec •iov; int iovlen; 

cc - writev(fd, iov, iovlen); 
result int cc; int fd; struct iovec •iov; int iovlen; 

Here io11len is the count of elements in the io11 array. 

8.2. Input/Output Control 

Control operations on an object are perl'ormed by the ioctl operation: 

ioctl(fd, request, buffer); 
int fd, request; caddr_t buffer; 

This operp.tion causes the specified requeat to be performed on the object /d. The requeat 
parameter specifies whether the argument buffer is to be read, written, read and written, or is 
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not needed, and also the size of the buffer, as well as the request. Different descriptor types and 
subtypes within descriptor types may use distinct ioctl requests. For example, operations on 
terminals control flushing of input and output queues and setting of terminal parameters; opera
tions on disks cause formatting operations to occur; operations on tapes control tape position
ing. 

The names for basic control operations are defined in <sys/ioctl.h>. 

8.3. Non-Blocking and Asynchronous Operations 

A process that wishes to do non-blocking operations on one of its descriptors sets the descriptor 
in non-blocking mode as described in section 5.4. Thereafter the read call will return a specific 
EWOULDBLOCK error indication if there is no data to be read. The process may ,elect the 
associated descriptor to determine when a read is possible. 

Output attempted when a descriptor can accept less than is requested' will either accept some of 
the provided data, returning a shorter than normal length, or return an error indicating that 
the operation would block. More output can be performed as soon as a ,elect call indicates the 
object is writeable. 

Operations other than data input or output may be performed on a descriptor in a non-blocking 
fashion. These operations will return with a characteristic error indicating that they are in pro
gress if they cannot return immediately. The descriptor may then be ,elected for write to find 
out when the operation can be retried. When ,elect indicates the descriptor is writeable, a 
respecification of the original operation will return the result of the operation. 
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Q 9. File System 

0 

0 

The file system abstraction provides access to a hierarchical file system structure. The file sys
tem contains directories (each of which may contain other sub-directories) as well as files and 
references to other objects such as devices and inter-process communications sockets. 

Each file is organized as a linear array of bytes. No record boundaries or system related infor
mation is present in a file. Files may be read and written in a random-access fashion. The user 
may read the data in a directory as though it were an ordinary file to determine the names of 
the contained files, but only the system may write into the directories. The file system stores 
only a small amount of ownership, protection and usage information with a file. 

9.1. !'faming 

The file 'li15tem calls take path name arguments. These consist of a zero or more component file 
name, separated by 11

/" characters, where each file name is up to 255 ASCII characters exclud
ing null ~d 11

/
11

• 

Each pro¥ess always has two naming contexts: one for the root directory of the file system and 
one for tl!e current working directory. These are used by the system in the filename translation 
process. If a path name begins with a 11 

/", it is called a full path name and interpreted relative 
to the root directory context. If the path name does not begin with a 11

/
11 it is called a relative 

path name and interpreted relative to the current directory context. 

The system limits the total length of a path name to 1024 characters. 

The file name 11 
•• " in each directory refers to the parent directory or that directory. 

The calls 

chdir(path); 
char •path; 

chfoot(path); 
ch/Ir •path; 

change the current working directory and root directory context of a process. Only the super
user can change the root directory context of a process. 

9.2. Creation and Removal 

The file system allows directories, files and special devices, to be created and removed from the 
file system. 

9.2.1. Directory Creation and Removal 

A directory is created with the mkdir system call: 

mkdir(path, mode); 
char •path; int mode; 

and removed with the rmdir system call: 
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rmdir(path); 
char •path; 

A directory must be empty if it is to be deleted. 

9.2.2. File Creation 

Files are created with the open system call, 

rd = open(path, oflag, mode); 
result int rd; char •path; int oflag, mode; 

System Interface Overview 

The pat~ parameter specifies the name or the file to be created. The oftag parameter must 
include Q~CREAT from below to cause the file to be created. The protection for the new file is 
specified jn mode. Bits for oflag are defined in <sys/file.h>: 

/1\:iiefine O_RDONLY 000 /• open for reading •/ 
#define O_WRONLY 001 /• open for writing •/ 
#;define O_RDWR 002 /• open for read & write•/ 
#define O_NDELAY 004 /• non-blocking open•/ 
#define O_APPEND 010 /• append on each write•/ 
#define O_CREAT 01000 /• open with file create •/ 
#define O_TRUNC 02000 /• open with truncation•/ 
#define O_EXCL 04000 /• error on create if file exists•/ 

0 

One or O_RDONLY, O_WRONLY and O_RDWR should be specified, indicating what types or 
operations are desired to be performed on the open file. The operations will be checked against 

0 the user's access rights to the file before allowing the open to succeed. Specifying O...APPEND ' 
causes writes to automatically append to the file. The flag O_CREAT causes the file to be 
created if it does not exist, with the specified mode, owned by the current user and the group or 
the containing directory. 

Ir the open specifies to create the file with O_EXCL and the file already exists, then the open 
will fail without affecting the file in any way. This provides a simple exclusive access facility. 

9.2.3. Creating References to Devices 

The file system allows entries which reference peripheral devices. Peripherals are distinguished 
as block or character devices according by their ability to support block-oriented operations. 
Devices are identified by their "major" and "minor" device numbeI'8. The major device number 
determines the kind of peripheral it is, while the minor device number indicates one or possibly 
many peripherals or that kind. Structured devices have all operations performed internally in 
"block" quantities while unstructured devices often have a number or special ioctl operations, 
and may have input and output performed in large units. The mknod call creates special 
entries: 

mknod(path, mode, dev); 
char •path; int mode, dev; 

where mode is formed from the object type and access perm1ss1ons. The parameter dev is a 
configuration dependent parameter used to identify specific character or block i/o devices. 
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Q 9.2.4. File and Device Removal 

0 

0 

A reference to a file or special device may be removed with the unlink call, 

unlink(path ); 
char •path; 

The caller must have write access to the directory in which the file is located for this call to be 
successful. 

9.3. Reading and Modifying File Attributes 

Detailed information about the attributes of a file may be obtained with the calls: 

#include <sys/stat.h> 

stat(path, stb ); 
char •path; result struct stat •stb; 

fstat(fd, stb ); 
int Cd; result struct stat •stb; 

The atat structure includes the file type, protection, ownership, access times, size, and a count of 
hard links. Ir the file is a symbolic link, then the status of the link itself (rather than the file 
the link references) may be found using the lat at call: 

lstat(path, stb ); 
char •path; result struct stat •stb; 

Newly created files are assigned the user id of the process that created it and the group id of the 
directory In which it was created. The ownership of a file may be changed by either of the calls 

c)ipwn(path, owner, group); 
chj,.r •path; int owner, group; 

fchown(fd, owner, group); 
int Cd, owner, group; 

In addition to ownership, each file has three levels of access protection associated with it. These 
levels are owner relative, group relative, and global (all users and groups). Each level of access 
has separate indicators for read permission, write permission, and execute permission. The pro
tection bits associated with a file may be set by either of the calls: 

chmod(path, mode); 
char •path; int mode; 

fchmod(fd, mode); 
int rd, mode; 

where mode is a value indicating the new protection of the file. The file mode is a three digit 
octal number. Each digit encodes read access as 4, write access as 2 and execute access as I, 
or'ed together. The 0700 bits describe owner access, the 070 bits describe the access rights for 
processes in the same group as the file, and the 07 bits describe the access rights for other 
processes. 
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Three additional bits exist: the 04000 "set-user-id" bit can be set on an executable file to cause 
the effective user-id of a process which executes the file to be set to the owner of that file; the 
02000 bit has a similar effect on the effective group-id. The 01000 bit causes an image of an 
executable program to be saved longer than would otherwise be normal; this "sticky" bit is a 
hint to the system that a program is heavily used. 

Finally, the access and modify times on a file may be set by the call: 

utimes(path, tvp ); 
char •path; struct timeval •tvp(2); 

This is particularly useful when moving files between media, to preserve relationships between 
the times the file was modified. 

9.4. Links and Renaming 

Links allow multiple names for a file to exist. Links exist independently of the file linked to, 
Two types of links exist, hard links and 1gm60/ic links. A hard link is a reference counting 
mechanism that allows a file to have multiple names within the same file system. Symbolic 
links cause string substitution during the pathname interpretation process. 

Hard links and symbolic links have different properties. A hard link insures the target file will 
always be accessible, even after its original directory entry is removed; no such guarantee exists 
for a symbolic link. Symbolic links can span file systems boundaries. 

The following calls create a new link, named path!!, to pathl: 

link(pathl, path2); 
char •pathl, •path2; 

symlink(pathl, path2); 
char •pathl, •path2; 

The unlink primitive may be used to remove either type of link. 

If a file is a symbolic link, the "value" of the link may be read with the reotl/ink call, 

le11 - readlink(path, buf, bufsize); 
result int Jen; result char •path, •buf; int bufsize; 

This call returns, in bu/, the null-terminated string substituted into pathnames passing through 
path. 

Atomic renaming of file system resident objects is possible with the rename call: 

rename(oldname, newname); 
char •oldname, •newname; 

where both oltlname and newname must be in the same file system. If newnome exists and is a 
directory, then it must be empty. 

9.5. Extension and Truncation 

Files are created with zero length and may be extended simply by writing or appending to 
them. While a file is open the system maintains a pointer into the file indicating the current 
location in the file associated with the descriptor. This pointer may be moved about in the file 
in a random access fashion. To set the current offset into a file, the heck call may be used, 
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oldoffset = lseek(fd, offset, type); 
result off_t oldoffset; int fd; off_t offset; int type; 

where two is given in <sys/file.h> as one of, 

#define L_SET O / • set absolute file offset • / 
#define L_INCR 1 / • set file offset relative to current position • / 
#define L_}{TND 2 / • set offset relative to end-of-file • / 

The call "lseek(fd, 0, L_INCR)" returns the current offset into the file. 

Files may have "holes" in them. Holes are void areas in the linear extent of the file where data 
has never been written. These may be created by seeking to a location in a file past the current 
endsof-file and writing. Holes are treated by the system as zero valued bytes. 

A file may be truncated with either of the calls: 

truncate{path, length); 
char •path; int length; 

ftruncate(fd, length); 
int fd, length; 

reducing the size of the specified file to length bytes. 

9.6. Checking Accessibility 

A process running with different real and effective user ids may interrogate the accessibility of a 
file to the real user by using the acce11 call: 

accessible = access(path, how); 
result int accessible; char •path; int how; 

Here how is constructed by or'ing the following bits, defined in <sys/file.h>: 

#define F _OK O /• file exists•/ 
#define X_OK 1 /* file is executable •/ 
#define W_OK 2 /• file is writable•/ 
#define R_OK 4 /• file is readable•/ 

The presence or absence of advisory locks does not affect the result of accea, . 

9.7. Locking 

The file system provides basic facilities that allow cooperating processes to synchronize their 
access to shared files. A process may place an advisory read or write lock on a file, so that other 
cooperating processes may avoid interfering with the process' access. This simple mechanism 
provides locking with file granularity. More granular locking can be built using the IPC facili
ties to provide a lock manager. The system does not force processes to obey the locks; they are 
of an advisory nature only. 

Locking is performed after an open call by applying the flock primitive, 

flock(fd, how); 
int fd, how; 

where the how parameter is formed from bits defined in <sys/file.h>: 
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#define LOCK_SH 
#define LOCK_EX 
#define LOCK_NB 
#define LOCK_UN 

1 
2 
4 
8 

System Interface Overview 

/ • shared lock • / 
/ • exclusive lock • / 
/• don't block when locking•/ 
/• unlock •/ 

Successive lock calls may be used to increMe or decrease the level of locking. If an object is 
currently locked by another process when a flock call is made, the caller will be blocked until the 
current lock owner releases the lock; this may be avoided by including LOCK_NB in the bow 
parameter. Specifying LOCK_UN removes all locks associated with the descriptor. Advisory 
locks held by a process are automatically deleted when the process terminates. 

9.8. Disk Quotas 

As an optional facility, each file system may he requested to impose limits on a user's disk 
usage. Two quantities are limited: the total amount of disk space which a user may allocate in 
a file system and the total number of files a user may create in a file system. Quot8" are 
expressed as hard limits and ooft limits. A hard limit is always imposed; if a user would exceed 
a hard limit, the operation which caused the resource request will fail. A soft limit results in the 
user receiving a warning message, but with allocation succeeding. Facilities are provided to turn 
soft limits into hard limits if a user hM exceeded a soft limit for an unreasonable period of time. 

To enable disk quot"" on a file system the aetquota call is used: 

setquota(special, file); 
char •special, •file; 

where apecial refers to a structured device file where a mounted file system exists, and file refers 
to a disk quota file (residing on the file system associated with ,pecial) from which user quot"" 
should he obtained. The format of the disk quota file is implementation dependent. 

To manipulate disk quot"" the quota call is provided: 

#include <sys/quota.h> 

quota(cmd, uid, arg, addr); 
int cmd, uid, arg; caddr_t addr; 

The indicated cmd is applied to the user ID uitl. The parameters arg and addr are command 
specific. The file <sys/quota.h> contains definitions pertinent to the use or this call. 
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0 10. Interprocess Communications 
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0 

10.1. Interprocess Communication Primitives 

10.1.1. Communication Domains 

The system provides access to an extensible set of communication domain,. A communication 
domain is identified by a manifest constant defined in the file <sys/socket.h>. Important 
standard domains supported by the system are the UNIX domain, AF _UNIX, for communication 
within the system, and the "internet" domain for communication in the DARPA internet, 
AFJNET. Other domains can be added to the system. 

10.1.2. Socket Types and Protocols 

Within a domain, communication takes place between communication endpoints known as ,ock
et,. Each socket has the potential to exchange information with other sockets within the 
domain. 

Each •ocket has an associated abstract type, which describes the semantics of communication 
using that socket. Properties such as reliability, ordering, and prevention of duplication of mes
sages are determined by the type. The basic set of socket types is defined in <sys/socket.h>: 

/ • Standard socket types • / 
#define SOCK_DGRAM 1 
#define SOCK_STREAM 2 
#define SOCK_RA W 3 
#define SOCK_RDM 4 
#define SOCK_SEQPACKET 6 

/ • datagram • / 
/ • virtual circuit • / 
/ • raw socket • / 
/ • reliably-delivered message • / 
/ • •equenced packets • / 

The SOCK_DGRAM type models the semantics of datagrams in network communication: mes
sages may be lost or duplicated and may arrive out-of-order. The SOCK_RDM type models the 
semantics of reliable datagrams: messages arrive unduplicated and in-order, the sender is 
notified if messages are loot. The ,end and receive operation• ( described below) generate 
reliable/unreliable datagrams. The SOCK_STREAM type models connection-baoed virtual cir
cuit.: two-way byte streams with no record boundaries. The SOCK_SEQPACKET type models 
a connection-baoed, full-duplex, reliable, sequenced packet exchange; the sender is notified if 
mes9ageo are lost, and mesoages are never duplicated or presented out-of-order. Users of the 
la•t two abstractions may use the facilitie• for out-of-band transmission to send out-of-band 
data. 
SOCK_RA W is used for unprocesoed access to internal network layers and interfaces; it has no 
specific semantics. 
Other socket typeo can be defined. t 
Each socket may have a concrete protocol associated with it. This protocol is used within the 
domain to provide the semantics required by the socket type. For example, within the 

t This release docs not support the SOCK....RDM and SOCK_SEQPACKET types. 
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"internet" domain, the SOCK_OGRAM type may be implemented by the UDP user datagram 
protocol, and the SOCK_STREAM type may be implemented by the TCP trammission control 
protocol, while no standard protocols to provide SOCK_ROM or SOCK_SEQPACKET sockets 
exist. 

10.1.3. Socket Creation, Naming, and Service Establishment 

Sockets may be connected or unconnected. An unconnected socket descriptor is obtained by the 
,ockot call: 

s - socket( domain, type, protocol); 
result int s; int domain, type, protocol; 

An unconnected socket descriptor may yield a connected socket descriptor in one of two ways: 
either by actively connecting to another socket, or by becoming associated with a name in the 
communications domain and accepting a connection from another socket. 
To accept connections, a socket must first have a binding to a name within the communications 
domain. Such a binding is established by a bind call: 

bind(s, name, namelen); 
int s; char •name; int namelen; 

A socket's bound name may be retrieved with a got,ockname call: 

getsockname( s, name, namelen ); 
int s; result caddr_t name; result int •namelen; 

while the peer's name can be retrieved with getpccrname: 

getpeername(s, name, namelen); 
int s; result caddr_t name; result int •namelen; 

Domains may support sockets with several names. 

10.1.4. Accepting Connections 

Once a binding is made, it is possible to liatcn for connections: 

listen(s, backlog); 
int s, backlog; 

The backlog specifies the maximum count of connections that can be simultaneously queued 
awaiting acceptance. 
An accept call: 

t = accept(s, name, anamelen); 
result int t; int s; result caddr_t name; result int •anamelen; 

returns a descriptor for a new, connected, socket from the queue of pending connectiom on ,. 
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10.1.5. Making Connections 

An active connection to a named socket is made by the connect call: 

connect(s, name, namelen); 
int s; caddr_t name; int namelen; 

It is also possible to create connected pairs of sockets without using the domain's name space to 
rendezvous; this is done with the ,ocketpair callt: 

socketpair(d, type, protocol, sv); 
int d, type, protocol; result int sv(2]; 

Here the returned 111 descriptors correspond to those obtained with accept and connect. 
The call 

pipe(pv); 
result int pv(2]; 

creates a pair of SOCK_STREAM •ockets in the UNIX domain, with pv(O] only writeable and 
pv(l J only readable. 

10.1.6. Sending and Receiving Data 

Messages may be sent from a socket by: 

cc = sendto(s, bur, len, flags, to, tolen); 
result int cc; int s; caddr_t buf; int len, flags; caddr_t to; int tolen; 

if the socket is not connected or: 

cc = send(s, bur, len, flags); 
result int cc; int s; caddr_t buf; int len, flags; 

if the •ocket i~ connected. The corresponding receive primitives are: 

msglen - recvfrom(s, bur, len, flags, from, fromlenaddr); 
result int msglen; int s; result caddr_t buf; int len, flags; 
result caddr_t from; result int •fromlenaddr; 

and 

msglen - recv(s, bur, len, flags); 
result int msglen; int s; result caddr_t buf; int len, flags; 

In the unconnected case, the parameters lo and lo/en specify the destination or source of the 
message, while the from parameter store• the source of the message, and •fromlenaddr initially 
gives the •ize of the from buffer and is updated to reflect the true length of the from address. 
All calls cause the message to be received in or sent from the message buffer of length /en bytes, 
•tarting at address buf. The flag, specify peeking at a message without reading it or sending or 
receiving high-priority out-of-band messages, as follows: 

t This release supports socketpciir creation only in the "unix" communication domain. 
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#define MSG_PEEK 
#define MSG_OOB 

Oxl 
Ox2 
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/ • peek at incoming message • / 
/• proce88 out-of-band data•/ 

10.1.7. Scatter/Gather and Exchanging Access Rights 

It is possible to scatter and gather data and to exchange access rights with me88ages. When 
either of these operations is involved, the number of parameters to the call becomes large. Thus 
the system defines a message header structure, in <sys/socket.h>, which is used to contain the 
parameters to the calls: 

struct msghdr { 
caddr_t 

}; 

int 
struct 
int 
caddr_t 
int 

msg_name; 
msg_namelen; 
iov • msg_iov; 
msg_iovlen; 
msg_accrighto; 
mog_accrightslen; 

/ • optional address • / 
/• size of address •/ 
/ • scatter/ gather array • / 
/ • # elements in msg_iov • / 
/• acce88 rights sent/received•/ 
/ • size of msg_accrights • / 

Here mag_name and mag_namelen specify the source or destination address if the socket is 
unconnected; mag_name may be given as a null pointer if no names are desired or required. The 
mag_iov and mag_iovlen describe the scatter/gather locations, as described in section 8.3. Acee .. 
rights to be -sent along with the message are specified in mag_accright,, which has length 
m,g_aeerightalen. In the "unix" domain these are an array of integer descriptors, taken from 
the sending process and duplicated in the receiver. 

This structure is used in the operations aendmag and reef/mag: 

sendmsg( s, msg, flags); 
int s; struct msghdr •msg; int flags; 

msglen = recvmsg(s, mog, flags); 
result int msglen; int s; result struct msghdr •msg; int flags; 

10.1.8. Using Read and Write with Sockets 

The normal UNIX read and write calls may be applied to connected socket, and translated into 
,end and receive calls from or to a single area of memory and discarding any rights received. A 
proce88 may operate on a virtual circuit socket, a terminal or a file with blocking or non
blocking input/output operations without distinguishing the descriptor type. 

10.1.9. Shutting Down Halves of Full-Duplex Connections 

A process that has a full-duplex socket such as a virtual circuit and no longer wishes to read 
from or write to this socket can give the call: 

ohutdown(s, direction); 
int •, direction; 

0 

0 

where direction is O to not read further, 1 to not write further, or 2 to completely shut the 0 
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connection down. 

10.1.10. Socket and Protocol Options 

Sockets, and their underlying communication protocols, may support optiona. These options 
may be used to manipulate implementation specific or non-standard facilities. The getaockopt 
and aetaockopt calls are used to control options: 

getsockopt(s, level, optname, optval, optlen); 
int •, level, optname; result caddr_t optval; result int •optlen; 

setsockopt(s, level, optname, optval, optlen); 
int s, level, optname; caddr_t optval; int optlen; 

The option optname is interpreted at the indicated protocol level for socket a. Ir a value is 
specified with opt11al and opt/en, it is interpreted by the software operating at the specified level. 
The level SOL_SOCKET is reserved to indicate options maintained by the socket facilities. 
Other level values indicate a particular protocol which is to act on the option request; these 
values are normally interpreted as a "protocol number". 

10.2. UNIX Domain 

This section describes briefly the properties of the UNIX communications domain. 

10.2.1. Types of Sockets 

In the UNIX domain, the SOCK_STREAM abstraction provides pipe-like facilities, while 
SOCK_DGRAM provides datagrams - unreliable message-style communications. 

10.2.2. Naming 

Socket names are strings and may appear· in the UNIX file system name space through portalst. 

10.2.3. Access Rights Transmission 

The ability to pass UNIX descriptors with messages in this domain allows migration of service 
within the system and allows user processes to be used in building system facilities. 

10.3. INTERNET Domain 

This section describes briefly how the INTERNET domain is mapped to the model described in 
this section. More information will be found in the Networking Implementation Note• in the 
System Internals Manual. 

t The current implementation of the UNIX domain embeds bound sockets in the UNIX file system 
name space; this is a side effect of the implementation. 
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10.3.1. Socket Types and Protocols 

SOCK_STREAM is supported by the INTERNET TCP protocol; SOCK_DGRAM by the UDP 
protocol. The SOCK_SEQPACKET has no direct INTERNET (amity analogue; a protocol 
based on one from the XEROX NS family and layered on top of IP could be implemented to fill 
this gap. 

10.3.2. Socket Naming 

Sockets in the INTERNET domain have names composed of the 32 bit internet address, and a 
16 bit port number. Options may be used to provide source routing for the address, security 
options, or additional addresses for subnets of INTERNET for which the basic 32 bit addresses 
are insufficient. 

10.3.3. Access Rights Transmission 

No access rights transmission facilities are provided in the INTERNET domain. 

10.3.4. Raw Access 

The INTERNET domain allows the super-user access to the raw facilities of the various net-

0 

work interlaces and the various internal layers of the protocol implementation. This allows 

0 administrative and debugging functions to occur. These interlaces are modeled as SOCK_RA W 
sockets. 

0 
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11, Devices 
The system uses a collection of device-drivers to access attached peripherals. Such devices are 
grouped into two classes: structured devices on which block-oriented input/output operations 
occur, and unstructured devices ( the rest). 

11.1. Structured Devices 

Structured devices include disk and tape drives, and are accessed through a oystem buffer
caching mechanism, which permits them to be accessed as ordinary files are, performing reads 
and writes as necessary to allow random-access. 

The mount command in the system allows a structured device containing a file system volume 
to be accessed through the UNIX file oystem calls. 

Tape drives also typically provide a structured interface, although this is rarely used. 

11.2. Unstructured Devices 

Unstructured devices are those devices which do not support a randomly accessed block struc
ture. 

Communications lines, raster plotters, normal magnetic tape access (in large or variable size 
blocks), and access to disk drives permitting large block transfers and special operations like 
disk formatting and labelling all use unstructured device interfaces. 

The writing of devices for unstructured devices other than communications lines is described in 
the Device Driver Manual in the System Internals Manual. 
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12. Debugging Support 

The ptraco facility of version 7 UNIX is provided in this release. Planned enhancements which 
would allow a descriptor-based process control facility have not been implemented. 
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0 

Part ID - Summary of Facilities 

Appendix A. Summary of Facilities 

A.1. Kernel Primitives 

A,1,1. Process Naming and Protection 

sethostid set UNIX host id 
gethostid get UNIX host id 
sethostname set UNIX host name 

0 
gethostname get UNIX host name 
getpid get process id 
Coric create new process 
exit terminate a process 
execve execute a different process 
getuid get user id 
geteuid get effective user id 
setreuid set real and effective user id's 
getgid get accounting group id 
getegid get effective accounting group id 
getgroups get access group set 
setregid set real and effective group id's 
setgroups set access group set 
getpgrp get process group 
setpgrp set process group 

A.1.2. Memory Management 

<mman.h> memory management definitions 
sbrlc change data section size 
sstlct change stack section size 

t Nol supported in the 1.1 Sun releue. 

0 
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getpagesize 
mmapt 
mremapt 
munmapt 
mprotectt 
madviset 
mincoret 

A.1.3. Signals 

<signal.h> 
sigvec 
kill 
killpgrp 
sigblock 
sigsetmask 
sigpause 
sigstack 

get memory page size 
map pages of memory 
remap pages in memory 
unmap memory 
change protection of pages 

System Interface Overview 

give memory management advice 
determine core residency of pages 

signal definitions 
set handler for signal 
send signal to process 
send signal to process group 
block set of signals 
restore set of blocked signals 
wait for signals 
set software stack for signals 

A.1.4. Timing and Statistics 

<sys/time.h> 
gettimeofday 
settimeofday 
getitimer 
setitimer 
profil 

A.1.6. Descriptors 

getdtablesize 
dup 
dup2 
close 
select 
fcntl 

t Not supported in the 1.1 Sun release. 
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time-related definitions 
get current time and timezone 
set current time and timezone 
read an interval timer 
get and set an interval timer 
profile process 

descriptor reference table size 
duplicate descriptor 
duplicate to specified index 
close descriptor 
multiplex input/output 
control descriptor options 
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Q A.1.6. Resource Controls 

<•ys/resource.h> 
get priority 
set priority 
getrusage 
getrlimit 
setrlimit 

resource-related definitions 
get process priority 
set process priority 
get resource usage 
get resource limitations 
set resource limitations 

A.1.7. System Operation Support 

mount 
swapon 
umount 
sync 
reboot 
acct 

A.2. System Facilities 

Q A.2.1. Generic Operations 

read 
write 
<•ys/uio.h> 
readv 
writev 
<•ys/ioctl.h> 
ioctl 

A.2.2. File System 

mount a device file system 
add a swap device 
umount a file system 
flush ,ystem caches 
reboot a machine 
specify accounting file 

read data 
write data 
scatter-gather related definitions 
scattered data input 
gathered data output 
standard control operations 
device control operation 

Summary of Facilities 

Operations marked with a • exist in two forms: as shown, operating on a file name, and operat
ing on a file descriptor, when the name is preceded with a "f". 

0 

<sys/file.h> 
chdir 
chroot 
mkdir 
rmdir 
open 
mknod 
unlink 
stat• 

Revision E or 7 January 1984 

file system definitions 
change directory 
change root directory 
make a directory 
remove a directory 
open a new or existing file 
make a special file 
remove a link 
return status for a file 
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lstat 
chown• 
chmod• 
utimes 
link 
symlink 
readlink 
rename 
lseek 
truncate• 
access 
flock 

returned status of link 
change owner 
change mode 
change access/modify times 
make a hard link 
make a symbolic link 
read contents of symbolic link 
change name of file 
reposition within file 
truncate file 
determine accessibility 
lock a file 

System Interface Overview 

A.2.3. Interprocess Communication• 

<sys/socket.h> 
socket 
bind 
getsockname 
listen 
accept 
connect 
socket pair 
sendto 
send 
recvfrom 
recv 
sendmsg 
recvmsg 
shutdown 
getsockopt 
setsockopt 

A.2.4. Devices 

A.2.5. Debugging Support 

40 

standard definitions 
create socket 
bind socket to name 
get socket name 
allow queueing of connections 
accept a connection 
connect to peer socket 
create pair of connected sockets 
send data to named socket 
send data to connected socket 
receive data on unconnected socket 
receive data on connected socket 
send gathered data and/ or rights 
receive scattered data and/or rights 
partially close full-duplex connection 
get socket option 
set socket option 
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NAME 
intro - introduction to system calls and error numbers 

SYNOPSIS 
#Include <errno,h> 

DESCRIPTION 
!l'his section describes all of the system calls. Most of these calls have one or more error returns. 
A,n error condition is indicated by an otherwise impossible return value. This is almost always -1; 
the individual descriptions specify the details. 

l,s with normal arguments, all return codes and values from functions are of type integer unless 
o'therwise noted. An error number is also made available in the external variable errno, which is 
not cleared on successful calls. Thus errno should be tested only after an error has occurred. 

'f,he following is a complete list of the errors and their names as given in < errno.h>. 

(Ill Error 0 
Unused. 

1 EPERM Not owner 
Typically this error indicates an attempt to modify a file in some way forbidden except to 
its owner or super-user. It is also returned for attempts by ordinary users to do things 
allowed only to the super-user. 

2 ENOENT No such file or directory 
This error occurs when a file name is specified and the file should exist but doesn't, or 
when one of the directories in a path name does not exist. 

3 ESRCH No such process 
'
1 The process whose number was given to kill and plrace does not exist, or is already dead. 

4 EINTR Interrupted system call 
An asynchronous signal (such as interrupt or quit), which the user has elected to catch, 
occurred during a system call. Ir execution is resumed after processing the signal, it will 
appear as if the interrupted system call returned this error condition. 

5 EIO I/0 error 
Some physical 1/0 error occurred during a read or write. This error may in some cases 
occur on a calt following the one to which it actually applies. 

6 ENXIO No such device or address 
1/0 on a special file refers to a subdevice which does not exist, or beyond the limits of the 
device. It may also occur when, for example, an illegal tape drive unit number is selected 
or a disk pack i,s not loaded on a drive. 

7 E2BIG Arg list too long 
An argument list longer than 10240 bytes is presented to ezecve. 

8 ENOEXEC Exec format error 
A request is made to execute a file which, although it has the appropriate permissions, 
does not start with a valid magic number, see a.oul(5). 

9 EBADF Bad ille number 
Either a file descriptor refers to no open file, or a read (resp. write) request is made to a 
file which is open only for writing (resp. reading). 

10 ECHil..D No children 
Wail and the process has no living or unwaited-for children. 

11 EAGAIN No more processes 

Sun Release 1.1 

In a /or/:, the system's process table is full or the user is not allowed to create any more 
processes. 

Last change: 15 March 1984 1 



INTR0(2) SYSTEM CALLS INTR0(2) 

2 

12 ENOMEM Not enough core 
During an e:eecve or break, a program asks for more core or swap space than the system is 
able to supply, A lack of swap space is normally a temporary condition, however a lack 
of core is not a temporary condition; the maximum size of the text, data, and stack seg
ments is a system parameter. 

13 EACCES Permission denied 
An attempt was made to access a file in a way forbidden by the protection oyotem. 

14 EF AULT Bad address 
The system encountered a hardware fault in attempting to acceso the arguments of a sys
tem call. 

15 ENOTBLK Block device required 
A plain file was mentioned where a block device was required, e.g. in mounl. 

16 EBUSY Mount device buoy 
An attempt to mount a device that was already mounted or an attempt was made to 
diomount a device on which there i• an active Ille directory. (open file, current directory, 
mounted-on file, active text oegment). 

17 EEXIST File exists 
An existing file was mentioned in an Inappropriate context, e.g. link. 

18 EXDEV Cro ... device link 
A hard link to a file on another device was attempted. 

19 ENODEV No such device 
An attempt was made to apply an inappropriate 5Ystem call to a device; e.g. read a 
write-only device. 

20 ENOTDffi Not a directory 
A non-directory was specified where a directory i• required, tor example in a path name 
or as an argument to chdir. 

21 EISDffi le a directory 
An attempt to write on a directory. 

22 EINV AL Invalid "rgument 
Some invalid argument: dismounting a non-mounted device, mentioning an unknown sig
nal in aignal, reading or writing a Ole tor which acd: hae generated a negative pointer. 
Aleo eet by math function•, eee intro(3). 

23 ENFILE File table over6olt 
The syetem's table of open Illes i• full, and temporarily no more open, can be accepted. 

24 EMFILE Too many open filei 
Customary configuration limit is 20 per process. 

25 ENOTTY Not a typewriter 
The file mentioned in an ioctl is not a terminal or one of the other devices to which these 
calls apply. 

26 ETXTBSY Text Ole busy 
An attempt to execute a pure-procedure program which io currently open tor writing (or 
reading!). Also an attempt to open tor writing a pure-procedure program that is being 
executed. 

27 EFBIG File too large 
The size of a file exceeded the maximum (about 10• bytes). 

28 ENOSPC No space left on device 
During a write to an ordinary file, there is no bee space left on the device. 
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29 ESPIPE Illegal seek 
An /seek was issued to a pipe. This error may also be issued for other non-seekable dev
ices. 

30 EROFS Read-only file sYStem 
An attempt to modify a file or directory was made on a device mounted read-only. 

31 EMLINK Too many links 
An attempt to make more than 3'1:!67 hard links to a file. 

32 EPIPE Broken pipe 
A write on a pipe or socket tor which there is no process to read the data. This condition 
normally generates a signal; the error is returned it the signal is ignored. 

33 EDOM Math argument 
The argument of a function in the math library (as described in section 3M) is out of the 
domain of the function. 

34 ERANGE Result too large 
The value of. a function in the math library (as described in section 3M) is unrepresent
able within machine precision. 

35 EWOULDBLOCK Operation would block 
An operation which would cause a process to block was attempted on a object in non
blocking mode (see ioct/(2)). 

36 EINPROGRESS Operation now in progress 
An operation which takes a long time to complete (such as a connec!(2)) was attempted 
on a non-bloc_king object (see ioc!/(2)). 

37 EALREADY Operation already in progress 
An operation was attempted on a non-blocking object which already had an operation in 
progress. 

38 ENOTSock Socket operation on non-socket 
Self-explanatory. 

39 ED EST ADDRRt:Q Destination address required 
A requi~ed address was omitted from an operation on a socket. 

' -
40 EMSGSIZE Meosage too long 

A message sent on a oocket was larger than the internal message buffer. 

41 EPR OTOTYPE Protocol wrong type tor socket 
A protocol was specified which does not support the semantics of the socket type 
requested. For example you cannot use the ARPA Internet UDP protocol with type 
SOCK_STREAM. 

42 ENOPROTOOPT Bad protocol option 
A bad option was specified in a getsockopt(2) or setsockopt(2) call. 

43 EPROTONOSUPPORT Protocol not supported 
The protocol has not been configured into the oyotem or no implementation for it exists. 

44 ESOCKTNOSUPPOR T Socket type not supported 
The support for the socket type has not been configured into the system or no implemen
tation tor it exwts. 

45 EOPNOTSUPP Operation not oupported on socket 
For example, trying to accept a connection on a datagram socket. 

46 EPFNOSUPPORT 'Protocol family not supported 

Sun Release 1.1 

The protocol family has not been configured into the 5Ystem or no implementation tor it 
exists. 
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47 EAFNOSUPPORT Address family not supported by protocol family 
An address incompatible with the requested protocol was used. For example, you 
shouldn't necessarily expect to be able to use PUP Internet addresses with ARPA Inter
net protocols. 

48 EADDRINUSE Address already in use 
Only one usage of each address is normally permitted. 

49 EADDRNOTAVAIL Can't assign requested address 
Normally results from an attempt to create a socket with an address not on this machine. 

50 ENETDOWN Network is down 
A socket operation encountered a dead network. 

51 ENETUNREACH Network is unreachable 
A socket operation was attempted to an unreachable network. 

52 ENETRESET Network dropped connection on reset 
The host you were connected to crashed and rebooted. 

53 ECONNABORTED Software caused connection abort 
A connection abort was caused internal to your host machine. 

54 ECONNRESET Connection reset by peer 
A connection was forcibly closed by a peer. This normally results from the peer execut
ing a •huldown(2) call. 

55 ENOBUFS No butrer space availabl~ 
An operation on a socket or pipe was not performed because the system lacked sufficient 
bufl'er apace. 

56 EISCONN Socket is already connected 
A connect request was made on an already connected socket; or, a eendto or eendmeg 
request on a connected socket specified a destination othe• tll:m the <.m,neeted party. 

57 ENOTCONN Socket is not connected 
An request to send or receive data was disallowed because the socket is not connected. 

58 ESHUTDOWN Can't send after socket shutdown 
A request to send data was disallowed because the socket had already been shut down 
wit!.. a previous shutdown(2) call. 

59 unu:ted 

60 ETIMEDOUT Connection timed out 
A connect request failed because the connected party did not properly respond after a 
period of time. (The timeout period is dependent on the communication protocol.) 

61 ECONNREFUSED Connection refused 
No connection could be made because the target machine actively refused it. This usu
ally results from trying to connect to a service which is inactive on the foreign host. 

62 ELOOP Too many levels of symbolic links 
A path name lookup involved more than 8 symbolic links. 

63 ENAMETOOLONG File name too long 
A component of a path name exceeded 255 characters, or an entire path name exceeded 
1023 characters: 

64 ENOTEMPTY Directory not empty 
A directory with entries other than "." and " .. " was supplied to a remove directory or 
rename call. 
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DEFINITIONS 
Descriptor 

An integer assigned by the system when a file is referenced by open(2), dup(2), or pip,(2) or 
a socket is referenced by eocket(2) or socketpair(2) which uniquely identifies an access path 
to that file or socket Crom a given process or any of its children. 

Directory 
A directory is a special type of file which contains entries which are references to other files. 
Directory entries are called links. By convention, a directory contains at least two links, . 
and .. , referred to as dot and dot-dot respectively. Dot refers to the directory itself and dot,. 
dot ref era to its parent directory. 

Effective User Id, Effective Group Id, and Access Groups 
Acee"" to system resources is governed by three values: the effective user ID, the effective 
group ID, and the group access list. 

The effective user ID and effective group ID are initially the process's real user ID and real 
group ID respectively. Either may be modified through execution of a set-user-ID or set,. 
group-ID file (possibly by one its ancestors); see ezecve(2). 

The group acce"" list is an additional set of group !D's used only in determining resource 
accessibility. Access checks are performed as described below in "File Access Permissions". 

File Acceee Permissions 
Every file in the file system has a set or access permissions. These permissions are used in 
determining whether a process may perform a requested operation on the file (such as open
ing a file for writing). Access permissions are established at the time a file is created. They 
may be changed at some later time through the chmod(2) call. 

File access is broken down according to whether a file may be: read, written, or executed. 
Directory file• u•e the execute permission to control if the directory may be searched. 

File access permissions are interpreted by the system as they apply to three different classes 
of usero: the owner of the file, those users in the file's group, anyone else. Every file has an 
independent set of acces• permissions for each of these classes. When an access check is 
made, the system decide• if permi .. ion should be granted by checking the acceas informa,. 
tion applicable to the caller. 

Read, write, and execute/search permission• on a file are granted to a process if: 

The proce••'• effective user ID i• that of the •uper-user. 

The process'• effective user ID matche• the user ID or the owner of the file and the owner 
permissions allow the access. 

The process'• effective Uoer ID doe• not match the user ID or the owner or the file, and 
either the proceo•'• effective group ID matches the group ID of the file, or the group ID of 
the file is in the proce••'• group acce"" list, and the group permissions allow the access. 

Neither the effective user ID nor effective group ID and group access list of the process 
match .the corresponding user ID and group ID of the file, but the permissions for "other 
users" allow access. 
Otherwise, permission is denied. 

File Name 
Names consisting of up to 255 charactera may be used to name an ordinary file, special file, 
or directory. 

These characters may be selected from the set of all ASCII character excluding O (null) and 
the ASCII code for/ (slash). (The parity bit, bit 8, must be 0.) 

Note that it is generally unwise to use •, ! , I or ) as part of file names because of the special 
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meaning attached to these characters by the shell. 

Parent Process ID 
A new proce•• i• created by a currently active process; see fork(2). The parent process ID or 
a proces• is the proce•• ID or it• creator. 

Path Name 
A path name is a null-terminated character string starting with an optional slash (/), fol
lowed by zero or more directory name• separated by slashes, optionally rollowed by a file 
name. The total length or a path name must be les• than {PATHNAME_MAX} characters. 

Ir a path name begins with a slash, the path search begin• at the root directory. Otherwise, 
the search begin• rrom the current working directory. A slash by itself names the root 
directory. A null pathname refers to the current directory. 

Process Group ID 
Each active proce•s is a member or a process group that is identified by a pooitive integer 
called the process group ID. This is the process ID or the group leader. This grouping per
mits the signalling or related processeo (see kil/pg(2)) and the job control mechanisms or 
csh(l). 

Proce•s ID 
Each active process in the system is uniquely identified by a positive integer called a process 
ID. The range or thi• ID is Crom Oto 30000. 

Real User ID and Real Group ID 
Each user on the system is identified by a positive integer termed the real user ID. 

Each user is also a member or one or more groups. One or these group• is distinguished rrom 
others and u•ed in implementing accounting facilities. The pooitive integer corresponding to 
this distinguished group i• termed the real group ID. 

All proces•es have a real user ID and real group ID. These are initialized rrom the 
equivalent attribute• or the process which created it. 

Root Directory and Current Working Directory 
Each process has associated with it a concept or a root directory and a current working 
directory for the purpose or resolving path name searches. A process's root directory need 
not be the root directory or the root Ille •ystem. 

Sockets and Address Families 
A socket is an endpoint for communication between processes. Each socket has queues ror 
sending and receiving data. 

Sockets are typed according to their communications properties. The•e properties include 
whether me•sage• sent and received at a socket require the name or the partner, whether 
communication i• reliable, the rormat used in naming mes•age recipients, etc. 

Each instance or the system supports some collection or •ocket types; consult •ockel(2) ror 
more information about the type• available and their properties. 

Each ibstance or the system supports •ome number or sets or communication• protocols. 
Each protocol •et supports addre•ses or a certain format. An Address Family is the set or 
addresses for a specific group or protocols. Each socket has an addres• chosen rrom the 
address family in which the socket was created. 

Special Processes 
The processes with a process ID's or 0, 1, and 2 are special. Process O .i• the scheduler. Pro
cess 1 is the initialization process init, and is the ancestor of every other process in the sys
tem. It is used to control the process structure. Process 2 is the paging daemon. 

Super-user 
A process is recognized as a euper-u,er process and is granted special privileges if its 
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INTR0(2) SYSTEM CALLS INTR0(2) 

effective user ID is 0. 

Tty Group ID 
Each active process can be a member of a terminal group that is identified by a positive 
integer called the tty group ID. This grouping is used to arbitrate between multiple jobs 
contending tor the same terminal; see csh(l), and Uy(4). 

SEE ALSO 
intro(3), perror(3) 
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NAME 
accept - accept a connection on a socket 

SYNOPSIS 
#Include <1y1/type1.h> 
#Include <1y1/1ocket.h> 
n1 = accept(•, addr, addrlen) 
Int n1, II 
1truct 1ockaddr *addr1 
Int *addrlen1 

DESCRIPTION 
The argument • is a socket which has been created with socket(2), bound to an address with 
6ind(2), and is listening for connections alter a /ieten(2). Accept extracts the first connection on 
the queue of pending connections, creates a new socket with the same properties or B and allocates 
a new Ole descriptor, n•, for the socket. Ir no pending connections are present on the queue, and 
the socket is not marked as non-blocking, accept blocks the caller until a connection is present. Ir 
the socket is marked non-blocking and no pending connections are present on the queue, accept 
returns an error as described below. The accepted socket, ns, is used to read and write data to 
and from the socket which connected to this one; it is not used to accept more connections. The 
original socket • remains open for accepting further connections. 

Tpe argument addr is a result parameter which is Oiled in with the address or the connecting 
edtity, as known to the communications layer. The exact format or the addr parameter is deter
n1Jned by the domain in which the communication is occurring. The addrlen is a value-result 
parameter; it should initially contain the amount or space pointed to by addr; on return it will 
contain the actual length (in bytes) or the address returned. This call i• used with connection· 
based socket types, currently with SOCK_STREAM. 

It is posoible to eetecl(2) a socket for the purpooes of doing an accop! by selecting it for read. 

RETURN VALUE) 
The call returns -1 on error. 
ror the a«ej)ted socket. 

IC it succeeds it returns a non•negative integer which is a descriptor 

ERRORS 
The accept will fail if: 

IEBADFI 

jENOTSOCK) 

jEOPNOTSUPP) 

IEFAULT) 

IEWOULDBLOCKI 

SEE ALSO 

The descriptor is invalid. 

The descriptor references a Ole, not a socket. 

The referenced socket i• not of type SOCK_STREAM. 

The addr parameter is not in a writable part or the user address space. 

The socket is marked non-blocking and no connections are present to be 
accepted. 

bind(2), connect(2), listen(2), select(2), socket(2) 
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NAME 
access - determine accessibility or file 

SYNOPSJS 
#Include <•Y•/flle,h> 
#defineR_OK 
#define W_OK 
#deOneX_OK 
#define F _OK 

4 
2 
l 
0 

/* test Cor read permission * / 
/* test tor write permission * / 
/* test tor execute (search) permission * / 
/* test tor presence or ftle * / 

accessible = access(path, mode) 
int accessible; 
char *path; 
int mode; 

DESCRIPTION 
Access checks the given Ole path Cor accessibility according to mode, which is an inclusive or or 
the bits R_OK, W_OK and X_OK. SpeciCying mode as F _OK (i.e. 0) tests whether the direc
tories leading to the ftle can be searched and the Ole exists. 

The real user ID and the group access list (including the real group ID) are used in verifying per
mission, oo this call is uoeCul to oet-UID programo. 

Notice that only acceos bits are checked. A directory may be indicated as writable by access, but 
an attempt to open it tor writing will Cail (although Oles may be created there); a ffle may look 
executable, but ezecve will Cail unless it is in proper Cormat. 

RETURN VALUE 
IC path cannot be round or it any ot the desired access modes would not be granted, then a -1 
value is returned; otherwise a O value is returned. 

ERRORS 
Access to the ffle is denied it one or more ot the following are true: 

(ENOTDIR) A component of the path prefix Is not a directory. 

(ENOENT( The argument path name was too long. 

(ENOENT( Read, write, or execute (search) permission is requested tor a null path name or 
the named Ole does not exist. 

(EPERM) 

(ELOOP( 

(EROFS) 

(ETXTBSY) 

(EACCES( 

(EFAULT( 

SEE ALSO 

The argument contain. a byte with the high-order bit set. 

Too many symbolic links were encountered in translating the pathname. 

Write access is requested Cor a ftle on a read-only ftle gystem. 

Write acceso is requested for a pure procedure (shared text) file that is being exe
cuted. 

Permission bits of the Ole mode do not permit the requested access; or search 
permission is denied on a component of the path prefix. The owner or a file bas 
permission checked with respect to the 11owner" read, write, and execute mode 
bits, members of the file's group other than the owner have permission checked 
with respect to the "group" mode bits, and all others have permissions checked 
with respect to the "other" mode bits. 

Path points outside the process's allocated address space. 

cbmod(2), stat(2) 

Sun Release 1.1 Last change: 2 July 1983 9 



ACCT(2) SYSTEM CALLS ACCT(2) 

NAME 
acct - turn accounting on or off 

SYNOPSIS 
acct(flle) 
char *flle1 

DESCRIPTION 
The oyotem is prepared to write a record in an accounting file tor each proceoo as it terminates. 
This call, with a null-terminated string naming an existing &le as argument, turns on accounting; 
records tor each terminating process are appended to file. An argument ot O causes accounting to 
be turned off. 

The accounting file format is given in acct(5). 

"" This call is permitted only to the super-user. 

NOTES 
Accounting is automatically disabled when the ftle system the accounting &le resides on runs out 
ot space; it is enabled when space once again becomes available. 

RETURN VALUE 
On error -1 is returned. The &le must exist and the call may be exercised only by the super-user. 
It is erroneous to try to turn on accounting when it is already on. 

ERRORS 
Acct will tail it one or the following is true: 

[EPERM] The caller is not the super-user. 

(EPERM] The pathname contains a character with the high-order bit set. 

[ENOTDIR( A component or the path prefix is not a directory. 

[ENOENTJ The named file does not exist. 

[EISDIRJ The named file is a directory. 

(EROFSI The named ftle resides on a read-only &le system. 

[EFAUL Tl File points outside the process'• allocated address space. 

[ELOOPI Too many symbolic links were encountered in translating the pathname. 

[EACCESJ The file is a character or block special ftle. 

SEE ALSO 1 

BUGS 

10 

acct(5), sa(SJ 

No accounting is produced tor programs running when a crash occurs. In particular nontermina!r 
ing programs are never accounted for. 
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BIND(2) SYSTEM CALLS BIND(2) 

NAME 
bind - bind a name to a socket 

SYNOPSIS 
#Include <•Y•/typea,h> 
flnclude <•Y•/•ocket,h> 

bind(•, name, namelen) 
IJit ., 
aj;ruct aockaddr •name1 
tt,t namelen1 

DESCRl"TION 
Bind a.signs a name to an unnamed socket. When a socket is created with ,ocket(2) it exists in a 
name space (address family) but bas no name assigned. Bind requests the name, be assigned to 
the socket. 

NOTES 
Binding a name in the UNIX domain creates a socket in the file system which must be deleted by 
the caller when it is no longer needed (using unlink(2)). 

The rules used in name binding vary between communication domains. Consult the manual 
entries in section 4 for detailed information. 

RETURN VALUE 
Ir the bind is successful, a O value is returned. A return value or -1 indicates an error, which is 
further specified in the global errno. 

ERRORS 
The bind call will fail if: 

IEBADF] 

IENOTSOCK] 

Sis not a valid descriptor. 

Sis not a socket. 

IEADDRNOTA V AILI The specified addre8S is not available from the local machine. 

fEADDRINUSEJ The specified addre8S is already in use. 

IEINV AL] The socket is already bound to an address. 

IEACCES] The requested address is protected, and the current user has inadequate 
permission to access it. 

IEF AUL TJ The name parameter is not in a valid part or the user address space. 

SEE ALSO 

BUGS 

connect(2), listen(2), socket(2), getsockname(2) 

The file created is a side-effect of the current implementation and will not be created in future 
versions or the UNIX ipc domain. 

Sun Releasv 1.1 Last change: 4 January 1984 11 

' ·• 

I 
I• 



BRK(2) SYSTEM CALLS BRK(2) 

NAME 
brk, sbrk - change data segment size 

SYNOPSIS 
caddr_t brk{addr) 
caddr_t addr1 

caddr_t abrk{lncr) 
Int lncr1 

DESCRIPTION 
Bric sets the system's idea ot the lowest data segment location not used by the program (called the 
break) to addr (rounded up to the next multiple ot the system's page size). Locations greater 
than addr and below the stack pointer are not in the address space and will thus cause a memory 
violation if accf!ssed. 

In the alternate function sbrlc, illcr more bytes are added to the program'• data space and a 
pointer to the start or the new area is returned. 

When a program begins execution via ezecve the break is set at the highest location defined by 
the program and data storage areas. Ordinarily, therefore, only programs with growing data 
areas need to use sbrlc. 

The gelr/imi1(2) system call may be used to determine the maximum permissible size ot the data 
segment; it will not be possible to set the break beyond the rlim_maz value returned from a call 
to gelr/imil, e.g. "etext + rlp--+rlim_max." (See end(3) tor the definition ot elezl.) 

RETURN VALUE 
Zero is returned it the bric could be set; -1 it the program requests more memory than the system 
limit. Sbrlc returns -1 it the break could not be set. 

ERRORS 
Sbrlc will tail and no additional memory will be allocated it one of the following are true: 

[ENOMEMJ 
[ENOMEMJ 

[ENOMEMJ 

The limit, as set by ,elrlimil(2), was exceeded. 

The maximum possible size or a data segment (compiled into the system) was 
exceeded. 

Insufficient space existed in the swap area to support the expansion. 

SEE ALSO 

BUGS 

12 

execve(2), getrlimit(2), malloc(3), end(3) 

Setting the break may fail due to a temporary lack or swap space. It is not possible to distinguish 
this from a failure caused by exceeding the maximum size or the data segment without consulting 
gelr/imil. 
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CHDffi(2) SYSTEM CALLS CHDIR(2) 

NAME 
chdir - change current working directory 

SYNOPSIS 
chdlr(path) 
char *path1 

DESCRIPTION 
Path is the pathname or a directory. Chdir causes this directory to become the current working 
directory, the starting point for path names not beginning with 11 

/". 

In order for a directory to become the current directory, a process must have execute (search) 
access to the directory. 

RETUR~ VALUE 
U'pon successful completion, a value of O is returned. Otherwise, a value of -1 is returned and 
e,Jrno is set to indicate the error. 

ERRORS 
Chdir will fail and the current working directory will be unchanged if one or more or the following 
are true: 

(ENOTDffi( 

(ENOENTJ 

[ENOENTJ 

(EPERM) 

(EACCESJ 

(Efi'AULTJ 

(ELOOPJ 

SEE ALSO 
chroot(2) 

Sun Release 1.1 

A component or the pathname is not a directory. 

The named directory does not exist. 

The argument path name was too long. 

The argument contains a byte with the high-order bit set. 

Search permission is denied for any component or the path name. 

Path points outside the process's allocated address space. 

Too many symbolic links were encountered in translating the pathname. 
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NAME 
chmod,. rchmod - change mode or file 

SYNOPSIS 
cbmod(path, mode) 
char *path1 
Int mode1 

fchmod(fd, mode) 
Int fd, mode1 

DESCRIPTION 
The file whose name is given by path or referenced by the descriptor fd has its mode changed to 
mode. Modes are constructed by or'ing together some combination or the following: 

04000 set user ID on execution 
02000 set group ID on execution 
01000 save text image after execution 
00400 read by owner 
00200 write by owner 
00100 execute (search on directory) by owner 
00070 read, write, execute (search) by group 
00007 read, write, execute (search) by others 

Ir an executable file is set up for sharing (this is the default) then mode 1000 prevents the system 
from abandoning the swap-space image of the program-text portion or the file when its last user 
terminates. Ability to set this bit is restricted to the super-user. 

Only the owner or a file (or the super-user) may change the mode. 

Writing or changing the owner of a file turns off the set-user-id and set-group-id bits. This makes 
the system somewhat more secure by protecting set-user-id (set-group-id) files from remaining 
set-user-id (set-group-id) if they are modified, at the expense of a degree of compatibility. 

RETURN VALUE 
Upon successful• completioll, a value or O is returned. Otherwise, a value of -1 is returned and 
errno is set to indicate the error. 

ERRORS 

14 

Ch mod will fail and the file mode will be unchanged if: 

(EPERM) The argument contains a byte with the high-order bit set. 

IENOTDffil A component of the path prefix is not a directory. 

(ENOENTJ The pathname was too long. 

(ENOENTJ The named file does not exist. 

IEACCESJ Search permission is denied on a component of the path prefix. 

IEPERM) The effective user ID does not match the owner of the file and the effective user 
ID is not the super-user. 

(EROFSI 

IEFAULTI 

IELOOPI 

The named file resides on a read-only file system. 

Path point~ outside the process's allocated address space. 

Too many symbolic links were encountered in translating the pathname. 

Fchmod will fail ii: 

IEBADFI 

IEJNVALI 

IEROFSI 

The descriptor is not valid. 

Fd refers to a socket, not to a file. 

The file resides on a read-only file system. 
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0 SEE ALSO 
open(2), chown(2) 

0 

0 
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CHOWN(2) SYSTEM CALLS CHOWN(2) 

NAME 
cbown, fcbown - change owner and group or a file 

SYNOPSIS 
chown(path, owner, group) 
char *path1 
Int owner, groupJ 

fchown(fd, owner, group) 
Int fd, owner, groups 

DESCRIPTION 
The file which is named by path or referenced by Jd has its owner and group changed ,.. specified. 
Only the super-user may execute this call, because if users were able to give files away, they could 
defeat the file-space accounting procedures. 

Chown clears the set-user-id and set-group-id bits on the file to prevent accidental creation of set
user-id and set-group-id programs owned by the super-user. 

Fchown is particularly useful when used in conjunction with the file locking primitives (see 
jlock(2)). 

Only one of the owner and group id's may be set by specifying the other ,.. -1. 

RETURN VALUE 
Zero is returned if the operation was successful; -1 is returned it an error occurs, with a more 
specific error code being placed in the global variable errno. 

ERRORS 
Chown will fail and the file will be unchanged it: 

IEINVALI 

!ENOTDIRI 

IENOENT] 

[EPERM] 

IENOENTI 

[EACCESJ 

IEPERM] 

The argument path does not refer to a file. 

A component of the path prefix is not a directory. 

The argument pathname is too long. 

The argument contains a byte with the high-order bit set. 

The named file does not exist. 

Search permission is denied on a component of the path prefix. 

The effective user ID does not match the owner of the file and the effective user 
ID is not the •uper-user. 

[EROFSJ The named file resides on a read-only file system. 

[EFAUL TJ Path points outside the process's allocated address space. 

(ELOOPJ Too many symbolic links were encountered in translating the pathname. 

Fchown will fail It: 
(EBADFI 

(EINVAL( 

Fd does not refer to a valid descriptor. 

Fd refers to a socket, not a file. 

SEE ALSO 
chmod(2), llock(2) 
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NAME 
chroot - change root directory 

SYNOPSIS 
cbroot(dlrname) 
char •dtrname1 

DESCRIPTION 
Dirname is the address or the pathname or a directory, terminated by a null byte. Chroot causes 
this directory to become the root directory, the starting point for path names beginning with "/". 
This root directory setting is inherited across e~ecve(2) and by all children of this process created 
with /ork(2) calls. 

In order for a directory to become the root directory a process must have execute (search} access 
to the directory. 

This call is restricted to the super-user. 

RETURN VALUE 
Upon s11ccessful completion, a value or O is returned. Otherwise, a value or -1 is returned and 
errno is set to indicate an error. 

ERRORS 
Ohrool will fail and the root directory will be unchanged if one or more or the following are true: 

(ENOTDmJ A component of the path name is not a directory. 

(ENOENTJ The pathname was too long. 

(EPERM) The argument contains a byte with the high-order bit set. 

(ENOENTJ The named directory does not exist. 

(EACCESJ Search permisoion is denied for any component or the path name. 

(EF AUL TJ Path points outside the process'• allocated address space. 

(ELOOPJ Too many oymbolic links were encountered in tranolating the pathname. 

SEE ALSO 
chdir(2) 
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NAME 
close - delete a descriptor 

SYNOPSIS 
clooe(d) 
Int d1 

DESCRIPTION 
The close call deletes a descriptor from the per-process object reference table. If this is the last 
reference to the underlying object, then it will be deactivated. For example, on the last close of a 
file the current ,eek pointer associated with the Ille is lost; on the last close of a •oc/c:el(2) associ
ated naming information and queued data are discarded; on the last close of a &le holding an 
advisory lock the lock is released, see ftock(2) for further information. 

A close of all of a process's descriptors is automatic on e:til, but since there is a limit on the 
number of active descriptors per process, close is necessary for programs which deal with many 
descriptors. 

When a process forks (see /ork(2)), all descriptors for the new child process reference the same 
objects as they did in the parent before the fork. If a new process is then to be run using 
ezecve(2), the process would normally inherit these descriptors. Most of the descriptors can be 
rearranged with dup!/(2) or deleted with close before the ezecve is attempted, but if some of these 
descriptors will etill be needed if the execve faile, it is necessary to arrange for them to be clooed 
if the execve eucceede. For this reason, the call "fcntl(d, F _SETFD, l)" is provided which 
arrange• that a descriptor will be closed after a successful execve; the call "fcntl(d, F _SETFD, O)" 
restores the default, which is to not close the descriptor. 

C/oae unmaps pages mapped through this Ille descriptor. 

RETURN VALUE 
Upon successful completion, a value of O is returned. Otherwise, a value of -1 is returned and the 
global integer variable errno is eet to indicate the error. 

ERRORS. 
C/pse will fail if: 

IEBADFI D is not an active descriptor. 

SEE ALSO 

18 

accept(2), fiock(2), open(2), pipe(2), eocket(2), eocketpair(2), execve(2), fcnt1(2), mmap(2), mun
map(2) 
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NAME 
conneet - initiate a connection on a socket 

SYNOPSIS 
#Include <sye/typea,h> 
#lncl1'de <•Y•/socket,h> 

connect(•, name, namelen) 
Int •1 
etruct sockaddr •namei 
Int namelenJ 

DESCRIPTION 
The parameter • is a socket. If it is of type SOCK_DGRAM, then this call permanently specifies 
the peer to which datagrams are to be sent; it it is of type SOCK_STREAM, then this call 
attempts to make a connection to another socket. The other socket is specified by name which is 
an address in the communications space of the socket. Each communications space interprets the 
name parameter in its own way. 

RET'URN VALUE 
It the connection or binding succeeds, then O is retumed. Otherwise a -1 is returned, and a more 
specific error code is stored in errno. 

ERRORS 
The call fails it: 

(EBADF( Sis not a valid descriptor. 

(ENOTSOCK( Sis a descriptor tor a file, not a socket. 

(EADDRNOTAV All,( The specified address is not available on this machine. 

(EAFNOSUPPORT( Addresses in the speeifled address family cannot be used with this socket. 

(EISCONN) The socket is already connected. 

(ETIMEDOUTI Connection establishment timed out without establishing a connection. 

(ECONNREFUSED( The attempt to connect waa forcefully rejected. 

(ENETUNREACHJ The network isn't reachable from this hoot. 

(EADDRINUSE) The address is already in use. 

(EF AULT) The name parameter epecifleo an area outside the process address space. 

(EWOULDBLOCK( The eocket is non-blocking and the and the connection cannot be com-
pleted immediately. It is possible to aelect(2) the socket while it is con
necting by selecting it tor writing. 

SEE ALSO 
accept(2), select(2), socket(2), getsockname(2) 
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NAME 
creat - create a new file 

SYNOPSIS 
creat(name, mode) 
char *name1 

DESCRIPTION 
Thia Interface la obsoleted by open(Z). 
Creal creates a new file or prepares to rewrite an existing file called name, given as the address or 
a null-terminated string. If the file did not exist, it is given mode mode, as modified by the 
process's mode mask (see umaak(2)). Also see chmod(2) for the construction or the mode argu
ment. 

Ir the file did exist, its mode and owner remain unchanged but it is truncated to O length. 

The file is also opened for writing, and its file descriptor is returned. 

NOTES 
The mode given is arbitrary; it need not allow writing. This feature has been used in the past by 
programs to construct a simple exclusive locking mechanism. It is replaced by the O _EXCL open 
IJ\Ode, or j!ock(2) facilitity. 

RETURN VALUE 
The value -1 is returned if an error occurs. Otherwise, the call returns a non-negative descriptor 
which only permits writing. 

ERRORS 
Creal will fail and the file will not be created or truncated if one or the following occur: 

(EPERMI The argument contains a byte with the high-order bit set. 

[ENOTDffi[ A component or the path prefix is not a directory. 

(EACCESI A needed directory does not have search permission. 

(EACCESI The file does not exist and the directory in which it is to be created is not writ.
able. 

(EACCESI 

[EISDIR] 

(EMFil.E] 

(EROFSJ 

(ENXIO[ 

The file exists, but it is unwritable. 

The file is a directory. 

There are already too many files open. 

The named file resides on a read-only file system. 

The flle -ls a character special or block special file, and the associated device does 
not exist. 

(ETXTBSYJ The file is a pure procedure (shared text) file that is being executed. 

(EFAUL Tl Name points outside the process's allocated address space. 

jELOOPJ Too many symbolic links were encoul!tered in translating the pathname. 

jEOPNOTSUPPI 
The file was a socket (not currently implemented). 

SEE ALSO 
open(2), write(2), close(2), chmod(2), umask(2) 
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DUP(2) SYSTEM CALLS DUP(2) 

NAME 
dup, dup2 - duplicate a descriptor 

SYNOPSIS 
newd = dup(oldd) 
Int newd, oldd1 

dup:Z(oldd, newd) 
Int oldd, newd1 

DESCRIPTION 
Dup duplicates an existing object descriptor. The argument oldd is a small non-negative integer 
index in the per-process descriptor table. The value must be less than the size or the table, which 
is returned by getdtable8ize(2). The new descriptor newd returned by the call is the lowest num
bered descriptor which is not currently in use by the process. 

The object referenced by the descriptor does not distinguish between references using oldd and 
newd in any way. Thus if newd and o/dd are duplicate references to an open file, read(2), wrile(2) 
and /8eek(2) calls all move a single pointer into the file. Ir a separate pointer into the file is 
desired, a different object reference to the file must be obtained by issuing an additional open(2) 
call. 

In the second form of the call, the value of newd desired is specified. Ir this descriptor is already 
in use, the descriptor Is first deallocated as if a c/oae(2) call bad been done first. 

RETURN VALUE 
The value -1 is returned if an error occun in either call. The external variable errno indicates 
the cause or the error. 

ERRORS 
Dup and dupe fail if: 

IEBADFJ 0/dd or newd is not a valid active descriptor 

IEMFILEJ Too many descriptors are active. 

SEE ALSO 
accept(2), open(2), close(2), pipe(2), socket(2), socketpair(2), getdtablesize(2) 
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NAME 
execve - execute a file 

SYNOPSIS 
execve(name, argv, envp) 
char *name, *argv0, *envp01 

DESCRIPTION 

22 

Ezecve transforms the calling process into a new process. The new process is constructed Crom an 
ordinary file called the new proce•• file. Thi• file is either an executable object file, or a file or 
data Cor an interpreter. An executable object file consists or an identifying header, followed by 
pages or data representing the initial program (text) and initialized data pages. Additional pages 
may be specified by the header to be initialize with zero data. See a.out(5). 

An interpreter ftle begin• with a line or the Corm "#! interpreter"; When an interpreter file is 
ezecve 'd, the system ezecve '• the specified interpreter, giving it the name or the originally exec'd 
file as an argument, shifting over the rest or the original arguments. 

There can be no return Crom a successful ezecve because the calling core image is lost. This is the 
mechanism whereby different process images become active. 

The argumelll argv is an array or character pointers to null-terminated character strings. These 
strings constitute the argument list to be made available to the new process. By convention, at 
least one argument must be present in this array, and the first element or this array should be the 
name or the executed program (i.e. the last component or name). 

The argument envp is alno an array or character pointem to null-terminated strings. These strings 
pass information to the new process which are not directly arguments to the command, see 
environ(6). 

Descriptors open in the calling process remain open in the new process, except Cor those Cor which 
the close-on-exec flag is set; see cloae(2). Descriptors which remain open are unafrected by ezecve. 

Ignored signals remain ignored across an ezecve, but signals that are caught are reset to their 
default values. The signal stack is reset to be undefined; see aigvec(2) Cor more information. 

Each process has a real user ID and group ID and an effective user ID and group ID. The real ID 
identifies the pemon using the system; the effective ID determines his access privileges. Ezecve 
changes the effective user and group ID to the owner or the executed file iC the file has the "set,. 
u21er-lD" or "set-group-ID" modee. The real user ID is not affected. 

The new process also inherits the following attributes from the calling process: 

prott!iii ID see getpid(2) 
parent process ID see oetppid(2) 
process group ID see gelpgrp(2) 
access groups see gelgroup,(2) 
working directory see chdir(2) 
root directory see chroot(2) 
control terminal see ltg(4) 
resource usages see getrusage(2) 
interval timers see getitimer(2) 
resource limits see getrlimi1(2) 
file mode mask see umask(2) 
signal mask see sigvec(2) 

When the executed program begins, it is called as follows: 

main(argc, argv, envp) 
int argc; 
char ••argv, **envp; 
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EXECVE(2) SYSTEM CALLS EXECVE(2) 

where argc is the number or elements in argv (the "arg count") and argv is the array or character 
pointers to the arguments themselves. 

Envp is a pointer to an array or strings that constitute the environment or the process. A pointer 
to this array is also stored in the global variable "environ". Each string consists ot a name, an 
"=", and a null-terminated value. The array or pointers is terminated by a null pointer. The 
shell ah(l) passes an environment entry ror each global shell variable defined when the program is 
called. See environ(5) for some conventionally used names. 

RETURN VALUE 
Ir ezecve returns to the calling process an error has occurred; the return value will be -1 and the 
global variable errno will contain an error code. 

ERRORS 
Ezecve will rail and return to the calling process ir one or more or the rollowing are true: 

IENOENT) 

IENOTDffi) 

IEACCESJ 

IEACCES) 

IEACCES) 

IENOEXEC) 

IETXTBSYJ 

IENOMEM) 

IE2BIG) 

(EFAULT) 

(EFAULT) 

CAVEATS 

One or more components or the new process file's path name do not exist. 

A component or the new process file is not a directory. 

Search permission is denied ror a directory listed in the new process file's path 
prefix. 

The new process file is not an ordinary file. 

The new process file mode denies execute permission. 

The new process file has the appropriate access permission, but has an invalid 
magic number in its header. 

The new process file is a pure procedure (shared text) file that is currently open 
for writing or reading by some process. 

The new process requires more virtual memory than is allowed by the imposed 
maximum (gelr/imi1(2)). 

The number or bytes in the new process's argument list is larger than the 
system-imposed limit or {ARG_MAX} bytes. 

The new process lile is not as long as indicated by the size values in its header. 

Path, argv, or envp point to an illegal address. 

Ir a program is .. tuid to ~ non-super-user, but is executed when the real uid is "root", then the 
program has the powers or a ouper-user as well. 

SEE ALSO 
exit(2), rork(2), execl(3); environ(5) 
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NAME 
_exit - terminate a p,ocess 

SYNOPSIS 
_exlt(atatua) 
Int atatua1 

DESCRlfTION 
..,_fzil terminates a process with the rollowing consequences: 

All or the descriptors open in the calling proceu are closed. 

Ir the parent process or the calling proce .. is executing a wail or is interested in the SIGCIIl,D 
signal, then it is notified or the calling process's termination and the low-order eight bits or elalu• 
are made available to it; see wail(2). The low-order 8 bits or status are available to the parent 
proce ... 

The parent proce .. It:> ot all or the calling process's existing child processea are also set to 1. This 
means that the initialization proce"" (see inlro(2)) inherits each or these processes as well. 

Most C programs will call the library routine ezil(3) which perrorms cleanup actions in the stan
dard i/o library before calling _ezil. 

RETURN VALUE 
This call never returns. 

SEE ALSO 
rork(2), wait(2), exit(3) 
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NAME 
Centi - file control 

SYNOPSIS 
#Include <fcntl,h> 

res = fcntl(td, cmd, arg) 
Int re11 
Int fd, cmd, ar1n 

DESCRlPTION 
Fenti provides Cor control over descriptors. The argument fd is a descriptor to be operated on by 
cmd as Collows: 

F_DUPFD 

F_GETFD 

F_SETFD 

F_GETFL 

F_SETFL 

Return a new descriptor as Collows: 

Lowest numbered available descriptor greater than or equal to arg. 

Same object reCerences as the original descriptor. 

New descriptor shares the same file pointer iC the object was a file. 

Same access mode (read, write or read/write). 

Same file status flags (i.e., both file descriptors share the same file status flags). 

The close-on-exec flag associated with the new file descriptor is set to remain 
open across ezecve(2) oystem calls. 

Get the close-on-exec flag associated with the file descriptor fd. IC the low-order 
bit is 0, the file will remain open across ezec, otherwise the file will be closed 
upon execution or ezec. 

Set the close-on-exec flag associated with fd to the low order bit or arg (0 or 1 as 

above). 

Get descriptor status flags, see /cnl1(5) Cor their definitions. 

Set descriptor status flags, see /cnl1(5) Cor their definitions. 

F _GETOWN Get the process ID or process group currently receiving SIGIO and SIGURG sig
nals; process groups are returned as negative values. 

F_SETOWN Set the process or process group to receive SIGIO and SIGURG signals; proceso 
groups are specified by supplying arg as negative, otherwise arg is interpreted as 
a process ID. 

The SIGIO Cacilities are enabled by setting the F ASYNC flag with F _SETFL. 

RETURN VALUE 
Upon succeHful completion, the value returned depends on cmd as Collows: 

F_DUPFti 
F_GETFP 
F_GETFL 
F_GETOWN 
other 

A new file descriptor, 
Value or flag (only the low-order bit is defined). 
Value or flags. 
Value oC file descriptor owner. 
Value other than -1. 

Otherwise, a value or -1 is returned and errno is set to indicate the error. 

ERRORS 
Fenti will Cail iC one or more oC the Collowing are true: 

IEBADF] Fi/dea is not a valid open file descriptor. 

IEMFil,E] Cmd is F _DUPFD and the maximum allowed number oC file descriptors are 
currently open. 

Sun Release 1.1 Last change: 29 August 1983 25 



FCNTL(2) 

(EINVAL( 

SEE ALSO 

SYSTEM CALLS FCNTL(2) 

Cmd is F _DUPFD and arg is negative or greater the maximum allowable number 
(see getdtableaize(2)). 

close(2), execve(2), getdtablesize(2), open(2), sigvec(2) 
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NAME 
flock - apply or remove an advisory lock on an open file 

SYNOPSIS 
#Include <•:r•/flle.h> 

#define LOCK_SH 1 
#define LOCK_EX 2 
#define LOCK_NB 4 
#define LOCK_UN 8 

flock(fd, ope.ration) 
lj,it fd, operatlon1 

DESCRIPTION 

r •hared lock * / r exclusive lock • , r don't block when locking., r unlock*/ 

Flock applies or removes an advisory lock on the file associated with the file descriptor fd. A lock 
is applied by specifying an operation parameter which is the inclusive or of LOCK_SH or 
LOCK_EX and, possibly, LOCK_NB. To unlock an existing lock operation should be 
LOCK_UN. 

Advisory locks allow cooperating processes to perform consistent operations on files, but do not 
guarantee consistency (i.e. processes may still access files without using advisory locks possibly 
resulting in inconsistencies). 

The locking mechanism allows two types of locks: shared locks and eiclueive locks. At any time 
multiple shared locks may be applied to a file, but at no time are multiple exclusive, or both 
shared and exclusive, locks allowed simultaneously on a file. 

A shared lock may be upgraded to an exclusive lock, and vice versa, simply by specifying the 
appropriate lock type; this results in the previous lock being released and the new lock applied 
(possibly after other proceooes have g3ined and released the lock). 

Requesting a lock on an object which is already locked normally causes the caller to blocked until 
the lock may be acquired. If LOCK_NB is included in operation, then this will not happen; 
instead the call will fail and the error EWOULDBLOCK will be returned. 

NOTES 
Locks are on Illes, not Ille descriptors. That is, Ille descriptors duplicated through dup(2) or 
/ork(2) do not result in multiple instances of a lock, but rather multiple references to a single 
lock. If a process holding a lock on a file forks and the child explicitly unlocks the file, the parent 
will lose its lock, 

Procesoes blocked awaiting a lock may be awakened by signals. 

RETURN VALUE 
Zero is returned if the operation waa successfulj on an error a -1 is returned and an error code is 
left in the global location errno. 

ERRORS 
The flock call fails if: 

(EWOULDBLOCK) The Ille is locked and the LOCK_NB option was specified. 

(EBADF) .The argument fd is an invalid descriptor. 

(EINV ALj The argument fd refers to an object other than a file. 

SEE ALSO 
open(2), close(2), dup(2~ execve(2), fork(2) 
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NAME 
fork - create a new process 

SYNOPSIS 
pld =forkO 
Int pld; 

DESCRIPTION 
Fork causes creation or a new process. The new proce88 (child process) is an exact copy of the 
calling process except for the following: 

The child process has a unique process ID. 

The child process has a different parent process ID (i.e., the process ID of the parent pro
cess). 

The child process has its own copy of the parent's descriptors. These descriptors reference 
the same underlying objects, so that, for instance, file pointers in file objects are shared 
between the child and the parent, so that a /,eek(2) on a descriptor in the child process can 
affect a subsequent read or write by the parent. This descriptor copying is also used by the 
shell to establish standard input and output for newly created processes as well as to set up 
pipes. 

The child proce88es resource utilizations are set to O; see aelrlimil(2). 

RETURN VALUE 
Upon successful completion, fork returns a value of O to the child process and returns the process 
ID of the child process to the parent process. Otherwise, a value of -1 is returned to the parent 
process, no child process is created, and the global variable errno is set to indicate the error. 

ERRORS 
Fork will fail and no child process will be created ir one or more of the following are true: 

IEAGAINJ The system-imposed limit {PROC_MAX} on the total number of processes 
under execution would be exceeded. 

IEAGAINI The system-imposed limit {KID_MAX} on the total number of processes under 
execut.ion by a single user would be exceeded. 

SEE ALSO 
execve(2), wait(2) 
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NAME 
!sync - synchronize a file's in-core state with that on disk 

SYNOPSIS 
fa;ync(fd) 
Int fd1 

DESCRIPTION 
Fs11nc cauoes all modified data and attributes or fd to be moved to a permanent storage device: all 
in-core modified copies or buffers for the associated file have been written to a disk when the call 
return•. (Note that thi• is different than s11nc(2) which schedules disk-io for all files (as though an 
Jayne had been done on all files) but return• before the i/o completes.) 

F•11nc should be used by programs which require a file to be in a known state; for example in 
building a oimple transaction facility. 

RETURN VALUE 
AO value is returned on success. A -1 value indicate• an error. 

ERRORS 
The fs11nc fails if: 

IICJ3ADFJ Fd i• not a valid descriptor. 

IEllNV AL) Fd refer• to a socket, not to a file. 

SEE ALSO 
oync(2), oync(S), cron(S) 

BUGS 
The current implementation of this call is expensive for large files. 
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NAME 
getdtablesize - get descriptor table size 

SYNOPSIS 
nd1 = getdtableabe() 
Int nd11 

DESCRIPTION 

GETDTABLESIZE ( 2) 

Each proceoo has a fixed size descriptor table which is guaranteed to have at least 20 •Iota. The 
entries in the deocriptor table are numbered with small integen otarting at 0. The call getdta
blesize return• the size or this table. 

SEEALisO 
clooe(2), dup(2), open(2) 
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GETGID(2) 

NAME 
getgid, getegid - get group identity 

SYNOPSIS 
gld = getgldQ 
Int gld1 

egld = getegld() 
Int egld1 

DESCRIPTION 

SYSTEM CALLS 

Gelgid returns the real group ID or the current process, getegid the effective group ID. 

The real group ID is specified at login time. 

GETGID( 2) 

The effective group ID is more transient, and determines additional access permission during exe
cution or a "set-group-ID" process, and it is for such processes that getgid is most useful. 

SEE ALSO 
getuid(2), &etregid(2), oetgid(3C) 
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NAME 
getgroups - get group access list 

SYNOPSIS 
#Include <•y•/param.h> 

ngroupa = getgroupa(n, &gldaet) 
Int ngroup11 
Int n, *gld1et1 

DESCRIPTION 
Getgroupa gets the current group access list or the user process and stores it in the array gidset. 
The parameter n indicates the number or entries which may be placed in gidael and getgroupa 
returns the actual number or entries placed in the gidset array. No more than NGRPS, as defined 
in <aya/param.h>, will ever be returned. 

RETURN VALUE 
A return value or greater than zero indicates the number of entries placed in the gitIB<I array. A 
return value or -1 indicates that an error occurred, and the error code is stored in the global vari
able errno; 

ERRORS 
The possible errors for getgroup are: 

IEF AUL TJ The arguments ngroup, or gidaet specify invalid addresses. 

SEEALSi) 
selgroups(2), initgroups(3) 
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NAME 
gethostid - get unique identifier or current host 

SYNOPSIS 
bost!d = getbostld() 
Int hostld; 

DESCRIPTION 

GETHOSTID ( 2) 

Gcthoetid returns the 32-bit identifier ror the current host, which is unique across all hosts. 

SEE ALSO 
hostid(l) 
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NAME 
gethostname, sethostname - get/set name or current host 

SYNOPSIS 
gethoatname(name, namelen) 
char •name; 
Int namelen1 

aethoatname(name, namelen) 
char •names 
Int namelen1 

DESCRIPTION 
Gethostname returns the standard host name for the current processor, as previously set by 
sethostname. The parameter name/en specifies the size or the name array. The returned name is 
null-terminated unless insufficient space is provided. 

) 

Sethoetname sets the name or the host machine to be name, which has length name/en. This call 
is restricted to the super-user and is normally used only when the system is bootstrapped. 

RETURN VALUE 
Ir the call succeeds a value or O is returned. If the catt rails, then a value or -1 is returned and an 
error code is placed int the global location errno. 

ERRORS 
The ronowing errors may be returned by these calls: 

(EF AULT( The name or name/en parameter gave an invalid addre88. 

(EPERM( The caller was not the super-user. 

SEE ALSO 
gethostid(2) 

BUGS 
Host names are limited to 255 characters. 
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NAME 
getitimer, setitimer - get/set value or interval timer 

SYNOPSIS 
#Include <•;ya/tlme,h> 

#define ITIMER_REAL O 
#define ITIMER_ VIRTUAL 1 
#define ITIMER_PROF Z 

getltlmer(whlch, value) 
Int whlch1 
struct · 1tlmerval •value1 

aetltlmer(whlch, value, ovalue) 
Int whlch1 
atruct ltlmerval •value, •ovalue1 

DESCRIPTION 

/* real time lntervala • / 
/* virtual time lntervala * / 
/* uaer and a;yatem virtual time * / 

The system provides each process with three interval timers, defined in <•Y•/time.h>. The geti
timer call returns the current value for the timer specified in which, while the eelilimer call sets 
the value of a timer (optionally returning the previous value of the timer). 

A timer value is defined by the ilimerval structure: 

struct itimerval { 

}; 

struct timeval it_interval; 
struct timeval it_value; 

r timer interval • / r current value • / 

If it_value is non-zero, it indicates the time to the next timer expiration. If it_interval is non-zero, 
it specifies a value to be used in reloading it_value when the timer expires. Setting it_value to O 
disables a timer. Setting it_interval to O causes a timer to be disabled after its next expiration 
(assuming it_value is non-zero). 

Time values smaller than the resolution of the system clock are rounded up to this resolution. 

The ITIMER_REAL timer decrements in real time. A SIGALRM signal is delivered when this 
timer expires. 

The ITIMER_VffiTUAL timer decrements in process virtual time. It runs only when the process 
is executing. A SIGVT ALRM signal is delivered when it expires. 

The ITIMER_PROF timer decrements both in process virtual time and when the system is run
ning on behalf of the process. It is designed to be used by interpreters in statistically profiling the 
execution of interpreted programs. Each time the ITIMER_PROF timer expires, the SIGPROF 
signal is delivered. Because this signal may interrupt in-progress system calls, programs using this 
timer must be prepared to restart interrupted system calls. 

NOTES 
Three macros for manipulating time values are defined in <•y•/time.h>. Timerclear sets a time 
value to zero, limerieeel tests if a time value is non-zero, and timercmp compares two time values 
(beware that >= and.<= do not work with this macro). 

RETURN VALUE 
Ir the calls succeed, a value of O is returned. If an error occurs, the value -1 is returned, and a 
more precise error code is placed in the global variable errno. 

ERRORS· 
The possible errors are: 

[EF AUL TJ The value structure specified a bad address. 
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0 
!EINVALI A value structure specified a. time wa.s too large to be handled. 

SEE ALSO 
sigvec(2), gettimeofda.y(2) 

0 

0 
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NAME 
getpagesize - get system page size 

SYNOPSIS 
pageslze = getpageolzeQ 
Int page11lze1 

DESCRIPTION 

SYSTEM CALLS GETPAGESIZE(2) 

Gelpagesize returns the number or bytes in a page. Page granularity is the granularity or many or 
the memory management calls. 

The page size is a system page size and may not be the same as the underlying hardware page 
size. 

SEE ALSO 
sbrk(2), pageaize(l) 
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NAME 
getpeername - get name or connected peer 

SYNOPSIS 
getpeername(1, name, namelen) 
Int •I 
atruct 1ockaddr •name; 
Int •namelen; 

DESCRIPTION 
Getpeername return• the name of the peer connected to socket •. The name/en parameter should 
be initialized to indicate the amount of space pointed to by name. On return it contains the 
actual size or the name returned (in bytes). 

DIAGNOSTICS 
AO is returned if the call succeed•, -1 if it fails. 

ERRORS 
The call succeeds unleoo: 

IEBADFJ 

!ENOTSOCK) 

IENOTCONNJ 

IENOBUFSJ 

IEFAULTJ 

The argument • is not a valid descriptor. 

The argument • is a file, not a socket. 

The socket i• not connected. 

Insufficient resource• were available in the system to perform the operation. 

The name parameter point• to memory not in a valid part or the process address 
space. 

SEE ALSO 

BUGS 

38 

bind(2), socket(2), getsockname(2) 

Name• bound to oocketo in the UNIX domain are inaccessible; getpeername return• a zero length 
name. 
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NAME 
getpgrp - get process group 

SYNOPSIS 
PIP'P = getplP'p(pld) 
Int prgp1 
lntpld1 

DESCRIPTION 
The proceBS group of the specified process is returned by getpgrp. If pid is zero, then the call 
applies to the current process. 

Process groups are used for distribution of signals, and by terminals to arbitrate requests for their 
input: processes which have the same process group as the terminal are roreground and may read, 
while others will block with a signal if they attempt to read. 

This call is thus use<! by programs such as csh(l) to create process groups in implementing job 
control. The TIOCGPGRP and TIOCSPGRP calls described in tty(4) are used to get/set the 
process group of the control terminal. 

SEE ALSO 
setpgrp(2), getuid(2), tty(4) 
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NAME 
getpid, getppid - get process identification 

SYNOPSIS 
pld = getpld() 
long pld1 

ppld = getppld() 
long ppld1 

DESCRIPTION 

GETPID(2) 

Getpid returns the process ID of the current process. Most often it is used with the host identifier 
gethostid(2) to generate uniquely-named temporary files. 

Getppid returns the process ID of the parent of the current process. 

SEE ALSO 
gethostid(2) 
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NAME 
getpriority, setpriority - get/set program scheduling priority 

SYNOPSIS 
#Include <aya/resource.h> 

#define PRIO_PROCESS 0 
#define PRIO_PGRP 1 
#define PRIO_USER 2 

prlo = getprlorlty(whlch, who) 
Int prlo, which, who1 

eetprlorlty(whlch, who, prlo) 
Int which, who, prlo1 

/* proceaa */ 
/* process group * / 
/* uaer Id*/ 

DESCRIPTION 
The ocheduling priority or the process, process group, or user, as indicated by which and who is 
obtained with the gelpriorily call and set with the setpriority call. Which is one or 
PRIO.YROCESS, PRIO.YGRP, or PRIO_USER, and who is interpreted relative to which (a pro
cess identifier for PRIO_PROCESS, process group identifier for PRIO_PGRP, and a user ID for 
PRIO_USER). Prio is a value in the range -20 to 20. The default priority is O; lower priorities 
cause more favorable scheduling. 

The go/priority call returns the highest priority (lowest numerical value) enjoyed by any or the 
specified processes. The eetpriority call sets the priorities or all or the specified processes to the 
specified value. Only the super-user may lower priorities. 

RETURN V ALU!!: 
Since getpriority can legitimately return the value -1, it is necessary to clear the external variable 
errno prior to the call, then check it afterward to determine if a -1 is an error or a legitimate 
value. The eetpriority call returns O if there is no error, or -1 ir there is. 

ERRORS 
Getprioritg and setpriorit11 may return one or the following errors: 

(ESRCH( 

(EINVAL) 

No process(••) were located using the which and who values specified. 

Which was not one or PRIO.YROCESS, PRIO.YGRP, or PRIO_USER. 

In addition to the errors indicated above, setpriority may fail with one or the following errors 
returned: 

(EACCES) 

(EACCES) 

A process was located, but neither its effective nor real user ID matched the 
effective user ID or the caller. 

A non super-user attempted to change a process priority to a negative value. 

SEE ALSO 

BUGS 

nice(l), rork(2), renice(8) 

It is not possible for the process executing selpriority ( } to lower any other process down to its 
current priority, without requiring superuser privileges. 

Sun Release 1.1 Last change: 20 March 1984 41 



GETRLIMIT ( 2) SYSTEM CALLS GETRLIMIT ( 2) 

NAME 
getrlimit, setrlimit - control maximum system resoiirce consuinption 

SYNOPSIS 
#Include <•:r•/tlme.h> 
#Include <•:r•/reoource.h> 
getrllmlt(re1ource, rip) 
Int re1ource1 
etruct rllmlt •rtp1 

1etrllmlt(re1ource, rip) 
Int re1ource1 
etruct rllmlt *rlp1 

DESCRIPTION 

42 

Limits on the consumption or system resources by the current proce88 and each process it creates 
may be obtained with the getrlimil call, and set with the eelr/imil call. 

The resource parameter is one or the following: 

RLIMIT_CPU the maximum amount or cpu time (in milliseconds) to be used by each pro
cess. 

RLIMIT...F'SIZE the largest size, in bytes, or any single file which may be created. 

RLIMIT _DATA the maximum size, in bytes, of the data segment for a process; this defines 
how far a program may extend its break with the ebrk(2) system call. 

RLIMIT _STACK the maximum size, in bytes, or the stack segment for a process; this defines 
how far a program's stack segment may be extended automatically by the sy .. 
tem. 

RLIMIT_CORE 

RLIMIT __R$S 

the largest size, in bytes, or a cart file which may be created. 

the maximum size, in bytes, a process's resident set size may grow to. This 
imposes a limit on the amount or physical memory to be given to a process; ir 
memory is tight, the.system will prefer to take memory from processes which 
are exceeding their declared resident set size. 

A resource limit is specified as a sort limit and a hard limit. When a soft limit is exceeded a pro
cess may receive a signal (for example, if the cpu time is exceeded), but it will be allowed to con
tinue execution until it reaches the hard limit (or modifies its resource limit). The rlimil structure 
is used to specify the hard and s<>ft limits on a resource, 

struct rlimit { 
int 
int 

}; 

rnm_cur; 
rlim_max; 

/* current (soft) limit • / 
/• hard limit • / 

Only the super-user may raise the maximum limits. Other users may only alter rlim_cur within 
the range from O to rlim_mo:r or (irreversibly) low~r rlim_mo:r. 

An "infinite" v_alue for a limit is defined as RLIMIT _INFINITY (Ox7rrrrrrr). 

Because this information is stored in the per-process information, this system call must be exe
cuted directly by the shell if it is to affect all future processes created by the shell; limit is thus a 
built-in command to cah(l). 

The system refuses to extend the data or stack space when the limits would be exceeded in the 
normal way: a break call fails if the data space limit is reached, or the process is killed when the 
stack limit is reached (since the stack cannot be extended, there is no way to send a signal!). 
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GETRLIMIT ( 2) SYSTEM CALLS GETRLIMIT ( 2) 

A Ille i/o operation which would create a file which is too large will cause a signal SIGXFSZ to be 
generated, this normally terminates the process, but may be caught. When the soft cpu time 
limit. is exceeded, a signal SIGXCPU is sent to the offending process. 

RETURN VALUE 
A O return value indicates that the call succeeded, changing or returning the resource limit. A 
return value of -1 indicates that an error occurred, and an error code is stored in the global loca,. 
tion errno: 

ERRORS 
The possible errors are: 

[EF AUL TJ The address specified !or rip is invalid. 

(EPERM} The limit specified to 1drlimit would have 
raised the maximum limit value, aud the caller is o~ the super-user. 

SEE ALSO 
csh(l}, quota(2f 

BUGS 
There should be limit and unlimit commands to ,bfll aa well 88- fo cal,,. 

• 
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NAME 
getru1:1age - get infor.mation about resource utilization 

SYNOPSIS 
#Include <aya/tlme.h> 
#Include <•Y•/reaource.h> 

#define RUSAGE_SELF 
#define RUSAGE_CHILDREN 

getruaage(who, ruaage) 
Int who1 
atruct ruaage *ruaage1 

0 
-1 

/* calling .proceu * / 
/* terminated child proceuea */ 

DESCRIPTION 

44 

Gelruaage return, information about the resources utilized by the current process, or all its ter
minated child processes. The who parameter is one or RUSAGE_SELF or 
RUSAGE_CHILDREN. Ir ru,age is non-zero, the buffer it points to will be filled in with the fol
lowing structure: 

struct rusage { 

}; 

struct timeval r.u_utime; 
struct timeval ru_stime; 
int ru_maxrss; 
int ru_ixns; 
int ru_idne; 
int ru_JsrY; 
int ru_minfit; 
int ru_majfit; 
int ru_nswap; 
int rujnblock; 
int ru_oublock; 
int ru_magsnd; 
int ru_megrcv; 
int rq_nsignala; 
int ru_nvcsw; 
int ru_nivcsw; 

/* user time used */ 
/* system time used * / 

/* integral ahared memory size * / 
/* .integral unshared data size * / 
/* integral unshared stack size * / 
/* page reclaim• */ 
/• page faults */ 
/* awapa */ 
/• block input operations * / 
/* block output operation• * / 
/* mesaages sent * / 
/* meoaages received * / 
/* signals received * / 
/* voluntary context switches * / 
/* involuntary context switches * / 

The fields are interpreted as follows: 

ru_utime 

ru_stime 

ru_maxrss 

ru_ixrss 

ru_idrss 

ru_isrss 

the total amount of time spent executing in user mode. Time is given in 
seconds:microeecond1. 

the total amount or time spent in the system executing on behalf of the 
process(es). Time is given in seconds:microeeconds. 

the maximum resident set size utilized. Size is given in pages (1 page = 
2Kbytea). 0 

an "integral" value indicating the amount of memory used whieh was also 
shared among other processes. This value is expressed in units of pages • clock 
ticks (1 tick = 1/50 second). The value is calculated by summing the number of 
shared memory pages in use each time the internal system clock ticks, and then 
averaging over 1 second intervals. 

an integral value of the amount of unshared memory residing in the data seg
ment of a process. The value is given in pages • clock ticks. 

an integral value or the amount of unshared memory residing in the stack seg
ment or a process. The value is given in pages • clock ticks. 
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ru_minflt 

ru_majftt 

ru_nswap 

ru_inbloclr. 

ru_outblock 

ru_msgsnd 

ru_msgrcv 

ru_n•ignal• 

ru_nvcsw 

ru_nivcew 

NOTES 

SYSTEM CALLS GETRUSAGE(2) 

the number of page faults serviced without any i/o activity; here i/o activity is 
avoided by "reclaiming" a page frame from the list of pages awaiting realloca
tion. 

the number of page faults serviced which required i/o activity. 

the number of times a process was "swapped" out of main memory. 

the number of times the file system had to perform input. 

the number of times the file system had to perform output. 

the number of ipc messages sent. 

the number or ipc messages received. 

the number of signals delivered, 

the number of times a context switch resulted due to a process voluntarily giving 
up the proce!!Or before its time slice was completed (usually to await availability 
of a resource). 

the number of time• a context switch resulted due to a higher priority process 
becoming runnable or becau•e the current process exceeded its time slice. 

The number! ru_inblock and ru_outblock account only for real i/o; data supplied by the cacheing 
mechanism is charged only to the first process to read or write the data. 

SEE ALSO 
gettimeofday(2), wait(2) 

BUGS 
There is no way to obtain information about a child process which has not yet terminated. 
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NAME 
getsockname - get socket name 

SYNOPSIS 
getsockname(•, name, namelen) 
Int., 
.truct 110Ckaddr *namei 
Int *namelen1 

DESCRIPTION 
Gelaockname returns the current name for the specified socket. The name/en pa,ameter should be 
initialized to indicate the amount of space pointed to by name. On return it contains the actual 
•be of the name returned (in bytes). 

DIAGNOSTICS 
A O is returned if the ~all succeeds, -1 if it fails. 

ERRORS 
The call succeeds unless: 

(EBADFI 

(ENOTSOCKI 

IENOBUFSI 

(EFAULTI 

The a,gument • is not a valid descriptor. 

The a,gument • is a Ille, not a socket. 

Inouflicient resources were available in the system to perform the operation. 

The name parameter points to memory not in a valid part of the process address 
apace. 

SEE ALSO 

BUGS 

46 

bind(2), aocket(2), getpeername(2) 

Names bound to sockets in the UNIX domain a,e inaccessible; 1et1oc1'name returns a zero length 
name. 
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NAME 
getsockopt, setsockopt - get and set options on sockets 

SYNOPSIS 
#Include <oya/typeo,h> 
#Include <aye/oocket,h> 

getaockopt(a, level, optname, optval, optlen) 
Int a, level, optname1 
char •optval1 
Int *optlen1 

aetaockopt(e, level, optname, optval, optlen) 
Int •, lmrel, optname1 
char •optval1 
Int optlen1 

DESCRIPTION 
Geteockopl and setsockopl manipulate options associated with a socket. Options may exist at 
multiple protocol levels; they are always present at the uppermost "socket" level. 

When manipulating socket options the level at which the option resides and the name or the 
option must be specified. To manipulate options at the "socket" level, level is specified as 
SOL_SOCKET. To manipulate options at any other level the protocol number or the appropriate 
protocol controlling the option is supplied. For example, to indicate an option is to be inter
preted by the TCP protocol, level should be set to the protocol number or TCP; see 
gelprolo enl(3N). 

The parameters optval and opllen are used to access option values for ,et,ockopl. For gelsockopl 
they identity a buffer in which the value for the requested option(•) are to be returned. For get
sockopt, optlen is a value-result parameter, initially containing the size or the buffer pointed to by 
optval, and modified on return to indicate the actual size of the value returned. Ir no option 
value is to be supplied or returned, oplval may be supplied as 0. 

Optname and any specified options are passed uninterpreted to the appropriate protocol module 
for interpretation. The include file <•11•/•ocket.h> contains definitions for "socket" level 
options; see socket(2) . . Options at other protocol levels vary in format and name, consult the 
appropriate entries in (4P). 

RETURN VALUE 
AO is returned if the call succeeds, -I if it fails. 

ERRORS 
The call succeeds unless: 

IEBADF) The argument • is not a valid descriptor. 

IENOTSOCK) The argument • is a file, not a socket. 

(ENOPROTOOPTj The option is unknown. 

(EF AULT) Tile options are not in a valid part or the process address space. 

SEE ALSO 
socket(2), getprotoent(SN) 
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NAME 
gettimeofday, settimeofday - get/set date and time 

SYNOPSIS 
#Include <•:r•/tlme,h> 

gettlmeofday(tp, tap) 
1truct tlmeval *tp1 
1truct tlmeaone *bp1 

1ettlmeofday(tp, bp) 
1truct tlmeval *tp1 
1truct tlmeaone *tsp1 

DESCRIPTION 
Gettimeofd•u rtturns the system's notion or the current Greenwich time and the current time 
zone. Time returned is expre88ed in oecondo and. microseconds since midnight January 1, 1970. 

The structures pointed to by Ip and lzp are defined in <•u•/lime.h> ao: 

struct timeval { 
/* second• oince Jan. 1, 1970 */ 
/* and microsecond• • / 

u_long tv _sec; 
long tv _uoec; 

}; 

otruct timezone { 
int tz__minuteowest; /* or Greenwich • / 
int tz_dottime; /* type or dot correction to apply • / 

}; 

The timezone otructure indicate• the local time zone (meaoured in minutes or time weotward from 
Greenwich), and a Hag that, if nonzero, indicate• that Daylight Saving time applieo locally during 
the appropriate part or the year. 

Ir /P and/or tzp is a zero pointer, the correoponding information will not be returned or set. 

Only the ouper-user may oet the time or day. 

RETURN 
A O return value indicates that the call succeeded. A -1 return value indicate! an error occurred, 
and in this caoe an error code io stored into the global variable errno. 

ERRORS 
The following error codes may be set in errno: 

(EFAULT( 

(EPERM) 

SEE ALSO 
date(l), ctime(3) 

BUGS 

An argument addre•• referenced invalid memory. 

A user other than the super-uoer attempted to set the time. 

Time is never correct enough to believe the micr08econd values. There should a mechanism by 
which, at leaot, local cluotero or oystemo might synchronize their clocks to millisecond granularity. 
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NAME 
getuid, geteuid - get user identity 

SYNOPSIS 
uld = getuld() 
lntuld1 

euld = geteuld() 
Int euld1 

DESORIJ!TION 

SYSTEM CALLS 

~eluid return• the real user ID of the current process, geteuid the eft'ective user ID. 

GETUID(2) 

'l"Jie real user ID identifies the person who is logged in. The effective user ID gives the process 
additional permll!sions during execution of "set-user .. ll)" mode processes, which use getuid to 
determine the real-user-id of the process which invoked them . 

• 
SEE ALSO 

getgid(2), setreuid(2) 
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NAME 
ioctl - control device 

SYNOPSIS 
#Include <1:y1/loctl.h> 

loctl(d, reque1t, argp) 
Int d, requeat1 
char •argp1 

DESCRIPTION 
Ioctl pertorms a variety or £unctions on open descriptors. In particular, many operating charac
teristics or character special files (e.g. terminals) may he controlled with ioctl requests. The write
ups ot various devices in section 4 di!cuu how ioctl applies to them. 

An ioctl reque,I ha.a encoded in it whether the argument is an "in" parameter or 11out" parame
ter, and the size or the argument orgp in bytes. Macros and defines used in specitying an ioctl 
reguell are located in the Ole <1u1/iocll.h>. 

RETURN VALUE 
It an error has occurred, a value or -1 i8 returned and errno i8 set to indicate the error. 

It no error has occurred (using a STANDARD device driver), a value ot O i8 returned. 

ERRORS 
Ioctl will tail it one or more or the following are true: 

IEBADFI Dis not a valid descriptor. 

IENOTTYI D is not .. sociated with a character special device. 

0 

jENOTTYI The opeci6ed request does not apply to the kind of object which the deocriptor d o 
refere-nces. 

IEINVALJ Regueal or orgp is not valid. 

SEE ALSO 
execve(2), tcnt1(2), mtio(4), tty(4) 

0 
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NAME 
kill - send signal to a process 

SYNOPSIS 
kill(pld, •Is) 
Int pld, •Isl 

DESCRIPTION 
Kill sends the signal aig to a process, specified by the process number pid. Sig may be one of the 
signals specified in sigvec(2), or it may be 0, in which case error checking is performed but no sig
nal is actually sent. This can be used to check the validity of pid. 

The sending and receiving processes must have the same effective user ID, otherwise this call is 
restricted to the super-user. A single exception is the signal SJGCONT which may always be sent 
to any child or grandchild of the current process. 

Ir the process number is 0, the signal is sent to all other processes in the sender's process group; 
this is a variant or l:il/pg(2). 

If the process number is -1, and the user is the super-user, the signal is broadcast universally 
except to oystem processes and the process sending the signal. 

Processes may send signals to themselves. 

RETURN VALUE-
Upon successful completion, a value of O is returned. Otherwise, a value of -1 is returned and 
errno is set to indicate the error. 

ERRORS 
Kill will fail and no signal will be sent if any of the following occur: 

IEINV AL] Sig is not a valid signal number. 

IESRCH] No process can be found corresponding to that specified by pid. 

IEPERM] The sending process is not the super-user and its effective user id does not match 
the effective user-id of the receiving process. 

SEE ALSO 
getpid(2), getpgrp(2), killpg(2), sigvec(2) 
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NAME 
killpg - send signal to a process group 

SYNOPSIS 
klllpg(pgrp, alg) 
Int pgrp, alg1 

DESCRIPTION 
Killpg sends the signal sig to the proce•• group pgrp. See ,igvec(2) for a list or signals. 

The sending proceoo and memben or the proce•• group muot have the oame effective uoer ID, oth
erwise this call is restricted to the ouper-uoer. & a single special case the continue signal 
1fJGCONT may be sent to any process which is a deocendant or the current process. 

RETUR!l! VALUE 
Upon successful completion, a value or O is returned. Otherwise, a vi>lue or -1 is returned and the 
global variable errno is set to indicate the error. 

ERRORS 
Killpg will fail and no signal will be oent if any or the following occur: 

(EINV ALI Sig is not a valid signal number. 

No process were found in the specified process group. !ESRCH) 

!EPERM) The sending process is not the super-user and one or more or the target processes 
hao an effective user ID different from that or the sending process. 

SEE ALSO 
kl!l(2), getpgrp(2), sigvec(2) 
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NAME 
link - make a hard link to a file 

SYNOPSIS 
Unk(namel, name:11) 
char *namel, *name:111 

DESCRIPTION 
A hard link to namel is created; the link has the name name!!. Nam el must exist. 

With hard links, both namel and name!! must be in the same file system. Unless the caller is the 
super-user, namel must not be a directory. Both the old and the new link share equal access and 
rights to the underlying object. 

RETURN VALUE 
Upon successful completion, a value or O is returned. Otherwise, a value or -1 is returned and 
errno is set to indicate the error. 

ERRORS 
Link will fail and no link will be created if one or more or the following are true: 

(EPERMj 

(ENOENT( 

(ENOTDffi) 

(ENOENT) 

(EACCES) 

(ENOENT) 

(EEXIST) 

IEPERMj 

(EXDEV) 

IEACCES) 

(EROFS) 

(EFAULT) 

(ELOOP) 

SEEALSO 

Either pathname contains a byte with the high-order bit set. 

Either pathname was too long. 

A component or either path prefix is not a directory. 

A component or either path prefix does not exist. 

A component or either path prefix denies search permission. 

The file named by namel does not exist. 

The link named by name!! does exist. 

The Ille named by namel is a directory and the effective user ID is not super
Ul!ler. 

The link named by namee and the Ille named by namel are on different file sys
tems. 

The requested link requires writing in a directory with a mode that denies write 
permission. 

The requested link requires writing in a directory on a read-only Ille system. 

One or the pathnames specified is outside the process's allocated address space. 

Too many symbolic links were encountered in translating the pathname. 

symlink(2), unlink(2) 

Sun Release 1.1 Last change: 12 February 1983 53 



LISTEN(2) SYSTEM CALLS LISTEN(2) 

NAME 
listen - listen ror connections on a socket 

SYNOPSIS 
llaten( •, backlog) 
Int •, backloBJ 

DESCRIPTION 
To accept connections, a socket is first created with ,ociel(2), a backlog ror incoming connections 
is specified with li,len(2) and then the connections are accepted with occepl(2). The /iBlen call 
applies only to sockets or type SOCK_STREAM or SOCK_PKTSTREAM. 

The backlog parameter defines the maximum length the queue or pending connections may grow 
to. H a connection request arrives with the queue run the client will receive an error with an indi
cation or ECONNREFUSED. 

RETURN VALUE 
A O. return value indicates success; -1 indicates an error. 

ERRORS 
The call tails ir: 

The argument • is not a valid descriptor. 

The argument • is not a socket. 

(EBADFf 

[ENOTSOCKf 

(EOPNOTSUPPf The socket is not or a type that supports the operation liBlen. 

SEE ALSO 
accept(2), connect(2), socket(2) 

BUGS 
The bacilog is currently limited (silently) to 5. 
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NAME 
!seek, tell - move read/write pointer 

SYNOPSIS 
#define L_SET 0 
#define L_INCR 1 
#define L_xTND Z 

/* set the seek pointer * / 
/* Increment the seek pointer * / 
/* extend the file size * / 

poa = laeek( d, offset, whence) 
Int POii 
Int d, offset, whence1 

DESCRIPTION 
The descriptor d refers to a Ille or device open for reading and/or writing. Lseek sets the ftle 
pointer or d as follows: 

It whence is L_SET, the pointer is set to offset bytes. 

Ir whence is L_INCR, the pointer is set to its current location plus offset. 

Ir whence is L_;xTND, the pointer is set to the size or the file plus of!eet. 

Upon successful completion, the resulting pointer location as measured in bytes Crom beginning or 
the Ille is returned. Some devices are incapable or seeking. The value or the pointer associated 
with such a device is undellned. 

The obsolete function lell{Jilde•) is Identical to laeek(jiJde•, OL, L_INCR). 

NOTES 
Seeking Car beyond the end or a file, then writing, creates a gap or "hole", which occupies no phy
sical space and reads as zeros. 

RETURN VALUE 
Upon successful completion, a non-negative integer, the current file pointer value, is returned. 
Otherwise, a value or -1 is returned and errno is set to indicate the error. 

ERRORS 
L•eek will Cail and the Ille pointer will remain unchanged if: 

(EBADF] Fildes is not an open &le descriptor. 

(ESPIPEJ Filde• is associated with a pipe or a socket. 

(EINV AL] Whence is not a proper value. 

(EINV AL] The resulting Ille pointer would be negative. 

SEE ALSO 
dup(2), open(2) 
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NAME 
mkdir - make a directo,y file 

SYNOPSIS 
mkdlr(path, mode) 
char *path; 
Int mode1 

DESCRIPTION 
Mkdir creates a new directo,y Ille with name path. The mode of the new file is initialized from 
mode. (The protection part of the mode is modifted by the process's mode mask; see um ... l-(2)). 

The directo,y'o owner ID is set to the process's effective user ID. The direct.o,y'o group ID is set 
to that or the parent directo,y in which it is created. 

The low-order 9 bits of mode are modifted by the process'• file mode creation mask: all bits set in 
the proce88'8 file mode creation mask are cleared. See umosl-(2). 

RETURN VALUE 
A O return value indicates succe88. A -1 return value indicates an error, and an error code is 
stored in errno. 

ERRORS 
Mkdir will fail and no directo,y will be created ir: 

(EPERM) 

(EPERM) 

(ENOTDJR) 

)ENOENT( 

(EROFS) 

(EEXIST) 

(EFAULT) 

(ELOOP) 

(EIO) 

The proce88'o effective user ID is not super-user. 

The path argument contains a byte with the high-order bit set. 

A component of the path prefix is not a directo,y. 

A component or the path prefix does not exist. 

The named Ille resides on a read-only file system. 

The named file exists. 

Path points outside the process'• allocated address space. 

Too many symbolic links were encountered in translating the pathname. 

An 1/0 error occured while writing t.o the Ille system. 

SEE ALSO 
chmod(2), stat(2), umask(2) 
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NAME 
mknod - make a special Ille 

SYNOPSIS 
mknod(path, mode, dev) 
char *path; 
Int mode, dev; 

DESCRIPTION 
Mknod creates a new Ille whose name is path. The mode of the new file (including special file bits) 
is initialized from mode. (The protection part or the mode is modified by the process's mode 
mask; see uma,k(2)). The llrst block pointer or the i-node is initialized from dev and is used to 
specify which device the special file refers to. 

Ir mode indicates a block or character special file, dev is a conllguration dependent specillcation or 
a character or block 1/0 device. Jr mode does not indicate a block special or character special 
device, dev is ignored. 

Mlmod may be invoked only by the super-user. 

RETURN VALUE 
Upon successful completion a value or O is returned. Otherwise, a value or -1 is returned and 
errno is set to indicate the error. 

ERRORS 
Mknod will fail and the Ille mode will be unchanged it: 

!EPERM] The process's effective user ID is not super-user. 

(EPERMJ The pathname contains a character with the high-order bit set. 

!ENOTDffij A component of the path prefix is not a directory. 

!ENOENTI A component or the path prefix does not exist. 

(EROFSI The named Ille resides on a read-only Ille system. 

(EEXISTI 

(EFAULTJ 

!ELOOP( 

SEE ALSO 

The named file exists. 

Path points outside the process's allocated address space. 

Too many symbolic links were encountered in translating the pathname. 

chmod(2), stat(2), umask(2) 
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NAME 
mmap - map pages of memory 

SYNOPSIS 
#Include <1y1/mman,h> 
#Include <sye/type1,h> 

mmap(addr, len, prot, ahare, fd, ofl) 
caddr _t addr; Int len, prot, ahare, fd; off_t off; 

DESCRIPTION 
N,B,1 Thia call la not completely Implemented In 4,1, 

Mmap maps the pages starting at addr and continuing for /en bytes from the object represented 
by the descriptor fd, at the current Ille position of offset off. The parameter share specifies 
whether modifications made to this mapped copy of the page are to be kept priuate or are to be 
shared with other references. The parameter prot specifies the accessibility of the mapped pageB. 
The addr and /en parameters and the sum of the current position in fd and the of! parameters 
must be multiples of the page size (found using the gelpageeize(2) call). 

Pages are automatically unmapped at close. 

RETURN VALUE 
The call returns O on success, -1 on failure. 

ERRORS 
The mmap call will fail if: 

[EINV AL[ The argument address or length is not a multiple of the page size as returned by 
getpageeize(2),or the length is negative. 

(EINV AL[ The entire range or pages opecilled in the call is not part of data space. 

[EINV AL[ The specified fd does not refer to a character opecial device which support• mapping 
(e.g. a frame buffer). 

(EINV AL( The specified fd is not open for reading and read access is requested, or not open for 
writing when write access is requested. 

[EINV AL[ The sharing mode was not specified as MAP _SHARED. 

SEE ALSO 
getpagesize(2), munmap(2), close(2) 
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NAME 
mount, umount - mount or remove file system 

SYNOPSIS 
mount(epeclal, name, rwflag) 
char *special, •name1 
Int rwflaBJ 

umount(apeclal) 
char *epeclal1 

DESCRIPTION 
Mount announces to the system that a removable file system has been mounted on the block
structured special file special; from now on, references to file name will refer to the root file on the 
newly mounted file system. Special and name are pointers to null-terminated strings containing 
the appropriate path names. 

Name must exist already. Name must be a directory. Its old contents are inaccessible while the 
file system is mounted. 

The rwjlag argument determines whether the file system can be written on; if it is O writing is 
allowed, ir non-zero no writing is done. Physically write-protected and magnetic tape file systems 
must be mounted read-only or errors will occur when access times are updated, whether or not 
any explicit write is attempted. 

Umounl announces to the system that the special file is no longer to contain a removable file sy .. 
tern. The associated file reverts to its ordinary interpretation. 

RETURN VALUE 
Mount returns O ir the action occurred, -1 if special is inaccessible or not an appropriate file; if 
name does not exist; if special is already mounted; ir name is in use; or if there are already too 
many file systems mounted. 

Umount returns O if the action occurred; -1 if ir the special file is inaccessible or does not have a 
mounted file system, or if there are active files in the mounted file system. 

ERRORS 
A(f•nl will fail when one or the following occurs: 

,, 
(NODEV) The caller is not the super-user. 

[NODEV) 

[ENOTBLK) 

[ENXIO[ 

[EPERM) 

[ENOTDffi) 

[EROFS) 

[EBUSY) 

[EBUSY} 

[EBUSY) 

[EBUSY) 

(EBUSY} 

Sun Release 1.1 

Special does not exist. 

Special is not a block device. 

The major device number or special is out or range (this indicates no device 
driver exists for the associated hardware). 

The pathname contains a character with the high-order bit set. 

A component or the path prefix in name is not a. directory. 

Name resides on a read-only file system. 

Name is not a directory, or another process currently holds a reference to it. 

No space remains in the mount table. 

The super block for the file system had a bad magic number or an out or range 
block size. 

Not enough memory was available to read the cylinder group information for the 
file system. 

An i/o error occurred while reading the super block or cylinder group informa
tion. 
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Umounl may fail with one of the following errors: 

[NODEV[ The caller is not the super-user. 

[NODEV] Special does not exist. 

[ENOTBLKJ Special is not a block device. 

[ENXIO[ The major device number of 1pecial is out of range (this indicates no device 
driver exists for the associated hardware). 

[EINVALJ 

[EBUSY) 

The requested device is not in the mount table. 

A proce"" is holding a reference to a file located on the file system. 

SEE ALSO 
mount(8), umount(8) 

BUGS 
The error codes are in a state of disarray; too many errors appear to the caller as one value. 
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NAME 
munmap - unmap pages or memory 

SYNOPSIS 
#Include <mman.h> 
munmap(addr, len) 
caddr_t addr1 Int len1 

DESCRIPTION 

SYSTEM CALLS 

N.B.1 Thia call la not completeb' Implemented In 4.Z. 

MUNMAP(2) 

Munmap causes the pages starting at addr and continuing for len bytes to refer to private pages 
which will be initialized to zero on reference. 

RETURN VALUE 
The call returns -1 on error, 0 on success. 

ERRORS 
The call fails if any or the following: 

(EINV AL) The argument address or length is not a multiple or the page size as returned by 
gelpagesize(2),or the length is negative. 

(EINV AL) The entire range or pages specilled in the call is not part or data space. 

SEE ALSO 
brk (2), mmap(2), close(2) 
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NAME 
open - open a Ille for reading or writing, or create a new file 

SYNOPSIS 
#Include <a;ya/flle.h> 

open(path, flap, mode) 
char *path1 
Int flag•, mode1 

DESCRIPTION 
Open opens the file path ror reading and/or writing, as specified by the flag• argument and returns 
a descriptor ror that file. The flag• argument may indicate the file is to be created ir it does not 
already exist (by specirying the O_CREAT ftag), in which case the file is created with mode mode 
as described in chmod(2) and modified by the process' umask value (see umask{2)). 

Path is the address or a string or ASCII characters representing a path name, terminated by a null 
character. The Bags specified are rormed by or'ing the following values 

O_J?DONLY 
O_WRONLY 
O_RDWR 
O_NDELAY 
O...APPEND 
O_CREAT 
O_TRUNC 
O_EXCL 

open ror reading only 
open ror writing only 
open ror reading and writing 
do not block on open 
append on each write 
create file ir it does not exist 
truncate size to 0 
error ir create and file exists 

0 

Opening a Ille with O_APPEND set causes each write on the file to be appended to the end. Ir 
O_TRUNC is specified and the file exists, the file is truncated to zero length. Ir O...EXCL is set 
with O_CREAT, then ir the file already exists, the open returns an error. This can be used to 0 
implement a simple exclusive access locking mechanism. Ir the O_NDELAY Dag is specified and · 
the open call would result in the process being blocked ror some reason (e.g. waiting ror carrier on 
a dialup line), the open returns immediately. The first time the process attempts to perform i/o 
on the open file it will block (not currently implemented). 

Upon successful completion a non-negative integer termed a file descriptor is returned. The file 
pointer used to mark the current position within the file is set to the beginning or the file. 

The new descriptor is set to remain open across ezecve system calls; see c/ose(2). 

There is a system enforced limit on the number or open file descriptors per process, whose value is 
returned by the getdtablesize(2) call. 

RETURN VALUE 
The value -1 is returned ir an error occurs, and external variable errno is set to indicate the cause 
or the error. Otherwise a non-negative numbered file descriptor for the new open file is returned. 

ERRORS 
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Open rails ir: 

IEPERMJ 

IENOTDIRJ 

IENOENTJ 

IEACCESJ 

IEACCESJ 

IEISDIRJ 

The pathname contains a character with the high-order bit set. 

A component or the path prefix is not a directory. 

O_CREAT is not set and the named Ille does not exist. 

A component of the path prefix denies search permiBBioo. 

The required permissions (ror reading and/or writing) are denied ror the named 
file. 

The named file is a directory, and the arguments speciry it is to be opened ror 
writing. 

Last change: 17 February 1984 Sun Release 1.1 

0 



0 

0 

0 

OPEN(2) 

[EROFSI 

[EMFll,EJ 

[ETXTBSY) 

[EFAULTJ 

[ELOOPJ 

[EEXISTJ 

[ENXIOJ 

SYSTEM CALLS OPEN(2) 

The named file resides on a read-only file system, and the file is to be modified. 

{ OPEN_MAX} Ille descriptors are currently open. 

The Ille is a pure procedure (shared text) file that is being executed and the open 
call requests write access. 

Path points outside the process's allocated address space. 

Too many symbolic links were encountered in translating the pathname. 

O _EXCL was specified and the file exists. 

The O_NDELAY flag is given, and the file is a communications device on which 
there is no carrier present. 

[EOPNOTSUPPI 
An attempt was made to open a socket (not currently implemented). 

SEE ALSO 
chmod(2), close(2), dup(2), lseek(2), read(2), write(2), umask(2) 
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NAME 
pipe - create an interprocess communication channel 

SYNOPSIS 
plpe(flldea) 
Int flldea(Z)I 

DESCRIPTION 
The pipe system call creates an 1/0 mechanism called a pipe. The file descriptors returned can be 
used in read and write operations. When the pipe is written using the descriptor fildea[I] up to 
4096 bytes ot data are buffered before the writing process is suspended. A read using the descrip
tor fildea[OJ will pick up the data. 

It is assumed that after the pipe has been set up, two (or more) cooperating processes (created by 
subsequent fork calls) will pass data through the pipe with read and write calls. 

The shell has a syntax to set up a linear array or processes connected by pipes. 

Read calls on an empty pipe (no buffered data) with only one end (all write Ille descriptors closed) 
returns an end-of-file. 

Pipes are really a special case ot the •ockelpair(2) call and, in tact, are implemented as such in 
the system. 

A signal is generated it a write on a pipe with only one end is attempted. 

RETURN VALUE 
The runction value zero Is returned it the pipe was created; -1 it an error occurred. 

ERRORS 
The pipe call will tail it: 

[EMFlLE] 

[EFAULT] 

Too many descriptors are active. 

The fildea buffer Is in an invalid area of the process's address space. 

SEE ALSO 

BUGS 
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sh(l), read(2), write(2), tork(2), socketpair(2) 

Should more than 4096 bytes be necessary in any pipe among a loop ot processes, deadlock will 
occur. 
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NAME 
pro81 - execution time profile 

SYNOPSIS 
profl.l(buff, bufals, offset, 11eale) 
ehar *buff1 
Int bufala, offset, aeale1 

DESCRIPTION 
Buff points to an area or core whose length (in bytes) i• given by bufsiz. After this call, the user's 
program counter (pc) is examined each clock tick (20 milliseconds); offset is subtracted from it, 
and the result multiplied by scale. Ir the resulting number corresponds to a word inside buff, that 
word is incremented. 

The scale is interpreted as an unsigned, fixed-point fraction with binary point at the left: OxIOOOO 
gives a 1-1 mapping or pc's to words in buff; Ox8000 maps each pair or instruction words together. 
Ox2 maps all instructions onto the beginning or buff(producing a non-interrupting core clock). 

Profiling is turned off by giving a acale or O or 1. It is rendered ineffective by giving a bufsiz or 0. 
Profiling is turned off when an ezecve is executed, but remains on in child and parent both after a 
Jor1'. Profiling is turned off if an update in buff would cause a memory fault. 

RETURNVAWE 
A 0, indicating success, is always returaed. 

SEE.ALSO 
gpror(I), setitimer(2), monitor(a} 
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NAME 
ptrace - process trace 

SYNOPSIS 
#Include <algnal.h> 

ptrace(requeat, pld, addr, data) 
Int requeat, pld, *addr, data1 

DESCRIPTION 

66 

Plrace provides a means by which a parent process may control the execution or a child process, 
and examine and change its core image. Its primary use is for the implementation of breakpoint 
debugging. There are tour arguments whose interpretation depends on a requeBI argument. Gen
erally, pid is the process ID or the traced process, which must be a child (no more distant descen
dant) or the tracing process. A process being traced behaves normally until it encounters some 
signal whether internally generated like "illegal instruction" or externally generated like "inter
rupt". See •igvec(2) tor the list. Then the traced process enters a stopped state and its parent is 
notified via wait(2). When the child is in the stopped state, its core image can be examined and 
modified using plrace. If desired, another plrace request can then cause the child either to ter
minate or to continue, possibly ignoring the signal. 

The value or the requeBt argument determines the precise action or the call: 

0 This request is the only one used by the child process; it declares that the process is to be 
traced by its parent. All the other arguments are ignored. Peculiar results will ensue it the 
parent does not expect to trace the child. 

1,2 The word in the child process's address space at addr is returned. If I and D space are 
separated (e.g. historically on a pdp-11), request 1 indicates I space, 2 D space. Addr must be 
even. The child must be stopped. The input data is ignored. 

3 The word of the system's per-process data area corresponding to addr is returned. Addr must 
be even and less than 512. This space contains the registers and other information about the 
process; its layout corresponds to the u•er structure in the system. 

4,5 The given data is written at the word in the process's address space corresponding to addr, 
which must be even. No useful value is returned. Ir I and D space are separated, request 4 
indicates I space, 5 D space. Attempts to write in pure procedure tail it another process is 
executing the same file. 

6 The process's system data is written, as it is read with request 3. Only a few locations can 
be written in this way: the general registers, the floating point status and registers, and cer
tain bits of the processor status word. 

7 The data argument is taken as a signal number and the child's execution continues at loca,. 
tion addr as if it had incurred that signal. Normally the signal number will be either O to 
indicate that the signal that caused the stop should be ignored, or that value retched out of 
the process's image indicating which signal caused the stop. Ir addr is (int *)1 then execution 
continues Crom where it stopped. 

8 The traced process terminates. 

9 Execution continues as in request 7; however, as soon as possible after execution of at least 
one instruction, execution stops again. The signal number from the stop is SIGTRAP. (On 
the Sun and V AX-11 the T-bit is used and just one instruction is executed.) This is part of 
the mechanism for implementing breakpoints. 

As indicated, these calls (except for request 0) can be used only when the subject process has 
stopped. The wait call is used to determine when a process stops; in such a case the "termin:. 
tion" status returned by wait has the value 0177 to indicate stoppage rather than genuine termi,.. 
nation. 
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To forestall possible Craud, plrace inhibits the set-user-id and set-group-id facilities on subsequent 
ezecve(2) calls. Ir a traced process calls ezecve, it will stop before executing the first instruction 
or the new image showing signal SIGTRAP. 

On the Sun and VAX-11, "word" also means a 3Z..bit integer, but the "even" restriction does not 
apply. 

RETURN VALUE 
A O value is returned iC the call succeeds. Ir the call Calls then a -1 is returned and the global 
variable ermo is set to indicate the error. 

ERRORS 
(EINVALJ The request code is invalid. 

(EINVAL( 

fEINVALl 
(EFAULT) 

[EPERM) 

The specffled process does not exist. 

The given signal number is invalid. 

The apecffled address is out or bounds. 

The specffled process cannot be traced. 

SEE ALSO 

BUGS 

wait(2), sigvec(2), adb(1S) 

Ptroce is unique and arcane; it should be replaced with a special file which can be opened and 
read and written. The control functions could then be implemented with ioct1(2) calls on this file. 
This would be simpler to understand and have much higher performance. 

The request O call should be able to specify signals which are to be treated normally and not 
cause a stop. In this way, Cor example, programs with simulated Boating point (which use "illegal 
instruction" signals at a very high rate) could be efficiently debugged. 

The error indication, -1, is a legitimate Cunctioa value; errno, see inlro(2), can be used to disam
biguate. 
It should be· possible to stop a process on occurrence of a system call; in this way a completely 
controlled environment could be provided. 
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NAME 
quota - manipulate disk quotas 

SYNOPSIS 
#Include <ay•/quota.h> 

quota( cmd, uld, arg, addr) 
Int cmd, uld, &rBJ 
caddr_t addr1 

DESCRIPTION 
The quota call manipulates disk quotas for file systems which have had quotas enabled with set
quota(2). The cmd parameter indicates a command to be applied to the user ID uid. Arg is a 
command specific argument and addr is the address or an optional, command specific, data struc
ture which is copied in or out or the system. The interpretation or arg and addr is given with 
each command below. 

Q_SETDLIM 
Set disc quota limits and current usage for the user with ID uid. Arg is a major-minor 
device indicating a particular file system. Addr is a pointer to a struct dqhlk structure 
{defined in <•11•/quota.h>). This call is restricted to the super-user. 

Q_GETDLIM 
Get disc quota limits and current usage for the user with ID uid. The remaining parame
ters are as for Q_SETDLIM. 

Q_SETDUSE 
Set disc usage limits tor the user with ID uid. Arg is a major-minor device indicating a 
particular file system. Adtlr is a pointer to a struct dqusage structure {defined in 
<•11•/ quota.h> ). This call is restricted to the super-user. 

Q_SYNC 
Update the on-disc copy or quota usages. The uid, org, and atldr parameters are ignored. 

Q_SETUID 
Change the calling process's quota limits to those of the user with ID uid. The org and 
addr parameters are ignored. This call is restricted to the super-user. 

Q_SETWARN 
Alter the disc usage warning limits for the user with ID uid. Arg is a major-minor device 
indicating a particular Hie system. Atltlr is a pointer to a struct dqwarn structure {defined 
in <•11•/quoto.h>). This call is restricted to the super-user. 

Q_DOWARN 
Warn the user with user ID uid about excessive disc usage. This call causes the system to 
check its current disc usage information and print a message on the terminal or the caller 
tor each file system on which the user is over quota. It the org parameter is specified as 
NODEV, all file systems which have disc quotas will be checked. Otherwise, arg indicates 
a specific major-minor device to be checked. This call is restricted to the super-user. 

RETURN VALUE 
A successful call returns O and, possibly, more information specific to the cmtl performed; when an 
error occurs, the value -1 is returned and errno is set to indicate the reason. 

ERRORS 
A quota call will Cail when one of the following occurs: 

IEINV AL] Cmtl is invalid. 

IESRCH] No disc quota is found tor the indicated user. 

IEPERM] The call is priviledged and the caller was not the super-user. 
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(EINVAL) 

(EFAULT( 

(EUSERS) 

The arg parameter is being interpreted as a major-minor device and it indicates 
an unmounted file system. 

An invalid addr is supplied; the associated structure could not be copied in or 
out or the kernel. 

The quota table is run. 
SEE ALSO 

BUGS 

setquota(2), quotaon(8), quotacheck(8) 

There should be someway to integrate this call with the resource limit interface provided by 
selrlimil(2) and gelrlimil(2). 

The Australian spelling or disk is used throughout the quota facilities in honor of the implemen
tors. 
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NAME 
read, readv - read input 

SYNOPSIS 
cc = read(d, but, nb:ytea) 
Int cc, d1 
char *bufi 
Int nb)'tu1 
#Include <aya/t:ypea.h> 
#Include <aya/ulo,h> 
cc= readv(d, lov, lovcnt) 
Int cc, d1 
atruct lovec •1ov1 
Int lovcnt1 

DESCRIPTION 
Read attempts to read nbgtea ot data Crom the objeet referenced by the deacriptor d into the 
buffer pointed to by bu/. Readv performs the same action, but scatten, the input data into the 
iovcnl buffers specified by the memben, or the iovec array: iov(OJ, iov(l], ... , iov(iovcnt-1]. 

For readv, the iovec structure is defined as 

struct iovee { 
caddr_t iov _base; 
int iov _len; 

}; 

Each iovec entry specifies the base addreM and length or an area in memory where data should be 
placed. Readv will always 611 an area completely before proceeding to the next. 

On objects capable or seeking, the read starts at a position given by the pointer 8880Ciated with d, 
see /eee.1:(2). Upon return Crom read, the pointer is incremented by the number or bytes actually 
read. 

Objects that are not capable of seeking always read from the current position. The value of the 
pointer associated with such a object is undefined. 

Upon successful completion, read and readv return the number of bytes actually read and placed 
in the buffer. The aystem guarantees to read the number of bytes requested if the deacriptor 
references a file which bas that many bytes left before the end-of-file, but in no other cases. 

If the returned value is 0, then end-of-file has been reached. 

RETURN VALUE 
If successful, the number of bytes actually read is returned. Othewise, a -1 is returned and the 
global variable errno is set to indicate the error. 

ERRORS 
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Read and re adv will fail if one or more of the following are true: 

(EBADFJ 

(EFAULTJ 

(EINTRJ 

Fi/des is not a valid file descriptor open for reading. 

Bu/ points outside the allocated address space. 

A read from a slow device was interrupted before any data arrived by the 
delivery of a signal. 

In addition, readv may return one of the following erron,: 

(EINVALJ 
(EINVALJ 

(EINVALJ 

Jovcnt was less than or equal to 0, or greater than 16. 

One or the iov_/en values in the iov array was negative. 

The sum of the iov_len values in the iov array overfiowed a 32-bit integer. 
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0 SEE ALSO 
dup(2), open(2), pipe(2), soeket(2), soeketpair(2) 

0 

0 
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NAME 
readlink - read value of.a symbolic link 

SYNOPSIS 
cc= readllnk(path, bur, bursts) 
Int CCI 
char *path, *bur, 
Int burals; 

DESCRIPTION 
R eadlin/c places the contents or the symbolic link name in the buffer bu/ which has size bufeiz. 
The contents or the link are not null terminated when returned. 

RETURJ'i VALUE 
The call returns the count or characters placed in the buffer ir it succeeds, or a -1 ir an error 
occurs, placing the error code in the global variable errno. 

ERRORS 
Read/ink will rail and the Ille mode will be unchanged ir: 

(EPERM) 

!ENOENT( 

!ENOTDIRI 

!ENOENTI 

!ENXIO( 

!EACCESI 
!EPERM) 

!EINVALI 

!EFAULT( 

!ELOOP( 

The path argument contained a byte with the high-order bit set. 

The pathname was too long. 

A component or the path prefix is not a directory. 

The named Ille does not exist. 

The named Ille is not a symbolic link. 

Search permission is denied on a component or the path prefix. 

The effective user ID does not match the owner or the file and the effective user 
ID is not the super-user. 

The named file is not a symbolic link. 

Bu/ extends outside the process's allocated address space. 

Too many symbolic links were encountered in translating the pathname. 

SEE ALSO 
stat(2), lstat(2), symlink(2) 
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NAME 
reboot - reboot system or halt processor 

SYNOPSIS 
#Include <•Y•/reboot.h> 
reboot(howto) 
Int howto1 

DESCRIPTION 
Reboot reboots the system, and is invoked automatically in the event of unrecoverable system 
failures. Howto is a mask of options passed to the bootstrap program. The system call interface 
permits only RB_HAL T or RB_AUTOBOOT to be passed to the reboot program; the other Hags 
are used in scripts stored on the console storage media, or used in manual bootstrap procedures. 
When none of these options (e.g. RB_.AUTOBOOT) is given, the system is rebooted from file 
"vmunix" in the root file system of unit O or a disk chosen in a processor specific way. An 
automatic consistency check of the disks is then normally performed. 

The bits of howto are: 

RBJ{ALT 
the proce660r is simply halted; no reboot takes place. RBJ{AL T should be used with 
caution. 

RB_.ASKNAME 
Interpreted by the bootstrap program itself, causing it to inquire as to what file should be 
booted. Normally, the system is booted from the Ille "vmunix" without asking. 

RB_SINGLE 
Normally, the reboot procedure involves an automatic disk consistency check and then 
multi-user operations. RB_SINGLE prevents the consistency check, rather simply boo~ 
iog the system with a single-user shell on the console. RB_SINGLE is interpreted by the 
inil(8) program in the newly booted system. This switch is not available from the system 
call interface. · 

Only the super-user ma, reboot a machine. 

RETURN VALUES 
If succe88ful, this call never returns. Otherwise, a -1 is returned and an error is returned in the 
global variable errno. 

ERRORS 
(EPERM) 

SEE ALSO 

The caller is not the super-user. 

crash(8S), halt(S), init(8), reboot(8) 
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NAME 
recv ,. recvrrom, recvmsg - receive a. message from a socket 

SYNOPSIS 
#Include <aya/typea.h> 
#Include <•11•/1ocket.h> 

cc = recv(•, but, len, flap) 
Int cc,., 
char *but1 
Int Jen, flagaJ 

cc = recvfl'om(•, but, Jen, flaga, from, fromJen) 
Int cc,., 
char *but, 
Int Jen, flagaJ 
atruct aockaddr *fromJ 
Int *fromJenJ 

cc= recvmos(a, mas, flag•) 
Int cc,., 
atruct maghdr mesa, 
Int flagaJ 

DESCRIPTION 

74 

Recv, recvfrom, and recvmag are used to receive mesoage•· from a socket. 

The recv call may be used only on a connected socket (see connecl(2)), while recvfrom and 
recvmeg may be used to receive data on a socket whether it is in a connected state or not. 

If from is non-zero, the source address of the message is filled in. From/en is a value-result 
parameter, initialized to the size of the buffer aooociated with from, and modified on return to 
indicate the actual size of the address stored: ther<0, The length of the message is returned in cc. 
Ir a message is too long to flt in the supplied butrer, excess bytes may be discarded depending on 
the type of socket the mesoage is received from; see· eocke1(2). 

If no messages are available at the socket, the receive call waits for a message to arrive, unless the 
socket is nonblocking (see ioc11(2)) in· which case a cc ot -1 is returned with the external variable 
errno set to EWOULDBLOCK. 

The eelecl(2) call may be used to determine when more data arrives. 

The flag• argument to a send call is formed by or'ing one or more of the values; 

#deflneMSGJ'EEK Oxl 
#define MSG_OOB Ox2 

/* peek at incoming· message * / 
/* proceso out-of-band data * / 

The recvmeg call uses a meghdr structure to minimize the number of directly supplied parameters. 
This structure has the roftowing form, as defined in < •u•/ eocket.h>: 

struct msghdr { 
caddr_t msg_name; 
int msg_namelen; 
struct iovec •msg_iov; 
int msg_iovlen; 
caddr_t msg_accrights; 
int msg_accrightslen; 

}; 

/* optional address * / 
/* size of address * / 
/* scatter /gather array */ 
/* # elements in msg_iov * / 
/* access rights sent/received * / 

Here meg_name and meg_namelen specify the destination addreso it the socket is unconnected; 
meg_name may be given as a null pointer if no names are desired or required. The meg_iov and 
msg_iovlen describe the scatter gather locations, as described in read(2). Access rights to be sent 
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along with the message are specified in 'ITlllg_accrights, which has length msg_accrightslen. 

RETURN VALUE 
These calls return the number of bytes received, or -1 if an error occurred. 

ERRORS 
The calls rail if: 

(EBADF( 

(ENOTSOCKJ 

(EWOULDBLOCK) 

(EINTR) 

(EFAULT( 

SEE ALSO 

The argument • ia an invalid descriptor. 

The argument • ia not a socket. 

The socket ia marked non-blocking and the receive operation would block. 

The receive was interrupted by delivery of a signal before any data was 
available for the receive. 

The data was specified to be received into a non-existent or proteeted part 
of the process address space. 

read(2), send(2), socket(2) 
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NAME 
rename - change the name of a file 

SYNOPSIS 
rename(from, to) 
char •rrom, *tos 

DESCRIPTION 
Rename causes the link named from to be renamed as lo. Ir lo exists, then it is first removed. 
Both from and lo must be of the same type (that is, both directories or both non-directories), and 
must reside on the same flle system. 

Rename guarantees that an instance of to will always exist, even if the system should crash in the 
middle or the operation. 

CAVEAT 
The system can deadlock it a loop in the file system graph is present. This loop takes the form or 
an- entry in directory "a", say "a/too", being a hard link to directory "b", and an entry in direc
tory "b", say "b/bar", being a hard link to directory "a". When such a loop exists and two 
separate proceMes attempt to perform "rename a/too h/bar" and "rename b/bar a/too", respec
tively, the system may deadlock attempting to lock both directories tor modification. Hard links 
to directories should be replaced by symbolic links by the system administrator. 

RETURN VALUE 
A O value is returned if the operation succeeds, otherwise rename returns -1 and the global vari. 
able errno indicates tbe reason for the failure. 

ERRORS 
Rename will tail and neither or the argument flies will be affected it any or the following are true: 

IENOTDffil A component or either path prefix is not a directory. 

IENOENTI A component or either path prefix does not exist. 

IEACCESJ A component of either path prefix denies search permission. 

IENOENTJ The Ole named by from does not exist. 

IEPERM) 

IEXDEVJ 

IEACCESJ 

IEROFSJ 

IEFAULTJ 

IEINVALJ 

The file named by from is a directory and the ell'ect:ve user ID is not super-user. 

The link named by lo and the Ole named by from are on different logical devices 
(81e systems). Note that this error code will not be returned it the implementa.
tion permits cross-device links. 

The requested link requires writing in a directory with a mode that denies write 
permission. 

The requested link requirea writing in a directory on a read-only Ole system. 

Poth points outside the proceBB's allocated addreBB space. 

From is a parent directory or lo. 

SEE ALSO 
open(2) 
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RMDffi(2) SYSTEM CALLS RMDIR(2) 

NAME 
rmdir - remove a directory file 

SYNOPSIS 
rmdlr(path) 
char •path1 

DESCRIPTION 
Rmdir removes a directory file whose name is given by path. The directory must not have any 
entries other than"." and" .. ". 

RETURN VALUE 
A O ie returned if the remove succeeds; otherwise a -1 is returned and a~ error code is stored in 
the global location errno. 

ERRORS 
The named file is removed unless one or more of the following are t-: 

(ENOTEMPTY} The named directory contains files other than '"'·~" and 0 
•• 

11 in it. 

(EPERM) The pathname contains a character with the high-older bit set. 

[ENOENT) The pathname waa too long .. 

(ENOTDmt A component ot the path prefix is not a directory. 

(ENOENT) The named ftle does not exist. 

(EACCES) A component of the path prefix denies search permlimion. 

(EACCES) Write permission is denied on the directory containing_ the link to he removed. 

(EBUSY) The directory to be removed is the mount point for a mounted Ille system. 

(EROFS! The directory entry to be removed resides on a reado0nly file system. 

(EF AULT) Path points outside the process's allocated address 1pace. 

[ELOOP) Too many symbolic links were encountered in translating_ the pathname. 

SEEALSO 
mkdir(2), unlink(2) 
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NAME 
select - synchronous 1/0 multiplexing 

SYNOPSIS 
#Include <a;ya/tlme.h> 
nfda = select( width, readfda, wrltefda, execptfda, timeout) 
Int width, •readfda, •wrltefd1, •execptfd11 
atruct tlmeval •t1meout1 

DESCRIPTION 
Se/eel examines the I/0 descriptors specified by the bit masks readfd•, wrilefda, and ezeeplfds to 
see if they are ready for reading, writing, or have an exceptional condition pending, respectively. 
Width is the number of significant bits in each bit mask that represent a file descriptor. Typically 
width has the value returned by geldtablesize {f!} for the maximum number of file descriptors or is 
the constant 32 (number or bits in an int). File descriptor/ is represented by the bit "1< <r' in 
the mask. Se/eel returns, in place, a mask of those descriptors which are ready. The total 
number or ready descriptors is returned in nfd•. 
Ir limeoul is a non-zero pointer, it specifies a maximum interval to.wait for the selection to com
plete. Ir timeoul is a zero pointer, the select blocks indefinitely. To effect a poll, the limeoul 
argument should be non-zero, pointing to a zero valued timeval structure. 

Any or readfd•, writefda, and ezecptfd• may be given as O if no descriptors are or interest. 

RETURN VALUE 
Se/eel returns the number or descriptors which are contained in the bit masks, or -1 if an error 
occurred. Ir the time limit expires then se/ecl returns 0. 

ERRORS 
An error return from se/ecl indicates: 

(EBADFJ One or the bit masks specified an invalid descriptor. 

[EINTRJ An signal was delivered before any or the selected events occurred or the time 
limit expired. 

SEE ALSO 

BUGS 

78 

accept(2), connect(2), gettimeofday(2), read(2), wrlte(2), recv(2), send(2), getdtablesize(2) 

The descriptor masks are always modi6ed on return, even if the call returns as the result or the 
timeout. 
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SEND(2) SYSTEM CALLS SEND(2) 

NAME 
send, sendto, sendmsg - send a message Crom a socket 

SYNOPSIS 
#Include <•Y•/typea,h> 
#Include <•Y•/•ocket.h> 

cc = aend(•, IDllg, len, flag•) 
Int cc,., 
char •111ag1 
Jp.t len, flaga1 

;,c == aendto(•, mag, !en, flap, to, tolen) 
1ft cc,., 
9har •ma11 
~t !en, flag•1 
atruct aockaddr *to1 
l!)t tolen1 

cc .... aendlDllg(•, IDlllJ, flas•) 
Int cc,., 
atruct mashdr m•sO-i 
Int flaga1 

DESORIPTlON 
S io a socket created with eoc.t-.1(2). Sena, ,endlo, and eendmeg are use<Lto transmit a message to 
another oocket. Send may be uoed only when the oocket fo in a conru-cfert state, while eendto and 
sendm,g may be used at any time. 

The addre .. or the target io given by to with lo/en specifying its size. The length or the message 
is given by /en. Ir the mesoage io too long to paos atomically through the underlying protocol, 
then the error EMSGSIZE io returned, and the meosage is not traM,..itted. 

No indication or failure to deliver io implicit in a ,end. Return valaes or -1 indicate some locally 
detected errors. 

Ir no messageo space io available at the socket to hold the message to be transmitted, then send 
normally blocb, unle~o the socket hao been placed in non-blocking i/o mode. The ,e/ect(2) call 
may he uoed to determine when it io possible to oend more data. 

The flag• parameter may be oet to SOF _OOB to oend "out-of-band" data on sockets which sup
port this notion ( e.g. SOCK_STREAM). 

See recv(2) fo} a deocrij>tion ot the meghdr structure. 

RETURN VALUE 
The call return• the namber of character• sent. or -1 if an error occuued. 

ERRORS 
(EBADFf 
(ENOTSOCKI 

IEFAULTJ 

!EMSGSIZE] 

(EWOULDBLOCK) 

SEE ALSO 
recv(2), fl'>cket(~) 

Sun Releaae 1.1 

An invalid descnptor was specified. 

The argument • is not a socket, 

An invalid user space addre .. waa specified for a paiameter. 

The socket requires that message be sent atomically, and the size of the 
message to be sent made thio impossible. 

"The socket io marked bob-blocking and the requeoted operation would 
block. 
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NAME 
setgroups - set group access list 

SYNOPSIS 
#Include <•Y•/pa~am.h> 
oetgroupo(ngroupa, gldoet) 
Int ngroupo, *gldoet1 

DESCRIPTION 

SYSTEM CALLS SETGROUPS(2) 

Selgroups sets the group access list or the current user process according to the array gidael. The 
parameter ngroupt indicates the number or entries in the array and must be no more than 
NGRPS, ao defined in <•11•/param.h>. 

Only the super-user may set new groups. 

RETURN VALUE 
AO value is returned on success, -1 on error, with a error code stored in errno. 

ERRORS 
The aelgroupa call will fail if: 

(EPERM) The caller is not the super-user. 

(EF AULT( The address specifted for gidsel is outside the process address space. 

SEE ALSO 
getgroupo(2), initgroups(3) 

80 
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SETPGRP(2) SYSTEM CALLS SETPGRP(2) 

NAME 
setpgrp - set process group 

SYNOPSIS 
setpgrp(pld, pgrp) 
Int pld, pgrpJ 

DESCRIPTION 
Setpgrp sets the process group of the specified process pid to the specified pgrp. Ir pid is zero, then 
the call applies to the current process. 

Ir the invoker is not the super-user, then the affected process must have the same effective user-id 
as the invoker or be a descendant or the invoking process. 

RETURN V AL_UE 
Setpgrp returns when the operation was successful. Ir the request failed, -1 is returned and the 
global variable errno indicates the reason. 

ERRORS 
Setp1,1·1rwill fail and the-proce .. group will not be altered if one or the following_occur: 

fESRCH} The reque8ted process doe,i not exist. 

IEPERMI The effective user ID or the requested process is different from that or the caller 
and the process is not a descendent or the calling process. 

SEE.ALSO 
getpgrp(i} 
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NAME 
setquota - enable/disable quotas on a file system 

SYNOPSIS 
setquota(1peclal, file) 
char •,peclal, *flle1 

DESCRIPTION 
Disc quotas are enabled or disabled with the eelguola call. Special indicates a block special device 
on which a mounted file system exists. If file is nonzero, it specifies a file in that file system from 
which to take the quotas. If file is O, then quotas are disabled on the file system. The quota file 
must exist; it is normally created with the guolacheck(8) program. 

Only the super-user may turn quotas on or 011'. 

SEE ALSO 
quota(2), quotacheck(8), quotaon(S) 

RETURN VALUE 
A O return value indicates a successful call. A value of -1 is returned when an error occurs and 
orrno is set to indicate the reason for failure. 

ERRORS 

BUGS 

82 

Selguola will fail when one of the following occurs: 

!NODEVI The caller is not the super-user. 

!NODEVI Special does not exist. 

!ENOTBLKI Special is not a block device. 

jENXJOI The major device number of •pecial is out of range (this indicates no device 
driver exists for the associated hardware). 

IEPERMj 

IENOTDffil 

(EROFSI 

IEACCESI 

IEACCESI 

The pathname contains a character with the high-order bit set. 

A component of the path prefix in file is not a directory. 

File resides on a read-only file system. 

File resides on a Die system dill'erent from epecial. 

File is not a plain file. 

The error codes are in a state of disarray; too many errors appear to the caller as one value. 
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SETREGID ( 2) SYSTEM CALLS SETREGJD(2) 

NAME 
setregid - set real and eft'ective group ID 

SYNOPSIS 
aetregld(rgld, egld) 
lnt rgld, egld; 

DESCRIPTION 
The real and effective group !D's of the current process are set to the arguments. Only the 
super-user may change the real group ID of a process. Unpriviledged users may change the 
eft'ective group ID to the real group ID, but to no other. 

Supplying a value of -1 for either the real or eft'ective group ID force, the system to substitute the 
current ID in place of the -1 parameter. 

RETURN VALUE 
Upon 1111ccessful completion, a value of O is returned. Otherwise, a value of -1 is returned and 
errno is set to indfcate the eiror. 

ERRORS 
[EPERM) 

SEEALSO 

The current process is not the super-user and a change other than changing the 
eft'ective group-id to the real group-id was specifted. 

getgid(2), setreuid(2}, setgid(3C) 

Sun Release 1.1 Last change: 12 February 1983 83 



SETREUID ( 2) SYSTEM CALLS 

NAME 
setreuid - set real and effective user !D's 

SYNOPSIS 
aetreuld(ruld, euld) 
Int ruld, euld1 

DESCRIPTION 

SETREUID ( 2) 

The real and effective user !D's or the current process are set according to the arguments. If ruid 
or euid is -1, the current uid is filled in by the system. Only the super-user may modify the real 
uid or a process. Users other than the super-user may change the effective uid or a process only to 
the real uid. 

RETURN VALUE 
Upon successful completion, a value or O Is returned. Otherwise, a value or -1 is returned and 
errno is set to indicate the error. 

ERRORS 
[EPERM) 

SEE ALSO 

The current proceY is not the super-user and a change other than changing the 
effective user-id to the real user-id was specified. 

getuid(2), setregid(2), setuid(3) 
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SHUTDOWN ( 2) SYSTEM CALLS 

NAME 
shutdown - shut down part or a Cull-duplex connection 

SYNOPSIS 
1hutdown(1, how) 
Int•, how1 

DESCRIPTION 

SHUTD0WN(2) 

The ahuldown call causes all or part or a full-duplex connection on the socket associated with • to 
he shut down. Ir how ia 0, then further receives wiH be disallowed. Ir how is 1, then further sends 
will be disallowed. Ir how ia 2, then further sends and receives will be disallowed. 

DIAGNOSTICS 
AO is returned if the call succeeds, -1 iC it fails. 

ERRORS 
The call succeeds unleH: 

!EBADFJ Sia not a valid descriptor. 

!ENOTSOCKJ Sis a 6le, not a socket

{ENOTCONN}. · The specified socket ia not connected. 

SEE ALSO 
connect( 2). socket( 2) 

BVGS 
The how values should be defllled constaa.ts. 
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NAME 
sigblock - block signals 

SYNOPSIS 
oldmuk = slgblock(mask)1 
Int ma1k1 

DESCRIPTION 
Sigblock adds the signals specified in moak to the set or signals currently being blocked rrom 
delivery. Signal i is blocked if the i-1 'th bit in ma,i is a 1. The previous mask is returned, and 
may be restored using ,ig,elmad:(2). 

It is not po .. ible to block SIGKILL, SIGSTOP, or SIGCONT; this restriction is silently imposed 
by the system. 

RETURN VALUE 
The previous set or masked signals is returned. 

SEE ALSO 
kill(2), sigvec(2), sigsetmask(2), 
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S1GPAUSE(2) SYSTEM CALLS SIGP AUSE ( 2) 

NAME 
sigpauae - atomically release blocked signals and wait for interrupt 

SYNOPSIS 
1lgpau1e(1lgma1k) 
Int 1lgmuk1 

DESCRIPTION 
Sigpau,e assigns ,igmaak to the eet of masked signals and then waits for a signal to arrive; on 
return the aet of masked 1ignals is restored. Sigmasl: is usually O to indicate that no signals are 
now to be blocked. Sigpauae always terminates by being interrupted, returning EINTR. 

In normal usage, a signal is blocked using sigb/ock(2), to begin a critical section, variables 
modified on the occurance of the signal are examined to determine that there is no work to be 
done, and the proceH pauses awaiting work by using sigpause with the mask returned by sigb/ock, 

SEE ALSO 
sigblock(2), sigvec(2) 
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NAME 
sigsetmask - set current signal mask 

SYNOPSIS 
algoetmaak( mask )1 
Int mask; 

SIGSETMASK ( 2) 

DESCRIPTION 
Sigselmask sets the current signal mask (those signals which are blocked from delivery). Signal i 

is blocked if the 1-1 'th bit in ma•k is a 1. 

The system quietly disallows SIGKll.L, SIGSTOP, or SIGCONT to be blocked. 

RETURN VALUE 
The previous set of masked signals is returned. 

SEE ALSO 
ki11(2), sigvec(2), sigblock(2), sigpause(2) 
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S1GSTACK(2) SYSTEM CALLS SIGSTACK ( 2) 

NAME 
oigetack - oet and/or get signal stack context 

SYNOPSIS 
#Include <•lsnal.h> 
atruct elgetack { 

caddr _t H_ep1 
Int H_onatack1 

}1 
elgatack(H, oea) 
atruct alptack • .. , •ou1 

DESCRIPTION 
Sigllack allows users to define an alternate stack on which sfgnals are to be processed. It •• is
non-zero, it opecifleo a aignal ,tack on which to deliver signals and tello the system ir the proceBB is 
currently executing on that otack. When a signal's actfon indicate& its handler should execute on 
the oignal otack (opecifled with a eigvec(2) call), the system checks to see if the process is 
currently executing ·on that stack. It the proceBO is not currently executing on the signal stack, 
tlie oyotem arranges a owitch to the signal stack for the duration of the signal handler's execution. 
It 011 is non-zero, the current oignal stack otate is returned. 

,'. 

NOTES .'1 
Signal stacks are not. "grown" automatically, all is done tor tle normal stack. It the stack 
overftow1 unpredictable results may occur. 

RETURN VALUE 
Upon ouccessful completion, a value ot O ia returned. Otherwise, a value ot -1 is returned and 
errno i1 aet to indicate the error. 

ERRORS 
Sigalacl: will fail and the 1ignal ,tack context will remain uneiuiaged if one of the following 
occun. 

[1VAULTI 

SEE ALSO 

Either ,a or 011 points to memory which is not a valid part of the process 
addreu apace. 

oigvec(2), aetjmp(3) · 
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NAME 
sigvec - software signal facilities 

SYNOPSIS 
#Include <•lgnal,h> 
ltruct 1lgvec { 

Int (•1v_handler)01 
Int IV _mukl 
Int 1v _on1tack1 

}1 
1lgvec(1ts, vec, ovec) 
Int 1111 
etruct 1lgvec •vec, •ovec1 

DESCRIPTION 

90 

The system defines a set of signals that may be delivered to a process. Signal delivery resembles 
the occurence or a hardware interrupt: the signal is blocked from further occurrence, the current 
process context is saved, and a new one is built. A process may specify a handler to which a sig
nal is delivered, or specify that a signal is to be 61ochd or ignored. A process may also specify 
that a default action is to be taken by the system when ,a signal occurs. Normally, signal 
handlers execute on the current stack or the process. Thi• may be changed, on a per-handler 
basis, so that signals are taken on a special aignal ,tacl:. 

All signals have the same priorit11. Signal routines execute with the eignal that uused their invo
cation 6/ocked, but other signals may yet occur. A global ,ignar ma,i: deftnes the set or signale 
currently blocked from delivery to a procees. The eignal mask for a process is initilized from that 
or it• parent (normally 0). It may be changed with a ,igb/ocl:(2) or ,ig,etma,.t(2) call, or when a 
elgnal iG delivered to the process. 

When a signal condition arise• !or a proceea, the elgnal is added to a set or eignale pending for the 
procese. Ir the eignal is not currently blocl:ed by the process then it is delivered to the procese. 
When a signal is delivered, the current etate or the procees i• eaved, a new signal mask is calcu
lated (as described below), and the eignal handler is invoked. The call to the handler is arranged 
so that if the signal handling routine returns normally the process will resume execution in the 
context from befor~ the eignal'• delivery. I! the proce88 wishes to resume in a dill'erent context, 
then it must arrange to restore the previous context itself. 

When a signal is deliverett to a proces1 a new signal mask is installed for the duration of the pro
cess' signal handier (or until a aigblocl: or aigaelma,tcall is made). This mask is formed by taking 
the current signal mask, adding the signal to be delivered, and or'ing in the signal mask &88oci
ated with the handler to be invoked. 

Sigvec assigns a bandier for a specific signal. Ir vec is non-zero, it speciftes a handler routine and 
mask to be used.'when delivering the specified eignal. Further, if ,v_onslacl: is 1, the oystem will 
deliver the eignal to the procese on a aignal alacl:, specified with ,igalaci:(2). Ir ovec is non-zero, 
the previou1 handling information !or the 1ignal is returned to the user. 

The following is a list or all signals with names as in the include file <•ignal.h>: 

SIGHUP 1 hangup 
SIGINT 2 interrupt 
SIGQUIT 3* quit 
SIGILL 4• illegal instruction 
SIGTRAP o* trace trap 
SIGIOT 6* IO'l' instruction 
SIGEMT 7• EMT instruction 
SIGFPE 8* floating point exception 
SIGKILL 9 kill (cannot be caught, blocked, or ignored) 
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SIGVEC(2) SYSTEM CALLS SIGVEC(2) 

SIGBUS 10• bus error 
SIGSEGV 11 • segmentation violation 
SIGSYS 12* bad argument to system call 
SIGPIPE 13 write on a pipe with no one to read it 
SIGALRM 14 alarm clock 
SIGTERM 15 software termination signal 
SIGURG 16 urgent condition present on socket 
SIGSTOP 17t stop (cannot be caught, blocked, or ignored) 
SIGTSTP lSt stop signal generated Crom keyboard 
~IGCONT 19• continue after stop (cannot be blocked) 
~IGCHLD 20• child status has changed 
!iIGTTIN 21 t background read attempted Crom control terminal 
ilIGTTOU 22t background write attempted to control terminal 
SIGIO 23 i/o is poHible on a descriptor (see /cnl/(2)) 
SIGXCPU 24 cpu time limit exceeded (see selrlimit(2)) 
SIGXFSZ 25 Ille size limit exceeded (see selrlimit(2)) 
SIGVTALRM 26 virtual time alarm (see ••litimer(2)) 
SIGPROF ZT pro6ling timer alarm (see •etitimer(2)) 
SIGWINCH 28 window changed (see win(4S)) 

The starred signals in the list above cause a core image if not caught or ignored. 

Once a signal handler is installed, it remains installed until another Bigvec call is made, or an 
e.secve(2) is performed. The default action for a signal may be reinstated by setting av_handler to 
SIG..PFL; this default is termination (with a core image ror starred signals) except for signals 
marked with • or t. Signals marked with • are discarded if the action is SIG..PFL; signals 
marked with t cause the process to stop. Ir ,v_haiidler is SIG_IGN the signal is subsequently 
i&nored, and pendin& instances or the signal are discarded. 

Ir a caught signal occurs during certain 5Ystem calls, causing the call to terminate prematurely, 
the call is automatically restarted. In particular this can occur during a read or write(2) on a slow 
device (such u a terminal; but not a 6le) and during a wait(2). 

After a /or.t(2) or v/orA:(2) the child inherits all signals, the signal mask, and the signal stack. 

The e.secve(2) call resets all caught signals to default action; ignored signals remain ignored; the 
signal muk rem&ins the same; the signal stack state is reset. 

!'iOTES 
The muk specifted in vec is not allowed to block SIGKILL, SIGSTOP, or SIGCONT. This is 
done silently by the system. 

RETURN V ALUl!l 
A O value indicated that the call succeeded. A -1 return value indicates an error occured and 
errno 11 Ht to indicated the reuon. 

ERRORS 
Sigvec will rail and no new signal handler will be installed if one or the following occurs: 

(EF AUL Tl Either vec or ovec points to memory which is not a valid part or the process 

(~AL) 
(EINvALI 

(EINVALI 
SEE ALSO 

address space. 

Si1 is not a valid signal number. 

An a.ttempt is made to ignore or supply a handler for SIGKU..L or SIG STOP. 

An attempt is made to ignore SIGCONT (by default SIGCONT is ignored). 

kill(l), ptrace/2), kill(2), sigblock(2), sigsetmask(2), sigpause(2) sigstack(2), sigvec(2), setjmp(3), 
tty(4) 
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NOTES (VAX-11} 

BUGS 

92 

The bandier routin.e can be declared: 

bandler(sig, code, scp) 
int sig, code; 
struct sigcontext •scp; 

Here aig is the signal number, into wbicb the hardware faults and traps are mapped as defined 
below. Code is a parameter which is either a constant as given below or, for compatibility mode 
faults, the code provided by the hardware (Compatibility mode faults are distinguished from the 
other SIGILL traps by having PSL_CM set in the psi). Sep is a pointer to the aigconte:d struc
ture (d~ftned in <•i1nal.h>), used.to restore the context from before the signal 

The following define•. the mapping of hardware traps to signals and codes. All or these symbol• 
are defined in <•ignal.h>: 

Hardware condition Signal Code 

Arithmetic traps: 
Integer overfiow SIGFPE FPE_INTOVF _TRAP 
Integer division by iero SIGFPE FPE_INTDIV _TRAP 
Floating overfiow trap SIGFPE FPE_J'LTOVF _TRAP 
Floating/decimal division by zero SIGFPE FPE_J'L TDIV _TRAP 
Floating underftow trap SIGFPE FPE_FLTUND_TRAP 
Decimal overftow trap SIGFPE FPEJ)ECOVF _TRAP 
Subscript-range SIGFPE FPE_SUBRNG_TRAP 
Floating overfiow fault SIGFPE FPE_J'LTOVF _FAULT 
Floating divide by zero fault SIGFPE FPE_J'LTDIV _FAULT 
Floating underflow fault SIGFPE FPE_J'L TUND .Y AULT 

Length access control SIGSEGV 
Protection violation SIGBUS 
Reserved instruction SIGILL ILLJtESAD_FAULT 
Customer-reserved instr. SIGEMT 
Reserved operand SIGILL ILLJ'RIVIN_F AULT 
Reserved addreHing SIGILL ILLJtESOP _FAULT 
Trace pending SIGTRAP 
Bpt instruction SIGTRAP 
Compatibility-mode SIGILL hardware supplied code 
Chme SIGSEGV 
Chms SIGSEGV 
Chmu SIGSEGV 

This manual page is confusing. 
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NAME 
socket :- create an endpoint for communication 

SYNOPSIS 
#Include <aya/t:ypea.h> 
#Include <•:r•/aocket,h> 
a = socket( af, type, protocol) 
Int •, al, type, protocol1 

DESCRIPTION 
Sockel creates an endpoint for communication and returns a descriptor, 

T.he a/ parameter specifies an address format with which addresses specified in later operations 
using the eocket should be interpreted. These formats are defined in the include file 
< su,/ aockel.h> . The currently understood formats are 

AF _UNIX (UNIX path names), 
AF _INET (ARP A Internet addresses), 
AF .J>UI' (Xerox PUP-I Internet addresses), and 
AF JMPLINK (IMP "hoot at IMP" addresses). 

The socket has the indicated IUP• which specifies the semanties or communfcation. Currently
defined types are~ 

SOCK_STREAM 
SOCK_DGRAM 
SOCK_RAW 
SOCK_SEQP ACKET 
SOCK_RDM 

A SOCK_STREAM type provides sequenced, reliable, two-way connection based byte streams 
with an out-of-band data transmission mechanism. A SOCKJ)GRAM socket supports datagrams 
(connectionless, unreliable messages of a fixed (typically small) maximum length). SOCK_RAW 
sockets provide acceas to internal network interfaces. The types SOCK_RA W, which is available 
only to the'ouper-user, and SOCl<_SEQPACKET and SOCK...RDM, which are planned, but not 
yet implemented, are not described here. 

The proloco/ lpecifieil a particular protocol to be used with the socket. Normally only a single 
protocol existil to support a particular socket type using a given address format. However, it is 
poosible that many protocols may exist in which case a particular protocol must be specified in 
this manner. The protocol number to use is particular to the "communication domain" in which 
communication is to take place; see ,ervice,(3N) and prolocol,(3N). 

Sockets of type SOCl<_STREAM are full-duplex byte streams, similar to pipes. A stream socket 
must be in a connecled state before any data may be sent or received on it. A connection to 
another socket is created with a connecl(2) call. Once connected, data may be transferred using 
read(2) and wrile(2) calls or some variant of the aend(2) and recv(2) calls. When a session has 
been completed a cloae(2) may be performed. Out-of-band data may also be transmitted as 
deatribed In aend./l!) and received as deatribed iii recv(2). 

The communic'\tfona protocols used to implement a SOCK_STREAM insure that data is not lost 
or duplicated. If it. piece or data for which the peer protocol has butler space cannot be succes .. 
Cully transmitted withll( a reasonable length of time, then the connection is considered broken and 
calls will indicate an error with -1 returns and with ETIMEDOUT as the specific code in the glo
bal variable errno. The protocols optionally keep sockets "warm" by forcing transmissions 
roughly every minute in the absence or other activity. An error is then indicated if no response 
can be elicited on an''otherwise idle connection tor a extended period (e.g. 5 minutes). A SIG
PIPE signal is raised if a process sends on a broken stream; this causes naive processes, which do 
not handle the signal, ,to exit. 
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SOCK_DGRAM and SOCK_RA W sockets allow sending or datagrams to correopondents named 
in ,end(2) calls. It is also possible to receive datagrams at such a socket with recv(2). o 
An /cnt/(2) call can be used to speciry a process group to receive a SIGURG signal when the out,. 
of-band data arrives. 

The operation or sockets is controlled by socket level options. These options are defined in the 
file <•11•/socl:el.h> and explained below. Setaocl:opl and gelaocl:opt(2) are used to set and get 
options, respectively. 

SO_DEBUG tum on recording of debugging information 
SO_REUSEADDR allow local address reuse 
SO_KEEP ALIVE keep connections alive 
SO_DONTROUTE do no apply routing on outgoing messages 
SO_LINGER linger on close ir data present 
SO_DONTLINGER do not linger on close 

. ' SO_DEBUG enables debugging in the underlying protocol modules. SO_REUSEADDR indicates 
the rules ueed in validating addreeses supplied in a 6ind(2) call should allow reuse or local 
addresees. SO _KEEP ALIVE enables the periodic transmission or messages on a connected socket. 
Should the connected party fa.ii to respond to these messages, the connection is considered broken 
and processes using the socket are notified via a SIGPIPE signal. SO_DONTROUTE indicates 
that outgoing meseages ehould bypaes the standard routing facilitiee. Instead, messages are 
directed to the appropriate network interface according to the network portion of the destination 
addrese. SO_LINGER and SO_DONTLINGER control the actions taken when unsent meseags 
are queued on socket and a c/o8t(2) is performed. Ir the socket promises reliable delivery or data 
and SO_LINGER is set, the oyotem will block the procees on the clo,e attempt until it is able to 
tranomit the data or until it decides it ie unable to deliver the information (a timeout period, 
termed the linger interval, ie opecified in the ••l•ocl:opl call when SO_LINGER is requested). Ir 
SO_DONTLINGER io opecified and a clo•• ie iseued, the syotem will process the close in a 
manner which allows the procese to continue ae quickly ae possible. 

RETURN VALUE 
A -1 ie retutned if an error occure, otherwise the return va!Ue i• a deocriptor rererencing the 
oocket: 

ERRORS 
The socl:el call fails ir: 

IEAFNOSUPPOR T] The specified addrese ramily is not supported in this version or the system. 

IESOCKTNOSUPPOR T] 
The opecified socket type is not supported in this addrese family. 

IEPROTONOSUPPORTI . 

IEMFILE] 

IENOBUFS] 

The specified protocol is not oupported. 

The per-process descriptor table is full. 

No buffer space is available. The socket cannot be created. 

SEE ALSO 

BUGS 

94 

accept(2), bind(2), connect(2), getsockname(2), getsocltopt(2), ioct1{2), listen(2), recv(2), select(2), 
send(2), shutdown(2), socketpair(2) 
"A 4.2BSD Interprocess Communication Primer". 

The use of keepalives is a questionable reature ror this layer. 
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SOCKETP AIR ( 2) SYSTEM CALLS SOCKETP AIR ( 2) 

NAME 
socketpair - create a pair of connected sockets 

SYNOPSIS 
#Include <qa/type1.b> 
#Include <•Y•/•oeket.b> 
1oeketpalr(d, type, protocol, av} 
~t d, type, protocolJ 
Int av[Z}J 

DESCRIPTION 
The eocketpair system call creates an unnamed pair- or connected 11od,et.- in the specified domain 
d, of the specified type and using the optionally specified protocol. The deseriptors used in 
referencing the new sockets are returned in ev!O! and ev[l}. The two sockets are indistinguishable_ 

DIAGNOSTICS 
A O ia returned' ir the call succeeds, -1 it it fails. 

ERRORS 
The call succeeds ,mlesac 

(EMFll..EJ Too many descriptors are in use by this procesa •. 

(EAFNOSUPPORT} The specified address family is not supporte<t·on this machine. 

[EPROTONOSUPPORT} 
The specified protocol is not supported on this machine. 

(EOPNOSUPPOR T} The specilled protocol does not support creation of socket pairs. 

[EF AUL TJ The addresa •• doe& not specify a valid part of the process address space. 

SEE ALSO 
read(2), write(2), pipe(2) 

BUGS 
This call is currently implemented only for the UNIX domain. 
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NAME 
stat, !stat, fstat - get file status 

SYNOPSIS 
#Include <•111/t7pes.h> 
#Include <•11•/•tat.h> 
atat(path, buf) 
char *path; 
atruct atat *but; 
latat(path, buf) 
char *path; 
atruct atat *but; 
tatat(td, buf) 
Int tel1 
atruct atat *but; 

DESCRIPTION 

96 

Stal obtains information about the file path. Read, write or execute permission or the named file 
is not required, but all directories listed in the path name leading to the file must be reachable. 

Lalal is like stat except in the case where the named file i8 a symbolic link, in which case /stat 
returns information about the link, while ,tat returns Information about the file the link refer
ences. 

Fatal obtains the same information about an open ille referenced by the argument descriptor, such 
as would be obtained by an open call. 

Bu/ is a pointer to a ,tat structure into which information is placed concerning the file. 
tents or the structure pointed to by bu/ 

The con-

struct •tat t 
dev_t st_dev; 

st_ino; 
st_mode; 
st_nlink; 
st_uid; 
st...sid; 
st_rdev; 
stJize; 
st_atime; 
st_sparel; 

/• device inode resides on * / 
/* this inode's number * / 
/* protection * / 

}; 
st_atime 

st_mtime 

ino_t 
u_.hort 
short 
short 
short 
dev_t 
off_t 
time_t 
int 
time_t· 
int 
time_t 
int 
long 
lonj 
10011 

/• number or hard links to the file • / 
/* user-id or owner • / 
/* group-id or owner • / 
/* the device type, tor inode that is device • / 
/* total size or file * / 
/* file last access time • / 

st_mtime; /• file last modify time • / 
st_spare2; 
st_ctime; 
st_spare3; 

/• file last status change time * / 

st_blksize; /* optimal blocksize for file system i/o ops•/ 
st_bloch; /* actual number or blocks allocated * / 
st_spare4(2J; 

Time when file data was last read or modified. Changed by the following system 
calls: mknod(2), utime,(2), read(2), write(2), and truncate(2). For reasons of 
efficiency,. st_atime i8 not set when a directory is searched, although this would be 
more logical. 

Time when data was last modified. It is not set by changes of owner, group, link 
count, or mode. Changed by the following system calls: mknod(2), utimes(2), 
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STAT(2) SYSTEM CALLS STAT(2) 

st_ctime 

write(2). 

Time when Ille status was last changed. It is set both both by writing and changing 
the i-node. Changed by the following system calls: chmod(2) chown(2), link(2), 
mknod(2), unlink(2), ulimes(2), wrile(2), truncale(2). 

The etatus information word ,t_mode baa bits: 
#define S_IFMT 0170000 /* type or file * / 
#dellne S_IFDIR 0040000 /* directory * / 
#dellne S_IFCHR 0020000 /* character special * / 
#define S_IFBLK 0060000 /* block special * / 
#dellne S_IFREG 0100000 /* regular * / 
fdellne S_IFLNK 0120000 /* symbolic link * / 
fdellne S_IFSOCK 0140000 /* socket * / 
#dellne S_ISUID 0004000 /* eet user id on execution * / 
fdellne SJSGID 0002000 /* set group id on execution * / 
#define SJSVTX 0001000 /* save swapped text even after use * / 
#define SJREAD 0000400 /* read permission, owner * / 
fdellne SJWRITE 0000200 /* write permission, owner * / 
fdeftne SJEXEC 0000100 /* execute/search permission, owner * / 

The mode bite 0000070 and 0000007 encode group and othen permission• (see chmod(2)). 

When /d is usoeiated with a pipe, /Blot reporta an ordinary Ole with an i-node number, restricted 
permissions, and a not necessarily meaningful length. 

RETURN VALUE 
Upon succeHCul completion a value of O is returned. Otherwise, a value of -1 is returned and 
errno i1 set to indicate the error. 

ERRORS 
Slot and /1101 wiU Cail if one or more or the following are true: 

(ENOTDIRI A component of the path prefix is not a directory. 

(EPERM) The pathname contain• a character with the high-order bit set. 

(ENOENTI The pathname wu too long. 

(ENOENTI The named Ille doee not exist. 

(EACCESI Search permiseion is denied for a component of the path prefix. 

(EF AULT) B'4 or nom, pointa to an invalid address. 

F,lol will Cail if one or both of the following are true: 

(EBADFI Fi/de, is not a valid open Ole deecriptor. 

)EF AUL Tl B,4 points to an invalid address. 

(ELOOPI Too many symbolic links were encountered in translating the pathname. 

OAVEAT . 
The llelde in the etat .etructure currently marked sl_,porel, Bl_sparell, and sl_spare9 are present 
in preparation Cor inode time etamp• expanding to 64 bits. This, however, can break certain pro
grams which depend on the time stamps being contiguous (in calls to ulimes(2)). 

SEE ALSO . 
cbmod(2), cLown(2), utimes(2) 

BUGS 
Applying /Blol to a socket return• a zero'd butler. 
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NAME 
swapon - add a swap device ror interleaved paging/swapping 

SYNOPSIS 
awapon(1peclal) 
char *1peclalJ 

DESCRIPTION 

SWAPON(2) 

Swapon makes the block device apecial available to the system ror allocation ror paging and swap
ping. The names or potentially available devices are known to the system and defined at system 
configuration time. The size or the swap area on •P ecial is calculated at the time the device is 
first made available ror swapping. 

SEE ALSO 
Bj\'apon(S), config(8) 

BUGS 
There is no way to stop swapping on a disk so that the pack may be dismounted. 

Thia call will be upgraded in future versions or the system. 
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NAME 
symlink - make symbolic link to a file 

SYNOPSIS 
eymllnk(namel, name:1) 
char *namel, •namell1 

DESORIPTION 
A symbolic link name/! is created to namel ( name!/ is the name of the file created, namel i~ the 
string used in creating the symbolic link). Either name may be an arbitrary path name; the files 
need not be on the same file system. 

RETURN VALUE 
Upon successful- completion, a zero value is returned. Ir an error occurs-, the error code is st.or.ed 
in errrro and a -1 value is returned. 

ERRORS 
The symbolic link. is made unless on or more of the following are true: 

(EPERM) 

(ENOENT) 

(ENOTDffi) 

(EEXIST! 
(EACCES) 

(EROFS) 

(EFAULTJ 

(ELOOPJ 

SEE ALSO 

Either namel or name.e contains a character wfth the higb.erder bit set. 

One or the pathnames specified was too long. 

A component of the name.e prefix is not a directory. 

Name.e already exists. 

A component or the name.e path prefix denies search permission. 

The file name.e would reside on a read-only file oystem. 

Nomel or namet points outside the process's allocated address space. 

Too may symbolic links were encountered in translating the pathname. 

link(2), ln(l), unlink(2) 
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NAME 
sync - update super-block 

SYNOPSIS 
1ync() 

DESCRIPTION 
S11nc causes all inrormation in core memory that should he on disk to be written out. This 
includes modified super blocks, modified i-nodes, and delayed block 1/0. 

S11nc should be used by programs which examine a file system, ror example /eek, di, etc. Sync is 
111andatory bdore a boot. 

SEEALSp 
(sync(2), sync(S), cron(S) 

BUGS 
The writing, although scheduled, is not necessarily complete upon return from •vnc. 
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NAME 
syscall - indirect system call 

SYNOPSIS. 
a;yacall(number, arg, "") 

DESCRIPTION 
St/aiall performs the system call whose assembly language interface has the speeilled number, and 
Jrguments arg .... 

lhe register dO value of the system call is returned. 

DJAGN(lSTICS 
When the C-bit-is set, 8IJ'ICOU returns -1 and sets the external variable errn<t (see intro(2)). 

BUGS 
+3iere is no way to simulate system cans such as pipe(2), which return values in register dl. 
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NAME 
truncate, (truncate - truncate a file to a specified length 

SYNOPSIS 
truncate(path, length) 
char •path1 
Int lengthJ 

ftruncate(td, length) 
Int td, lensth1 

DESCRIPTION 

TRUNCATE(2) 

Truncate causes the file named by path or referenced by /d to be truncated to at most length bytes 
in size. Ir the file previously was larger than this size, the extra data is lost. With /truncate, the 
file must be open for writing. 

RETURN VALUES 
A value or O is returned if the call succeeds. Ir the call fails a -1 is returned, and the global vari
able errno specifies the error. 

ERRORS 
Truncate succeeds unleSB: 

The pathname contains a character with the high-order bit set. 

The pathname was too long. 

A component or the path preftx of path is not a directory. 

The named file does not exist. 

A component of the path preftx denies search permiSBion. 

The named Ille is a directory. 

The named file resides on a read-only Ille system. 

IEPERMJ 

(ENOENT) 

(ENOTDffi( 

(ENOENT) 

(EACCES) 

(EISDIRJ 

(EROFS) 

IETXTBSY( 

(EFAULT( 
The Ille is a pure procedure (shared text) Ille that is being executed. 

Name points outside the process's allocated address space. 

Ftruncate succeeds unless: 

(EBADF) 

(EINVAL( 

SEE ALSO 
open(2) 

BUGS 

The/dis not a valid descriptor. 

The /d references a socket, not a file. 

Partial blocks discarded as the result of truncation are not zero filled; this can result in boles in 
files which do not read as zero. 

These calls should be generalized to allow ranges of bytes in a file to be discarded. 
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UMASK(2) 

NAME 
umaak - set Ole creation mode mask 

SYNOPSIS 
oumaek = umaek(numaak) 
Int oumaek, numaak1 

DESCRIPTION 

SYSTEM CALLS UMASK(2) 

Uma,l; sets the process'• Ole mode creation mask to numa#k and returns the previous value of the 
mask. The low-order 9 bita of numa,k are used whenever a Ille-is created, clearing corresponding 
bjts in the Ole mode (see chmod(2)). This clearing allow• eaek..user to restrict the default access 
ti his Oles. 

The value is initially Dl!2 (write aec:ess_ tor owner only). Th& masll is inherited by child processes. 
,·1 

RETURN VALUE 
T)e-previoua value of the Ole mode mask is returned by the call. 

SEEALSp 
c~111od(2), ml:nod(2}, open(2) 

' 
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NAME 
unlink - remove directory entry 

SYNOPSIS 
unllnk(path) 
char *path1 

DESCRIPTION 
Unlink removes the entry for the file path from its directory. Ir this entry was the last link to the 
Ole, and no process has the Ole open, then all resources associated with the file are reclaimed. If, 
however, the file was open in any process, the actual resource reclamation is delayed until it is 
closed, even though the directory entry has disappeared. 

RETURN VALUE 
Upon successful completion, a value or O is returned. Otherwise, a value or -1 is returned and 
errno is set to indicate the error. 

ERRORS 
The unlink succeeds unless: 

(EPERM) 

(ENOENTJ 

(ENOTDIRJ 

fENOENTJ 

fEACCESJ 

fEACCES) 

fEPERM) 

The path contains a character with the high-order bit set. 

The path name is too long. 

A component or the path prefix is not a directory. 

The named file does not exist. 

Search permission is denied ror a component or the path prefix. 

Write permission is denied on the directory containing the link to be removed. 

The named file is a directory and the effective user ID or the process is not the 
euper-ul!ler. 

fEBUSY) The entry to be unlinked is the mount point tor a mounted file system. 

(EROFSJ The named file resides on a read-only file system. 

(EFAUL TJ Path points outside the proceH's allocated addreH space. 

(ELOOPJ Too many symbolic links were encountered in translating the pathname. 

SEEALSq 
close(2), liok(2), rmdir(2) 
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NAME 
utimes - set file times 

SYNOPSIS 
#Include <sy•/type,,Ji> 
utlme1(tlle, tvp) 
char *tlle1 
atruet tlmeval •tvp(Z); 

DESCRIPTION 
The ulime, call uses the "accessed" and "updated" times in that order from the tvp vector to set 
the corresponding recorded times for jil!. 

The caller must be the owner or the Ille or the supeMiser. The "inode-changed" time or the Ille is 
set to the current time. 

RETURN VALUE 
Upon successful completion, a value or O is returned. Otherwise, a value or -1 is returned and 
errno is set to indicate the error. 

ERRORS 
Ulime will failif one .or more or the following are true: 

(EPERM) 
(ENOENT} 

(ENOENT) 

(ENOTDIR) 

(EACCESJ 

(EPERM) 
(EACCES) 

(EROFS) 

(EFAULT) 

(ELOOPJ 

SEE ALSO 
stat.(2) 

Sun Release 1.1 

The pathname contained a character with the high-order bit set. 

The pathname was too long. 

The named Ille does not exist. 

A component or the path preftx is not a directory. 

A component or the path prellx denle& search permission. 

The proceu is not super-user and not the owner or the Ille. 

The effective user ID is not super-user and not the owner or the Ille and lime, is 
NULL and write acces• is denied. 

The Ille system containing the Ille is mounted read-only. 

Tup point, outside the process'• allocated addre11 space. 

Too many symbolic links were encountered in translating the pathname. 
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NAME 
vadvise - give advice to paging system 

SYNOPSIS 
#Include <•:r•/vadvlae.h> 

vadvlae(param) 
Int param1 

DESCRIPTION 

BUGS 

106 

Vadvi,e is used to inform the eystem that proeess paging behavior merits special consideration. 
Parameters to vadvi,e are de6ned in the 61e <vadvlae.b>. Currently, two calla t vadviae are 
implemented. 

The call 

vadvlae(VA__ANOM)1 

advises that the paging behavior is not likely to be well handled by the system's default algo
rithm, since reference information is collected over macroscopic intervals (e.g. 10.20 seconds) will 
not serve to indicate future page references. The system in this case will choose to replace pages 
with little emphasis placed on recent usage, and more emphasis on referencele88 circular behavior. 
It is ••••ntial that proce88es which have very random pagin1 behavior (such as LISP during gar
bage collection of very large address spaces) call vaduiu, as otherwise the system has great 
difficultr dealing with their page-consumptive demands. 

The cali 

vadvlae(V A_NORM)1 

restores default paging replacement behavior after a call to 

vadvlae(VA__ANOM)1 

Will go away soon, being replaced by a per-page madui,e facility. 
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NAME 
vtork - spawn new process in a virtual memory efficient way 

SYNOPSIS 
pld =vforkO 
Int pld1 

DESCRIPTION 
V/ork can be used to create new processes without tully copying the address space or the old pro
cesa, which is horrendously inefficient in a paged environment. It is useful when the purpose or 
/ork(2) would bave been to create a new system context tor an ezecve. V/ork differs trom fork in 
that the child borrows the parent's memory and thread or control until a call to ezecve(2) or an 
exit (either by a call to ezit(2) or abnormally.) The parent process is suspended while the child is 
using its resources. 

V/orl, returns O in the child's context and (later) the pid or the child in the parent's context. 

V/orl: can normally be used just like Jori:. It does not work, however, to return while running in 
the childs context trom the procedure which called v/orl: since the eventual return trom v/orl, 
would then return to. a no longer existent stack frame. Be careful, also, to call _ezit rather than 
e:ril it you can't ezecve, since e:ril will flush and close standard 1/0 channels, and thereby mess up 
the parent processes standard 1/0 data structures. (Even with fork it is wrong to call e:ril since 
buffered data would then be flushed twice.) 

SEE ALSO 
tork(2), execve(2), sigvec(2), wait(2), 

DIAGNOSTICS 

BUGS 

Same as tor Jori:. 

Thill system call will be eliminated when proper system sharing mechanisms are implemented. 
Users should not depend on the memory sharing semantics or v/ork as it will, in that case, be 
made synonymous to Jori,. 

To avoid a possible deadlock situation, processes which are children in the middle or a v/orl: are 
never sent SIGTTOU or SIGTTIN signals; rather, output or iocl/s are allowed and input attempts 
re•ult in an end-ot-llle indication. 
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NAME 
vhangup - virtually 11 hangup" the current control terminal 

SYNOPSIS 
vhangup() 

DESCRIPTION 
Vhangup is used by the initialization process inil(8) (among others) to arrange that users are given 
"clean"' terminals at login, by revoking access of the previous users' processes to the terminal. 
To effect this, vhangup searches the system tables tor references to the control terminal or the 
invoking process, revoking access permissions on each instance or the terminal which it finds. 
Further attempts to access the terminal by the affected processes will yield i/o errors (EBADF). 
Finally, a hangup signal (SIGHUP) is sent to the proceH group or the control terminal. 

SEE ALl:\O 
init (8) 

BUGS 
Access to the control terminal via /dev /tty is still possible. 

This call should be replaced by an automatic mechanism which takes place on process exit. 
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NAME 
wait, wait3 - wait tor process to terminate or stop 

SYNOPSIS 
#Include <eye/walt.h> 
pld = walt(otatua) 
lot pld1 
union wait •etatu11 

pld - walt(O) 
lot pld1 
#Include <ayo/tlme.h> 
#Include <aya/reaource.h> 
pld ... walt3(1tatua, options, ru1ase) 
Int pld1 
union watt •atatua1 
lot optlone1 
etruet ruaage •ruease1 

DESCRIPTION 
Wail causes its caller to delay until a signal is received or one or its child processes terminates or 
stops due to tracing. It any child bas died or stopped due to tracing and this bas not been 
reported via wail, return is immediate, returning the process id and exit status or one or those 
children. Ir that child bad died, it is discarded. Ir there are no children, return is immediate with 
the value -1 returned. Ir there are only running or stopped but reported children, the calling 
processes is suspended. 

On return from a successtul wail call, status is nonzero, and the high byte or status contains the 
low byte or the argument to •nl supplied by the child proceso; the low byte or •lalu• contains the 
termination otatus or the process. A more precise definition or the atatu, word is given in 
<•u•/wail.A'/>. 

Waits is an alternate intertace which allows both non-blocking status collection and the status or 
children stopped by any means. The ,talu• parameter is deDned as above. The option• parame
ter is used to indicate the call should not block it there are no processes which have status to 
report (WNOHANG), and/or that children or the current proceos which are stopped due to a 
SIGTTIN, SIGTTOU, SIGTSTP, or SIGSTOP signal are eligible to have their status reported as 
well (WUNTRACED). A terminated child is discarded atter it reports status, and a stopped pro
cess will not report its status more than once. Ir ru,age is non-zero, a oummary or the resources 
used by the terminatea process and all Its children Is returned. (This intormation Is currently not 
available tor stopped P.r9cesses.) 

When the WNOHANG option isi5peci6ed and no processes have status to report, waits returns a 
pid ot O. The WNOHANG and WUNTRACED options may be combined by or'ing the two 
values. 

NOTtS 
See ,igvec(2) tor a list or termination otatuses (signals); 0 status indicate• normal termination. A 
special status (0177) is returned tor a stopped process which baa not terminated and can be res
tarted; see plrace(2) and sigvec(2). Ir the 0200 bit or the termination status is set, a core image of 
the proc ... was produced by the oystem. 

Ir the parent process terminates without waiting on its children, the initialization process (process 
ID - 1) inherits the children. 

Wail and waits are automatically restarted when a process receives a signal while awaiting termi
nation or a child process. 

Sun Release 1.1 Last change: 22 December Hl83 109 



WAIT( 2) SYSTEM CALLS WAIT(2) 

RETURN VALUE 
If wail returns due to a stopped due to tracing or terminated child process, the process ID of the 
child is returned to the calling process. Otherwise, a value of -1 is returned and errno is set to 
indicate the error. 

Wail9 returns -1 if there are no children not previously waited for; 0 is returned it WNOHANG 
is specified and there are no stopped or exited children. 

ERRORS 
Wail will fail and return immediately if one or more of the following are true: 

!f:CHILD) 
!~FAULT) 

SEE ALSO 
exit(2) 

110 

The calling proce55 haa no existing unwaited-for child processes. 

The alalu, or ru,a11• arguments point to an illegal address. 
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NAME 
write, wrltev - write on a file 

SYNOPSIS 
wrlte(d, but, nbytea) 
Int d1 
char *bufJ 
Int nbytea1 

#Include <•Y•/typea.h> 
#Include <•Y•/ulo.h> 
wrltev(d, lov, loveclen) 
Int d1 
atruct lovec *lov1 
Int loveclen1 

DESCRIPTION 
Wrile attempte to write n6ul•• of data to the object referenced by the descriptor d from the buffer 
pointed to by bu/. Wrilev perform• the oame action, but gather• the output data from the iovlen 
buffers opecifled by the members or the iav array: iov!OI, iovlll, etc. 

On object• capable of oeeklng, the write otarto at a pooition given by the pointer associated with 
d, oee /,eei(2). Upon return from wrilo, the pointer la Incremented by the number or byte• actu
ally written. 
Object• that are not capable or seeking always write from the current position. The value of the 
pointer auociated with ouch an object i• undefined. 

Ir the real user la not the ouper-uoer, then write clears the oet-uoer-id bit on a file. Thi• prevents 
penetration ot oyotem oecurity by a uoer who "captures" a writable oet-user-id file owned by the 
super-uoer. 

RETURN VALUE 
Upon oucceooful completion the number or byte• actnally writen i• returned. Otherwise a -1 is 
returned and errno 11 set to Indicate the error. 

ERRORS 
Writ• will fall and the file pointer will remain unchanged if one or more of the following are true: 

IEBADFI 

IEPIPEI 

IEPIPEI 

IEFBIG) 

IEFAULTI 

SEE ALSO 

D 11 not a valid descriptor open for writing. 

An attempt i• mode to write to a pipe that is not open for reading by any pr~ 
cess., ·-
An attempt i• made to write to a socket of type SOCK_STREAM which is not 
connected to a peer socket. 

An attempt W"4 made to write a file that exceed• the process's ftle size limit or 
th~ maximum hie eize. 
Part oi< iav or data to be written to the file pointe outside the process's allocated 
addreoa' space. 

lseek(2), open(2), pipe(Z) 
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INTR0(3) SUBROUTINES INTR0(3) 

NAME 
intro - introdnction to library functions 

DESCRIPTION 

FILES 

Section 3 de.scribes functions found in libraries. 

This section describes subroutines found in the system libraries. 

The main C library is /lib/libc.a, and contains all the system call entry points described in sec
tion 2 aa well aa functions described in several subsections here. The primary functions in the C 
library are described in the main section 3. Functions 1188ociated with the "standard 1/0 library" 
used by many C program• are found in section .3S. The Jibe library also includes the Internet net
work functions described in section SN and routines providing compatibility with other UNIX sys
tems aa described in section 30 aa well aa all the system entry points from section 2. 

Other sections here are: 

(SF) The 3F functions are all functions callable from FORTRAN. These function• perform 
the same jobs aa the straight "3" functions do for C programmers. There are in fact 
three FORTRAN libraries, namely -IU77 which contains the system interface routines, 
-1177 which is the 1/0 interface library, and -IF77 which is everything not contained in 
the other two. These libraries are searched automatically by the loader when loading 
FORTRAN programs. 

(3M) These functions constitute the math library. C declarations for the types of functions 
may be obtained from the include file <malh.h>. To use these functions with C pro
grams use a -Im option with cc(l). They are automatically loaded as needed by the For
tran and Pascal compilers /77(1) and pc(l). 

(3X) Various specialized libraries have not been given distinctive captions. Files in which such 
libraries are found are named on appropriate pages if they don't appear in the libc library. 

/lib/libc.a 
/usr/lib/libc_p.a 
/usr /lib/libm.a 
/usr /llb/libm_p.a 
/usr /llb/libU77 .a 
/usr/lib/libl77.a 
/usr/llb/llbF77.a 
/usr/llb/llbcurses.a 
/usr/llb/libdbm.a 
/usr /llb/libmp.a 
/usr /llb/libtermcap.a 
/usr /lib/libtermcap_p.a 
/usr /llb/llbtermlib 
/usr /llb/libtermllb_p.a 
/usr/lib/libplot.a 
/usr /lib/lib300.a 
/usr /lib/libSOO..a 
/usr /lib/lib4014.a 
/usr /lib/lib450.a 

C Library ((2), (3), (3N) and (30) routines) 
Profiling C library (for gpro/(1)) 
Math Library -Im (see section 3M) 
Profiling version of -Im 
FORTRAN system interface (see section 3F) 
FORTRAN 1/0 (see section 3F) 
FORTRAN everything else (see section 3F) 
screen management routines (see curses(3X) 
data base management routine• (see dbm(3X)) 
multiple precision math library (see mp(3X)) 
terminal handling routines (see lermcap(3X)) 

plot routines (see plo1(3X)) 

" 
" 
" 
" 

SEE ALSO 
intro(3C), intro(3S), intro(3F), intro(3M), intro(3N), nm(l), ld(l), cc(l), f77(1), intro(2) 

DIAGNOSTICS 
Functions in the matll library (section 3M) may return conventional values when the function is 
undefined for the given arguments or when the value is not representable. In these cases the 
external variable errno (see inlro(2)) is set to the value EDOM (domain error) or ERANGE (range 

Sun Release 1.1 Last change: 12 January 1984 I 



INTR0(3) SUBROUTINES INTR0(3) 

error). The values of EDOM and ERANGE are defined in the include Ole <errno.h>. 0 LIST OF FUNCTIONS 
Name Appears on Page Description 

abort abort.3 generate a fault 
abs abs.3 integer absolute value 
alarm alarm.3c schedule signal after specified time 
alloca malloc.3 memory allocator 
alphasort scandir.3 scan a directory 
asctime ctime.3 convert date and time to ASCII 
assert assert.3 program verilication 
atof atof.3 convert ASCII to numbers 
atoi atot.3 convert ASCII to numbers 
atol atot.3 convert ASCII to numbers 
bcmp bstring.3 bit and byte string operations 
bcopy bstring.3 bit and byte string operations 
bzero bstring.3 bit and byte string operations 
calloc malloc.3 memory allocator 
ctree malloc.3 memory allocator 
clearerr terror.3s stream status illquiries·. 
closedir directory .3 directory operations 
closelog syslog.3 control system log 
crypt crypt.3 DES encryption 
ctime ctime.3 convert date and time to ASCII 
dysize ctime.3 convert date and· time to.ASCII 
ecvt ecvt.3 output conversion 
edata end.3 last locations in program 
encrypt crypt.3 DES encryption 0 end end.3 last locations in program· 
endtsent gettsent.3 get Ole system descriptor file entry 
endgrent getgrent.3 get group file entry 
endhostent gethostent.3n get network host entry 
endnetent getnetent.3n· get network entry 
endprotoent getprotoent.3n get protocol entry 
endpwent getpwent.3 get paasword file entry 
endservent getservent.3n. get service entry 
environ execl.3 execute a file 
errno perror.3 system error messages 
etext· end.3 last locations in program 
exec! execl.3 execute a file 
execle execl.3 execute a file 
execlp execl.3 execute a file 
execv execl.3 execute a file 
execvp execl.3 execute a file 
exit exit.3 terminate a process after flushing· any pending output 
fclose fclose.3s close or Dush a stream 
fc.vt ecvt.3 output conversion 
tdopen fopen.3s open a stream 
teot ferror.3s. stream status inquiries 
terror terror.3s stream status inquiries 
fflusb tclose.3s close or Dush a stream 
ffs bstring.3 bit and byte string operations 

I 
fgetc getc.3s get character or integer from stream 
fgets gets.3s get a string from a stream 

0 I 
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0 llleno ferror.3• stream status inquiries 
fopen fopen.3s open a stream 
fprintf printf.3s formatted output conversion 
fputc putc.3s put character or word on a stream 
fputs puts.as put a string on a stream 
fread fread.3s buffered binary input/output 
free malloc.3 memory allocator 
!reopen fopen.3s open a atream 
frexp frexp.3 split into mantissa and exponent 
fscanf scanf.3s formatted input coaftnion 
fseek fseek.31- reposition a stream 
ftell [seek.3• reposition a stream 
ftime time.3c get date and time 
fwrite fread.3s bnlfered binary input/output 
gcvt ecvt.3 output conversion 
getc getc.3s get character or integer from stream 
getchar getc.3s get character or integer from stream 
getenv getenv.3 value for environment name 
getfsent getfsent.3 get file system descriptor file entry 
getfsfile getfsent.3 get file system descriptor file entry 
getfsspec getfsent.3 get file system descriptor file entry 
getfstype getfsent.3 get file system descriptor file entry 
getgrent getgrent.3 get group ftle entry 
getgrgid getgrent.3 get group ftle entry 
getgrnam getgrent.3 get group ftle entry 
gethostbyacldr gethostent.3n get network host entry 

0 
gethostbyname gethostent.3n get network host entry 
gethostent gethostent.3n get network host entry 
getlogin getlogin.3 · get login name 
getnetbyacldr getnetent.3n get network entry 
getnetbyname getnetent.3n get network entry 
getnetent getnetent.3n get network entry 
getopt getopt.3c get option letter from argv 
getpasa getpass.3 read a password 
getprotobyname getprotoent.3n get protocol entry 
getprotobynumber getprotoent.3n get protocol entry 
getprotoent getprotoent.3n get protocol entry 
getpw getpw.3 get name from uid 
getpwent getpwent.3 get password ftle entry 
getpwnam getpwent.3 get password file entry 
getpwuid getpwent.3 get password file entry 
gets gets.3s get a string from a stream 
getservbyname getservent.3n get service entry 
getservbyport getservent.3n get service entry 
getservent getservent.3n get service entry 
getw getc.3s get character or integer from stream 
getwd getwd.3 get current working directory pathname 
gmtirne ctime.3 convert date and time to ASCII 
gtty stty.3c set and get terminal state 
htonl byteorder.3n convert values between host and network byte order 
htons byteorder .3n convert values between host and network byte order 
index string.3 string operations 
inet_addr inet.3n Internet address manipulation 

0 
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inet_lnaor inet.3n Internet address manipulation 

0 inet_makeaddr inet.3n Internet address manipulation 
inet_netor inet.3n Internet address manipulation 
inet_network inet.3n Internet address manipulation 
inet_ntoa inet.3n Internet address manipulation 
initgroups initgroups.3 initialize group access list 
initstate random.3 better random number generator; routines for changing generators 
insque insque.3 insert/remove element from a queue 
isalnum ctype.3 character classification macros 
isalpha ctype.3 character classification macros 
isascii ctype.3 character classification macros 
isatty ttyname.3 Bnd name or a terminal 
iscntrl ctype.3 character classification macros 
isdigit ctype.3 character classification macros 
isgraph ctype.3 character classification macros 
isinr isinr.3 test ror indeterminate Boating point values 
islower ctype.3 character classification macros 
isnan isinr.3 test ror indeterminate Boating point values 
isprint ctype.3 character classification macros 
ispunct ctype.3 character classification macros 
isspace ctype.3 character classification macros 
isupper ctype.3 character classification macr08 
ldexp rrexp.3 split into mantissa and exponent 
localtime ctime.3 convert date and time to ASCII 
longjmp setjmp.3 non-local goto 
malloc malloc.3 memory allocator 
mktemp mktemp.3 make a unique Ille name 
modr rrexp.3 split into mantissa and exponent 

0 moncontrol monitor.3 prepare execution profile 
monitor monitor.3 prepare execution profile 
monstartup monitor.3 prepare execution profile 
nice nice.3c set program priority 
nlist nlist.3 get entries from name list 
ntohl byteorder .3n convert values between host and network byte order 
ntohs byteorder .3n convert values between host and network byte order 
opendir directory .3 directory operations 
openlog syslog.3 control system log 
optarg getopt.3c get option letter from argv 
optind getopt.3c get option letter rrom argv 
pause pause.3c stop until signal 
pclose popen.3s initiate I/0 to/rrom a process 
perror perror.3 system error messages 
popen popen.3s initiate 1/0 to/rrom a process 
printr printr.a. formatted output conversion 
psignal psignal.3 system signal messages 
putc putc.3s put character or word on a stream 
putchar putc.3s put character or word on a stream 
puts puts.3s put a string on a stream 
putw putc.3s put character or word on a stream 
qsort qsort.3 quicker sort 
rand rand.3c random number generator 
random random.3 better random number generator; routines for changing generators 
rcmd rcmd.3n routines for returning a stream to a remote command 

0 
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0 re_comp 
re_exec 
readdir 
realloc 
remque 
rewind 
rewinddir 
rexec 
rindex 
nesvport 
ruserok 
acandir-
scanr 
seekdir 
setbuf 
setbulter 
aetegid 
aeteuid 
setrsent 
setgid 
setgrent 
sethostent 
setjmp 
aetkey 
setlinebuf 
setnetent 

0 
setprotoent 
setpwent 
setrgid 
setruid 
setservent 
setstate 
setuid 
signal 
sleep 
sprintr 
srand 
srandom 
sscanr 
stdio 
strcat 
strcmp 
strcpy 
strlen 
atrncat 
strncmp 
strncpy 
stty 
swab 
sys_err!ist 
sys_nerr 
sys_sigliat 
syslog 

0 
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regex.a 
regex.3 
directory .3 
malloc.3 
insque.a 
fseek.3s 
directory .3 
rexec.3n 
string.3 
rcmd.3n 
rcmd.3n 
scandir.3 
scanf.38 
directory .3 

....• setbuf.3s 
setbuf.3s 
setuid.3 
setuid.3 
g.etfsent.3 
setufd.3 
getgrent.3 
gethostent.3n 
setjmp.3 
crypt.3 
setbuf.38 
getnetent.3n 

SUBROUTINES 

regular expression handler 
regular expression handler 
directory operations 
memory allocator 
insert/remove element from a qaeae 
reposition a stream 
directory operations 
return stream to a remote comm•d 
string operations 

INTR0(3) 

routines for returning a stream to a remote command 
routine. (or returning a stream to a remote command
scan a duectory 
formatted input conversion 
directoey-011erations 
assign b11ffering to a stream 
35Bign buffering to a stream 
set user and group ID 
set- useic and group UY 
get Ille. system descriptor Ille entry 
set user and group ID 
get groap Ille entry 
get network host entry 
non-local goto 
DES encryption 
assign buffering to a stream 
get network en try 

getprotoent.3n get protocol entry 
getpwent.a 
setuid.3 
setuid.3 
getservent.3n 
random.3 
setuid.3 
signal.a 
sleep.a 
printf.38 
rand.Sc 
random.3 
scanf.38 
intro.as 
string.3 
string.a 
string.3 
string:3 
string.3 
string.a 
string.a 
stty.a~ 
swab.3 
perror.3 
perror.3 
psignal.3 
syslog.a 

get password Ille entry 
set user and group ID 
set user and group ID 
get service entry 
better random number generator; routines for changing generators 
set user and group ID 
simplified software signal facilities 
suspend execution for interval 
formatted output conversion 
random number generator 
better random number generator; routines for changing generators 
formatted inpui conversion-
standard buffered input/output package 
string operations 
string operations 
string operations 
string operations 
string operations 
string operations 
string operations 
set and get terminal state 
swap bytes 
system error messages 
system error messages 
system signal messages 
control system log 
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system system.a issue a shell command 

0 telldir directory .3 directory operations 
time time.3c get date and time 
times times.3c get process times 
timezone ctime.3 convert date and time to ASCII 
tmpnam tmpnam.3c create a name for a temporary file 
ttyname ttyname.3 find name or a terminal 
ttyslot ttyname.3 find name or a terminal 
ulimit ulimit.3c get and set. user limits 
ungetc ungetc.3s push character back into input stream 
utime utime.3c set file times 
valloc valloc.3 aligned memory allocator 
varargs varargs.3 variable argument list -,, 
vlimit vlimit.3c control maximum system resource consumption 
vtimea vtimes.3c get information about resource utilization 

0 

0 
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ABORT(3) SUBROUTINES ABORT(3-) 

NAME-
abort - generate a fault 

DESCRIPTION 
Aborl executes an instnaction which is illegal in user mode. This causes a signal that normally 
terminates the process with a core dump, which may be used tor debuggiaa. 

SEE ALSO 
sdb(lS), aipaJt3), exft(2,) 

Dli\GNOSTIOS 
Us~ 'IO'r uap - co ... d,unpt!lt' from tlle shell. 

Bt1GS 
Tlie 11tortC.Ction.d09aet truobcataadud 1/0 buffen. Use oru,i.,.. deac~/~lou(3S). 
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NAME 
abs - integer absolute value 

SYNOPSIS 
aba(l) 
Int h 

DESCRIPTION 
Ah returns the absolute value of its integer operand. 

SEE ALSO 
floor(3M) tor /ah 

BUGS 
Applying the ab, function to the most negative integer generates a result which is the moat nega
tive integer. That is, abs(Ox80000000) returns OxSOOOOOOO "" a result. 
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ASSERT{3) SUBROUTINES ASSERT(3) 

NAME 
aaoert - program veri&cation 

SYNOPSIS 
#Include <auert.h> 
auert(expr-lon) 

DESCRIPTION 
A11erl io a macro that indicates upre,nort ia expected to be true .i this point in the program. It 
cauaeo an esil(2) with a diagnostic comment on the standard outpld when e:,premon la false (0). 
Compiling with the cc(l) option -DNDEBUG effectively deletes ... .,, from the program. 

DIAGNOSTICS 
'Auertion failed: &le / line n.' F io the source &le and n the source &ne number ot the a,1erl state
ment. 
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NAME 
atof, atoi, atol - convert ASCil to numbers 

SYNOPSIS 
double atof(nptr) 
char •nptr1 

atol(nptr) 
char •nptr1 

long atol(nptr) 
char •nptr1 

DESCRIPTION 
These functions convert a string pointed to by nplr to floating, integer, and long integer represen• 
tatioli r .. pectively. The lint unrecognized character ends the string. 

Alo/ recogniz .. an optional string of spac .. , then an optional sign, then a string of digits option. 
ally containing a decimal point, then an optional 'e' or 'E' followed by an optionally signed 
integer. 

Aloi and alol recognize an optional string of spac .. , then an optional sign, then a atring or digits. 
SEE ALSO 

scanr(3S) 

BUGS 

10 

There are no provisions for overftow. 

Currently, alo/ perform, highly inaccurate conversions or very large or very small numbers - on 
the order or 10**32 or ita reciprocal. 
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NAME 
bcopy, bcmp, bzero, trs - bit and byte string operations 

SYNOPSIS 
bcop;y{bl, bZ, tength) 
char •b1, •bz1 
Int length1 

bcmp(bl, bl, length) 
char •b1, •b:ir1 
Int length1 

bzero(b-, length) 
ehar •b1 
Int length1 

tro(l) 
Int 11 

DESCRIPTION 

BUGS 

The function, bcop'/1, hemp, and bzero operate on variable length string• of bytes. They do not 
check for null bytes as the routines in slring(3) do. 

Bcop'//copies length bytes from string bl to the string 611. 

Bcmp compares byte string 61 against byte string 611, returning zero it they are identical, non-zero 
otherwise. Both strings are assumed to be length bytes long. 

Bzero places length O bytes in the string 6. 

F/s ftnds the ftrst bit set in the argument passed it and returns the index or that bit. Bits are 
numbered etarting at 1 from the right. A return value or -1 indicates the value passed is zero. 

The hemp and bcoP!f routines take parameters backwards from strcm.,.and strcpy. 
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NAME 
crypt, oetkey, encrypt - DES encryption 

SYNOPSIS 
char *ceypt(ke;y, salt) 
char *ke;y, *aalt1 

aetke;y(ke;y) 
char *ke;y1 

encr;ypt(block, edflag) 
char *block1 

DESCRIPTION 
Or11pl io the password encryption routine. It is based on the NBS Data Encryption Standard, with 
variation• intended (among other things) to rruotrate use or hardware implementation• or the DES 
for key oearch. 

The first argument to crypt is normally a user'• typed pasoword. The second is a 2-character 
string chooen from the oet [a-zA-Z0-9./). The ,a/I otring is used to perturb the DES algorithm in 
one or 4096 different ways, after which the password is used as the key to encrypt repeatedly a 
constant string. The returned value points to the encrypted password, in the same alphabet as 
the salt. The first two characters are the salt itself. 

The other entries provide (rather primitive) access to the actual DES algorithm. The argument or 
1elke11 i• a character array of length 64 containing only the characters with numerical value O and 
1. Ir this string is divided into groups or 8, the low-order bit in each group is ignored, leading to 
a 66-bit key which is set into the machine. 

The argument to the encrypt entry is likewise a character array or length 64 containing O's and 
l's. The argument array is modified in place to a similar array representing the bits or the argu
ment after having been subjected to the DES algorithm using the key set by aelke11. Ir etlfta11 is O, 
the argument io encrypted; il non-zero, it is decrypted. 

SEE ALSO 
passwd(l), passwd(5), login(!), getpass(3) 

BUGS 
The return value points to static data whose content io overwritten by each call. 
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CTIME(3) SUBROUTINES CTIME(3) 

NAME 
ctime, localtime, gmtime, asctime, time-zone, dysize - convert date and lime to ASCII 

SYNOPSIS 
char *ctlme(clock} 
Ions *clock1 

#Include <•:r•/tlme.b> 
•truct tm *localtlme(clock) 
Ions *clockr-

.truct tm *smtlme(clock) 
Ions *clock1 

cbu *"aKtlme(tm) 
atruct tm *tmt 
char *tlmesone(sone, dat} 
Int d:,alae{y) 
Int )'J 

DESCRIPTION 
Clfme converts a time pointed to by clock such as returned by gellimeo/dog(2) into ASCil and 
returns a pointer to a 26-character string in the following form. All the fields have constant 
width. 

Sun Sep 16 01:03:52 1973\n\O 

Locallim• and gmlime return pointers to structures containing the broken-down time. Localtime 
conects for the time zone and possible daylight savings time; gmlime converts directly to GMT, 
which is the time UNIX uses. A,clime converts a broken-down time to ASCII and returns a 
pointer to a 26-character string. 

The structure declaration from the include file is: 

struct tm { 
int 
int 
Int 
Int 
int 
Int 
int 
int 
int 

}; 

tm_sec; 
tm_mi1t; 
tm.J,our; 
tm_mday; 
tm_mon; 

. tm_year; 
tm_wday; 
tm_yday;
tm_isdst; 

These qnntities give the time on a 24-hour clock, day of month (1-31), month of year (0.11), day 
of week (Sunda,y ca 0), year - 1900, day of year (0-365}. and a Dag that is nonzero-if daylight sav
ing time is in. ell'ect. · · 

When local time is called for, the program consults the 5Ystem to determine the time zone and 
whether the U.S.A., Australian, Eastern European, Middle European, or Western European day
light saving time adjustment is appropriate. The program knows about various peculiarities in 
time conversibn ov,r the !,ast 10-20 years. 

Timezone returns the name of the time zone associated with its first argument, which is measured 
in minutes westward from Greenwich. If the second argument is 0, the standard name is used, 
otherwise the Daylight Saving version. If the required name does not appear in a table built into 
the routine, the dill'erence from GMT is produced; e.g. in Afghanistan limezone(·(60*,l+S0}, OJ is 
appropriate because it is 4:30 ahead of GMT and the string GMT+4:30 is produced. 
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CTIME(.3) SUBROUTINES CTIME(3) 

D111ize returns the number or .days in the argument year, either 365 or 366. 

SEE ALSO 0 
gettimeorday(2), time(3C) 

BUGS 
The return values point to static data whose content is overwritten by each call. 

0 

0 
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CTYPE(3) SUBROUTINES CTYPE(3) 

NAME 
isalpha, isupper, islower, isdigit, isxdigit, isalnum, isspace, ispunet, isprint, iscntrl, isascii, isgraph, 
toupper, tolower, toascii - character classification and conversion mac1os 

SYNOPSIS 
#Include <ctype.h> 

laalpha(c) 

••• 
CHARACTER CLASSIFICATION MACROS 

Theee macros classify ASCll-coded integer values by table lookup. Saeli is a predicate retarning 
nonzero for true, zero Cor Calse. Isascii i,, defined on all integer vahaeo; the rest are defined only 
where i,,a11cii(c) is true and on the single non-ASCll value EOF (see sldi<>(3S)). 

isalpha(c) c is a letter 

isupper( c) c is an 1111per case letter 

islower( c) c fa a lower case letter 

isdigit( C) C ii a dilit 

isxdigit( c) c is a hexadecimal digit 

isalnum( c) c is an alphanumeric character 

lsspace( c) c is a space, tab, carriage return, newline, or CormCeed 

ispunct( c) c is a punctuation character (neither control nor alphanumeric) 

isprint(c) c is a printing character, code 040(8) (space) through 0176 (tilde) 

iacntrl(c) c is a delete character (0177) or ordinary control character {le .. than 040). 

isascii(c) c is an ASCll character, code less than 0200 

isgraph( c) c is a visible graphic character, code 041 (exclamation mark) through 0176 (tilde). 

CHARACTER CONVERSION MACROS 
Theee macros perform simple conversions on single characters. 

toupper( c) converts c to its upper-case equivalent. Note that this only works when, c is 

tolower{c) 

toascii(ct 

SEE ALSO 
aacli{7) 

Sun Relea&I! 1.1 

known to be a lower-case character to start witl (presumably checked via 
i,lowtr). 

converts c to its lower-case equivalent. Note that this onl11 works when, c is 
lcnown to be a apper-case character- to start with (presamably-- checked via 
18Uppcr). 

masks c with the correct value so that c is guaranteed &o be an ASCH chuacter 
in the range O thru Ox7f.. 
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DffiECTORY(3) SUBROUTINES DffiECTORY(3) 

NAME 
opendir, readdir, telldir, seekdir, rewinddir, closedir - directory operations 

SYNOPSIS 
#Include <ay1/dlr,h> 
DIR •opendlr(fllename) 
char *fllenamel' 
,truct direct •readdlr(dlrp) 
t)IR*dlrp1 

long telldlr( dlrp) 
DIR *dlrp1 

aeekdlr( dlrp, loc) 
DIR *dlrp1, 
long loci 

rewlnddlr(dlrp) 
DIR *dlrp1 

cloaedlr(dlrp) 
DIR *dlrp1 

DESCRIPTION 
Opendir opens the directory n,amed by filename and, associatea a directory stream with it. Opendir 
returns a pointer to be used to identify the direclor11 dream in subsequent operations. The 
pointer NULL is returned i[ JUename cannot be accessed' or is not a directory, or if it cannot mal
/oc(3) enough memory to hold the whole thing. 

Readdir returns a pointer to the next directory entry. It returns NULL upon reaching the end or 
the directory or detecting an invalid •••Mir operation. 

Telldir returns the current location associated with the named director11 stream. 

Seel:dfr sets the position of the next readdir operation on the director11 stream. The new position 
reverts, to the one associated with the director11 stream when the telldir operation was performed. 
Valuea returned by telldir are good only for the lifetime of the om pointer from which they are 
derived. If the directory is closed and then reopened, the telldir value may be invalidated due to 
undetected directory compaction. It is safe to use a previous telldir value immediately after a call 
to opendir and before any calls to readdir. 

Rewinddir resets the position of the named director11,tream to the beginning of the directory. 

C/osedir closes the named director11, stream and frees the structure associated with the om 
pointer, 

Sample code which searchs a dlrectory ror ent·ry "name" is: 

len - strlen( pame ); 
dirp = opendir("."); 
for (dp = readdir(dirp); dp != NULL; dp = readdir(dirp)) 

if (dp->d_namlen == len &:&: !strcmp(dp->d...name, name)) { 
closedir( dirp ); 

} 
closedir(dirp); 

return FOUND; 

return NOT_FOUND; 

SEE ALSO 
open(2), close(2), read(2), lseek(2), dir(5) 
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DffiECTORY(3} SUBROUTINES DIRECTORY(3) 

BUGS-
Old UNIX programs which examine directories should be converted to uae this package, as the 
new directory format is non-obvious. 

Sun Rele~ 1.1 
::1 
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ECVT(3) SUBROUTINES ECVT(3) 

NAME 
ecvt, fcvt, gcvt - output conversion 

SYNOPijIS 
~bar •ecvt(value, ndlgit, decpt, sign) 
double value1 
1¥tt ndlglt, •decpt, •algnJ 

char •tcvt(value, ndlglt, decpt, a!gn) 
double value1 · 
Int ndlgit, •decpt, •a!gnJ 

char •gcvt(value, ndlgit, but) 
double value1 
char •buff 

DESCRIPTION 
Ecvl converts the value to a null-terminated string of ndigil ASCU digits and returns a pointer 
thereto. The position or the decimal point relative to the beginning or the string is stored 
indirectly through decpl (negative means to the lert or the returned digits). · U the sign or the 
result is negative, the word pointed to by ngn is non-zero, otherwise it is zero. The low-order 
digit is rounded. 

Fcvl is identical to ecvt, except that the correct digit has been rounded ror Fortran F-rormat out
put or the number or digits specified by ndigil,. 

Gcvl converts the value to a null-terminated ASCll string in bu/ and returns a pointer to bu/. It 
attempts to produce ndigil significant digits in Fortran F format ir possible, otherwise E format, 

, ready ror printing. Trailing zeros may be suppressed. 

SEE ALSO 
isinr(3), printr(3S) 

BUGS 
The return values point to static data whose content is overwritten by each call. 
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END(3) SUBROUTINES END(3) 

NAME 
end, etext, edata-- last locations in program 

SYNOPSIS 
extern end1 
extern etext1 
extern edataf 

DESCRIPTION 
Theoe names refer neither to routines nor to locations with interesting_eoatents. The address or 
eu:d is the first- addre88 above the program text, edata above the initialized data region, and end 
above the uninitialized data region. 

When execution begins, the program break coincides with end, but I& is reset by the routines 
brk(2), mal/11c(3), stanaard input/output (eldio(3S)), the profile (-p) option ol cc(l), etc. l'he 
current value or the program break is reliably returned by 'sbrk(O)', see brl:(2). 

SEE ALSO 
brk(2), malloc(3) 

Sun Release 1.1 Last change: 19 January- 1983 19 



EXECL(3) SUBROUTINES EXECL(3) 

NAME 
execl, execv, execle, execlp, execvp, environ - execute a file 

SYNOPSIS 
<1Xecl(name, arsO, argl, ... , argn, 0) 
char •name, *arsO, •argl, ... , •argn1 

execv(name, argv) 
char •name, •arirv [ ]I 
execle(name, argO, argl, ... , argn, O, envp) 
char *name, *argO, ·~sl, ... , •arp, *envp[ b 
execlp(name, arsO, argl, ... , argn, O, envp) 
char •name, *arsO, •argl, ••. , •argn, •envp[ )I 
execvp(name, argv, envp) 
char •name, •argv[ ], •envp( ]I 
extern char ••envlron1 

DESCRIPTION 
These routines provide various interraces to the e:recve system call. Rerer to ezecve(2) for a 
description or their properties; only brier descriptions are provided here. 

Ezec in all its rorms overlays the calling process with the named file, then transrers to the entry 
point or the core image or the file. There can be no return rrom a successrul exec; the calling core 
image is lost. 

The nome argument is a pointer to the name or the file to be executed. The pointers org(OJ, 
org(1J ... address null-terminated strings. Conventionally org(OJ is the name or the file. 

0 

Two interraces are available. ezecl is userul when a known file with known arguments is being 

0 called; the arguments to ezecl are the character strings constituting the file and the arguments; 
the first argument is conventionally the same as the file name (or its last component). A O argu-

20 

ment must end the argument list. 

The ezecv version is userul when the number or arguments is unknown in advance; the arguments 
to ezecv are the name or the Ille to be executed and a vector or strings containing the arguments. 
The last argument string muot be rollowed by a O pointer. 

When a C program is executed, it is called as rollows: 

main(argc, argv, envp) 
int argc; 
char **argv, ••envp; 

where argc is the argument count and argv is an array of character pointers to the arguments 
themselves. As indicated, argc is conventionally at least one and the first member or the array 
points to a string containing the name or the file. 

Argv is directly usable in another ezecv because orgv(argc( is 0. 

Envp is a poinltr to an arra, bf strings that cohstitute the environment or the process. Each 
string consists or a name, an "=", and a null-terminated value. The array or pointers is ter
minated by a null pointer. The shell Bh(l) passes an environment entry for each global shell vari
able defined when the program is called. See environ(5) for some conventionally used names. 
The C run-time start-off routine places a copy or envp in the global cell environ, which is used by 
ezecv and ezecl to pass the environment to any subprograms executed by the current program. 

Ezeclp and ezecvp are called with the same arguments as ezecl and ezecv, but duplicate the shell's 
actions in searching for an executable file in a list or directories. The directory list is obtained 
from the environment. 
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EXECL(3) SUBROUTINES EXECL(3) 

FU..ES 
/bin/sh shell, invoked if command file round by ezec/p or ezec11p 

SEEALSO 
execve(2), rork(2), environ(5), csh(l), sh(l) 
"UNIX Programming" in Programming Tools for the SUN Workstatio11, pp. 1-3. 

DIAGNOSTICS 

BUGS 

Jr the file cannot be found, if it is not executable, if it does not start with a valid magic number 
(see a.oul(5)), if maximum memory is exceeded, or ir the argument& req11ire too much space, a 
r~turn constitutes the diagnostic; the return value is -1. Even for the super-user, at least one or 
the execute-permiBBion bits must be set for a file to be executed. 

If e:aecu, • called to execute a. file that tunis out. to be a shell command file, and ir it is impossi
ble to execute the shell, the values of argv/0} and argvf-1} will be modllled before return. 
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EXIT(3) SUBROUTINES E2CIT(3) 

NAME O· 
exit - terminate a process alter flushing any pending output 

SYNOPSIS 
exlt(1tatu1) 
Int 1tatu11 

DESCRIPTION 
Ent terminates a proce.. by calling ezit(2) alter calling the Standard 1/0 library function 
_cleanup to flush any buffered output, E:nt never returns. 

SEE ALSO 
exit(2), intro(3S) 
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FREXP(3) SUBROUTINES FREXP(3) 

NAME 
trexp, ldexp, modt - split into manti,sa and exponent 

SYNOPSIS 
double frexp(value, eptr) 
double value1 
Int •eptr1 
double ldexp(value, exp) 
double value1 
double modf(value, !ptr) 
double value, •tptr1 

DESCRIPTION 
Freq returns the manti,sa ot a double v•lue as a double quantity, :z, ot magnitude less than 1 and 
stores an integer n such that v•lue = :z• 2n indirectly through eplr. 

Ldetp returns the quantity v•lue• tl"P. 
Mod/ returns the positive fractional part or value and stores the integer part indirectly through 
iplr. 

SEE ALSO 
isinr(3) 

BUGS 
The identity claimed ror the results or freq canaot bold when the valu • argument is an IEEE 
indellnite quantity - inftnity or not-a-number. 
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GETDATE(3) SUBROUTINES GETDATE(3) 

NAME 
getdate - convert time and date from ASCII 

SYNOPSIS 
#Include <•ya/typea.h> 
#Include <aya/tlmeb.h> 

tlme_t getdate(but, now) 
char •buf1 
struct timeb *now; 

DESCRIPTION 

FILES 

Getdale converts most common time specifications to standard UNIX format. The ftnt argument 
is the character string containing the time and date; the second is the assumed current time (used 
tor relative specifications); it NULL is passed, /lime(2) is used to obtain the current time and 
timezone. 
The character string consists or O or more specifications or the following form: 

tod A lad is a time of day, which is or the form hh:mm(:B1( (or 1111mm) (meridian( (zone(. Ir 
no meridian - am or pm - is specifted, a 24-hour clock is used. A lad may be specified as 
just hh followed by a meridian. 

date A dale is a specific month and day, and possibly a year. Acceptable formats are 
mm/ ddf/ 1111( and monlhname ddf, 1111( Ir omitted, the year defaults to the current year; it a 
year is specified as a number less than 100, 1900 is added. Ir a number not followed by a 
da,y or relative time unit occun, it will he interpreted as a year it a lad, monlhname, and 
dd have already been specified; otherwise, it will he treated as a tad. Thia rule allows the 
output from dale(l) or clime(3) to he passed as input to geldate. 

da,y A da11 ot the week ma,y he specified; the current day will be used it appropriate. A da11 
may be preceeded by a number, indicating which instance or that day is desired; the 
default is 1. Negative numbers indicate times past. Some symbolic numbers are 
accepted: laat, next, and the ordinals llrat through twelfth (aecond is ambiguous, and 
is not accepted as an ordinal number). The symbolic number next is equivalent to I; 
thus, ne:rl monda11 refen not to the immediately coming Monday, but to the one a week 
later. 

relative time 
Specifications relative to the current time are also accepted. The format i1 (number( unit; 
acceptable units are year, month, tortnlaht, w•k, day, hour, minute, and aecond. 

The actual date is tormed as follows: first, any absolute date and/or time is processed and con
verted. Using that time as the base, day-of-week specifications are added; last, relative 
speciHcations are used. Ir a date or day is specified, and no absolute or relative time is given, 
midnight is used. Finally, a correction is applied so that the correct hour or the day is produced 
after allowina for daylight savings time differences. 

Getdali: accepts most common abbreviations for days, months, etc.; in particular, it recognizes 
them with upper or lower case lint letter, and recognizes three-letter abbreviations tor any or 
them, with or without a trailing period. Units, such as weeks, may be specifted in the singular or 
plural. Timezone and meridian values may be in upper or lower case, and with or without 
periods. 

/usr/lib/libu.a 

SEE ALSO 
ctime(3), time(2) 
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GETDATE(3) SUBROUTINES GETDATE(3) 

BUGS 
Because uocc(l) is used to parse the date, getdate cannot be used a subroutine to any program 
that also needs 110cc. 
The grammar and scanner are rather primitive; certain desirable and unambiguous constructions 
are not accepted. Worse yet, the meaning of some legal phrases is not what is expected; nezt 
wed: is identical to e weeks. 
The daylight savings time correction is not perfect, and can get confused if handed times between 
midnight and 2:00 am on the days that the reckoning changes. 
Because /ocallime(2) accepts an old-style time format without zone information, attempting to 
paas geldale a current time containing a different zone will probably fail. 
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GETENV(3) SUBROUTINES 

NAME 
getenv - value for environment name 

SYNOPSIS 
char •getenv(name) 
char •nameJ 

DESCRIPTION 

GETENV(3) 

Gelenv searches the environment list (see environ(5)) for a string or the Corm name...,value and 
returns a pointer to the otring value it such a otring i• present, otherwise gelenv returns the value 
o (NULL). 

SEE ALSO 
environ(5), execve(2) 
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GETFSENT ( 3) SUBROUTINES GETFSENT ( 3) 

NAME 
getreent, getrsspec, getrsfile, getrstype, setreent, endrsent - get file system descriptor 6le entry 

SYNOPSIS 
#Include <fatab.h> 
atruct latab *getfaent() 

atruct fatab •getfupec(apec) 
char •apec1 

atruct latab •getfaflle(ftle) 
char *ftle1 
atruct latab •getfatype(type) 
char •typei 

Int aetfaent() 

Int endlaent() 

DESCRIPTION 
Gtl/senl, gtl/88pec, gtl/slgpe, and gtl/•fil• each return a pointer to an object with the rollowing 
structure containing the broken-out fields or a line in the file sY•tem description 6le, < rstab.h>. 

struct rstab{ 
char 
char 
char 

}; 

int 
int 

•rs_spec; 
•rs_file; 
•rs_type; 
rs_rreq; 
fs_pusno; 

The fields have meanings described in /ela&(5). 
Gel/eenl reads the next line or the file, opening the 6le ir necessary. 

Stl/senl opens and rewinds the file. 

End/seal closes the Ole. 

Gel/s1pec and gtl/•fil• sequentially search rrom the beginning or tbe file until a matching special 
Ole name or Ole system Ole name is round, or until EOF is encountered. Get/atgpe docs likewise, 
matching on the Ole system type Oeld. 

FU.ES 
/etc/ratab 

SEE.ALSO 
rstab(o) 

DIAGNOSTICS 
Nell pointer (O} retnrnecl Oil EOF or e,ror; 

DUOS 
Tbe retnm nine points to static informauo~ which • onrwritten la eaeh cul 

Sun Relealff 1.1 
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GETGRENT ( 3) SUBROUTINES 

NAME 
getgrent, getgrgid, getgrnam, setgrent, endgrent - get group file entry 

SYNOPSIS 
#Include <grp,h> 

atruct group *getgrentO 
atruct group *getgrpd(gld) 
Int atd1 
atruct group •getgrnam(name) 
char •name1 

aetarent() 

endarent() 
DESCRIPTION 

GETGRENT ( 3) 

Getgrent, getgrgid and getgrnam each return pointers to an object with the following structure 
c~ntaining the broken-out fields or a line in the group file: 

struct group { 
char *gr_name; 
ehar *gr_passwd; 
int gr_gid; 
char ••gr_mem; 

}; 

The members or this structure are: 

gr_name The name or the group. 

0 

gr_p ... wd The encrypted password or the group. 
gr_gid The numerical group-ID. 0 
gr_mem Null-terminated vector or pointers to the individual member names. 

FILES 

Getgrent simply teado the next line while getgrgid and getgrnam search until a matching gid or 
name is found (or until EOF is encountered). Each routine picks up where the others leave off so 
succeMive calls may be used to search the entire file. 

A call to 1etgrenl bas the effect or rewinding the group file to allow repeated searches. Endgrenl 
may be called to dose the group file when processing is complete. 

/etc/group 

SEE ALSO 
getlogin(3), getpwent(3), group(5) 

DIAGNOSTICS 
A null pointer (0) is returned on EOF or error. 

BUGS 
The return value point, to static information which is overwritten on each call. 
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GETLOGIN ( 3) SUBROUTINES GETLOGIN(3) 

NAME 
getlogin - get login name 

SYNOPSIS 
char •getloslnO 

DESCRIPTION 

FILES 

Getlogin returns a pointer to the login name as found in /etc/utmp. It may be used in conjunc
tion with gelpwnam to locate the correct password file entry when the same userid is shared by 
several login names. 

Ir gellogin is called within a process that is not attached to a typewriter, it returns NULL. The 
correct procedure for determining the login name is to first call getlogin and if it fails, to call 
getpwuid(getuid()). 

/etc/utmp 

SEE ALSO 
getpwent(3), getgrent(3), utmp(5) 

DIAGNOSTICS 
Returns NULL (0) if name not found. 

BUGS 
The return values point to static data whose content is overwritten hy ea.ch call. 

Getlogin does not work for processes running under a ply (for example; emacs shell bufrers, or shell 
tools) unless the program "fakes" the login name in the / etc/ ulmp file. 
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GETPASS(3) 

NAME 
getpass - read a password 

SYNOPSIS 
char *getpa11(prompt) 
char *prompt; 

DESCRIPTION 

SUBROUTINES GETPASS(3) 

Gelpa,, reads a password from the ftle /dev/tty, or if that cannot be opened, from the standard 
input, after prompting with the null-terminated string prompt and disabling echoing. A pointer is 
returned to a null-terminated string of at most 8 characters. 

FILES 
/dev/tty 

SEE ALSO 
crypt(3) 

BUGS 
The retum value points to static data whoee content is overwritten by each call. 

... 
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GETPW(3) 

NAME 
getpw - get name from uid 

SYNOPSIS 
getpw( uld, but) 
char *bufs 

DESCRIPTION 

SUBROUTINES 

Getpw la ob1oleted b:y getpwent(3). 

GETPW(3) 

Gelpw searches the password file for the (numerical) uid, and fills in 6u/ with the corresponding 
line; it returns non•zero if uid could not be found. The line is null-terminated. 

FILES 
/etc/pa.sswd 

SEE ALSO 
getpwent(3), pa.sswd(o) 

DIAGNOSTICS 
Non-zero return on error. 
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GETWD(3) SUBROUTINES GETWD(3) 

NAME 
getwd - get current working directory pathname 

SYNOPSIS 
#Include <sys/param.h> 

char •getwd(pathname) 
char pathname[MAXPATHLEN]1 

DESCRIPTION 
Getwd copies the absolute pathname of the current working directory to pathname and returns a 
pointer to the result. 

DIAGNOSTICS 
Getwd returns zero and places a message in pathname it an error occurs. 

BUGS 
Getwd may fail to return to the current directory if an error occurs. 
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INITGROUPS ( 3) SUBROUTINES 

NAME 
initgroups - initialize group access list 

SYNOPSIS 
lnltgroupa(name, baaegld) 
cha!' *name1 
Int buegld1 

DESCRIPTION 

INITGROUPS ( 3) 

lnilgroup, reads through the group file and sets up, using the eetgroupe(2) call, the group access 
list for the user specified in name. The 6asegid is automatically included in the groups list. Typi
cally this value is given as the group number from the password file. 

FILES 
/etc/group 

SEE ALSO 
setgroups(2) 

DIAGNOSTICS 
/nilgroup, returna -1 if it was not invoked by the super-user. 

BUGS 
Inilgroup, uses the routines based on gelgrenl(3). Ir the invoking program uses any or these rou
tines, the group structure will be o.verwritten in the call to inilgroup,. 

Noone seems to keep /etc/group up to date. 
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NAME 
insque, remque - insert/remove element from a queue 

SYNOPSIS 
•truct qelem { 

}I 

atruct qelem •q_forWJ 
•truct qelem •q_back1 
char q_data01 

lnaque( elem, pred) 
struct qelem •elem, •pred1 

remque(elem) 
•truct qelem •e1em1 

DESCRIPTION 

INSQUE(3) 

Inague and remgue manipulate queues built Crom doubly linked lists. Each element in the queue 
must be in the Corm or "struct qelem". Inague inserts elem in a queue imediately after pred; 
remgue removes an entry elem Crom a queue. 

SEE ALSO 
"VAX Architecture Handbook.", pp. 228-235. It does work on SUNS. 
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ISINF(3) SUBROUTINES ISJNF ( 3) 

NAME 
isinr, isnan - test ror indeterminate floating point values 

SYNOPSIS 
Int lalnt(value) 
double value1 
Int lanan(value) 
double value, 

DESCRIPTION 

BUGS 

/Birif returns a value or 1 ir its value is an IEEE format infinity (two words Ox7ff00000 
OxOOOOOOOO) or an IEEE negative inftnity, and returns a zero otherwise. 

/snan returns a value or 1 ir its value is an IEEE format 'not-a.-number' (two words 
Ox7ff nnnnnOx nnnnnnnn) where n is not zero) or its negative, and returns a zero otherwise. 

Some library routines such as ecv/(3) do not handle indeterminate Boating point values gracefully. 
Prospective arguments to such routines should be checked with isinf or isnan before calling these 
routines. 

Need a manual section describing the format or IEEE numbers in detail. 
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NAME 
malloc, free, reallOC~ calloc, cfree, alloca - memory ·allocator 

SYNOPSIS 
char *malloc(slze) 
unalgned. abei 

tree(ptr) 
char *ptr1 
char *realloc(ptr, alae) 
char *ptr1 
unsigned slse1 

char *calloc(nelem, elalae) 
un1lgned nelem, elalae1 

ctree(ptr) 
char *ptr1 
char *alloca(alae) 
Int alae1 

malloc_ok(alae) 
Int alae1 

DESCRIPTION 
Malloc and free ,provide a general-purpose memory allocation package. Ma/lac returns a pointer to 
a block or at least •ize bytes beginning on a word boundary. 

Tbe argument to free is a pointer to a block previously allocated by ma/lac; this space ia made 
available for further allocation, but ite contents are left undisturbed. 

0 

Needless to say, grave disorder will result Ir the space assigned by ma/lac ia overrun or if some 0 
random number is handed to free. 

Ma/loc maintains a cartesian tree of free blocks. It calls •brl: (see 6r.t(2)) to get more memory 
from the system when there ia no suitable opace already free. 

Realloc changes the size of the block pointed to by ptr to •ize bytes and returns a pointer to the 
(possibly moved) block. The contents will be unchanged up.to the lesoer of the new and old sizeo. 

Rea/lac also works if ptr points to a block freed since the last call or ma/lac, real/ac or calloc. 

Ca/lac allocates space for an array or n<lem elements or size elsize. The space is initialized to 
zeros, and can be freed with c/ree. 

A//aca allocates size bytes or space in the stack frame or the caller. This temporary space is 
automatically freed on return. 

Ocassionally a program will overun the storage allocated from Ma/lac . Mal/ac.,;al: helps determine 
when this has happened. It cheeks all blocks (free or allocated) looking for duplicates, strange 
addresses and absurd sizes. Malloc_al: return• true if evergthing i• io round, The Bize parameter 
specifies the maximum acceptable size or a block. A block with a larger oize is considered bad. Jr 
,ize is zero a maximum or 10000 is assumed. 

Each of the allocation routines returns a pointer to space suitably aligned (after possible pointer 
coercion) for storage or any type or object. 

SEE ALSO 
Fa,t Fit, 611 C. I. Stephen,an 

DIAGNOSTICS 

36 

Malloc, reallac and ca/lac return a null pointer (0) if there is no available memory or if the arena 
has been detectably corrupted by storing outside the bounds or a block. 
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MALLOC(3) SUBROUTINES 

BUGS 
When rea/loc returns 0, the block pointed to by plr may be destroyed. 

A/loco is machine dependent; it's use is discouraged. 

SaReleaa, 1.1 Laot chaage; 21 March 198-4 
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MKTEMP(3} SUBROUTINES MKTEMP(3} 

NAME 
mktemp - make a unique Ole name 

SYNOPSIS 
char *mktemp(template) 
char *template1 

DESCRIPTION 
Mlctemp replaces template by a unique file name, and returns the address of the template. The 
template should look like a Ole name with six trailing X's, which will be replaced with the current 
process id and a unique letter. 

Notea: 

• Mktemp actually change, the template string which you pass, this means that you cannot use 
the same template string more than once - you need a fresh template ror every unique file you 
want to open. 

• When mktemp is creating a new unique filename it checks for the prior existence of a Ole with 
that name. This means that it you are creating more than one unique filename, it is bad prac
tice to use the same root template for multiple invocations of mklemp. 

SEEALSO 
getpid(2) 
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MONITOR(3) SUBROUTINES MONITOR(3) 

NAME 
monitor, monstartup, moncontrol - prepare execution profile 

SYNOPSIS 
monltor(lowpe, hlgbpe, buffer, bufelse, nfunc) 
Int (•lowpe)(), (0hlchpe)()1 
1hort buffer01 

mon1tartup(lowpe, hlghpe) 
Int (•lowpe)(), (0hlshpe)()1 

moncontrol(mode) 

DESCRIPTION 
There are two different forms ot monitorins available: An executable program created by: 

cc-p ... 

automatically includes calls tor the pro/(1) monitor and includes an initial call to its start-up rou
tine mon,tartup with default parameters; monitor need not be called explicitly except to gain fine 
control over proftl buffer allocation. An executable program created by: 

·cc-p, ... 

automatically includes calls tor the gproJ(l) monitor. 

Monllartup is a high level interface to pro.fil(2). Lowpc and highpc specify the address range that 
is to be sampled; the lowest address sampled is that or /owpc and the highest is just below highpc. 
Monllartup allocates·space using dri(2) and passes it to monitor (see below) to record a histo
sram or periodically sampled values or the program counter, and or counts or calla or certain runc
tiona, in the buffer. Only calla or functions compiled with the profiling option -p or cc(l) are 
recorded. 

To proftle the entire program, it is sufficient to use 

extem etext(); 

monatartup(Ox8000, etext); 

Elezl lies juat above all the program text, see end(3). 

To atop execution monitoring and write the results on the Ille man.out, use 

monitor(O); 

then proJ(l) can be used to examine the results. 

M1meonJrol la used to selectively control proftling within a proaram-. Thia works with either 
pl'oJ{l) or gproJ{l) type proftling. When the program starts, profil•g begins. To atop the collec
tion or histo1ram ticks and call counts use moncontro/(0), to resu8le the collection or histogram 
tic.kl and call counts use moncontro/(1). This allows the cost or particular operations to be meas
ured. Note that an output Ille will be produced upon program exit irregardless of the state or 
monconlrol. 

Monitor is a low level interface to profil(2). Lowpc and highpc are the addresses or two functions; 
6uJJer ia the address or a (user supplied) array or 6u/aite short inteprs. At most n/unc call counts 
can be kept. For the results to be significant, especially where there are small, heavily used rou
tines, it ia suggested that the buffer be no more than a few times amaller than the range or loca
tions sampled. Monitor divides the buffer into space to record the histogram or program counter 
samples over the range lowpc to highpc, and space to record call counts or functions compiled with 
the -p option to cc(l). 

To proBle the entire program, it is sufficient. to use 
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extem etext(); 

monitor(Ox8000, etext, but, bufsize, nfunc); 

Fll,ES 
mon.out 

SEE ALSO 
cc(l), prof(l), gprof(l), pro81(2), sbrk(2) 
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NLIST(3) SUBROUTINES NLIST( 3) 

NAME 
nliot - get entries from name list 

SYNOPSIS 
#Include <nllat.h> 

nllat(fllename, nl) 
char *fllename1 
otruct nllat nl()I 

DESCRIPTION 
Nlill examines the name list in the given executable output file and selectively extracts a list or 
values. The name list consists or an array or etructures containing names, types and values. The 
list is terminated with a null name. Each name is looked up in the name list or the file. Ir the 
name is found, the type and value or the name are inserted in the next two fields. Ir the name is 
not found, both entries are set to 0. See a.ou1(5) tor the structure declaration. 

This subroutine is useful for examining the system name list kept in the Ille /vmunlx. In this 
way programs can obtain system addreeoeo that are up to date. 

SEE ALSO 
a.out(5) 

DIAGNOSTICS 
All type entrlea are set to O if the Ille cannot be round or if it is not a valid namelist. 
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NAME 
perror, eys_errlist, sys_nerr, errno - system error memages 

SYNOPSIS 
perror(1) 
char *11 

Int l)'I_Derr1 
char *1y1_enU.t()I 

Int errno1 

DESCRIPTION 
Perror produces a short error message on the standard error Ille describing the last error encoun
tered during a call to the system from a C program. First the argument string , is printed, then 
a colon, then the message and a new-line. Most usefully, the argument string is the name or the 
program which incurred the error. The error number is taken from the external variable ermo 
(see inlro(2)), which is set when errors occur but not cleared when non-erroneous calla are made. 

To simpliry variant formatting or messages, the vector or message strings 111,_errli,t is provided; 
errno can be used as an index in this table to get the message string without the newline. 
S11,_nerr is the number or messages provided for in the table; it should be checked because new 
error codes may be added to the system before they are added to the table. 

SEE ALSO 
in$ro(2), pai1nal(3) 
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PSIGNAL(3) SUBROUTINES PSJGNAL(3) 

NAME 
psignal, sys_siglist - system signal messages 

SYNOPSIS 
p1lgnal(1lg, •) 
unsigned •lsl 
char *•1 
char *1y1_1lgllat [)I 

DESCRIPTION 
Paignal produces a short message on the standard error file describing the indicated signal. First 
the argument string s is printed, then a colon, then the name or the signal and a new-line. Most 
usefully, the argument etring ie the name or the program which incurred the signal. The signal 
number should be from among thoee found in <•ional.h>. 

To eimplify variant formatting of eigoal names, the vector of message strings sgB_siglisl is pro
vided; the eigoal number can be used as an index in this table to get the signal name without the 
newline. The define NSIG defined in < signal.A> is the number of messages provided for in the 
table; it should be checked because new eignals m~ be added to the system before they are added 
to the table. 

SEE ALSO 
perror(3), signa1(3) 
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QSORT.(3) SUBROUTINES QSORT(3) 

NAME 
qsort - quicker sort 

SYNOPSIS 
qaort(baae, nel, width, com par) 
char *baae1 
Int (*compar)()1 

DESCRIPTION 
Q,orl is an implementation of the quicker-sort algorithm. The first argument is a pointer to the 
base of the data; the second is the number of elements; the third is the width of an element in 
bytes; the last is the name of the comparison routine to he called with two arguments which are 
pointers to the elements being compared. The routine must return an integer lesa than, equal to, 
or greater than O according as the first argument is to be considered lesa than, equal to, or greater 
than the second. 

SEE ALSO 
sort(l) 
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RAND0M(3) SUBROUTINES RANDOM(3) 

NAME 
random, srandom, initstate, setstate - better random number generator; routines for changing 
generaton 

SYNOPSIS 
long randomO 

erandom(aeed) 
Int eeed1 
long *Inlt1tate(eeed, atate, n) 
unalgned aeed1 
long •atate, 
Int DI 
long •eetetate(atate) 
long •etatei 

DESCRIPTION 
Rand om uses a non-linear additive feedback random number generator employing a default table 
or •ize 31 long integen to return successive pseudo-random numbers in the rant,• from Oto 2

31
-1. 

The period or this random number generator is very large, approximately 16*(2 
1
-1). 

Random/,random have (almost) the same calling sequence and initialization properties as 
rand/ ,rand. The difference is that rand(3C) produces a much less random sequence - in fact, the 
low dozen bits generated by rand go through a cyclic pattern. All the bits generated by random 
are usable. For example, "random()&OI" will produce a random binary value. 

Unlike ,rand, arando!)I does not return the old seed; the reason for this is that the amount of state 
information used is much more than a single word. (Two other routines are provided to deal with 
restarting/changing random number generators). Like rand(3C), however, random will by default 
produce a sequence or numbers that can be duplicated by calling ,random with 1 as the seed. 

The init,tate routine allows a state array, passed in as an argument, to be initialized for future 
use. The size of the state array (in bytes) is used by inil,lale to decide how sophisticated a ran
dom number generator it should use - the more state, the better the random numbers will be. 
(Current "optimal" values for the amount of state information are 8, 32, 64, 128, and 256 bytes; 
other amounts will be rounded down to the nearest known amount. Using less than 8 bytes will 
cause an error). The seed for the initialization (which specifies a starting point for the random 
number sequence, and provides for restarting at the same point) is also an argument. Jnitatote 
returns a poi~ter to the previous state Information array. 

Once a state has been initialized, the aelalale routine provides for rapid switching between states. 
Se1Blate returns a pointer to the previous state array; its argument state array is used for further 
random number generation until the n~xt call to inilattite or ael,lole. 

Once a state arra, hN been initializ~il1 l~ may be te~tarted at a different point either by calling 
inil,lale,(with the desired seed, the state array, and its size) or by calling both aelalole (with the 
•tate arr,y) and ,rar,dom (with the desired seed). The advantage or calling both aelalate and 
,rondo"' iii that the site or the state array does not have to be remembered after it is Initialized. 

With :!q,f bytes or ~i~+1i~formation, .. the period or the random number generator is greater than 
, 209, whic11 •hould be wl1tt!dlelit for most pilrposes. 

bi.AGNOSTICS 
Ir 'fnilslale is called witli le88 than 8 bytes or state information, or it selslale detects that the state 
information has been garbled, error messages are printed on the standard error output. 

SEE ALSO 
rand(3C) 
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BUGS 
About 2/3 the speed of rand(3C). 0 

0 

0 
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REGEX(3) SUBROUTINES REGEX(3) 

NAME 
re_comp, re_exec - regular expression handler 

SYNOPSIS 
char •re_comp(1) 
char •11 

re_exec(1) 
char •11 

DESCRIPTION 
Re_comp compiles a string into an internal form suitable for pattern matching. Re_ezec checks 
the argument •tring again•t the laot string paosed to re_comp. 

Re_comp returns O it the string , wao compiled successfully; otherwise a string containing an error 
message is returned. It re_comp is paosed O or a null string, it returns without changing the 
currently compiled regular expression. 

Re_ezec returns 1 it the •tring • matches the Iaot compiled regular expression, 0 it the string , 
failed to match the la,st compiled regular expression, and -1 if the compiled regular expression wao 
invalid (indicating an internal error). 

The strings paosed to both re_comp and re_ezec may have trailing or embedded newline charac
ters; they are terminated by nulls. The regular expressions recognized are described in the 
manual entry for ed(l), given the above ditJerence. 

SEE ALSO 
ed(l), ex(l), egrep(l), !grep(l), grep(l) 

DIAGNOSTICS 
Re_ezec returns -1 tor an internal error. 

Re_comp returns one or the following strings it an error occurs: 

No previou, regular ezpre,rion 

Regular ezprerrion loo long 

unmatched\( 

miBBing J 
loo man11 \(\) pair, 

unmatched\) 
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NAME 
scandir, alphasort - scan a directory 

SYNOPSIS 
#Include <•Y•/t;ype1.h> 
#Include <•Y•/dlr,h> 
•candlr( dlrname, namellat, •elect, com par) 
char *dlrname1 
•truct direct •(•namellat0)1 
Int (*•elect)OJ 
Int (*compar )()1 
alpha•ort(dl, di) 
1truct direct **dl, **dlJ 

DESCRIPTION 
Scondir reads the directory dirn•m• and builds an array of pointers to directory entries using mol
/oc(3). The third parameter is a pointer to a routine which is called with a pointer to a directory 
entry and should return a non zero value if the directory entry should be included in the array. U 
this pointer is null, then all the directory entries will be included. The last argument is a pointer 
to a routine which is passed to q,orl(3) to sort the completed array. If this pointer is null, the 
array is not sorted. Alph.,ort is a routine which will sort the array alphabetically. 

Scondir returns the number of entries in the array and a pointer to the array throu&h the parame
ter namelist. 

SEE ALSO 
directory(3), malloc(3), qsort(3) 

DIAGNOSTICS 

0 

Returns -1 if the directory cannot be opened for reading or if molloc(3) cannot allocate enough o 
memory to hold all the data structures. 

0 
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NAME. 
setjmp, longjmp - non-local goto 

SYNOPSIS 
#Include <eetJmp,h> 

val ... aetjmp(env) 
Jmp_buf env1 

Ions.I mp( env, val) 
Jmp_buf env1 

val - _eetJmp(env) 
Jmp_buf env1 

_longlmp(env,.val) 
Jmp_buf env1 

DESCRIPTION 
Seljmp and langjmp are useful for dealing with errors and interrupts encountered in a low-level 
eubroutine or a program, · 

Seljmp save• it• etack environment in env for later use by langjnlp. Setjmp also saves the register 
environment. Setjmp return• the value 0. Ir a longjmp call will be made, the routine which called 
,eljmp ehould not return until after the langjmp hae returned control (see below). 

Langjmp reetoree the environment saved by the last call of setjmp, and then returns in such a 
way that execution continue• ae if the call of 1eljmp had juet returned the value val to the func
tion that invoked ,etjmp. The calling function must not iteelt have returned in the interim, oth
erwise langjmp will be returning control to a poeeibly non-existent environment. All memory
bound data have values as or the time longjmp wae called. The machine registers are restored to 
the values they had at the time that eetjmp was called. But, because the reglater storage claBS is 
only a hint to the C compiler, variables declared as reglater variables may not necessarily be 
aesigned to machine register•, so their values are unpredictable after a longjmp. This is especially 
a problem for programmers trying to write machine-independent C routine•. 

The following code fragment indicates the ftow of control of the ,etjmp and langjmp combination: 

... /unction ·declaration 
jmp_buf my _environment; 

... code ... 
If ( eetjmp ( my _environment),) { 

lhia i, the code ofler lhe return /ram /angjmp 
... more code ..... 

reglater variable, hove unpredictohle. value, 
... more code .... 

} elae {-

} 

thi, is. the return from eeljmp 
•.. more code .... 

Do not modi/11 register variable• 
. in this leg of the code 

... more code , . , • 

Setjmp and langjmp save and restore the signal mask eigeelmoek(2), while _,etjmp and, _/angjmp 
manipulate only the C stack and registers. 
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SEE ALSO 
sigsetmask(2), sigvec(2), signal(3) 

BUGS 
Setjmp does not save current notion or whether the process is executing on the signal stack. The 
result is that a longjmp to some place on the signal stack leaves the signal stack state incorrect. 
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SETUID(3) SUBROUTINES 

NAME 
setuid, seteuid, setruid, setgid, setegid, setrgid - set user and group ID 

SYNOPSIS 
aetuld(uld) 
aeteuld( euld) 
aetruld(ruld) 

setgld(gld) 
aetegld( egld) 
setrgld( rgld) 

DESCRIPTION 

SETUID(3) 

Seluitl (1elgitl) sets both the real and effective user ID (group ID) or the current process to as 
specified. 

Seleuid(,etegitl) sets the effective user ID (group ID) or the current process. 

Selruitl (,elruitl) aeta 'the real user ID (group ID) or the current process. 

These calla are only permitted to the super-user or iC the argument is the real or effective ID. 

SEE ALSO 
setreuid(2), setregid(2), getuid(2), getgid(2) 

D~GNOSTICS 
Zero it returned ir the user (group) ID ia set; -1 is returned otherwise, with the global variable 
errno set as ror ,etreuid or aetregid. 
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NAME 
oignal - oimpli6ed software oignal facilities 

SYNOPSIS 
#Include <1lgnal,h> 
(*algnal(alg, func))() 
void (*func)01 

DESCRIPTION 
Signal is a simplified interface to the more general aigvec(2) facility. 

A signal is generated by some abnormal event, initiated by a user at a terminal (quit, interrupt, 
stop), by a program error {bus error, etc.), by request ot another program {kill), or when a process 
is stopped because it wishes to access its control terminal while in the background (see 1111(4)). 
Signals are optionally generated when a process resumes after being stopped, when the status of 
child processes changes, or when input is ready at the control terminal. Most signals cause termi
nation ot the receiving procesa it no action is taken; some signals instead cause the process receiv
ing them to be stopped, or are simply discarded it the procesa bas not requested otherwise. 
Except tor the SIGKILL and SIGSTOP signals, the 1ignal call allows signals either to be ignored 
or to cause an interrupt to a specified location. The following is a list ot all signals with names as 
in the include Ille < aignal.h >: 
SIGHUP 1 hangup 
SIGINT 2 interrupt 
SIGQUIT 3* quit 
SIGILL 4* illegal instruction 
SIGTRAP 5* trace trap 
SIGIOT 6* IOT instruction 
SIGEMT 7* EMT instruction 

0 

SIGFPE 8* floating point exception 
SIGKILL 9 kill (cannot be caught or ignored) 0 
SIGBUS 10* bus error 

62 

SIGSEGV 11 * segmentation violation 
SIGSYS 12* bad argument to system call 
SIGPIPE 13 write on a pipe with no one to read it 
SIGALRM 14 alarm clock 
SIGTERM 15 software termination signal 
SIGURG 16 urgent condition present on socket 
SIGSTOP 17t stop (cannot be caught or ignored) 
SIGTSTP 18t etop eignal generated from keyboard 
SIGCONT lb• continue after stop 
SIGCHLD 20• child status has changed 
SIGTTIN 21 t background read attempted from control terminal 
SIGTTOlJ 22f background write attempted to control terminal 
SIGIO 1 23 i/o is possible on a descriptor (see /cnl/(2)) 
SIGXCPO 24 cpu time limit exceeded (see ,elrlimil(2)) 
SIGXFSZ 25 Ole size limit exceeded (see aelrlimil{2)) 
SIGVTALRM 26 virtual time alarm (•ee aelilimer(2)) 
SIGPROF 'r/ profiling ,imer alarm (see aelilimer(2)) 
SIGWINCH 28 window changed 

The starred signals in the list above cause a core image if not caught or ignored. 

It func io SIG_DFL, the default action for signal Big i• reinstated; this default is termination (with 
a core image for starred signals) except tor signals marked with • or t. Signals marked with • are 
discarded if the action is SIG_DFL; signals marked with t cause the procesa to stop. It /unc is 
SIG_IGN the signal is subsequently ignored and pending instances ot the signal are discarded. 
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Otherwise, when the signal occurs further occurences or the signal are automatically blocked and 
/unc is called. 

A return from the function unblocks the handled signal and continues the process at the point it 
was interrupted. Unllke prevlou1 1lgnal tacllltles, the handler June remain• lnotalled after 
a signal bu been delivered. 

Ir a caught signal occurs during certain system calls, causing the call to terminate prematurely, 
the call is automatically restarted. In particular this can occur during a read or wrile(2) on a slow 
device (such as a terminal; but not a Ille) and during a wait(2). 

The value or •ignal is the previous (or initial) value or June for the particular signal. 

After a /ork(2) or vJork(2) the child inherits all signals. An ezecve(2) resets all caught signals to 
the default action; ignored signals remain ignored. 

RETURN VALUE 
The previous action is returned on a succe88ful call. Otherwise, -1 is returned and errno is set to 
indicate the error. 

ERRORS 
S.ion•I will fail and no action will take place if one or the following occur: 

IEINVAL) Sig is not a valid signal number. 

IEINVAL] An attempt is made to ignore or supply a handler for SIGKILL or SIGSTOP. 

IEINVALJ An attempt is made to ignore SIGCONT (by default SIGCONT is ignored). 

SEE.ALSO 
kill(l ), ptrace(2), klll(2), sigvec(2), sigblock(2), slgsetmask(2), sigpause(2), sigstack(2), setjmp(3), 
tty(4) 

NOTES (VAX-11) 
The handler routine can be declared: 

· handler(sig, code, scp) 

Here ,;, is the signal number, into which the hardware faults and traps are mapped as deftned 
below. Code is a parameter which is either a constant as given below or, for compatibility mode 
faults, the code provided by the hardware. Sep is a pointer to the alrucl aigeonlezl used· by the 
system to restore the process context from before the signal. Compatibility mode faults are di .. 
tinguished from the other SIGILL traps by having PSL_CM set in the psi. 

The following deftnes the mapping of hardware traps to signals and codes. All or these symbols 
are defined In < ,ignal.h >: 

Hardware condition 

Arithmetic traps: 
Integer overftow 
Integer division by zero 
Floating overftow trap 
Floating/decimal division by zero 
Floating. underftow trap 
Decimal overftow trap 
Subscript-range 
Floating overftow ra11lt 
Floating divide by zero fault 
Floating underllow fault 

Length acce88 control 
Protection violation 
Reserved instruction 

Signal 

SIGFPE 
SIGFPE 
SIGFPE 
SIGFPE 
SIGFPE 
SIGFPE 
SIGFPE 
SIGFPE 
SIGFPE 
SIGFPE 
SIGSEGV 
SIGBUS 
SIGILL 

Code 

FPE_INTOVF _TRAP 
FPE_INTDIV _TRAP 
FPE_F'LTOVF _TRAP 
FPE_F'LTDIV _TRAP 
FPE_F'LTUND_TRAP 
FPE_DECOVF _TRAP 
FPE_SUBRNG_TRAP 
FPE_F'L TOVF ....F' AULT 
FPE....F'L TDIV-_F AULT 
FPE_F'LTUND_FAUL T 

ILL_RESAD_FAULT 
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Customer-reserved instr. 
Reserved operand 
Reserved addressing 
Trace pending 
Bpt instruction 
Compatibility-mode 
Cbme 
Cbms 
Cbmu 

SUBROUTINES 

SIGEMT 
SIGILL 
SIGILL 
SIGTRAP 
SIGTRAP 
SIGILL 
SIGSEGV 
SIGSEGV 
SIGSEGV 

ILL_PRIVIN_F AULT 
ILL_RESOP _FAULT 

hardware supplied code 
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SLEEP(3) SUBROUTINES SLEEP(3) 

NAME 
1leep - 1u1pend execution for interval 

SYNOPSIS 
1leep(1eeond1} 
umlan•d ncondl1 

DESCRIPTION 
Sleep 1u1pend1 the current proce&1 from execution for the number or seconds specified by tbe 
argument. The actual suspension time may be up to 1 second less than that requested, because 
scheduled wakeups occur at fixed I-second intervals, and may be an arbitrary amount longer 
because or other activity in the system. 

Sleep is implemented by setting an interval timer and pausing until it expires. The previous state 
or this timer is saved and restored. Ir the sleep time exceeds the time to the expiration or the 
previous value or the timer, the procesa sleeps only until the timer would have expired, and the 
signal which occurs with the expiration or the timer is sent one second later. 

SEE ALSO 
setitimer(2), sigpause(2) 

BUGS 
An interface with liner resolution Is needed. 
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STRING(3) SUBROUTINES STRING(3) 

NAME 
strcat, strncat, strcmp, strncmp, strcpy, strncpy, strlen, index, rindex - string operations 

SYNOPSIS 
#Include <•trlng1,h> 

char •otrcat(ol, 11) 
char •.i, *•11 

char •otrncat(al, al, n) 
char •.i, *•II 
atrcmp(ll, al) 
char •.i, •111 

otrncmp(ol, al, n) 
char •.i, •011 

char •atrcpy(al, •I) 
char •.i, *•II 
char •otrncpy(al, al, n) 
char •.i, *•11 
otrien(•) 
char *•1 

char *Index(•, c) 
ehar *•, c1 

char *rlndex(•, c) 
char*•, CJ 

DESORIPTION 

0 

Theee functions operate on null-terminated strings. They do not check for overllow or any receiv- o 
Ing string. 

BUGS 

56 

Streat appends a copy or string ,e to the end or string al. Strncat copies at most n characters. 
Both return a pointer to the null-terminated result. 

Strcmp compares its arguments and return, an integer greater than, equal to, or Jess than 0, 
according as al is lexicographically greater than, equal to, or Jen than ,e. Slrncmp makes the 
same comparison but looks at at moet n characters. 

Strc111 copies string ,e to .i, stopping after the null character has been moved. Slrnc111 copies 
exactly n characters, truncating or null-padding ,e; the target may not be null-terminated if the 
length or ,e is n or more. Both return ,1. 
Sir/en returns the number or non-null characters in •. 

Jndez (rindez) returns a pointer to the llrst (last) occurrence or character c in string •, or zero ir c 
does not occur in the string. 

Slrcmp uees native character comparison, which is signed on the Sun. 

On the Sun processor (and on some other machines), you can NOT uee a zero pointer to indicate 
a null string. A zero pointer is an error and results in an abort or the program. Ir you wish to 
indicate a null string, you must have a pointer that points to an explicit null string. On PDP-ll's 
and V AX'en, a source pointer or zero (0) can generally be used to indicate a null string. Program. 
mers using NULL to represent an empty string should be aware or this portability issue. 
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SWAB(3) 

NAME 
,wab - 1wap bytea 

SYNOPSIS 
awab(from, to, nbyt..) 
ehu *from, *to1 

DESORiJ>TION 

SUBROUTINES SWAB(3) 

Swa6 copies n611le1 bytes pointed to by from to the pooition pointed to by to, exchanging adjacent 
even and odd bytes. It is userul ror carrying binary data between high-ender machine• (IBM 
360'1, M068000'1, etc) and low-ender machines (PDPSll's and V AX'es). 

N611I•• should be even, 
The from and to addresse1 should not overlap in portable programs. 
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SYSLOG(3) SUBROUTINES SYSLOG(3) 

NAME 
syslog, openlog, closelog - control system log 

SYNOPSIS 
#Include <•71log,h> 
openlog(ldent, loptat) 
char *ldent1 

•Y•log(prlorlty, mHsage, parameters ... ) 
char *m••a1e1 
cloaelog() 

DESORIPTION 
S111lo1 arranaeo to write the mo11a1• onto the 1y1tem log maintained by 1111/01(8). The me11age is 
ta11ed with priori/11, The me11age loolte like a prin//(3S) strlna except that %m la replaced by 
the current error meoeaae (eolleeted from orrno ). A trallina newline la added It needed. Thia 
me11age will be read by 1111/01(8) and output to the ayatem eonoole or files aa appropriate. 

If apeeial proce11ing is needed, open/01 ean be called to initialize the log file. Parameten are idenl 
which ia prepended to every me11aae, and lo11lal wbleh la a bit field indieatlna 1peeial 1tatu1; 
current valueo are: 

LOG_PID log the proee11 id with each me11age: useful for Identifying instantiations of dae-
mons. 

Openlog return• zero on 1uece11. It 1111/01 cannot send datagram• to 111,/01(8), then it writes on 
/ tlev/ con,olo instead. If / tlev/ con,ole cannot be written, standard error la used. In either ease, it 
return, -1. 

Clo,e/og ean be used to close the log file. It ia automatically eloeed on a sueeeuful exec system 
eall (see e.zeeve(2)). 

EXAMPLES 
sy1lo1(LOG_8ALERT, "who: Internal error 23"); 

openlog("aerverftp", LOG_PID); 
•Y•log(LOGJNFO, "Connection from host %d", Callingffoot); 

SEE ALSO 
1y1log(8) 
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SYSTEM(3) SUBROUTINES SYSTEM(3) 

NAME 
system - issue a shell command 

SYNOPSIS 
ayatem(atrlng) 
char •atrln11 

DESCRIPTION 
Suslem causes the siring to be given to sh(l) 811 input 811 if the string bad been typed 811 a com
mand at a terminal. The current process waits until the shell b811 completed, then returns the 
exit status or the shell. 

SEE ALSO 
popen(3S), execve(2), wait(2) 

DIAGNOSTICS 
Exit status 127 indicates the shell couldn't be executed. 
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TTYNAME{3) SUBROUTINES TTYNAME{3) 

NAME 
ttyname, isatty, ttyslot - find name of a terminal 

SYNOPSIS 
char •ttyname(flledea) 

laatty(flledea) 

ttyalot() 

DESCRIPTION 

FILES 

Tt11name returns a pointer to the null-terminated path name of the terminal device associated 
with file descriptor jiJ,d.,. 

1Batt11 returns 1 if jiJ,d., is associated with a terminal device, 0 otherwise. 

Tt11,lot returns the number of the entry in the 1111•(5) file for the control terminal of the current 
procesa. 

/dev/* 
/etc/ttys 

SEE ALSO 
ioctl{2), ttyo(5) 

DIAGNOSTICS 

BUGS 

60 

Tt11n•m• returns a null pointer {O) it fiJed•• does not describe a terminal device in directory 
'/dev'. 

Tt11,lot returns O it' /etc/ttys' is inaccessible or it it cannot determine the control terminal. 

The return value points to static data whoee content iii overwritten by each call. 
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VALLOC(3) 

NAME 
valloc - aligned memory allocator 

SYNOPSIS 
char *valloc(slse) · 
unsigned 1lae1 

DESCRIPTION 

SUBROUTINES VALLOC(3) 

Valloc allocates size bytes aligned on a page boundary. It is implemented by calling malloc(3) 
with a slightly larger request, saving the true beginning or the block allocated, and returning a 
properly aligned pointer. 

DIAGNOSTICS 
VaUoe returns a null pointer (0) if there is no available memory or if the arena has been detec.t
ably corrupted by atoring outside the bounds or a block. 

BUGS 
V/rcc ien't implemented. 
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VARARGS(3) SUBROUTINES VARARGS(3) 

NAME 
varargs - variable argument list 

SYNOPSIS 
#Include <varars1,h> 

/unclion(va_alllt) 
va_dcl 
va_lllt pvar; 
va_1tart(pvar); 
f - va_ars(pvar, lype ); 
va_end(pvar ); 

DESCRIPTION 
This set of macroe provides a means of writing portable procedures that accept variable argument 
lists. Routines having variable argument lists (such as prin1J(3S)) that do not use varargs are 
inherently nonportable, since different machines use dilferent argument passing conventions. 

va_alllt is used in a function header to declare a \,ariable argument list. 

va_dcl is a declaration for va_alllt. Note that there is no semicolon after va_dcL 

va_lllt is a type whi.-h can be used for the variable pvar, which is used to traverse the list. One 
such variable must alwaye be declared. 

va_.tart(pvar) is called to initialize pvar to the begii,ning of the list. 

va_arg(pvar, lgpc) will return the next argument in the list pointed to-by pvar. T11pc is the type 
the argument is expected to be. Different typea can be mixed, hut it is up to the routine to know 
what type of argument is expected, since It cannot be determined at runtime. 

va_end(pvar) ii used to ftnish up_ 

Multiple traversala~ each bracketed bx. va_.tan ·- __ end, are pouible

EXAMPLE 

Bt1GS 

#IDclucle <vararu.h> 
execlf,,a_alrat) r-dcl 

} 

Ya_lfat i,p; 

ebu '"Ille; 
ebu-~lOOf:
ra., ar,no - O;-

It ia ap ro the calling routine to determine h--aMT argameau tfleN are, since it is not possibte 
to detennine this from the stack frame. Far example, encl puses a O to slgna} the end of the 
liat. Yrinl/ can tell how many arguments ""' sapposed te- be there by the format. 
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INTR0(3C) COMPATIBILITY ROUTINES INTR0(3C) 

NAME 
intro - introduction to compatibility library functions 

DESCRIPTION 
These functions constitute the compatibility library portion of libc. They are automatically 
loaded as needed by the C compiler cc(l). The link editor searches this library under the "-le" 
option. Use of these routines should, for the most part, be avoided. Manual entries for the func
tions in this library describe the proper routine to use. 

LIST OF FUNCTIONS 
Name 

alarm 
rtime 
getopt 
gtty 
nice 
optarg 
optind 
pause 
rand 
srand 
atty 
time 
times 
tmpnam 
ulimit 
utime 
vlimlt 
vtimes 

Sun Release 1.1 

Appear, on Page De8cription 

alarm.Sc schedule signal after specified time 
time.Sc get date and time 
getopt.3c get option letter from argv 
stty .3c set and get terminal state 
nice.Sc set program priority 
getopt.3c get option letter from argv 
getopt.3c get option letter from argv 
pause.Sc stop until signal 
rand.Sc random number generator 
rand.Sc random number generator 
atty .3c set and get terminal state 
time.Sc get date and time 
times.Sc get process times 
tmpnam.3c create a name for a temporary Ole 
ulimit.3c get and set user limits 
utime.3c set Ole times 
vlimlt.3c control maximum system resource consumption 
vtimes.3c get information about resource utilization 

Last change: 12 January 1984 1 



ALARM(3C) COMPATIBILITY ROUTINES ALARM(3C) 

NAME 
alarm ~ schedule signal after specified time 

SYNOPSIS 
alarm(aeconda) 
unsigned seconds; 

DESCRIPTION 
Thia Interface la obsoleted b;y aetltlmer(I), 
Alarm causes signal SIGALRM, see sigvec(2), to be sent to the invoking process in a number or 
seconds given by the argument. Unless caught or ignored, the signal terminates the process. 

Alarm requests are not stacked; successive calls reset the alarm clock. If the argument is 0, any 
alarm request is canceled. Because or scheduling delays, resumption or execution or when the sig
nal is caught may be delayed an arbitrary amount. The longest specifiable delay time is 
2147483647 seconds. 

The return value is the amount or time previously remaining in the alarm clock. 

SEE ALSO 
sigpause(2), sigvec(2), 1ignal(3), sleep(3) 
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GETOPT(3C) COMPATIBil,ITY ROUTINES GETOPT(3C) 

NAME 
getopt, optarg, optind - get option letter from argv 

SYNOPSIS 
Int getopt( argc, &!'gv, optstrlng) 
Int argsJ 
ehar ••argv1 
ehar •optatrlnSJ 
extern ehar *optara1 
extern Int optlnd1 

DESCRIPTION 
Thia routine la Included tor eompatlbllity with UNIX eyatem-m. It la of marginal 
value, and ahould not be uaed In new programa. 
Gelopl returns the next option letter in orgv that matches a letter in oplslring. Oplslring is a 
string or recognized option letters; it a letter is followed by a colon, the option is expected to have 
an argument that may or may not be separated from it by white apace. Oplarg is set to point to 
the start or the option argument on return from gelopl. 

Gelopl places in oplind the argv index or the next argument to be processed. Because oplind is 
external, it is normally initialized to zero automatically before the first call to gelopl. 

When all options have been processed (i.e., up to the first non-option argument), gelopl returns 
EOF. The special option - may be used to delimit the end or the options; EOF will be returned, 
and - will be skipped. 

DIAGNOSTICS 
Gelopl prints an error message on alderr and returns a question mark (!) when it encounters an 
qption letter not included in oplalring. 

EXAMPLE 
The following code fragment shows bow one might process the arguments tor a command that can 
take the mutually exclusive options a and b, and the options t and o, both or which require argu
ments: 

Sun Release 1.1 

main(argc, argv) 
int argc; 
char ••arav; 
{ 

int c; 
extern int optind; 
extern char *optarg; 
• 
• 
• 
while ((c = getopt(argc, argv, "abf:o:")) , ... EOF) 

switch (c) { 
. case 'a': 

case 'b': 

it (bfig) 
errflg+ +; 

else 
aflg++; 

break; 

it (aflg) 
errflg++; 

else 
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GETOPT(3C) 

} 

4 

COMPATIBil..ITY ROUTINES 

bproc(); 
break; 

case 'C': 

case 'o': 

case'?': 

inllle = optarg; 
break; 

ollle = optarg; 
bu(oiza .,. 512; 
break; 

errllg+ +; 
} 

ir (errflg) { 

} 

(printr(otderr, •uoage: ..• "); 
exit(2); 

ror (; optind < argc; optind+ +) { 
ir (acceH(argv(optindJ, 4)) { 
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NICE(3C) COMPATIBILITY ROUTINES NICE(3C) 

NAME 
nice - set program priority 

SYNOPSIS 
nlce(lner) 

DESCRIPTION 
Thia Interface la ob1oleted by aetprlorlty(Z). 

The ocheduling priority of the proceoo io augmented by incr. Pooitive prioritieo get leoa service 
than normal. Priority 10 is recommended to users who wish to execute long-running programs 
without Ila.I< from the administration. 

Negative increment• are ignored except on behalf ot the super-user. The priority io limited to the 
range -20 (most urgent) to 20 (leaot). 

The priority or a process io paosed to a child process by /ork(2). For a privileged process to return 
to normal priority from an unknown state, nice should be called succeoaively with arguments -40 
(goes to priority -20 becauoe of truncation), 20 (to get to 0), then O (to maintain compatibility 
with previous version• or thio call). 

SEE ALSO 
nice(l), getpriority(2), setpriority(2), rork(2), renice(S) 

Sun ReleMj! 1.1 

·' il 
11 

Laot change: 20 March 1984 5 



PAUSE(3C) COMPATIBILITY ROUTINES PAUSE(3C) 

NAME 
pause - stop until signal 

SYNOPSIS 
pause() 

DESCRIPTION 
Thia function la obaoleted by algpauae(ll), 

Pau,e never returns normally. It is used to give up control while waiting for a signal from ki/1(2) 
or an interval timer, see aetilimer(2). Upon termination of a signal handler started during a 
pause, the pau,e call will return. 

RETURN VALUE 
Always returns -1. 

ERRORS 
Pau,e always returns: 

IEINTR) The call was interrupted. 

SEE ALSO 
ki11(2), select(2~ sigpause(2) 
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RAND(3C) COMPATIBil,ITY ROUTINES RAND(3C) 

NAME 
rand, srand - random number generator 

SYNOPSIS 
erand(ned) 
Int eeed1 

rand() 

DESORIPTION 
The newer random(3) ahould be used ln new appllcatlona1 rand remain• for compatl
bllt;y. 

Rand uses a multiplicative congruential random number generator with period 282 to return suc
cessive pseudo-random numbers in the range from O to 231-1. 

The generator ia reinitialized by calling srand with 1 as argument. It can be set to a random 
starting point by calling ,rand with whatever you like as argument. 

SEE ALSO 
random(3) 

BUGS 
The low bits of the numbers generated are not very random; use the middle bits. In particular 
the lowest bit ia determiniatically alternatingly O and 1. 
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STTY(3C) COMP ATIBU..ITY ROUTINES STTY(3C) 

NAME 
atty, gtty - set and get terminal state 

SYNOPSIS 
,fi!lnclude < 1gtt7 ,h > 

ett7(fd, but) 
Int fd1 
1truct 1gtt7b *buf1 

gtt7(fd, but) 
Int fd1 
atruct 1gtt7 b *buf1 

DESCRIPTION 
Tbll Interface II ob1oleted b7 loctl(I), 
Situ sete the state of the terminal aesociated with /d. Gltu retrieves the state of the terminal aeeo
ciated with /d. To eet the state of a terminal the call muet have write permission. 

The situ call ie actually "ioctl(fd, TIOCSETP, buf)", while the gllu call ie "ioctl(fd, TIOCGETP, 
but)". See ioc11(2) and IIU(4) for an explanation. 

DIAGNOSTICS ..• 
If the call ie oucceesf11I O ie returned, otherwise -1 ie returned and the global variable errno con• 
taine the reaeon for the failure. 

SEE ALSO 
ioctl(2t tty(4) 
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TIME(SC) COMPATIBILITY ROUTINES TIME(3C) 

NAME 
time, ftime - get date and time 

SYNOPSIS 
tlmeofday ""' tlme(O) 

tlmeofday =- tlme(tloc) 
Ions *tloq 

#Include <ay•/typea.h> 
#Include <•Y•/tlmeb.h> 
ftlme(tp) 
atruct tlmeb *tp1 

DESORIPTION 
Thue lnterfac• are obsoleted by gettlmeofday(I). 

Time returns the time since 00:00:00 GMT, Jan. 1, 1970, measured in oeconds. 

If 1/oc is nonnull, the return value is also stored in the place to which 1/oc points. 

The /lime entry 6111 in a structure pointed to by its argument, as deftned by <•11•/limeb.h>: 

struct timeb 
{ 

}; 

tlme_t time; 
unsigned short millitm; 
short timezone; 
short dstllag; 

The structure contains the time since the epoch in seconds, up to 1000 milliseconds or more
precise interval, the local time zone (measured in minutes of time westward from Greenwich), and 
a Bag that, if nonzero, indicates that Daylight Saving time applies locally during the appropriate 
part or the year. 

SEE ALSO 
date(l), gettimeofday(2), settimeofday(2), ctime(3) 
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TIMES(3C) 

NAME 
times - get process times 

SYNOPSIS 
#Include <•Y•/typea,h> 
#Include <aya/tlmea,h> 

tlmea(buffer) 
etruct tma "buffer1 

DESCRIPTION 

COMP ATIBil..lTY ROUTINES 

Thia Interface la obaoleted by getruaage(:1). 

TIMES(3C) 

Time, returns time-accounting information for the current process and for the terminated child 
processes or the current procesa. All times are in 1/HZ seconds, where HZ is 60. 

This is the structure returned by lime,: 

•truct tms { 

}; 

time_t tms_utime; 
time_t tmsJtime; 
time_t tms_cutime; 
time_t tma_cstime; 

/* user time • / 
/• syotem time * / 
/* user time, children • / 
/* system time, children • / 

The children timeo are the sum or the children's proceH times and their children'• times. 
SEE ALSO 

time(!), getrusage(2), wait3{2), time(3C) 
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TMPNAM(3C) COMPATIBil..ITY ROUTINES TMPNAM(3C) 

NAME 
tmpnam - create a name for a temporary file 

SYNOPSIS 
#Include <•tdlo,h> 

char •tmpnam(•) 
char *•1 

DESCRIPTION 
Thia routine la Included for ayatem-m eompatlblllty, 
Tmpnam generate. a file name that can safely he ueed for a temprary file. If (int)• is zero, 
lmpnam leaves its result in an internal static area and returns a pointer to that area. The next 
call to lmpnam will destroy the contents of the area. If (int)• is nonzero, • is assumed to be the 
addreu of an array of at least L_tmpnam bytes; lmpnam places its result in that array and 
returns , as its value. 

Tmpnam generates a different Ille name each time it is called. 

Filea created using lmpn•m and either /open or creal are only temporary in the sense that they 
reside in a directory intended for temporary use, and their names are unique. It is the user's 
re1pon1ibility to use unlink(2) to remove the ftle when its use is ended. 

SEE ALSO 

BUGS 

creat(2), unlink(2), mktemp(3), fopen(3S) 

If called more than 17,676 time• in a sin&)e proceH, lmpnam will start recycling previously used 
namea. 
Between the time a file name is created and the file is opened, it is pouible for some other process 
to create a Ille with the same name. This can never happen If that other proceH is using lmpnam 
or milemp, and the _Ille names are choaen ao as to render duplication by other means unlikely. 
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ULIMIT(3C) COMPATIBll..lTY ROUTINES ULIM1T(3C) 

NAME 
ulimit - get and set user limits 

SYNOPSIS 
long ullmlt(cmd, newllmlt) 
Int cmd1 

DESCRIPTION 
Thia function la Included for •Y•tem-m compatlblllty, and la obaoleted by ,t1rlimil(2). 

This function provides for control over process limits. The cmd values available are: 

1 Get the process's Ole size limit. The limit is in units of 612-byte blocks and is inherited 
by child processes. Files or any size can be read. 

I Set the process's Ole size limit to the value of newlimil. Any process may decrease this 
limit, but only a process with an effective user ID of super-user may increase the limit. 
Ulimil will fail and the limit will be unchanged if a process with an effective u1er ID other 
than the super-user attempts to increase its tile size limit. 

a Get the maximum possible break value. See br.1:(2). 

RETURN VALUE 
Upon- successful completion, a non-negative value Is returned. Otherwise a value of -1 is returned 
and errno is set to indicllte the error. 

SEE ALSO 
brk(2), setrlimit(2), write(2) 
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UTIME(3C) COMPATIBILITY ROUTINES UTIME(3C) 

NAME 
utlme - aet Ole times 

SYNOPSIS 
#Include <rq•/typea,b> 
utlme(flle, tlmep) 
char *flle1 
tlme_t tlmep(Z)I 

DESCRIPTION 
Tblll Interface Ill obsoleted by utlmea(Z), 
The ulime call u••• the 'acce .. ed' and 'updated' time• in that order rrom the limep vector to set 
the corresponding. recorded times for file. 

The caller mu•t be the owner or the Ole or the •uper-uoer. The 'inode-changed' time or the Ole is 
aet to the current time. 

SEE ALSO 
utimea(2), etat(2) 
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VLIMIT(3C) COMP ATffilLITY ROUTINES VLIMIT(3C) 

NAME 
vlimit - control mai:imum system resource consumption 

SYNOPSIS 
#Include <eys/vllmlt,h> 

vllmlt(reaource, value) 

DESCRIPTION 
Thia faclllty la •Upel'leded by getrllmlt(2), 
Limits the consumption by the current process and each process it creates to not individually 
exceed value on the specilled reaource. U value Is specilled ae -?-~then the current limit Is returned 
and the limit is uncllanged. The resources which are cunently controllable are: 

LIM_NORAISE 
A pseudo-lfmit; if set non-zero Chen-the limftit--mq not be raised. Onl7 the 
super-user may remoYe the nol'lri,e restriction. 

LIM_CPU . the maximum number of cp1r-eeconda to be used by each process 

LIM_l'SIZE 

IfJM..,DATA 

the largest single Ille-which can-lie created 

the maximam growth or tile data+ ataci regioa via nri(2) berond the ead ol 
the program text. 

~ST ACK the maximum size oUhe &atomatieally-extend"ed- etack region 

LIM_CORE tile ene of the largest core du~ tltat. will be cre&ted. 

LIM.__MAXRSS 
• soft limit for the &mouat olpliJsical memorr (in bytes) t.oc be given to the pro
gr&m. If memory fs tight, the qatem will prefer to take memory from proceaeee 
which are exceeding their..declared Ln,.f..,MAXRSS. 

0 

Bec&nae this information is stored in the per-process information this system call must be exe- 0 
coted directly by tbe shell If it Is to affect all future. procesaea created by the ,bell; limil Is thus a , 
buil~in comm&nd to cah(l). 

The system refuses to extend the data or stack space when tile limits would be exceeded in tile 
normal way, a break call fails if the dat& space limit Is reached, or the process Is killed when the 
ataci limit is reached (since the st&ek cannot be exteaded, the.re Is no way to send a signaU). 

A Ille i/o operation which would create a Ille which Is too large will cause a signal SIGXFSZ to be 
gener&ted, this normally terminates the proces1, hltt may be c&11gbt. When the cpu time lilnit is 
exceeded, a aignu SIGXCPU is sent to the offending proee.ae;. to allow It time to process the signal 
it Is given 6 se.conda grace by raising the epu-ti- limit. 

SEE ALSO 
csh(l} 

BUGS 

14 

IU.1M_NORA1SE.i1 setr then no gr.,.,. should be giYe.n wiaeD tie epll"time limit Is exeeeded

Theie should be limit-and imlimitcommands in ,A(J) aa well uial c,A-. 
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VT1MES{3C) COMPATIBil..lTY ROUTINES VTIMES(3C) 

NAME 
vtimes - get information about resource utilization 

SYNOPSIS 
vtlmea(par_vm, ch_vm) 
etruct vtlmu *par_vm, *cb_vm1 

DESCRIPTION 
Thia faclllty Ill aupereeded by setruaase(2). 
Vlime, return• accounting information for the current process and for the terminated child 
processes of the current proceBS. Either par _vm or ch_vm or both may be O, in which case only 
the information for the pointers which are non-zero is returned. 

After the call, each buffer contains information as defined by the contents or the include file 
< 1u1/ vtime,.h >: 
struct vtimes { 

int vm_utime; /* User time (*HZ) * / 
int vm_otime; /* system time (*HZ) * / 
/* divide next two by utime+ otime to get averages * / 
unoigned vm_idoros; /* integral or d+ s roo * / 
unoigned vm_ixrBS; /* integral or text ros * / 
int vm_maxrss; /* maximum rss * / 
int vm_majllt; /* major page faults * / 
Int vm_minllt; /* minor page faults * / 
int vm_nawap; /" number or swaps • / 
Int vmJnblk; /* block reads • / 
Int vm_oublk; /• block writes*/ 

}; 
The vm_ulime and vm_,tim• fields give the uoer and i!ystem time respectively in 60ths of a second 
(or liOtbs if that la the frequency of wall current in your locality.) The vm_idr11 and vm_izrBB 
measure memory usage. They are computed by integrating the number or memory pages in use 
each over cpu time. They are reported as though computed discretely, adding the current 
memory usage (in 612 byte pages) each time the clock ticks. Ir a proces• used 6 core pages over 1 
cpu-aecond for its data and otack, then vm_id,ra• would have the value 5*60, where 
vm_ulime+ vm_•lime would be the 60. Vm_idor•• integrates data and stack segment usage, while 
vm_i,r11 integrates text segment usage. Vm_mazr11 reports the maximum instantaneous sum or 
the text+ data+ stack core-resident page count. 

The vm_majJU field gives the number of page faults which resulted in disk activity; the vm_minJU 
fteld gives the number 6! page faults incurred in simulation of reference bits; vm_n,wap is the 
number of swaps which occurred. The number of Ole system input/output events are reported in 
vm_in6/l, and vm_oub/1: These numbers account only for real i/o; data supplied by the caching 
mechanism is charged only to the first proceBS to read or write the data. 

SEE ALSO 
getrusage(2), walt3(2) 
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INTR0(3M) MATHEMATICAL FUNCTIONS INTR0(3M) 

NAME 
intro - introduction to mathematical library functions 

DESCRIPTION 
These functions constitute the math library, li6m. They are automatically loaded as needed by 
the Fortran compiler /77(1). The link editor searches this library under the "-Im" option. 
Declarations for these functions may be obtained from the include Ole < malh.h >. 

LIST OF FUNCTIONS 
Nome Appear, on Page De,criplion 
acos sin .am trigonometric function• 
aain sin.am trigonometric function• 
atan sin.am trigonometric functions 
atan2 sin.am trigonometric function• 
caba hypot.3m Euclidean distance 
ceil Boor.am absolute value, Boor, ceiling functions 
cos sin .3m trigonometric functions 
cosh sinh.am hyperbolic functions 
exp exp.am exponential, logarithm, power, square root 
Cabs Door.am absolute value, Door, ceiling functions 
Door Door.am absolute value, Door, ceiling functions 
gamma gamma.am log gamma function 
hypot hypot.am Euclidean distance 
jO j0.3m bessel functions 
jl jO.am bessel functions 
in j0.3m bessel functions 
log exp.3m exponential, logarithm, power, square root 
loglO exp.3m exponential, logarithm, power, square root 
pow exp.3m exponential, logarithm, power, square root 
sin • sin.3m trigonometric functions 
sinh sinh.am hyperbolic functions 
sqrt exp.am exponential, logarithm, power, square root 
tan sin.3m trigonometric functions 
tanh sinh.3m hyperbolic functions 
yO j0.3m bessel functions 
yl jO.am bessel functions 
yn j0.3m bessel functions 

Sun Release 1.1 Last change: 12 January 1984 1 



EXP(3M) MATHEMATICAL FUNCTIONS 

NAME 
exp, log, loglO, pow, oqrt - exponential, logarithm, power, square root 

SYNOPSIS. 
#Include <math.b> 

double exp(x) 
double x1 

double log(x) 
double x1 

double loglO{x) 
double XI 

double pow(x, ;y) 
double x, 71 

double 1qrt(x) 
double x1 

DESCRIPTION 
E:q, return• the exponential function of :r. 

Log returns the natural legaritlim of ;,:;_ 10110 retumo the base 10 logarithm. 

Pow retums :r". 
Sgrl returna the IIC)Uare root ot ;,:. 

SEE ALSO 
hypot(3M), sinh(3MJ, fntro(2) 

DIAGNOSTICS 

EXP(3M) 

E:rp and pow retum a huge value when the correct value would overftow; errno is set to 
ERANGE. Pow ret.ums O and sets errno to EDOM when the second argument is negative and 
non-integral and when both arguments are 0. 

2 

Lo/I returns O when ;,: is zero or negative; errno io set to EDOM. 

Sgd returns- 0 when ;,: io negative; errno is set to EDOM. 
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FLOOR(3M) MATHEMATICAL FUNCTIONS 

NAME 
faba, floor, ceil - absolute value, floor, ceiling functions 

SYNOPSIS 
#Include <math,h> 

double floor(x) 
doublex1 

double cell(x) 
double xi 
double faba(x) 
double x1 

DESCRIPTION 
Fob, returns the absolute value I :t I, 
Floor returns the largest integer not greater than :e. 

Ceil returns the smallest integer not lesti than :t. 

SEE ALSO 
abs(3) 

BUGS 

FLOOR(3M) 

The /•68 function is actually in the standard C library, and should be moved to the math library. 

Sun Release 1.1 Last change: 26 August 1983 3 



GAMMA(3M) MATHEMATICAL FUNCTIONS 

NAME 
gamma - log gamma function 

SYNOPSIS 
#Include <math.h> 
double gamma(x) 
double XI 

DESCRIPTION 

GAMMA(3M) 

Gamma returns In jr(I :I )I. The •ign of rt(:l) is returned in the external integer rigngam. 
The following C program might be used to calclllate r: 

y"" gamma(x}; 
flfdefTax 

it(y > 88.0) 
#endif 
#ifdef IUD 

it (y > 706.0) 
#endif 

error(); 
y =- exp(y); 
lt(signgam) 

y - -y; 

DIAGNOSTICS 
A huge value is returned for negative integer arguments. 

BUGS 
There •hould be a positive indication ot error. 
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HYPOT(SM) MATHEMATICAL FUNCTIONS 

NAME 
hypot, cab, - Euclidean distance 

SYNOPSIS 
*Include <math,h> 
double hypot(x, ;y) 
double x, :YI 

double eaba(,) 
1truet { double x, :YI} •1 

DESCRIPTION 
H11pol and cab, return 

aqrt(x*x + y*y ), 

taldn1 precaution, a1ainat unwarranted overllowa. 

SEE ALSO 
exp(SM) for ,grl 

Sun Release 1.1 Last cbange: 19 January 1983 
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J0(3M) MATHEMATICAL FUNCTIONS 

NAME 
jO, jl, jn, yO, yl, yn - besael function, 

SYNOPSIS 
#Include <math.b> 

double JO(x) 
double Xt 

double Jl(x) 
double x1 

double Jn(n, x) 
double x1 

double )'O(x) 
doubrex1 

cfovble :yl(x) 
double x1 

double yn(n, x} 
double Xl 

DESCRIPTION 

J0(3M) 

Theoe function, calculate Beasel function, ot the Orst and second kinds tor real arguments and 
integer orders. 

DIAGNOSTICS 
Negative arguments cauoe 110, 111, and 11n to return a huge negative value and oet errno to EDOM. 
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S1N(3M) MATHEMATICAL FUNCTIONS 

NAME 
ein, cos, tan, asin, aco1, atan, atan2 - trigonometric functions 

SYNOPSIS 
#Include <math.h> 
double aln{x) 
double x1 
double coa(x) 
double x1 
double uln(x) 
double x1 
double acoa(x) 
double XI 

double atan(x) 
double XI 

double atanl(x, :v) 
double x, :VI 

DESCRIPTION 

SIN(3M) 

Sin, co• and Ion return trigonometric runctions or radian arguments. The magnitude or the argu
ment should be checked by the caller to make sure the result is meaningful. 

Asin returns the arc sin in the range -,r/2 to ,r/2. 

Acos returns the arc cosine in the range O to ,r. 

Alan returns the arc tans ent of :i: in the range -,r /2 to ,r /2. 

Alane return• the arc tangent or :i://1 in the range -,r to"· 

DIAGNOSTICS 

BUGS 

Arguments or magnitude greater than 1 cause asin and acos to return value O; errno is set to 
EDOM. The value or ton at its singular points is a huge number, and errno is set to ERANGE. 

The value or Ion ror arguments greater than about 2**31 ia garbage. 

Sun Release 1.1 Last change: 19 January 1983 7 



S1NH(3M) MATHEMATICAL FUNCTIONS 

NAME 
sinh, com, tanh - hyperbolic functions 

SYNOPSIS 
#Include <math.h> 
double slnh(x) 

double cosh(x) 
double x1 

double tanh(x) 
double x1 

DESCRIPTION 
Tlieae functions compute the designated hyperbolic functions for real arguments. 

DIAGNOSTICS 

SINH(3M) 

SinA and cod return a huge value or appropriate sign when the correct value would overllow. 
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INTR0(3N) NETWORK FUNCTIONS INTR0(3N) 

NAME 
intro - introduction to network library functions 

DESCRIPTION 
Thia section describes functions that are applicable to the DARPA Internet network, which are 
part of the standard C library. 

LIST OF FUNCTIONS 
Name· 

endhostent 
endnetent 
endprotoent 
endaervent 
aethosthyaddr 
1ethostbyname 
aethostent 
aetnetbyaddr 
aetnetbyname 
aetnetent 
1etprotobyname 
aetprotobynumber 
1etprotoent 
1etaervbyname 
aetservbyport 
aetaervent 
htonl 
htons 
inet_addr 
inetJnaof 
inet_makeaddr 
inet_netof 
inet_network 
inet_ntoa 
ntohl 
ntoh, 
rcmd 
rexec 
rreavport 
ruaerok 
aethostent 
aetnetent 
aetprotoent 
aetservent 

Sun Rele- 1.1 

Appear, on Page 

gethostent.3n 
getnetent.3n 
getprotoent.3n 
getservent.3n 
aethostent.3n 
1etho1tent.3n 
getho1tent.3n 
getnetent.3n 
getnetent.3n 
getnetent.3n 
getprotoent.3n 
getprotoent.3n 
getprotoent.3n 
getservent.3n 
getaervent.3n 
getaervent.3n 
byteorder.3n 
byteorder .3n 
lnet.3n 
inet.3n 
inet.3n 
inet.3n 
inet.3n 
lnet.3n 
byteorder .3n 
byteorder .3n 
rcmd.3n 
rexec.3n 
rcmd.3n 
rcmd.3n 
getho1tent.3n 
getnetent.3n 
getprotoent.3n 
get1erven t.3n 

De,cription 

get network host en try 
get network entry 
get protocol en try 
get service entry 
get network host entry 
get network host entry 
get network host entry 
get network entry 
get network entry 
get network entry 
get protocol entry 
aet protocol entry 
get protocol entry 
get service entry 
1et service entry 
get service entry 
convert valuea between host and network byte order 
coavert value, between boat and network byte order 
Internet addr.esa manipulation 
Internet addreu maaipulation 
Intemet addresa manipulation 
Intemet addresa manipulation 
Intemet address manipulation 
Intemet addresa manipulation 
convert valuea between liost and network byte order 
convert values between host and network byte order 
routines for returning a stream to a remote command 
return stream to a remote command 
routinea for returning a stream to a remote command 
routines for returning a stream to a remote command 
get network host entry 
get network entry 
get protocol entry 
get service entry 

Last change: 12 January 1984 1 



BYTEORDER ( 3N) NETWORK FUNCTIONS BYTEORDER ( 3N) 

NAME 
htonl, htons, ntohl, ntohs - convert values between host and network byte order 

SYNOPSIS 
#Include <•Y•/typea.h> 
#Include <netlnet/ln.h> 

netlong = htonl(hostlong)1 
u_long netlons, hoatlons1 

net.hon-= htou(hoatahort}I 
u...ahort netahort0choatahort1 

hootlons = ntohl(netlons)1 
u_long hoatlong, netlong1 

hoatahort =- ntohs(netahort)1 
u_ehort hostahort, netahortr 

DESCRIPTION 
Theee routines convert 16 and 32 bit quanlltles between network byte order and boat byte order. 
On machines such iii the Sun th- roatines are deftned as null macros In the inelude Ile 
< rrelinel/in.h>. 

Theee routines are moat often used ill conjunction with Internet addr- and ports as returned 
by retho,lenl(3N} and 1elurvenl(3N). 

SEE ALSO 

BUGS 

2 

getbostent(3N), getservent(3N) 

The VAX handles bytes .backwards from moat everyone else In the world. This is not expected to 
be fixed in the near future. 
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GETHOSTENT ( 3N) NETWORK FUNCTIONS GETHOSTENT ( 3N) 

NAME 
gethoatent, gethostbyaddr, gethoetbyname, sethostent, endh.ostent - get network host entry 

SYNOPSIS 
*Include <netdb.h> 
atruct hoatent *gethoatentO 

atruct hoatent •sethoatbyname(name) 
ehar •name1 
atruct hoatent •sethoatbyaddr(addr, len, type) 
char *addr1 Int len, type1 

Hthoatent(atayopen) 
Int ata;yopen 

endhoatentO 

DESCRIPTION 

FIL!ilS 

Gelhoalenl, 1elho1lbgname, and 1elho1lbgaddr each return a pointer to an object with the follow
in1 1tructure containin1 the broken-out flelde of a line in the network host data base, / elc/ host,. 

struct hostent { 
char *h_name; 
char **h_aliases; 
int h_addrtype; 
int hJength; 
char *h_addr; 

}; 
The members of this structure are: 

h_name Official name of the host. 

/* official name of host • / 
/* alias list • / 
/* addreH type • / 
/* length of addre .. • / 
/* addreH */ 

h_allasee A zero terminated array of alternate names for the host. 

h_addrtype The type of address being retumed; currently always AF _lNET. 

hJen1th 

h_addr 

The length, in bytee, of the addre ... 

A pointer to the network addreH for the host. Host addressee are returned in net
work byte order. 

Gelhoalenl reads the next line of the file, opening the file if necessary. 

Selho,lenl opens and rewinds the file. If the 1lagopen Bag is non-zero, the host data base will not 
be. closed after each call to 1elho1lenl (either directly, or indirectly through one of the other 
"1ethoet" calls). 

Endho,lenl clo1e1 the file. 

Gelhoalbuname and 1elho1lbgaddr sequentially search from the beginning of the file until a match
in& host name or ho1t addre11 is found, or until EOF is encountered. Hoet addresses are supplied 
In network order. 

/etc/hosts 

SEE ALSO 
hoets(o) 

DIAGNOSTICS 
Null pointer (0) returned on EOF or error. 
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GETHOSTENT ( 3N) NETWORK FUNCTIONS GETH0STENT(3N) 

BUGS 
All information is contained in a static area so it must be copied it it is to be saved. Only the 
~ntemet·addreu format is currently understood. 
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GETNETENT ( 3N) NETWORK FUNCTIONS GETNETENT ( 3N) 

NAME 
getnetent, getnetbyaddr, getnetbyname, setnetent, endnetent - get network entry 

SYNOPSIS 
#Include <netdb.h> 

atruct netent *getnetentO 

etruct netent *getnetb;yname(name) 
char •name1 

etruet netent *getnetb;yaddr(net, t;ype) 
Ions net1 

aetnetent(atayopen) 
Int stayopen 

endnetent() 

DESCRIPTION 

FILES 

Gelnelenl, gelnel6gname, and getnel6gaddr each return a pointer to an object with the following 
structure containing the broken-out field• or a line in the network data base, / etc/ nelworka. 

etruct netent { 
char •n_name; 
char .. n_aliaseo; 
Int n_addrtype; 
long n..net; 

}; 
The members of this structure are: 

/• official name or net • / 
/* alias list•/ 
/• net number type • / 
/• net number * / 

n..name The official name or the network. 

n_aliaoeo A zero terminated list or alternate name• for the network. 

n_addrtype The type or the network number returned; currently only AF _JNET. 

n..net The network number. Network numbers are returned in machine byte order. 

Gelnelenl reads the next line of the ftle, opening the ftle if neceoeary. 

Selnelenl opens and rewinds the ftle. Ir the atayopen flag is non-zero, the net data base will not be 
cloaed after each call to getnelent (either directly, or indirectly through one of the other "getnet" 
calls). 

Endnelenl closes the ftle. 

Gelnel6gname and gelnet6yaddr aequentially search from the beginning of the ftle until a matching 
net name or net address io found, or until EOF is encountered. Network numbers are supplied in 
hoot order. 

/etc/networks 

SEE ALSO 
networks(6) 

DIAGNOSTICS 
Null pointer (0) returned on EOF or error. 

BUGS 
All information is contained in a static area so it must be copied if it is to be saved. 

Only Internet network numbers are currently understood. 
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GETPROTOENT ( 3N) NETWORK FUNCTIONS GETPROTOENT( 3N) 

NAME 
getprotoent, getprotobynumber, getprotobyname, aetprotoent, endprotoent - get protocol entry 

SYNOPSIS 
#Include <netdb,h> 
atruct protoent •getprotoentO 

atruct proto.ent *setarotobyname(name) 
char *name1 
atruct protoent *getpr_p$obynumber(proto) 
lntproto1 
eetprotoent(atayopent 
Int atayopen 

endpl'OtoentO 

DESCRIPTION 

FILES 

Gelprotoenl, getprotobtp14ffle, and gelpl'Otoi11num6el'" each return a pointer to an object with the 
following etnrcture containing the broken-out fleldll of a line in the network protocol data base, 
/ •kJprotott>r,. 

etruct protoent { 
char *J>_name; 
char **J>_aliases; 
long p.J>roto; 

}; 

The members of this structure are: 

/* of!iciat: name or protocol • / 
/* alias list • / 
/• protocol number * / 

p_name The official name of the protocol. 

p_aliaaes A zero terminated list or alternate names for the protoeol. 

p.J>roto The protocol number. 

Gelproloenl reads the next line or the file, opening the Ille if necessary. 

Selproloent opens and rewinds the file. If the stoyopen Dag ill non-zero, the net data base will not 
be closed after each call to gtlproloenl (either directly, or indirectly through one of the other 
"getproto" calls). 

Endprolo enl clooes ,he Ole. 

Gtlproto611n•m• and getprotobynumber sequentially eearch from the beginning of the Ille until a 
matching protocol name or protocol number ill round, or until EOF ill encountered. 

/etc/protocols 

SEE ALSO 
protocols(5) 

DIAGNOSTICS 

BUGS 

6 

Null pointer (0) returned on EOF or error. 

All information is contained in a static area so it must be copied if it is to be saved. Only the 
Internet protocols are currently understood. 
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GETSERVENT ( 3N) NETWORK FUNCTIONS GETSERVENT( 3N) 

NAME 
getservent, getservbyport, getservbyname, setservent, endservent - get service entry 

SYNOPSIS 
#Include <netdb,h> 
atruct aervent *getaerventO 
atruct aervent •getaervb;yname(name, proto) 
char •name, *proto1 
atruct aervent *get1ervb;yport(port, pro to) 
Int port1 char *proto1 
aetoervent(1tqopen) 
Int 1tqopen 

end1erventO 

DESCRIPTION 

FILES 

Gel1ervenl, get1ervb11nome, and getaerv611porl each return a pointer to an object with the following 
structure containing the broken-out fields or a line in the network services data base, 
/ etc/ ,ervice,. 

struct servent { 
char •s_name; 
char ••a_aliaaea; 
Ions s_port; 
char •a_proto; 

}; 

The membeni or this structure are: 

/* official name or service * / 
/* alias liat • / 
/* port service resides at * / 
/• protocol to use * / 

,_name 

a_aliaaes 

s_port 

The official name or the service. 

A zero terminated Hat or alternate names tor the service. 

The port number at which the service resides. Port numbeni are returned In network 
byte order. 

a_proto The name or the protocol to use when contacting the service. 

Get,ervenl read, the next line or the Ole, opening the Ole it neceasary. 

Sel,ervenl opens and rewinds the file. Ir the ,1011open ftag is non-zero, the net data base will not 
be closed atter each call to gel1ervenl (either directly, or indirectly through one or the other "get
serv" calls). 

End,ervenl closes the Ole. 

Get1erv611nome and gel,erv611porl sequentially search trom the beginning or the Ole until a match
ins protocol name or port number ia round, or until EOF is encountered. Ir a protocol name is 
also supplied (non-NULL), searches must also match the protocol. 

/etc/services 

SEE ALSO 
getprotoent(3N), services(5) 

DIAGNOSTICS 

BUGS 

Null pointer (0) returned on EOF or error. 

All intormation is contained in a static area so it must be copied it it is to be saved. Expecting 
port numbers to flt in a 32 bit quantity is probably naive. 
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INET(3N) NETWORK FUNCTIONS INET(3N) 

NAME 
inet_addr, inet_network, inet_makeaddr, inet_lnaot, inet__netot, inet_ntoa - Internet address 
manipulation 

SYNOPSIS 
#Include <•Y•/•oeket.h> 
#Include <netlnet/ln.h> 
#Include <arpa/lnet.h> 
atruct ln_addr 
lnet_addr( cp) 
c:hu *cp1 

Int 
lnet_network(cp) 
char *cp1 

atruct ln_addr 
lnet_makeaddr(net, ID&) 
Int- net, lna1 

Int 
lnetJnaof{ln) 
atl'uct ln_addr in, 

Int 
lnat_netof(ln) 
atruct ln_addr ln1 

cha•• 
lnet__ntoa(ln) 
atruct ln_addr ln1 

DESCRIPTION 
The routines inel_addr and inel_nelwork each interpret character otrings representing number• 
expreooed in the Internet otandard "." notation, returning numbero ouitable tor use ao Internet 
addreoseo and Internet network numbero, reopectively. The routine inel_makeoddr take• an Inter
net network number and a local network addre•• and constructs an Internet addreos from it. The 
routine• inel_nelo/ and inel_lnao/ break apart Internet hoot addreoseo, returning the network 
number and local network address part, respectively. 

The routine inel_ntu returns a pointer to a string in the baoe 256 notation "d.d.d.d" described 
below. 

All Internet address are returned in network order (bytes ordered from left to right). All network 
numbers and local address parts are returned ao machine format integer valueo. 

INTERNET ADDRESSES 

8 

Values specifted using the"." notation take one ot the following tormo: 
a.b.c.d 
a.b.c 
a.b 
a 

When tour parts are specifted, each io interpreted ao a byte ot data and aosigned, from left to 
right, to the tour bytes or an Internet addreso. Note that when an Internet address is viewed ao a 
32-bit integer quantity on the VAX the byte• referred to above appear ao "d.c.b.a". That is, 
VAX bytes are ordered from right to left. 

When a three part address is specifted, the last part is interpreted ao a 16-bit quantity and placed 
in the right most two bytes or the network address. This makes the three part address format 
convenient tor specifying Class B network addres,eo ao "128.net.host". 

Laot change: 29 August 1983 Sun Releaoe 1.1 
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INET(3N) NETWORK FUNCTIONS INET(3N) 

When a two part addreso is supplied, the last part is interpreted as a 24-bit quantity and placed 
in the right most three bytes or the network addre... This makes the two part address format 
convenient for specifying Class A network addre8Ses as "net.host". 

When only one part is given, tbe value is otored directly in the network address without any byte 
rearrangement. 

All numbers supplied as "parts" in a 11
." notation may be decimal, octal, or hexadecimal, as 

opecilled in tbe C language (i.e. a leading Ox or OX implies hexadecimal; otherwise, a leading 0 
implies octal; otherwise, the number io interpreted as decimal). 

SEE ALSO 
gethootent(SN), getnetent(SN), hosts(5), networks(5), 

DIAGNOSTICS 

BUGS 

Tbe value -1 io returned by inet_addr and inet_network ror malformed requests. 

Tbe problem of boot byte ordering versus network byte ordering is confusing. A simple way to 
specify Clas, C network addre8Ses in a manner similar to that ror Class B and Class A is needed. 

Tbe retum value from inet_ntoa points to static information wblcb is overwritten in each call. 

Sun Release 1.1 Last change: 29 August 1983 9 



RCMD(3N) NETWORK FUNCTIONS RCMD(3N) 

NAME 
rcmd, rresvport, ruserok - routines for returning a stream to a remote command 

SYNOPSIS 
rem = rcmd(ahoat, lnport, locuser, remuaer, cmd, fd:tp)1 
char ••ahoat1 
u_ahort lnportJ 
char *locu1er, •remuaer, •cmd1 
Int •td:tpJ 

• - rr•vport(port)1 
Int •port1 

ruaerok(rhoat, auperuaer, ruaer, luaer)1 
char •rhoat1 
Int auperu1er1 
char •ruaer, *luaer, 

DESCRIPTION 
Rcmd is a routine used by the super-user to execute a command on a remote machine using an 
authentication scheme baaed on reserved port numbers. Rre,vporl is a routine which returns a 
descriptor to a socket with an address in the privileged port apace. Ruaerol: is a routine used by 
servers to authenticate clients requesting service with rcmd. All t.hree functions are present in the 
same file and are used by the r,hd(SC) server (among others). 

Rcmd looks up the host •aho,I using gelho,tbvname(3N), returning -1 ir the host does not exist. 
Otherwise • aho,t is set to the standard name or the host and a connection is established to a 
server residing at the well-known Internet port inporl. 

Ir the call succeeds, a socket or type SOCK_STREAM is returned to the caller, and given to the 
remote command ao atdln and 1tdout. Ir /dtp is non-zero, then an auxiliary channel to a control 
process will be set up, and a descriptor for it will be placed i11 •Jd.ep. The control process will 
return diagnostic output from the command (unit 2) on this channel, and will also accept bytes on 
this channel ao being UNIX oignal numbers, to be forwarded to the process group or the com
mand. Ir /dtp i• 0, then the atderr (unit 2 or the remote command) will be made the same as the 
atdout and no provision i• made for •ending arbitrary oignals to the remote process, although you 
may be able to get it• attention by using out-of-band data. 

The protocol is deocribed in detail in r,hd(SC). 

The rresvpori routine i• used to obtain a socket with a privileged address bound to it. This 
oocket is suitable for use by rcmd and several other routines. Privileged addresses consist or a 
port in the range O to 1023. Only the super-user is allowed to bind an address or this sort to a 
oocket. 

Ruserok takes a remote host'• name, ao returned by a gethoslen1(3N) routine, two user name• and 
a Dag indicating if the local uoer'• name is the super-user. It then checb the Dleo /elc/hosls.eguiv 
and, possibly, .rho,11 in the current working directory (normally the local user'• home directory) 
to see if the request for service is allowed. A 1 is returned if the machine name is listed In the 
"hosts.equiv" file, or the host and remote user name are found in the ".rhosts" tile; otherwise 
ru,erol: return• 0. Ir the ,uperu,er Dag i• 1, the checking of the "boot.equiv" file i• bypaooed. 

SEE ALSO 
rlogin(lC), rsb(IC), rexec(3N), rexecd(SC), rlogind(SC), rsbd(SC) 

BUGS 
There is no way to specify options to the socket call which rcmd makes. 
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REXEC(3N) NETWORK FUNCTIONS REXEC(3N) 

NAME 
rexec - return stream to a remote command 

SYNOPSIS 
rem ... rexec(ahoat, lnport, user, pu1wd, cmd, fd:Zp); 
char **abo1t1 
u_ahort lnport; 
char *uHr, •pu1wd, •cmd; 
lni *fdlp; 

DESCRIPTION 
Rezec looks up the host *aho•I uoing gelho,lbvnome(3N), returning -1 if the host doe• not exist. 
Otherwioe • ahotl is set to the standard name of the host. Ir a username and password are both 
epecilled, then these are uoed to authenticate to the foreign host; otherwise the environment and 
then the uoer'• .nelrc Ille in his home directory are oearched for appropriate information. Ir all 
this rail•, the user i• prompted for the information. 

The port inporl specilleo which well-known DARPA Internet port to use for the connection; it will 
normally be the value returned from the call "getservbyname("exec", "tcp")" (see 
gelaervenl(3N)). The protocol for connection io deocribed in detail in rezecd(SC). 

Ir the call succeed•, a socket or type SOCK_STREAM is returned to the caller, and given to the 
remote command as 1tdln and 1tdout. Ir Jd£p is non-zero, then a auxiliary channel to a control 
proce11 will be oetup, and a deecriptor for it will be placed in *Jdep. The control proce•• will 
return diagnostic output from the command (unit 2) on thio channel, and will aloo accept byte• on 
this channel as being UNIX signal numbero, to be forwarded to the proceso group or the com
mand. Ir /dip is O, then the 1tderr (unit 2 or the remote command) will be made the eame u the 
1tdoui and no provision is made for eending arbitrary signals to the remote proceae, although you 
may be able to get its attention by uoing out-of-band data. 

SEE ALSO 
rcmd(3N), rexecd(SC) 

BUGS 
There is no way to specify option• to the ,ocl;el call which rezec makeo. 
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INTR0(3S) STANDARD 1/0 LIBRARY INTRO (3S) 

NAME 
stdio - standard buffered input/output package 

SYNOPSIS 
#Include <•tdlo,h> 
FILE *atdln1 
FILE *etdout1 
FILE *atderr1 

DESCRIPTION 
The functions described in section 3$ constitute a user-level buffering scheme. The in-line macros 
gelc and pulc(3S) handle characters quickly. The higher level routines get•, /gel•, ,can/, f•canf, 
/read, pule, fpul•, print/, /print/, /write all use gelc and pule; they can be freely intermixed. 

A Ole with associated buffering is called a •lream, and is declared to be a pointer to a defined type 
FILE. A /open(3$) creates certain descriptive data for a stream and returns a pointer to desig
nate the stream in all further transactions. There are three normally open streams with constant 
pointers declared in the include Ole and associated with the standard open files: 

atdln standard input Ole 
atdout standard output Ole 
atderr standard error Ole 

A constant 'pointer' NULL (0) designates no stream at all. 

An Integer constant EOF (-1) is returned upon end of Ole or error by integer functions that deal 
with streams. 

Any routine that uses the standard input/output package must include the header Ole <•tdio.h> 
of pertinent macro definitions. The functions and constants mentioned in sections labeled 3S are 
declared in the include Ole and need no further declaration. The constants, and the following 
'functions' are implemented as macros; redeclaration of these names is perilous: getc, getchar, 
pule, pulchar, f•of, /error, /Ueno, clrerr. 

SEE ALSO 
open(2), close(2), read(2), write(2), fread(3S), fseek(3S) 

DIAGNOSTICS 

BUGS 

The value EOF is returned uniformly to indicate that a FILE pointer has not been initialized 
with /open, input (output) has been attempted on an output (input) stream, or a FILE pointer 
designates corrupt or otherwise unintelligible FILE data. 

For purposes of efficiency, this implementation of the standard library has been changed to line 
buffer output to a terminal by default and attempts to do this transparently by Bushing the out
put whenever a read(2) from the standard input is necessary. This is almost always transparent, 
but may cause confusion or malfunctioning of programs which use standard i/o routines but use 
read(2) themselves to read from the standard input. 

In cases where a large amount of computation is done after printing part of a line on an output 
terminal, it is necessary to jfluah (see /clo•e(3S)) the standard output before going off and comput,. 
ing so that the output will appear. 

The standard buffered· functions do not interact well with certain other library and system func
tions, especially vfork and abort. 

LIST OF FUNCTIONS 
Name Appear, on Page Description 

clearerr 
fclose 
fdopen 

Sun Release 1.1 

ferror.3s 
fclose.3s 
fopen.3s 

stream status inquiries 
close or Dush a stream 
open a stream 
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INTR0(3S) STANDARD 1/0 LIBRARY INTR0(3S) 

feor ferror.3s stream status inquiries 

0 terror ferror.3s stream status inquiries 
fflush fclose.3s close or flush a stream 
fgetc getc.38 get character or integer from stream 
(gets gets.3s get a string from a stream 
fileno ferror.3s stream status inquiries 
Copen fopen.38 open a stream 
fprintf printf.3s formatted output conversion 
fputc putc.38 put character or word on a stream 
fputs puts.3s put a string on a stream 
fread fread.3s buffered binary input/output 
£reopen fopen.38 open a stream 
rscanf scanf.3s formatted input conversion 
fseek fseek.3s repooition a stream 
ftell fseek.3s repooition a •tream 
fwrite fread.3s buffered binary input/output 
getc getc.38 get character or integer from stream 
getchar getc.38 get character or integer from stream 
gets gets.as get a string from a stream 
getw getc.38 get character or integer from stream 
pclose popen.38 initiate 1/0 to/from a process 
popen popen.38 initiate 1/0 to/from a process 
printf printf.3s formatted output conversion 
putc putc.38 put character or word on a stream 
putchar putc.38 put character or word on a stream 
puts puts.as put a string on a stream 
putw putc.38 put character or word on a stream 
rewind rseek.3s repooition a stream 0 scanr scant.as formatted input conversion 
setbuf setbuf.3s assign buffering to a stream 
setbuffer setbut.as assign buffering to a stream 
setlinebur setbut.as assign buffering to a •tream 
sprintr printr.as formatted output conversion 
sscanr scant.as formatted input conversion 
stdio intro.as standard buffered input/output package 
ungetc ungetc.3s push character back into input stream 

0 
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FCLOSE(3S) STANDARD I/0 LIBRARY FCLOSE(3S) 

NAME 
fclose, mush - close or flush a stream 

SYNOPSIS 
,¥Include <stdio.Ii> 

fcloae(stream) 
Fll.E •1tream1 

ffluah(etream) 
Fll.E •1tream1 

DESCRIPTION 
Fclose cauoes any bullero for the named Blream to be emptied, and the file to be closed. Bullers 
allocated by the standard input/output system are freed. 

Fclo,e is performed automatically upon calling eri1(3). 

Fjlush cauoes any bulrered data for the named output stream to be written to that file. The 
stream remains open. 

SEE ALSO 
close(2), fopen(3S), setbuC(3S) 

DIAGNOSTICS 
Theoe routines return EOF if stream is not associated with an output file, or if buffered data can
not be transferred to that Ille. 

Sun Releas~ 1.1 Last change: 19 January 1983 3 



FERROR(3S) STANDARD I/0 LIBRARY 

NAME 
terror, feof, clearerr, fileoo - stream status inquiries 

SYNOPSIS 
#Include <1tdlo.h> 
feof(atream) 
FILE •stream1 

ferror(atream) 
FILE •1tream 
clearerr(1tream) 
FILE •atream 

flleno(atream) 
FILE •1tream1 

DESCRIPTION 

FERROR(3S) 

Feo/returos non-zero when end of file is read on the named input alream, otherwise zero. 

Ferror returns non-zero when an error has occurred reading or writing the named ,lream, other
wise zero. Unless cleared by clearerr, the error indication lasts until the stream is closed. 

Clrerr resets the error indication on the named ,tream. 

Fileno returns the integer file descriptor associated with the dream, see open(2). 

These functions are implemented as macros; they cannot be redeclared. 

SEE ALSO 
fopen(3S), open(2) 
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FOPEN(3S) STANDARD 1/0 LIBRARY FOPEN(3S) 

NAME 
fopen, freopen, fdopen - open a stream 

SYNOPSIS 
*Include <atdlo,h> 
FILE *fopen(fllename, type) 
char *filename, •type1 

FILE *freopen(fllename, type, atream) 
char *filename, •type1 
FILE •atream1 
FILE "fdopen(flld•, type) 
char •tyP91 

DESCRIPTION 
Fopen opens the Ille named by filename and associates a stream with it. Fopen returns a pointer 
to be used to identify the stream in subsequent operations. 

T11pe ia a chariu,ter string having one of the following values: 

•r• open for reading 

•w• create for writing 

•a• append: open for writing at end or Ille, or create for writing 

In addition, eiu,h l11pe may be followed by a '+' to have the Ille opened for reading and writing. 
•r+ • positions the stream at the beginning of the Ille, •w+ • creates or truncates it, and "a+• 
positions it at the end. Both reads and writes may be used on read/write streams, with the limi
tation that an /,eek, rewind, or reading an end-of-Ille must be used between a read and a write or 
vice-versa. 

Freopen substitutes the named file in pliu,e or the open alream. It returns the original value or 
alream. The original stream ia closed. 

Freopen is typically used to attiu,h the preopened constant names, atdln, atdout, atderr, to 
specified Illes. 

Fdopen associates a stream with a file descriptor obtained from open, ,lup, creal, or pipe(2). The 
l11pe of the stream must agree with the mode of the open file. 

SEE ALSO 
open(2), fclose(3S) 

DIAGNOSTICS 
Fop en and /reopen return the pointer NULL if filename cannot be iu,cessed. 

BUGS 
Fdopen le not portable to systems other than UNIX. 

The read/write l11pe1 do not exiat on all systems. Those systems without read/write modes will 
probably treat tbe l11pe as if the'+' was not present. These are unreliable in any event. 

Sun Release 1.1 Last change: 9 June 1981 5 



FREAD(3S) STANDARD I/0 LIBRARY FREAD(3S) 

NAME 
(read, (write - buffered binary input/output 

SYNOPSIS 
#Include <1tdlo.h> 

fread(ptr, elzeot(•ptr), nltema, etream) 
FILE *atream; 

fwrlte(ptr, 1l1eot(*ptr ), nltema, atream) 
FILE *atream; 

DESCRIPTION 
Fread reads, into a block beginning at plr, nilem• of data of the type of *plr from the named 
input ,tream. It returns the number of items actually read. 

If llream ii atdln and the standard output is line buffered, then any partial output line will be 
Bushed before any call to read(2) to satisfy the /read. 

Fwrile appends at most nilem, of data of the type of *plr beginning at plr to the named output 
,1ream. It returns the number of items actually written. 

SEE ALSO 
read(2), write(2), fopen(3S), getc(3S), putc(3S), get1(3S), put1(3S), printf(3S), ecanf(3S) 

DIAGNOSTICS 
Fread and /wrile return O upon end ot Ole or error. 
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FSEEK(3S) STANDARD 1/0 LIBRARY 

NAME 
fseek, ftell, rewind - reposition a stream 

SYNOPSIS 
#Include <•tdlo,h> 
faeek(atream, off1et, ptrname) 
FILE *atream1 
long offaet1 

long ftell(atream) 
FILE *etream1 

rewlnd(atream) 

DESCRIPTION 

FSEEK( 3S) 

Fseek sets the position of the next input or output operation on the stream. The new position is 
at the signed distance offsel bytes from the beginning, the current position, or the end or the file, 
according as ptrname has the value O, 1, or 2. 

Fseek undoes any effects or unoetc(3S). 

Fte/1 returns the current value of the offset relative to the beginning of the file associated with the 
named stream. It is measured in bytes on UNIX; on some other systems it is a magic cookie, and 
the only foolproof way to obtain an offset for /seek. 

Rewind(,tream) is equivalent to fseek(,tream, OL, 0). 

SEE ALSO 
lseek(2), fopen(3S) 

DIAGNOSTICS 
F,eel, returns -1 for Improper seeks. 
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GETC(3S) STANDARD 1/0 LIBRARY 

NAME 
getc, getchar, fgetc, getw - get character o~ integer from·stream 

SYNOPSIS 
§Include <atdlo.h> 
Int. gete(atream) 
FILE •1tream1 

Int. getehar() 
Int. tgetc(atream} 
FU..E •1tream1 
Int getw(iitream) 
FILE*1tream1 

DESCRIPTION 
Gelc-retttrna the next character from tile named input ,1ree1m;-

Getchor() is identical to 1<1c(,rtlin)-

GETC(3S) 

F1elc behaves like 1elc, but is a genuine function, not a..macro; it may· be used to save obfect 
text. 

Gelw returns the next C Int (word)cfrom. tile named input ,lreom. It returns the conatant-EQF 
upon end-of Ille or error, but since tliat ilt a good integer value, /eo[and./errorf3S) should tie-aftd 
to check the success or 1etw. Gelaraaaumea no special _alipment iii the Ille. 

SEE.ALSO 
fopen(3S-), putc(3S), gela(3S), acanf{3S); heacl(3S), ungetc(3S} 

DIAGNOSTICS 
These.functions return the integer constant.EOF at end of Ille or upon read euor. 

0 

A atop with meaaage, 'Reading bad Ille', means an attempt haa been made to read from a stream o 
that haa not been opened for reading by /-,,en. 

BUGS 

8 

The end-of-ft[e return from ,.ichor is incompatible with that in UNIX editions 1-6. 

Because it is implemented aa a macro, pie treats a ,lreom argument with aide effects incorrect)J. 
In particular, 'getc(*r+ + );' doesn't-work sensibly. 

Data Illes written and read with pt>tw and 1dw are not portable; the size or aa Int. and the order 
in which.data hr.tea are stored within an Int. varies between machines. 
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GETS(3S) STANDARD 1/0 LIBRARY 

NAME 
gets, fgeta - get a string from a stream 

SYNOPSIS 
#Include <stdlo,h> 

char •gets(•) 
char ••1 
char •tgeta(•, n, atream) 
char ••1 
FILE •1tream1 

DESCRIPTION 

GETS(3S) 

Gets reads a string into , from the standard input stream stdln. The string is terminated by a 
newline character, which is replaced in a by a null character. Gel• returns its argument. 

Fgel• reads n-1 characters, or up to a newline character, whichever comes first, from the stream 
into the string ,. The last character read into • is followed by a null character. Fget, returns its 
first argument. 

SEE ALSO 
puts(3S), getc(3S), scanf(3S), fread(3S), ferror(3S) 

DIAGNOSTICS 
Gola and fgeta return the constant pointer NULL upon end of file or error. 

BUGS 
Get, deletes a newline, /get, keeps it, all in the name of backward compatibility. 

Sun Release 1.1 La,t change: 19 January 1983 9 



POPEN(3S) STANDARD 1/0 LIBRARY POPEN(3S) 

NAME 
popen, pclOBe - initiate 1/0 to/Crom a process 

SYNOPSIS 
#Include <1tdlo,h> 

FILE •popen(command, type} 
char •command, •typef 

pcloae(atream) 
F1LE•nnam1 

DESORIPTION 
The arguments to popen are pointen to null-tenninated atriap containing respectively a shell 
command line and an 1/0 mode, eithet "r" for reading or •w• ror writing. It create• a pipe 
between the calling process and the command to be executed. The value returned iii a stream 
pointer that can be used (as- appropriate) to write to- the standard input of the command or read 
from ita 1tandard output. 

A stream opened by pop en should be closed by ~Ion; which- waits for the ...-soclated process to 
terminate and returns the exit status-of the command. 

Because open Blea are shared, a type "r" commanamay be used' to Biter altlia, and a type ~w• to 
ftlter- alliauL · 

SEEM.SO" 
pipe(2), fopen(3S), Mose(3S), system(3), wait(2), sh(l) 

DIAGNOSTIOS 

BUGS 

10 

Papen returns a nnll pointer if files or processes csnnot· be created, or the shell cannot be 
accessed. 

Pcla,e retams -1 if air.am is not associated with a 'poJ!.ened' command. 

Buffered reading befor4' opening an input Biter ma)' leave the standard input of that Biter misposi
tioned. Similar problems with an output Biter may be forestalled by careful buffer Bushing, for 
instance, with Jjlulh, see /cla,e(3S). 

Papen always calls ah, never calls. cilt-. 
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PRINTF(3S) STANDARD 1/0 LIBRARY PRINTF(3S) 

NAME 
printt, fprintt, sprintt - formatted output conversion 

SYNOPSIS 
#Include <•tdlo.h> 
prlntf(format I, arg ) ... ) 
cball' •format, 

fprlntf(stream, format (, arg ] ... ) 
FILE •etHam1 
char •rormat1 

aprlntf(s, format (, arg ) ... ) 
char •a, format, 

#Include <varargs.h> 
_doprnt(format, arp, etream) 
chal' •rormat1 
va_lillt •arss1 
FILE $etream1 

DESCRIPTION 
Prinl/ places output on the standard output stream atdout. Fprinl/ places output on the named 
output stream. Sprint/ places 'output' in the string e, followed by the character '\O'. All or these 
routines work by calling the implementation-dependent routine _doprnl, using the variable-length 
argument facilities of varargs(3). 

Each of these functions convert•, formats, and prints its arguments after the first under control or 
the Drat argument. The first argument is a character string which contains two types or objects: 
plain characters, which are simply copied to the output stream, and conversion specifications, 
each or which causes conversion and printing or the next successive arg 

Each conversion speciftcation is introduced by the character %. Following the %, there may be 

• an optional 'minus sign '-' which specifies le/I adju,tmenl ot the converted value in the 
indicated Oeld; 

• an optional digit string specifying a field width; it the converted value bas fewer charac
ters than the field width it will be blank-padded on the Jett (or right, it the Jett
adjustment indicator has been given) to make up the field width; it the field width begins 
with a zero, zero-padding will be done instead or blank-padding; 

• an optional period '.' which serves to separate the field width from the next digit string; 

" an optional digit string specifying a preci,ion which specifies the number or digits to 
appear alter the decimal point, tor e- and (-conversion, or the maximum number or char
acters to be printed from a string; 

• an optional '#' character specifying that the value should be converted to an "alternate 
form". For c, d, a, and u, conversions, this option has no effect. For o conversions, the 
precision of the number is increased to force the first character or the output string to a 
zero. For x(X) conversion, a non-zero result has the string Ox(OX) prepended to it. For 
e, E, f, g, and G, conversions, the result will always contain a decimal point, even if no 
digits follow the point (normally, a decimal point only appears in the results of those 
conversions it .JI digit follows the decimal point). For g and G conversions, trailing zeros 
are not removed from the result as they would otherwise be. 

• the character I specifying that a following d, o, x, or u corresponds to a long integer arg. 

• . a character which indicates the type or conversion to be applied. 
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PRINTF(3S) STANDARD I/0 LIBRARY PRINTF(3S) 

A field width or precision may be '*' instead of a digit string. In this case an integer org snpplies 
the field width or precision. 

The conversion characters and their meanings are 

dox The integer org is converted to decimal, octal; or hexadecimal notation respectively. 

t The float or double arg is converted to decimal notation in the style '(-(ddd.ddd' where 
the number of d's after the decimal point is equal to the precision specification for the 
argument. It the precision. is millsing, 6 digits are given; if the precision ill explicitly 0, no 
digits and no decimal point are printed. 

e The float or double org ill converted in the style '(-(d.ddde± dd' where there is one digit 
before the decimal point and the number after is equal to the precision specification for 
the argument; when the precision i1J missing, 6 digits are produced. 

g The float or double 11rg is printed in style d, in style r, or in style e, whichever gives full 
precision in miniinum space. 

The %e, %f, and %g formats prfnt IEEE indeterminate values (fnftnity or not-a-number) as 
uln.flnity 0 or "Nan" respeetively. 

c The character arg ill printed: 

• Arg ill taken to be a string (character-pointer) and characters from the string are printed 
until a null character or until the number of characters indicated by the precision 
speciftcation is reached; however if the precision Is O or missing all characters up to a null 
are printed. 

u The unsigned Integer org is converted to decimal and printed (the result will be in the 
range O through MAXUINT, where MAXUINT equals 4294967295 on a VAX-11 or Sun 
and 65535 OD a PDP-11). 

0 

% Print a '%'; no argumen~ is converted. 

In no case does a non-exilltent or small fteld width cause truncation of a fteld; padding takes place 0 
only if the specified field width exceeds the actual width. Characters generated by print/ are 
printed by pulc(3S). 

Examplea 
To print a date and time in the form 'Sunday, July 3, 10:02', where weel:da11 and month are 
pointers to null-terminated strings:. 

printf("%s, %s %d, %02d:%02d", weekday, month, day, hour, min); 

To print "w Ii decimals: 

printf("pi = %.5r", 4*atanfl..O)); 

SEE ALSO 
patc(3S), scanf(3S). ecvt(3) 

BUGS 
Very wide ftelds (> 128 characters}lail. 

The values "lnfloity" and "Nan" cannot be read by scan.1(3S). 
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PUTC(3S) STANDARD 1/0 LIBRARY PUTC(3S) 

NAME 
putc, putchar, fputc, putw - put character or word on a stream 

SYNOPSIS 
#Include <1tdlo,h> 
Int pute(c, 1tream) 
char c1 
FILE •1tream1 
putchar(c) 
fputc(c, 1tre11m) 
FILE •1tream1 
putw(w, 1tream) 
FILE •1tream1 

DESCRIPTION 
Pule appends the character e to the named output Blream. It returns the character written. 

Pulchar(e) is deOned aa pule(e, 1tdout). 
Fpule behaves like pule, but is a genuine function rather than a macro. 

Pulw appends C Int (word) w to the output stream. It returns the integer written. Putw neither 
assumes nor causes special alignment in the Ole. 

SEE.ALSO 
fopen(3S), fcloae(3S), getc(3S), puts(3S), printf(3S), fread(3S) 

DIAGNOSTICS 

BUGS 

These functions return the constant EOF upon error. Since this is a good integer, /error(3S) 
should be used to detect pulw errors. 

Because it is implemented aa a macro, pule treats a alream argument with aide effects improperly. 
In particular "putc(c, •r+ + )" doesn't work sensibly. 

Enon can occur long after the call to pule. 

Data Olea written and read with pulw and gelw are not portable; the size or an Int and the order 
in which data bytes are stored within an Int varies between machines. 
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PUTS(3S) STANDARD 1/0 LIBRARY 

NAME 
puts, fputs - put a string on a stream 

SYNOPSIS 
#Include <etdlo,h> 
put1(•) 
cha• *•1 

fputa(a, atPeam) 
cha• *•1 
FILE *•t•eam1 

DESCRIPTION 

PUTS(3S) 

Pul, copies the null-terminated string , to the standard output stream atdout and appends a 
newline character. 

Fpul, copies the null-terminated string , to the named output dream. 
Neither routine copies the terminal null character. 

SEE ALSO 

BUGS 

14 

topen(3S), gets(3S), putc(3S), printf(3S), fenor(3S) 
fread(3S) for /write 

Pul, appends a newline, /pul, does not, all in the name of backward compatibility. 

Last change: 19 January 1983 Sun Release 1.1 

0 

0 

0 



0 

0 

0 

SCANF(3S) STANDARD 1/0 LIBRARY SCANF(3S) 

NAME 
scant, fscanf, 11canf - formatted input conversion 

SYNOPSIS 
#Include <•tdlo.h> 
acanf(tormat [ , pointer I • . . ) 
char *format1 
facant(atream, format [ , pointer J . . . ) 
FILE •atream1 
char *format1 

aacant(1, format [ , pointer I ... ) 
char •1, *format1 

DESCRIPTION 
Scan/ reads from the standard input stream 1tdln. Fscanf reads from the named input stream. 
Sscanf reads from the character string •· Each function reads character•, interpret. them accord
ing to a format, and stores the reeulto in its argument.. Each expect• ao arguments a control 
string formal, described below, and a aet of pointer argument. indicating where the converted in
put should be stored. 

The control string usually contains conversion specifications, which are used to direct interpreta
tion or input aequencea. The control string may contain: 

1. Blanks, taba or newlines, which match optional white apace in the input. 

2. An ordinary character (not%) which muat match the next character of the input atream. 

3. Conversion apecillcationa, conaiating of the character %, an optional aoaignment auppreasing 
character•, an optional numerical maximum field width, and a conversion character. 

A conversion specification directs the conversion or the next input field; the result ia placed in the 
variable pointed to by the corresponding argument, unleaa aoaignment auppreaaion wao indicated 
by •. An input field is defined ao a string of non-space characters; it extends to the next inap
propriate character or until the field width, if specified, ia exbauoted. 

The conversion character indicate• the interpretation or the input field; the corresponding pointer 
argument muat uoually be or a reotricted type. The following conversion characters are legal: 

% a oingle '%' is expected in the input at thia point; no assignment is done. 

d a decimal integer ia expected; the corresponding argument ohould be an integer pointer. 

0 

X 

• 

C 

e 
f 

an octal integer le expected; the corresponding argument should be a integer pointer. 

a hexadecimal integer io expected; the correoponding argument ohould be an integer pointer. 

a character otring le expected; the corresponding argument should be a character pointer 
pointing to an array or characters large enough to accept the string and a terminating '\O', 
which will be added. The input field is terminated by, a space character or a newline. 

a character io expected; the corresponding argument should be a character pointer. The nor
mal akip over apace characters ia ouppressed in thio caoe; to read the next non-space charac
ter, try '%lo'. If a field width is given, the corresponding argument should refer to a charac
ter array, and the indicated number or characters ia read. 

a floating point number ia expected; the next field is converted accordingly and stored 
through the corresponding argument, which should be a pointer to a jwat. The input format 
for floating point numbers ia an optionally signed string or digits possibly containing a de
cimal point, followed by an optional exponent field consisting or an E or e followed by an op
tionally signed integer. 

indicates a string not to be delimited by space cliaracters. The left bracket is followed by a 
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SCANF(3S) STANDARD I/0 LIBRARY SCANF(3S) 

set or characten and a right bracket; the characten between the brackets dellne a set or 
characters making up the string. Ir the lint character is not circumllex ( • ), the input lleld is o 
all characten until the llrst character not in the set between the brackets; if the llrst charac-
ter after the left bracket is ·, the input lleld is all characten until the lint character which is 
in the remaining set or characten between the brackets. The eorrespondlng argument must 
point to a character array. 

The conversion characters d, o and x may be capitalized or preceded by I to indicate that a 
pointer to Jong rather than to Int is in the argument list. Similarly, the conversion characters e 
or r may be capitalized or preceded by I to indicate a pointer to double rather than to float. 
The conversion characters d, o and x may be preceded by h to indicate a pointer to ahort rather 
than to Int. 
The scan/ functions return the number or suecesafully matched and assigned input items. This 
can be used to decide bow many input items were ro1111d. The constant EOF is returned upon 
end or input; note that this is different from 0, whfch means that no conversion was done; if 
conversion was intended, it was frustrated by an inappropriate character in the input. 

For example, tlie call 

int i; float x;-char name(50J; 
scanft"%d%t%s", .Iii, .!ix, name); 

with the inp11t- line 

26 54.32E-l thompson 

will aaaign to i the valne 25, s the value f>.432, and name will contain 'lhomp,on\O'. Or, 

int i; float x; char name(60J; 
scanr("%2d%r%*d%(1234667800[", .Iii, .!ix, name); 

with input 

66780 0123 66a72 

will aseign 66 to i, 780.0 to s, skip '0123', and place the strln1 '60\0' In name. The next call to 
get char will return 'a'. 

SEE ALSO 
atof(3), getc(3S), printr(3S) 

DIAGNOSTICS 

BUGS 

16 

The scan/ functions return EOF on end or Input, and a short count for missing or Illegal data 
items. 

The success or literal matches and suppre88ed assignments la not directly determinable. 

Scan/ cannot read the strings which prinl/(3S) generates for IEEE indeterminate floating point 
values. 

Scan/provides no way to convert a number in any arbitrary base (decimal, bex or octal) based on 
the traditional C conventions (leading O or Ox). 
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SETBUF(3S) STANDARD 1/0 LIBRARY SETBUF(3S) 

NAME 
oetbut, oetbuffer, oetlinebut - asoign buffering to a otream 

SYNOPSIS 
#Include <stdlo.h> 
aetbuf( stream, buf) 
FILE •atream1 
char *buf1 
eetbuffer(stream, but, slae) 
FILE •atream1 
char *buf1 
Int alae1 
eetllnebuf(atream) 
FILE •stream1 

DESCRIPTION 
The three types of buffering available are unbuffered, block buffered, and line buffered. When an 
output stream io unbuffered, information appear• on the destination file or terminal as soon as 
written; when it is block buffered many characters are oaved up and written "" a block; when it is 
line buffered characters are oaved up until a newline i• encountered or input i• read Crom otdin. 
Fjlush (see /c/oae(3S)) may be used to force the block out early. Normally all flies are block 
buffered. A buffer ia obtained Crom ma/loc(3) upon the first gelc or putc(3S) on the Ille. Ir the 
standard stream atdout refen to a terminal it lo line buffered. Ir the standard stream 1tderr 
refers to a terminal it ia line buffered. 

Setbuf ia used after a stream hM been opened but before it ia read or written. The character ar
ray bu/ ia used instead of an automatically allocated buffer. Ir bu/ i• the constant pointer NULL, 
input/output will be completely unbuffered. A manifest constant BUFSIZ tells how big an array 
is needed: 

char buCIBUFSIZ]; 

Selbuf!er, an alternate form or aetbuf, is used after a stream has been opened but before it is read 
or written. The character array bu/ whose size is determined by the size argument is used instead 
of an automatically allocated buffer. Ir bu/ is the constant pointer NULL, input/output will be 
completely unbuffered. 

Sellinebuf ia used to change atdoul or ,tderr (only) Crom block buffered or unbuffered to line 
buffered. Unlike utbuf and aetbuf!er it can be used at any time that the file descriptor is active. 

A file can be changed Crom unbuffered or line buffered to block buffered by using /reopen (see 
/open(3S)). A file can be changed Crom block buffered or line buffered to unbuffered by using /reo
pen followed by 1elbu/with a buffer argument or NULL. 

SEE ALSO 
fopen(3S), getc(3S), putc(3S), malloc(3), Cclose(3S), puts(3S), printf(3S), Cread(3S) 
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UNGETC(3S) STANDARD 1/0 LIBRARY 

NAME 
ungetc - push character back into input stream 

SYNOPSIS 
#Include <1tdto.h> 

ungetc:(c, 1tream) 
FILE •.tl'eam1 

DESCRIPTION 

UNGETC(3S) 

Ung<lc pushes the character c back on an input stream. That character will he returned by the 
next gelc call on that stream. Ungelc returns c. 

One character of pushback is guaranteed provided something has been read from the stream and 
the stream ia actually buffered. Attempta to push EOF are rejected. 

An /,ee.tf3S-) erases all memory or pushed back characters. 

SEE ALSO 
getc(3S), sethat(3S), fseek(SS-) 

DIAGNOSTIC& 
Ungetc returns EOF it It can't push a character back. 
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INTR0(3X) MISCELLANEOUS FUNCTIONS INTR0(3X) 

NAME 
intro - introduction to other libraries 

DESCRIPTION 

FILES 

Thill section contains manual pages describing other libraries, which are available only Crom C. 
The list below includes libraries which provide device independent plotting functions, terminal 
independent screen management routines for two dimensional non-bitmap display terminals, and 
functions for managing data bases with inverted indexes. All functions are located in separate 
libraries indicated in each manual entry. 

/usr/lib/libcuraes.a 
/usr /lib/libdbm.a 
/usr /lib/libmp.a 
/usr/lib/libplot.a 
/usr/lib/lib300.a 
/usr/lib/lib300s.a 
/usr/lib/lib450.a 
/usr /lib/lib4014.a 
/usr /lib/libtermcap.a 
/usr/lib/libtermcap_p.a 
/usr/lib/libtermlib.a · 
/usr/lib/libtermlib_p.a 

screen management routines (see cursea(3x)) 
data base management routines (see dbm(3x)) 
multiple preci•ion math library (see mp(3x)) 
plot routines (•ee plot(3x)) 
• 
• 
• 
• 

terminal handling routines (see lermcap(3x)) 
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NAME 
curses - screen functions with "optimal" cursor motion 

SYNOPSIS 
cc I flags J Oles -lcurae• -!termcap I libraries J 

DESCRIPTION 
These routines give the user a method of updating screens with reasonable optimization. They 
keep an image or the current screen, and the user sets up an image of a new one. Then the 
refresh(} tells the routines to make the current screen look like the new one. In order to initialize 
the routines, the routine inilacr{) must be called before any or the other routines that deal with 
windows and screens are used. The routine endwin(} should be called before exiting. 

SEE ALSO 
ioctl(2), getenvf3), tty(4), termcap(5) 

FUNCTIONS 
addch(ch) 
addstr(str) 
box(win,vert,hor) 
crmode() 
clear() 
clearok(scr,boolr) 
clrtobot() 
clrtoeol() 
delch() 
deleteln() 
delwin(win) 
echo() 
endwin() 
erase() 
getch() 
getcap(name) 
getstr(str) 
gettmode() 
getyx(win ,y ,x) 
inch() 
initscr() 
insch(c) 
insertln() 
leaveok(win,boolr) 
longname(termbut,name) 
move(y,x) 
mvcur(lasty ,lastx,newy ,newx) 
newwin(lines,cola,begin_y,begin...x) 
nl() , 
nocrmode() 
noecho() 
nonl() 
noraw() 
overlay(winl,win2) 
overwrite(winl,win2) 
printw(rmt,argl,arg2, ... ) 
raw() 
refresh() 
resetty() 

add a character to ,ld,cr 
add a string to ,td,cr 
draw a box around a window 
set cbreak mode 
clear ,td,cr 
set clear flag tor ,er 
clear to bottom on ,td,cr 
clear to end or line on 1ld1cr 
delete a character 
delete a line 
delete win 
set echo mode 
end window modes 
erase 1ld1cr 
get a char through aldacr 
get terminal capability n•me 
get a string through ald,cr 
get tty modes 
get (y ,x) co-ordinates 
get char at current (y,x) co-ordinates 
initialize screens 
insert a char 
insert a line 
set leave Dag tor win 
get long name from lermbuf 
move to (y ,x) on 1ldacr 
actually move cursor 
create a new window 
set newline mapping 
unset cbreak mode 
unset echo mode 
unset newline mapping 
unset raw mode 
overlay winl on win2 
overwrite winl on top or win2 
print( on aldacr 
set raw mode 
make current screen look like aldacr 
reset tty ftags to stored value 
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CURSES(3X) MISCELLANEOUS FUNCTIONS CURSES (3X) 

aavetty() 
acanw(fmt,argl, ar&2, ... ) 
acroll(win) 
acrollok(win,bootr) 
setterm(name) 
standend() 
1tandout() 
1u bwin(win,linea,cola, begin_y ,begin..)<) 
touchwin(win) 
unctrl(ch) 
waddch(win,ch) 
waddstr(win,str) 
wclear(win) 
wclrtobot(win) 
wclrtoeol(win) 
wdelch(win,c) 
wdeleteln(win) 
werue(win) 
wgetch(win) 
wgetatr(win,str) 
winch(win) 
winech(win,c) 
wineertln(win) 
wmove(win,y,x) 
wprintw(win,rmt,ar11,arg2, ... ) 
wrefreah(win) 
w1canw(win,rmt,ar11,ar&2, ... ) 
wetandend(win) 
wetandout(win) 

otored current tty flag• 
scant through stdscr 
scroll win one line 
set scroll flag 
1et term variables for name 
end standout mode 
start standout mode 
create a subwindow 
"change" an or win 
printable version or ch 
add char to win 
add string to win 
clear win 
clear to bottom or win 
clear to end or line on win 
delete char from win 
delete line from win 
eraee win 
get a char through win 
get a string through win 
get char at current (y,x) in win 
ineert char into win 
insert line into win 
,et current (y,x) co-ordinates on win 
print( OD win 
make 1creen look like win 
scanr through win 
end standout mooe on win 
start standout mode on win 
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NAME 
dbminit, fetch, store, delete, Drstkey, nextkey - data base subroutines 

SYNOPSIS 
typedef etruct { 

char *dptr1 
Int d1tae1 

} datum, 

dbmtnlt(flle) 
char *flle1 

datum fetch(key) 
datum key1 

atore(key, content) 
datum key, contentJ 

delete(key) 
datum key1 

datum flrotkeyQ 

datum nextkey(key} 
datum key1 

DESCRIPTION 
These functions maintain key /content pairs in a data base. The functions will handle very large 
( a billion blocks) databases and will acceu a keyed item in one or two Die system acceaaea. The 
function• are obtained with the loader option -ldbm. 

Keua and contents are described by the datum typedef. A datum apeciOes a string of mze bytes 

0 

pointed to by dptr. Arbitrary binary data, as well as normal ASCII atringa, are allowed. The data 

0 base is otored in two Olea. One Ole is a directory containing a.bit map and bu '.dir' as its anff'IX. 
The oecond Ole contains all data and has • .pag' as its suffix. 

Before a database can be acceaaed, it must be opened by dbminil. At the time of this call, the Olea 
Jile.dlr and file.pas must exist. (An empty database is created by creating zero-length '.dir' and 
'.pag' Olea,) 

Once open, the data stored under a key is accessed by fetch and data is placed under a key by 
.tore. A key (and its associated contents) is deleted by delete. A linear paaa through all keys in a 
database may be made, in an (apparently) random order, by use of /ir8lkeg and neztkeg. Fir1th11 
will return the Orst key in the database. With any key nezth11 will return the next key in the 
database. This code will traverse the data base: 

for (key - Dratkey(J;_ key .dptr r- NULL; key - oextkey(key)) 

DIAGNOSTICS 

BUGS 

4 

All functions that return an inl indicate errors with negative values. A zero return indicates ok. 
Routines that return a datum indicate errors with a null (0) llplr. 

The '.pag' Hie will contain boles so that its apparent aiie is about four times its actual content. 
Older UNIX systems may create real Hie blocks for these boles when touched. These Olea cannot 
be copied by normal means (cp, cat, tp, tar, ar) without Oiling in the boles. 

Dptr pointers returned by these subroutines point into static storage that is changed by subse
quent calls. 

The sum of the sizes of a key /content pair muot not exceed the internal block oize (currently 1024 
bytes). Moreover all key /content pairo that bash together must Ot on a single block. Store will 
return an error in the event that a disk block fills with inseparable data. 
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De/de doea not physically reclaim file space, although it does make it available tor reuse. 

The order or keys presented by jiretkey and neztkey depends on a ha.shing Cunction, not on any
:thing interesting. 

There are no interlocks and no provisionunreliable cache flushing; thus concurrent updating and 
reading is risky. 
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MP(3X) MISCELLANEOUS FUNCTIONS MP(3X) 

NAME 0 
itom, madd, msub, mult, mdiv, min, mout, pow, gcd, rpow - multiple precision integer arithmetic 

SYNOPSIS 
#lnclu·de <mp.h> 

madd( a, b, c) 
MINT *a, *b, *cJ 

msub( a, b, c) 
MINT •a, *b, *CJ 

mult(a, b; c) 
MINT •a. *b, *CJ 

mdlv( a,. b, q, r) 
MINT *a,-*b, *q, *r1 

mln(a) 
MINT-•ai 

mout(a) 
MINT*ai 

pow(a, b, c. d) 
MINT •a, *b, •c, *dt 

scd(a, b, c) 
MINT *a, *b, *CJ 

rpow( a, n, b) 
MINT *a, *b1 
short DJ 

msqrt( a, b, r) 
MINT •a, *b, *r1 

adlv(a, n, q, r) 
MINT *a, *cu 
abort n, •r1 

MINT *ltom(n} 
abort nr 

DESCRIPTION 

6 

These routinea perform arithmetic on integers of arbitrary length. The integers are stored using 
the defined type MINT. Pointers to a MINT should be initialized using the function ilom, which 
sets the initial value to n. Arter that space ia managed automatically by the routinea. 

M•dd, msub and mull assign to their third arguments the sum, difference, and product, respec
tively, or their first two arguments. Mdiv assigns the quotient and remainder, respectively, to its 
third and fourth arguments. Sdiv ia like mdiv except that the divisor is an ordinary integer. 
Msqrt produces the square root and remainder or its first argument. Rpow calculates • raised to 
the power 6, while pow calculates this reduced modulo m. Min and moul do decimal input and 
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MP(3X) MISCELLANEOUS FUNCTIONS 

output. 

Use the -Imp loader option to obtain acceBS to these functions. -Imp, 

DIAGNOSTICS 
Illegal operations and running out of memory produce messages and core images. 

FILES 
/uer/lib/libmp.a 
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PLOT( 3X) MISCELLANEOUS FUNCTIONS PLOT(3X) 

NAME 
openpl, erase, label, line, circle, arc, move, cont, point, linemod, space, closepl - graphics interface 

SYNOPSIS 
openpl() 

erase() 

label(•) 
char •01 
llne(xl, ;yl, xi, ;yZ} 

clrcle(x, :r, r) 

arc(x, :r, xo, ;yo, xl, :yl) 

move(x, :r) 
cont(a, :r) 
polnt(x,,_;y) 

Une-.S(a)-
cba,,•O, 
apace(xO, ;yO,-xl, :yl) 

closeplff 

DESORIPTrON 
These IIUl>routfues generate graphic output in a relativel7-device-independent manner. See plot(o) 
for a deocription of theit-elrect. Openpfmuat be used before any of the others to open the devfce 
for writing. Clou11I fluehes the output. 

0 

String arguments to label and linemod are null-terminatecr; and do not contain newlines. 

Various flavors of these functions exist for different output devices. They are obtained by the fol- 0 
lowing ld(l) options: 

-!plot device-independent graphics stream on etandard output for plol(lG) filters 
-1300 GS! 300 term in al 
-1300. GS! 300S terminal 
-1460 DASI 4o0 terminal 
-14014 Tektronix 4014 terminal 

SEE ALSO 

FILES 

8 

plot(5), plot(lG), graph(lG) 

/usr /lib/libplot.a 
/uor /lib /lib300.a 
/usr/Iib/lib300a.a 
/usr/lib/lib450.a 
/uer /lib /lib4014.a 
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TERMCAP(3X) MISCELLANEOUS FUNCTIONS TERMCAP(3X) 

NAME 
tgetent, tgetnum, tgetflag, tgetstr, tgoto, tputs - terminal independent operation routines 

SYNOPSIS 
char PC1 
char •ec, 
char *UP1 
abort 01peed1 
tgetent(bp, name) 
char *bp, •name1 

tgetnum(ld) 
char *ld1 

tgetflrig(ld) 
char *ld1 

char• 
tgetetr(ld, area) 
char *Id, ••area1 
char• 
tgoto( cm, de1tcol, deetllne) 
char •cm1 
tput1(ep, atrcnt, outc) 
resister char •cp1 
Int atrcnt1 
Int (*outc)()1 

DESCRIPTION 
These functions extract and use capabilities from the terminal capability data base termcap(o). 
These are low level routines; see curua(3X) for a higher level package. 

Tgelent extracts the entry for terminal name into the buffer at bp. Bp should be a character buffer 
of size 1024 and must be retained through all subsequent calla to tgelnum, tgetjlag, and tgetslr. 
Tgetent returns -1 if it cannot open the termcap Hie, 0 if the terminal name given does not have 
an entry, and 1 if all goes well. It will look in the environment for a TERMCAP variable. If 
found, and the value does not begin with a slash, and the terminal type name is the same as the 
environment string TERM, the TERMCAP string is used instead of reading the termcap 6le. If 
it does begin with a slash, the string is used as a path name rather than /etc/termcap. This can 
speed up entry into programs that call tgetent, as well as to help debug new terminal descriptions 
or to make one for your terminal if you can't write the Hie /etc/termcap. 

Tgetnum gets the numeric value of capability id, returning -1 if is not given for the terminal. 
Tgetflag returns 1 if the specified capability is present in the terminal's entry, 0 if it is not. 
Tget,tr gets the string value of capability id, placing it in the buffer at area, advancing the area 
pointer. It decodes the abbreviations for this fteld described in lermcap(5), except for cursor 
addreuing and padding information. 
Tgolo returns a cursor addre1Bing string decoded from cm to go to column de,tcol in line de,tline. 
It uses the external variables UP (from the up capability) and BC (if be is given rather than be) 
If necessary to avoid placing \n, ·n or ·a in the returned string. (Programs which call tgoto 
should be sure to turn off the XTABS bit(s), since tgoto may now output a tab. Note that pro
grams using termcap should in general turn off XT ABS anyway since some terminals use control I 
for other functions, such as nondestructive space.) If a % sequence is given which is not under
stood, then tgolo returns "OOPS". 
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TERMCAP(3X) MISCELLANEOUS FUNCTIONS TERMCAP(3X) 

Tput, decodes the leading padding information or the string cp; of!cnl gives the number of lines o 
affected by the operation, or 1 if this is not applicable, oulc is a routine which is called with each • 
character in turn. The external variable ospeed should contain the encoded output speed or the 
terminal as described in 1111(4). The external variable PC should contain a pad character to be 
used (from the pc capability) it a null ('O) is inappropriate. 

FILES 
/usr/lib/libtermcap.a -!termcap library 
/etc/termcap data base 

SEE ALSO 
ex(l), curseo(3X), tty(4), termcap(5) 

0 

0 
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INTRO( 4) SPECIAL FILES JNTR0(4) 

NAME 
intro - introduction to special files and hardware support 

DESCRIPTION 
This section describes device interfaces to the operating system tor disks, tapes, serial communic~ 
tions, high .. speed network communications, and other devices such as mice, frame buffers and win
dows. 

The operating system can be built with or without many or the devices listed here; we show for 
most devices the syntax in a description to config(8) to cause the device to be included in a sys
tem. For mose devices we also give a DIAGNOSTICS section which lists the error messages 
which the device may produce to appear on the system console, and in the system error log file 
/usr /a,Jm/messages. 

Section 4 has been broken up according to machine independent device interfaces, "4" entries, 
Sun sp~ciftc devices "4S", Vax specific devices 114V11

, manual pages for protocol families "4F", 
and manual pages for protocols and raw interfaces "4P". 

Most devices on the Sun workstation exist on the Multibus, whose common properties are 
described in mb( 4S). 

Devices which are present in every kernel include a driver for the paging drum drum(4), drivers 
for accessing physical, virtual and i/o memory mem(4S) and the drivers for the data sink 
/dev /null, nu//(4). 

Communications lines are most often used with the terminal driver described in lly(4). The ter
minal driver runs on communications lines provided either by a communications driver such as 
ocl{4S) or za{4S) or on a more virtual terminal, either provided by the Sun console monitor 
cons(4S) or a true pseudo-terminal ply(4) used in applications such as windowing or remote netr 
working. 

Magnetic tapes all provide the interface described in mlio{4). Tape devices for the Sun include 
ar(4S) and tm(4S). 

Disk controllers provide standard block and raw interfaces, as well as a set or ioctl's defined in 
dkio{4S) supporting disk formatting and ba,J block handling. Drivers available for the Sun 
include zy{4S) and ip{4S). 

The operating system supports one or more protocol families supporting local network communi
cations. The only complete protocol family in this version or the system is the Internet protocol 
family inel{4F). Each protocol family provides basic services to each protocol implementation 
such as packet fragmentation and reassembly, routing, a,Jdressing and basic transport. A protocol 
family is normally composed or a number or protocols, one per aocket{2) type. It is not required 
that a protocol family support all socket types. 

The primary network support is for the Internet protocol family described in inel{4F). Major pro
tocols in this family include the Internet Protocol ip(4P) describing the universal datagram for
mat, the stream Transport Control Protocol lcp(4P), the User Datagram Protocol udp(4P), the 
Address Resolution Protocol arp(4P), and the Internet Control Message Protocol icmp(4P). The 
primary network interface is for the 10 Megabit Ethernet ec(4S); a software loopback interface 
lo{4) also exists. General properties of these (and all) network interfaces are described in i/(4N). 

The general support in the system for local network routing is described in routing(4N); these 
facilities apply to all protocol families. 

Miscellaneous devices include color frame buffers cg*{4S), monochrome frame buffers bw*{4S), the 
console frame buffer, fe{4S), the console mouse mouae{4S) and the window devices win(4S). 
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AR ( 4S) SPECIAL FILES AR( 4S) 

NAME 
ar - Archive 1/4 inch Streaming Tape Drive 0 

SYNOPSIS 
device arO at mbO car OXZOO priority 3 

DESCRIPTION 

FILES 

The Archive tape controller is a Sun 'QIC-II' interface to an Archive streaming tape drive. It 
provides a standard tape interface to the device, see mlio(4), with some deficiencies listed under 
BUGS below. 

The maximum blocksize for the raw device is limited on)x by available memory. 

/dev/rarO 
[dev /nrarO non-rewinding 

SEEALSQ 
mtio(4), tm(4S) 
Archive Intelligent Tape Drive Theory or Operation, Archive Corporation (Sun 8000-1058-01) 
Archive Product Manual (Sidewinder 1/4" Streaming Cartridge Tape Drive) (Sun 800-0628-01) 
Sun 1/4~ Tape Interface - User Manual (Sun-80~15-01) 

DIAGNOSTICS 

BUGS 

2 

ar%dr would not lnltlallze. 

ar%d1 already open. The tape can be open by only one process at a time. 

ar%d1 no 1uch cfrlve. 

ar%d1 no cartrldae In drive. 

ar%d1 cartridge II wrlte protected. 

ar1 Interrupt from unltlallzed controller %x. 
ar%d1 many retrleo, conalder retlrln& tbll tape. 

ar%d1 %b error at block # %d punted. 

ar%d1 %b error at block fl, %d. 
ar1 giving up on Rdy, try again. 

The tape cannot reverse direction so BSF, BSR and FSR are not available. 

The system will hang iC the tape is removed while rulllling. 

When using the raw device, the number or bytea in any given transfer must be a multiple or 512 
byte•- IC it is not, the device driver returns an error. 
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ARP( 4P) SPECIAL FILES ARP( 4P) 

NAME 
arp - Address Resolution Protocol 

SYNOPSIS 
pseudo-device ether 

DESCRIPTION 
ARP is a protocol used to dynamically map between DARPA Internet and lOMb/s Ethernet 
addresses. It is used by all the lOMb/s Ethernet interface drivers. 

ARP caches Internet-Ethernet address mappings. When an interface requests a mapping for an 
address not in the cache, ARP queues the message which requires the mapping and broadcasts a 
message on the associated network requesting the address mapping. If a response is provided, the 
new mapping is cached and any pending messages are transmitted. ARP will queue at most one 
packet while waiting for a mapping request to be responded to; only the most recently "transmit
ted" packet is kept. 

To enable communications with systems which do not use ARP, ioctls are provided to enter and 
delete entries in the Internet-to-Ethernet tables. Usage: 

#Include <1;y1/loctl,h> 
#Include <1;y1/1ocket.Ji> 
#Include <net/lt.h> 
1truct arpreq arprecu 

loctl(1, SIOCSARP, (caddr_t)&arpreq)1 
loctl(1, SIOCGARP, (caddr_t)&arpreq)1 
loctl(1, SIOCDARP, (caddr _t)&arpreq)1 

Each ioctl takes the same structure as an argument. SIOCSARP sets an ARP entry, SIOCGARP 
gets an ARP entry, and SIOCDARP deletes an ARP entry. These ioctls may be applied to any 
socket descriptor 8, but only by the super-user. The arpreq structure contains: 

/* 
* ARP ioctl request. 
*/ 

struct arpreq { 
struct sockaddr arp__pa; 
struct sockaddr arp_ha; 
int arp_ftags; 

}; 
/* arp_ftags l!eld values * / 
#deftne ATF _COM 
#deftneATF_PERM 4 
#deftne ATF _PUBL 8 

/* protocol address * / 
/* hardware address * / 
/• ftags */ 

2 /* completed entry (arp_ha valid)*/ 
/* permanent entry * / 
/* publish (respond for other host) * / 

The address family for the arp_pa sockaddr must be AF _!NET; for the arp_ha sockaddr it must 
be AF_UNSPEC. The only ftag bits which may be written are ATF_PERM and ATF_PUBL. 
ATF _PERM causes the entry to be permanent if the ioctl call succeeds. The peculiar nature or 
the ARP tables may cause the ioctl to fail if more than 4 (permanent) Internet host addresses 
hash to the same slot. ATF _PUBL specifies that the ARP code should respond to ARP requests 
for the indicated host coming from other machines. This allows a Sun to act as an "ARP server" 
which may be useful in convincing an ARP-only machine to talk to a non-ARP machine. 

ARP watches passively for hosts impersonating the local host (i.e. a host which responds to an 
ARP mapping request'for the local host's address). 

DIAGNOSTICS 
duplicate IP addreull sent from ethernet address, %x:%x:%x:%x:%x:%x. ARP has 
discovered another host on the local network which responds to mapping requests for its own 
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ARP( 4P) SPECIAL FILES ARP(4P) 

Internet address. 

SEE ALSO 

BUGS 

4 

ec(4S), ie(4S), inet(4F), arp(8C), ifconftg(8C) 
An Ethernet Address Resolution Protocol, RFC826, Dave Plummer, MIT (Sun 800-1059-01) 

ARP p·ackets on the Ethernet use only 42 bytes of data, however, the smallest legal Ethernet 
packet is 60 bytes (not including CRC). Some systems may not enforce the minimum packet size, 
others will. 
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BK(4) SPECIAL FILES BK(4) 

NAME 
bit - line discipline for machine-machine communication 

SYNOPSIS 
pseudo-device bk 

DESCRIPTION 
This line discipline provides a replacement for the tty driver lty(4) when high speed output to and 
especially input from another machine is to be transmitted over an asynchronous communications 
line. The discipline was designed for use by a (now obsolete) store-and-forward local network run
ning over serial lines. It may be suitable for uploading of data from microprocessors into the sy&
tem. If you are going to send data over asynchronous communications lines at high speed into 
the system, you must use this discipline, as the system otherwise may detect high input data rates 
on terminal lines and disable the lines; in any case the processing or such data when normal ter
minal mechanisms are involved saturates the system. 

The line discipline is enabled by a sequence: 

#Include < agtt;y .h > 
Int ldlac = NETLDISC, flldea; •.• 
loctl(flldea, TIOCSETD, &ldlac)1 

.. 

A typical application program then reads a sequence or lines from the terminal port, checking 
header and sequencing information on each line and acknowledging receipt of each line to the 
sender, who then transmits another line of data. Typically several hundred bytes of data and a 
smaller amount of control information will be received on each handshake. 

The old standard teletype discipline can be restored by doing: 

!disc = OTTYDISC1 
loctl(flldea, TIOCSETD, &ldlac)1 

While in networked mode, normal teletype output functions take place. Thus, if an 8 bit output 
data path is desired, it is neceBSary to prepare the output line by putting it into RAW mode using 
ioct/(2). This must be done before changing the discipline with TIOCSETD, as most ioct/(2) 
calls are disabled while in network line-discipline mode. 

When in network mode, input processing is very limited to reduce overhead. Currently the input 
path is only 7 bits wide, with newline the only character terminating an input record. Each input 
record must be read and acknowledged before the next input is read as the system refuses to 
accept any new data when there is a record in the huller. The huller is limited in length, but the 
system guarantees to always be willing to accept input resulting in 512 data characters and then 
the terminating newline. 

User level programs should provide sequencing and checksums on the information to guarantee 
accurate data transfer. 

SEE ALSO 
tty(4) 

DIAGNOSTICS 
None. 
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BWONE(4S) SPECIAL FILES BWONE{4S) 

NAME 
bwone - Sun one black and white frame buffer 

SYNOPSIS 
device bwoneO at mbO car OxcOOOO prlorlt7 3 

DESCRIPTION 

FILES 

The bwone interface provides access to Suu-1 black-and-white graphics controller boards. It sup
port• the FBIOGTYPE ioctl which a program can use to inquire as to the characteristics of the 
display device; see foio(4S) 

It supports the FBIOGPIXRECT ioctl which allows Sun Windows to be run on it; see foio{4S) 

Reading or writing to the frame buffer is not allowed - you must use the mmap(2) system call to 
map the board into your address space. 

/d.._.-/bwone(O.lll 

SEE.ALSO 
mmap(2), fb(4S), fbio(4S) 
Sun 1024 Video Board - User Manual (Sun 800-0420) 

DIAGNOSTICS 
None. 

BUGS 
Use or vertical-retrace interrapta ia not supported. 
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BWTW0(4S) SPECIAL FILES BWTW0(4S) 

NAME 
bwtwo - Sun two black and white frame buffer 

SYNOPSIS 
device bwtwoO at mbO car Ox700000 priority 3 

DESCRIPTION 

FILES 

The bwlwo interface provides access to Sun-2 Monochrome Video Controller boards. It supports 
the FBIOGTYPE ioctl which a program can use to inquire as to the characteristics of the display 
device; see fbio(4S) 

It supports the FBIOGPIXRECT ioctl which allows Sun Windows to be run on it; see fbio(4S) 

Reading or writing to the frame buffer is not allowed - you must use the mmop(2) system call to 
map the board into your addrees space. 

/dev /bwtwo(0-9J 

SEE ALSO 
mmap(2), Cb(4S), Cbio(4S) 

DIAGNOSTICS 
None. 

BUGS 
Use of vertical-retrace interrupts is not supported. 
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CGONE(4S) SPECIAL FILES CGONE(4S) 

NAME 
cgone - Sun-1 colQr graphics interface 

SYNOPSIS 
device cgoneO at mbO car Oxe8000 prlorlt;r 3 

DESCRIPTION 

FILES 

The cgone interface provides acce"" to the Sun-1 color graphics controller board, which ill nor
mally supplied with a 13" or 19" RS170 color monitor. It provides the standard frame buffer 
interface aa defined in Jl,io(4S). 

It supports the FBIOGPIXRECT ioctl which allowa Sun Windows to be run on it; see J6io(4S) 

The hardware consume• 16 kilobytes of Multibus memory space. The board starts at standard 
addreooeo OxE8000 or OxECOOO. The board must be configured for interrupt le>!el 3. 

Jdev /egonell-llt 

SEE ALSO 
D1map(2J~fbio(4S) 
Sun Color Video Board User'• Manual (Sutr 8000-0398, Rev B) 
Barco GD33 Color Display 120VAC Operation lnatructio~ {13") (Sun 800-1002'01) 
Barco Color Display CD 262 120/220VAC Operation Guide (19"} (Sun 8()().1003-01) 

DI-AGNOSTICS 
None. 

BUGS 
Use ot color board vertical-retrace interrupta. io not supported. 
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CONS( 4S) SPECIAL FILES CONS( 4S) 

NAME 
cons - driver for Sun console 

SYNOPSIS 
None; included in standard system. 

DESCRIPTION 

FU,ES 

Con, is an indirect driver for the Sun workstation console, which implements a standard UNIX 
terminal. Cone is implemented by calling the PROM resident monitor to perform 1/0 to and 
from the current system console, which is either a Sun frame buffer or an RS232 port. 

When the Sun window system win(4S) is active, console input is directed through the window sys
tem rather than being read from /dev /console. 

An ioctl TIOCCONS may be applied to serial devices other than the console to cause output 
which would normally appear on the console to instead be routed to the other devices. This is 
used by the window 5Ystem which does a TIOCCONS on a pseudo-terminal to cause console out
put to be routed there rather than to the screen through the PROM monitor, since routing output 
through the PROM destroys the integrity of the screen. 

/dev /console 
/dev /ttya alternate console (serial port) 

SEEALSO . 
oct(4S), tty(4), zs(4S) 

BUGS 
TIOCCONS should be restricted to the owner of /dev/console. 
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DKIO( 4S) SPECIAL Fll,ES DKI0(4S) 

NAME 
dkio - generic disk control operations 

DESCRIPTION 
All Sun disk drivers support a set or ioctl'• for disk formattting and labelling operations. Basic to 
these ioctl's are the definitions in <sun/dkio.h>: 

10 

/* 
• Structures and definitions for disk io control commands 
*/ 

/* Disk identification * / 
struct dk_into { 

}; 

int dki_ctlr; 
short dki_unit; 
short dki_ctype; 
short dki_flag•; 

/" controller type• * f 
#define DKC_UNKNOWN 
#define DKC_SMD2180 
#dellneDKC....XY440 
#define DKCJ)SD5215 
#deflneDKC....XY450 
#define DKC_SCSI 

/* flags • / 

0 
1 
4 
5 
6 
7 

/* controller addre88 * / 
/* unit (slave) addre88 */ 
/* controller type • / 
/*flags*/ 

#define DKI_BADI44 01 
#define DKI_MAPTRK 02 
#define DKI_FMTTRK 04 
#define DKI...F'MTVOL Ox08 

/* use DEC std 144 bad sector twding */ 
/* controller does track mapping * / 
/* formats only full track at a time • / 
/* format• only full volume at a time • / 

/* Definition of a disk's geometry */ 
struct dk_geom { 

}; 

unsigned short dkg_ncyl; 
unsigned short dkg_acyl; 
unsigned short dkg_bcyl; 

· unsigned short dkg_nbead; 
unsigned short dkg_bhead; 
unsigned short dkg_nsect; 
unsigned shorf dkg_intrlv; 
unsigned short dkg_gapl; 
unsigned short dkg_gap2; 
unsigned short dkg_extral10J; 

/* Disk format request * / 
struct dk_rmt { 

}; 

daddr_t dkt_blkno; 
daddr_t dkf_nblk; 
u_char dkt_llll; 

/* Disk re-map request • / 

/* # or data cylinders * / 
/* # or alternate cylinders • / 
/* cyl ofl'set (for fixed head area) • / 
/* # or head• * / 
/* head ofl'set (tor Larks, etc.) • / 
/* # or sectors per track */ 
/* interleave factor * / 
/* gap l size*/ 
/* gap 2 size*/ 
/* for compatible expansion • / 

/* starting block • / 
/* # or blocks • / 
/* 1111 data • / 
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DKIO( 4S) SPECIAL FILES DKIO( 4S) 

struct dk_mapr { 
daddr_tdkm_fblk; 
daddr_tdkm_tblk; 
daddr_tdkm_nblk; 
u_char dkm_llll; 

}; 

/* Crom block * / 
/* to block * / 
f* #blocks*/ 
/* 611 data*/ 

/* disk io control commands * / 
#define DKIOCHDR _IO(d, 1) /* next 1/0 will read/write header * / 
#dellne DKIOCGGEOM _IOR(d, 2, struct dk__geom) /* Get geometry * / 
#dellne DKIOCSGEOM _IOW(d, 3, struct dk__geom) /* Set geometry * / 
#dellneDKIOCGPART _IOR(d, 4, struct dk_map) /* Get partition inCo */ 
§deflneDKIOCSPART JOW(d, 5, struct dk_map) /* Set partition inCo */ 
§define DKJOCFMT JOW(d, 6, struct dk_Cmt) /* Format * / 
§define DKIOCMAP _IOW(d, 7, struct dk_mapr) /* Map * / 
§dellne DKIOCINFO _IOR(d, 8, struct dk_inCo) /* Get inCo * / 

The DKJOCGINFO ioctl returns a dk_inCo structure which tells the kind or the controller and 
attributes about bow bad-block processing is done on the controller. Bad sectors can then be pro
cessed using either the DKIOCMAP request, which causes a sector to be re-mapped on the disk, 
or the DKIOCFMT request which causes a sector to be re-Cormatted. To read or write the header 
on a disk sector the DKIOCHDR ioctl can be used, it causes the next read or write request to also 
read or write the (drive-type-specillc) header data. 

The DKIOCGPART and DKJOCSPART get and set the controller's current notion or the parti
tion table Cor the disk (without changing the partition table on the disk itselC), while the 
DKJOCGGEOM and DKJOCSGEOM ioctl'• do similar things Cor the per-drive geometry informa.
tion. These can be used to format a drive, where the label does not exist before the drive is for
matted. 

SEE ALSO 
ip(4S), icy(4S) 

BUGS 
The DKIOCMAP and DKIOCFMT request are incompletely implemented. 
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DRUM(4) . SPECIAL Fll,ES DRUM(4) 

NAME 
drum - paging device 

SYNOPSIS 
None; included with standard system. 

DESCRIPTION 

FILES 

BUGS 

12 

This file refers to the paging device in use by the system. This may actually be a subdevice of 
one of the disk drivers, but in a system with paging interleaved across multiple disk drives it pro
vides an indirect driver for the multipte drives. 

/dev/drum 

Read,r from tlie drum are not allowed across the fnterleaving boundaries. Since these only occur 
every .5Mbytes or so, and since the system never allocates blocks across the boundary, this is usu• 
ally not a problem. 
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EC(4S) SPECIAL FILES EC( 4S.) 

NAME 
ee - 3Com 10 M.b/• Ethernet interface 

SYNOPSIS 
device ecO at mbO car OxeOOOO priority 3 

DESCRIPTION 
The ednterface provides access to a 10 M.b/s Ethernet network through a 3COM controller. For 
a general description of network interfaces see if( 4N). 

The hardware consumes 8 kilobytes of Multibus memory space. This memory is used for internal 
buffering by tbe board. The board starts at standard addresses OxEOOOO or OxE2000. The board 
must be configured for interrupt level 3. 

The interface software implements an exponential backoff algorithm when notified of a collision 
on the cable. 

The interface bandies the Internet protocol family, with the interface address maintained in Inter
net format. The Address Resolution Protocol orp(4P) is used to map 32-bit Internet addresses 
uaed in inel(4F) to the 4~bit addresses used on the Ethernet. 

DIAGNOSTICS 
ec%d1 Ethernet Jammed. After 16 failed transmissions and back.offs using the exponential 
backoff algorithm, the packet was dropped. 

ec%d1 can't handle at%d. The interface Was banded a message with addresses formatted in an 
unsuitable address family; the packet was dropped. 

SEE ALSO 
arp(4N), if(4N), inet(4F) 
3COM 3C400 Multibus Ethernet Controller Reference Manual (Sun 800.0398) 

BUGS 
The interface hardware is not capable of talking to itself, making diagnosis more difficult. 
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EN(4S) SPECIAL Fll.ES EN( 4S) 

NAME 
en - Sun 3 ~/s experimental Ethernet interface 

SYNOPSIS 
device enO at mbO car OxlOO prlorlt)' 3 

DESCRIPTION 
The en interface provides access to a 3 ~/s Ethernet network. The host's address is discovered 
at boot time by probing the Ethernet address register. For a general description of network inter
faces, see i.f(4N). 

The board consumes 256 bytes of Multibus 1/0 space starting at standard address OxlOO. 

The interface handles both Internet and PUP protocol families, with the interface address main
tained in Internet format. PUP addresses are converted to Internet addresses by subsituting PUP 
network and host values tor Internet network and imp values, and setting the Internet host 
number to zero. 

DIAGNOSTICS 
en%dt output error. The hardware indicated an error on the previous transmission. 

en%d1 send error. After 16 retransmi1&ions the packet was dropped. 

en%d1 Input error. The hardware indicated an error in reading a packet off the cable. 

en%d1 can't handle at%d. The interface was handed a message with addresses formatted in 
an unsuitable address family; the packet was dropped. 

SEE ALSO 
if (4N), inet(4F) 
Sun 3Mbit Ethernet Board, User's Manual (Sun 800-0392) 

BUGS 
This hardware and driver are not supported. 

14 Last change: 11 August 1083 Sun Release 1.1 
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FB( 4S) SPECIAL FILES FB ( 4S) 

NAME 
lb - driver for Sun console frame bulfer 

SYNOPSIS 
None; included in standard system. 

DESCRIPTION 

FILES 

The fb driver provides indirect access to a Sun graphics controller board. It is an indirect driver 
for the Sun workstation console'• frame bulfer. At boot time, the workstation's frame bulfer dev
ice is determined from information from the Monitor Proms and set to be the one that fb will 
indirect to. The device driver for the console's frame bulfer must be configured into the kernel so 
that this indirect driver can access it. 

The idea behind this driver is that user programs can open a known device, query its characteris
tics and access it in a device dependent way, depending on the type. Fb redirects open(2), 
c/o,e(2), ioct1(2), and mmap(2) calls to the real frame bulfer. All of the Sun frame bulfers support 
the same general interface; see fbio(4S) 

/dev/fb 

SEE ALSO 
fbio(4S), bwone(4S), bwtwo(4S) 
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NAME 
fbio - general properties or frame buffers 

DESCRIPTION 
All or the Sun frame buffers support the same general interface. Each responds to a FBIOGTYPE 
iocl/(2) which reCurns information in a structure defined in <sun/Cbio.h>: 

struct Cbtype { 
int lb_type; 
int fli_height; 
int Ri_width; 
int l'l>_depth; 
int n._c:maize; 
int Cb_size; 

/* as defined below • / r in pixels., r in pixela ., 
/* biCs per pixel • / r size or color map (entries}., 
/* total size iii bytes • / 

*deftne FBTYPE-_SUN1BW 0 
*deftne FBTYPE._SUNlCOLOR 1 
#define FBTYPE_Stm2BW 2 

Each device has a- FBTYPE which is used by higher-level software to determiile how to perform 
raster-op and other functions. Each device is use.d by opening it, doing a FBIOGTYPE ioctl to 
see which frame buffer type is present, and thereby selecting the appropriate device management 
routines. 

Full fledged frame buffers, i.e., those that expect to run SunWindows, implement an FBIOGPIX
RECT ioctl(2), which returns a pixrect. This call is made only from inside the kernel. The 

C 

returned pixrect is used by win( 4S) for cursor tracking and colormap loading. O· . 

SEE ALSO 
mmap(2), fb(4S}, bwone(4S), bwtwo(4S), cgone(4S}, win(4S) 

0 
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NAME 
icmp - Internet Control Message Protocol 

SYNOPSIS 
None; included automatically with inet(4F). 

DESCRIPTION 
The Internet Control Message Protocol JCMP is used by gateways and destination hosts which 
process datagrams to communicate errors in datagram processing to source hosts. (The datagram 
level or Internet is discussed in ip(4P).) JCMP uses the basic support or IP as if it were a higher 
level protocol, however ICMP is actually an integral part or IP. 

ICMP messages are sent in several situations: for example when a datagram, cannot reach its des
tination, when the gateway does not have the buffering capacity to forward a datagram, and when 
the gateway can direct the host to send traffic on a shorter route. 

The Internet protocol is not designed to be absolutely reliable. The purpose or these control mes
sages is to provide feedback about problems in the communication environment, not to make IP 
reliable. There are still no guarantees that a datagram will be delivered or a control message will 
be returned. Some datagrams may still be undelivered without any report of their loss. The 
higher level protocols which use IP must implement their own reliability procedures if reliable 
communication is required. 

The JCMP messages typically report errors in the processing of datagrams. To avoid the infinite 
regress or messages about messages etc., no ICMP messages are sent about ICMP messages. Also 
ICMP messages are only sent about errors in handling fragment O of fragmented datagrams. 

There are h types of ICMP packets which can be received by the system. They are defined in 
this excerpt from < netinet/ip_icmp.h >, which also defines the values of some additional codes 
further specifying the cause of certain errors. ,. 
* Definition or type and code field values 
•t 

#define ICMP _ECHOREPL Y 0 
#define JCMP _UNREACH 3 
#define ICMP _UNREACH_NET 
#define ICMP _UNREACH_JIOST 
#define ICMP _UNREACH_PROTOCOL 
,11,deflne ICMP _UNREACH.J'ORT 
#define ICMP _UNREACH_NEEDFRAG 
#define ICMP _UNREACH_SRCFAIL 
#define ICMP _SOURCEQUENCH 4 
#define ICMP _REDIRECT 5 
,11,deftne ICMP _REDIRECT_NET 0 
#define ICMP _REDIRECTJIOST 1 
#define ICMP _REDIRECT_TOSNET 2 
#define ICMP _REDIRECT_TOSHOST 3 
#define ICMP _ECHO 8 
#define ICMP _TIMXCEED 11 
#define ICMP _TIMXCEED_INTRANS 0 
#define ICMP _TIMXCEED_REASS 1 
#define ICMP _P ARAMPROB 12 
#defineICMP _TSTAMP 13 
#define ICMP _TSTAMPREPL Y 14 
#define ICMP _IREQ 15 
#define ICMP _IREQREPL Y 16 

/* echo reply • / 
/* dest unreachable, codes: • / 
0 /* bad net*/ 
1 /* bad host*/ 
2 /* bad protocol * / 
3 /* bad port • / 
4 /* IP __DF caused drop * / 
5 /* ere route railed • / 
/* packet lost, slow down • / 
/* shorter route, codes: • / 

/* for network * / 
/* for host • / 
/* for tos and net • / 
/* for tos and host • / 

/* echo service * / 
/* time exceeded, code: • / 

/* ttl==O in transit * / 
/* ttl==O in reass • / 

/* ip header bad • / 
/* timestamp request • / 
/* timestamp reply • / 
/* information request • / 
/* information reply * / 
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Arriving ECHO and TSTAMP packets cause the system to generate ECHOREPLY and 0 
TST AMPREPL Y packets. ffiEQ packets are not yet processed by the system, and are discarded. 
UNREACH, SOURCEQUENCH, TIMXCEED and PARAMPROB packets are processed inter-
nally by the protocols implemented in the system, or reflected to the user if a raw socket is being 
used; see ip(4P). REDffiECT, ECHOREPLY, TSTAMPREPLY and ffiEQREPLY are also 
reflected to users of raw sockets. In addition, REDffiECT messages cause the kernel routing 
tables to be updated; see rouling(4N). 

SEE ALSO 

BUGS 

18 

inet(4F), ip(4P) 
Internet Control Message Protocol, RFC7ll2, J. Postel, USC-ISi (Sun 800-1064-01) 

IREQ messages are not processed properly: the address ftelds are not set. 

Messages which are source routed are not sent hack using inverted source routes, but rather go 
back through the normal routing mechanisms. 

Last change: 17 August lll83 Sun Release 1.1 
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IF(4N) SPECIAL FILES IF(4N) 

NAME 
if - general properties or network interfaces 

DESCRIPTION 
Each network interface in a system corresponds to a path through which messages may be sent 
and received. A network interface usually has a hardware device a8Sociated with it, though cer
tain interfaces such as the loopback interface, lo(4), do not. 

At boot time each interface which has underlying hardware support makes itselt known to the 
system during the autoconllguration process. Once the interface has acquired its address it is 
expected to install a routing table entry so that messages may be routed through it. Most inter
faces require some part or their address specified with an SIOCSIF ADDR ioctl before they will 
allow traffic to flow through them. On interfaces where the network-link layer address mapping is 
static, only the network number is taken from the ioctl; the remainder is found in a hardware 
specific manner. On interfaces which provide dynamic network-link layer address mapping facili
ties (e.g. lOMb/s Ethernets using arp(4P),), the entire address specified in the ioctl is used. 

The following ioctl calls may be used to manipulate network interfaces. Unless specified other
wise, the request takes an ifreq structure as its parameter. This structure has the form 

struct ifreq { 
char ifr_name(16J; /* name of in.terrace (e.g. "ecO") * / 
union { 

struct 
struct 
short 

} ifr_itru; 
#define ifr_addr 
#define ifr_dstaddr 
#define ifr_Dags 
}; 

SIOCSIF ADDR 

sockaddr itru_addr; 
sockaddr itru_dstaddr; 
ifru_llags; 

ifr_ifru.ifru_addr 
ifr_itru.itru_dstaddr 
itr_itru.itru_llags 

/*address*/ 
/* other end or p-to-p link • / 
/*Bags*/ 

Set interface address. Following the address assignment, the "initialization" routine for 
the interface is called. 

SIOCGIF ADDR 
Get interface address. 

SIOCSIFDST ADDR 
Set point to point address tor interface. 

SIOCGIFDSTADDR 
Get point to point address tor interface. 

SIOCSIFFLAGS 
Set interface flags field. Ir the interface is marked down, any processes currently routing 
packets through the interface are notified. 

SIOCGIFFLAGS 
Get interface flags. 

SIOCGIFCONF 
Get interface configuration list. This request takes an i/con/ structure (see below) as a 
value-result parameter. The ifc_len field should be initially set to the size of the buffer 
pointed to by ifc_buf. On return it will contain the length, in bytes, of the configuration 

. list. ,. 
• Structure used in SIO<JGIFCONF request. 
• Used to retrieve interface configuration 
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• for machine (useful for programs which 
• must know all networks accessible). 
•j 

struct irconr { 
int irc_len; /* size or associated buffer • / 
union { 

caddr_t iCcu_buf; 
struct ifreq *ircu_req; 

} ifc_ifcu; 
#define irc_bur irc_ircu.ircu_bur /* buffer address • / 
#define irc_req irc_ifcu.ircu_req /* array or structures returned • / 
}; 

SEE ALSO 
arp(4P), ec(4S), en(4S), lo(4) 
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INET( 4F) SPECIAL Fll,ES INET( 4F) 

NAME 
inet - Internet protocol family 

SYNOPSIS 
option• INET 
paeudo-devlce lnet 

DESCRIPTION 
The Internet protocol family is a collection of protocols layered atop the Internet Protocol (IP) 
transport layer, and qtilizing the Internet address format. The Internet family provides protocol 
support for the SOCK_STREAM, SOCK_DGRAM, and SOCK_RAW socket types; the 
SOCK_RAW interface'provides acceH to the IP protocol. 

ADDRESSING 
Internet addresses are four byte quantities, stored in network standard format (on the VAX these 
are word and byte reversed). The include Ille <netinet/in.h> dellnes this address as a discrim
inated union. 

Sockets in the Internet protocol family utilize the following addressing structure, 

struct sockaddr_in { 

}; 

short sin_family; 
u_short sin_port; 
struct in_addi sin_addr; 
char sin_zero!SJ; 

(Library routines to return and manipulate structures or this form are in section 3N or the 
manual; see inlro(3N) and the other section 3 entries mentioned under SEE ALSO below.) Each 
socket has a local address specifiable in this form, which can be established with bind(2); the gel· 
,ocknamo(2) call returns this address. Each socket also may be bound to a peer socket with an 
addre11 specified in this form; this peer address can be specified in a connect(2) call, or transiently 
with a single message in a aendto or aendmag call; see aend(2). The peer address or a socket is 
returned by the gelpoort10me(2) call. 

The sin_addr field of the socket address specilles the Internet address or the machine on which the 
socket is located. A special value may be specified or returned for this field, 
sin_addr.s_addr-=INADDR...,ANY. This address is a "wildcard" and matches any or the legal 
internet addresses on the local machine. This address is useful when a process neither knows (nor 
cares) what the local Internet addre11 is, but even more useful for server processes with which to 
service all requests to.the current machine. Since a machine can have several addresoes (one per 
hardware network interface), specifying a single address would restrict acce88 to the service to 
those clients which specified the address of that interface. By specifying INADDR...ANY, the 
server can arrange to service clients from all interfaces. 

When a socket address is bound, the networking system checks that there is an interface with the 
addre11 specilled available on the current machine (unless, of course, a wildcard address is 
specified), and returns an error EADDRNOTAVAll, if no such interface is found. 

The local port addre88 specified in a bind(2) · call is restricted to be greater than 
IPPORT_RESERVED (=1024, in <netinet/in.h>) unless the creating process is running as the 
super-user, providing a space or protected port numbers. The local port address is also required 
to not be in use in order for it to be assigned. This is checked by looking for another socket or 
the same type which bas the same local address and local port number. Ir such a socket already 
exists, you will not be a.hie to create another socket at the same address, and will instead get the 
error EADDRINUSE. Ir the local port addre88 is specified as 0, then the system picks a unique 
port address not less tjian IPPORT_RESERVED and assigns it to the port. A unique local port 
ad4re88 is also picked tor a socket which is not bound but which is used with connect(2) or 
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sendto(2); this allows lcp(4p) connections to be made by simply doing socket(2) and then con• 0 
necl(2) in the case where the local port address is not significant; it is defaulted by the system. 
Similarly if you are sending datagrams with udp(4P) and do not care which port they come from, 
you can just do sockel(2) and sendto(2) and let the system pick a port number. 

Let us say that two sockets are incompatible if they have the same port number, are not conected 
to other sockets, and do not have different local host addresses. (It is possible to have two sockets 
with the same port number and different local host addresses because a machine may have several 
local addresses from its different network interfaces.) The Internet system does not allow such 
incompatible sockets to exist on a single machine. Consider a socket which has a specific local 
host and local port number on the current machine. U another process tries to create a socket 
with a wildcard local host address and the same port number then that request will be denied. 
For connection based sockets this prevents these two sockets from attempting to connect to the 
same foreign host/socket, and thereby causing great havoc. For connectionless sockets this 
prevents the dilemma which would result from trying to determine who to deliver an incoming 
datagram to (since more than one socket could match an address given on a datagram). The 
same restriction applies if the wildcard socket exists first. (U both sockets are wildcard, then the 
normal restrictions on duplicate addresses apply.) 

A socket option SO_REUSEADDR exists to allow incompatible sockets to be created. This 
option is needed to implement the File Transfer Protocol (FTP) which requires that a connection 
be made from an existing port number (the port number of its primary connection) to a different 
port number on the same remote host. The danger here is that the user would attempt to con
nect this second port to the same remote host/port that the primary connection was using. In 
using SO _REUSEADDR the user is pledging not to do this, since this will cause the first connec
tion to abort. 
When a connecl(2) is done, the Internet system first checks that the socket is not already con
nected. If does not allow connections to port number O on another host, nor does it allow connec
tions to a wildcard host (sin_addr.s_addr==INADDR_ANY); attempts to do this yield EAD
DRINUSE. Ir the socket from which the connection is being made currently has a wildcard local 
address (either because it was bound to a specific port with a wildcard address, or was never sub-
jected to 6ind(2)), then the system picks a local Internet address for the socket from the set of 
addresses of interfaces on the local machine. If there is an interface on the local machine on the 
same network as the machine being connected to, then that address is used. Otherwise, the 
"first" local network interface is used (this is the one that prints out first in "netstat -i"; see 
netstat(8)). Although it is not supposed to matter which interface address is used, in practice it 
would probably be better to select the address of the Interface through which the packets are to 
be routed. This is not currently done (as it would involve a fair amount of additional overhead 
for datagram transmission). 

PROTOCOLS 
The Internet protocol family supported by the operating system is comprised of the Internet 
Datagram Protocol (IP) ip(4P), Address Resolution Protocol (ARP) arp(4P), Internet Control 
Message Protocol (ICMP) icmp(4P), Transmission Control Protocol (TCP) lcp(4P), and User 
Datagram Protocol (UDP) udp(4P). 

TCP is used to support the SOCK_STREAM abstraction while UDP is used to support the 
SOCK_DGRAM abstraction. A raw interface to IP is available by creating an Internet socket of 
type SOCK_RAW; see ip(4P). The ICMP message protocol is not directly accessible, and is used 
by the system to handle and report errors in protocol processing. The ARP protocol is used to 
translate 32-bit Internet host numbers into the 48 bit addresses needed for an Ethernet. 

SEE ALSO 

22 

intro(3N), byteorder(3N), gethostent(3N), getnetent(3N), getprotoent(3N), getservent(3N), 
inet(3N), network(3N), arp(4P), tcp(4P), udp(4P), ip(4P) 
Internet Protocol Transition Workbook, Network Information Center, SRI (Sun 800-105~01) 

Last change: 17 August 1983 Sun Release 1.1 

0 

0 



0 

0 

0 

!NET( 4F) SPECIAL FILES !NET( 4F) 

Internet Protocol Implementation Guide, Network Information Center, SRI (Sun 800-1055-01) 
A 4.2BSD Interprocess Communication Primer 
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NAME 
ip - Internet Protocol 

SYNOPSIS 
None; included by default with inel( 4F). 

DESCRIPTION 
The Internet Protocol is designed for use in interconnected systems or packet-switched computer 
communication networks. It provides for transmitting blocks or data called datagrams from 
sources to destinations, where sources and destinations are hosts identified by fixed length 
addresses. It also provides for fragmentation and reassembly or long datagrams, if necessary, for 
transmission through "small packet" networks. 

IP is specifically limited in scope. There are no mechanisms to augment end-to-end data reliabil
ity, flow control, sequencing, or other services commonly found in host-to-host protocols. IP can 
capitalize on the services or its supporting networks to provide various types and qualities of ser
vice. 

IP is called on by host-to-host protocols, including tcp(4P) a reliable stream protocol, udp(4P) a 
socket-socket datagram protocol, and nd(4P) the network disk protocol. Other protocols may be 
layered on top or IP using the raw protocol facilities described here to receive and send datagrams 
with a specific IP protocol number. The IP protocol calls on local network drivers to carry the 
internet datagram to the next gateway or destination host. 

When a datagram arrives at a UNIX host, the system performs a checksum on the header or the 
datagram. Ir this fails, or if the datagram is unreasonably short or the header length specified in 
the datagram is not within range, then the datagram is dropped. (Checksumming or Internet 
datagrams may be disabled for debugging purposes by patching the kernel variable ipckaum to 
have the value 0.) 

Next the system sca11s the IP options of the datagram. Options allowing for source routing (see 
routing(4N)) and also the collection or time stamps as a packet follow• a particular route (for net
work monitoring and statistics gathering purposes) are handled; other options are ignored. Pro-
cessing or source routing options may result in an UNREACH icmp(4P) message because the 
source routed host is not acceSBible. 

Arter processing the options, IP checks to see if the current machine is the destination for the 
datagram. Ir not, then IP attempts to forward the datagram to the proper host. Before forward
ing the datagram, IP decrements the time to live field or the datagram by IPTTLDEC seconds 
(currently 5 from <netinet/ip.h> ), and discards the datagram ir its lifetime has expired, sending 
an ICMP TIMXCEED error packet back to the source host. Similarly if the attempt to forward 
the datagram fails, then ICMP messages indicating an unreachable network, datagram too large, 
unreachable port (datagram would have required broadcaating on the target interface, and IP does 
not allow directed broadcasts), lack or buffer space (reftected as a source quench), or unreachable 
host. Note however, in accordance with the ICMP protocol speciftcation, ICMP messages are 
returned only for the first fragment or fragmented datagrams. 

It is poSBible to disable the forwarding of' datagrams by a host by patching the kernel variable 
ipforwarding to have value 0. 

Ir a packet arrives and is destined for this machine, then IP must check to see it other fragments 
or the same datagram are being held. Ir this datagram is complete, then any previous fragments 
or this datagram are discarded. Ir this is only a fragment or a datagram, it may yield a complete 
set or pieces for the datagram, in which case IP constructs the complete datagram and continues 
processing with that. Ir there is yet no complete set of pieces tor this datagram then we hold onto 

0 

0 

as much data as we have received (but only one copy or each data byte from the datagram) in 
hopes that the rest or the pieces or the fragmented datagram will arrive and we will be able to 
proceed. We allow IPFRAGTTL (currently 15 in <netinet/ip.h>) seconds for all the fragments 0 
or a datagram .to arrive, and discard partial fragments then it the datagram has not yet been ; 
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completely assembled. 

When we have a complete input datagram it is passed out to the appropriate protocol's input rou
tine: either lcp(4P), udp(4P), nd(4P), icmp(4P) or a user process through a raw IP socket as 
described below. 

Datagrams are output by the system implemented protocols lcp(4P), udp(4P), nd(4P), and 
icmp(4P) as well as by packet torwarding operations and user processes through raw JP sockets. 
Output packets are normally subjected to routing as described in routing( 4N); special processes 
such as the routing daemon rouled(SC) occasionally use the SOJ)ONTROUTE socket option to 
cause the packets to avoid the routing tables and go directly to the network interface which bas 
the same network number as the packet is addressed to. This is used to be able to test the ability 
or the hardware to transmit and receive packets even when we believe that the hardware is bro
ken and have therefore deleted it rrom the routing tables. 

If there is no route to a destination address or it the SO....PONTROUTE option is given and there 
is no intertace on the network specified by the destination address, then the IP output routine 
returns a ENETUNREACH error. (This and the other IP output errors are reflected back to user 
processes through the various protocols, which individually describe how errors are reported.) 

In the (bopetully normal) case where there is a suitable route or network interface, the destination 
address is checked to see it it specifies a broadcast (address INADDR_ANY; see ine1(4F)); it it 
does, and the hardware intertace does not support broadcasts, then an EADDRNOTAV AIL is 
returned; if the caller is not the super-user then a EACCESS error will be returned. IP also does 
not allow broadcast messages to be fragmented, returning a EMSGSIZE error in this case. 

If the datagram passes all these tests, and is small enough to be sent in one chunk, then the sys
tem calls the output routine for the particular hardware interface to transmit the packet. The 
interface may give an error indication, which is reflected to IP output's caller; Bee the various 
in terrace's documentation tor a description or the errors which they may encounter. If a 
datagram is to be fragmented, it may have the IP _DF (don't fragment) flag set (although 
currently this can happen only tor forwarded datagrams). If it does, then the datagram will be 
rejected (and result in an JCMP error datagram). If the system runs out of buffer space in rrag
menting a datagram then a ENOBUFS error will be returned. 

IP provides a space or 255 protocols. The known protocols are defined in <netinet/in.b>. The 
ICMP, TCP, UDP and ND protocols are processed internally by the srstem; others may be 
accessed through a raw socket by doing: 

• = eocket(AF _INE1', SOCK_RA W, IPPROTO_xxx)1 

Datagrams sent from this socket will have the current host's address and the specified protocol 
number; the raw IP driver will construct an appropriate header. When IP datagrams are received 
tor this protocol they are queued on the raw socket where they may be read with recvfrom; the 
source IP addre88 is reftected in the received addre88. 

SEE ALSO 

BUGS 

send(2), recv(2), inet(4F) 
Internet Protocol, RFC791, USC-ISi (Sun 800-1063-01) 

One should be able to send and receive IP options. 

Raw sockets should receive ICMP error packets relating to the protocol; currently such packets 
are simply discarded. 
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NAME 
ip - Disk driver for Interphase 2180 SMD Disk Controller 

SYNOPSIS 
controller lpcO at mbO car Ox40 prlorlt;y :t 
dlak lpO at lpcO drive 0 
dlak lpl at lpcO drive 1 

DESCRIPTION 
Files with minor device numbers O through 7 refer to various portions or drive O; minor devices 8 
through lo refer to drive 1, a.nd so on. The standard device names begin with "ip" followed by 
the drive number and then a. letter a.-h for partitions 0-7 respectively. The cha.ra.cter ? stands 
here for a. drive number in the range 0-7. 

The block file's access the disk via the system's normal buffering mechanism and ma.y be read a.nd 
written without regard to physical disk records. There is also a. 'ra.w' interface which provides for 
direct transmission between the disk a.nd the user's read or write buffer. A single read or write 
ca.II results in exactly one 1/0 operation and therefore ra.w 1/0 is considerably more effflcient 
when many words a.re transmitted. The names of the ra.w files conventionally begin with an extra 
'r.' 

In raw I/0 counts should be a multiple or o12 bytes (a. disk sector). Likewise •••l: calls should 
specify a. multiple or o12 bytes. 

DISK SUPPORT 
This driver handles all SMD drives, by reading a label Crom sector O or the drive which describes 
the disk geometry and partitioning. 

The ip?a partition is normally used for the root file system on a disk, the ip?b partition as a pag• 

0 

ing area, and the ip?c partition for pa.ck-pack copying (it normally maps the entire disk). The 0 
rest or the disk is normally the ip?h partition. 

FILES 
/dev /ip(0-7Jla.-h] 
/dev /rip(0-7Jla.-h] 

block files 
raw files 

SEE ALSO 
dkio(4S), xy(4S) 
"lnterphase SMD2180 Storage Module Controller/Formatter - User's Guide" (Sun 800-0274) 

DIAGNOSTICS 

26 

lp%d1 SMD-Z180. When booting tells the controller type. 

lp%d1 Initialization talled. Because the controller didn't respond; perhaps another device is at 
the address the system expected an Interphase controller at. 

lp%d1 error %x reading label on head %d. Error reading drive geometry /partition table 
information. 

lp%d1 Corrupt label on head %d. The geometry /partition label checksum was incorrect. 

lp%d1 Mlaplaced label on head %d. A disk label was copied to the wrong head on the disk; 
shoudn't happen. 

lp%d1 Unsupported ph;ya partition # %d. This indicates a bad label. 

lp%d1 unit not onllne. 

lp%d%c1 cmd how {msg) blk %d. A command such as read, write, or format encountered a 
error condition (how): either it /ailed, the unit was restored, or an operation was relryed. The 
mag is derived from the error number given by the controller, indicating a condition such as 
"drive not ready", "sector not found" or "disk write protected". 
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JP( 4S) 

BUGS 

SPECIAL FILES IP(4S) 

In raw 1/0 read and wrile(2) truncate file offsets to 512-byte block boundaries, and write scribbles 
on the tail or incomplete blocks. Thus, in programs that are likely to access raw devices, read, 
write and lseek(2) should always deal in 512-byte multiples. 

The driver no longer supports versions or the 2181. 
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KB(4S) SPECIAL FILES KB(4S) 

NAME 
kb - Sun keyboard 0 

SYNOPSIS 
pseudo-device kb3 

DESCRIPTION 

FILES 

Kb provides access to the Sun workstation keyboard translation. Deftnitiona for alterring key
board translation are in <sundev/kbio.h> and <sundev/kbd.h>. 

The call KIOCTRANS controls the presence of keyboard translation: 

int x; 
err = ioctl(fd, KIOCTRANS, &x); 

where if z is O the keyboard tranlation is turned oft" and up/down key codes are reported. Speci
fying z_as 1 restores normal keyboard translations. 

The call KIOCSETKEY changes a keyboard translation table entry: 

struct kiockey { 

}; 

int kio_tablemask; 

u_char 
u_char 
char 

kio_station; 
kio_entry; 
kio_stringllOJ; 

struct kiockey key; 

/* Translation table ( one of: 0, CAPSMASK, 
SHIFTMASK, CTRLMASK, UPMASK) */ 

/* Physical keyboard key station (0.127) * / 
/* Translation table station's entry * / 
/* Value for STRING entries (null terminated) * / 

err = ioctl(fd, KIOCSETKEY, &key); 

Set lcio_lablemael< table's lcio_Blation to lcio_enlr11. Copy lcio_slring to string table it lcio_enlr11 is 
between STRING and STRING+ 15. This call may retum EINV AL if there are invalid argu
ments. 

The call KIOCGETKEY determines the current value of a keyboard translation table entry: 

struct kiockey key; 
err - ioctl(fd, KIOCGETKEY, &key); 

Get lcio_lablema•I< table's lcio_Blalion to /cio_enlrlJ. Get lcio_alring from string table it /cio_enlru is 
between STRING and STRING+ 15. Thia call may retum EINV AL if there are invalid argu
ments. 

/dev/kbd 

SEE ALSO 
kbd(5) 
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L0(4N) SPECIAL FILES L0(4N) 

NAME 
lo - software loopback network interface 

SYNOPSIS 
p1eudo-devlce loop 

DESCRIPTION 
The loop device is a software loopback network interface; see i/(4N) for a general description of 
networl[ interfaces. 
The loop interface is used for performance analysis and software testing, and to provide 
guaranteed acce .. to Internet protocols on machines with no local network interfaces. A typical 
application is the com,at(BC) server which accepts notification of mail delivery through a particu
lar port on the loopback interface. 

By default, the Joopback interface is accessible at Internet addresa 127.0.0.1 (non-standard); this 
addre .. may be changed with the SIOCSIF ADDR ioctl. 

DIAGNOSTICS 
lo%d1 can't handle at%d. The interface was handed a message with addressea formatted in an 
unsuitable address family; the packet was dropped. 

SEE ALSO 

BUGS 

if(4N), inet(4F) 

It should handle all address and protocol families. An approved network address should be 
reaerved tor this interface. 

Sun Release 1.1 Last change: 17 August 1983 29 



MB( 4S) SPECIAL FILES MB(4S) 

NAME 
mb - Multibus 

SYNOPSIS 
controller mbO at nexu1 f 

DESCRIPTION 
The mb device is the driver for the Intel Multibus(R ), which provides support functions to the 
various devices which can reside there. It vectors interrupts to the Multibus devices according to 
the priority level of the interrupt received and queues requests for dma when there are insufficient 
resources to service the request or to allow certain dma's to proceed exclusively. It also imple
ments byte swapping to/from deficient devices. 

DIAGNOSTICS 
None. 

SEE ALSO 
ar(4S), cg(4S), ip(4S), ms(4S), oct(4S), tm(4S), vp(4S), xy(4S), zs(4S) 
Intel Multibus(R) Specification, Order Number 9800683-04 (Sun 8~1067-01) 
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MEM(4S) SPECIAL FILES MEM(4S) 

NAME 
mem, kmem, mbmem, mbio - main memory and 1/0 space 

SYNOPSIS 
None; included with standard system. 

DESCRIPTION 
These devices are •pecial files that map memory and bus i/o space. They may be read, written, 
aeek'ed and (except for kmem) mmop(2)ed. 

Mom is a special file that is an image or the physical memory or the computer. It may be used, 
for example, to examine (and even to patch) the system. 

Kmem is a special file that is an image or the kernel virtual memory or the system. 

Mbmem is a special file that is an image or the Multibus memory or the system. Multibus 
memory is in the range Crom O to 1 Megabyte. 

Mbio is a special file that is an image or the Multibus I/0 apace. Multibus 1/0 space extends 
Crom O to 64K. 

When reading and writing mbmem and mbio odd counts or offsets cause byte accesses and even 
counts and offsets cause word acceaaes. 

DIAGNOSTICS 
None. 

FILES 
/dev/mem 
/dev/kmem 
/dev/mbmem 
/dev/mbio 
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NAME 
mouse - Sun mouse 

SYNOPSIS 
pseudo-device m13 

DESCRIPTION 

FILES 

The mouae interface provides acceS1 to the Sun Workstation mouse. 

The mouse incorporates a microprocessor which generates a byte-stream protocol encoding mouse 
motions. 

Each mouse sample in the byte stream consists or three bytes: the first byte gives the button state 
with value 0xs1r 6ul, where 6ul is the low three bits giving the mouse buttons, where a O (zero) 
bit means that a button is pressed, and a 1 (one) bit means a button is not pre88ed. Thus if the 
left button is down the value of this sample is Ox83, while if the right button is down the byte is 
Ox86. 

The next two bytes of each sample give the " and I/ delta'• of thi• sample aa signed bytes. The 
mouse uses a lower-left coordinate system, so moves to the right on the screen yield positive " 
values and moves down the screen yield negative II values. 

The beginning of a sample is identifiable because the delta's are constrained to not have values in 
the range Ox80-0x87. 

/dev/mouse 

SEE ALSO 
win(4S) 
Mouse System Mouoe Manual (Sun 8CJ0.0419) 
User's Guide for the Sun Workstation Mouse Subsyotem (Sun 800-0402) 
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MTl( 4S) SPECIAL FILES MT!( 4S) 

NAME 
mti - Syatech MTl-800/1600 multi-terminal interface 

SYNOPSIS 
device mtlO at mbO cir OxlllO flap Oxffl! priority ,t 

DESCRIPTION 
The Systech MT! card provides 8 (MTI-800) or 16 (MTl-1600) serial communication lines with 
modem control. Each line behaves as described in 111,1(4). Input and output for each Une may 
independently be set to run at any or 16 speeds; see lly(4) for the encoding. 

Bit i of flags may be specified to say that a line is not properly connected, and that the line i 
should be treated as hard-wired with carrier always present. Thus specifying "flags Ox0004" in 
the specification or mtiO would cause line tty02 to be treated in this way. 

To allow a single tty line to be connected to a modem and used for both incoming and outgoing 
calls, a special feature, controlled by the minor device number, has been added. Minor device 
numbers in the range O - 127 correspond directly to the normal tty lines and are named Iii/'. 
Minor device numbers in the range 128 - 256 correspond to the same physical lines as those above 
(i.e. the same line as the minor device number minus 128) and are (conventionally) named cua•. 
The cua lines are special in that they can be opened even when there is no carrier on the line. 
Once a cua line is opened, the corresponding tty line can not be opened until the cua line is 
closed. Also, if the tty line has been opened successfully (usually only when carrier is recognized 
on the modem) the corresponding cua line can not be opened. This allows a modem to be 
attached to /dev/ttyOO (usually renamed to /dev/ttydO) and used for dialin (be enabling the line 
for login in /etc/ttys) and also used for dialout (by lip(IC) or uucp(IC)) as /dev/cuaOwhen no one 
is logged in on the line. Note that the bit in the Haga word in the conlig file (see above) must be 
zero for this line. 

WIRING 

FILES 

The Systech requires the CTS modem control signal to operate. !! the device does not supply 
CTS then RTS should be jumpered to CTS at the distribution panel. Also, the CD (carrier 
detect) line does not work properly. When connecting a modem, the modem's CD line should be 
wired to DSR, which the software will treat as carrier detect. 

/dev /tty0!0-9a-q hardwired tty lines 
/dev /ttyd!0-9a-q dialin tty lines 
/dev /cua!0-9a-q dialout tty lines 

SEE ALSO 
tty(4), zs(4S) 

DIAGNOSTICS 
Moat or these diagnostics "should never happen" and their occurrence usually indicates problems 
elsewhere in the system. 

mtl%d,%d1 1Uo overflow. More than 512 characters have been received by the mti hardware 
without being read by the software. Extremely unlikely to occur. 

mtl%d1 error %x. The mti returned the indicated error code. See the mti manual. 

mtl%d1 DMA output error. The mti encountered an error while trying to do DMA output. 

mtl%d1 lmpoHlble response %x. The mti returned or flags may be specified to say that a line 
is not From martyOufo Sat Feb 25 16:04:52 1984 
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MTI0(4) SPECIAL FILES MTI0(4) 

NAME 
mtio - UNIX magnetic tape interface 

SYNOPSIS 
#include <sys/ioctl.h> 
#include <sys/mtio.h> 

DESCRIPTION 

34 

The files mtO, ... , mt15 rerer to the UNIX magtape drives, which read and write magnetic tape in 
2048 byte blocks. (The 2048 is actually BLKDEV JOSIZE in <sy•/param.h>.) The rollowing 
description applies to any or the transport/controller pairs. The files mtO, ... , mt9 and mt8, ... , 
mtl 1 are rewound when closed; the others are not. When a file open for writing is closed, two 
end-or-file• are written. Ir the tape i• not to be rewound it is positioned with the head between 
the two tapemarko. 

The ml files discussed above are useful when it is desired to access the tape in a way compatible 
with ordinary files. When foreign tapes are to be dealt with, and especially when long records are 
to be read or written, the 'raw' interlace is appropriate. The associated files are named rmtO, ... , 
rmt15, but the same minor-device considerations as tor the regular Illes still apply. A number of 
other ioctl operations are available on raw magnetic tape. The tollowing definitions are from 
<sys/mtio.h>: 

r 
* Structures and definitions ror mag tape io control commands 
*I 
/* structure ror MTIOCTOP - mag tape op command * / 
struct mtop { 

short mt_op; 
daddr_t mt_count; 

}; 

/* operations * / 
#define MTWEOF 
#define MTFSF 
#define MTBSF 
#define MTFSR 
#define MTBSR 
#define MTREW 
#define MTOFFL 
#define MTNOP 

0 
1 
2 
3 
4 
5 
6 
7 

/* operations defined below * / 
/* how many of them * / 

/* write an end-or-file record * / 
/* forward space file * / 
/* backward space 61e * / 
/* rorward space record * / 
/* backward space record * / 
/*rewind*/ 
/* rewind and put the drive offline * / 
/* no operation, sets status only * / 

/* structure tor MTIOCGET - mag tape get status command * / 

struct mtget { 
short mt_type; /* type or magtape device * / 

/* the following two registers are grossly device dependent * / 
short mt_dsreg; /* "drive status" register • / 
short mt_erreg; J• "error,, register * / 

/* end device-dependent registers * / 
short mt_resid; /* residual count * / 

/* the rollowing two are not yet implemented */ 
daddr_t mt_6leno; /* file number or current position * / 
daddr_t mt_blkno; /* block number or current position * / 

/* end not yet implemented * / 
}; 
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MTI0{4) SPECIAL FILES MTIO( 4) 

FILES 

I* 
• Constants tor mt_type byte ., 

#define MT_ISTS 
#define MT_ISHT 
#define MT_ISTM 
#define MT_ISMT 
#define MT_ISUT 
#define MT_ISCPC 
#define MTJSAR 

OxOl 
Ox02 
Ox03 
Ox04 
OxOS 
Ox06 
Ox07 

/• mag tape io control commands * / 

/* va.x: unibus t .. n */ 
/* va.x: massbus tu77, etc */ 
/* va.x: unibus tm-11 * / 
/* va.x: massbus tu78 * / 
/* vax: unibus gcr * / 
/* sun: Multibus tapemaster * / 
/* sun: Multibus archive * / 

#defineMTIOCTOP _IOW(m, 1, struct mtop) /* do a mag tape op*/ 
/* get tape status * / #define MTIOCGET _IOR{m, 2, struct mtget) 

#ifndet KERNEL 
#define DEFTAPE 
#endit 

"/dev /rmt12" 

Each read or write call reads or writes the next record on the tape. In the write case the record 
has the same length aa the buffer given. During a read, the record size is passed back as the 
number of bytes read, provided it is no greater than the buffer size. In raw tape I/0 seeks are 
ignored. A zero byte count is returned when a tape mark is read, but another read will fetch the 
first record of the new tape file. 

/dev/mt? 
/dev/rmt? 
/dev/rar? 

SEE ALSO 
mt(l), tar(l), ar(4S), tm(4S) 
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ND(4P) SPECIAL FILES ND(4P) 

NAME 
nd - network disk driver 

SYNOPSIS 
pseudo-device nd 

DESCRIPTION 
The network disk device, / dev/ nd*, allows a client workstation to perform disk IO operations on a 
server system, over the network. To the client system, this device looks like any normal disk 
driver: it allows read/write operations at a given block number and byte count. Note that this 
provides a network diek block access service rather than a network file access service. 

Typically the client system will have no disks at all. In this case /dev/ndO contains the client's 
root file system (including /usr files), and ndl is used as a paging area. Client access to these dev
ices is converted to net diek protocol requests and sent to the server system over the network. 
The server receives the request, performs the actual disk IO, and sends a response back to the 
client. 

The server contains a table which lists the net address of each of his clients and the server disk 
partition which corresponds to each client unit number (nd0,1, ... ). This table resides in the server 
kernel in a structure owned by the nd device. The table is initialized by running the program 
/olc/nd with text file /elc/nd.local as its input. /elc/nd then issues iocl/(2) functions to load the 
table into the kernel. 

In addition to the read/write units /dev/nd*, there are public read-only units which are named 
/dev/ndp*. The correspondence to server partitions is specified by the /elc/nd.local text file, in a 
similar manner to the private partitions. The public units can be used to provide shared access to 
binaries or libraries (/bin, /usr/bin, /usr/ucb, /usr/lib) so that each diskless client does not have 
to waste space in his private partitions for these files. This is done by providing a public file syo
tem at the server ( / dev/ ndpO ) which is mounted on '/pub' of each diskless client. The clients 
then use symbolic links to read the public files: /bin -> /pub/bin, /usr/ucb -> /pub/usr/ucb. 
One requirement in this case is that the server (who has read/write access to this file system) 
should not perform write activity with any public filesystem. This is because each client is locally 
cacheing blocks. 

One last type of unit is provided for use by the server. These are called local units and are 
named / dev/ ndl*. The Sun physical disk sector O label only provides a limited number of parti
tions per physical disk (eight). Since this number is small and these partitions have somewhat 
fixed meanings, the nd driver itself has a subparlilioning capability built.in. This allows the large 
oerver phyoical disk partition (e.g. /dev/zyOg) to be broken up into any number of diskless client 
partitions. Of course on the client side these would be referenced as /dev/nd0,1, ... ; but the 
server needs to reference these client partitions from time to time, to do mkfe(8) and feck(8) for 
example. The /dev/ndl* entrie• allow the server 'local' access to his subpartitions without causing 
any net activity. The actual local unit number to client unit number correspondence is again 
recorded in the / etc/ nd.local text file. 

The nd device driver is the same on both the client and server sides. There are no user level 
processes 88sociated with either side, thus the latency and transfer rates are close to maximal. 

The minor device and ioctl encoding used is given in file <sun/ndio.h>. The low six bits of the 
minor number are the ·unit number. The Ox40 bit indicates a public unit; the Ox80 bit indicates a 
local unit. 

INITIALIZATION 

36 

No special initialization is required on the client side; he finds the server by broadcasting the ini
tial request. Upon getting a response, he locks onto that server address. 

At the server, the nd(8c) command initializes the network disk service by issuing ioctl'• to the 
kernel. 
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ND(4P) SPECIAL FILES ND( 4P) 

ERRORS 
Generally physical disk IO errors detected at the server are returned to the client for action. If 
the sener is down or unacce583ble, the client will see the console message file server not respond
ing: 1liU lrging. The client continues (forever) making his request until he gets positive ack
nowledgement from the server. This means the server can crash or pow~r down and come back 
up without any special action required of the user at the client machine. It also means the pro
cess performing the IO to nd will block, insensitive to signals, since the process is sleeping inside 
the kernel at PR IBIO, 

PROTOCOL AND DRIVER INTERNALS 
The protocol packet i• defined in <sun/n4io.h> and also included below: 

r 
• 'nd' protocol packet format • . , 

atruc:t ndpack { 

}1 

atruc:t Ip np_lp1 
u_char np_op1 
u_char np_mln1 
char np_error1 
char np_ver1 
lon1 np_•acu 
lon1 np_blknoJ 
lon1 np_bcount1 
lon1 np_ruld1 
lon1 np_caddr1 
lon1 np_ccount1 

r np_op operation eodu •• , 

r Ip header, proto IPPROTO_ND */ r operation code, ... below • , r minor device • , 
/• b_error * / 
/* veralon number*/ r •equence number • , r b_blkno, dlak block number., r b_bcount, byte count • , r b_ruld, realdual byte count ., r current b;yte o«.et of thla packet • , 
/* current byte count of thla packet * / 
/* data follow• * / 

#define NDOPREAD 1 r read., r write., 
/*error*/ 

#dellne NDOPWRITE I 
#deflneNDOPERROR 3 
#dellneNDOPCODE 7 
#define NDOPWAIT 010 
#define NDOPDONE 010 

r op code muk ., r waiting for DONE or next requeat */ 
/ * operation done * / 

r mlac protocol deflnu. ~ / 
#define NDMAXDATA 
#define NDMAXIO 

1014 /* max data per packet ., 
113*1014 r max np_bcount ., 

IP datagrams were chosen instead or UDP datagrams because only the IP header is checksummed, 
not the entire packet as in UDP. Also the kernel level interface to the IP layer is simpler. The 
min, 6lino, and 6count fields are copied directly from the client's strategy request. The sequence 
number field ,eq is incremented on each new client request and is matched with incoming server 
responses. The server essentially echos the request header in his responses, altering certain fields. 
The coddr and ccounl fields show the current byte address and count or the data in this packet, or 
the data expected to be sent by the other side. 

The protocol is very simple and driven entirely from the client side. & soon as the client ndstra.
tegy routine is called, the request is sent to the server; this allows disk sorting to occur at the 
server aa soon as possible. Transactions which send data (client writes on the client side, client 
reads on the server side) can only send a set number or packets or NDMAXDATA bytes each, 
before waiting for an acknowledgement. The defaults are currently set at 6 packets of lK bytes 
each; the NDIOCETHER ioctl allows setting this value on the server side. This allows the 
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normal 4K byte case to occur with just one 'transaction'. The NDOPWAIT bit is set in the op 0 
field by the sender to indicate he wiU send no more until acknowledged (or requested) by the 
other side. The. NDOPDONE bit is set by the server side to indicate the request operation has 
completed; for both the read and write cases this means the requested disk IO has actually 
occured. 

Requests received by the server are entered on an active list which is timed out and discarded if 
not completed within NDXTIMER seconds. Requests received by the server allocate a bcounl size 
buffer to minimize buffer copying. Contiguous DMA disk IO thus occurs in the same size chunks 
it would if requested from a local physical disk. 

BOOTSTRAP 
The Sun workstation has PROM code to perform a net boot using this driver. Usually, the boot 
Illes are obtained from public device O (/dev /ndpO) on the server with which the client is 
registered; this allows multiple servers to exist on the same net (even running different releases or 
kernel and boot software). Ir the station you are booting is not registered on any of the servers, 
you will have to specify the hex Internet host number or the server in the boot command string 
(e.g.): 'bec(0,5,0)vmunix'. 

This booting performs exactly the same steps Involved in a real disk boot which are: 

1) 

2) 

3) 

4) 

user types 'b' to PROM monitor. 

PROM loads blocks 1 thru 15 or /dev/ndpO (bootpr). 

bootnd loads '/boot'. 

/boot loads '/vmunix'. 

SEE ALSO 

BUGS 

38 

ioctl(2), nd(SC) 

The operations described in dkio(4) are not supported. 

The local host's disk buffer cache is not used by network disk access. This means that if either a 
local host or a remote host is writing, the changes will be visible at random based on the cache hit 
frequency on the local host. Ir both the local and remote hoets are writing to the same lllesystem, 
one machine's changes can be randomly lost, based again on cache hit and deferred write timings. 

It an R/0 remote Ille system is mounted R/W by mistake, it is impoesible to umount it. 
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NULL(4) SPECIAL FILES 

NAME 
null - data sink 

SYNOPSIS 
None; inc.luded with standard system. 

DESCRIPTION 
Data written .on a null special file is discarded. 

Reads from a n.ull special file always return an end-of-file indication. 

FILES 
/dev/null 

Sun Rele""I! 1.1 
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OCT( 4S) SPECIAL Fil.ES OCT(4S) 

NAME 
oct - Central Data octal serial card 

SYNOPSIS 
device octO at mbO car Ox&IO flag• Oxtr priority 4-

DESCRIPTION 

FILES 

The Central Data card provides 8 serial communication lines wit!> modem control. Each line 
behaves as. described in ft11(4). Input .and output for each line may independently be •et to rurt at 
any of 16 speeds; see tt11t4} for the encoding. 

Bit i ot Bags may be specifted to say that· a line is not properly connected, and that the line. i 
should be treated as hard-wired with carrier alway, presertt. Thus specifying "Bags Ox0004" in 
the speciftcation ot octO would cause line ttymi to be treated in this way. 

/dev/tty[innol(o-9a-lf 
/dev ~tydl0-9a-lf 

SEE·ALso 
tty(41 zs(4S) 
Hardware Reference Manual; Octal Serial Interface;- Central Data Corporation (Sun 800-0418) 

DIAGNOSTICS 

BUGS 

40 

Norte. 

Input data overruns are oilently ignored. 

This interrupt-per-character, non-buffered device is expensive in terma of sy•tem overhead. 

This driver is not supported. 
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PTY( 4} SPECIAL FILES PTY( 4) 

NAME 
pty - pseudo terminal driver 

SYNOPSIS 
pseudo-device pty 

DESCRIPTION 
The pig driver provides support for a pair of devices collectively known as a pseudo-terminal 
The two devices comprising a pseudo-terminal are known as a master and a elave. The slave dev
ice provides an interface identical to that described in llg(4}, but instead of having a hardware 
interface such as the Zilog chip and associated hardware used by zs(4S} supporting the ,terminal 
functions, the functions of the terminal are implemented by another process manipulating the 
master side or the pseudo-terminal. 

The master and the slave sides or the pseudo-terminal are tightly connected. Any data written on 
the master device is given to the slave device as input, as though it had been received from a 
hardware interface. Any data written on the slave terminal can be read from the master device 
(rather than being transmitted from a UART}. 

In configuring, if no optional "count" is given in the specification, 16 pseudo terminal pairs are 
configured. 

A few special ioctl's are provided on the control-side devices or pseudo-terminals to provide the 
functionality needed by applications programs to emulate real hardware interfaces: 

TIOCSTOP 
Stops output to a terminal (that is, like typing ·s). Takes no parameter. 

TIOCSTART 
Restarta output (stopped by TIOCSTOP or by typing • Q). Takes no parameter. 

There are also two independent modes which can be used by applications programs: 

TIOCPKT 
Enable/disable packet mode. Packet mode Is enabled by specifying (by reference) a 
nonzero parameter and disabled by specifying (by reference) a zero parameter. When 
applied to the master side or a pseudo terminal, each subsequent read from the terminal 
will return data written on the slave part or the pseudo terminal preceded by a zero byte 
(symbolically ,defined as TIOCPKT_DATA}, or a single byte reflecting control status 
information. In the latter case, the byte is an inclusive-or or zero or more or the bita: 

TIOCPKT_FLUSHREAD 
whenever the read queue for the terminal is flushed. 

TIOCPKTYLUSHWRITE 
whenever the write queue for the terminal is flushed. 

TIOCPKT_STOP' 
whenever dutput to the terminal is stopped a la ·s. 

TIOCPKT _ST ART 
whenever output to the terminal is restarted. 

TIOCPKT__DOSTOP 
whenever t_stopc is ·s and t_startc is ·Q. 

TIOCPKT_NOSTOP 
whenever the start and stop characters are not ·srQ. 

This mode is used by r/ogin(lC} and rlogintl(8C) to implement a remote-echoed, locally 
·srQ Dow-controlled remote login with proper back-flushing of output when interrupts 
occur; it can be used by other similar programs. 

TIOCREMOTE 
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FILES 

BUGS 

42 

A mode for the master half of a pseudo terminal, independent of TIOCPKT. This mode 
causes input to the pseudo terminal to be flow controlled and not input edited (regardless 
of the terminal mode). Each write to the control terminal produces a record boundary for 
the process reading the terminal. In normal usage, a write of data is like the data typed 
as a line on the terminal; a write of O bytes is like typing an end-of-file character. 
TIOCREMOTE can be used when doing remote line editing in a window manager, or 
whenever flow controlled input is required. 

/dev /ptyjp-rJI0-9a-fj 
/dev /tty[p-rJI0-9a-fj 

master pseudo terminals 
slave pseudo terminals 

It is apparently not possible to send an EQT by writing zero bytes in TIOCREMOTE mode. 
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NAME 
routing - system supporting for local network packet routing 

DESCRIPTION 
The network facilities provided general packet routing, leaving routing table maintenance to 
applications processes. 
A simple set or data structures comprise a "routing table" used in selecting the appropriate net
work interface when transmitting packets. This table contains a single entry for each route to a 
specific network or host. A user process, the routing daemon, maintains this data base with the 
aid or two socket specific ioct1(2) commands, SIOCADDRT and SIOCDELRT. The commands 
allow the addition and deletion or a single routing table entry, respectively. Routing table mani
pulations may only be carried out by super-user. 

A routing table entry has the following form, as defined in <net/roule.h>; 

struct rtentry { 
u_long rt_hash; 
struct sockaddr rt_dst; 
struct sockaddr rt_gateway; 
short rt_llags; 

}; 

ohort rt_refcnt; 
· u_long rt_uoe; 
struct ifnet •rt_ifp; 

with rt__flags defined from, 

#define RTF _UP 
#deflneRTF_GATEWAY 
#define RTF _HOST 

Oxl 
Ox2 
Ox4 

r route usable • , r destination is a gateway * / r host entry (net otherwise)., 

Routing table entries come in three llavors: for a specific host, for all hosts on a specific network, 
for any destination not matched by entries of the first two types (a wildcard route). When the 
system is booted, each network interface autoconflgured installs a routing table entry when it 
wisheo to have packeto •ent through it. Normally the interface specifle• the route through it is a 
"direct" connection to the de•tination host or network. Ir the route is direct, the transport layer 
of a protocol family uoually requeots the packet be oent to the •ame host specified in the packet. 
Otherwioe, the interface may be requeoted to address the packet to an entity different Crom the 
eventual recipient (i.e. the packet is forwarded). 

Routing table entries installed by a user process may not specify the hash, reference count, use, or 
interface fleldo; theoe are filled in by the routing routine•. IC a route is in u•e when it i• deleted 
(rt_re/cnt is non-zero), the resources associated with it will not be reclaimed until further refer
ence• to it are released. 

The routing code returns EEXIST iC requested to duplicate an existing entry, ESRCH iC requested 
to delete a non-existant entry, or ENOBUFS iC insufficient resources were available to install a 
new route. 

User processes read the routing tables through the /dev/kmem device. 

The rt_use field contains the number or packets sent along the route. This value is used to select 
among multiple routes to the same destination. When multiple routes to the same destination 
exist, the lea5t used route is selected. 

A wildcard routing entry is specified with a zero destination address value. Wildcard routes are 
used only when the system fails to find a route to the destination host and network. The combi
nation of wildcard routes and routing redirects can provide an economical mechanism for routing 
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traffic. 0 
SEE ALSO 

route(SC), routed(SC) 

0 

C 
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NAME 
sd - Disk driver for Adaptec ST-506 Disk Controllers 

SYNOPSIS 
controller acO at mbO car Ox80000 priority 2 
disk adO at acO drive O flags 0 
disk adl at acO drive 1 flags O 

DESCRIPTION 
Files with minor device numbers O through 7 refer to various portions of drive 0. The standard 
device names begin with "sd" followed by the drive number and then a Jetter a-h for partitions 
0-7 respectively. The character? stands here for a drive number in the range 0-7. 

The block file's access the disk via the system's normal buffering mechanism and may be read and 
written without regard to physical disk records. There is also a 'raw' interface which provides for 
direct transmission between the disk and the user's read or write buffer. A single read or write 
call results in exactly one 1/0 operation and therefore raw 1/0 is considerably more efJlicient 
when many words are transmitted. The names of the raw files conventionally begin with an extra 
'r.' 

In raw 1/0 counts should be a multiple of 512 bytes (a disk sector). Likewise seek calls should 
specify a multiple of 512 bytes. 

DISK SUPPORT 

FILES 

This driver handles all ST-506 drives, by reading a label from sector O of the drive which 
describes the disk geometry and partitioning. 

The sd?a partition is normally used for the root file system on a disk, the sd?b partition as a pag
ing area, and the sd!c partition for pack-pack copying (it normally maps the entire disk). The 
rest or the disk is normally the sd?h partition. 

/dev /sd[0-7l[a-h[ 
/dev /rsd[0-7l[a-h] 

block files 
raw flies 

SEE ALSO 
dkio{4S) 
Adaptec ACB 4000 and 5000 Series Disk Controllers OEM Manual 

DIAGNOSTICS 

BUGS 

ad%d%c1 cmd how (msg) blk %d. A command such as read or write encountered a error condi
tion (how): either it failed, the unit was restored, or an operation was relru'ed. The msg is 
derived from the error number given by the controller, indicating a condition such as "drive not 
ready" or "sector not round". 

In raw 1/0 read and write(2) truncate file offsets to 512-byte block boundaries, and write scribbles 
on the tail of incomplete blocks. Thus, in programs that are likely to access raw devices, read, 
write and /eed(2) should always deal in 512-byte multiples. 
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NAME 
st - Driver for Sysgen SC 4000 (Archive) Tape Controller 

SYNOPSIS 
controller acO at mbO car Ox80000 priority 2 
tape atO at acO drive az flap 1 

DESCRIPTION 

FILES 

The Sysgen tape controller is a SCSI bus interface to an Arebive streaming tape drive. It pro
vides a standard tape interface to the device, see mlio(4), with some deficiencies listed under 
BUGS below. 

/dev/rstO 
/dev /nrstO non-rewinding 

SEE ALSO 
mtio(4), tm(4S) 
Sysgen SC4000 Intelligent Tape Controller Product Specification 
Archive Intelligent Tape Drive Theory of Operation, Archive Corporation (Sun 8000-1058-01) 
Archive Product Manual (Sidewinder 1/4" Streaming Cartridge Tape Drive) (Sun 800-0628-01) 

DIAGNOSTICS 

BUGS 

46 

1t%d1 tape not onllne. 

1t%d1 no cartridge In drive. 

1t%d1 cartridge la write protected. 

The tape cannot reverse direction so BSF and BSR are not available. 

Disk 1/0 over the SCSI bus will be mostly blocked out when the tape is in use. This is because 
the controller does not free the bus while the tape is in motion (even during rewind). 

When using the raw device, the number of bytes in any given transfer must be a multiple of 512 
bytes. Ir it is not, the device driver returns an error. 
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TCP(4P) SPECIAL FILES TCP(4P) 

NAME 
tcp - Internet Transmission Control Protocol 

SYNOPSIS 
None; comes automatically with inet( 4F). 

DESCRIPTION 
TCP is a connection-oriented, end-to-end reliable protocol designed to fit into a layered hierarch 
of protocols which support multi-network applications. TCP provides for reliable inter-process 
communication between pairs of processes in host computers attached to distinct but intercon
nected computer communication networks. Very few assumptions are made as to the reliability 
of the communication protocols below TCP layer. TCP assumes it can obtain a simple, poten
tially unreliable datagram service from the lower level protocols. In principle, TCP should be 
able to operate above a wide spectrum of communication systems ranging Crom hard-wired con
nections to packet-switched or circuit switched networks. 

TCP fits into a layered protocol architecture just above the basic Internet Protocol (IP) described 
in ip(4P) which provides a way for TCP to send and receive variable-length segments of informa
tion enclosed in Internet datagram "envelopes." The Internet datagram provides a means for 
addressing source and destination TCPs in different networks, deals with any fragmentation or 
reassembly of the TCP segments required to achieve transport and delivery through multiple 
netwokrs and interconnecting gateways, and has the ability to carry information on the pre
cedence, security classification and compartmentalization of the TCP segments (although this is 
not currently implemented under UNIX.) 

An application process interfaces to TCP through the ,ockel(2) abstraction and the related callee 
bind(2), /islen(2), occept(2), connect(2), send(2) and recv(2). The primary purpose of TCP is to 
provide a reliable bidirectional virtual circuit service between pairs of processes. In general, the 
TCP'• decide when to block and forward data at their own convenience. In the UNIX implemen
tation, it is assumed that any buffering of data is done at the use, level, snd the TCP's transmit 
available data as soon as possible to their remote peer. They do this and always set the PUSH bit 
indicating that the transferred data should be made available to the user process at the remote 
end as soon as practicabl<. 

To provide reliable data TCP must recover from data that is damaged, lost, duplicated, or 
delivered out of order by the underlying internet communications system. This is achieved by 
assigning a sequence number to each byte or data transmitted and requiring a positive ack
nowledgement from the receiving TCP. Ir the ACK is not received within an (adaptively deter
mined) timeout interval the data is retransmitted. At the receiver, the sequence numbers are 
uoed to correctly order oegments that may be received out or order and to eliminate duplicates. 
Damage is bandied by adding a checksum to each oegment transmitted, checking it at the 
receiver, and discarding damaged segments. As long as the TCP's continue lo function properly 
and the internet system does nc\~become completely partitioned, no tranmission errors will affect 
the correct delivery of data, 3S 1\..,p recovers Crom communications errors. 

f 

TCP provides flow control over the transmitted data. The receiving TCP is allowed to specify 
the amount or data which may be sent by the sender, by returning a window with every ack
nowledgement indicating a range of acceptable sequence numbers beyond the last segment suc
cessfully received. The window indicates an allowed number of bytes that the sender may 
transmit before reeeiving further permission. 

TCP extends the standard 32-bit Internet host addresses with a 16-bit port number space; the 
combined addresses are available at the UNIX process level in the standard ,ockoddr _in format 
described in inet(4F). 

Sockets utilizing the tcp protocol are either "active" or "passive". Active sockets initiate connec
tions to passive sockets. By default TCP sockets are created active; to create a passive socket the 
li,ten(2) system call must be used after binding the socket to an address with the bind(2) system 
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call. Only passive sockets may use the accept(2) call to accept incoming connections. Only 
active sockets may use the connecl(2) call to initiate connections. 

Passive sockets may "underspecify" their location to match incoming connection requests from 
multiple networks. This technique, termed 11wildcard addressing", allows a single server to pro-, 
vide service to clients on multiple networks. To create a socket which listens on all networks, the 
Internet address INADDR_ANY must be bound. The TCP port may still be specified at this 
time; ir the port is not specified the system will assign one. Once a connection has been esta.
blished the socket's address is fixed by the peer entity's location. The address assigned the 
socket is the address associated with the network interface through which packets are being 
transmitted and received. Normally this address corresponds to the peer entity's network. See 
ine1(4F) for a complete description of addressing in the Internet family. 

A TCP connection is created at the server end by doing a eocke1(2), a bind(2) to establish the 
address or the socket, a li,len(2) to cause connection queueing, and then an accep1(2) which 
returns the descriptor for the socket. A client connects to the server by doing a eocket(2) and 
then a connec1(2). Data may then be sent Crom server to client and back using read(2) and 
wrile(2). 

TCP implements a very weak out-of-band mechanism, which may be invoked using the out-of
band provisions of eend(2). This mechanism allows setting an urgent pointer in the data stream; 
it is reflected to the TCP user by making the byte after the urgent pointer available as out-or
band data and providing a SIOCATMARK ioctl which returns an integer indicating whether the 
stream is at the urgent mark. The system never returns data across the urgent mark in a single 
read. Thus when a SIGURG signal is received indicating the presence of out-of-band data and 
the out-of-band data indicates that the data to the mark should be flushed (as in remote terminal 
processing) it suffices to loop checking whether you are at the out-or-band mark, and reading data 
while you are not at the mark. 

SEE ALSO 

BUGS 

48 

inet(4F), ip(4P) 

It should be possible to send and receive TCP options. 

The system always tries to negotiates the maximum. TCP segment size to be 1024 bytes. This 
can result in poor performance it an intervening network performs excessive fragmentation. 

SIOCSHIWAT and SIOCGHIWAT ioctl'• to set and get the high water mark for the socket 
queue, and so that it can be changed Crom 2048 bytes to be larger or smaller, have been defined 
(in < sys/ioctl.h >) but not implemented. 
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TM(4S) SPECIAL FILES TM( 4S) 

NAME 
tm - tapemaster 1/2 inch tape drive 

SYNOPSIS 
controller tmO at mbO car OxaO priority 3 
tape mtO at tmO drive O flap 1 

DESCRIPTION 
The Tapemaster tape controller controls Pertee-interface 1/2" tape drives such as the CDC Key
stone, providing a standard tape interface to the device, see mtio(4). 

SEE ALSO 
mt(l), tar(l), ar(4S) 
CPC Tapemaster Product Specification (Sun 800-0620-01) 
CPC Tapemaster Application Note (Sun 800-0622-01) 
CDC Streaming Tape Unit 9218X Reference Manual (Sun 800-0623-01) 

DIAGNOSTICS 

BUGS 

tm%d1 no responoe from ctlr. 

tm%d1 error %d during conflg. 

mt%d1 not onllne. 

mt%d1 no write ring. 

tmgo1 gate wasn't open. Controller lost synch. 

tmlntr, can •t clear Interrupts. 

tm%d1 stray Interrupts. 

mt%d1 hard error bn=%d er=%x. 

mt%d1 lost Interrupt. 

The Tapemaster controller does not provide for byte-swapping and the resultant system overhead 
prevents streaming transports from streaming. 

Ir a non-data error ill encountered on non-raw tape, it refuses to do anything more until closed. 

The system should remember which controlling terminal has the tape drive open and write error 
messages to that terminal rather than on the console. 
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NAME 
tty - general terminal interface 

SYNOPSIS 
None; included by default. 

DESCRIPTION 

50 

This section describes both a particular special Ille /dev /tty and the terminal drivers used for 
conversational computing by serial interfaces such as oct(4S), zs{4S), as well as cons(4S) and 
pt11( 4). 
Line dlsclpllnee. 

The system provides different line disciplines tor controlling communications lines. In this version 
or the system there are three disciplines available: 

old The old (standard) terminal driver. This is used when using the standard shell sh(l) and 
for compatibility with version 7 UNIX systems. 

new A newer terminal driver, with features for job control; this must be used when using 
c•h(l). 

net A line discipline used tor networking and loading data into the oyotem over communica
tions lineo. It allow• high speed input at very low overhead, and is described in 6k(4). 

Line discipline switching is accomplished with the TIOCSETD ioctl: 

Int ldlsc = LDJSCJ loctl(t, TIOCSETD, &ldlsc)J 

where LDISC is OTTYDISC tor the standard tty driver, NTTYDISC for the new driver and 
NETLDISC tor the networking discipline. The standard (currently old) tty driver is discipline 0 
by convention. The current line discipline can be obtained with the TIOCGETD ioctl. Pending 
input is discarded when the line diocipline is changed. 

All of the low-speed asynchronous communications ports can use any or the available line discip
lines, no matter what hardware is involved. The remainder or this section discusses the "old" and 
''new'' disciplines' 

The control terminal. 

When a terminal Ille is opened, it causes the process to wait until a connection is established. In 
practice, user programs seldom open these Illes; they are opened by init(8) and become a user's 
standard input and output Ille. 

If a process which has no control terminal opens a terminal file, then that terminal Ille becomes 
the control terminal for that proceso. The control terminal is thereafter inherited by a child pro
cess, during a /ork(2), even if the control terminal is closed. 

The Ille /dev /tty is, in each proceos, a •ynonym for a control terminal asoociated with that pro
cess. It is useful tor programs that wish to be sure of writing messages on the terminal no matter 
how output has been redirected. It can also be used for programs that demand a Ille name tor 
output, when typed output is desired and it is tiresome to find out which terminal is currently in 
use. 

A process can remove the association it has with its controlling terminal by opening the Ille 
/dev/tty and issuing a 

loctl(t, TIOCNOTTY, O); 

This is often desirable in server processes. 

ProceH groupo, 

Command processors such as csh(l) can arbitrate the terminal between different jobs by placing 
related jobs in a single process group and associating this process group with the terminal. A 
terminal's associated process group may be set using the TIOCSPGRP ioct/(2): 
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loctl{fllde11, TIOCSPGRP, &pgrp) 

or examined using TIOCGPGRP, returning the current process group in pgrp. The new terminal 
driver aids in this arbitration by restricting access to the terminal by processes which are not in 
the current proce55 group; see Job acce11 control below. 

Modea. 

The terminal drivers have three major modes, characterized by the amount of processing on the 
input and output characters: 

cooked The normal mode. In this mode lines of input are collected and input editing is done. 
The edited line is made available when it is completed by a newline or when the 
l_brkc character, normally an EOT (control-D, hereafter "D), is entered. A carriage 
return is usually made synonymous with newline in this mode, and replaced with a 
newline whenever it is typed. All driver functions (input editing, interrupt generation, 
output processing such as delay generation and tab expansion, etc.) are available in 
this mode. 

CBREAK This mode eliminates the character, word, and line editing input facilities, making the 
input character available to the user program as it is typed. Flow control, literal-next 
and interrupt processing are still done in this mode. Output processing is done. 

RAW This mode eliminate• all input processing and makes all input characters available as 
they are typed; no output processing is done either. 

The otyle of input proceosing can also be very different when the terminal is put in non-blocking 
i/o mode; see the FNDELAY flag as described in /cntl{2). In this case a read(2) from the control 
terminal will never block, but rather return an error indication (EWOULDBLOCK) if there is no 
input available. 

A proce88 may also request a SIGIO signal be sent it whenever input is present. To enable this 
mode the FASYNC flag should be set using /cntl(2). 
Input editing. 

A UNIX terminal ordinarily operates in full-duplex mode. Characters may be typed at any time, 
even while output is occurring, and are only lost when the eystem's character input buffers 
become completely choked, which is rare, or when the user has accumulated the maximum 
allowed number of input characters that have not yet been read by some program. Currently this 
limit is 256 characters. In the old terminal driver all the saved characters are thrown away when 
the limit is reached, without notice; the new driver simply refuses to accept any further input, 
and rings the terminal bell. 

Input characters are normally accepted in either even or odd parity with the parity bit being 
otripped off before the character is given to the program. By clearing either the EVEN or ODD 
bit in the flags word it is possible to have input characters with that parity discarded (see the 
Summar:,, below.) 

In all of the line disciplines, it is possible to simulate terminal input using the TIOCSTI ioctl, 
which takeo, as its third argument, the addreso of a character. The system pretends that this 
character was typed on the argument terminal, which must be the control terminal except for the 
ouper-user (this call is not in standard version 7 UNIX). 

Input characters are normally echoed by putting them in an output queue as they arrive. This 
may be disabled by clearing the ECHO bit in the flags word using the atty(3C) call or the 
TIOCSETN or TIOCSETP ioctls (see the Summar:,, below). 

In cooked mode, terminal input is processed in units or lines. A program attempting to read will 
normally be suspended until an entire line has been received (but see the description or SIGTTJN 
in Modes above and FIONREAD in Summary below.) No matter how many characters are 
requested in the read call, at most one line will be returned. It is not, however, necessary to read 
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a whole line at once; any number or characters may be requested in a read, even one, without los
ing information. 

During input, line editing is normally done, with the DELETE character logically erasing the last 
character typed and a ·u (control-U) logically erasing the entire current input line. These charac
ters never erase beyond the beginning or the current input line or an ·D. These characters may 
be entered literally by preceding them with '\ '; in the old teletype driver both the '\ ' and the 
character entered literally will appear on the screen; in the new driver the '\' will normally disap
pear. 

The drivers normally treat either a carriage return or a newline character as terminating an input 
line, replacing the return with a newline and echoing a return and a line feed. It the CRMOD bit 
is cleared in the local mode word then the processing for carriage return is disabled, and it is sim
ply echoed as a return, and does not terminate cooked mode input. 

In the new driver there is a literal-next character ·v which can be typed in both cooked and 
CBREAK mode preceding any character to prevent its special meaning. This is to be preferred 
to the use or'\' escaping erase and kill characters, but '\' is (at least temporarily) retained with 
its old function in the new driver for historical reasons. 

The new terminal driver also provides two other editing characters in normal mode. The word
erase character, normally ·w, erases the preceding word, but not any spaces betore it. For the 
purposes of ·w, a word is defined as a sequence or non-blank characters, with tabs counted as 
blanks. Finally, the reprint character, normally "R, retypes the pending input beginning on a 
new line. Retyping occurs automatically in cooked mode if characters which would normally be 
erased from the screen are rouled by program output. 

Input echoing and redisplay 

In the old terminal driver, nothing special occurs when an erase character is typed; the erase char
acter is simply echoed. When a kill character is typed it is echoed tollowed by a new-line (even it 
the character is not killing the line, because it was preceded by a '\ '!,) 

The new terminal driver has several modes for handling the echoing or terminal input, controlled 
by bits in a local mode word. 

Hardcopy terminals. When a hardcopy terminal is in use, the LPRTERA bit is normally set in the 
local mode word. Character• which are logically erased are then printed out backward• preceded 
by '\' and followed by '/' in thio mode. 

Crt terminals. When a crt terminal is in use, the LCRTBS bit is normally set in the local mode 
word. The terminal dsiver then echoes the proper number of backspace characters when input is 
erased to reposition the curoor. Ir the input has become touled due to intersperoed asynchronous 
output, the input is automatically retyped. 

Erasing characters from a crl. When a crt terminal is in use, the LCRTERA bit may be set to 
cause input to be erased from the screen with a "backspace-space-backspace" sequence when 
character or word deleting sequences are used. A LCRTKIL bit may be set as well, causing the 
input to be erased in this manner on line kill sequence• as well. 

Echoing of control character,. IC the LCTLECH bit is set in the local otate word, then non
printing (control) character• are normally echoed as ·x (for some X) rather than being echoed 
unmodified; delete is echoed as "!. 

The normal modes for using the new terminal driver on crt terminals are opeed dependent. At 
speeds leso than 1200 baud, the LCRTERA and LCRTKILL processing is painfully slow, so 
slly(l) normally just sets LCRTBS and LCTLECH; at speeds or 1200 baud or greater all or these 
bits are normally set. The stty(l) command summarizes these option settings and the use or the 
new terminal driver as "newcrt." 
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Output proceuln1. 

When one or more characters are written, they are actually transmitted to the terminal as soon as 
previously-written characters have finished typing. (As noted above, input characters are nor
mally echoed by putting them in the output queue as they arrive.) When a proce68 produces char
acters more rapidly than they can be typed, it will be suspended when its output queue exceeds 
some limit. When the queue has drained down to some threshold the program is resumed. Even 
parity is normally generated on output. The EOT character is not transmitted in cooked mode to 
prevent terminals that respond to it from hanging up; programs using raw or cbreak mode should 
be careful. 

The terminal drivers provide necessary processing for cooked and CBREAK mode output includ
ing delay generation for certain special characters and parity generation. Delays are available 
after backspaces 'H, form feeds ·L, carriage returns ·M, tabs ·1 and newlines • J. The driver will 
also optionally expand tabs into spaces, where the tab stops are assumed to be set every eight 
columns. These functions are controlled by bits in the tty flags word; see Summary below. 

The terminal drivers provide for mapping between upper and lower case on terminals lacking 
lower case, and for other special processing on deficient terminals. 

Finally, in the new terminal driver, there is an output flush character, normally "O, which sets 
the LFLUSHO bit in the local mode word, causing subsequent output to be flushed until it is 
cleared by a program or more input is typed. This character has effect in both cooked and 
CBREAK modes and causes pending input to be retyped if there is any pending input. An ioctl 
to flush the characters in the input and output queues, TIOCFLUSH, is also available. 

Upper cue termlnala and Hazeltine• 

If the LCASE bit is· set in the tty flags, then all upper-case letters are mapped into the 
corresponding lower-ease letter. The upper-ease letter may be generated by preceding it by '\'. If 
the new terminal driver is being used, then upper case letters are preceded by a '\' when output. 
In addition, the following escape sequences can be generated on output and accepted on input: 

for 
use \ ' 

I 
\! 

{ 
\( 

} 
\) 

To deal with Hazeltine terminals, which do not understand that - has been made into an ASCII 
character, the L TILDE bit may be set in the local mode word when using the new terminal 
driver; in this case the character - will be replaced with the character • on output. 

Flow control. 

There are two characters (the stop character, normally ·s, and the start character, normally ·Q) 
which cause output to be suspended and resumed respectively. Extra stop characters typed when 
output is already stopped have no effect, unless the start and stop characters are made the same, 
in which case output resumes. 

A bit in the flags word may be set to put the terminal into TANDEM mode. In this mode the 
system produces a stop character (default 'S) when the input queue is in danger of overflowing, 
and a start character (default 'Q) when the input has drained sufficiently. This mode is useful 
when the terminal is actually another machine that obeys the conventions. 

Line control and break•. 

There are several ioctl ~alls available to control the state of the terminal line. The TIOCSBRK 
ioctl will set the break bit in the hardware interface causing a break condition to exist; this can 
be cleared (usually after a delay with aleep(3)) by TIOCCBRK. Break conditions in the input are 
reflected as a null cha,acter in RAW mode or as the interrupt character in cooked or CBREAK 
mode. The TIOCCDTR ioctl will clear the data terminal ready condition; it can be set again by 
TIOCSDTR. 
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When the carrier· signal from the dataset drops (usually because the user has hung up his termi
nal) a SIGHUP hangup signal is sent to the processes in the distinguished process group or the ter
minal; this usually causes them to terminate (the SIGHUP can be suppressed by setting the 
LNOHANG bit in the local state word or the driver.) Access to the terminal by other processes is 
then normally revoked, so any turther reads will tail, and programs that read a terminal and test 
tor end-ot-ftle on their input will terminate appropriately. 

When using an ACU it is possible to ask that the phone line be hung up on the last close with the 
TIOCHPCL ioctl; this is normally done on the outgoing line. 

Interrupt charactere. 

There are several characters that generate interrupts in cooked and CBREAK mode; all are sent 
to the processes in the control group or the terminal, as it a TIOCGPGRP ioctl were done to get 
the process group and then a killpg(2) system call were done, except that these characters also 
ftush pending input and output when typed at a terminal (ll"/o TJOCFLUSH). The characters 
shown here are the detaults; the field names in the structures (given below) are also shown. The 
characters may be changed. 

·c t_lntrc (ETX) generates a SIGINT signal. This is the normal way to stop a process 
which is no longer interesting, or to regain control in an interactive program. 

• \ t_qultc (FS) generates a SIG QUIT signal. This is used to cause a program to terminate 
and produce a core image, it possible, in the file core in the current directory. 

·z t_euopc (EM) generates a SIGTSTP signal, which is used to suspend the current process 
group. 

·y t_deuopc (SUB) generates a SIGTSTP signal as ·z does, but the signal is sent when a 
program attempta to read the ·y, rather than when it is typed. 

Job acceH control. 

When using the new terminal driver, it a process which is not in the distinguished process group 
or its control terminal attempts to read trom that terminal its process group is sent a SIGTTIN 
signal. This signal normally causes the members or that process group to stop. Ir, however, the 
process is ignoring SIGTTIN, has SIGTTIN blocked, is an orphan proceBB, or is in the middle ot 
process creation using vfork(2)), it is instead returned an end-ot-flle. (An orphan proces, is a pro
ceso whose parent has exited and has been inherited by the init(8) process.) Under older UNIX 
systems these processes would typically have had their input Illes reset to /dev/null, so this is a 
compatible change. 

\Vhen using the new terminal driver with the L TOSTOP bit set in the local modes, a process is 
prohibited trom writing on its control terminal it it is not in the distinguished process group tor 
that terminal. Processes which are holding or ignoring SIGTTOU signals, which are orphans, or 
which are in the middle or a vfork(2) are excepted and allowed to produce output. 

Summary of modea, 

Untortunately, due to the evolution or the terminal driver, there are 4 dilrerent structures which 
contain various portions or the driver data. The first or these (1gttyb) contains that part or the 
intormation largely common between version 6 and version 7 UNIX systems. The second contains 
additional control character• added in version 7. The third is a word or local state peculiar to the 
new terminal driver, and the tourth is another structure or special character• added tor the new 
driver. In the tuture a single structure may be made available to programs which need to access 
all this information; must programs need not concern themselves with all this state. 

Basic modesj sgtty, 

The basic ioctls use the structure defined in < egtty.h>: 
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TTY(4) 

atruct sgttyb { 

}1 

char ag_JapeedJ 
char ag_oapeedJ 
char ag_erue1 
char og_klllJ 
abort ag_flaga1 

SPECIAL FILES TTY(4) 

The •g_ispeed and ,g_ospeed fields describe the input and output speeds of the device according to 
the following table, which corresponds to the DEC DH-11 interface. Ir other hardware is used, 
impossible speed changes are ignored. Symbolic values in the table are as defined in < sgtty.h>. 

BO O (bang up datapbone) 
B50 1 50 baud 
B75 2 75 baud 
B110 3 110 baud 
B134 4 134.5 baud 
B150 5 150 baud 
B200 6 200 baud 
B300 7 300 baud 
B600 8 600 baud 
B1200 9 1200 baud 
B1800 10 1800 baud 
B2400 11 2400 baud 
B4800 12 4800 baud 
B9600 13 9600 baud 
EXTA 14 External A 
EXTB 15 External B 

In the current configuration, only 110, 150, 300 and 1200 baud ue really supported on dial-up 
lines. Code converoion and line control required for IBM 2741's (134.5 baud) must be imple
mented by the user'• program. The half-duplex line discipline required for the 202 dataset (1200 
baud) ie not oupplied; full-duplex 212 dataeete work fine. 

The ag_eroae and ag_l:ill fields of the argument structure opecify the erase and kill characters 
reopectively. (Defaults are DELETE and ·u.) 
The sg..foig• field <if the argument structure contains several bit• that determine the system'• 
treatment of the terminal: 

ALLDELAY 0177400 Delay algorithm selection 
BSDELAY 0100000 Select backspace delays (not implemented): 
BSO 0 
BSl 0100000 
VTDELAY 0040000 Select form-feed and vertical-tab delays: 
FFO 0 
FFl 0100000 
CRDELA Y 0030000 Select carriage-return delay•: 
CRO 0 
CRl 0010000 
CR2 0020000 
CR3 0030000 
TBDELAY 0006000 Select tab delays: 
TABO 0 
TABl 0001000 
T AB2 0004000 
XTABS 0006000 
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NLDELAY 
NLO 
NLl 
NL2 
NL3 
EVENP 
ODDP 
RAW 
CRMOD 
ECHO 
LCASE 
CBREAK 
TANDEM 

0001400 Select new-line delays: 
0 
0000400 
0001000 
0001400 
0000200 Even parity allowed on input (most terminals) 
0000100 Odd parity allowed on input 
0000040 Raw mode: wake up on all characters, 8-bit interface 
0000020 Map CR into LF; echo LF or CR as CR-LF 
0000010 Echo (full duplex) 
0000004 Map upper case to lower on input 
0000002 Return each character as soon as typed 
0000001 Automatic Dow control 

The delay bits specify how long transmiS8ion stops to allow !or mechanical or other movement 
when certain characters are sent to the terminal. In all cases a value of O indicates no delay. 

Backspace delays are currently ignored but might be used for Terminet 300's. 

Ir a form-feed/vertical tab delay is •peciDed, it lastB for about 2 seconds. 

Carriage-return delay type 1 lasts about .08 •econds and is •uitable for the Terminet 300. Delay 
type 2 lasts about .16 seconds and is •uitable for the VTOS and the TI 700. Delay type 3 is suit,. 
able for the conceplrlOO and pads lines to be at least 9 characters at 9600 baud. 

New-line delay type 1 is dependent on the current column and is tuned for Teletype model 37's. 
Type 2 is useful for the VTOS and is about .10 •econds. Type 3 is unimplemented and is 0. 

Tab delay type 1 is dependent on the amount of movement and is tuned to the Teletype model 
37. Type 3, called XTABS, i• not a delay at all but causes tabs to be replaced by the appropriate 
number of •paces on output. 

Input characters with the wrong parity, as determined by bits 200 and 100, are ignored in cooked 
and CBREAK mode. · 

RAW disables all processing •ave output Du•hing with LFLUSHO; full 8 bits of input are given as 
soon as it is available; all 8 bits are passed on output. A break condition in the input is reported 
"" a null character. Ir the input queue overDows in raw mode it is discarded; this applies to both 
new and old drivers. 

CRMOD cau•e• input carriage returns to be turned into new-lines; input of either CR or LF 
causes LF-CR both to be echoed (for terminals with a new-line function). 

CBREAK is a •ort or half-cooked (rare?) mode. Programs can read each character "" •oon as 
typed, instead of waiting for a full line; all processing is done except the input editing: character 
and word erase and line kill, input reprint, and the •pecial treatment of \ or EOT are disabled. 

TANDEM mode cau•es the •Y•tem to produce a •top character (default ·s) whenever the input 
queue is in danger of overDowing, and a •tart character (default ·Q) when the input queue bas 
drained sufficiently. It is useful for Dow control when the 'terminal' is really another computer 
which under5tands the convention•. 

Basic ioctls 

In addition to the TIOCSETD and TIOCGETD disciplines discussed in Line dlaclpllnea above, a 
large number of other iocll(2) calls apply to terminals, and have the general form: 

#Include < agtt;y .b > 
loctl(flldea, code, arg) 
struct agtt;yb *arg1 
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The applicable codes are: 
TJOCGETP Feteb the basic parameters associated with the tenninal, and store in the 

pointed-to agttyb structure. 

TJOCSETP Set the parameters according to the pointed-to agttyb structure. The interface 
delays until output is quiescent, then throws away any unread characters, before 
changing the modes. 

TJOCSETN Set the parameters like TJOCSETP but do not delay or Hush input. Input is not 
preaerved, however, when changing to or from RAW. 

With the following codes the arg is ignored. 
TJOCEXCL Set "exclusive-use" mode: no further opens are permitted until the file bas been 

closed. 

TJOCNXCL Tum olr "exclusive-use" mode. 

TJOCHPCL When the file is closed for the last time, bang up the terminal. This is useful 
when the line is associated with an ACU used to place outgoing calls. 

TJOCFLUSH All characters waiting in input or output queues are Hushed. 

The remaining calls are not available in vanilla version 7 UNIX. In cases where arguments are 
required, they are described; arg should otherwise be given as 0. 

TJOCSTI 

TIOCSBRK 

TJOCCBRK 

TJOCSDTR 

TJOCCDTR 

TJOCGPGRP 

TJOCSPGRP 

FIONREAD 

I£llm 

the argument is the address or a character which the system pretends was typed 
on the tenninal. 

the break bit is set in the terminal. 

the break bit is cleared. 

data terminal ready is set. 

data terminal ready is cleared. 

arg is the address or a word into which is placed the process group number or the 
control terminal. 
arg is a word (typically a process id) which becomes the process group for the 
control terminal. 
returns in the long integer whose address is arg the number or immediately read
able characters from the argument unit. This works for files, pipes, and termi
nals. 

The second structure associated with each terminal specifies characters that are special in both 
the old and new terminal interfaces: The following structure is defined in < sys/ ioctl.h>, which is 
automatically included in < 1glty.h>: 

atruct tchara { 

}1 

char t_lntrc1 
char t_qultc1 
char t_1tartc1 
char t_1topc1 
char t_eofe1 
char t_brkcJ 

/* Interrupt • / r quit., r ,tart output • , r atop output • , 
/* end-of.file • / r Input delimiter (llke nl) • , 

The default values for these characters are ·c, '\, 'Q, ·s, ·o, and -1. A character value of -1 
eliminatea the elect or that character. The t_brkc character, by default -1, acts like a new-line in 
that it terminates a 'line,' is echoed, and is passed to the program. The 'stop' and 'start' charac
ters may be the same, to produce a toggle effect. It is probably counterproductive to make other 
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special characters (including erase and kill) identical. The applicable ioctl calls are: 

TIOCGETC Get the special characters and put them in the specified structure. 

TIOCSETC Set the special characters to those given in the structure. 

Local mode 

The third structure associated with each terminal is a local mode word; except tor the 
LNOHANG bit, this word is interpreted only when the new driver is in use. The bits or the local 
mode word are: 

LCRTBS 
LPRTERA 
LCRTERA 
LTILDE 
LMDMBUF 
LLITOUT 
LTOSTOP 
LFLUSHO 
LNOHANG 
LETXACK 
LCRTKIL 
LCTLECH 
LPENDIN 
LDECCTQ 

000001 Backspace on erase rather than echoing erase 
000002 Printing terminal erase mode 
000004 Erase character echoes as backspace-space-backspace 
000010 Convert - to ' on output (tor Hazeltine terminals) 
000020 Stop/start output when carrier drops 
000040 Suppre88 output translations 
000100 Send SIGTTOU tor background output 
000200 Output is being flushed 
000400 Don't send hangup when carrier drops 
001000 Diablo style buffer hacking (unimplemented) 
002000 BS-space-BS erase entire line on line kill 
010000 Echo input control chars as 'X, delete as ·1 
020000 Retype pending input at next read or input character 
040000 Only 'Q restarts output after 'S, like DEC systems 

The applicable iocll functions are: 

TIOCLBIS arg is the address or a mask which is the bits to be set in the local mode word. 

TIOCLBIC 

TIOCLSET 

TIOCLGET 

arg is the address or a mask or bits to be cleared in the local mode word. 

arg is the address or a mask to be placed in the local mode word. 

arg is the address or a word into which the current mask is placed. 

Local •pecjaJ chars 

The final structure associated with each terminal is the ltchara structure which defines interrupt 
characters for the new terminal driver. Its structure is: 

1truct Itchara { 

}1 

char t_suopc; 
char t_douopc; 
char t_rprntc1 
char t_flushc; 
char t_weralCJ 
char t_lnextc1 

r stop process signal • / r delayed atop proceu signal • , r reprint line • , r flush output (toggle•)., 
/* word erase*/ r literal next character • , 

The default values for these characters are ·z, ·y, ·R, ·o, 'W, and ·v. A value ot -1 disables 
the character. 

The applicable ioctl functions are: 

TIOCSL TC args is the address or a /tchara structure which defines the new local special charac
ters. 

TIOCGL TC args is the address or a It chars structure into which is placed the current set or local 
special characters. 
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FILES 
/dev/tty 
/dev/tty• 
/dev /conoole 

SEE ALSO 

SPECIAL FILES 

c1h(l), stty(l), ioctl(2), sigvec(2), stty(3C), getty(8), init(8) 

BUGS 
Halt-duplex terminals are not supported. 
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NAME C" • 
udp - Internet User Datagram Protocol 

SYNOPSIS 
None; comes automatically with inel(4F). 

DESCRIPTION 
The User Datagram Protocol (UDP) is dellned to make available a datagram mode of packet 
switched computer communicaton in the environment of an interconnected set of computer netr 
works. The protocol assumes that the Internet Protocol (IP) as described in ip(4P) is used as the 
underlying protocol. 

The protocol provides a procedure for application programs to send me88ages to other programs 
with a minimum of protocol mechanism. The protocol is tranoaction oriented, and delivery and 
duplicate protection are not guaranteed. Applications requiring ordered reliable delivery of 
streams of data should uoe the Tranomi88ion Control Protocol (TCP) as described in lcp(4P). 

The UNIX implementation of UDP makes it available as a socket of type SOCKJ)GRAM. UDP 
sockets are normally used in a connectionless fashion, with the •endlo and recvfrom calls described 
in ,end(2) and recv(2). 

A UDP oocket is created with a ••cke1(2) call: 

1 = 1ocket(AF _INET, SOCK_DGRAM, 0)1 

The socket initially has no address associated with it, and may be given an address with a bind(2) 
call as described in inet(4F). If no hind call is done, then the address assignment procedure 
described in inel(4F) is repeated as each datagram is sent. 

When datagrams are· sent the system encapsulates the user supplied data with UDP and IP 
headers. Unless the invoker is the super-user datagrams which would become broadcast packets 
on the network to which they are addressed are not allowed. Unless the socket has had a o 
SO_DONTROUTE option enabled (see ,ockel(2)) the outgoing datagram is routed through the 
routing tables as described in rouling(4N). If there is insufficient system buffer space to tem
porarily hold the datagram while it is being trasmitted, the aendto may result in a ENOBUFS 
error. Other errors (ENETUNREACH, EADDRNOTAVAIL, EACCES, EMSGSIZE) may be gen-
erated by icmp(4P) or by the network interfaces themselves, and are rellected back in the ,end 
call. 

As each UDP datagram arrives at a host the system strips out the IP options and checksums the 
data field, discarding the datagram if the checksum indicates that the datagram has been dam
aged. If no socket exists for the datagram to be sent to then an ICMP error is returned to the 
originating socket. If a socket exists for this datagram to be sent to, then we will append the 
datagram and the address from which it came to a queue associated with the datagram socket. 
This queue has limited capacity (2048 bytes of datagrams) and arriving datagrams which will not 
ftt within its high-water capacity are silently discarded. 

UDP processes ICMP errors reftected to it by icmp(4P). QUENCH errors are ignored (this is well 
considered a bug); UNREACH, TIMXCEED and PARAMPROB errors cause the oocket to be 
disconnected from its peer if it was bound to a peer using bind(2) so that subsequent attempts to 
send datagrams via that socket will give an error indication. 

The UDP datagram protocol differs from IP datagrams in that it adds a checksum over the data 
bytes and contains, a 16-bit socket addre88 on each machine rather than just the 32-bit machine 
addre88; UDP datagrams are addressed to oockets; IP packets are addressed to hosts. 

SEE ALSO 
recv(2), send(2), inet(4F) 
"User Datagram Protocol", RFC768, John Postel, USC-ISi (Sun 800-1054-01) 
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BUGS 
SIOCSHIWAT and SIOCGHIWAT ioctl's to set and get the high water mark for the socket 
queue, and oo that it can be changed from 2048 bytes to be larger or smaller, have been defined 
(in <syo/ioctl.h>) but not implemented. 
Something oensible should be done with QUENCH errors if the socket is bound to a peer socket. 
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NAME 
vp - Ikon 10071-5 Multibus Versatec parallel printer Interface 

SYNOPSIS 
device vpO at mbO car Ox400 priority 2 

DESCRIPTION 

FILES 

The Sun Multibus interface to the Versatec printer/plotter is supported by the Ikon parallel inter
face board, a word DMA device, which is output only. 

The Versatec is normally handled by the line printer spooling system and should not be accessed 
by the uoer directly. 

Opening the device / dev/ vpO may yield one of two errors: ENXIO Indicates that the device is 
already in uoe. EIO indicate• that the device is offline. 

The printer operate• in either print or plot mode. To oet the printer into plot mode you ohould 
include <vcmd.h> and use the iocll(2) call 

ioctl(£, VSETSTATE, plotmd); 

where plolmd is defined to be 

Int plotmd!J = { VPLOT, 0, 0 }; 

When going back into print mode from plot mode you normally eject paper by sending it an EOT 
after putting into print mode: 

Int prtmdlJ = { VPRINT, o, 0 }; 

f!lush(vp); 
ioctl(r, VSETSTATE, prtmd); 
write(r, "\04", l); 

/dev/vpO 

SEE ALSO 

BUGS 

62 

Multibuo/Veroatec Interface, Ikon Corp (lncludeo Veroatec Manual) (Sun S00.1066-01) 

Ir you use the standard i/o library on the Versatec, be sure to explicitly set a buO'er using ,e16u/, 
since the library will not use buffered output by default, and will run very olowly. 

This driver is not supported. 

Writes must start on even byte boundaries and be an even number or byte• in length. 
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NAME 
vpc - Systech VPC-2200 Versatec printer /plotter and Centronics printer interface 

SYNOPSIS 
device vpcO at mbO csr Ox480 priority 2 

DESCRIPTION 

FILES 

The Sun Multibus interface to the Versatec printer/plotter and to Centronics printers is sup
ported by the Systech parallel interface board, an output-only byte-wide DMA device. The device 
baa one channel for Versatec devices and one channel tor Centronics devices, with an optional 
long lines interface for Versatec devices. 

Devices attached to this interface are normally bandied by the line printer spooling system and 
should not be accessed by the user directly. 

Opening the devices /dev/vpO /dev/lpO may yield one of two errors: ENX!O indicates that the 
device is already in use. E!O indicates that the device is offline. 

The Versatec printer/plotter operates in either print or plot mode. To set the printer into plot 
mode you should include <vcmd.h> and use the ioct/(2) call: 

ioctl(f, VSETSTATE, plotmd); 

where plotmd is defined to be 

Int plotmdll = { VPLOT, 0, 0 }; 

When going back into print mode from plot mode you normally eject paper by sending it an EOT 
after putting into print mode: 

Int prtmd[J = { VPRINT, 0, 0 }; 

fflush(vpc); 
ioctl(f, VSETSTATE, prtmd); 
write(f, "\04", 1); 

/dev/vpO 
/dev/lpO 

SEE ALSO 

BUGS 
Systech VPC-2200 Versatec Printer/Plotter Controller Technical Manual 

If you use the standard I/0 library on the Versatec, be sure to explicitly set a buffer using setbuf, 
since the library will not use buffered output by default, and will run very slowly. 

Currently only 8 bit I/0 is supported in the driver, even though the device supports 16 bit 1/0. 
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NAME 
win - Sun window system 

SYNOPSIS 
pseudo-device wlnU8 
pseudo-device dtop-& 

DESCRIPTION 

FILES 

The win device accesses the system drivers supporting the Sun window system. 

Each window in the system is represented by a /dev /win* device. The windows are organized as 
a tree with windows being subwindows of their parents, and covering/covered by their siblings. 
Each window has a position in the tree, a position on a display screen, an input queue, and infor
mation telling what parts of it are exposed. 

The window driver multiplexes keyboard and mouse input among the several windows, tracks the 
mouse with a cursor on the screen, provides each window access to information about what parts 
of it are exposed, and notifies the manager process for a window when the exposed area of the 
window changes so that the window may repair its display. 

The dtop-& pseudo device line in a kernel configuration Ole indicates the number of separate 
"desktops" (frame hullers) that can be actively running the Sun window system at once. 

Full information on the window system functions is given in the Programmer'• Reference Manual 
for Sun Window,. 

/dev /win(O-UJ 
/dev /win(0-91(0-UJ 

SEE ALSO 
Programmer', Reference Manual/or Sun Windows 
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NAME 
xy - Disk driver ror Xylogics SMD Disk Controllers 

SYNOPSIS 
controller xycO at mbO csr Oxee40 priority 2 
dial< xyO at xycO drive 0 
dial< xyl at xycO drive 1 

DESCRIPTION 
Files with minor device numbers O through 7 refer to various portions of drive O; minor devices 8 
through 15 refer to drive 1, and so on. The standard device names begin with "xy" rollowed by 
tt.e drive number and then a letter a-h for partitions 0-7 respectively. The character ? stands 
here for a drive number in the range 0.7. 

The block file's access the disk via the system's normal buffering mechanism and may be read and 
written without regard to physical disk records. There is alao a 'raw' interface which provides ror 
direct transmission between the disk and the user's read or write buffer. A single read or write 
call results in exactly one 1/0 operation and therefore raw I/0 is considerably more effflcient 
when many words are transmitted. The names of the raw files conventionally begin with an extra 
'r.' 

In raw l/0 counts should be a multiple of 512 bytes (a disk sector). Likewise seek calls should 
opeciry a multiple or 512 bytes. 

DISK SUPPORT 

FILES 

This driver handles all SMD drives, by reading a label from sector O or the drive which describes 
the disk geometry and partitioning. 

The xy!a partition is normally used for the root file system on a disk, the xy!b partition as a pag
ing area, and the xy!c partition for pack-pack copying (it normally maps the entire disk). The 
reot of the disk is normally the xy!h partition. 

/dev /xy(0-7]la-h) 
/dev /rxy(0-7Jla-h) 

block files 
raw ftles 

SEE ALSO 
dkio(4S), xy(4S) 
Xylogics Model 440 Peripheral Processor SMD Disk Subsystem Maintenance and Reference 
Manual (Sun 800-100&-0l) 
Xylogico Model 450 Peripheral Processor SMD Disk Subsystem Maintenance and Reference 
Manual (Sun 800-102&-0l) 

DIAGNOSTICS 
xyc%d1 ael,r teat error %x • %a. Selr test error in controller, see the Maintenance and Refer
en ce Manual, 

xyc%d1 addreaa mode Jumper la wrong. The controller is strapped for 24-bit Multibus 
addresses; the Sun uses 20-bit addresses. See the Hardware Configuration and Expansion section 
of the System Manager's Manual for your Sun Workstaiton for instructions on setting the jumpers 
on the 450. 

xyattach, can't get bad sector Info. The bad sector rorwarding inrormation ror the disk, 
which is kept on the last cylinder, could not be read. 

xy%dt drive type %d cluh with xy%d. The 450 does not support mixing the drive types 
found on these units on a oingle controller. 

xy%dt Initialization failed. 
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xy%d1 error %x reading label on head %d. Error reading drive geometry /partition table 
information. 

xy%dz Corrupt label The geometry /partition label checksum was incorrect. 

xy%d1 Unsupported phys partition # %d. 

xy%d1 oftllne. 

xy%d%cs cmd how (mag) blk %d. A command such as read, write, or format encountered a 
error condition (how): either it failed, the unit was restored, or an operation was relrJ/ed. The 
msg is derived from the error number given by the controller, indicating a condition such as 
"drive not ready", "sector not found" or "disk write protected". 

In raw J/0 read and wrile(2) truncate Ille offsets to 512-byte block boundaries, and wrile scribbles 
on the tail of incomplete block!. Thus, in programs that are likely to access raw devices, read, 
wrile and leeek(2) should always deal in 512-byte multiples. 
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NAME 
ZS - zilog 8530 sec serial comunications driver 

SYNOPSIS 
device zaO at mbO car OxtsaOOO flags 3 prlorlt;y II 

DESCRIPTION 
The Zilog 8530 provides 2 serial communication lines with full modem control. Each line behaves 
as described in tty(4). Input and output for each line may independently be set to run at any or 
16 speeds; see llg(4) for the encoding. 

FILES 
/dev /tty(a-d( 

SEE ALSO 
tty(4) 
Zilog Z8030/Z8530 SCC Serial Communications Controller (Sun 800-1052-01) 

DIAGNOSTICS 
zs%d%c1 1!10 overflow. The character input silo overflowed before it could be serviced. 
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A.OUT(5) FILE FORMATS 

NAME 
a.out - assembler and link editor output 

SYNOPSIS 
#Include <a.out.h> 
#Include <•tab.h> 
#Include <nllst.h> 

DESCRIPTION 

A.OUT( 5) 

A.out i• the output file or the 388embler ••(lS) and the link editor ld(l). 
exeeutable if there were no error! and no unresolved external references. 
given in the include file for the Sun system is: 

The latter makes a.out 
Layout information as 

,. 
• Header prepended to each a.out file . . , 

•truct exec { 

}; 

long 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 

a_magic; 
a_text; 
a_data; 
a_bss; 
a_syms; 
a_entry; 
a_trsize; 
a_drsize; 

#define OMAGIC 0407 
#define NMAGIC 0410 
#define ZMAGIC 0413 

/* magic number * / 
/* size or text segment * / 

· f* size or initialized data * / 
/* size or uninitialized data * / 
/* size or symbol table * / 
/* entry point * / 
/* size or text relocation * / 
/* size or data relocation * / 

/* old impure format * / 
/* read-only text * / 
/* demand load format * / 

#define P AGSIZ 2048 
#define SEGSIZ Ox8000 
#define TXTRELOC SEGSIZ ,. 
* Macroe which take exec structures as arguments and tell whether 
* the ftle has a reasonable magic number or offsets to text I symbols I strings . 
• , 0, 

#define N.JJADMAG(x) \ 
(((x).a_rnagic)!=OMAGIC && ((x).a_magic)!=NMAGIC && ((x).a_magic)!=ZMAGIC) 

#define N_TXTOFF(i) \ 
((x).a_magic==ZMAGIC T PAGSIZ: sizeor (struct exec)) 

#define N_SYMOFF(x) \ 
(N_TXTOFF(x) + (x).a_text+ (x).a_data + (x).a_trsize+ (x).a_drsize) 

#define N_STROFF(x) \ 
(N_SYMOFF(x) + (x).a_syms) 

I* 
• Macroe which take exec structures as arguments and tell where the 
* various pieces will be loaded . . , 

#define N_TXTADDR(x) TXTRELOC 
#define N_DATADDR(x) \ 

Sun Release 1.1 

(((x).a_magic==OMAGIC)? (N_TXTADDR(x)+ (x).a_text) \ 
: (SEGSIZ+ ((N_TXTADDR(x)+ (x).a_text-1) & -sEGRND))) 
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2 

#define N_BSSADDR(x) (N_DATADDR(x)+ (x).a_data) 

The a.out file has five sections: a header, the program text and data, relocation information, a 
symbol table and a string table (in that order). The last three may be omitted if the program was 
loaded with the '-s' option of Id or if the symbols and relocation have been removed by alrip(l). 

In the header the sizes of each section are given in bytes. The size of the header is not included 
in any of the other sizes. 

When an a.out file is executed, three logical segments are set up: the text segment, the data seg
ment (with uninitialized data, which starts off as all 0, following initialized data), and a stack. 
The header is not loaded with the text segment. If the magic number in the header is OMAGIC 
{0407), it means that this is a non-sharable text which is not to be write-protected, so the data 
segment is immediately contiguous with the text segment. This is rarely used. If the magic 
number is NMAGIC (0410) or ZMAGIC (0413), the data segment begins at the first segment 
boundary following the text segment, and the text segment is not writable by the program; other 
processes executing the same file will share the text segment. For ZMAGIC format, the text seg
ment begins on a page boundary in the a.out file; the remaining bytes after the header in the first 
block are reserved and should be zero. In this case the text and data sizes must both be multiples 
of the page size, and the pages of the file will be brought into the running image as needed, and 
not pre-loaded as with the other formats. This is especially suitable for very large programs and 
is the default format produced by ld(l). The macros N_TXTADDR, N_DATADDR, and 
N_BSSADDR give the core addresses at which the text, data, and bss segments, respectively, will 
be loaded. 

The stack starts at the highest possible location in the memory image, and grows downwards. 
The stack is automatically extended as required. The data segment is extended as requested by 
6rk(2) or sbrk(2). 

After the header in the file follow the text, data, text relocation data relocation, symbol table and 
string table in that order. The text begins at byte PAGSIZ in the file for ZMAGIC format or just 
after the header for the other formats. The N_TXTOFF macro returns this absolute file position 
when given the name of an exec structure as argument. The data segment is contiguous with the 
text and immediately followed by the text relocation and then the data relocation information. 
The symbol table follows all this; its position is computed by the N_SYMOFF macro. Finally, 
the string table immediately follows the symbol table at a position which can be gotten easily 
using N_STROFF. The first 4 bytes of the string table are not used for string •torage, but rather 
contain the size of the string table; this size INCLUDES the 4 bytes, the minimum string table 
size is thus 4. 

RELOCATION 

The value of a byte in the text or data which is not a portion of a reference to an undefined 
external symbol is exactly that value which will appear in memory when the file is executed. If a 
byte in the text or data involves a reference to an undefined external symbol, as indicated by the 
relocation information, then the value stored in the file is an offset from the associated external 
symbol. When the file is processed by the link editor and the external symbol becomes defined, 
the value or the symbol is added to the bytes in the file. 

If relocation information io present, it amounts to eight bytes per relocatable datum as in the fol
lowing structure: 

/* 
• Format or a relocation datum. 
*/ 

struct relocation_info { 
int r_address; /* address which is relocated • / 
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}; 

unsigned r_symbolnum:24, 
r_pcrel:1, 
r_length:2, 
r_extern:1, 
:4; 

FILE FORMATS 

/* local symbol ordinal • / 
/* was relocated pc relative already • / 
/* O=byte, l=word, 2=1ong •/ 
/* does not include value of sym referenced • / 
/* nothing, yet • / 

A.OUT( 5) 

There is no relocation information if a_trsize+ a_drsize==O. If r_extern is 0, then r_symbolnum 
is actually a n_type for the relocation (i.e. N_TEXT meaning relative to segment text origin.) 

SYMBOL TABLE 

The layout or a symbol table entry and the principal flag values that distinguish symbol types are 
given in the include file aa follows: ,. 

• Format of a symbol table entry . . , 
otruct nlist { 

union { 
char 
long 

} n_un; 

•n_name; /* for use when in-memory • / 
n_strx; /* index into file string table • / 

unsigned char n_type; /* type flag, i.e. N_TEXT etc; see below • / 
char n_other; 
short n_desc; /* see <stab.h> */ 

}; 
unsigned n_value; /* value of this symbol (or adb offset) • / 

#define n_hash n_dese /* used in tern ally by Id • / 

I* 
* Simple values for n_type . . , 

#define N_UNDF OxO /* undefined • / 
#define N_ABS Ox2 /* absolute • / 
#define N_TEXT Ox4 /*text*/ 
#define N_DATA Ox6 /*data*/ 
#define N_BSS Ox8 /* bss */ 
#define N_COMM Ox12 /* common (internal to Id) • / 
#define NYN Oxlt /* file name symbol • / 

#define N,...EXT 01 /* external bit, or'ed in * / 
#define N_TYPE Oxle /* mask tor all the type bits * / 

r 
• Other permanent symbol table entries have some of the N_STAB bits set. 
• These are given in <stab.h> ., 

#define N_STAB ··' ·0xe0 /* it any of these bits set, don't discard • / 

In the a.out file a symbol's n_un.n_strx field gives an index into the string table. A n_strx value 
of O indicates that no name is associated with a particular symbol table entry. The field 
n_un.n_name can be used to refer to the symbol name only if the program sets this up using 
n_strx and appropriate data from the string table. Because of the union in the nlist declaration, 
it is impossible in C tO statically initialize such a structure. Ir this must be done (as when using 
n/ist(3)) the file <nllot.h> should be included, rather that <a.out.h>; this contains the 
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declaration without the union. 

Ir a symbol's type is undefined external, and the value field is non-zero, the symbol is interpreted 
by the loader Id as the name or a common region whose size is indicated by the value or the sym
bol. 

STAB SYMBOLS 

Stah.h defines some values or the n_type field or the symbol table of a.out files. These are the 
types ror permanent symbols (that is, not local labels, etc.) used by the debuggers adh(1S) and 
dhz(l) and the Berkeley Pascal compiler pc(l). Symbol table entries can be produced by the 
.Blaha assembler directive. This allows one to specify a double-quote delimited name, a symbol 
type, one char and one short or information about the symbol, and an unsigned long (usually an 
address). To avoid having to produce an explicit label ror the address field, the .alahd directive 
can be used to implicitly address the current location. If no name is needed, symbol table entries 
can be generated using the .atahn directive. The loader promises to preserve the order or symbol 
table entries produced by .Blah directives. 

The n_value field or a symbol is relocated by the link editor as an address within the appropriate 
segment. N_value fields or symbols not in any segment are unchanged by the linker. In addition, 
the linker will discard certain symbols, according to rules or its own, unless the n_type field has 
one or the bits masked by N_ST AB set. 

This allows up to 112 (7 * 16) symbol types, split between the various segments. Some of these 
have already been claimed. The debugger, adh(1S), uses the following n_type values: 

#define N_GSYM Ox20 /* global symbol: name,,0,type,O * / 
#define N_FNAME Ox22 /* procedure name (C77 kludge): name,,O * / 
#define N_FUN Ox24 /* procedure: name,,O,linenumber,address * / 
#define N_STSYM Ox26 /* static symbol: name,,0,type,address * / 
#define N_LCSYM Ox28 /* .lcomm symbol: name,,0,type,address * / 
#define N_RSYM Ox40 /* register sym: name,,O,type,register * / 
#define N_SLINE Ox44 /* src line: 0,,0,linenumber,address */ 
#define N_SSYM Ox60 /* structure elt: name,,O,type,struct_olrset * / 
#define N_SO Ox64 /* source file name: name,,0,0,address * / 
#define N_LSYM Ox80 /* local oym: name,,0,type,olrset * / 
#define N_SOL Ox84 /* #included file name: name,,0,0,address * / 
#define N.YSYM OxaO /* parameter: name,,0,type,olrset */ 
#define N_ENTRY Oxa4 /* alternate entry: name,linenumber,address • / 
#define N_LBRAC OxcO /* left bracket: 0,,0,nesting level,address * / 
#define N_J?BRAC OxeO /* right bracket: 0,,0,nesting level,address * / 
#define N_BCOMMOxe2 /* begin common: name,, * / 
#define N_ECOMMOxe4 /* end common: name,, • / 
#define N_ECOML Oxe8 /* end common (local name): ,,addreBO * / 
#define N_LENG Oxre /* second stab entry with length information*/ 

where the comments give the adl, conventional use for .stabs and the n_name, n_other, n_desc, 
and n_value fields or the given n_type. Adh uses the n_desc field to hold a type specifier in the 
Corm used by the Portable C Compiler, cc(l), in which a base type is qualified in the following 
structure: 

struct desc { 
short q6:2, 

q5:2, 
q4:2, 
q3:2, 
q2:2, 
ql:2, 
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basic:4; 
}; 

There are four qualification•, with qt the most significant and q6 the least significant: 
0 none 
1 pointer 
2 function 
3 array 

The sixteen basic type• are assigned as follows: 
0 undefined 
1 function argument 
2 character 
3 short 
4 int 
5 long 
6 Boat 
7 double 
8 structure 
9 union 
10 enumeration 
11 member of enumeration 
12 unsigned character 
13 unsigned short 
14 unsigned int 
15 unsigned long 

The Berkeley Pascal compiler, pc(l), uses the following n_type value: 

#define NJ'C Ox30 /* global pascal symbol: name,,O,subtype,line • / 

and use• the following subtypes to do type checking across separately compiled Bies: 
1 source file name 
2 included file name 
3 global label 
4 global constant 
5 global type 
6 global variable 
7 global function 
8 global procedure 
9 external function 
10 external procedure 
11 library variable 
12 library routine 

The new dbz(l) debugger uses an entirely different interpretation for the stabs symbol-table 
entries. Currently, this is understood only by db:z and cc, but its use should supplant the current 
interpretation as soon as adb and pc can be modified to use it. 

SEE ALSO 

BUGS 
adb(lS), as(1S), ld(t); nm(l), dbx(l), strip(l) 

There are currently two interpretations of the stabs symbol-table information. This creates great 
confusion when trying to build a program for debugging. 

Due to the amount of symbolic information necessary for high-level debugging, the whole a.out 
structure has been streched well beyond its original design, and should be replaced by something 
with a more sophisticated symbol-table mechanism. The demands of future languages will only 
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compound the problems. 0 

0 

0 
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NAME 
aliases - aliases file tor sendmail 

SYNOPSIS 
/u1r/1ib/allaam 
/uor /lib/ alla1m,dlr 
/u1r /lib/ allaam,pag 

DESCRIPTION 
These files describe user id aliases used by /usr/lib/sendmail. /usr/lib/aliases is formatted as a 
series or lines or the form 

, name: name_l, name2, name_3, ... 
The name is the name to alias, and the name_n are the aliases for that name. Lines beginning 
with white space are continuation lines. Lines beginning with '#' are comments. 

Aliasing occurs only on local names. Loops can not occur, since no message will be sent to any 
person more than once. 

After aliasing has been done, local and valid recipients who have a ".forward" file in their home 
directory have messages forwarded to the list of users defined in that file. 

/usr/lib/aliases is only the raw data file; the actual aliasing information is placed into a binary 
format in the flles /usr/lib/aliases.dir and /usr/lib/aliases.pag using the program newaliases(8). A 
newalfoses command should be executed each time that /usr/lib/aliases is changed Cor the change 
to take effect. 

Several kinds ot name's are special: 

owner-mary: Cred 
any errors resulting Crom a mail to mary are directed to /red instead of back to the person 
who sent the message. This is most useful when mary is a mailing list rather than an 
individual. 

beer: :include:/usr/cyndi/beer; 
All colons and semicolons are required ae shown. The list ot names in /uer/cyndi/beer is 
included in the name_n list tor the beer alias, in addition to any other names in the 
name_n list. Thia mechanism ia for setting up a mailing list so that /usr/lib/aliase• 
doesn't have to be changed when people are added to or removed Crom the list. The 
included file (that is, /uer/cyndi/beer in this case) may be changed at any time, and 
changes take effect immediately. 

SEE ALSO 

BUGS 

newaliases(B), dbm(3X), sendmail(B) 
SENDMAIL Installation and Operation Guide. 
SENDt.:!AIL An Internetwork Mail Router. 

Because ot restrictions in dbm(3X) a single alias cannot contain more than about 1000 bytes ot 
information. You can get longer aliases by "chaining"; that is, make the last name in the alias be 
a dummy name which is a continuation aliu. 
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NAME 
ar - archive {library) file format 

SYNOPSIS 
#Include <ar.h> 

DESCRIPTION 
The archive command ar combines several files into one. Archives are used mainly as libraries to 
be searched by the link-editor Id. 

A file produced by ar has a magic string at the start, followed by the constituent Illes, each pre
ceded by a file header. The magic number and header layout as described in the include file are: 

/" @(#)ar.h 1.1 83/08/01 SMI; from UCB 4.1 83/05/03* / 

#define ARMAG "!<arch>\n" 
#dellne SARMAG 8 

#dellne ARFMAG "'\n" 

struct ar_hdr { 
char 
char 
char 
char 
char 
char 
char 

}; 

ar_name[l6]; 
ar_date[l2]; 
ar_uid[6]; 
ar_gid[6]; 
ar_mode[8]; 
ar_size[lO); 
ar_fmag(2); 

The name is a blank-padded string. The arJmag lleld contains ARFMAG to help verify the pres,. 
ence of a header. The other llelds are left-adjusted, blank-padded numbers. They are decimal 
except for ar_mode, which is octal. The date is the modillcation date of the Ille at the time of its 
insertion into the archive. 

Each file begins on a even (0 mod 2) boundary; a new-line is inserted between files if necessary. 
Nevertheless the size given reftects the actual size of the file exclusive of padding. 

There is no provision for empty areas in an archive file. 

The encoding of the header is portable across machines. If an archive contains printable files, the 
archive itself is printable. 

SEE ALSO 

BUGS 

8 

ar(l), ld(l), nm(l) 

File names lose trailing blanks. Most software dealing with archives takes even an included blank 
as a name terminator. 

Last change: 15 January 1983 Sun Release 1.1 

0 

0 

0 



0 

0 

0 

CORE(o) FILE FORMATS CORE( 5) 

NAME 
core - fonnat of memory image file 

SYNOPSIS 
#Include <machlne/param.h> 

DESCRIPTION 
The UNIX System writes out a memory image of a terminated process when any of various errors 
occur. See ,iguec(2) for the list of reasons; the most common are memory violations, illegal 
instructions, bus errors, and user•generated quit signals. The memory image is called 1core' and is 
written in the process's working directory (provided it can be; normal access controls apply). 

The maximum size of a core file is limited by ,etrlimit(2). Files which would be larger than the 
limit are not created. 

Set-user-id programs do not produce core ftles when they terminate as this would be a security 
loophole. 

The core Ille consists of the u. area, whose size (in pages) is defined by the UP AGES manifest in 
the <mochine/porom.h> Ille. The u. area starts with a user structure as given in 
< •u•/ u,er.h >. The remainder of the core Ille consists first of the data pages and then the stack 
pages of the process image. The amount of data space image in the core file is given (in pages) by 
the variable u_dsize in the u. area. The amount of stack image in the core file is given (in pages) 
by the variable u_,aize in the u. area. 

SEE ALSO 
adb(l), dbx{l), sigvec(2), setrlimit(2) 
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NAME 
cpio - format or cpio archive 

DESCRIPTION 
The old format header structure, when the c option is not used, is: 

struct { 

} Hdr; 

short h_magic, 
h_dev, 
h_ino, 
h_mode, 
h_uid, 
h__gid, 
h_nlink, 
h_rdev, 
h_mtime!ZI, 
h_namesize, 
h_filesize!ZI; 

char h_name{h_namesize rounded to a wordJ; 

but note that the byte order here is that of the PDP-11 and the VAX, and that for the Sun you 
have to use swab(3) after reading and before writing headers. 

When the c option is used, the header information is described by the statement below: 

sscanf(Chdr, • %60%60%60%60%60%60%60%60%l llo%6o%6o%s", 
&Hdr.h_magic, &Hdr.h_dev, &Hdr.h_ino, &Hdr.h_mode, 
&Hdr.h_uid, &Hdr.h__gid, &Hdr.h_nlink, &Hdr.h_rdev, 
&Hdr.h_mtime, &Hdr.h_namesize, &Hdr.h_lilesize, &Hdr.h_name); 

Longtime and LongfiJe are equivalent to Hdr.h_mtime and Hdr.h_JUesize, respectively. The con
tents of each Ille is recorded in an element of the array of varying length structures, archive, 
together with other items describing the Ille. Every instance of h_magic contains the constant 
070707 (octal). The items h_dev through h_mtime have meanings explained in stat(Z). The 
length of the null-terminated path name h_name, including the null byte, is given by h_namesize. 

The last record of the archive always contains the name TRAILER!!!. Special Illes, directories, 
and the trailer, are recorded with h.fi!eeize equal to zero. 

SEE ALSO 
cpio(l), find(l), stat(2) 
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NAME 
crontab - table of times to run periodic jobs 

DESCRIPTION 

FILES 

The /etc/cron utility is a permanent process, started by /etc/re.local, that wakes up once every 
minute. /elc/cron consults the file /uer/lib/crontab to find out what tasks are to be done, and at 
what time. 

Each line in /usr/lib/crontab consists or six fields, separated by spaces or tabs, as follows: 

1. minutes field, which can have values in the range O through 59. 

2. hours field, which can have values in the range O through 23. 

3. day of the month, in the range 1 through 31. 

4. month of the year, in the range 1 through 12. 

6. day of the week, in the range l through 7. Monday is day 1 in this scheme or things. 

6. ( the remainder of the line ) is the command to be run. A percent character in this field is 
translated to a new-line character. Only the first line (up to a % or end of line) of the 
command field is executed by the Shell. The other lines are made available to the com
mand as standard input. 

Any of fields 1 through 5 can be a list of values separated by commas. A field can be a pair of 
numbers separated by a hyphen, indicating that the job is to be done for all the times in the 
specified range. If a field is an asterisk character (*) it means that the job is done for all possible 
values of the field. 

/usr/lib/crontab 

SEE ALSO 
croo(8), rc(8) 

EXAMPLE 
O O • • • calendar • 
16 0 • • • /etc/sa -• > /dev /null 
16 4 •••find /usr/preserve -mtime + 7 -a -exec rm -f {} ; 
40 4 • • • find / -name '#*' -atime + 3 -exec rm -f {} ; 
0,16,30,46 • • • • /etc/atrun 
0,10,20,30,40,50 • • • • /etc/dmesg - > > /usr/adm/messages 
5 4 • • • sh /etc/newsyslog 

The ca/enJar command run at minute O or hour O (midnight) or every day. The /etc/ea command 
runs at 15 minutes after midnight every day. The two find commands run at 15 minutes past 
four and at 40 minutes past four, respectively, every day of the year. The atrun command (which 
processes shell script. users have set up with al) runs every 15 minutes. The / etc/ dmeag com
mand appends kernel messages to the / uar/ adm/ message, file every ten minutes, and finally, the 
/uar/adm/aya/og script runs at five minutes after four every day. 
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NAME 
dir - format of directories 

SYNOPSIS 
#Include <aya/typea.h> 
#Include <aya/dlr.h> 

DESCRIPTION 

DIR ( 5) 

A directory behaves exactly like an ordinary file, save that no user may write into a directory. 
The fact that a file is a directory is indicated by a bit in the flag word of its i-node entry; see 
!•(5). The structure or a directory entry as given in the include file is: ,. 

• A directory consists of some number of blocks or DIRBLKSIZ 
• bytes, where DIRBLKSIZ is chosen such that it can be transferred 
• to disk in "single atomic operation (e.g. 512 bytes on most machines) . 
• 
• Each DIRBLKSIZ byte block contains some number of directory entry 
• structures, which are of variable length. Each directory entry has 
• a struct direct at the front or it, containing its inode number, 
• the length of the entry, and the length or the name contained in 
• the entry. These are followed by the name padded to a 4 byte boundary 
• with null bytes. All names are guaranteed null terminated. 
• The maximum length of a name in a directory is MAXNAMLEN . 
• 
• The macro DIRSIZ(dp) gives the amount of space required to represent 
• a directory entry. Free space in a directory is represented by 
• entries which have dp->d_reclen > DIRSIZ(dp). All DIRBLKSIZ bytes 
• in a directory block are claimed by the directory entries. This 
• usually results in the last entry in a directory having a large 
• dp->d_reclen. When entries are deleted Crom a directory, the 
• space is returned to the previous entry in the same directory 
• block by increasing its dp->dJeclen. Ir the first entry of 
• a directory bloek is free, then its dp->d_ino is set to 0. 
• Entries other than the first in a directory do not normally have 
• dp->d_ino set to 0. 
·1 

#ifder KERNBL 
#define DIRBLKSIZ DEV _BSIZE 
#else 
#define DIRBLKSIZ 512 
#endif 

#define MAXNAMLEN 255 

r 
• The DIRSIZ macro gives the minimum record length which will hold 
* the directory entry. This requires the amount of space in struct direct 
• without the d_name field, plus enough space for the name with a terminating 
• null byte (dp->d_namlen+ 1), rounded up to a 4 byte boundary . . , 

#undef DIRSIZ 

0 

0 

#define DIRSIZ(dp) ((sizeor (struct direct) - (MAXNAMLEN+ 1)) + (((dp)->d_namlen+ 1 + 3jl,: 

struct direct { 

0 
12 Last change: 15 January 1983 Sun Release 1.1 
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u_long d_ino; 
short d_reclen; 
short d_namlen; 
char d_name!MAXNAMLEN + I]; 
/* t.ypically shorter • / 

}; 

struct _dirdeec { 
int 
long 
long 
char 

}; 

dd_fd; 
dd_loc; 
dd_size; 
dd_buf!DffiBLKSIZ]; 

Dffi(5) 

By convention, the first two entries in each directory are for '.' and ' .. '. The first is an entry for 
the directory itself. The second is for the parent directory. The meaning or ' .. ' is modified for 
the root directory or the master file system("/"), where' .. ' has the same meaning as'.'. 

SEE ALSO 
rs(5), readdir(3) 

Sun Release 1.1 Last change: 15 January 1983 13 
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NAME 
dump, dumpdates - incremental dump format 

SYNOPSIS 
#Include <•Y•/types.h> 
#Include <•Y•/lnode.h> 
#Include <dumprestor.h> 

DESCRIPTION 
Tapes used by dump and reelore(8) contain: 

a header record 
two groups or bit map records 
a group or records describing directories 
a group or records describing files 

DUMP(5) 

The format or the header record and or the first record or each description as given in the include 
file < dumpreelor.h> is: 

14 

#define NTREC 10 
#define MLEN 16 
#define MSIZ 4096 

#define TS_TAPE 
#define TS_INODE 
#define TS_BITS 
#define TS_ADDR 
#define TS....END 
#define TS_CLRI 
#define MAGIC 
#define CHECKSUM 

struct spcl { 
int 
time_t 
time_t 
int 
daddr_t 
ino_t 
int 
int 
struct 
int 
char 

} spcl; 

struct idates { 
char 
char 
time_t 

}; 

1 
2 
3 
4 
6 
6 
(int) 60011 
(int) 84446 

c_type; 
c_date; 
c_ddate; 
c_volume; 
c_tapea; 
c_inumber; 
c_magic; 
c_checksum; 
din ode c_dinode; 
c_count; 
c_addr[BSIZEJ; 

id_name(16J; 
id_incno; 
id_ddate; 

#define DUMPOUTFMT "%-16s %c %s" /* for printr * / 
/* name, incno, ctime(date) */ 

#define DUMPINFMT "%16s %c %[·\nJ\n" /* inverse for scanr */ 

Last change: 15 January 1983 Sun Release 1.1 
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FILES 

NTREC is the default number of 1024 byte records in a physical tape block, changeable by the b 
option to dump. MLEN is the number or bits in a bit map word. MSlZ is the number or bit map 
words. 

The TS_ entries are used in the c_type field to indicate what sort or header this is. The types and 
their meanings are as follows: 

TS_TAPE 
TS_INODE 

TS_BITS 
TS_.ADDR 
TS_END 
TS_CLRI 

Tape volume label 
A file or directory follows. The c_dinode field is a copy or the disk inode and con
tains bits telling what sort of file this is. 
A bit map follows. This bit map has a one bit for each inode that was dumped. 
A subrecord of a file description. See c_addr below. 
End of tape record. 
A bit map follows. This bit map contains a zero bit tor all inodes that were empty 
on the file system when dumped. 

MAGIC 
CHECKSUM 

All header records have this number in c_magic. 
Header records checksum to this value. 

The lleld1 of the header structure are as follows: 

c_type 
c_date 
c_ddate 
c_volume 
c_tapea 
cjnumber 
c_maglc 
c_checksum 
c_dinode 
c_count 
c_addr 

The type of the header. 
The date the dump was ta.ken. 
The date the Ille system was dumped from. 
The current volume number of the dump. 
The current number or this (1024-byte) record. 
The number of the !node bein& dumped If this is or type TSJNODE. 
This contains the value MAGIC above, truncated as needed. 
This contains whatever value Is needed to make the record sum to CHECKSUM. 
This is a copy of the inode as it appean on the file system; see /s(5). 
The count of characters in c_addr. 
An array or characters describing the blocks or the dumped file. A character is 
zero if the block associated with that character was not present on the file system, 
otherwise the character is non-zero. If the block was not present on the file sys
tem, no block was dumped; the block will be restored as a hole in the file. Ir there 
is not sufficient space in this record to describe all or the blocks in a file, 
TS_.ADDR records will be scattered through the file, each one picking up where the 
last left off. 

Each volume except the last ends with a tapemark (read as an end or file). The last volume ends 
with a TS_END record and then the tapemark. 

The structure idatea describes an entry in the file /etc/dumpdalea where dump history is kept. 
The fields of the structure are: 

id_name 
idjncno 
id_ddate 

The dumped lllesystem is '/dev/id_nam'. 
The level number or the dump tape; see dump(8). 
The date of the incremental dump in 5Ystem format see lypea(5). 

/etc/dumpdates 

SEE ALSO 
dump(8), restore(8), fs(5), types(5) 

BUGS 
Should more explicitly describe format of dumpdates file. 
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NAME 
environ - user environment 

SYNOPSIS 
extern char ••environs 

DESCRIPTION 
An array of strings called the 'environment' is made available by ezecve(2) when a process begins. 
By convention these strings have the form 'name=value'. The following names are used by vari
ous commands: 

PATIi The sequence of directory prefixes that ah, lime, nice(l), etc., apply in searching for a 
file known by an incomplete path name. The prefixes are separated by ':'. The 
login(l) process sets PATH=:/usr/ucb:/bin:/usr/bin. 

HOME 

TERM 

A user's login directory, set by /ogin(l) from the password file poaawd(5). 

The kind of terminal for which output is to be prepared. This information is used by 
commands, such as nrofl or plot(lG), which may exploit special terminal capabilities. 
See /etc/termcap (lermcop(5)) for a list of terminal types. 

SHELL The file name of the user's login shell. 

TERMCAP The string describing the terminal in TERM, or the name of the termcap file, see 
lermcop(3),lermcap(5), 

EXINIT 

USER 

A startup list of commands read by ez(l), edil(l), and vi(l). 

The login name of the user. 

0 

Further names may be placed in the environment by the ezporl command and 'name=value' 
arguments in ah(l), or by the aetenv command if you use cah(l). Arguments may also be placed o 
in the environment at the point of an ezecve(2). It is unwise to conflict with certain ah(l) vari-
able• that are frequently exported by '.profile' llleo: MAIL, PSI, PS2, IFS. 

SEE ALSO 
csh(l), ex(l), login(!), sh(l), getenv(3), execve(2), system(3), termcap(3X), termcap(5) 

0 
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NAME 
tcntl - file control options 

DESCRIPTION 
#Include <fcntl,h> 

DESCRWTION 
+he /cnt1(2) function provides for control over open files. This include file describes requests and 
arguments to Jeni/ and open(2) as shown below: 

/* C(#)Ccntl.h 1.2 83/12/08 SMI; from UCB 4.2 83/09/25 • / ,. 
• Flag values accessible to open(2) and fcntl(2) 
• (The first three can only be oet by open) 
*/ 

#deflneOJWONLY 0 
#deflneO_WRONLY 1 
#define O J?DWR 
#define O_NDELAY 
#define O_;\PPEND 

2 
FNDELAY 
FAPPEND 

#ifndef F _DUPFD 
/* rcntl(2) requests*/ 

/* Non-blocking 1/0 • / 
/* append (writes guaranteed at the end) • / 

#define F _DUPFD O /* Duplicate fildes * / 
#define F _GETFD 1 /* Get flldes ftags • / 
#define F _SETFD 2 /* Set Bides ftags • / 
#define F _GETFL 3 /* Get file ftags • / 
#define F _SETFL 4 /* Set file flags • / 
#deftneF_GETOWN 5 /* Get owner*/ 
#define F _SETOWN 6 /• Set owner • / 

/* Bags for F _GETFL, F _SETFL- copied from <sys/file.h> */ 
#define FNDELAY 00004 /* non-blocking reads • / 
#define F APPEND 00010 /* append on each write • / 
#deftne F ASYNC 00100 /* signal pgrp when data ready • / 
#tndit 

SEE ALSO 
rcntl(2), open(2) 
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NAME 
Cs, inode - Cormat oC file system volume 

SYNOPSIS 
#Include <1y1/type1,h> 
#Include <ay1/flley1.b> 
#Include <•Y•/lnode,h> 

DESCRIPTION 

18 

Every file system storage volume (disk, nine-track tape, Cor instance) has a common Cormat Cor 
certain vital information. Every such volume is divided into a certain number or blocks. The 
block size is a parameter oC the file system. Sectors O to 15 on a file system are used to contain 
primary and secondary bootstrapping programs. 

The actual file system begins at sector 16 with the super block. The layout of the super block as 
defined by the include file < •Y•/ fs.h > is: 

#define FS_MAGIC Ox011954 
struct Cs { 

struct Cs •rs_link; /* linked list of file systems • / 
struct Cs •rs_rlink; /* used for incore super blocks • / 
daddr_t Cs_sblkno; /* addr oC super-block in filesys * / 
daddr_t Cs_cblkno; /* offset or cyl-block in filesys * / 
daddr_trs_iblkno; /* offset oC inode-blocks in filesys */ 
daddr_trs_dblkno; /* offset or first data after cg * / 
long Cs_cgoffset; /* cylinder group offset in cylinder • / 
long Cs_cgmask; /* uoed to calc mod Cs_ntrak * / 
time_t Cs_time; /* last time written • / 
long ts_size; /* number of blocks in ts * / 
long Cs_dsize; /* number oC data blocks in Cs • / 
long Cs_ncg; /* number oC cylinder groups * / 
long Cs_bsize; /* size oC basic blocks in Cs • / 
long Cs_Csfae; /* size oC Crag blocks in Cs * / 
long Cs_Crag; /* number or Crags in a block in Cs * / 

/* these are configuration parameters * / 
long Cs_minCree; /* minimum percentage oC Cree blocks * / 
long Cs_rotdelay; /* num oC ms Cor optimal next block • / 
long Cs_rps; /* disk revolutions per second • / 

/• these fields can be computed Crom the others • / 
long Cs_bmask; /• "hlkoff" calc oC blk offsets • / 
long Cs_Cmask; /* "Cragoff" calc or Crag offsets * / 
long Cs_bshift; /* "lblkno" calc or logical blkno • / 
long Cs_CshiCt; /* "numCrags" calc number oC Crags * / 

/* these are configuration parameters * / 
long Cs_maxcontig; /* max number oC contiguous blks • / 
long Cs_maxbpg; /* max number or blks per cyl group • / 

/* these fields can be computed Crom the others * / 
long Cs_CragshiCt; /* block to Crag shift * / 
long fs_Csbtodb; /* Csbtodb and dbtoCsb shift constant • / 
long Cs_sbsize; /* actual size oC super block * / 
long fs_csmask; /* csum block offset • / 
long Cs_csshift; /• csum block number * / 
long fs_nindir; /* value of NINDffi • / 
long Cs_inopb; /* value oC INOPB * / 
long fs_nspf; /* value of NSPF • / 
long fs_sparecoo[6l; /* reserved Cor Cuture constants • / 
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/* sizes determined by number of cylinder groups and their sizes • / 
daddr_t fs_csaddr; /* blk addr of cyl grp summary area • / 
long fs_cssize; /* size of cyl grp summary area • / 
long fs_cgsize; /* cylinder group size • / 

/• these fields should be derived from the hardware • / 
long rs_ntrak; /* tracks per cylinder • / 
long rs_nsect; /* sectors per track • / 
long rs_spc; /* sectors per cylinder • / 

/* this comes from the disk driver partitioning • / 
long rs_ncyl; /* cylinders in file system • / 

/* these fields can be computed from the others • / 
long fs_cpg; /* cylinders per group • / 
long rs_ipg; /* in odes per group • / 
long rs_fpg; /* blocks per group • rs_frag • / 

/* this data must be re-computed after crashes • / 
struct csum rs_cstotal; /* cylinder summary information • / 

/* these fields are cleared at mount time • / 
char fsJmod; /* auper block modified flag • / 
char fs_clean; /* file system is clean flag • / 
char rs_ronly; /• mounted read-only flag • / 
char fs_Dags; /• currently unused flag • / 

· char rs_rsmnt(MAXMNTLENI; /* name mounted on*/ 
/* these fields retain the current block allocation info • / 

long rs_cgrotor; /* last cg searched • / 
struct csum •rs_csp[MAXCSBUFSJ;/* list or fs_cs info buffers • / 
long fs_cpc; /* cyl per cycle in postbl • / 
short fs..,J>Ostbl(MAXCPGl[NRPOS(;/* head of blocks for each rotation • / 
long rs_magic; /* magic number • / 
u_char fsJotbllll; /* list or blocks for each rotation • / 

/* actually longer * / 
}; 

Each dist drive contains some number or Ille systems. A file system consists of a number of 
cylinder groups. Each cylinder group has inodes and data. 

A file system is described by its super-block, which in turn describes the cylinder groups. The 
super-block is critical data and is replicated in each cylinder group to protect against catastrophic 
Io... This is done at Ille system creation time and the critical super-block data does not change, 
so the copies need not be referenced further unless disaster strikes. 

Addresses stored in inodes are capable of addressing fragments of 'blocks'. File system blocks of 
at most size MAXBSIZE can be optionally broken into 2, 4, or 8 pieces, each of which is address
able; these pieces may be DEV _BSIZE, or some multiple of a DEV _BSIZE unit. 

Large files consist of exclusively large data blocks. To avoid undue wasted disk space, the last 
data block or a small file is allocated as only as many fragments or a large block as are necessary. 
The file system forma.t retains only a single pointer to such a fragment, which is a piece of a sin
gle large block that has been divided. The size of such a fragment is determinable from informa
tion in the inode, using the "blksize(fs, ip, lbn)" macro. 

The file system records space availability at the fragment level; to determine block availability, 
aligned fragments are examined. 

The root inode is the root of the file system. !node O can't be used for normal purposes and hi&
torically bad blocks were linked to inode 1, thus the root inode is 2 (inode 1 is no longer used for 
this purpose, however numerous dump tapes make this assumption, so we are stuck with it). The 
lost+ found directory is given the next available inode when it is initially created by mkfs. 
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/e_min/ree gives the minimum acceptable percentage or file system blocks which may be tree. Ir 
the treelist drops below this level only the super-user may continue to allocate blocks. This may 
be set to O it no reserve or free blocks is deemed necessary, however severe performance degrada
tions will be observed it the file system is run at greater than 90% full; thus the default value of 
/e_min/ree is 10%. 

Empirically the best trade-off between block fragmentation and overall disk utilization at a load
ing or 90% comes with a fragmentation ot 4, thus the default fragment size is a fourth or the 
block size. 

Cylinder group related limits: Each cylinder keeps track or the availability or blocks at different 
rotational positions, so that sequential blocks can be laid out with minimum rotational latency. 
NRPOS is the number or rotational positions which are distinguished. With NRPOS 8 the reso
lution or the summary information is 2ms tor a typical 3600 rpm drive. 

f•_rotd,lay gives the minimum number of milliseconds to initiate another disk tranoter on the 
same cylinder. It is used in determining the rotationally optimal layout tor disk blocks within a 
file; the default value for f•_rotdelay is 2ms. 

Each file system has a statically allocated number or inodes. An inode is allocated tor each NBPI 
bytes or disk space. The inode allocation strategy is extremely conservative. 

MAXIPG bounds the number or inodes per cylinder group, and is needed only to keep the struc
ture simpler by having.the only a single variable oize element (the free bit map). 

N.B.1 MAXIPG must be a multiple ot INOPB(ts). 

MINBSIZE is the smallest allowable block size. With a MINBSIZE ot 4096 it is possible to create 
files or size 2·32 with only two levels ot indirection. MINBSIZE must be big enough to hold a 
cylinder group block, thus changes to (struct cg) must keep its size within MINBSIZE. MAXCPG 
is limited only to dimension an array in (struct cg); it can be made larger as long as that 
structure's size remain• within the bounds dictated by MINBSIZE. Note that ouper blocks are 
never more than size SBSIZE. 

The path name on which the file system is mounted is maintained in f•J•mnt. MAXMNTLEN 
defines the amount or space allocated in the super block tor this name. The limit on the amount 
or summary information per file system is defined by MAXCSBUFS. It is currently parameterized 
for a maximum or two million cylinders. 

Per cylinder group information i• summarized in blocks allocated from the first cylinder group's 
data blocks. Theoe blocks are read in from Je_csaddr (size /e_ceeize) in addition to the super 
block. 

N.B.1 sizeor (struct csum) must be a power or two in order tor the "ts_cs" macro to work. 

Super block for a file •Y•tem: MAXBPC bound• the size of the rotational layout tableo and i• lim
ited by the fact that the super block is of size SBSIZE. The size or theoe tables is Inversely pro
portional to the block size or the file system. The size or the table• is increaoed when oector sizes 
are not powers or two, as this increaoes the number of cylinden included before the rotational 
pattern repeats ( fe_cpc ). The size of the rotational layout tables is derived from the number or 
bytes remaining in (struct ts). 

MAXBPG bounds the number of blocks or data pet cylinder group, and is limited by the fact that 
cylinder groups are at most one block. The size of the free block table is derived from the size or 
blocks and the number of remaining bytes in the cylinder group structure (struct cg). 

/node: The inode ls the focus of all file activity in the UNIX file system. There is a unique inode 
allocated tor each actiYe file, each current directory, each mounted-on file, text file, and the root. 
An inode is 'named' by its device/i-number pair. For further information, see the include file 
<sys/inode.h>. 
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NAME 
fstab - static information about the filesystems 

SYNOPSIS 

• 

#Include <fatab,h> 
DESCRIPTION 

The file / etc/ felab describes the file systems and swapping partitions on the local machine. It is 
created by the oystem administrator using a text editor and processed by commands which 
mount, unmount, check conoiotency of, dump and restore file systems, and by the system in pro
viding swap space. 

It consist• or a number of line• of the form: 

rs_spec:rs_file:ro_type:rs_rreq:fs_passno 

an example of which would be: 

/dev /xyOa:/:rw:1:1 

The entries from this file are accessed using the routines in gel/eent(3), which returns a structure 
or the following form: 

struct fstab { 

}; 

char •rs_spec; /* block special device name * / 
char •rs_file; /* file oystem path prefix * / 
char •rs_type; /* rw ,ro,sw or xx • / 
int fsJreq; /* dump frequency, in days * / 
int fs_passno; /* paso number on parallel dump * / 

The lines in the file give for each file system or swap area on the local machine the disk partition 
it is contained in fe_spec and the directory on which it is to be mounted (unless it is a swap area) 
in f•...fil•. The fs_epec special file name is the block special file name, and not the character spe
cial ftle name which the rest of the entry refers to. Ir a program needs the character special file 
name, the program must create it by appending a 11 r11 after the last 11 

/" in the special Ole name. 

The fs_type indicates whether it it to be read-only "ro", readable and writable "rw", or readable 
and writable subject to quotas "rq". If Ja_type is "sw" then the special file is made available as a 
piece of swap space by the ewapon(B) command at the end of the system reboot procedure. The 
fields other than fs_epec and fe_type are not used in this case. Ir fs_type is "rq" then at boot time 
the file system is automatically processed by the quotacheck(B) command and disk quotas are then 
enabled with quotaon(B). File system quotas are maintained in a file, "quotas", which is located 
at the root of the associated file system. Ir fs_type is specified as "xx" the entry is ignored. This 
is useCul to show disk partitions which are currently not used. 

The field f•Jreq indicates how often each partition should be dumped by the dump (8) command 
(and triggers that commands w option which tells which file systems should be dumped). Most 
systems set the f•Jreq field to 1 indicating that the file systems are dumped each day. 

The final field /•J•••no is used by the disk consistency check program /sck(8) to allow overapped 
checking of file systems during a reboot. All file systems with /•J•••n• or 1 are first checked 
simultaneosly, then all file systems with /•J•••n• of 2, and so on. It is usual to make the 
/•J•••n• of the root file system have the value 1 and then check one file system on each available 
disk drive in each subsequent pass to the exhaustion or file system partitions. 

/elc/fetab is only read by programs, and not written; it is the duty of the system administrator to 
properly create and maintain this file. The order of records in /etc/fstab is important because 
/eek, mount, and umounl process the file sequentially; file systems must appear after file systems 
they are mounted within. 
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FILES 
/etc/fstab 0 

SEE ALSO 
getfsent(3), quotacheck(S), quotaon(S) 

0 

0 
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NAME 
gettytab - terminal configuration data base 

SYNOPSIS 
/etc/ gettytab 

DESCRIPTION 
Gettytab is a simplified version or the termcap(5) data base used to describe terminal lines. The 
initial terminal login process gelty(S) accesses the gettytah file each time it starts, allowing simpler 
reconfiguration or terminal characteristics. Each entry in the data base is used to describe one 
class or terminals. 

There is a default terminal class, default, that is used to set global defaults for all other classes. 
(That is, the default entry is read, then the entry for the class required is used to override particu
lar settings.) 

CAPABILITIES 
Refer to termcap(5) for a description or the file layout. The default column below lists defaults 
obtained ir there is no entry in the table obtained, nor one in the special default table. 

Name Type Default Description 
ap boo! false terminal u,es any parity 
bd num O backspace delay 
bk str 0377 alternate end or line character (input break) 
cb boo! raise u,e crt backspace mode 
cd num O carriage-return delay 
ce boo) Caloe use crt erase algorithm 
ck boo! raise u,e crt kill algorithm 
cl str NULL screen clear sequence 
co boo! Cal,e conoole - add \n after login prompt 
ds str ·y delayed suspend character 
ec boo! false leave echo OFF 
ep boo) false terminal uses even parity 
er str ·r erase character 
et str ·o end ot text (EOF) character 
ev str NULL initial enviroment 
ro num unused 'tty mode ftags to write messages 
Cl num unused tty mode Bags to read login name 
r2 num unused tty mode Bags to leave terminal as 
Cd num O Corm-reed (vertical motion) delay 
II str ·o output Bush character 
he boo! false do NOT hangup line on last close 
he str NULL hostname editing string 
hn str hootname hostname 
ht boo) raise terminal has real tabs 
ig bool false ignore garbage characters in login name 
im str NULL initial (banner) message 
in str ·c interrupt character 
is num unused input speed 
kl str ·u kill character 
le boo) false terminal has lower case 
Im str login: login prompt 
In str ·v "literal next" character 
lo str /bin/login program to exec when name obtained 
nd num O newline (line-reed) delay 
nl boo! false terminal has (or might have) a newline character 
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nx str default next table (for auto speed selection) 
op bool false terminal uses odd parity 
OS num unused output speed 
pc str \0 pad character 
pe bool false use printer (hard copy) erase algorithm 
pf num 0 delay between first prompt and following flush (seconds) 
ps bool false line connected to a MICOM port selector 
qu str ., quit character 
rp str 'R line retype character 
rw bool false do NOT use raw for input, use cbreak 
sp num unused line speed (input and output) 
SU str ·z suspend character 
tc str none table continuation 
tp num 0 timeout (seconds) 
ti str NULL terminal type (for enviroment) 
ub bool false do unbuffered output (of prompts etc) 
UC bool false terminal is known upper case only 
we str ·w word erase character 
XC bool false do NOT echo control chars as ·x 
xr str ·s XOFF (stop output) character 
xn str 'Q XON (start output) character 

If no line speed is specified, speed will not be altered from that which prevails when gett11 is 
entered. Specifying an input or output opeed override• line opeed for otated direction only. 

Terminal mode• to be used for the output of the message, for input of the login name, and to 
leave the terminal set ao upon completion, are derived from the Boolean flags specified. If the 
derivation should prove inadequate, any (or all) of these three may be overriden with one of the 
to, n, or n numeric specifications, which can be used to specify (usually in octal, with a leading 
'O') the exact values of the flago. Local (new tty) flago are set in the top 16 bits of this (32 bit) 
value. 

Should getty receive a null character (presumed to indicate a line break) it will restart using the 
table indicated by the nx entry. If there is none, it will re-use its original table. 

Delays are •pecified in milliseconds, the nearest possible delay available in the tty driver will be 
used. Should greater certainty be desired, delays with values O, 1, 2, and 3 are interpreted as 
choosing that particular delay algorithm from the driver. 

The cl screen clear otring may be preceded by a (decimal) number of milliseconds of delay 
required (a la termcap). This delay is simulated by repeated use of the pad character pc. 

The initial message, and login message, Im and Im may include the character sequence %h to 
obtain the hostname. (%% obtains a single '%' character.) The hostname is normally obtained 
from the system, but may be set hy the ho table entry. In either case it may be edited with he. 
The he string is a se<;uence of characters, each character that is neither •a• nor '#' is copied into 
the final hostname. A '@' in the he string, cause• one character from the real hostname to be 
copied to the final hostname. A '#' in the he string, causes the next character of the real host
name to be skipped. Surplus '@' and '#' characters are ignored. 

When getty execs the login process, given in the lo string (usually "/bin/login"), it will have set 
the enviroment to include the terminal type, as indicated by the tt string (if it exists). The ev 
string, can be used to enter additional data into the environment. It is a list of comma separated 
stringo, each of which will presumably be of the Corm name=value. 

If a non-zero timeout is specified, with to, then gelty will exit within the indicated number of 
seconds! either having received a login name and passed control to login, or having received an 
alarm signal, and exited. This may be useful to hangup dial in lines. 
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Output from gelt11 is even parity unless op is specified. Op may be specified with ap to allow 
any parity OD input, but generate odd parity output. Note: this only applies while getty is being 
run, tenninal driver limitations prevent a more complete implementation. Getty does not check 
parity of input characters in RAW mode. 

SEE ALSO 
termcap(5), getty(S). 
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NAME 
group - group file 

DESCRIPTION 

FILES 

Group contains for each group the following information: 

group name 
encrypted password 
numerical group ID 
a comma separated list or all users allowed in the group 

This is an ASCII file. The fields are separated by colons; Each group is separated Crom the next 
by a new-line. Ir the password field is null, no password is demanded. 

This file resides in directory /etc. Because or the encrypted passwords, it can and does have gen
eral read permission and can be used, for example, to map numerical group !D's to names. 

/etc/group 

SEE ALSO 
setgroups(2), initgroups(3), crypt(3), passwd(l), passwd(5) 

BUGS 
The poaawd(l) command won't change the passwords. 
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NAME 
hoots - host name d-ata base 

DESCRIPTION 

FILES 

The hoete file contains intormation regarding the known hosts on the DARPA Internet. For each 
host a single line should be present.with the following information: 

official host name 
Internet address 
aliases 

Items are separated by any number or blanks and/or tab characters. A "#" indicates the begin
ning or a comment; characters up to the end or the line are not interpreted by routines which 
search the file. This file is normally created Crom the official host data base maintained at the 
Network Intormation Control Center (NJC), though local changes may be required to bring it up 
to date regarding unofficial aliases and/or unknown hosts. 

Network addresses are specified in the conventional "." notation using the inet_addr() routine 
Crom the Internet address manipulation library, ine1(3N). Host names may contain any printable 
character other than a field delimiter, newline, or comment character. 

/etc/hosti 

SEE ALSO 
gethostent(3N) 

BUGS 
A name oerver should be uoed inotead or a otatic file. A binary indexed file format should be 
available tor Cast access. 
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NAME 
kbd - keyboard translation table format and default table 

SYNOPSIS 
#Include <sundev/kbd,h> 

DESCRIPTION 

28 

Keyboard translation is done in the UNIX kernel via a set of tables. A translation table is 128 
bytes of 'entries', which are bytes (unsigned chars). The top 4 hits of each entry are decoded by a 
case statement in the keyboard translator. If the entry is less than Ox80, it is sent out as an ASCil 
character (poesibly with the META bit OR-ed in). 'Special' entries are Ox80 or greater, and 
invoke more complicated actions. 

struct keymap { 
unsigned char keymap(l28l; /* maps keycodes to actions * / 

}; 
A keyboard is defined by its keymaps. 

struct key board { 

}; 

struct keymap 
struct keymap 
struct keymap 
struct keymap 
struct keymap 
int 
int 
unoigned char. 
unoigned char 

*k_normal; 
*k_shifted; 
*k_caps; 
*k_control; 
*k_up; 
k_idleohifto; 
k_idlebuckys; 
k_abortl; 
k_abort2; 

/* Unshifted * / 
/*Shifted*/ 
/* Caps locked * / 
/* Con trolled * / 
/* Key went up*/ 
/* Shifts */ 
/* Bucky bits * / 
/* 1st key of abort sequence * / 
/* 2nd key of abort oequence * / 

The following defines the bit positions used within k_idleshifts to indicate the 'pressed' (1) or 
'released' (0) state of shift keys. The bit numbers and the aggregate masks are defined. 

Since it is possible to have more than one bit in the shift mask on at once, there is an implied 
priority given to each shift state when determining which translation table to use. The order is 
(from highest priority to lowest) UPMASK, CTRLMASK, SlilFTMASK, and lastly CAPSMASK. 

#define CAPSLOCK O /* Caps Lock key * / 
#define SHIFTLOCK 1 /* Shift Lock key */ 
#define LEFT SHIFT 2 /* Left-hand shift key * / 
#define RIGHTSHIFT 3 /* Right-hand shift key * / 
#deflneLEFTCTRL 4 /* Left-hand (or only) control key*/ 
#define RIGHTCTRL 5 /* Right-hand control key * / 
#define CAPSMASK OxOOOl /* Caplock translation table * / 
#define SHIFTMASK OxOOOE /* Shifted translation table * / 
#define CTRLMASK Ox0030 /* Ctrl shift translation table * / 
#define LP MASK Ox0080 /* Key up translation table * / 

Special Entry Keya 

The 'special' entries' top 4 bits are defined below. Generally they are used with a 4-bit parameter 
(such as a bit number) in the low 4 bits. The bytes who5e top 4 bits are OxO thru Ox7 happen to 
be ASCU characters. They are not special cased, but just normal cased. 

#define SHIFTKEYS Ox80 

thru Ox8F. This key helps to determine the translation table used. The bit poeition of 
its bit in 'shiftmask' is added to the entry, for example, SlilFTKEYS+LEFTCTRL. When 
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this entry is invoked, the bit in 'sbiftmask' is toggled. Depending which tables you put it 
in, this works well for bold-down keys or press-on, press-off keys. 

fdeflne BUCKYBITS Ox90 

tbru Ox9F. This key determines the state of one of the 'bucky' bits above the returned 
ASCll character. This is basically a way to pass mode-key-up/down information back to 
the caller with each 'real' key depressed. The concept, and name 'bucky' (derivation 
unknown) comes from the MIT/SAD, 'TV' system - they bad TOP, META, CTRL, and a 
few other bucky bite. The bit position of its bit in 'buckybits', minus 7, is added to the 
entry; ror example, bit Ox00000400 is BUCKYBITS+ 3. The '-7' prevents us from messing 
up the ASCll char, and gives us 16 useful bucky bite. When this entry is invoked, the 
designated bit in 'buckybits' is toggled. Depending which tables you put it in, this works 
well for bold-down keys or press-on, press-off keys. 

f define MET AB If ii 
; ;. Meta key depressed with key. This is the only user accessible bucky bit. This value is 

added to BUCKYBITS in the translation table. 

fdeflne SYSTEMBIT 1 

'System' key was down w /key. This is a kernel-accessible bucky bit. This value is added 
to BUCKYBITS in the translation table. The system key is currently not used except as a 
place holder to indicate the key used as the l:_ahorll key (as defined above). 

#define FUNNY OxAO /* tbru OxAF. This key does one or 16 runny 

fdeflneNOP 
#define OOPS 
#define HOLE 

OxAO 
OxAl 
OxAI! 

things based, on the low 4 bits: • / 
/* This key does nothing. */ 
/* This key exists but is·undeflned. * / 
/* This key does not exist on the keyboard. 

Its position code should never be 
generated. This indicates a software/ 
hardware mismatch, or bugs. • / 

#define NOSCROLL OxA3 /* This key alternately sends 'Sor 'Q */ 
#define CTRLS OxA4 /* This sends 'S and lets NOSCROLL know * / 
#define CTRLQ OxA5 /* This sends 'Q and lets NOSCROLL know • / 
#define RESET OxA6 /* Kbd WM just reset * / 
#define ERROR OxA7 /* Kbd just detected an internal error • / 
ll'deflne IDLE OxAS /* Kbd is idle (no keys down) • / 

Cpmbh11ilions OxA9 to OxA~' are reserved for non-parameterized functions. 

#define STRING OxBO 

tbru OxBF, The low-order 4 bite index a table select a string to be returned, char by 
char. Each entry in the table is null terminated. 

fdeflne KTAB_STRLEN 10 /* Maximum string length (including null) * / 
Definitions for the individual string numbers: 

#define HOMEARROW 
#define UP ARROW 
#define DOWNARROW 
#define LEFT ARROW 
fdeftne RIGHT ARROW 

Sun Release 1.1 

OxOO 
Ox01 
Ox02 
Ox03 
Ox04 
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String numbers 5 thru F are available to users making custom entries. 

Function Ke;y Groupings 

In the following (unction key groupings, the low-order 4 bits indicate the function key number 
within the group: 

#define LEFTFUNC 
#define RIGHTFUNC 
#define TOPFUNC 
#define BOTTOMFUNC 
#define LF(n) 
#define RF(n) 
#define TF(n) 
#define BF(n) 

OxCO /* thru OxCF. The 'left' group. * / 
OxDO /* thru OxDF. The 'right' group. */ 
OxEO /* thru OxEF. The 'top' group. * / 
OxFO /* thru OxFF. The 'bottom' group. * / 
(LEFTFUNC+ (n)-1) 
(RIGHTFUNC+ (n)-1) 
(TOPFUNC+ (n)-1) 
(BOTTOMFUNC+ (n)-1) 

The actual keyboard positions may not be on the lert/right/top/bottom of the physical keyboard 
(:i.lthough they usually are). What is important is that we have reserved 64 keys for function 
keys. 

Normally, when a function key is pre88ed, the following escape sequence is sent through the char
acter stream: 

ESC[0 .. 9z 
where ESC is a single escape character and 0 .. 9 indicate some number of digits needed to encode 
the function key as a decimal number. 

DEFAULT TABLES 

30 

The kernel bas 3 sets of initial translation tables, one set for each type of keyboard supported. 

#ifnde! lint 
static char sccsid[I = "O(#)keytables.c 1.3 83/10/25 Copyr 1983 Sun Micro•; 
#endir 

/* 
* Copyright (C) 1983 by Sun Microsystems, Inc. 
*/ 

/* 
* keytables.c 
• 
* This module contains the translation tables for the up-down encoded 
• Sun keyboards. 
*/ 

#include " .. /sun/kbd.h" 

/* handy way to define control charaeters in the tables * / 
#define c(cbar) (char&OxlF) 
#define ESC OxlB 

/* Unshi(ted keyboard table for Micro Switch 103SD32-2 */ 

static struct keymap keytab_ms_lc = { 
/* 0 * /HOLE, BUCKYBITS+ SYSTEMBIT, 

LF(2), LF(3), 
/* 8 */TF(4), TF(5), TF(6), TF(7), TF(8), 
/* 16 */ TF(l2), TF(l3), TF(14),c('['), 

HOLE, TF(l), TF(2), TF(3), 
TF(9), TF(lO), TF(ll), 
HOLE, RF(l), '+ ', '·' 
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/* 24 ., 

,. 32 ., 
/* 40 ., 
,. 48 ., 

/* 56 ., 
/* 64 ., 
/* 72 ., 

/* 80 ., 
/* 88 ., 
/* 96 ., 

FILE FORMATS 

HOLE, LF(4), '\r, LF(6), HOLE, SHIFTKEYS+ CAPSLOCK, 

'3', '4', '5', '6', '7', '8', 
'-' ,-, "' '\b' HOLE '7' ' , ' ' ' ' 
HOLE, LF(7), STRING+ UPARROW, 

'1', 
'9', 
'8', 

'2', 
'O', 
'9', 

LF(9), HOLE, '\t', 'q', 'w', 
'p', 'e', 'r', 't', 'y', 'u', 'i', 

'{' '}' ' ' HOLE '4' '5' I I -' I I I 

STRING+ LEFTARROW, 
STRING+ HOMEARROW, 

STRING+ RJGHTARROW, 

'o', 
'6', HOLE, 

HOLE, SHIFTKEYS+ SHIFTLOCK, 

'f', 'g', 'h', 'j', 
'I', '\r', HOLE, '1', 
STRING+ DOWNARROW, 

'k', 
'2', 

'a', 

'l'' 
'3', 

's', 
'·' '' 

'd', 
'·' . ' 

HOLE, NOSCROLL, 

LF(97), HOLE, HOLE, SHIFTKEYS+ LEFTSHIFT, 
'z', 'x', 'c', 

KBD( 5) 

/*104 ., 
/*112 ., 
/*120 ., 

'v', 'b', 'n', 'm', ',', '.', '/', SHIFTKEYS+ RIGHTSHIFT, 
NOP, Ox7F, 'O', NOP, '.', HOLE, HOLE, HOLE, 
HOLE, HOLE, SHIFTKEYS+ LEFTCTRL, 

' ', SHIFTKEYS+ RIGHTCTRL, 
HOLE, HOLE, IDLE, 

}; 

/* Shirted keyboard table for Micro Switch 103SD32-2 * / 

static struct keymap keytab_ms_uc = { 
/* 0 */HOLE, BUCKYBITS+ SYSTEMBIT, 

LF(2), LF(3), HOLE, TF(l), TF(2), TF(3), 
/* 8 */TF(4), TF(5), TF(6), TF(7), TF(8), TF(9), TF(lO), TF(ll), 
/* 16 */ TF(l2), TF(l3), TF(l4),c('['), HOLE, RF(l), '+ ', '-', 
/* 24 */ HOLE, LF(4), '\r, LF(6), HOLE, SHIFTKEYS+ CAPSLOCK, 

,. 32 ., 
/* 40 ., 
/* 48 ., 

,. 66 ., 

/*64*/ 
,. 72 ., 

/* 80 ., 
/* 88 ., 
/* 96 ., 

'#', '$', 
'='. , .. ,, 
HOLE, LF(7), 

'%', '&', '\", '(', 
'QI', '\b', HOLE, '7', 
STRING+ UPARROW, 

LF(9), HOLE, '\t', 
'E', 'R', 'T', 'Y', 'U', 'I', 
'I' 'I' ' ' HOLE '4' '5', I I -' I I 

STRING+ LEFTARROW, 
STRING+ HOMEARROW, 

STRING+ RJGHTARROW, 

'I' . ' 
')', 
'8', 

'Q', 
'0', 
'6', 

'"' ' 'O', 
'9', 

'W', 
'P', 
HOLE, 

HOLE, SHIFTKEYS+ SHIFTLOCK, 

'F', 'G', 'H', 'J', 'K', 
'\\' '\r' HOLE 'l' ' ' ' ' 

'2', 
STRING+ DOWNARROW, 

'A', 
'L', 
'3', 

'S', 'D', 
'+', '*', 
HOLE, NOSCROLL, 

LF(97), HOLE, HOLE, SHIFTKEYS+ LEFTSHIFT, 
'Z', 'X', 'C', 

/*104 ., 
/*112 ., 
/*120 ., 

'V', 'B', 'N', 'M', '<', '>', '?', SHIFTKEYS+ RIGHTSHIFT, 
NOP, Ox7F, 'O', NOP, '.', HOLE, HOLE, HOLE, 
HOLE, HOLE, SHIFTKEYS+ LEFTCTRL, 
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32 

'' 

}; 

SHIFTKEYS+ RIGHTCTRL, 
HOLE, HOLE, IDLE, 

/• Caps Locked keyboard table ror Micro Switch 103SD32-2 • / 

static struct keymap keytab_ms_cl = { 
/• O */HOLE, BUCKYBITS+ SYSTEMBIT, 

LF(2), LF(3), HOLE, TF(l), TF(2), TF(3), 
TF(5), TF(6), TF(7), TF(8), TF(9), TF(lO), TF(ll), /* 8 */TF(4), 

,. 16 ., TF(l2), TF(13), TF(14),c('I'), HOLE, RF(l), '+ ', '-', 
,. 24 ., HOLE, LF(4), '\r, LF(6), HOLE, SHIFTKEYS+ CAPSLOCK, 

/* 32 ., 
,. 40 ., 
,. 48 */ 

,. 56 ., 
,. 64 ., 
/* 72 ., 

'3', '4', '5', '6', '7', '8', 
'-' ,-, "' '\b' HOLE '7' ' ' ' , , , 
HOLE, LF(7), STRING+ UP ARROW, 

'l', 
'9', 
'8', 

LF(9), HOLE, '\t', 'Q', 
'E', 'R', 'T', 'Y', 'U', 'I', 
'{', '}', '_', HOLE, '4', '51

1 

STRING+ LEFT ARROW, 
STRING+ HOMEARROW, 

STRING+ RIGHTARROW, 

'0', 
'6', 

'2', 
'O', 
'9', 

'W', 
'P', 
HOLE, 

HOLE, SHIFTKEYS+ SHIFTLOCK, 
'A', 'S', 'D', 

'F', 'G', 'H', 'J', 'K', 'L', ';', ':', /* 80 ., 
,. 88 */ 
/* 96 ., 

'I', '\r', HOLE, '1', '2', '3', HOLE, NOSCROLL, 
STRING+ DOWNARROW, 

LF(97), HOLE, HOLE, SHIFTKEYS+ LEFTSHIFT, 
'Z', 'X', 'C', 

/*104 */ 
/*112 */ 
/•120 */ 

'V', 'B', 'N', 'M', ',', '.', '/', SHIFTKEYS+RIGHTSHIFT, 
NOP, Ox7F, 'O', NOP, '.', HOLE, HOLE, HOLE, 
HOLE, HOLE, SHIFTKEYS+ LEFTCTRL, 

' ', SHIFTKEYS+ RIGHTCTRL, 
HOLE, HOLE, IDLE, 

}; 

/* Controlled keyboard table tor Micro Switch 103SD32-2 • / 

static st.ruct keymap keytab_ms_ct = { 
/* 0 */HOLE, BUCKYBITS+ SYSTEMBIT, 

LF(2), LF(3), HOLE, TF(l), TF(2), TF(3), 
/• 8 */TF(4), TF(5), TF(6), TF(7), TF(8), TF(9), TF(lO), TF(ll), 
/* 16 */ TF(12), TF(13), TF(14),c('I'), HOLE, RF(l), OOPS, OOPS, 
/• 24 */ HOLE, LF(4), '\r, LF(6), HOLE, SHIFTKEYS+ CAPSLOCK, 

/* 32 */ 
,. 40 */ 
/* 48 ., 

,. 56 */ 
/* 64 ., 
/* 72 * / 

OOPS, OOPS, 
OOPS, OOPS, OOPS, OOPS, OOPS, OOPS, OOPS, OOPS, 
OOPS, c('''), c('@'), '\b', HOLE, OOPS, OOPS, OOPS, 
HOLE, LF(7), STRING+ UP ARROW, 

LF(9), HOLE, '\t', CTRLQ, c('W'), 
c('E'), c('R '), c('T'), c('Y'), c('U'), c('l'), c('O'), c('P'), 
c('I'), c('j'), c('_'), HOLE, OOPS, OOPS, OOPS, HOLE, 
STRING+ LEFT ARROW, 
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/* 80 */ 
/* 88 ., 

/* 96 */ 

FILE FORMATS 

STRING+ HOMEARROW, 
STRING+ RIGHTARROW, 

HOLE, SHIFTKEYS+ SHIFTLOCK, 
c('A'), CTRLS, c('D'), 

c('F'), c('G'), c('H'), c('J'), c('K'), c('L'), OOPS, OOPS, 
c('\ \'), 

'\r', HOLE, OOPS, OOPS, OOPS, HOLE, NOSCROLL, 
STRING+ DOWNARROW, 

LF(97), HOLE, HOLE, SHJFTKEYS+ LEFTSHJFT, 
c('Z'), c('X'), c('C'), 

KBD( 5) 

/*104 */ 
/"112 ., 

c('V'), c('B'), c('N'), c('M'), OOPS, OOPS, OOPS, SHIFTKEYS+ RIGHTSHIFT, 
NOP, Ox7F, OOPS, NOP, OOPS, HOLE, HOLE, HOLE, 

/*120 */ HOLE, HOLE, SHIFTKEYS+ LEFTCTRL, 
'\O', SHIFTKEYS+ RIGHTCTRL, 

HOLE, HOLE, IDLE, 
}; 

/* "Key Up" keyboard table for Micro Switch 103SD32-2 * / 

static struct keymap keytab_ms_up = { 
/* 0 * /HOLE, BUCKYBITS+ SYSTEMBIT, 

NOP, NOP, HOLE, NOP, NOP, NOP, 
f* 8 */NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
/* 16 */ NOP, NOP, NOP, NOP, HOLE, NOP, NOP, NOP, 
/* 24 */ HOLE, NOP, NOP, NOP, HOLE, SHIFTKEYS+ CAPSLOCK, 

NOP, NOP, 
/* 32 */ NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
/* 40 */ NOP, NOP, NOP, NOP, HOLE, NOP, NOP, NOP, 
/* 48 */ HOLE, NOP, NOP, NOP, HOLE, NOP, NOP, NOP, 
/* 56 */ NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
/* 64 */ NOP, NOP, NOP, HOLE, NOP, NOP, NOP, HOLE, 
/* 72 */ NOP, NOP, NOP, HOLE, SHIFTKEYS+ SHIFTLOCK, 

NOP, NOP, NOP, 
/* 80 */ NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
/* 88 */ NOP, NOP, HOLE, NOP, NOP, NOP, HOLE, NOP, 
,. 06 */ NOP, NOP, HOLE, HOLE, SHIFTKEYS+ LEFTSHIFT, 

NOP, NOP, NOP, 
/*104 ., NOP, NOP, NOP, NOP, NOP, NOP, NOP, SHIFTKEYS+ RIGHTSHIFT, 
/*112 ., NOP, NOP, NOP, NOP, NOP, HOLE, HOLE, HOLE, 
/*120 ., HOLE, HOLE, SHIFTKEYS+ LEFTCTRL, 

NOP, SHIFTKEYS+ RIGHTCTRL, 

}; 

/* Index to keymaps for Micro Switch 103SD32-2 * / 
static struct keyboard keyindex_ms = { 

&:keytab_ms.Jc, 
&:keytab_ms_11c, 
&:keytab_ms_cl, 
&:keytab_ms_ct, 
&:keytab_ms_up, 

HOLE, HOLE, RESET, 
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CTLSMASK, 
OxOOOO, 

/* Shift bits which stay on with idle keyboard * / 
/* Bucky bits which stay on with idle keyboard * / 
/• abort keys * / 1, 77, 

}; 

/* Unshifted keybcatd table for Sun-2 keyboard •/ 

static struct keymap keytab_s2_lc = { 
/* 0 */HOLE, BUCKYBITS+ SYSTEMBIT, 

LF{2), LF{3), HOLE, TF{l), TF{2), TF{3), 
TF(5), TF(6), TF{7), TF(8), TF{9), TF{lO), TF(ll), 
TF(12), TF(13), TF{14), TF{15), HOLE, RF{l), RF{2), RF{3), 

/* 8 */TF(4), 
/* 16 ., 
,. 24 ., 
/* 32 ., 
/* 40 ., 
/* 48 ., 
,. 56 ., 
/* 64 ., 

1,12•1 

/* 80 ., 
/* 88 ., 

HOLE, LF{4), LF(5), LF{6), HOLE, c('['), '1', '2', 
131

, '4', '5', 161
, '7 1

, 
181

, '9', '0', 
'·', '=', "', '\b', HOLE, RF(4), RF(5), RF(6), 
HOLE, LF(7), LF(8), LF(9), HOLE, '\t', 'q', 'w', 
'e', 'r', 't', 'y', 'u\ 'i', 10 1

, 'p', 
'[', 'J', Ox7F, HOLE, RF(7), STRING+ UPARROW, 

RF(9), HOLE, 
LF(lO), LF(ll), LF(12), HOLE, SHIFTKEYS+ LEFTCTRL, 

't', 
'\\', 

'g', 
'\r', 

'a', 's', 'd', 
'h', 'j', 'k', 'I', ';', '\", 
HOLE, STRING+LEFTARROW, 

RF(ll), STRING+ RIGHTARROW, 

/*96*/ 
HOLE, LF(13), 

LF(14), LF(15), HOLE, SHIFTKEYS+ LEFTSHIFT, 
'z', 'x', 'c', 'v', 

/*104., 'b', 'n', 'm', '' " 
'.', '/', SHIFTKEYS+ RIGHTSHIFT, 

/*112 ., 

/*120 ., 

'\n', 
RF(13), STRING+ DOWNARROW, 

RF(15), HOLE, HOLE, HOLE, HOLE, HOLE, 
BUCKYBITS+ METABIT, 

' ', BUCKYBITS+ METABIT, 
HOLE, HOLE, HOLE, ERROR, IDLE, 

}; 

r Shifted keyboard table for Sun-2 keyboard * / 

static struct keymap keytab_o2_uc = { 
/* 0 */HOLE, BUCKYBITS+ SYSTEMBIT, 

/* 8 */TF{4), 
/* 16 ., 
/* 24 ., 
/* 32 ., 
/* 40 ., 
/* 48 ., 
/* 56 ., 
/* 64 ., 

,. 72 ., 

/* 80 ., 

LF(2), LF{3), HOLE, TF(l), TF(2), TF(3), 
TF(5), TF(6), TF{7), TF(8), TF{9), TF(lO), TF(ll), 
TF(12), TF(13), TF(14), TF{15), HOLE, RF(l), RF(2), RF(3), 
HOLE, LF(4), LF(5), LF(6), HOLE, c('['), '!', ·a·. 
I.JI,! I.J '%' I"! IC.I I.J '(' ')' 
7('1 ., ll1 I «,I I I I 

'_', '+ ', ,-,, '\b', HOLE, RF(4), RF(5), RF{6), 
HOLE, LF(7), LF(8), LF(9), HOLE, '\t', 'Q', 'W', 
'E', 'R', 'T', 'Y', 'U', 'I', '0', 'P', 
'{', '}', Ox7F, HOLE, RF(7), STRING+ UPARROW, 

RF(9), HOLE, 
LF(lO), LF(il), LF(12), HOLE, SHIFTKEYS+ LEFTCTRL, 

'A', 
'F', 'G', 'H', 'J', 'K', 'L', 

Last change: 19 March 1984 

'S', ,., . ' 
'D', 
'"' 

Sun Release 1.1 

0 

0 

0 



0 

0 

0 

KBD(5) FILE FORMATS KBD( 5) 

/* 88 ., 

,. 96 ., 

/*104 ., 

/*112 ., 

/*120 ., 

}; 

'I', '\r', HOLE, STRING+LEFTARROW, 
RF(ll), STRING+ RIGHTARROW, 

HOLE, LF(13), 
LF(14), LF(15), HOLE, SHIFTKEYS+ LEFTSHIFT, 

'Z', 'X', 'C', 'V'i 
'B', 'N', 'M', '<', '>', '?', SHIFTKEYS+ RIGHTSHIFT, 

'\n', 
RF(13), STRING+ DOWNARROW, 

RF(15), HOLE, HOLE, HOLE, HOLE, HOLE, 
BUCKYBITS+ METABIT, 

' ' BUCKYBITS+ METABIT, 
HOLE, HOLE, HOLE, ERROR, IDLE, 

/* Controlled keyboard table for Sun-2 keyboard • / 

static struct keymap keytab_s2_ct = { 
/* 0 */HOLE, BUCKYBITS+ SYSTEMBIT, 

J• 8 */TF(4), 
r 16 ·, 
/* 24 ., 
/* 32 ., r 40 ., 
/* 48 ., 
/" 66 ., 
,. 64 ., 

/* 72 ., 

/*80*/ 
/* 88 ., 

/*104 ., 

/•112 ., 

/*120 ., 

}; 

LF(2), LF(3), HOLE, TF(l), TF(2), TF(3), 
TF(5), TF(6), TF(7), TF(8), TF(9), TF(lO), TF(ll), 
TF(12), TF(l3), TF(14), TF(15), HOLE, RF(l), RF(2), RF(3), 
HOLE, LF(4), LF(5), LF(6), HOLE, c('I'), '1', c('«I'), 
'3', '4', '6'i c('"'), '7', 181

, '9', 'O', 
c('_'), '-', c('''), '\b', HOLE, RF(4), RF(5), RF(6), 
HOLE, LF(7), LF(8), LF(9), HOLE, '\t', c('q'), c('w'), 
c('e'), c('r'), c('t'), c('y'), c('u'), c('i'), c('o'), c('p'), 
c('I'), c('J'), Ox7F, HOLE, RF(7), STRING+ UPARROW, 

RF(9), HOLE, 
LF(lO), LF(ll), LF(12), HOLE, SHIFTKEYS+ LEFTCTRL, 

c('a'), c('s'), c('d'), 
c('I'), c('g'), c('h'), c('i'), c('k'), c('l'), ';', '\", 
c('\ \'), 

'\r', HOLE, STRING+ LEFTARROW, 
RF(ll), STRING+ RIGHTARROW, 

HOLE, LF(13), 
LF(14), LF(15), HOLE, SHIFTKEYS+ LEFTSHIFT, 

c('z'), c('x'), c('c'), c('v'), 
c('b'), c('n'), c('m'), ',', '.', c('_'), SHIFTKEYS+ RIGHTSHIFT, 

'\n', 
RF(13), STRING+ DOWNARROW, 

RF(15), HOLE, HOLE, HOLE, HOLE, HOLE, 
BUCKYBITS+ METABIT, 

c(' '), BUCKYBITS+ METABIT, 
HOLE, HOLE, HOLE, ERROR, IDLE, 

/* "Key Up" keyboard table (or Sun-2 keyboard • / 

static struct keymap keytab_s2_up = { 
/* 0 • /HOLE, BUCKYBITS+ SYSTEMBIT, 
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36 

OOPS, OOPS, HOLE, OOPS, OOPS, OOPS, 
/* 8 */OOPS, OOPS, OOPS, OOPS, OOPS, OOPS, OOPS, OOPS, 
/* 16 */ OOPS, OOPS, OOPS, OOPS, HOLE, OOPS, OOPS, NOP, 
/* 24 */ HOLE, OOPS, OOPS, OOPS, HOLE, NOP, NOP, NOP, 
/* 32 */ NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
/* 40 */ NOP, NOP, NOP, NOP, HOLE, OOPS, OOPS, NOP, 
/* 48 */ HOLE, OOPS, OOPS, OOPS, HOLE, NOP, NOP, NOP, 
/* 56 */ NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
/* 64 */ NOP, NOP, NOP, HOLE, OOPS, OOPS, NOP, HOLE, 
/* 72 • / OOPS, OOPS, OOPS, HOLE, SHIFTKEYS+ LEFTCTRL, 

NOP, NOP, NOP, 
NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
NOP, NOP, HOLE, OOPS, OOPS, NOP, HOLE, OOPS, 
OOPS, OOPS, HOLE, SHIFTKEYS+ LEFTSHIFT, 

/* 80 ., 
/* 88 ., 
/* 00 ., 

NOP, NOP, NOP, NOP, 
/*104 ., NOP, NOP, NOP, NOP, NOP, NOP, SHIFTKEYS+ RIGHTSHIFT, 

NOP, 
/*112 ., 
/*120 ., 

OOPS, OOPS, NOP, HOLE, HOLE, HOLE, HOLE, HOLE, 
BUCKYBITS+ METABIT, 

}; 

NOP, BUCKYBITS+ METABIT, 
HOLE,HOLE,HOLE,HOLE,RESET, 

/* Index to keymaps for Sun-2 keyboard • / 
static struct keyboard keyindex_s2 ... { 

&keytab_s2_1c, 
&keytab_s2_uc, 
0, 
&koytab_s2_ct, 
&:keytab_s2_up, 
OxOOOO, /* Shift bits which stay on with idle keyboard • / 
OxOOOO, /• Bucky bits which stay on with idle keyboard • / 
1, 77, /* abort keys • / 

}; 

/• Unshifted keyboard table for "VTlOO style" * / 

static struct keymap keytab_vt_lc = { 
/* 0 • /HOLE, BUCKYBITS+ SYSTEMBIT, 

HOLE,HOLE,HOLE,HOLE,HOLE,HOLE, 
/* 8 */HOLE, HOLE, STRING+UPARROW, 

STRING+ DOWNARROW, 
STRING+ LEFT ARROW, 

STRING+ RIGHTARROW, 

/* 16 ., 
/* 24 ., 
/* 32 ., 

r 40 •t 
/* 48 ., 
/* 56 */ 

TF(2), 
'5', 
"' 

'q', 
'o', 
•• •• 

TF(3), TF(4), c('I'), '1', '2', 
'6', '7', '8', '9', 'O', 
c('H'), BUCKYBITS+ METABIT, 

'7', '81
, '9', 

'w', 'e1, 'r', 't', 'y', 
'p', '(', ')', Ox7F, '4', 
SHIFTKEYS+ LEFTCTRL, 

SHIFTKEYS+ CAPSLOCK, 

Last change: 19 March 1984 
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/* 64 */ 
/* 72 ., 

/* 80 */ 
/* 88 */ 

,. 00 */ 
/*104 */ 
/*112 ., 
/*120 */ 
}; 

FILE FORMATS 

'a', 's', 'd', 'C'' 'g', 
'h', ,., 

'k', 'l'' '·' '\ "' '\r', '\ \', J • • • 
'1', '2', '3', NOP, NOSCROLL, 

'c', 'v', 'b', 'n', 'm', 
SHIFTKEYS+ RIGHTSHIFT, 

SHIFTKEYS+ LEFTSHIFT, 

•• • • 
'z', 'x', 
• • . . '/', 

'\n', 'O', HOLE, '.', '\r', HOLE, HOLE, 
HOLE, HOLE, ' ', HOLE, HOLE, HOLE, HOLE, HOLE, 
HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE, 
HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE, 
HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE, IDLE, 

/* Shifted keyboard table for "VTlOO style" • / 

static otruct keymap 'iceytab_vt_uc - { 
/* 0 • /HOLE, BUCKYBITS+ SYSTEMBIT, 

HOLE,HOLE,HOLE, HOLE,HOLE,HOLE, 
/* 8 * /HOLE, HOLE, STRING+ UP ARROW, 

,. 16 ., 

/*24*/ 
/* 32 ., 

/* 40*/ 
/* 48 ., 
,. 56 */ 

/* 64 ., 
,. 72 ., 

/* 80 ., 
/* 88 ., 

/* 00 */ 
/*104 ., 
/*112 */ 
/*120 ., 
}; 

STRING+ DOWNARROW, 
STRING+ LEFT ARROW, 

STRING+ RIGHT ARROW, 
HOLE, TF(l), 

TF(2), TF(3), TF(4), c('['), '!', 'O', '#', '$', 
'%', , .. ,, '&', '*', '(', ')', 
,., c('H'), BUCKYBITS+ METABIT, 

'Q', 
'0', . ' •• 

'H', 
'1', 

'7\ '8', '9', 
'W', 'E', 'R', 'T', 'Y', 

· · 'P', '{', '}', Ox7F, '4', 
SHIFTKEYS+ LEFTCTRL, 

SHIFTKEYS+ CAPSLOCK, 

'J', 
'2', 

'K', 
'3', 

'A', 
'L', 
NOP, 

'S', 
'·' 

'D', 
'"' . . . 

NOSCROLL, 

• • -· 
'.' • 
'U', 
'5', 

'F', 
'\r', 

'+', 

'\t', 
'I', 
'6', 

'G', 
'I', 

SHIFTKEYS+ LEFTSHIFT, 
'Z', 'X', 

'C', 'V', 'B', 'N', 'M', '<', '>', '?', 
SHIFTKEYS+ RIGHTSHIFT, 

'\n', 'O't HOLE, '.', '\r', HOLE, HOLE, 
HOLE, HOLE,'', HOLE, HOLE, HOLE, HOLE, HOLE, 
HOLE, HOLE,HOLE,HOLE, HOLE,HOLE,HOLE, HOLE, 
HOLE,HOLE,HOLE,HOLE, HOLE,HOLE,HOLE, HOLE, 
HOLE, HOLE, HOLE, HOLE, HOLE, HOLE, HOLE, IDLE, 

/* Caps Locked keybo~;d table for "VTlOO style" * / 

static struct keymap keytab_vt_cl = { 
/* 0 */HOLE, BUCKYBITS+ SYSTEMBIT, 

HOLE,HOLE,HOLE,HOLE,HOLE,HOLE, 
j* 8 */HOLE, HOLE, STRING+ UPARROW, 
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STRING+ DOWNARROW, 0 
STRING+LEFTARROW, 

38 

/* 16 */ 
/* 24 */ 
,. 32 */ 

/* 40 */ 
/* 48 ., 
/* 56 ., 

,. 64 */ 
/* 72 */ 

/* 80 ., 
/* 88 ., 

r 96 •1 
/*104 ., 
/*112 */ 
/*120 ., 
}; 

STRING+ RIGHT ARROW, 
HOLE, TF(l), 

TF(2), TF(3), TF(4), c('['), '1', '2', '3', '4', 
'5', '6', '7', '81

, '9', 'O', 
'" c('H'), BUCKYBITS+ METABIT, 

'Q', 
'0', 
'' '' 

'7', '8', '9', 
'W', 'E', 'R', 'T', 'Y', 
'P', 'I', ')', Ox7F, '4', 
SHIFTKEYS+ LEFTCTRL, 

SHIFTKEYS+ CAPSLOCK, 

'-' 
,_, -, 

'-' ' '\t', 
'U', 'I' I 
'5', '6', 

'A', 
'L', 

'S', 'D', 'F', 'G', 
'J', 
'2', 

'K', 
'3', NOP, 

';', '\", '\r', '\\', 
NOSCROLL, 

SHIFTKEYS+ LEFTSHIFT, 
'Z', 'X', 

'C', 'V', 'B', 'N', 'M', " " " . ' '/', 
SHIFTKEYS+ RIGHTSHIFT, 

'\n', 'O', HOLE, '.', '\r', HOLE, HOLE, 
HOLE, HOLE,'', HOLE, HOLE, HOLE, HOLE, HOLE, 
HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE, 
HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE, 
HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE, IDLE, 

/* Controlled keyboard table for "VTlOO style" • / 

static struct keymap keytab_vt_ct = { 
/* 0 */HOLE, BUCKYBITS+ SYSTEMBIT, 

HOLE, HOLE,HOLE,HOLE,HOLE,HOLE, 
f" 8 * /HOLE, HOLE, STRING+ UP ARROW, 

/* 16 */ 
/* 24 */ 
/* 32 */ 

/* 40 */ 
/* 48 ., 
/* 56 */ 

/* 64 ., 

/* 72 */ 

/* 80 ., 
/*88*/ 

f* 96 */ 

STRING+ DOWNARROW, 
STRING+ LEFTARROW, 

STRING+ RIGHT ARROW, 

TF(2), 
'5', 
c('.'), 

TF(3), 
c('. '), 
c('H'), 

HOLE, TF(l), 
TF(4), c('I'), '1', c('O'), '3', '4', 
'7', 18 1

, '9', 'O', c('_'), '=', 
BUCKYBITS+ METABIT, 

'7'. 181
, '9', '-', '\t', 

CTRLQ, c('W'), c('E'), c('R'), c('T'), c('Y'), c('U'), c('I'), 
c('O'), c('P'), c('('), c(')'), Ox7F, '4', '5', '6', 
',', SHIFTKEYS+ LEFTCTRL, 

SHIFTKEYS+ CAPSLOCK, 
c('A'), CTRLS, 

c('H'), c('J'), c('K'), c('L'), ':', '"', 
'1', '2'; '3', NOP, NOSCROLL, 

c('D'), c('F'), c('G'), 
'\r', c('\ \'), 

SHIFTKEYS+ LEFTSHIFT, 
c('Z'), c('X'), 

c('C'), c('V'), c('B'), c('N'), c('M'), ',', '.', c('_'), 
SHIFTKEYS+ RIGHTSHIFT, 

'\n', 'O', HOLE,'.', '\r', HOLE, HOLE, 
HOLE, HOLE, c(' '), HOLE, HOLE, HOLE, HOLE, HOLE, 
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/*104 ., 
1•112 ., 
1•120 ., 
}; 

FILE FORMATS 

HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE, 
HOLE,HOLE,HOLE,HOLE, HOLE,HOLE,HOLE,HOLE, 
~R~R~R~R~R~R~R~R 

/* "Key up" keyboard table for "VTlOO style" • / 

static struct keymap keytab_vt_up = { 
/• 0 */HOLE, BUCKYBITS+ SYSTEMBIT, 

/* 8 */HOLE, HOLE, NOP, 
HOLE, HOLE,HOLE,HOLE,HOLE,HOLE, 
NOP, NOP, NOP, HOLE, NOP, 

/* 16 */ NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
NOP, NOP, NOP, NOP, NOP, NOP, 
BUCKYBITS+ METABIT, 

/• 24 */ NOP, NOP, 
/• 32 */ NOP, NOP, 

,. 40 ., 
/* 48 ., 
/* 56 ., 

NOP, NOP, NOP, NOP, NOP, 
NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
NOP, SHIFTKEYS+ LEFTCTRL, 

SHIFTKEYS+ CAPSLOCK, 

/* 64 ., 
,. 72 ., 

NOP, NOP, NOP, NOP, NOP, 
NOP, NOP, NOP, NOP, NOP, NOP, NOP, NOP, 
NOP, NOP, NOP, NOP, NOP, SHIFTKEYS+ LEFTSHIFT, 

NOP, NOP, 
/* 80*/ r s8*/ 

NOP, NOP, NOP, NOP, 
SHIFTKEYS+ RIGHTSHIFT, 

NOP, NOP, NOP, NOP, 

,. 96 ., 

/*104 ., 
1•112 ., 
1•120 ., 
}; 

NOP, NOP, HOLE, NOP, NOP, HOLE, HOLE, 
HOLE, HOLE, NOP, HOLE, HOLE, HOLE, !iOLE, HOLE, 
HOLE,HOLE,HOLE,HOLE, HOLE, HOLE,HOLE,HOLE, 
HOLE,HOLE,HOLE,HOLE,HOLE, HOLE,HOLE,HOLE, 
HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,HOLE,RESET, 

/• Index to keymaps for "VTlOO style" keyboard • / 
static struct keyboard keyindex_vt = { 

&keytab_vt_lc, 
&keytab_vt_uc, 
&keytab_vt_cl, 
&keytab_vt_ct, 
&keytab_vt_up, 
CAPSMASK+ CTLSMASK, /• Shift keys that stay on at idle keyboard * / 
OxOOOO, /* Bucky bits that stay on at idle keyboard * / 
1, 59, /* abort keys * / 

}; , ........................................................................... , 
/* Index table for the whole shebang * / , ........................................................................... , 
int nkeytables = 3; /* max 16 * / 
struct keyboard *keytablesfl = { 
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}; 

I* 

. , 

&keyindex_s2, 

Keyboard String Table 

This defines the strings sent by various keys (as selected in the 
tables above) . 

#definekstescinit(c) {'\033', 'I', 'c', '\O'} 
char keystringtab(l6JIKTAB_STRLEN[ = { 

kstescinit(H) /*home•/, 
kstescinit(A) f*up*/, 

}; 

kstescinit(B) /*down•/, 
kstescinit(D) /*left*/, 
btescinit(C) /*right*/, 

SEE ALSO 
cons(4S) 

BUGS 

KBD(5) 

This keyboard translation implementation is essentially the PROM monitor mechanism moved 
into the kernel. It will almost certainly be reworked in the future to take advantage of the 
greater. flexibility available to the kernel that was not available in the PROM. 
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MTAB(o) FILE FORMATS MTAB(5) 

NAME 
mtab - mounted file system table 

SYNOPSIS 
#Include <fatab.h> 
#Include <mtab.h> 

DESCRIPTION 

FILES 

Mtab resides in directory / etc and contains a table of devices mounted by the mount command. 
Umount removes entries. 

The table is a series of mtab structures, as defined in < mtab.h>. Each entry contains the null
padded· name of the place where the special file is mounted, the null-padded name of the special 
file, and a type field, one of those defined in <fstab.h>. The special file has all its directories 
stripped away; that is, everything through the last'/' is thrown away. The type field indicates if 
the file system is mounted read-only, read-write, or read-write with disk quotas enabled. 

This table is present only so people can look at it. It does not matter to mount it there are dupli
cated entries nor to umount if a name cannot be found. 

/etc/mtab 

SEE ALSO 
mount(S) 
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NAME 
networks - network name data base 

DESCRIPTION 

FILES 

The networks file contains information regarding the known networks which comprise the DARPA 
Internet. For each network a single line should be present with the following information: 

official network name 
network number 
aliases 

Items are separated by any number of blanks and/or tab characters. A "#" indicates the begin
ning of a comment; characters up to the end of the line are not interpreted by routines which 
search the Die. This Die is normally created from the official network data base maintained at the 
Network Information Control Center (NIC), though local changes may be required to bring it up 
to date regarding unofficial aliase1 and/or unknown networks. 

Network number may be specified in the conventional "." notation using the inet_nelwor~) rou
tine from the Internet addre11 manipulation library, ine1(3N). Network names may contain any 
printable character other than a Deld delimiter, newline, or comment character. 

/etc/networks 

SEE ALSO 
getnetent(3N) 

BUGS 

42 

A name server should be used instead of a static file. A binary indexed Die format should be 
available for fast access. 
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NEWS(5) FILE FORMATS NEWS(5) 

NAME 
news - USENET network news article, utility files 

DESCRIPTION 
There are two formats or news articles: A and 8. A rormat is the only format that version I net
new15 syetems can read or write. Systems running the version 2 netnews can read either format 
and there are provisions ror the version 2 netnews to write in A format. A format looks like this: 

Aarlicle-lD 
new,group, 
palh 
dale 
lille 
Bod11 of arlicle 

Only version 2 netnews systems can read and write B format. B format contains two extra pieces 
or inrormation: receival date and expiration date. The basic structure or a B format file consists 
or a series or headers and then the body. A header field is defined as a line with a capital letter in 
the ht column and a colon somewhere on the line. Unrecognized header fields are ignored. News 
is stored in the same rormat transmitted, see "Standard for the Interchange or USENET Mes
sages" ror a run description. Tbe.rollowing fields are among those recognized: 

Header Inrormation 

From& 

Newagroupa, 

Meaaage-m, 

Subject, 

u,er0ho61.domain{.domain ... } (Full Name} 

New19roup1 

< Unigue ldenlifier> 

deecriplive lille 

Datea Dale Po,led 

Date-Received, 

Explreaa 

Repb'•To1 

Referencet11 

Controb 

Dale received on local machine 

Ezpiralion Dale 

Addre11 for mail replie, 

Arlicle ID of arlicle lhi, i, 

Tezl of a control me,,age 

Here is an example or an article: 

Relay-Version: B 2.10 2/13/83 cbosgd.UUCP 
Posting-Version: B 2.10 2/13/83 eagle.UUCP 
Path: cbosgdlmhuxjlmbuxt!eagleljerry 
From: jerryQeagle.uucp (Jerry Schwarz) 
Newsgroups: net.general 
Subject: Usenet Etiquette - Please Read 
Message-ID: <6420eagle.UUCP> 
Date: Friday, 19-Nov-82 16:14:55 EST 
Followup-To: net.news 
Expires: Saturday, 1-Jan-83 00:00:00 EST 
Date-Received: Friday, 19-Nov-82 16:59:30 EST 
Organization: Bell Labs, Murray Hill 

The body or the article comes here, arter a blank line. 

Sun Rele~ I.I Last change: 6 January 1984 
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A sys file line bas four fields, each seperated by colons: 

eyatem-name:subscriptions:ftaga:tranamiasion command 

or these fields, on the system-name and subscriptions need to be present. 

The system name is the name of the system being sent to. The subscriptions is the list or news
groups to be transmitted to the system. The flags are a set or letters describing bow the article 
should be transmitted. The default is B. Valid ftags include A (send in A format), B (send in B 
format), N (use ihave/sendme protocol), U (use uux -c and the name of the stored article in a %s 
string). 

The transmission command is executed by the shell with the article to be transmitted as the stan
dard input. The default is uux - -• -r sysnamelrnewa. Some examples: 

xyz1net.all 
old1y11net.all,f'a.all,to.old1y1,A 
berk1ya1net.all,ucb.all11/u1r/llb/new•/•endnew• -b berkay1rnew1 
arpaoy1met.all,arpa.all11/u1r /llb/new1/aendnew1 -a rnew1«:larpa1y1 
old2l1net.all,f'a.alliA1/ uor /llb/1endnew1 -o old:Zrnewa 
u1ulfa.1f'-lover111mall uoer 
Somewhere in a sy• Ole, there must be a line ror the host system. This line bas no flag, or com
mands. A # as the first character in a line denotes a comment. 

The history, active, and ngflle files have one line per item. 

SEE ALSO 
inews(l), postnews(l), sendnews(S), uurec(S), readnews(l) 
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NEWSRC(5) FILE FORMATS NEWSRC(S) 

NAME 
newsrc - information file for readnews(l) and checknews(l) 

DESCRIPTION 

FILES 

The .newarc file contains the list of previously read articles and an optional options line for read
new,(1) and checknew,(1). Each newsgroup that articles have been read from has a line of the 
form: 

.m newsgroup : " range" 
Range is a list of the articles read. It is basically a list of numbers separated by commas with 
sequential numbers collapsed with hyphens. For instance: 

generab 1-78,80,86-DO 
ta.lnfo-cpm1 1-7 
net.new11 l 
fa.lnfo-vaxl 1-6 

If the : is replaced with an I (as in info-vax above) the newsgroup is not subscribed to and is not 
be shown to the user. 

An options line starts with the word option, (left-justified). Theo there are the list of options 
j•1st as they would be on the command line. For instance: 

option, -n all lta.1f-lover1 !ta.human-net• -r 
option, -c -r 

A string of lines beginning with a space or tab after the initial options line are considered con
tinuation lines. 

"/ .newsrc options and list of previously read articles 

SEE ALSO 
readoews(l), checkoews(l) 
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NAME 
passwd - password file 

DESCRIPTION 

FILES 

Passwd contains for each user the following information: 

name (login name, contains no upper case) 
encrypted password 
numerical user ID 
numerical group ID 
user's real name, office, extension, home phone. 
initial working directory 
program to use as Shell 

The name may contain '&', meaning insert the login name. 

The password file io an ASCII file. Each field within each user's entry io separated Crom the next 
by a colon. Each user is separated Crom the next by a new-line. IC the password field is null, no 
password is demanded; if the Shell field is null, /bin/sh is used. 

The password file resides in directory /etc. Because of the encrypted passwords, it can and does 
have general read permisoion and can be used, for example, to map numerical user !D's to names. 

Appropriate precautions must be taken to lock the file against changes if it is to be edited with a 
text editor; vipw(S) does the necessary locking. 

/etc/passwd 

SEE ALSO 
getpwent(3), login(l), crypt(3), passwd(l), group(5), vipw(8), adduser(S) 

BUGS 
A binary indexed file format should be available for fast access. 

User information (name, office, etc.) should be stored elsewhere. 
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NAME 
phones - remote host phone number data base 

DESCRIPTION 

FILES 

The file /etc/phone• contains the system-wide private phone numbers for the tip(lC) program. 
This Ille is normally unreadable, and so may contain privileged information. The format of the 
Ille is a series of lines of the form: <system-name>[ \tl*<phone-number>. The system name is 
one of those defined in the remote(5) file and the phone number is constructed Crom [0123456789-
=*%). The 11=" and 11*" characters are indicators to the auto call units to pause and wait for a 
second dial tone (when going through an exchange). The "=" is required by the DF02-AC and 
the "*" is required by the BIZCOMP 1030. 

Only one phone number per line is permitted. However, if more than one line in the file contains 
the same system name tip(lC) will attempt to dial each one in turn, until it establishes a connec
tion. 

/etc/phones 

SEE ALSO 
tip(lC), remote(5) 
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NAME 
plot - graphics inte,face 

DESCRIPTION 
Files of this format are produced by routines described in plot(3X), and are interpreted for various 
devices by commands described in plot(lG). A graphics file is a stream of plotting instructions. 
Each instruction consists of an ASCII letter usually followed by bytes of binary information. The 
instructions are executed in order. A point is designated by four bytes representing the x and y 
values; each value is a signed integer. The last designated point in an I, m, n, or p instruction 
becomes the 'current point' for the next instruction. 

Each or the following descriptions begins with the name or the corresponding routine in plol(3X). 

m move: The next four bytes give a new current point. 

n cont: Draw a line from the current point to the point given by the next four bytes. See 
plot(lG). 

p point: Plot the point given by the next four bytes. 

I line: Draw a line from the point given by the next four bytes to the point given by the follow
ing four bytes. 

t label: Place the following ASCII string so that its first character fall! on the current point. 
The string is terminated by a newline. 

a arc: The first four bytes give the center, the next four give the starting point, and the last four 
give the end point of a circular arc. The least significant coordinate or the end point is used 
only to determine the quadrant. The arc is drawn counter-clockwise. 

c circle: The first four bytes give the center or the circle, the next two the radius. 

e erase: Start another frame of output. 

t linemod: Take the'·following string, up to a newline, as the soyk for drawing fu,ther lines. 
The styles are 'dotted,' 'solid,' 'longdashed,' 'shortdashed,' and 'dotdashed.' Effective only in 
plot ,40LI and plot ver. 

e space: The next four bytes give the lower left corner of the plotting area; the following four 
give the upper right corner. The plot will be magnified or reduced to flt the device as closely 
aa possible. 

Space settings that exactly fill the plotting area with unity scaling appear below for devices 
supported by the filters of plot(lG). The upper limit is just outside the plotting area. In 
every case the plotting area is taken to be square; points outside may be displayable on dev
ices whose face isn't square. 

4014 
ver 
300, 300s 
450 

space(O, 0, 3120, 3120); 
space(O, 0, 2048, 2048); 
space(O, 0, 4096, 4096); 
space(O, 0, 4096, 4096); 

SEEALSQ 
plot(lG), plot(3X), graph(lG) 

48 Last change: 15 January 1983 Sun Release 1.1 

0 

C 

0 



0 

PRINTCAP ( 5) Fll.,E FORMATS PRINTCAP ( 5) 

NAME 
printcap - printer capability data base 

SYNOPSIS 
/etc/printcap 

DESCRIPTION 
Printcap is a simplified version or the termcap(5) data base for describing printers. The spooling 
•y•tem acce•••• the printcap file every time it is used, allowing dynamic addition and deletion or 
printer•. Each entry in the data base deocribes one printer. This data base may not be substi
tuted for, as is possible for termcap, because it may allow accounting to be bypassed. 

The default printer is normally Ip, though the environment variable PRINTER may be used to 
override this. Each spooling utility supporte a -Pprinter option to explicitly name a destination 
printer. 

Refer to the Line Printer Spooler Manual in the Sun Sgetem Manager'• Manual for a discussion or 
how to set up the database for a given printer. 

Each entry in the printcap file describes a printer, and is a line consisting or a number or fields 
separated by ':' characters. The first entry for each printer gives the names which are known for 
the printer, separated by 'I' characters. The first name is conventionally a number. The second 
name given is the most common abbreviation for the printer, and the last name given should be a 
long name fully identifying the printer. The second name should contain no blanks; the last 
name may well contain blanks for readability. Entries may continue onto multiple lines by giving 
a \ as the last character or a line, and empty fields may be included for readability. 

Capabilities in printcap are all introduced by two-character codes, and are or three types: 

Boolean capabilities indicate that the printer has som• particular feature. Boolean capabilities 
are simply written between the ';' characters, and ar:e i:qdicated by the word 'bool' in 
the type column of the capabilities table below. 

Numeric capabilities •upply information such as baud-rates, number of lines per page, and so 
on. Numeric capabilities are indicated by the word 'num' in the type column of the 
capabilities table below. Numeric capabilities are given by the two-character capabil
ity code followed by the '#' character, followed by the numeric value. For example: 
:br#l200: is a numeric entry stating that this printer should run at 1200 baud. 

String capabilities give a sequence which can be used to perform particular printer operations 
such as cursor motion. String valued capabilities are indicated by the word 'str' in the 
type column or the capabilities table below. String valued capabilities are given by 
the twc>-character capability code followed by an '=' sign and then a string ending at 
the next following ':'. For example, :rp=spinwriter: is a sample entry stating that 
the remote printer is named 'spinwriter'. 

CAP ABILITIES 
Name Type Default Deacrlptlon 

ar •tr NULL name or accounting file 
br num none if Ip is a tty, set the baud rate (ioctl call) 
er str. NULL cifplot data filter 
df str NULL TeX data filter (DVI format) 
du str 0 User ID of user 'daemon'. 
re num 0 if Ip is a tty, clear flag bits (sgtty .h) 
Ir str "\r" string to send for a form feed 
Co boo) false print a form feed when device is opened 
rs num 0 like 'fc' but set bits 
,r str NULL graph data filter (plot (3X) format) 
ic boo! false driver supports (non standard) ioctl 
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call for indenting printout 
if str NULL name of text filter which does accounting 
If str "/dev /console" error logging file name 
lo str "lock" name of lock file 
Ip str "/dev /Ip" device name to open for output 
me num 0 maximum number or copies 
mx num 1000 maximum file size (in BUFSIZ blocks), zero = unlimited 
nd str NULL next directory for list of queues (unimplemented) 
of str NULL ditroff data filter (device independent troff) 
of str NULL name of output filtering program 
pl num 66 page length (in line•) 
pw num 132 page width (in characters) 
px num 0 page width in pixels (horizontal) 
PY num 0 page length in pixels (vertical) 
rf str NULL filter for printing FORTRAN style text files 
rm str NULL machine name for remote printer 
rp str "Ip" remote printer name argument 
rs boo! false restrict remote users to those with local accounts 
rw boo! false open printer device read/write instead of read-only 
sb boo! false short ha.oner (one line only) 
SC boo! false suppress multiple copies 
sd str "/usr /spool/lpd" spool directory 
sf boo! false suppress form feeds 
sh boo! false suppress printing of burst page header 
st str "status" status file name 
tf str NULL troff data filter (cat phototypesetter) 
tr str NULL trailer string to print when queue empties 
vf str NULL raster image filter 
XC num 0 if Ip is a tty, clear local mode bits (tty (4)) 
XS num 0 like 'xc' but set bits 

Error messages sent to the console have a carriage return and a line feed appended to them, 
rather than just a line feed. 

If the focal line printer driver supports indentation, the daemon must understand how to invoke 
it. 

SEEALSQ 
termcap(5), lpc(S), lpd(S), pac(S), lpr(l), lpq(l), Jprm(l) 
The Line Printer Spooler Manual in the Sun Sgalem Manager'• Manual. 
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NAME 
protocol• - protocol name data base 

SYNOPSIS 
/etc/protocols 

DESCRIPTION 
The protocols file contains information regarding the known protocols used in the DARPA Inter
net. For each protocol a single line should be present with the following information: 

official protocol name 
protocol number 
aliases 

Items are separated by any number of blanks and/or tab characters. A "#" indicates the begin
ning of a comment; characters up to the end or the line are not interpreted by routines which 
search the file. 

Protocol names may contain any printable character other than a field delimiter, newline, or com
ment character. 

EXAMPLE 
The following example is taken from the Sun UNIX system. 

* * Internet (IP) protocols 

FILES 

* ip 
icmp 
ggp 
tcp 
pup 
udp 

/etc/protocols 

SEE ALSO 
getprotoent(3N) 

BUGS 

0 
1 
2 
6 
12 
17 

IP 
ICMP 
GGP 
TCP 
PUP 
UDP 

# internet protocol, pseudo protocol number 
# internet control message protocol 
,ff, gateway-gateway protocol 
# transmission control protocol 
# PARC universal packet protocol 
# user datagram protocol 

A name server should be used instead of a static file. A binary indexed file format should be 
available for f88t acce••· 
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NAME 
remote - remote host description Ille 

DESCRIPTION 
The systems known by lip(lC) and their attributes are stored in an ASCII file which is structured 
somewhat like the termcap(5) file. Each line in the file provides a description for a single egetem. 
Fields are separated by a colon (":"). Lines ending in a \ character with an immediately follow
iµg newline are continued on the next line. 

The first entry is the name(s) of the host system. If there is more than one name for a system, 
the names are separated by vertical bars. After the name of the system comes the fields of the 
description. A field name followed by an '=' sign indicates a string value follows. A field name 
followed by a '#' sign indicates a following numeric value. 

Entries. named "tip*" and "cu•" are used as default entries by tip, and the cu interface to tip, as 
follows. When tip is invoked with only a phone number, it looks for an entry of the form 
"tip300", where 300 is the baud rate with which the connection is to be made. When the cu 
interlace ie used, entries ot the form "cu300" are used. 

CAP ABILITIES 

52 

Capabilities are either strings (str), numbers (num), or boolean ftags (bool). A string capability is 
specified by capabiWg=va/ue; e.g. "dv=/dev /harris". A numeric capability is specified by 
capabi/ilg#value; e.g. "xa#99". A boolean capability is •pecilled by simply listing the capability. 

at (str) Auto call unit type. 

br (num) The baud rate used in establishing a connection to the remote host. This is a 
decimal number. The default baud rate is 300 baud. 

cm 

cu 

(str) An initial connection message to be sent to the remote host. For example, if a host 
i• reached through port selector, this might be set to the appropriate sequence required to 
switch to the host. 

(str) Call unit if making a phone call. Default is the same as the 'dv' field. 

di (•tr) Di•connect me••age •ent to the host when a di•connect is requested by the user. 

du (bool) This host is on a dial-up line. 

dv (str) UNIX device(•) to open to establish a connection. If this Ille refers to a terminal line, 
lip(lC) attempt• to perform an exclu•ive open on the device to in•ure only one user at a 
time has access to the port. 

el (str) Characte•• marking an end-of-line. The default is NULL. •·• escapes are only recog-
nized by lip after one of the characters in 'el', or after a carriage-return. 

fa (str) Frame size for transfers. The default frame size is equal to BUFSIZ. 

hd (bool) The host uses half-duplex communication, local echo should be performed. 

le (str) Input end-of-file marks. The default is NULL. 

oe (str) Output end-of-file string. The default is NULL. When lip is transferring a Ille, this 
string is sent at end-of-file. 

pa (str) The type of parity to use when sending data to the host. This may be one of 
''even", "odd", 11none*', "zero" (always set bit 8 to zero), "one" (always set bit 8 to 1). 
The default is even parity. 

pn (str) Telephone number(•) for this host. If the telephone number fteld contains an a sign, 
tip searches the file /etc/phone• file for a list of telephone numbers; c.f. phonee(5). 

tc (str) Indicates that the list of capabilities is continued in the named description. This is 
used primarily to share common capability information. 
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Fll,ES 

Here is a short example showing the use or the capability continuation feature: 

UNIX-1200:\ 
:dv= / dev /cauO:el= ·o ·u· C • S • Q • O@:du:at=ventel:ie=#$% :oe= • D:br# 1200: 

arpavaxlax:\ 
:pn=7654321%:tc=UNIX-1200 

/etc/remote 

SEE ALSO 
tip(lC), phones(5) 
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NAME 
sccsfile - format of SCCS file 

DESCRIPTION 

54 

An SCCS file is an ASCII file. It consists of six logical parts: the checksum, the delta table (con
tains information about each delta), uaer namea (contains login names and/or numerical group 
IDs of users who may add deltas), flaga (contains definitions of internal keywords), commenla 
(contains arbitrary descriptive information about the file), and the bod11 (contains the actual text 
lines intermixed with control lines). 

Throughout an SCCS file there are lines which begin with the ASCil SOR (start of heading) char
acter (octal 001). This character is hereafter referred to as the control character and will be 
represented graphically as 0. Any line described below which is not depicted as beginning with 
the control character is prevented from beginning with the control character. 

Entries or the Corm DDDDD represent a five digit string (a number between 00000 and 99999). 

Each logical part or an secs file is described in detail below. 

Checkaum 
The checksum is the first line or an SCCS file. The form or the line is: 

@hDDDDD 

The value or the checksum is the sum of all characters, except those or the first line. The 
@h provides a magic number or (octal) 064001. 

Della table 
The delta table consists or a variable number or entries or the form: 

@a DDDDD/DDDDD/DDDDD 
@d <type> <SCCS ID> yr/mo/da hr:mi:se <µgmr> DDDDD DDDDD 
OIDDDDD ... 
@x DDDDD ... 
@g DDDDD ... 
Om <MR number> 

@c <comments> ... 

@e 

The first line (<01) contains the number or lines inserted/deleted/unchanged respectively. 
The second line (@d) contains the type or the delta (currently, normal: D, and removed: 
R), the SCCS ID of the delta, the date and time of creation of the delta, the login name 
corresponding to the real user ID at the time the delta was created, and the serial 
numbers of the delta and its predecessor, respectively. 

The @I, @x, and @g lines contain the serial numbers or deltas included, excluded, and 
ignored, respectively. These lines are optional. 

The @m lines (optional) each contain one MR number associated with the delta; the @c 
lines contain comments associated with the delta. 

The @e line ends the delta table entry. 
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User name, 

Flag, 

The list of login names and/or numerical group IDs of users who may add deltas to the 
file, separated by new-lines. The lines containing these login names and/or numerical 
group IDs are surrounded by the bracketing lines @u and @U. An empty list allows any
one to make a delta. 

Keywords used internally (see admin(l) for more information on their use). Each Hag line 
takes the form: 

Of <Hag> <optional text> 

The following Hags are defined: 
Qf t <type or program> 
Qfv <program name> 
Qfi 
Qfh 
Qfm 
arr 
Qfc 
Qfd 
Qfn 
Qfj 
Qfl 
Qfq 

<module name> 
<floor> 
<ceiling> 
<default-oid> 

<lock-releases> 
<uoer defined> 

The t flag define• the replacement for the identification keyword. The v flag controls 
prompting for. MR numbers in addition to comments; if the optional text is present it 
define• an MR number validity checking program. The i Hag controls the warning/error 
aepcct or the 41No id keywords" message. When the l tlag is not present, this message is 
only a warning; when the I flag is present, this message will cause a "fatal" error (the file 
will not be gotten, or the delta will not be made). When the b flag io preoent the -b 
keyletter may be uoed on the gel command to cause a branch in the delta tree. The m 
flag define• the firot choice for the replacement text of the sccsflle.5 identification key
word. The f flag define• the "floor" release; the release below which no deltas may be 
added. The c flag define• the "ceiling" release; the release above which no deltas may be 
added. The d flag define• the default SID to be used when none is specified on a gel com
mand. The n flag cause• de/la to insert a "null" delta (a delta that applies no changes) 
in thooe releases that are skipped when a delta is made in a new release (tor example, 
when delta 5.1 is made after delta 2.7, releases 3 and 4 are skipped). The absence of the 
n flag cauoes skipped releases to be completely empty. The J Hag causes gel to allow con
current edits or the same base SID. The I Hag defines a list ot releases that are locked 
against editing (get(l) with the -e keyletter). The q flag defines the replacement for the 
%Q% identification keyword. 

Comment, 

Body 

Sun Release 1.1 

Arbitrary text surrounded by the bracketing lines @t and @T. The comments section 
typically will contain a description of the file's purpose. 

The body consists of text lines and control lines. Text lines don't begin with the control 
character, control lines do. There are three kinds of control lines: insert, delete, and end, 
represented by: 

OIDDDDD 
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SEE ALSO 

@DDDDDD 
@EDDDDD 

FILE FORMATS SCCSFILE( 5) 

respectively. The digit string is the serial number corresponding to the delta Cor the con
trol line. 

admin(l), delta(l), get(l), prs(l). 
Source Code Control S11,lem UBer'B Guide by L. E. Bonanni and C. A. Salemi. 
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NAME 
servers - inet server data base 

DESCRIPTION 
The servers file contains the list or servers that inetd(8) operates. For each server a single line 
should be present with the following information: 

name of server 
protocol 
server location 
Items are separated by any number of blanks and/or tab characters. A "#" indicates the begin
ning of a comment; characters up to the end of the line are not interpreted by routines which 
search the file. 
The name of the server should be the official service name as contained in eervicee(5). The proto
col entry is either udp or tcp. The server location is the full path name of the server program. 

EXAMPLE 
The following example is taken from the Sun UNIX system. 

FILES 

tcp 
telnet 
shell 
login 
exec 
ttcp 
syslog 
coinsat 
talk 
time 

/etc/servers 

SEE ALSO 

tcp /usr/etc/in.tcpd 
tcp /usr/etc/in.telnetd 
tcp /etc/in.rshd 
tcp /etc/in.rlogind 
tcp /usr/etc/in.rexecd 
udp /usr/etc/in.ttcpd 
udp /usr/etc/in.syslog 
udp /usr/etc/in.comsat 
udp /usr/etc/in.talkd 
tcp /usr/etc/in.timed 

services(5), inetd{8) 
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NAME 
services - service name data base 

SYNOPSIS 
/ etc/ eervlces 

DESCRIPTION 
The services file contain• information regarding the known service• available in the DARPA Inter
net. For each service a single line should be preoent with the following information: 

official service name 
port number 
protocol name 
aliases 

Items are separated by any number of blanks and/or tab characters. The port number and proto
col name are considered a oingle ilem; a "/" io used to oeparate the port and protocol (for 
instance, "512/tcp"). A "#" indicateo the beginning of a comment; character• up to the end of 
the line are not interpreted by routine• which search the file. 

Service names may contain any printable character other than a field delimiter, newline, or com
ment character. 

EXAMPLE 
Here i• an example of the / elc/ service, file from the Sun UNIX System. 
# 
# Network oerviceo, Internet otyle 

* echo 7/udp 
diocard 0/udp oink null 
oystat 11/tcp 
daytime 13/tcp 
netotat 15/tcp 
ftp 21/tcp 
telnet 23/tcp 
omtp 25/tcp mail 
time 37/tcp timserver 
name 42/tcp nameserver 
whoio 43/tcp 
mtp 57 /tcp # deprecated 
# 
# Host specific functions 
# 
trtp 69/udp 
rje 77/tcp 
finger 70/tcp 
link 87/tcp tty link 
supdup 05/tcp 
# 
# UNIX specific services 
# 
exec 512/tcp 
login 513/tcp 
shell 514/tcp cmd 
efs 520/tcp 
biff 512/udp comsat 
who 513/udp whod 

58 Last change: 13 December 1983 Sun Release 1.1 

0 

0 

0 



0 

0 

0 

SERVICES ( 5) 

FILES 

syslog 
talk 
route 

/etc/ services 

SEE ALSO 
getservent(3N) 

BUGS 

FILE FORMATS 

514/udp 
517/udp 
520/udp 

SERVICES( 5) 

router routed# 521 also 

A name server should be used instead or a static Ille. A binary indexed file format should be 
available ror rast access. 
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NAME 
tar - tape archive file format 

DESCRIPTION 

60 

Tar, (the tape archive command) dumps several files into one, in a medium suitable ror transpor
tation. 

A "tar tape" or file is a series or blocks. Each block is or size TBLOCK. A file on the tape is 
represented by a header block which describes the file, followed by zero or more blocks which give 
the contents or the file. At the end or the tape are two blocks filled with binary zeros, as an end
or-ftle indicator. 

The blocks are grouped for physical 1/0 operations. Each group of n blocks (where n is set by 
the b keyletter on the lar(l) command line - default is 20 blocks) is written with a single system 
call; on nine-track tapes, the result of this write is a single tape record. The last group is always 
written at the full size, so blocks after the two zero blocks contain random data. On reading, the 
specified or default group size is used for the first read, but ir that read returns less than a full 
tape block, the reduced block size is used ror further reads, unless the B keyletter is used. 

The header block looks like: 

#define TBLOCK 512 
#define NAMSIZ 100 

union hblock { 

}; 

char dummy!TBLOCKJ; 
struct header { 

char name!NAMSIZJ; 
char model81; 
char uid[SI; 
char gid[8J; 
char sizel12l; 
char mtimel12l; 
char chksuml81; 
char linkfiag; 
char linkname!NAMSIZI; 

} dbuf; 

Name is a null-terminated string. The other fields are zero-filled octal numbers in ASCII. Each 
field (of width w) contains w-2 digits, a space, and a null, except ,ize and mlime, which do not 
contain the trailing null. Name is the name of the file, as specified on the tar command line. 
Files dumped because they were in a directory which was named in the command line have the 
directory name as prefix and / filename as suffix. Mode is the file mode, with the top bit masked 
off. Uid and gid are the user and group numbers which own the file. Size is the size or the Ille in 
bytes. Links and symbolic links are dumped with this field specified as zero. Mtime is the 
modification time of the Ille at the time it was dumped. Chhum is a decimal ASCII value which 
represents the sum of all the bytes in the header block. When calculating the checksum, the 
chk,um field is treated as if it were all blanks. Link/lag is ASCII 'O' if the file is "normal" or a 
special file, ASCII '1' if it is an hard link, and ASCII '2' if it is a symbolic link. The name 
linked-to, if any, is in linkname, with a trailing null. Unused fields of the header are binary zeros 
(and are included in the checksum). 

The first time a given i-node number is dumped, it is dumped as a regular file. The second and 
subsequent times, it is dumped as a link instead. Upon retrieval, if a link entry is retrieved, but 
not the file it was linked to, an error message is printed and the tape must be manually re
scanned to retrieve the iinked-to file. 
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The encoding of the header is designed to be portable acroBB machines. 

SEE ALSO 
tar(l) 

BUGS 
Names or linknames longer than NAMSIZ produce error reports and cannot be dumped. 
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NAME 
term - terminal driving tables for nroff 

DESCRIPTION 

62 

Nroff()) uses driving tables to customize its output for various types or output devices, such as 
printing terminals, special word-processing terminals (such as Diablo, Qume, or NEC Spinwriter 
mechanisms), or special output filter programs. These driving tables are written as C programs, 
compiled, and installed in /uar/llb/term/tabname, where name is the name for that terminal 
type as given in term(7). 

Here's how to construct a driver table for USG UNIX "nroff", in 25 easy lessons. The only 
changes for the V7 nroff (on 4.xBSD as well) are that the "iton" and "itolr" entries are missing, 
the "bset" and "breoet" entries affect the "sg_Jlags" word in the "sgtty" structure, and the pro
cedures for making the table are different. 

Special thanks to the people at AT&T responsible for the UNIX documentation, without whose 
help this posting would not have been necessary. The structure or the tables is as follows: 

#define INCH 240 

struct { 

} t; 

int bset; 
int breset; 
int Hor; 
int Vert; 
int Newline; 
int Char; 
int Em; 
int Halfline; 
int Adj; 
char •twinit; 
char •twrest; 
char •two!; 
char •h!r; 
char *h!C; 
char *fir; 
char *bdon; 
char *bdoff; 
char *itoo; 
char *itoff; 
char *plotoo; 
char *plotoff; 
char •up; 
char *down; 
char *right; 
char *left; 
char *codetabl256-32J; 
char *zzz; 

The meanings or the various fields are as follows: 

beet bits to set in the c_oftag field of the lermio structure (see lly(4)) before output. 

breael 

Hor 

Vert 

bits to reset in the c_oftag field or the lermio structure before output. 

horizontal resolution in fractions or an inch. 

vertical resolution in fractions or an inch. 
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Newline space moved by a newline (linefeed) character in fractions or an incb. 

Char quantum of character sizes, in fractions of an inch. (that is, a character is a multiple 
of Char units wide) 

Em size of an em in fractions of an inch. 

Halftine space moved by a half-linefeed (or half-reverse-linefeed) character in fractions of an 
inch. 

Adj quantum of white space, in fractions of an inch. (that is, white spaces are a multiple 
of Adj units wide) 

lwinil 

lwre81 

lwnl 

hlr 

IIV 
/Ir 
bdon 

bdoJ! 

ilon 

ii off 

plolon 

ploloJ/ 

up 

down 

right 

le/I 

codelab 

zzz 
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Note: if this is less than the size of the space character (in unit• of Char; see below for 
bow the sizes of characters are defined), nroff will output fractional spaces using plot 
mode. Also, if the -e switch to nroff is used, Adj is set equal to Hor by nroff. 

set of characters used to initialize the terminal in a mode suitable for nroff. 

set of characters used to restore the terminal to normal mode. 

set of characters used to move down one line. 

set of characters used to move up one-half line. 

set of characters used to move down one-half line. 

set of characters used to move up one line. 

set of characters used to turn on hardware boldface mode, if any. 

•et of characters used to turn off hardware boldface mode, if any. 

set of characters u•ed to turn on hardware italics mode, if any. 

•et of characters used to turn off hardware italics mode, if any. 

•et of characters used to turn on hardware plot mode {for Diablo type mechanisms), if 
any. 
set of cbaro.cters used to turn oft' hardware plot mode (for Diablo type mechanisms), if 
any. 

set of characters used to move up one resolution unit (Vert) in plot mode, if any. 

set of characters used to move down one resolution unit (Vert) in plot mode, if any. 

•et of characters used to move right one resolution unit (Hor) in plot mode, if any. 

set or characters used to move left one resolution unit (Hor) in plot mode, if any. 

definition of characters needed to print an nroff character on the terminal. The first 
byte is the ,umber of character unit• (Char) needed to hold the character; that is, 
"\001" is one unit wide, "\002" is two units wide, etc. The high-order bit (0200) is 
on if the character is to be underlined in underline mode (.ul). The rest of the bytes 
are the characters used to produce the character in question. If the character bas the 
sign (0200) bit on, it is a code to move the terminal in plot mode. It is encoded as: 

0100 bit on... vertical motion. 

0100 bit off horizontal motion. 

040 bit on negative (up or left) motion. 

040 bit off 

037 bits 

positive (down or right) motion. 

number of such motions to make. 

a zero terminator at the end. 
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All quantities which are in units of fractions of an inch should be expressed as 0 
INCH*num/denom, where num and denom are respectively the numerator and denominator or 
the fraction; that is, 1/48 or an inch would be written as "INCH/48". 

FILES 

If any sequence of characters does not pertain to the output device, that sequence should be given 
as a null string. 

The source code for the terminal n•me is in /uar /arc/cmd/text/roff,d/terma,d/tabn•me.e. 
When a new terminal type is added, the Ole m•kelerm,.c should be updated to '#include' the 
source to that driving table; note that the various terminal types are grouped into "parts" 
labelled PART!, PARTZ, and PART3. If necessary, more parts can be added. Other changes 
necessary to m•kelerm,.c are left as an exercise to the reader. The makefile terma.mk in that 
directory should then be updated. 

/usr /lib/term/tabn•me driving tables 
tabn•me.c source for driving tables 

SEE ALSO 
troff(!), term(7) 
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NAME 
termcap - terminal capability data base 

SYNOPSIS 
/etc/termcap 

DESCRIPTION 
Termcap is a data base describing terminals, used, for example, by vi(l) and curaea(3X). Termi
nals are described in termcap by giving a set of capabilities which they have, and by deacribing 
how operations are performed. Padding requirements and initialization sequences are included in 
termcap. 

Each entry in the termcap file describes -a terminal, and is a line consisting of a number of fields 
separated by ':' characters. The first entry for each terminal gives the names which are known 
for the terminal, separated by 'I' characters. The first name is always 2 characters long and is 
used by older version 6 systems which store the terminal type in a 16 bit word in a systemwide 
data base. The second name given is the most common abbreviation for the terminal, and the 
last name given should be a long name fully identifying the terminal. The second name should 
contain no blanks; the last name may well contain blanks for readability. Entries may continue 
onto multiple lines by giving a \ aa the last character or a line, and empty fields may be included 
tor readability. 

Capabilities in termcap are all introduced by two-character codes, and are of three types: 
Boolean capabilities indicate that the terminal haa some particular feature. Boolean capabili

ties are simply written between the ':' characters, and are indicated by the word 'boo!' 
in the type column ot the capabilities table below. 

Numeric capabilities supply information such aa the size of the terminal or the size of particular 
delays. Numeric capabilities are indicated by the word 'num' in the type column of 
the capabilities table below. Numeric capabilities are given by the two-character 
capability code followed by the '#' character and then the numeric value. For exam
ple: :co#SO: is a numeric entry stating that this terminal baa 80 columns. 

Siring capabilities give a sequence which can be used to perform particular terminal opera
tions such aa cursor motion. String valued capabilities are indicated by the word 'str' 
In the type column of the capabilities table below. String valued capabilities are 
given by the two-character capability code followed by an '=' sign and then a string 
ending at the next following ':'. For example, :ce=16\E·s: is a sample entry for 
clear to end-of-line. 

OAP ABILITIES 
(P) indicates paddi!l& may be specified 
(P*) indicates that padding may be based on the number of lines affected 

NameType Padf Description 
ae str (P) End alternate character set 
al str (P*) Add new blank line 
am boot Terminal haa automatic margins 
as str (P) Start alternate character set 
be str Backspace if not ·u 
bs boo! Terminal can backspace with ·u 
bt str (P) Back tab 
bw boo) Backspace wraps from column O to last column 
cc str Command character in prototype if terminal settable 
cd str (P*) Clear to end of display 
ce str (P) Clear to end of line 
ch str (P) Like cm but horizontal motion only, line stays same 
cl str (P*) Clear screen 
cm str (P) Cursor motion 
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co num Number or columns in a line 

0 er str (P*) Carriage return, (default ·M) 
cs str (P) Change scrolling region (vtlOO), like cm 
CV str (P) Like ch but vertical only. 
da boo! Display may be retained above 
dB num Number or millisec or bs delay needed 
db boo! Display may be retained below 
dC num Number or millisec or er delay needed 
de str (P*) Delete character 
dF num Number or millisec or ff delay needed 
di str (P*) Delete line 
dm str Delete mode (enter) 
dN num Number or millisec or nl delay needed 
do str Down one line 
dT num Number or millisec or tab delay needed 
ed str End delete mode 
ei str End insert mode; give ":ei=:" if le 
eo str Can erase overstrikes with a blank 
ff str (P*) Hardcopy terminal page eject (default ·L) 
he boo! Hardcopy terminal 
hd str Half-line down (forward 1/2 linefeed) 
ho str Home cursor (if no cm) 
bu str Half-line up (reverse 1/2 linefeed) 
hz str Hazeltine; can't print ·•s 
ic str (P) Insert character 
if str Name or ftle containing la 
im boo! Insert mode (enter); give ":im=:" if le 

C in boo! Insert mode distinguishes nulls on display 
ip str (P*) Insert pad after character inserted 
is str Terminal initialization string 
k0-k9 str Sent by "other" function keys 0-9 
kb str Sent by backspace key 
kd str Sent by terminal down arrow key 
ke str Out or "keypad transmit" mode 
kb str Sent by home key 
kl str Sent by terminal left arrow key 
kn num Number or "other" keys 
ko str Termcap entries for other non-function keys 
kr str Sent by terminal right arrow key 
ks str Put terminal in "keypad transmit" mode 
ku str Sent by terminal up arrow key 
I0-19 str Labels on "other" function keys 
Ii num Number or lines on screen or page 
11 str Last line, first column (ir no cm) 
ma str Arrow key map, used by vi version 2 only 
md str Enter bold mode 
me str Turn off all attributes, normal mode 
mb str Enter dim mode 
mi boo! Safe to move while in insert mode 
ml str Memory lock on above cursor. 
mr str Enter reverse mode 
ms boo! Safe to move while in standout and underline mode 
mu str Memory unlock (turn off memory lock). CJ 
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DC boot 
nd str 
nl str 
ns bool 
08 boo! 
pc str 
pt l>ool 
se str 
sf str 
sg num 
80 str 
sr str 
ta str 
tc str 
te str 
ti str 
UC str 
ue str 
ug num 
ul boo! 
up atr 
us str 
vb str 
ve str 
VS str 
xb bool 
xn boot 
xr bool 
XS boo) 
xt boot 

(P*) 

(P) 

(P) 
(P) 

A Sample Entry 

No correctly working carriage return (DM2500,H2000) 
Non-destructive space (cursor right) 
Newline character (default \n) 
Terminal is a CRT but doesn't scroll. 
Terminal overstrikes 
Pad character (rather than null) 
Haa hardware tabs (may need to be set with Is) 
End stand out mode 
Scroll forwards 
Number of blank chars left by so or se 
Begin stand out mode 
Scroll reverse (backwards) 
Tab (other than ·1 or with padding) 
Entry ot similar terminal - must be last 
String to end programs that use em 
String to begin programs that use cm 
Underscore one char and move past it 
End underscore mode 
Number of blank chars left by us or ue 
Terminal underlines even though it doesn't overstrike 
Upline (cursor up) 
Start underscore mode 
Visible bell (may not move cursor) 
Sequence to end open/visual mode 
Sequence to start open/visual mode 
Beehive (fl=escape, f2=ctrl C) 
A newline is ignored after a wrap (Concept) 
Return acts like ce \r \n (Delta Data) 
Standout not erased by writing over it (HP 264!) 
~1"!>• are destructive, magic so char (Teleray 1061) 

The followinll entty, which describes the Concept-100, is among the more complex entries in the 
termcap file as of this writing. This particular concept entry is outdated, and is used as an exam-
ple only. """· 

cl I clOO J concept100:is=\EU\Ef\E7\E5\E8\EI\ENH\EK\E\200\Eo&\200:\ 
:al=3*\E"R:am:bs:cd=16*\E'C:ce=16\E'S:cl=2*"L:cm=\Ea%+ %+ :co#80:\ 
:dc=16\E'A:dl=3*\E'B:ei=\E\200:eo:im=\E'P:in:ip=16*:li#24:mi:nd=\E=:\ 
:se= \Ed\Ee:so=\ED\EE:ta=S\ t:ul:up=\E;:vb=\Ek \EK:xn: 

Entries may continue,onto multiple lines by giving a \ as the last character of a line, and empty 
fields may be included for readability {here between the last field on a line and the first field on 
the next). 

Types of Capabllitle1 
Capabilities in lermc~p are of three types: Boolean capabilities which indicate that the terminal 
baa some particular feature, numeric capabilities giving the size of the terminal or the size of par
ticular delays, and string capabilities, which give a sequence which can be used to perform partic
ular terminal operati0'1s. All capabilities have two letter codes. 

-~ ~· 
Boolean capabilities are introduced simply by stating the two-character capability code in the 
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field between ':' characters. For instance, the fact that the Concept has "automatic 
margins" (tJ,at is, an automatic return and linefeed when the end of a line is reached) 
is indicated by the capability am. Hence the description of the Concept includes am. 
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Numeric capabilities are followed by the character '#' and then the value. Thus co which indi- o 
cates the number or columns the terminal has gives the value '80' for the Concept. 

String valued capabilities, such as ce (clear to end of line sequence) are given by the two 
character code, an '=', and then a string ending at the next following':'. A delay in 
milliseconds may appear after the '=' in such a capability, and padding characters are 
supplied by the editor after the remainder of the string is sent to provide this delay. 
The delay can be either a integer, for instance, '20', or an integer followed by an '*', 
that is, '3*'. A ••• indicates that the padding required is proportional to the number 
of lines affected by the operation, and the amount given is the per-affected-unit pad
ding required. When a ••• is specified, it is sometimes useful to give a delay of the 
form '3.5' to specify a delay per unit to tenths of milliseconds. 

A number of escape sequences are provided in the string valued capabilities for easy 
encoding of characters there. A \E maps to an ESCAPE character, ·x maps to a 
control-x for any appropriate x, and the sequences \n \r \t \b \f give a newline, 
return, tab, backspace and formfeed. Finally, characters may be given as three octal 
digits after a \, and the characters • and \ may be given as \ • and \ \. If it is nece&
sary to place a I in a capability it must be escaped in octal as \072. If it is necessary 
to place a null character in a string capability it must be encoded as \ZOO. The rou
tines which deal with termcap uae C strings, and strip the high bits of the output very 
late so t~at a .\ZOO comes out as a \000 would. 

Preparing De1crlptlon1 

We now outline how to prepare descriptions of terminals. The most effective way to prepare a 
terminal description is by imitating the description of a similar terminal in termcap and to build 
up a description gradually, using partial descriptions with e:, to check that they are correct. Be 
aware that a very unusual terminal may expose deficiencies in the ability of the termcap file to 
describe it or bugs in e:,, To easily test a new terminal description you can set the environment o. 
variable TERMCAP to a pathname of a file containing the description you are working on and 
the editor will look there rather than in /etc/termcap. TERMCAP can also be set to the termcap 
ent,y itself to avoid reading the file when starting up the editor. 

Basic capablqtl~ 

The nutt1bet of ~oltlmns on eacd lidQ for the terminal is given by the co numeric capability. If 
the terminal is a CR')', then the number of linee on the screen is given by the ll capability. If the 
terminal wraps around to the beginning of the next line when it reaches the right margin, then it 
should have the am capability. If the terminal can clear its screen, then this is given by the cl 
string capability. If the terminal can backspace, then it should have the ba capability, unless a 
backspace is accomplished by a character other than "ff (ugh) in which case you should give this 
character as the be string capability. If it overstrikes (rather than clearing a position when a 
character is struck over) then it should have the 01 capability. 

A very important poi~t here is that the local cursor motions encoded in termcap are undefined at 
the left and top edges of a CRT terminal. The editor will never attempt to backspace around the 
left edge, nor will it attempt to go up locally off the top. The editor assumes that feeding off the 
bottom ot the screen will cause the screen to scroll up, and the am capability tells whether the 
cursor sticks at the right edge ot the screen. If the terminal has switch selectable automatic mar
gins, the termcap file usually assumes that this is on, that is, am. 

These capabilities suffice to describe hardcopy and "glas&-tty" terminals. Thus the model 33 tele
type is described as 

t3 I 33 j tty33:co#72:os 

while the Lear Siegler ADM-3 is described as 
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ell adm3l3l1Bi adm3:am:bs:cl=·Z:li#24:co#80 

Cursor addreulng 

TERMCAP(&) 

Cursor addressing in the terminal is described by a cm string capability, with prinlj(3S) like 
escapes %x in it. These substitute to encodings or the current line or column position, while 
other characters are passed through unchanged. Ir the cm string is thought or as being a runc
tion, then its arguments are the line and then the column to which motion is desired, and the % 
encodings have the following meanings: 

%d as in print!, 0 origin 
. %2 like %2d 
%3 like %3d 
%. like %c 
%+ x adds z to value, then %. 
%>xy ir value > x adds y, no output. 
%r reverses order or line and column, no output 
%i increments line/column (Cor 1 origin) 
%% gives a single % 
%n exclusive or row and column with 0140 (DM2500} 
%B BCD (16*(x/10)) + (x%10), no output. 
%D Reverse coding (x-2*(x%16)), no output. (Delta Data). 

Consider the HP2645, which, to get to row 3 and column 12, needs to be sent \E&a12c03Y pad
ded ror 6 milliseconds. Note that the order or the rows and columns is inverted here, and that 
the row and column are printed as two digits. Thus its cm capability is 
"cm=6\E&%r%2c%2Y". The Microterm ACT-IV needs the current row and column sent pre
ceded by a ·T, with the row and column simply encoded in binary, "cm=·T%.%.". Terminals 
which use "%." need to be able to backopace the cursor (be or be), and to move the cursor up 
one line on the screen (up introduced below). This is necessary because it is not always sare to 
transmit \t, \n ·o and \r, as the system may change or discard them. · 

A final example is ttrt!LSI ADM-3a, which u11es row and column offset by a blank character, thus 
"cm=\E=%+ %+ ". 

Cursor motlou 
Ir the terminal can move the cursor one position to the right, leaving the character at the current 
position unchanged, then this sequence should be given as nd (non-destructive space). Ir it can 
move the cun,or up a line on the screen in the same column, this should be given as up. Ir the 
terminal bas no cursor addressing capability, but can home the cursor (to very upper lert comer 
of screen) then this can be given as ho; similarly a Cast way or getting to the lower Jert hand 
corner can be given 'lit 11; this may involve going up with up Crom the borne position, but the edi
tor will never do this itself (unless 11 does) because it makes no assumption about the effect or 
moving up Crom tlie home position. 

Areacleara 
Ir the terminal can clear from the current position to the end or the line, leaving the cursor where 
it is, this should be given as ce. Ir the terminal can clear Crom the current position to the end or 
the display, then this. should be given as ed. The editor only uses cd from the first column of a 
line. :; ; 

lnaert/delete line ;-r-

Ir the terminal can open a new blank line before the line where the cursor is, this should be given 
as al; this is done only from the first position of a line. The cursor must then appear on the 
newly blank line. Ir the terminal can delete the line which the cursor is on, then this should be 
given as di; this is done only from the first position on the line to be deleted. Ir the terminal can 
scroll the screen backwards, then this can be given as ob, but just al suffices. Ir the terminal can 
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retain display memory above then the da capability should be given; if di.splay memory can be 
retained below then db should be given. These let the editor understand that deleting a line on 
the screen may bring non-blank lines up from below or that scrolling back with ab may bring 
down non-blank lines. 

Insert/delete character 

There are two basic kinds of intelligent terminals with respect to insert/delete character which 
can be described using termcap. The most common insert/delete character operations affect only 
the characters on the current line and shirt characters off the end of the line rigidly. Other termi
nals, such as the Concept 100 and the Perkin Elmer Owl, make a distinction between typed and 
untyped blanks on the screen, shirting upon an insert or delete only to an untyped blank on the 
screen :which is either eliminated, or expanded to two untyped blanks. You can find out which 
kind of terminal you have by clearing the screen and then typing text separated by cursor 
motions. Type "abc def" using local cursor motions (not spaces) between the "abc" and the 
''def". Then position the cursor before the "abc" and put the terminal in insert mode. U typing 
characters causes the rest of the line to shirt rigidly and characters to fall off the end, then your 
terminal does not distinguish between blanks and untyped positions. Ir the "abc" shirts over to 
the "der' which then move together around the end of the current line and onto the next as you 
insert, you have the second type of terminal, and should give the capability In, which stands for 
"insert null". Ir your terminal does something different and unusual then you may have to 
modify the editor to get it to use the insert mode your terminal defines. We have seen no termi
nals which have an insert mode not not falling into one of these two classes. 

The editor can handie both terminals which have an insert mode, and terminals which send a sim
ple sequence to open a blank position on the current line. Give as Im the sequence to get into 
insert mode, ot give it an empty value if your terminal uses a sequence to insert a blank position. 
Give as el the sequence to leave insert mode (give this, with an empty value also if you gave Im 
so). Now give as le any sequence needed to be sent just before sending the character to be 
inserted. Most terminals with a true insert mode will not give le, terminals which send a 
sequence to open a screen position should give it here. (Insert mode is preferable to the sequence 
to open a position on the screen if your terminal has both.) Ir post insert padding is needed, give 
this as a number of milliseconds in Ip (a string option). Any other sequence which may need to 
be sent after an insert of a single character may also be given in Ip. 
It is occasionally necessary to move around while in insert mode to delete characters on the same 
line (for example, if there is a tab after the insertion position). Ir your terminal allows motion 
while in insert mode.you can give the capability ml to speed up inserting in this case. Omitting 
ml will affect only speed. Some terminals (notably Datamedia's) must not have ml because of 
the way their insert mode works. 

Finally, you can specify delete mode by giving dm and ed to enter and exit delete mode, and de 
to delete a single character while in delete mode. 

Hlghllghtlng, unde;llnlng, and visible bells 

If your terminal has sequences to enter and exit standout mode these can be given as so and oe 
respectively. If there are several ftavors of standout mode (such as inverse video, blinking, or 
underlining - half bright is not usually an acceptable "standout" mode unless the terminal is in 
inverse video mode constantly) the preferred mode .is inverse video by itself. Ir the code to 
change into or out of standout mode )eaves one or even two blank spaces on the screen, as the 
TVI 912 and Teleray 1061 do, then ug should be given to tell how many spaces are left. 

Codes to begin underllning and end underlining can be given as ua and ue respectively. It the 
terminal has a code to underline the current character and move the cursor one space to the right, 
such as the Microterm Mime, this can be given as uc. (Ir the underline code does not move the 
cursor to the right, giv.e.the code followed by a nondestructive space.) 
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Many terminals, such as the HP 2621, automatically leave standout mode when they move to a 
new line or the cursor is addressed. Programs using standout mode should exit standout mode 
before moving tbe cursor or sending a newline. 

Ir the terminal bas a way or Dashing the screen to indicate an error quietly (a bell replacement) 
then this can be given as vb; it must not move the cursor. U the terminal should be placed in a 
different mode during open and visual modes oC ez, this can be given as ve and ve, sent at the 
start and end or these modes respectively. These can be used to change, Cor example, from a 
underline to a block cursor and back. 

IC the terminal needs to be in a special mode when running a program that addresses the cursor, 
the codes to enter and exit this mode can be given as ti and te. This arises, for example, from 
terminals like the Concept with more than one page or memory. IC the terminal has only memory 
relative cursor addressing and not screen relative cursor addressing, a one screen-sized window 
must be Oxed into the terminal Cor cursor addressing to work properly. 

IC your terminal correctly generates underlined characters (with no special codes needed) even 
though it does not overstrike, then you should give the capability ul. IC overstrikes are erasable 
with a blank, then this should be indicated by giving eo. 

ANSI terminals have modes Cor the character highlighting. Dim characters may be generated in 
dim mode, entered by mh; reverse video characters in reverse mode, entered by mr; bold charac
ters in bold mode, entered by md; and normal mode characters restored by turning off all attri
butes with me. 

Keypad 

IC the terminal has a keypad that transmits codes when the keys are pressed, this information can 
be given. Note that it is not possible to handle terminals where the keypad only works in local 
(this applies, Cor example, to the unshiCted HP 2621 keys). U the keypad can be set to transmit 
or not transmit, give these codes as ka and ke. Otherwise the keypad is assumed to always 
transmit. The codes· ·sent by the left arrow, right arrow, up arrow, down arrow, and home keys 
can be given as kl, kr, ku, kd, and kb respectively. U there are function keys such as ro, fl, ... , 
C9, the codes they send can be given as kO, kl, ... , k9. IC these keys have labels other than· the 
default ro through 19, the labels can be given as 10, 11, ••• , 19. IC there are other keys that 
transmit the same code as the terminal expects Cor the corresponding Cunction, such as clear 
screen, the termcap 2 letter codes can be given in the ko capability, Cor example, 
":ko=cl,11,sC,sb:", which says that the terminal has clear, home down, scroll down, and scroll up 
keys that transmit the .same thing as the cl, II, sC, and sb entries. 

The ma entry is also·-used to indicate arrow keys on terminals which have single character arrow 
keys. It is obsolete but still in use in version 2 or vi, which must be run on some minicomputers 
due to memory limitations. This Oeld is redundant with kl, kr, ku, kd, and kh. It consists or 
groups or two characters. In each group, the Orst character is what an arrow key sends, the 
second character is thj! corresponding vi command. These commands are h for kl, J for kd, k for 
ku, I Cor kr, and H Cor kh. For example, the mime would be 1ma="KJ"Zk"Xl1 indicating 
arrow keys lert ("H), down ("K), up (" Z), and right ("X). (There is no home key on the mime.) 

Ml.seellaneoua 

Ir the terminal requires other than a null (zero) character as a pad, then this can be given as pc. 

Ir tabs on the terminal require padding, or if the terminal uses a character other than ·1 to tab, 
then this can be given as ta. 

Hazeltine terminals, which don't allow ,., characters to be printed should indicate hz. Datamedia 
terminals, which echo carriage-return linefeed Cor carriage return and then ignore a following 
linefeed should indicate nc. Early Concept terminals, which ignore a linefeed immediately after 
an am wrap, should indicate xn. IC an erase-eol is required to get rid of standout (instead of 
merely writing on top oC it), xe should be given. Teleray terminals, where tabs turn all characters 
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FILES 

moved over to blanks, should indicate xt. Other specific terminal problems may be corrected by c 
adding more capabilities or the form xz. 

Other capabilities include Is, an initialization string for the terminal, and If, the name or a file 
containing long initialization strings. These strings are expected to properly clear and then set 
the tabs on the terminal, if the terminal has settable tabs. If both are given, Is will be printed 
before If. This is useful where If is / uar/ lib/ labaet/ aid but la clears the tabs first. 

Slmllar Terminals 

Ir there are two very similar terminals, one can be defined as being just like the other with certain 
exception•. The string capability tc can be given with the name of the similar terminal. This 
capability must he laal and the combined length or the two entries must not exceed 1024. Since 
lermlib routines search the entry from left to right, and since the tc capability io replaced by the 
corresponding entry, the capabilitieo given at the left override the ones in the oimilar terminal. A 
capability can be canceled with xxO where xx is the capability. For example, the entry 

hn I 2621nl:ko0:ke0:tc=2621: 

defines a 2621nl that doe• not have the ka or ke capabilities, and hence does not turn on the 
function key labels when in visual mode. This is useful for different modes for a terminal, or ror 
different user preferences. 

/etc/termcap file containing terminal descriptions 

SEE ALSO 
ex(l), curses(3X), termcap(3X), tset(l), vi(l), ul(l), more(l) 

BUGS 
Ez allows only 256 characters for string capabilities, and the routines in lermcap(3X) do not check 
for overflow or this buffer. The total length of a single entry (excluding only escaped newlines) O• 
may not exceed 1024._ 

The ma, vs, and ve entries are specific to the vi program. 

Not all programs support all entries. There are entries that are not supported by any program. 

0 
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NAME 
tp - DEC/mag tape formats 

DESCRIPTION 
Tp dumps Illes to and extracts Illes from DECtape and magtape. The formats of these tapes are 
the same except that magtapes have larger directories. 

Block zero contains a copy of a stand-alone bootstrap program. See re6oot(8). 

Blocks 1 through 24 for DECtape (1 through 62 for magtape) contain a directory of the tape. 
There are 102 (resp. 406) entries in the directory; 8 entries per block; 64 bytes per entry. Each 
entry has the following format: 

struct { 

}; 

char 
unsigned short 
char 
char 
char 
char 
long 
unsigned short 
char 
unsigned short 

pathname(321; 
mode; 
uid; 
gid; 
unusedl; 
size(3J; 
modtime; 
tapeaddr; 
unused2(16J; 
checksum; 

The path name entry is the path name of the file when put on the tape. Ir the pathname starts 
with a zero word, the entry is empty. It is at most 32 bytes long and ends in a null byte. Mode, 
uid, gid, size and time modified are the same as described under i-nodes (see file system /•(5)). 
The tape addreM is the tape block number of the start of the contents of the file. Every Ille 
starts on a block boundary. The file occupies (size+ 511)/512 blocks of continuous tape. The 
checksum entry has a value such that the sum of the 32 words of the directory entry is zero. 

Blocks above 26 (resp. 63) are available for file storage. 

A fake entry has a siie' of zero. 

SEE ALSO 
fs(5), tp(l) 

BUGS 
The pathname, uid, gid, and size fields are too small. 
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NAME 
ttys - terminal initialization data 

DESCRIPTION 

FILES 

The ttys file is read by the inil program and specifies which terminal special files are to have a 
process created for them so that people can log in. There is one line in the ttys Ille per special Ille 
associated with a terminal. 

The llrst character of a line in the ttys file is either 'O' or '1'. If the llrst character on the line is a 
'O', the init program ignores that line. If the first character on the line is a '1', the inil program 
creates a login process for that line. 

The second character on each line is used as an argument to getty(S), which performs such tasks 
as baud-rate recognition, reading the login name, and calling login. For normal lines, the second 
character is '0'; other characters can be used, for example, with hard-wired terminals where speed 
recognition is unnecessary or which have special characteristics. The remainder of the line is the 
terminal's entry in the device directory, /dev. 

Getty uses the second character in the ttys Ille to look up the characteristics of the terminal in the 
/ etc/ gettytab Ille. Consult the gettylab(S) manual page for an explanation of the layout of 
/ etc/ gettylab. 

/etc/ttys 

SEE ALSO 
init(S), getty(S), login(l), gettytab(5) 
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NAME 
ttytype - data base of terminal types by port 

SYNOPSIS 
/etc/ttytype 

DESCRIPTION 
Tt11t11p• is a database containing, for each tty port on the system, the kind of terminal that is 
attached to it. There is one line per port, containing the terminal kind (as a name listed in 
termcap (5)), a apace, and the name of the tty, minus /dev/. 

This information is read by lsel(l) and by login(l) to initialize the TERM variable at login time. 

SEE ALSO 
taet(l), login(l) 

BUGS 
Some lines are merely known as "dialup" or "plugboard". 
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NAME 
uuencode - format of an encoded uuencode flle 

DESCRIPTION 
Files output by uuencode(l CJ consist of a header line, followed by a number of body lines, and a 
trailer line. Uudecode will ignore any lines preceding the header or following the trailer. Lines 
preceding a header must not, or course, look like a header. 

The header line is distinguished by having the flrst 6 characters "begin". The word begin is fol
lowed by a mode (in octal), and a string which names the remote file. Spaces separate the three 
items in the header line. 

The body consists of a number of lines, each at most 62 characters long (including the trailing 
newline). These consist of a character count, followed by encoded characters, followed by a new
line. The character count is a eingle printing character, and represents an integer, the number or 
bytes the rest of the line represents. Such integers are always in the range from O to 63 and can 
be determined by subtracting the character space (octal 40) from the character. 

Groups or 3 bytes are stored in 4 characters, 6 bits per character. All are offset by a space to 
make the characters printing. The last line may be shorter than the normal 45 bytes. If the size 
is not a multiple of 3, this fact can be determined by the value of the count on the last line. 
Extra garbage will be included to make the character count a multiple of 4. The body is ter
minated by a line with a count of zero. This line consists of one ASCII space. 

The trailer line consists of "end" on a line by itself. 

SEE ALSO 
uuencode(lC), uudecode(lC), uusend(lC), uucp(lC), mail(l) 
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NAME 
vfont - Cont formats 

SYNOPSIS 
#Include <vfont.h> 

DESCRIPTION 

FILES 

The fonts used by the window system and printer/plotters have the following format. Each Cont 
is in a file, which contains a header, an array or character description structures, and an array or 
bytes containing the bit maps for the charactem. The header has the following format: 

struct header { 
short 

}; 

unsigned short 
short 
short 
short 

magic; 
size; 
maxx; 
maxy; 
xtend; 

#define VFONT_MAGIC 

/* Magic number VFONT_MAGIC •/ 
/* Total # bytes or bitmaps • / 
/* Maximum horizontal glyph size * / 
/* Maximum vertical glyph size * / 
r (unused) • 1 

0436 

Mozz and mazy ar,;- intended to be the maximum horizontal and vertical size or any glyph in the 
Cont, in raster lines. (A glyph is just a printed representation or a character, in a particular size 
and Cont.) The size is the total size or the bit maps for the characters in bytes. The ztend field is 
not currently used. 

After the header is an array or NUM_DISP ATCH structures, one for each or the possible charac
ters in the Cont, Eacii element or the array has the Corm: 

sltuct dispatch { 
unsigned short 
short 
char 
ehort 

}; 

addr; 
nbytes; 
up, down, left, right; 
width; 

#define NUM_DISPATCH 

r &(glyph) - &(start of bitmaps) • 1 
/* # bytes or glyphs (0 if no glyph)•/ 
/* Widths Crom baseline point*/ 
/* Logical width, used by troff * / 

256 

The n6ul•• field is nonzero for charactem which actually exist. For such characters, the addr field 
is an offset into the bit maps to where the character's bit map begins. The up, down, left, and 
right fields are offsets Crom the base point or the glyph to the edges or the rectangle which the bit 
map represents. (The imaginary "base point" is a point which is vertically on the "base line" or 
the glyph (the bottom line of a glyph which doesn't have a descender) and horizontally near the 
left edge or the glyph; often 3 or so pixels past the lert edge.) The bit map contains up+ down 
rows or data for the character, each or which has le/I+ right columns (bits). Each row is rounded 
up to a number of bytes. The width field represents the logical width of the glyph in bits, and 
shows the horizontal displacement to the base point of the next glyph. 

/usr/lib/vfont/* 
/uer /suntool/fixedwidthfonts/* 

SEE ALSO 

BUGS 
troff(!), pti(l), vfontinfo(l), vswap(l) 

A machine-independent font format should be defined. The 1horts in the above structures con
tain. different bit patterns depending whether the font file is for use on a Vax or a Sun. The 
vewap program must be used to convert one to the other. 
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Interprocess Communication Primer 

This document provides an introduction to the interprocess communication facilities included in 
the Sun Workstation version of the UNIXt operating system. 
It discusses the overall model for interprocess communication and introduces the interprocess 
communication primitives which have been added to the system. The majority of the document 
considers the use of these primitives in developing applications. The reader is expected to be 
familiar with the C programming language as all examples are written in C. 

t UNIX is a trademark of Bell'Laboratories. 
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1. Introduction 

One of the most important features added in the Berkeley 4.2 release of the UNIX operating 
system is substantial new interprocess communication facilities. These facilities are the result of 
more than two years of discussion and research. The facilities provided in this release incor
porate many of the ideas from current research, while trying to maintain the UNIX philosophy 
of simplicity and conciseness. We hope that these interprocess communication facilities will 
establish a standard. From the response to the design, it appears that it is being adopted on 
many systems. 

UNIX has previously been very weak in the area of interprocess communication. Until recently, 
the only standard mechanism which allowed two processes to communicate were pipes (the mpx 
files which were part of Version 7 were experimental). Unfortunately, pipes are restrictive in 
that the two communicating processes must be related through a common ancestor. Further, 
the semantics of pipes makes them almost impossible to maintain in a distributed environment. 

Earlier attempts at extending the ipc facilities of UNIX have met with mixed reaction. The 
majority of the problems have been related to the fact these facilities have been tied to the 
UNIX file system; either through naming, or implementation. Consequently, the ipc facilities 
provided in this release have been designed as a totally independent subsystem, and allow 
processes to rendezvous in many ways. Processes may rendezvous through a UNIX file system
like name space (a space where all names are path names) as well as through a network name 
space. In fact, new name spaces may be added at a future time with only minor changes visible 
to users. Further, the communication facilities have been extended to included more than the 
simple byte stream provided by a pipe-like entity. These extensions have resulted in a com
pletely new part of the system which users will need time to familiarize themselves with. It is 
likely that as more use is made of these facilities they will be refined; only time will tell. 
The remainder of this document is organized in four sections. Section 2 introduces the new sys
tem calls and the basic model of communication. Section 3 describes some of the supporting 
library routines users may find useful in constructing distributed applications. Section 4 is con
cerned with the client/server model used in developing applications and includes examples of 
the two major types of servers. Section 5 delves into advanced topics which sophisticated users 
are likely to encounter when using the ipc facilities. 
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The basic building block for communication is the ,ocket. A socket is an endpoint of communi
cation to which a name may be bound. Each socket in use has a type and one or more associ
ated processes. Sockets exist within communication domoin,. A communication domain is an 
abstraction introduced to bundle common properties of processes communicating through sock
ets. One such property is the scheme used to name sockets. For example, in the UNIX com
munication domain sockets are named with UNIX path names; e.g. a socket may be named 
"/dev/Coo". Sockets normally exchange data only with sockets in the same domain (it may be 
possible to cross domain boundaries, but only if some translation process is performed). The ipc 
supports two separate communication domains: the UNIX domain, and the Internet domain is 
used by processes which communicate using the the DARPA standard communication protocols. 
The underlying communication facilities provided by these domains have a significant influence 
on the internal system implementation as well as the interlace to socket facilities available to a 
user. An example or the latter is that a socket "operating" in the UNIX domain sees a subset 
of the possible error conditions which are possible when operating in the Internet domain. 

2.1. Socket Types 

Sockets are typed according to the communication properties visible to a user. Processes are 
presumed to communicate only between sockets or the same type, although there is nothing 
that prevents communication between sockets or different types should the underlying commun
ication protocols support this. 

Three types of sockets currently are available to a user. A llreom socket provides for the 
bidirectional, reliable, sequenced, and unduplicated flow of data without record boundaries. 
Aside Crom the bidirectionality or data flow, a pair or connected stream sockets provides an 
interlace nearly identical to that or pipes•. 

A datal}f'am socket supports bidirectional flow or data which is not promised to be sequenced, 
reliable, or unduplicated. That is, a process receiving messages on a datagram socket may find 
messages duplicated, and, possibly, in an order different from the order in which it was sent. An 
important characteristic or a datagram socket is that record boundaries in data are preserved. 
Datagram sockets closely model the facilities found in many contemporary packet switched net
works such as the Ethernet. 

A row socket provides users access to the underlying communication protocols which support 
socket abstractions. These sockets are normally datagram oriented, though their exact charac
teristics are dependent on the interface provided by the protocol. Raw sockets are not intended 
for the general user; they have been provided mainly for those interested in developing new 
communication protocols, or for gaining access to some or the more esoteric facilities of an exist
ing protocol. 

Two potential socket types which have interestittg properties are the ,equenced packet socket 
and the reliablg delivered me,aage socket. A sequenced packet socket is identical to a stream 
socket with the exception that record boundaries are preserved. This interlace is very similar to 
that provided by the Xerox NS Sequenced Packet protocol. The reliably delivered message 
socket has similar properties to a datagram socket, but with reliable delivery. While these two 
socket types have been loosely defined, they are not currently implemented. So, in this 

• In the tJrfJX domain, in fact, the semantics are identical and, a.e one might expect, pipes have 
been implemented internally as simply a pair of connected stream sockets. 
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document, we will concern ourselves only with the three supported socket types. 

2.2. Socket Creation 

To create a socket the aocket system call is used: 

s = socket( domain, type, protocol); 

This call requests that the system create a socket in the specified domain and of the specified 
type. A particular protocol may also be requested. Ir the protocol is left unspecified (a value of 
0), the system will select an appropriate protocol from those protocols which comprise the com
munication domain and which may be used to support the requested socket type. The user is 
returned a descriptor (a small integer number) which may be used in later system calls which 
operate on sockets. The domain is specified as one of the mauifest constants defined in the file 
<aya/aocket.h>. For the UNIX domain the constant is AF_UNIX•; for the Internet domain 
AF _!NET. The socket types are also defined in this file and one of SOCK_STREAM, 
SOCK_DGRAM, or SOCK_RAW must be specified. To create a stream socket in the Internet 
domain the following call might be used: 

s = socket(AF _INET, SOCK_STREAM, O); 

This call would result in a stream socket being created with the TCP protocol providing the 
underlying communication support. To create a datagram socket for on-machine use a sample 
call might be: 

s = socket(AF _UNIX, SOCK_DGRAM, O); 

To obtain a particular protocol one selects the protocol number, as defined within the communi
cation domain. For the Internet domain the available protocols are defined in < netinet/ in.Ii> 
or, better yet, one may use one or the library routines discussed in section 3, such as oetproto
byname: 

#include <sys/types.h> 
#include <sys/socket.h> 
#include <netinet/in.h> 
#include <netdb.h> 

pp= getprotobyname("tcp"); 
s = socket(AF _INET, SOCK_STREAM, pp->p.J>roto); 

There are several reasons a socket call may fail. Aside from the rare occurrence of lack of 
memory (ENOBUFS), a socket request may fail due to a request for an unknown protocol 
(EPROTONOSUPPORT), or a request for a type of socket for which there ia no supporting 
protocol (EPROTOTYPE). 

• The manifest constants are named AF _whatever as they indicat,e the "address format" to use in 
interpreting names. 
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0 2.3. Binding Names 
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A socket is created without a name. Until a name is bound to a socket, processes have no way 
to reference it and, consequently, no messages may be received on it. The bind call is used to 
assign a name to a socket: 

bind(s, name, namelen); 

The bound name is a variable length byte string which is interpreted by the supporting 
protocol(s). Its interpretation may vary from communication domain to communication domain 
(this is one of the properties which comprise the "domain"). In the UNIX domain names are 
path names while in the Internet domain names contain an Internet address and port number. 
Ir one wanted to bind the name "/dev/foo" to a UNIX domain socket, the following would be 
used: 

#include <sys/un.h> 
struct sockaddr_un sun; 
sun.sunJamily = AF _UNIX; 
strcpy(sun.sun_path, "/dev/foo"); 
bind(s, &sun, strlen(" /dev/foo")+ 2); 

In binding an Internet address things become more complicated. The actual call is simple, 

#include <sys/types.h> 
#include <netinet/in.h> 

struct sockaddr_in sin; 

bind(s, &sin, sizeof (sin)); 

but the selection of what to place in the address ,in requires some discussion. We will come 
back to the problem of formulating Internet addresses in section 3 when the library routines 
used in name resolution are discussed. 

2.4. Connection Establishment 

With a bound socket it is possible to rendezvous with an unrelated process. This operation is 
usually asymmetric with one process a "client" and the other a "server". The client requests 
services from the server by initiating a "connection" to the server's socket. The server, when 
willing to offer its advertised services, passively "listens" on its socket. On the client side the 
connect call is used to initiate a connection. Using the UNIX domain, this might appear as, 

struct sockaddr_un server; 
connect(s, &server, strlen(server.sun_path)+ 2); 

while in the Internet domain, 

struct sockaddr_in server; 
connect(s, &server, sizeof (server)); 

Ir the client process's socket is unbound at the time of the connect call, the system will 
automatically select and bind a name to the socket; c.f. section 5.41. An error is returned when 

1 You mqst do a gd1oekname(2) call to retrieve the binding. 
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the connection was unsuccessful (any name automatically bound by the system, however, 
remains). Otherwise, the socket is associated with the server and data transfer may begin. 

Many errors can be returned when a connection attempt fails. The most common are: 

ETIMEDOUT 
Alter (ailing to establish a connection for a period of time, the system decided there was no 
point in retrying the connection attempt any more. This usually occ111'8 because the desti• 
nation host is down, or because problems in the network resulted in transmissions being 
lost. 

ECONNREFUSED 
The host refused service for some reason. When connecting to a host running the 0.9 
release version of UNIX this is usually due to a server process not being present at the 
requested name. 

ENETDOWN or EHOSTDOWN 
These operational errors are returned based on status information delivered to the client 
host by the underlying communication services. 

ENETUNREACHorEHOSTUNREACH 
These operational errors can occur either because the network or host is unknown (no route 
to the network or host is present), or because of status information returned by intermedi
ate gateways or switching nodes. Many times the status returned is not sufficient to distin• 
guish a network being down Crom a host being down. In these cases the system is conserva
tive and indicates the entire network is unreachable. 

For the server to receive a client's connection it must perform two steps after binding its socket. 
The first is to indicate a willingness to listen for incoming connection requests: 

listen(s, 5); 

The second parameter to the li•len call specifies tlie maximum number of outstanding connec· 
tions which may be queued awaiting acceptance by the server process. Should a connection be 
requested while the queue is full, the connection will not be refused, but rather the individual 
messages which comprise the request will be ignored. This gives a harried server time to make 
room in its pending connection queue while the client retries the connection request. Had the 
connection been returned with the ECONNREFUSED error, the client would be unable to tell if 
the server was up or not. As it is now it is still possible to get the ETIMEDOUT error back, 
though this is unlikely. The backlog figure supplied with the listen call is limited by the system 
to a maximum of 5 pending connections on any one queue. This avoids the problem of 
processes hogging system resources by setting an infinite backlog, then ignoring all connection 
requests. 

With a socket marked as listening, a server may accept a connection: 

fromlen = sizeoC (from); 
snew = accept(s, &Crom, &fromlen); 

A new descriptor is returned on receipt of a connection (along with a new socket). If the server 
wishes to find out who its client is, it may supply a buffer for the client socket's name. The 
value-result parameter from/en is initialized by the server to indicate how much space is associ
ated with from, then modified on return to reflect the true size of the name. If the client's name 
is not oC interest, the second parameter may be zero. 

Accept normally blocks. That is, the call to accept will not return until a connection is avail
able or the system call is interrupted by a signal to the process. Further, there is no way for a 
process to indicate it will accept connections from only a specific individual, or individuals. It is 
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up to the user process to consider who the connection is from and close down the connection if 
it does not wish to speak to the process. Ir the server process wants to accept connections on 
more than one socket, or not block on the accept call there are alternatives; they will be con
sidered in section 5. 

2.5. Data Transfer 

With a connection established, data may begin to flow. To send and receive data there are a 
number of possible calls. With the peer entity at each end of a connection anchored, a user can 
send or receive a message without specifying the peer. ~ one might expect, in this case, then 
the normal read and write system calls are useable, 

write(s, buf, sizeof (buf)); 
read(s, buf, sizeof (buf)); 

In addition to read and write, the new calls ,end and rec11 may be used: 

send( s, buf, sizeof (buf), flags); 
recv(s, buf, sizeof (buf), flags); 

While aend and rec11 are virtually identical to read and write, the extra flag, argument is impor
tant. The flags may be specified as a non-zero value if one or more of the following is required: 

MSG_OOB 
MSGYEEK 
MSG..DONTROUTE 

send/receive out of band data 
look at data without reading 
send data without routing packets 

Out of band data is a notion specific to stream sockets, and one which we will not immediately 
consider. The option to have data sent without routing applied to the outgoing packets is 
currently used only by the routing table management process, and is unlikely to be of interest 
to the casual user. The ability to preview data is, however, of interest. When MSG_PREVIEW 
is specified with a ree11 call, any data present is returned to the user, but treated, as still 
"unread". That is, the next read or reel/ call applied to the socket will return the data previ
ously previewed. 

2.6. Discarding Sockets 

Once a socket is no longer of interest, it may be discarded by applying a eloae to the descriptor, 

close(s); 

Ir data is associated with a socket which promises reliable delivery (e.g. a stream socket) when a 
close takes place, the system will continue to attempt to transfer the data. However, after a 
fairly long period of time, if the data is still undelivered, it will be discarded. Should a user 
have no use for any pending data, it may perform a ,hutdown on the socket prior to closing it. 
This call is of the form: 

shutdown( s, how); 

where how is O if the user is no longer interested in reading data, 1 if no more data will be sent, 
or 2 if no data is to be sent or received. Applying shutdown to a socket causes any data queued 
to be immediately discarded. 
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2.7. Connectionless Sockets 

To this point we have been concerned mostly with sockets which follow a connection oriented 
model. However, there is also support for connectionless interactions typical of the datagram 
facilities found in contemporary packet switched networks. A datagram socket provides a sym
metric interlace to data exchange. While processes are still likely to be client and server, there 
is no requirement for connection establishment. Instead, each message includes the destination 
address. 

Datagram sockets are created as before, and each should have a name bound to it in order that 
the recipient of a message may identify the sender. To send data, the ,endto primitive is used, 

sendto(s, buf, buflen, flags, &to, tolen); 

The •, bu/, buflen, and flag• parameters are used as before. The to and tolen values are used to 
indicate the intended recipient o( the message. When using an unreliable datagram interface, it 
is unlikely any errors will be reported to the sender. Where information is present locally to 
recognize a message which may never be delivered ((or instance when a network is unreachable), 
the call will return -1 and the global value errno will contain an error number. 

To receive messages on an unconnected datagram socket, the rectJ/rom primitive is provided: 

recvfrom(s, bu(, buflen, flags, &from, &fromlen); 

Once again, the /rom/en parameter is handled in a value-result fashion, initially containing the 
size or the from buffer. 

In addition to the two calls mentioned above, datagram sockets may also use the connect call to 
associate a socket with a specific address. In this case, any data sent on the socket will 
automatically be addressed to the connected peer, and only data received from that peer will be 
delivered to the user. Only one connected address is permitted for each socket (i.e. no multi
casting). Connect requests on datagram sockets return immediately, as this simply results in 
the system recording the peer's address (as compared to a stream socket where a connect 
request initiates establishment or an end to end connection). Other or the less important details 
of datagram sockets are described in section 5. 

2.8. Input/Output Multiplexing 

One last facility often used in developing applications is the ability to multiplex i/o requests 
among multiple sockets and/or files. This is done using the ,elect call: 

select(nfds, &readfds, &writefds, &execpt(ds, &timeout); 

Select takes as arguments three bit masks, one for the set or file descriptors for which the caller 
wishes to be able to read data on, one for those descriptors to which data is to be written, and 
one for which exceptional conditions are pending. Bit masks are created by or-ing bits o( the 
form "I < < (d". That is, a descriptor /d is selected ir a I is present in the /tfth bit or the 
mask. The parameter nfd• specifies the range or file descriptors (i.e. one plus the value or the 
largest descriptor) specified in a mask. 

A timeout value may be specified if the selection is not to last more than a predetermined 
period o( time. If timeout is set to 0, the selection takes the form of a poll, returning immedi
ately. If the last parameter is a null pointer, the selection will block indefinitely•. Select 

1 • To be more specific, a return takes place only when a descriptor is selectable, or when a sig· 
nal is receiy?d by the ca.Ber, interrupting the system call. 

8 Revision E of 7 January 1984 

0 

0 

0 



l 
i 

I 
1 

0 

0 

0 

Sun System Interface Manual Interprocess Communication Primer 

normally returns the number or file descriptors selected. Ir the ,elect call returns due to the 
timeout expiring, then a value or -1 is returned along with the error number EINTR. 

Select provides a synchronous multiplexing scheme. Asynchronous notification or output com
pletion, input availability, and exceptional conditions is possible through use or the SIGIO and 
SIGURG signals described in section 5. 
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3. Network Library Routines 

The discussion in section 2 indicated the possible need to locate and construct network 
addresses when using the interprocess communication facilities in a distributed environment. 
To aid in this task a number of routines have been added to the standard C run-time library. 
In this section we will consider the new routines provided to manipulate network addresses. 
While the Sun system release networking facilities support only the DARPA standard Internet 
protocols, these routines have been designed with flexibility in mind. As more communication 
protocols become available, we hope the same user interface will be maintained in accessing 
network-related address data bases. The only difference should be the values returned to the 
user. Since these values are normally supplied the system, users should not need to be directly 
aware of the communication protocol and/or naming conventions in use. 

Locating a service on a remote host requires many levels of mapping before client and server 
may communicate. A service is assigned a name which is intended for human consumption; e.g. 
"the login ,erver on host mo net". This name, and the name or the peer host, must then be 
translated into network addreau, which are not necessarily suitable for human consumption. 
Finally, the address must then used in locating a physical location and route to the service. The 
specifics of these three mappings is likely to vary between network architectures. For instance, 
it is desirable for a network to not require hosts be named in such a way that their physical 
location is known by the client host. Instead, underlying services in the network may discover 
the actual location of the host at the time a client host wishes to communicate. This ability to 
have hosts named in a location independent manner may induce overhead in connection estab
lishment, as a discovery process must take place, but allows a host to be physically mobile 
without requiring it to notify its clientele of its current location. 

Standard routines are provided for: mapping host names to network addresses, network names 
to network numbers, protocol names to protocol numbers, and service names to port numbers 
and the appropriate protocol to use in communicating with the server process. The file 
< netdb.h> must be included when using any of these routines. 

3.1. Host Names 

A host name to address mapping is represented by the ho,tent structure: 

struct hostent { 
char 
char 

}; 

int 
int 
char 

•h_name; 
** h_aliases; 
h_addrtype; 
h_length; 
•h_addr; 

/ • official name of host • / 
/ • alias list • / 
/ • host address type • / 
/ • length or address • / 
/• address • / 

Note that the h_addr field in the structure definition is defined as a pointer to char. In the 
case of Internet addresses (the only case implemeted to date) you should cast this to a (•truct 
in_addr •) when using the item. 

The official name of the host and its public aliases are returned, along with a variable length 
address and address type. The routine gethoatbynamt(3N) takes a host name and returns a haa
tent structure, while the routine gethoatbyadd,(3N) maps host addresses into a hoatent structure. 

0 

0 

It is possible for a host to have many addresses, all having the same name. Gethoatybyname 

0 returns the first matching entry in the data base file / etc/ hoata; if this is unsuitable, the lower · 
level routine gethoatent(3N) may be used. For example, to obtain a hoatenl structure for a host 
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on a particular network the following routine might be used (for simplicity, only Internet 
addresses are considered): ~ 

#include <sys/types.h> 
#include <sys/socket.h> 
#include <netinet/in.h> 
#include <netdb.h> 

struct hostent • 
gethostbynameauduet(name, net) 

{ 

} 

char •name; 
int net; 

register struct hosteut •hp; 
register char ••cp; 

sethosteut(O); 
while ((hp= gethosteut()) != NULL) { 

found: 

} 

if (hp-> h_addrtype I=- AF _INET) 
continue; 

if (strcmp(name, hp->h_name)) { 

} 

for (cp = hp->h_aliases; cp && •cp I= NULL; cp+ +) 
if (strcmp(name, •cp) -- 0) 
goto found; 

continue; 

if (in_netof(•(struct in_addr •)hp->h_addr)) == net) 
break; 

endhostent( 0 ); 
return (hp); 

(in_neto/(3N) is a standard routine which returns the network portion of au Internet address.) 

3.2. Network Names 

As for host names, routines for mapping network names to numbers, and back, are provided. 
These routines return a netent structure: 
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/• 
• Assumption here is that a network number 
• fits in 32 bits - probably a poor one. 
•! 

struct netent { 
char 
char 
int 
int 

}; 

•n_name; 
• •n_aliases; 
n_addrtype; 
n_net; 

/ • official name of net • / 
/ • alias list • / 
/ • net address type • / 
/•network#•/ 

The routines getnetbyname(3N), getnetbynum6er(3N), and gelnelen1(3N) are the network coun
terparts to the host routines described above. 

3.3. Protocol Names 

For protocols the protoent structure defines the protocol-name mapping used with the routines 
getprotobyname(3N), getprotobynumber(3N), and getproloen1(3N): 

struct 

}; 

protoent { 
char 
char 
int 

*p_name; 
.. p_aliases; 
p_proto; 

3.4. Service Names 

/ • official protocol name • / 
/• alias list •/ 
/ • protocol # • / 

Information regarding services is a bit more complicated. A service is expected to reside at a 
specific "port" and employ a particular communication protocol. This view is consistent with 
the Internet domain, but inconsistent with other network architectures. Further, a service may 
reside on multiple ports or support multiple protocols. Ir either of these occurs, the higher level 
library routines will have to be bypassed in favor of homegrown routines similar in spirit to the 
"gethostbynameandnet" routine described above. A service mapping is described by the 1ert1enl 
structure, 

struct servent { 
char 

}; 

char 
int 
char 

*s_name; 
••s_aliases; 
s_port; 
*s_proto; 

/ • official service name • / 
/ • alias list • / 
/•port# •/ 
/ • protocol to use • / 

The routine gelaervbyname(3N) maps service names to a servent structure by specifying a ser
vice name and, optionally, a qualifying protocol. Thus the call 

sp = getservbyname("telnet", (char •)O); 

returns the service specification for a telnet server using any protocol, while the call 

sp = getservbyname("telnet", "tcp"); 

returns op.ly that telnet server which uses the TCP protocol. The routines gelaervbworl(3N) 

12 Revision E of 7 January Hl84 

0 

C 

0 



0 

0 

0 

Sun System Interface Manual Interprocess Communication Primer 

and get,erven1(3N) are also provided. The get,ervbyporl routine has an interlace similar to that 
provided by getaervb11r1ame; an optional protocol name may be specified to qualify lookups. 

3.5. Miscellaneous 

With the support routines described above, an application program should rarely have to deal 
directly with addresses. This allows services to be developed as much as possible in a network 
independent fashion. It is clear, however, that purging all network dependencies is very 
difficult. So long as the user is required to supply network addresses when naming services and 
sockets there will always some network dependency in a program. For example, the normal 
code included in client programs, such as the remote login program, is of the form shown in Fig
ure 1. (This example will be considered in more detail in section 4.) 
Ir we wanted to make the remote login program independent of the Internet protocols and 
addressing scheme we would be forced to add a layer of routines which masked the network 
dependent aspects from the mainstream login code. For the current facilities available in the 
system this does not appear to be worthwhile. Perhaps when the system is adapted to different 
network architectures the utilities will be reorganized more cleanly. 
Aside from the address-related data base routines, there are several other routines available in 
the run-time library which are of interest to users. These are intended mostly to simplify mani
pulation of names and addresses. Table 1 summarizes the routines for manipulating variable 
length byte strings and handling byte swapping of network addresses and values. 

The byte swapping routines are provided because the operating system expects addresses to be 
supplied in network order. On a VAX, or machine with similar architecture, this is usually 
reversed. Consequently, programs are sometimes required to byte swap quantities. The library 
routines which return network addresses provide them in network order so that they may sim
ply be copied into the structures provided to the system. This implies users should encounter 
the byte swapping problem only when interpreting network addresses. For example, if an Inter
net port is to be printed out the following code would be required: 

~ evision E of 7 January 1984 13 



Interprocess Communication Primer 

#include <sys/types.h> 
#include <sys/socket.h> 
#include <netinet/in.h> 
#include <stdio.h> 
#include <netdb.h> 

main(argc, argv) 

{ 
char •argva; 

struct sockaddr_in sin; 
struct servent •sp; 
struct hostent • hp; 
int s; 

sp = getservhyname("login", "tcp" ); 
if (sp == NULL) { 

Sun System Interface Manual 

fprintf(stderr, "rlogin: tcp/login: unknown service\n"); 
exit(l ); 

} 

} 
hp = gethostbyname(argv[l]); 
if (hp== NULL) { 

} 

fprintf(stderr, "rlogin: o/'oa: unknown host\n", argv[l)); 
exit(2); 

bzero((char • )&sin, sizeof (sin)); 
bcopy(hp->h_addr, (char •)&sin.sin_addr, hp->h_length); 
sin.sin_family = hp->h_addrtype; 
sin.sin_port = sp->s_port; 
s = socket(AF _INET, SOCK_STREAM, O); 
if(s < 0) { 

} 

perror(" rlogin: socket"); 
exit(3); 

if (connect(s, (char •)&sin, sizeof (sin)) < 0) { 
perror("rlogin: connect"); 
exit(5); 

} 

Figure l. Remote login client code. 

printf("port number %d\n", ntohs(sp->s_port)); 

On machines other than the VAX these routines are defined as null macros. 
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Call Synousis 
bcmp(sl, s2, n) compare byte-strings; 0 if same, not O otherwise 
bcopy(sl, s2, n) copy n bytes from sl to s2 
bzero(base, n) zero-fill n bytes starting at base 
htonl(val) convert 32-bit quantity from host to network byte order 
htons(val) convert 16-bit quantity from host to network byte order 
ntohl(val) convert 32-bit quantity from network to host byte order 
ntohs(val) convert 16-bit quantity from network to host byte order 

Table I. C run-time routines. 
4. Client/Server Model 

The most commonly used paradigm in constructing distributed applications is the client/server 
model. In this scheme client applications request services from a server process. This implies an 
asymmetry in establishing communication between the client and server which has been exam
ined in section 2. In this section we will look more closely at the interactions between client and 
server, and consider some of the problems in developing client and server applications. 

Client and server require a well known set of conventions before service may be rendered ( and 
accepted). This set of conventions comprises a protocol which must be implemented at both 
ends of a connection. Depending on the situation, the protocol may be symmetric or asym
metric. In a symmetric protocol, either side may play the master or slave roles. In an asym
metric protocol, one side is immutably recognized as the master, with the other the slave. An 
example of a symmetric protocol is the TELNET protocol used in the Internet for remote termi
nal emulation. An example of an asymmetric protocol is the Internet file transfer protocol, 
FTP. No matter whether the specific protocol used in obtaining a service is symmetric or asym
metric, when accessing a service there is a "client process" and a "server process". We will first 
consider the properties of server processes, then client processes. 

A server process normally listens at a well know address for service requests. Alternative 
schemes which use a service server may be used to eliminate a flock of server processes clogging 
the system while remaining dormant most of the time. The Xerox Courier protocol uses the 
latter scheme. When using Courier, a Courier client process contacts a Courier server at the 
remote host and identifies the service it requires. The Courier server process then creates the 
appropriate server process based on a data base and "splices" the client and server together, 
voiding its part in the transaction. This scheme is attractive in that the Courier server process 
may provide a single contact point for all services, as well as carrying out the initial steps in 
authentication. However, while this is an attractive possibility for standardizing access to ser
vices, it does introduce a certain amount of overhead due to the intermediate process involved. 
Implementations which provide this type of service within the system can minimize the cost of 
client server rendezvous. 

4.1. Servers 

In this release, most servers are accessed at well known Internet addresses or UNIX domain 
names. When a server is started at boot time it advertises it services by listening at a well 
know location. For example, the remote login server's main loop is of the form shown in Figure 
2. 
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main(argc, argv) 

{ 

int argc; 
char **argv; 

int f; 
struct sockaddr_in from; 
struct servent •sp; 

Sun System Interface Manual 

sp = getservbyname("login", •tcp" ); 
if (sp == NULL) { 

fprintf(stderr, "rlogind: tcp/login: unknown service\n"); 
exit(l); 

} 

#ifndef DEBUG 
< <disassociate server from controlling terminal>> 

#endif 

} 

sin.sin...J)Ort = sp->s_port; 

f = socket(AF _!NET, SOCK_STREAM, O); 

if (bind(f, (caddr_t)&sin, sizeof (sin)) < 0) { 

} 

listen(f, 5); 
for (;;) { 

} 

int g, len = sizeof (from); 

g = accept(f, &from, &len); 
if (g < 0) { 

} 

if(errno != EINTR) 
perror("rlogind: accept"); 

continue; 

if (fork() == 0) { 
close(f); 
doit(g, &from); 

} 
close(g); 

Figure 2. Remote login server. 

The first step taken by the server is look up its service definition: 

sp = getservbyname("login", "tcp"); 
if(sp == NULL) { 
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} 

fprintf(stderr, "rlogind: tcp/login: unknown service\n" ); 
exit(l); 

This definition is used in later portions of the code to define the Internet port at which it listens 
for service requests (indicated by a connection). 
Step two is to disassociate the server from the controlling terminal of its invoker. This is 
important as the server will likely not want to receive signals delivered to the process group of 
the controlling terminal. 
Once a server has established a pristine environment, it creates a socket and begins accepting 
service requests. The bind call is required to insure the server listens at its expected location. 
The main body of the loop is fairly simple: 

for (;;) { 

} 

int g, len = sizeof (from); 

g = accept(f, &from, &len); 
if(g < 0) { 

} 

if (errno != EINTR) 
perror(" rlogind: accept" ); 

continue; 

if (fork() == 0) { 
close(f); 
doit(g, &from); 

} 
close(g); 

An accept call blocks the server until a client requests service. This call could return a failure 
status if the call is interrupted by a signal such as SIGCHLD (to be discussed in section 5). 
Therefore, the return value from accept is checked to insure a connection has actually been esta
blished. With a connection in hand, the server then forks a child process and invokes the main 
body of the remote login protocol processing. Note how the socket used by the parent for 
queueing connection requests is closed in the child, while the socket created as a result of the 
accept is closed in the parent. The address of the client is also handed the doil routine because 
it requires it in authenticating clients. 

4.2. Clients 

The client side of the remote login service was shown earlier in Figure 1. One can see the 
separate, asymmetric roles of the client and server clearly in the code. The server is a passive 
entity, listening for client connections, while the client process is an active entity, initiating a 
connection when invoked. 
Let us consider more closely the steps taken by the client remote login process. As in the server 
process the first step is to locate the service definition for a remote login: 
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sp = getservbyname("login", "tcp" ); 
if (sp == NULL) { 

fprintf(stderr, "rlogin: tcp/login: unknown service\n" ); 
exit(l ); 

} 

Next the destination host is looked up with a getho,tbvname call: 

hp = gethostbyname(argv[l]); 
if (hp== NULL) { 

fprintf(stderr, "rlogin: %s: unknown host\n", argv[l]); 
exit(2); 

} 

With this accomplished, all that is required is to establish a connection to the server at the 
requested host and start up the remote login protocol. The address buffer is cleared, then filled 
in with the Internet address of the foreign host and the port number at which the login process 
resides: 

bzero((char •)&sin, sizeof (sin)); 
bcopy(hp->h_addr, (char •)sin.sin_addr, hp->hJength); 
sin.sin_family = hp->h_addrtype; 
sin.sin_J>Ort = sp->s_port; 

A socket is created, and a connection initiated. 

s = socket(hp->h_addrtype, SOCK_STREAM, O); 
if(s < 0) { 

} 

perror(" rlogin: socket"); 
exit(3); 

if (connect(s, (char •)&sin, sizeof (sin)) < 0) { 
perror("rlogin: connect"); 
exit(4); 

} 

The details of the remote login protocol will not be considered here. 

4.3. Connectionless Servers 

While connection-based services are the norm, some services are based on the use or datagram 
sockets. One, in particular, is the "rwho" service which provides users with status information 
for hosts connected to a local area network. This service, while predicated on the ability to 
broadcaat information to all hosts connected to a particular network, is or interest as an exam
ple usage of datagram sockets. 
A user on any machine running the rwho server may find out the current status or a machine 
with the ruptime(l) program. The output generated is illustrated in Figure 3. 

0 

0 

Status information for each host is periodically broadcast by rwho server processes on each 
machine. The same server process also receives the status information and uses it to update a 
database. This database is then interpreted to generate the status information for each host. 
Servers operate autonomously, coupled only by the local network and its broadcast capabilities. 0 
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arpa up 9:45, 5 users, load 1.15, 1.39, 1.31 
cad up 2+ 12:04, 8 users, load 4.67, 5.13, 4.59 
calder up 10:10, 0 users, load 0.27, 0.15, 0.14 
dali up 2+ 06:28, 9 users, load 1.04, 1.20, 1.65 
degas up 2S+ 09:48, 0 users, load 1.49, 1.43, 1.41 
ear up S+ 00:0S, 0 users, load 1.51, 1.54, 1.56 
emie down 0:24 
esvax down 17:04 
mgres down 0:26 
kim up 3+ 09:16, 8 users, load 2.03, 2.46, 3.11 
matisse up 3+ 06:18, 0 users, load 0.03, 0.03, 0.05 
medea up 3+ 09:39, 2 users, load 0.35, 0.37, 0.50 
merlin down 19+ 15:37 
miro up 1+ 07:20, 7 users, load 4.59, 3.28, 2.12 
monet up l+ 00:43, 2 users, load 0.22, 0.09, 0.07 
oz down 16:09 
statvax up 2+ 15:57, 3 users, load 1.52, 1.81, 1.86 
ucbvax up 9:34, 2 users, load 6.08, 5.16, 3.28 

Figure 3. ruptime output. 

The rw ho server, in a simplified form, is pictured in Figure 4. There are two separate tasks per
formed by the server. The first task is to act as a receiver of statu, information broadcast by 
other hosts on the network. This job is carried out in the main loop of the program. Packets 
received at the rwho port are interrogated to insure they've been sent by another rwho server 
process, then are time stamped with their arrival time and used to update a file indicating the 
status of the host. When a host has not been heard from for an extended period of time, the 
database interpretation routines assume the host is down and indicate such on the status 
reports. This algorithm is prone to error as a server may be down while a host is actually up, 
but serves our current needs. 

The second task performed by the server is to supply information regarding the status of its 
host. This involves periodically acquiring system status information, packaging it up in a mes
sage and broadcasting it on the local network for other rwho servers to hear. The supply func
tion is triggered by a timer and runs off a signal. Locating the system status information is 
somewhat involved, but uninteresting. Deciding where to transmit the resultant packet does, 
however, indicates some problems with the current protocol. 

Status information is broadcast on the local network. For networks which do not support the 
notion of broadcast another scheme must be used to simulate or replace broadcasting, One pos
sibility is to enumerate the known neighbors (based on the status received). This, unfor
tunately, requires some bootstrapping information, as a server started up on a quiet network 
will have no known neighbors and thus never receive, or send, any status information. This is 
the identical problem faced by the routing table management process in propagating routing 
status information. The standard solution, unsatisfactory as it may be, is to inform one or 
more servers of known neighbors and request that they always communicate with these neigh
bors. If each server has at least one neighbor supplying it, status information may then pro
pagate through a neighbor to hosts which are not (possibly) directly neighbors. If the server is 
able to support networks which provide a broadcast capability, as well as those which do not, 
then networks with an arbitrary topology may share status information•. 

1 • One must, however, be concerned about "loops". Tha.t is, ir a. host is connected to multiple 
networks, it will receive status information from itselr. This can lead to an endless, wasteful, ex-
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main() 
{ 

} 

sp = getservbyname("who", "udp"); 
net = getnetbyname(" localnet" ); 
sin.sin_addr = inet_makeaddr(INADDR_.ANY, net); 
sin.sin...J>Ort = sp->s_port; 

s = socket(AF _!NET, SOCK_DGRAM, O); 

bind(s, &sin, sizeof (sin)); 

sigset(SIGALRM, onalrm); 
onalrm(); 
for(;;) { 

} 

struct whod wd; 
int cc, whod, len = sizeof (from); 

cc = recvfrom(s, (char • )&wd, sizeof (struct whod), O, &from, &len); 
if(cc <= 0) { 

if (cc < 0 && errno != EINTR) 
perror("rwhod: recv" ); 

continue; 
} 
if (from.sin__port != sp->s...J>Ort) { . 

fprintf(stderr, "rwhod: %d: bad from port\n", 
ntohs( from .sin...J>Ort) ); 

continue; 
} 

if (!verify(wd.wd_hostname)) { 
fprintf(stderr, "rwhod: malformed host name from %x\n", 

ntohl(from.sin_addr.s_addr)); 
continue; 

} 
(void) sprintf(path, "%s/whod.%s", RWHODIR, wd.wd_hostname); 
whod = open(path, O_FWRONLYIO_FCREATEIO_FTRUNCATE, 0666); 

(void) time(&wd.wd_recvtime); 
(void) write(whod, (char •)&wd, cc); 
(void) close(whod); 

Figure 4. rwho server. 

change of information. 
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The second problem with the current scheme is that the rwho process services only a single local 
network, and this network is found by reading a file. It is important that software operating in 
a distributed environment not have any site-dependent information compiled into it. This 
would require a separate copy of the server at each host and make maintenance a severe 
headache. The Sun system attempts to isolate host-specific information from applications by 
providing system calls which return the necessary informationt. The rwho server performs a 
lookup in a file to find its local network. A better, though still unsatisfactory, scheme used by 
the routing process is to interrogate the system data structures to locate those directly con
nected networks. A mechanism to acquire this information from the system would be a useful 
addition. 

1 t An example of such a system call is the getAolfname{2) call which returns the host's "official" 
name. 

Tlevision E of 7 January 1984 21 



Interprocess Communication Primer Sun System Interface Manual 

5. Advanced Topics 

A number or facilities have yet to be discussed. For most users of the ipc the mechanisms 
already described will suffice in constructing distributed applications. However, others will find 
need to utilize some or the features which we consider in this section. 

5.1. Out of Band Data 

The stream socket abstraction includes the notion of "out of band" data. Out of band data is a 
logically independent transmission channel associated with each pair of connected stream sock
ets. Out or band data is delivered to the user independently of normal data along with the 
SIGURG signal. In addition to the information passed, a logical mark is placed in the data 
stream to indicate the point at which the out of band data was sent. The remote login and 
remote shell applications use this facility to propagate signals from between client and server 
processes. When a signal is expected to flush any pending output from the remote process(es), 
all data up to the mark in the data stream is discarded. 

The stream abstraction defines that the out of band data facilities must support the reliable 
delivery of at least one out of band message at a time. This message may contain at least one 
byte of data, and at least one message may be pending delivery to the user at any one time. 
For communications protocols which support only in-band signaling (that is, the urgent data is 
delivered in sequence with the normal data) the system extracts the data from the normal data 
stream and stores it separately. This allows users to choose between receiving the urgent data 
in order and receiving it out of sequence without having to buffer all the intervening data. 

C 

To send an out of band message the MSG_OOB flag is supplied to a ,end or ,endto calls, while 0 
to receive out of band data MSG_OOB should be indicated when performing a recv/rom or recv ' ' 
call. To find out if the read pointer is currently pointing at the mark in the data stream, the 
SIOCATMARK ioctl is provided: 

ioctl(s, SIOCATMARK, &yes); 

If ye• is a 1 on return, the next read will return data after the mark. Otherwise ( assuming out 
of band data has arrived), the next read will provide data sent by the client prior to transmis
sion or the out of band signal. The routine used in the remote login process to flush output on 
receipt of an interrupt or quit signal is shown in Figure 5. 

5.2. Signals and Process Groups 

Due to the existence of the SIGURG and SIGIO signals each socket has an associated process 
group (just as is done for terminals). This process group is initialized to the process group or its 
creator, but may be redefined at a later time with the SIOCSPGRP ioctl: 
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ooh() 
{ 

} 

int out= l+ l; 
char waste(BUFSIZ], mark; 

signal(SIGURG, ooh); 
/ • flush local terminal input and output • / 
ioctl(l, TIOCFLUSH, (char •)&out); 
for (;;) { 

} 

if (ioctl(rem, SIOCATMARK, &mark) < 0) { 
perror("ioctl" ); 
break; 

} 
if (mark) 

break; 
(void) read(rem, waste, sizeor (waste)); 

recv(rem, &mark, 1, MSG_OOB); 

Figure 5. Flushing terminal i/o on receipt of out of band data. 

ioctl(s, SIOCSPGRP, &pgrp); 

A similar ioctl, SIOCGPGRP, is available for determining the current process group of a socket. 

5.3. Pseudo Terminals 

Many programs will not function properly without a terminal for standard input and output. 
Since a socket is not a terminal, it is often necessary to have a process communicating over the 
network do so through a paeudo terminal A pseudo terminal is actually a pair of devices, mas
ter and slave, which allow a process to serve as an active agent in communication between 
processes and users. Data written on the slave side of a pseudo terminal is supplied as input to 
a process reading from the master side. Data written on the master side is given the slave as 
input. In this way, the process manipulating the master side of the pseudo terminal has control 
over the information read and written on the slave side. The remote login server uses pseudo 
terminals for remote login sessions. A user logging in to a machine across the network is pro
vided a shell with a slave pseudo terminal as standard input, output, and error. The server pro
cess then bandies the communication between the programs invoked by the remote shell and the 
user's local client process. When a user sends an interrupt or quit signal to a process executing 
on a remote machine, the client login program traps the signal, sends an out of band message to 
the server process who then uses the signal number, sent as the data value in the out or band 
message, to perform a killpr.(2) on the appropriate process group. 
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5.4. Internet Address Binding 

Binding addresses to sockets in the Internet domain can be fairly complex. Communicating 0 
processes are bound by an aaaociation. An association is composed or local and foreign 
addresses, and local and foreign ports. Port numbers are allocated out of separate spaces, one 
for each Internet protocol. Associations are always unique. That is, there may never be dupli-
cate <protocol, local address, local port, foreign address, foreign port> tuples. 

The bind system call allows a process to specify half of an association, <local address, local 
port>, while the connect and accept primitives are used to complete a socket's association. 
Since the association is created in two steps the association uniqueness requirement indicated 
above could be violated unless care is taken. Further, it is unrealistic to expect user programs 
to always know proper values to use for the local address and local port since a host may reside 
on multiple networks and the set of allocated port numbers is not directly accessible to a user. 

To simplify local address binding the notion of a "wildcard" address has been provided. When 
an address is specified as INADDR_ANY (a manifest constant defined in <netinet/in.h> ), the 
system interprets the address as "any valid address". For example, to bind a specific port 
number to a socket, but leave the local address unspecified, the following code might be used: 

#include <sys/types.h> 
#include <netinet/in.h> 

struct sockaddr_in sin; 

s = socket(AF _!NET, SOCK_STREAM, O); 
sin.sin_family = AF _!NET; 
sin.sin_addr.s_addr = INADDR_ANY; 
sin.sin_port = MYPORT; 
bind(s, (char •)&sin, sizeof (sin)); 

Sockets with wildcarded local addresses may receive messages directed to the specified port 
number, and addressed to any of the possible addresses assigned a host. For example, if a host 
is on networks 46 and 10 and a socket is bound as above, then an accept call is performed, the 
process will be able to accept connection requests which arrive either from network 46 or net
work 10. 
In a similar fashion, a local port may be left unspecified (specified as zero), in which case the 
system will select an appropriate port number for it. For example: 

sin.sin_addr.s_addr = MY ADDRESS; 
sin.sin_port = O; 
bind(s, (char • )&sin, sizeof (sin)); 

The system selects the port number based on two criteria. The first is that ports numbered 0 
through IPPORT_RESERVED-1 are reserved for privileged users (that is, the super user). The 
second is that the port number is not currently bound to some other socket. In order to find a 
free port number in the privileged range the following code is used by the remote shell server: 
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struct sockaddr_in sin; 

!port = IPPORT_RESERVED - 1; 
sin.sin_addr.s_addr = INADDR_ANY; 

for (;;) { 

} 

sin.sin...J>ort = htons((u_short)lport); 
ir (bind(s, (caddr_t)&sin, sizeor (sin)) >- 0) 

break; 
if (errno I= EADDRINUSE && errno I~ EADDRNOTAVAIL) { 

perror(" socket•); 
break; 

} 
!port-; 
if ()port== IPPORT_RESERVED/2) { 

Cprintr(stderr, "socket: All ports in use\n"); 
break; 

} 

The restriction on allocating ports was done to allow processes executing in a "secure" environ
ment to perform authentication based on the originating address and port number. 

In certain cases the algorithm used by the system in selecting port numbers is unsuitable for an 
application. This is due to associations being created in a two step process. For example, the 
Internet file transfer protocol, FTP, specifies that data connections must always originate Crom 
the same local port. However, duplicate associations are avoided by connecting to different 
foreign ports. In this situation the system would disallow binding the same local address and 
port number to a socket if a previous data connection's socket were around. To override the 
default port selection algorithm then an option call must be performed prior to address binding: 

setsockopt(s, SOL_SOCKET, SO_REUSEADDR, (char •)O, O); 
bind(s, (char •)&sin, sizeor (sin)); 

With the above call, local addresses may be bound which are already in use. This does not 
violate the uniqueness requirement as the system still checks at connect time to be sure any 
other sockets with the same local address and port do not have the same foreign address and 
port (if an association already exists, the error EADDRINUSE is returned). 

Local address binding by the system is currently done so mew hat haphazardly when a host is on 
multiple networks. Logically,.one would expect the system to bind the local address associated 
with the network through which a peer was communicating. For instance, if the local host is 
connected to networks 46 and 10 and the foreign host is on network 32, and traffic Crom net
work 32 were arriving via network 10, the local address to be bound would be the host's address 
on network 10, not network 46. This unfortunately, is not always the case. For reasons too 
complicated to discuss here, the local address bound may be appear to be chosen at random. 
This property of local address binding will normally be invisible to users unless the foreign host 
does not understand how to reach the address selected•. 

l • For example, it network 48 were unknown to the boat on network 32, and the local address 
were bound to that located on network 46, then even though a route between the two hosts existed 
through network 10, a connection would tail. 
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5.5. Broadcasting and Datagram Sockets 

By using a datagram socket it is possible to send broadcast packets on many networks sup- C 
ported by the system (the network itself must support the notion of broadcasting; the system , 
provides no broadcast simulation in software). Broadcast messages can place a high load on a 
network since they force every host on the network to service them. 

To send a broadcast message, an Internet datagram socket should be created: 

s = socket(AF _!NET, SOCK_DGRAM, O); 

and at least a port number should be bound to the socket: 

sin.sin_family = AF _!NET; 
sin.sin_addr.s_addr = INADDR...ANY; 
sin.sin_port = MYPORT; 
bind(s, (char •)&sin, sizeof (sin)); 

Then the message should be addressed as: 

dst.sin_family = AF JNET; 
inet_makeaddr(net, INADDR_ANY); 
dst.sin_port = DESTPORT; 

and, finally, a sendto call may be used: 

sendto(s, bur, buflen, O, &dst, sizeof (dst)); 

Received broadcast messages contain the senders address and port (datagram sockets are 
anchored before a message is allowed to go out). 

There are a couple of minor problems in the above example. One is created because o 
INADDR....ANY has two meanings: 

l. Fill in my own address, and, 

2. Broadcast. 

Unfortunately, broadcast must at some time in the future be changed to -1 instead of O, so that 
broadcast will no longer be The second problem is how do you get your net number! You could 
use the SIOCGICONf ioctl call, or you could get your own address and do a ind_neto/ on that. 
INADDR_.ANY. 

5.6. Signals 

Two new signals have been added to the system which may be used in conjunction with the 
interprocess communication facilities. The SIGURG signal is associated with the existence of an 
"urgent condition". The SIGIO signal is used with "interrupt driven i/o" (not presently imple
mented). SIGURG is currently supplied a process when out of band data is present at a socket. 
If multiple sockets have out of band data awaiting delivery, a select call may be used to deter
mine those sockets with such data. 

An old signal which is useful when constructing server processes is SIGCHLD. This signal is 
delivered to a process when any children processes have changed state. Normally servers use 
the signal to "reap" child processes after exiting. For example, the remote login server loop 
shown in Figure 2 may be augmented as follows: 
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int reaper(); 

signal(SIGCHLD, reaper); 
listen(r, 10); 
for (;;) { 

} 

int g, len = sizeof (from); 

g = accept(f, &from, &len, O); 
if(g < 0) { 

} 

if (errno != EINTR) 
perror(" rlogind: accept• ); 

continue; 

#include <wait.h> 
reaper() 
{ 

union wait statwi; 

while (wait3(&statwi, WNOHANG, 0) > 0) 

} 

Interprocess Communication Primer 

Ir the parent server process fails to reap its children, a large number of "zombie" processes may 
be created. 
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