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R esu m es

D a v id  H o llin g sw o rth
A rch itecture  des system es de b u reau tiq u e, sy stem es clien t-serveur, 1CL, B rack nell, 
R o y a u m e-U n i
Le bureau de quatrieme generation: etude de revolution de la bureautique

D e v o lu t io n  d es system es de b u reau tiq u e  est geree d ep u is v in gt ans par les d ev e lo p p e-  
m en ts te ch n o lo g iq u e s  et les ex ig en ces tou jou rs p lu s im p o rta n tes du  m o n d e  des  
affaires. C et artic le  a n a ly se  l’im p a ct d e  cette  e v o lu tio n  sur l’arch itectu re  d es system es  
de bu reau tiq u e  actuels. II etu d ie  l’or ig in e  de la b u reau tiq u e, la  m a ch in e  d e  tra item en t 
de tex te  a u to n o m e, pu is l’in co rp o ra tio n  d e  fo n c tio n s  te lles qu e le courrier e lectro n iq u e  
et les ech a n g es d ’in fo rm a tio n s, enfin, la g en era tio n  actu elle , caracterisee  par la stru c­
ture clien t-serveur, les a p p lica tio n s  d e  p rod u ctiv ity  de g ro u p e  et les in fo rm a tio n s  
m u ltisu p p ort. L’article  ex a m in e  a lors l’avenir de l'arch itecture d es system es de b u rea u ­
tiq u e de qu atriem e gen eration .

C. W . B artlett
C o n su lta n t in d ep en d a n t, M an ch ester , R o y a u m e -U n i  
IPCS -  Integrated Product Configuring Service

En 1 9 9 1 -1 9 9 2 , G P T -N S G  (N e tw o r k  S y stem s G r o u p  d e G P T ) ,  en  c o lla b o r a tio n  avec  
IC L , a in sta lle  des sy stem es exp erts d e  c o n fig u ra tio n  d estin es  a etre u tilises p ar  le 
p erso n n el d ’ass istan ce  tech n iq u e , d a n s le cadre d e  la  prem iere p h ase  d e  rep o n se  a  
un ap p el d ’offre (IT T ) et de  la g en era tio n  d ’in stru c tio n s de  fab r ica tion  d eta illees  
relatives aux  co m m a n d es p a ssees par ces c lien ts.

G P T -N S G  est un  fabricant britan n iq u e  im p o rta n t d e  c o m p o sa n ts  d e  reseau x  de  
te leco m m u n ica tio n s . L’u tilisa tio n  d es sy stem es d e  c o n fig u ra tio n  a  eu p o u r  c o n se ­
q u en ce  un e red u ctio n  sign ifica tive  d es tem p s de  rep o n se  a  un  ap p el d ’offre e t a  perm is  
de p rodu ire  d es d ev is d o n t les c o m p o sa n ts  et les prix se so n t averes p lu s precis.

A p res un  in v estissem en t in itia l au  n iveau  d es sy stem es et d e  la  m e th o d o lo g ie  rela tive- 
m en t e leve, m a is ren tab ilise  en  un an d ’u tilisa tio n , le  serv ice  p eu t m a in ten a n t etre  
eten d u  rap id em en t et sa n s in v estissem en t im p ortan t.

L’etu d e  p resen tee  d a n s cet artic le  d em o n tre  q u e  la teq h n o lo g ie  u tilisee  par la  fab rica­
tio n  de system es exp erts est m a in ten a n t ca p a b le  d e  rep on d re a u x  ex ig e n c es  de  projets  
a gran d e echelle.
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S. M . Sh arm an
D e p a r tem e n t d ’in fo rm a tisa tio n  d es co lle c tiv ite s  lo c a le s  e t d es serv ices m ed ica u x  
CGS -  le service graphique de configuration ICL

C O N F I G U R E R  p erm et d ep u is  1986 a u  p erso n n el IC L  d e  generer d es p r o p o s it io n s  
d e  ven tes re la tives a u  m ater ie l fabrique p ar la  so c iete . L’u tilisa teu r  d e  ce  system e  
p eu t a in si determ in er  a v ec  p rec isio n  la c o n fig u ra tio n  d u  sy stem e  req u is p ar le  c lien t, 
lo rs d ’un e sea n ce  in tera ctiv e  d e  q u estio n s  et d e  rep on ses. D e s  reg ies co m p lex e s  so n t  
a lo rs  a p p liq u ees a u  sy stem e  p ro p o se , d a n s le  b u t d e  verifier sa  co n fo rm ite  a  d eu x  
niveaux: p rem ierem en t, q u e  la  c o n fig u ra tio n  est tech n iq u em en t correcte , d eu x iem e-  
m en t, afin  de  generer  la  lis te  d es c o m p o sa n ts  seco n d a ires , les cab les, p ar  ex em p le , 
q u i co m p le te n t le  sy stem e  livre a u x  c lien ts. L’artic le  e st e ssen tie llem en t co n sa cre  a  
un c o m p o sa n t  recem m en t in tegre  au  sy stem e, a p p ele  C G S  (C on figu rer  G ra p h ics  
Service). II d ecrit ses or ig in es, l’h isto r iq u e  d e  so n  d e v e lo p p em en t, les  fo n c tio n s  q u ’il 
p r o p o se  et d efin it le  cad re  d e  so n  u tilisa tion .

A. D r a h o ta  
IC L
P. H . F ord , I. G . V in cen t  
U n iv e r sity  o f  N o ttin g h a m
Transparence topologique dans un reseau heterogene

L a tran sp aren ce d e  la  d ecen tra lisa tio n  d ’un  reseau , et en  particu lier, la  tran sp aren ce  
to p o lo g iq u e , est u n  co n c ep t fo n d a m en ta l d u  d ev e lo p p e m en t d ’u n e  n o u v e lle  gen era­
tio n  de  system es d ecen tra lises . L e p rod u it IC L  D A IS  gere un  en sem b le  d e  m eca n ism es  
q u i garan tissen t la  tran sp aren ce  d ’un  reseau , y co m p r is  au  n iveau  d e  la  rep artition  
d es system es. C et a rtic le  decrit la m ise  en  o eu v re  d u  m eca n ism e  d e  tran sp aren ce  
to p o lo g iq u e  D A IS  d a n s le  cadre d u  projet O A S IS , su b v e n tio n n e  par D T I  e t S E R C , 
et a u q u e l o n t c o lla b o r e  IC L , H y d ro -E lec tr ic  P ic , l’un iversite  d e  N o ttin g h a m  et G id  
L td. II e x a m in e  en  p articu lier  la  ca p a c ite  d u  m eca n ism e  d e gerer a  titre c o n sta n t la 
tran sp aren ce to p o lo g iq u e  d a n s u n  e n v iro n n em en t h e tero g en e , c o m p o se  d ’ord in ateu rs  
h o te  et d e  reseaux.

U ri B aran
S ervice P o in ts  d e  v en te  IC L , B rack n ell, R o y a u m e -U n i
Architectures futures des interconnexions de systemes de bureautique dans les
reseaux LAN et Wide Area Access

C et artic le  est co n sa cre  a u x  p ro b lem es d ’in te rc o n n ex io n  d es sy stem es de  bu reau tiq u e  
futurs. II p resen te  u n e  arch itectu re  d o n t les caracter istiq u es rep o n d en t a to u tes les  
e x ig en ces  d e  c o m m u n ic a tio n  et ex a m in e  en  particu lier  I S D N , q u ’il co n sid ere  etre le  
serv ice  le m ieu x  a d a p te  a  l’e n v iro n n em en t d e  c o m m u n ic a tio n . II a n a ly se  eg a lem en t  
d ivers p ro b lem es pratiq u es, a in si q u e  les te ch n o lo g ie s  futures, q u i in terv ien n en t d a n s  
le  d e v e lo p p e m en t d’u n e  arch itectu re  d e  ce  ty p e  e t  g a ra n tissen t sa  m ise  en  a p p lic a tio n  
et sa lo n g ev ite .

C arsten  H a m m er
S iem en s A G , C o r p o r a te  R esearch  a n d  D e v e lo p m e n t D e p t. Z F E  B T  S E  43  O tto -  
H a h n -R in g  6  D -8 1 7 3 9  M u n ich , A llem a g n e
Lisp parallele et le systeme de traduction de texte METALdans le cadre du systeme 
EDS ( European Declarative System)
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C et artic le  decrit le  so u s-sy stem e  d u  la n g a g e  de  p ro g ra m m a tio n  L isp du  sy stem e  
E D S  (E u r o p e a n  D e c la r a tiv e  S ystem ). II ex p liq u e  le m o d e le  d e  p ara lle lism e n o n  lie a 
un ty p e  d e  m a ch in e  p articu lier  perm ettan t le p o rta g e  d e  program m es seq u en tie ls  
e x is ta n ts  so u s  form e paralle le . II e x a m in e  en  p articu lier  le sy stem e  d e  tra d u ctio n  de  
la n g a g es natu rels M E T A L  et m et en  ev id en ce  les a v a n ta g es  q u ’offrent les co n c ep ts  
de p ara lle lism e a u x  p rogram m es L isp  d e  gran d e  taille.

H a n n u  H . K ari et H eik k i S a ik k o n en
D ep a rtm en t o f  C o m p u ter  Sc ien ce  H elsin k i U n iv e r sity  o f  T e ch n o lo g y  E sp o o , 
S F -0 2 1 5 0 , F in la n d

F ab riz io  L om b ard i
D ep a rtm en t o f  C o m p u ter  Sc ien ce  T exas A & M  U n iversity  C o lleg e  S ta tio n . T X  
77843 , U S
Detection des secteurs defectueux Intents des disques SCSI

C et a rtic le  decrit d e  n o u v elles  m eth o d es  d e  d e tectio n  d es sec leu rs defectu eu x  la ten ts  
dan s un  so u s-sy stem e  d e d isq u e , d o n t la ca u se  c o rresp o n d  a  la d eterio ra tio n  du  
perip heriqu e d e  sto c k a g e  m agn etiq u e . En regie generate, le caractere  a lea to ire  d e  
l’acces aux secteu rs d ’un  d isq u e  a pou r co n se q u en ce  F u tilisa tion  rare d e  certa in s  
secteurs. La d eterio ra tio n  d ’un  secteu r qui n'est qu e rarem ent u tilise  e st par c o n se ­
qu en t su scep tib le  d e  n e  pas etre d etectee  im m ed ia tem en t. P o u r  detecter  la  d e ter io ra ­
tio n  la ten te  d ’un  secteur, un d isq u e  est verifie d a n s sa  to ta lite  a  freq uence reguliere. 
C et artic le  defin it un  a lg o rith m e  ad ap tatif, d o n t le bu t e st d e  m ettre  a  profit la 
p eriod e d ’in a c tiv ite  d ’un  d isq u e  u tilise  regu lierem en t p o u r  proced er  a  sa  verifica tion , 
s’il est co n fo rm e aux n o rm es d ’interface S C SI-II.
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Z u sam m en fassu n g en

D a v id  H o llin g sw o rth
O ffice S y stem s A rch itect, C lien t-S erver  S ystem s, IC L , B rack n ell, G roB b ritan n ien  
Der Weg zum Biiro der 4. Generation: eine Studie der Entwicklung von Biirosystemen

B u ro -In fo rm a tio n ssy stem e  hab en  sich  in zw ei Jah rzeh n ten  sta n d ig en  W an d els en tw ic-  
k elt, g e tr ieb en  v o n  tech n isch em  F ortsch ritt und d en  w a ch sen d en  A n fo rd eru n g en  der  
W irtsch aft. D ie se r  A rtikel an a lysiert, w ie  d ieser  W an d el d ie  A rch itek tu r  h eu tiger  
B u ro sy stem e  beein fluB t hat. Er ze ich n et d ie  E n tw ick lu n g  d es B u ro sy stem s v o n  se in en  
A n fan gen  in  a u f  E in zelrech n ern  b asieren d en  T ex tsy stem en  iib er  d ie  In teg ra tio n  v o n  
E in r ich tu n g en  w ie  e lek tro n isch e  P o s t  und D a te n a u sta u sc h  b is zu r  h eu tig en  
G en er a tio n  v o n  B rirop rod u k ten  n a ch , d ie  sich  d u rch  C lien t/S erver-S tru k tu r , 
G ro u p w a re-A n w en d u n g en  u n d  M u lti-M ed ia -T ec h n ik  a u sze ich n en . D e r  A rtikel 
sch lieB t m it e in er  E rorteru n g a k tu eller  T ren ds, d ie  sich  fo rm en d  a u f d ie  A rch itek tu r  
d es en tsteh en d en  B u ro s der 4. G en er a tio n  a u sw irk en  w erd en .

C. W . B artlett
U n a b h a n g ig er  B erater, M an ch ester , G roB b ritan n ien  
IPCS -  Integrierter Produkt-Konfigurationsservice

Im  Z eitrau m  19 9 1 /9 2  insta llier te  d ie  N e tw o r k  S ystem s G ro u p  v o n  G P T  (G P T -N S G )  
in  Z u sa m m en a rb eit m it IC L  ein e  R eihe w issen b asierter  K o n fig u r a tio n ssy stem e  fur 
M itarb eiter  d es T ech n isch en  S u p p orts zur ersten  R e a k tio n  a u f A u ssch re ib u n g en  und  
zur B ere itste llu n g  d eta illierter  F ertig u n g sa n w eisu n g en  fur em p fan gen e  A uftrage.

G P T -N S G  ist e in  groB er britisch er  L ieferant v o n  A u sr iistu n g  fur T elek om m -  
u n ik a tio n s-N etz w e rk e . D e r  E in sa tz  d ieser  K o n fig u ra tio n ssy stem e  fiihrte zu  sch n elle-  
rer R ea k tio n  a u f A u ssch re ib u n g en  und hoh erer  G en a u ig k e it der a n g eb o ten en  
A u sr iistu n g  u n d  der P re isgesta ltu n g .

D ie  recht h o h en  an fan g lich en  A u sg a b en  fur W erk zeuge und M eth o d o lo g ie , d ie sich  
sch o n  im  ersten  B etrieb sjah r am ortisierten , schafften  e in e  S itu a tio n , in  der der Service  
je tz t b illig  un d  sch n ell erw eitert w erd en  kann.

D ie  hier b eh a n d e lte  F a llstu d ie  ze ig t, daB d ie  w issen sb a sierte  T ech n o lo g ie , d ie  b ei der  
P ro d u k tio n  v o n  K o n fig u ra tio n ssy stem en  e in g esetz t w ird , in zw isc h e n  so  ausgereift  
ist, daB  u m fan greich e P ro jek te  m it sehr h o h em  V ertrauen in  e in en  erfo lgre ich en  
A b schluB  in A u ftrag  g eg eb en  w erd en  k o n n en .
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S. M . Sh arm an
L o ca l G o v ern m en t an d  H ea lth  IT  U n it  (A b te ilu n g  In fo rm a tio n stech n ik  fur 
K o m m u n a lv e rw a ltu n g  und G esu n d h e itsw esen ), B rack nell, G roB b ritann ien
CGS -  Der ICLConfigurer Grafik-Service

Seit 1986 steh t IC L -M ita rb eitern  a ls  H ilfsm ittel zur E rste llu n g  von  H ard w are-  
a n g e b o te n  d as S ystem  C O N F IG U R E R  zu r V erfugung. D ieses S ystem  erm oglich t es 
B en u tzern  im  D ia lo g  e in e  e x a k te  A n g a b e  der K o m p o n e n te n  au  erh alten , d ie  filr 
b estim m te  K u n d en a n fo rd eru n g en  b e n o tig t  w erden . A u f d ie  darau s resu ltierend e  
S p ez ifik a tio n  w ird e in e  R eihe k o m p lex er  R egeln  a n g ew a n d t, nach d en en  ersten s  
gepruft w ird, o b  d ie  e in g eg eb en e  K o n fig u ra tio n  tech n isch  korrekt ist, und zw eiten s  
w ird a u to m a tisch  e in e  L iste  b en o tig ter  Z u sa tzte ile , w ie zum  B eisp iel K ab el, angefer- 
tigt, um  d ie  V o llsta n d ig k e it der au sgelieferten  H a rd w a rep a k ete  sich erzu stellen . D ieser  
A rtikel befafit sich  m it e in er  rela tiv  n eu en  E rw eiteru n g  d es S ystem s, d ie  a ls C on figu rer  
G rap h ics S erv ice b ezeich n et w ird. E s w erd en  d ie  A n fan ge d es D ie n ste s , se ine  
E n tw ick lu n g sg esch ich te , se in e  F u n k tio n e n  so w ie  d ie  tech n isch en  V erfahren, d ie  zur  
V erw irk lich un g d ieser F u n k tio n en  a n g ew a n d t w u rd en , beschrieb en .

A. D r a h o ta  
IC L
P. H . F ord , I. G . V in cen t
U n iv ersita t N o ttin g h a m , G roB b ritan n ien
Ortstransparenz in heterogenen Netzwerken

“V erte ilu n gstran sp aren z” (D is tr ib u tio n  T ran sp aren cy) ist e in  S ch lu sse lb egriff bei der  
E n tw ick lu n g  e in er  n eu en , u b ersch au b aren  G en er a tio n  verte ilter  System e. E in  A sp ek t  
der V erte ilu n gstran sp aren z ist d ie  O rtstran sp aren z  (L o c a tio n  T ransp arency). D a s  
IC L -P r o d u k t D A IS  im p lem en tiert um fan greich e T ran sp aren zm ech an ism en , dar- 
un ter e in en  M ech a n ism u s fur O rtstran sp aren z. D ieser  A rtikel beschreib t 
die Im p lem en tieru n g  d es O rtstra n sp a ren z-M ech a n ism u s v o n  D A IS , w ie  er in dem  
G em ein sch aftsp rojek t O A S IS  erreicht w urde, d a s v o n  IC L  H yd ro -E lec tr ic  P ic , der  
U n iv ersita t N o ttin g h a m  un d  G id  L td. durchgeftihrt u n d  v o m  b ritisch en  M in ister iu m  
fur In d u str ie  und H a n d el (D T I )  und d em  F orsch u n gsrat S E R C  gefordert w ird. Ein 
b eso n d eres M erk m al d ieser Im p lem en tieru n g  ist d ie  F a h ig k e it, O rtstran sp aren z  in  
ein er h e tero g en en  U m g e b u n g  m it H ostrech n ern  un d  N etzw erk en  aufrech tzuerhalten .

U r i B aran
IC L  R eta il, B rack nell, G roB b ritan n ien
Zukunftige Biiro-Vernetzungsarchitekturen fiir den Zugriff auf lokale und 
Weitbereichsnetze

D ieser  A rtikel befaBt sich  m it d en  V ern etzun gsfragen , d ie  bei der E n tw ick lu n g  
zu k u m ftiger  B u ro u m g eb u n g en e  auftreten. Er stellt e in e  A rch itek tu r fur a lle  
K o m m u n ik a tio n sa n fo rd eru n g en  vor und kon zen tr iert sich  a u f I S D N  a ls d en  D ien st, 
der den  m eisten  A n ford eru n gen  am  besten  en tsp rich t. A uB erdem  w erd en  prak tisch e  
F ragen  der B ere itste llu n g  v o n  M itte ln  zur Im p lem en tieru n g  d ieser A rch itek tu r und  
zu k u n ftige  T ech n o lo g ien  zur S ich eru n g ihrer D a u erh a ftig k e it an gesp roch en .
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C arsten  H a m m er
S iem en s A G  C o r p o r a te  R esearch  and D e v e lo p m en t D ep t. Z F E  B T  S E  43  O tto -  
H a h n -R in g  6  D -8 1 7 3 9  M u n ch en
Parallel-Lisp und das Textubersetzungssystem METALauf EDS

D e r  A rtikel b esch re ib t d a s L isp -S u b sy stem  d es E u ro p ea n  D e c la r a tiv e  S y stem s E D S . 
D a s  m a sch in e n u n a b h a n g ig e  M o d e l] der P a ra lle lita t, d a s e in fa ch es P o rtieren  ex istie -  
ren der seq u en tie ller  P ro g ra m m e in  p ara lle le  F orm  e rm o g lich t, w ird  erklart. E ine  
w ich tig e  A n w e n d u n g  ist d a s 0  b ersetzu n gssystem  M E T A L  fur n atu rlich e  Sp rache, 
d e ssen  E ig en sch a ften  b esch r ieb en  w erd en  u n d  a n h a n d  d essen  d em o n str iert w ird, w ie  
groB e L isp -P ro g ra m m e v o n  d e n  K o n z ep ten  der P a ra lle lita t p ro fitieren  k o n n en .

H a n n u  H . K a ri un d  H e ik k i S a ik k o n en
D e p a r tm en t o f  C o m p u te r  Sc ien ce  (F ach b ere ich  In form atik ) T ech n isch e  U n iv ersita t  
H elsin k i E sp o o , S F -0 2 1 5 0 , F in n la n d

F a b riz io  L om b ard i
D e p a r tm en t o f  C o m p u ter  Sc ien ce  (F a ch b ere ich  In form atik ) T exas A  &  M  
U n iv e r sity  C o lleg e  S ta tio n , T X  7 7843 , U S A  
Erkennung latenter Sektorfehler auf SCSI-Platten

D ieser  A rtikel s te llt zw ei n eu e  v erb esserte  V erfahren zu r E rk en n u n g  la ten ter  
Sektorfeh ler  in P la tte n -S u b sy ste m en  vor, w ie  sie  durch  V ersch lech teru n g d es m a g n e-  
tisch en  Sp eich erm ateria ls en tsteh en  k o n n en . D e r  Z u griff a u f d ie  S ek toren  e in er  P la tte  
erfo lgt oft n a ch  e in em  u n g le ich m aB igen  M u ster , so  daB b estim m te  S ek to ren  nur  
se lten  g en u tz t w erd en . Im  F a lle  der V ersch lech teru n g  d es Sp eich erm ateria ls a u f den  
se lten  b en u tzten  S ek to ren  k a n n  e in  la ten ter  P la tten feh ler  la n g e  u n erk an n t b leib en . 
U m  la ten te  Sektorfeh ler  zu  erk en n en , w ird  d ie  P la tte  p er io d isch  gepruft. In  
d iesem  A rtikel w ird  e in  ad a p tiv er  A lg o r ith m u s fur g a n g ig e  P la tte n , d ie  d en  
S ch n ittste llen n o rm en  S C S I-II en tsp rech en , v o rgeste llt, m it d em  d ie  L eerlau fzeit der  
P la tte  zu m  P ru fen  gen u tz t w erd en  kan n .
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Tow ard th e  4 th  G enera tion  Office:
A S tudy in O ffice S y s tem s Evolution

David Hollingsworth
Office Systems Architect, Client-Server Systems, ICL, Bracknell, UK 

Abstract

The Office Information System has evolved over two decades of 
change, driven by technological advances and increasing business 
demands. This paper analyses the impact of these changes in shaping 
the architecture of today’s office system. It traces the evolution of the 
office system from its origins in standalone word processor techno­
logy, through the incorporation of facilities such as electronic mail and 
information interchange, into the current generation of office products 
characterised by client-server structure, groupware applications and 
multi-media information. In conclusion, the paper discusses some of 
the current trends which will shape the architecture of the emerging 
4th Generation Office.

1 Introduction

The office has certainly been with us since the era of the quill pen, if not 
the clay tablet. Whilst the technology may have changed, many basic office 
concepts -  reports, filing cabinets, mail -  have existed for generations. In 
looking at the evolution of the modern office information system, this paper 
starts with the question “what is an office system?”.

To quote from the IFIP working group on Office Information Systems, 
(Verrijn-Stuart, 1988):

‘An office is the organisational aspect embodying the activity of individuals or groups of 
individuals within the organisation where one deals with the organisation’s information 
streams, which are often multi-media based;
An office information system (OIS) is a specific information system fulfilling the needs 
of the organisation in connection with some individual or group task’

These definitions, whilst general, identify several important characteristics 
of the office environment.
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Firstly, the office is populated by individuals, generally not IT specialists 
and without deep expertise, or interest, in the details of the underlying office 
system technology. This has placed particular emphasis on ease of use and 
continuation of familiar office metaphors during the evolution of the elec­
tronic office.

Secondly, office activities involve individuals and, particularly, interactions 
between groups of individuals within, and increasingly between, organisa­
tions. The Gartner Group (Howard, 1992) described the essential character­
istics of group working as “co-ordination, co-operation and 
communication”, reflecting the fact that virtually all activities within the 
office form part of a wider set of business processes.

Thirdly, information used within the office is essentially multi-media in 
nature (combinations of text, graphics, audio, image, facsimile, etc) and, 
whilst the percentage captured electronically is increasing, there remains 
much which lies outside the scope of today’s information systems, or in 
isolated pockets of technology with limited opportunity for integration with 
the wider electronic office environment.

2 Technology and Business Changes

Whilst the basic characteristics of the office environment may have remained 
relatively unchanged over many years, there have been very significant 
changes in the technology available to support the office worker and in the 
business environment to which the technology has been applied.

These two themes are clearly inter-related; technological advances offer the 
opportunity for business change, which itself generates demand for further 
improvements in technology to support that change.

2 .1 Technological Changes

The IT and telecommunications industries have undoubtedly created the 
technological framework to enable business to become more global, more 
time-critical, more productive and more competitive. Indeed, the pace of 
technological change has been so rapid that it is only in looking back that 
one can identify the really significant events.

To quote again from Verrijn-Stuart (1988):

‘The problem with new areas of the enterprise is the volatility of the concepts used in 
describing what one is engaged in. The reason is obvious. What, much later, will turn out 
to be fundamental is only gradually discovered. Meanwhile the attention of the growing 
[IT] profession shifts continually as new ideas, not all equally profound, are proposed one 
after the another.'

Fundamental technological change in office systems has had two key charac­
teristics, the scope for commodity pricing and critical mass in terms of usage.
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These are obvious attributes: the office market is now measured in tens of 
millions of users and most office tasks require interaction with other users. 
The telephone, typewriter, photocopier, word processor and facsimile 
machine bear witness to the longevity of fundamental office technologies 
which meet these twin criteria.

The potential significance of many technological developments was under­
stood early in their life cycle. Ringland (1987) accurately predicted many of 
the implications of increasing processor, storage and transmission capabilit­
ies on the office applications of the 1990s, covering aspects such as electronic 
mail, multi-media and image processing. Fuller (1991) similarly identified 
the potential (not yet realised in the mass office market) of ISDN services 
to support co-operative working based on the integration of telephony and 
information handling technologies. However, the single development which 
has subsequently most shaped the office must surely be the PC.

The exploitation of the PC within the office has not been just about increas­
ing hardware power at the desktop; it has been about the establishment of 
the PC at the centre of an architecture facilitating a myriad of add-on 
hardware cards, a software environment supporting local applications for 
manipulating office information, and, in conjunction with LAN technology, 
providing a user with access to services and information throughout the 
organisation.

Fig. 1 The influence of the PC on Office Systems

Of course, PC technology is only part of the story; equally important have 
been developments in software and applications to support efficient handling 
of office information. Full text and keyword searching software represented 
an early step towards processable text. Software standards to support com­
pound documents and the linking and embedding of information within 
documents have greatly increased the flexibility of electronically processable 
office information. Software to extract and convert structured information 
held in traditional computer databases has allowed a measure of integration 
between office systems and data processing applications. Developments con­
tinue apace; Campbell-Grant and Smethurst (1993) describe the range of 
standards and information relationships emerging within multimedia techno­
logy which will be an important influence on future office systems.
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Major advances have occurred in the user interface (Hutt and Flower, 1990 
and Edmonds, 1990), driven by the need to provide ease of use for unskilled 
staff. Consistent MMI styles, on-line help systems and graphical interfaces 
supporting windowing, icons and a mouse have enabled new applications 
to be adopted at a previously impossible rate. User-oriented PC scripting 
tools, mail filters and customisation facilities for menus and windows-based 
toolbars lead towards an interface which may be tailored to a user’s indi­
vidual preferences and working patterns.

The drive towards ease-of-use has continued into application development 
tools, focussing on the need to empower users to create their own simple 
applications quickly and without recourse to scarce and expensive DP skills. 
The ICL OfficePower User Defined Application facility (UDAP) is based 
on the concept of a simple forms-driven application and has found extensive 
support amongst its users; a recent survey indicated that more than 90% of 
OfficePower customers made use of the facility. More recently, products 
such as Lotus Notes have shown the significance of forms-based application 
tools as a vehicle for the rapid development and customisation of generic 
business applications at the department or workgroup level.

2 .2  Business Changes

If the pace of technological change has been dramatic, this is no less true of 
its consequences on the nature of business environment. The trends towards 
departmental autonomy, flattening of organisational hierarchies and 
“empowerment” of the individual have been based on a huge upsurge in 
workgroup and personal IT capability. Increasingly, it is office systems 
which will form the backbone of an organisation’s information processing 
in the 1990s.

Scott Morton (1991) has identified the significance of an electronically based 
business network as the pivot between the use of IT as an internal integration 
tool and its strategic exploitation as an agent of business transformation. 
For many organisations electronic mail has emerged as a key foundation of 
the business network and is now established as one of the core components 
of the third generation OIS.

Further progression from the business network into the strategic exploitation 
of IT was shown by Scott Morton to depend upon a number of factors, 
including:

•  Flexible, co-operative processing between individuals as an organisa­
tion’s business processes are redefined.

•  The ability to extend, and redesign, the business network to cater for 
inter-organisational business relationships.
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Both requirements go far beyond the use of electronic mail as a ubiquitous 
mechanism for information interchange. The former is being addressed, in 
part, by emerging groupware-based applications such as workflow manage­
ment, which can exploit the interoperability facilities and user directories 
established by electronic mail. The latter has significant implications in areas 
such as information security and the legal status of electronic communica­
tions. As yet there are few standards in these areas, so technical issues of 
incompatibilities between applications and interchange formats may hinder 
progress towards global business networks. This topic is further considered 
in sections 4.4 and 5.7 of this paper.

3 Office Systems Evolution

The functional capabilities of the OIS have continued to advance over many 
years, during which numerous technologies have been introduced, some 
immediately successful, others not so. Despite this apparent continuum in 
office systems development, three distinct periods in their evolution may be 
identified, described by the Gartner Group (Howard, 1992) as the “three 
generations of office systems”. Whilst there is clearly much overlap and only 
gradual shifts of emphasis between these alternative approaches, this separa­
tion provides a useful basis for analysis.

Fig. 2 The evolution of office systems 

3.1 First Generation: Standalone Systems

The earliest true electronic office systems (1970s) were characterised by free­
standing, dedicated word processor technology, with the emphasis on local 
automation of typing processes (the ICL 7700 and 8801 were typical products
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of this era). Although such systems were often constructed using hardware 
and software components derived from data communications terminals, they 
offered little or no capability for electronic interchange with existing DP  
systems or other word processing users. This stemmed partly from the limits 
of data communications technology -  relatively low speed analogue circuits, 
and partly from the network structures in place -  star topologies centred 
around mainframe computers, which themselves had few facilities for hand­
ling unstructured office data. The principal forms of office communication 
remained the telephone, paper mail and the telex system; there was no 
integration, information was simply copied or re-keyed as necessary.

Advances in the sophistication of both the word processor and document 
interchange followed. For example, the business form was transformed into 
an electronic template which could be stored and retrieved for repetitive 
use. The floppy disc and dial-up communications enabled simple information 
transfer between similar word processors and eventually to mainframe com­
puters for storage and retrieval. Despite these advances, the first generation 
of office systems remained essentially a standalone capability for text 
manipulation.

3.2 Second Generation: Server Approach

The 1970s saw important developments in (1) the timesharing minicomputer 
and (2) early versions of free-standing desktop computer workstations, which 
were to lead the way to the personal computers of the 1980s. The second 
generation of office systems thus developed along two quite separate routes, 
one exploiting the flexibility of the emerging PC for the individual office 
user, the other providing the benefits of workgroup access to shared data 
and common office services on a multi-user host, typically a minicomputer, 
or in some cases, a mainframe.

Initially advances in minicomputer technology provided the opportunity to 
develop a more cost-effective solution to the traditional office word pro­
cessing task; expensive components such as the computer platform and 
printers could be shared between a group of office users accessing the system 
through local, relatively cheap “dumb” terminals. Whilst the original motiva­
tion may have been considerations of cost and scaleability, subsequent 
exploitation of this approach offered major opportunities for sharing 
information and applications within the locally connected community of 
users.

Within this structure a variety of common office applications were easily 
developed. The underlying software on most minicomputers already pro­
vided a basic framework to support multi-user, multi-application working. 
Unix, for example, provides a hierarchic directory structure, including group 
access permissions, which could be easily mapped to the organisational 
structure of departments or workgroups. The process switching and memory
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management mechanisms enabled the separation of different user tasks with 
good protection yet with easy applications integration.

Vendors such as Uniplex and CCI (later absorbed into ICL), with 
OfficePower, offered office products built on Unix, delivering to the local 
workgroup not just standard word processing but also applications such as 
shared document libraries, electronic message passing, diary and meeting 
scheduling. Extensions to enable electronic interchange between different 
departmental systems followed, offering a basis for office systems to inter­
work across an entire organisation. As the requirement to support a more 
global view of the office system grew, many of the group-orientated facilities 
were extended to operate across a network of servers, using electronic mail 
or other data communications services between servers and adding facilities 
to support a network-wide directory of users.

Broadly similar, host-based products built on proprietary software platforms 
were introduced by companies such as DEC (All-in-One), Wang (Wang 
Office) and Data General (Complete Electronic Office). During much of the 
1980s this host-based approach tended to dominate the larger user organisa­
tions, because of its scaleability, manageability and support for sharing 
information and applications -  all features difficult to achieve on emerging 
PC-based products. Some organisations were attracted by the security 
aspects of a host-based approach, where information access and interchange 
could be more strictly controlled and backup operations conducted from a 
centralised point. Moore (1991) discusses many of these considerations.

Many attributes of the server-based approach are equally valid when the 
host is a mainframe computer, indeed opportunities for information- and 
application-sharing should in theory offer advantages of scale as the number 
of connected users increases. However, mainframe office support systems (cf 
the IBM PROFS product) did not, in general, prove cost-effective and have 
been de-emphasised increasingly by vendors. There appear to be several 
reasons for this:

•  The operating system architectures tended to be optimised towards 
transaction processing rather than the multi-user timesharing model 
offered by most minicomputers, resulting in comparatively resource- 
hungry office applications.

•  The mainframe communications architectures emphasised block- and 
form-structured dialogue, making the handling of character-based text 
editing relatively inefficient.

•  In an increasingly commodity market, the falling price of midrange 
computer platforms resulted in a systems purchase price well within the 
local budgets of increasingly autonomous business departments.

By failing to achieve critical mass in the market, the mainframe-based 
approach also failed to attract sufficient application vendors to create a full
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portfolio of office applications, a critical problem in a high volume market. 
Although none of the mainframe-based office products have made the trans­
ition into the third generation of office systems, a significant number remain 
in use providing electronic mail and document repository services.

3.3 Second Generation: PC Based

A weakness of the server approach using an unintelligent desktop environ­
ment is the comparative remoteness from the end-user of the user interface 
logic. Where character-sensitive information or document-formatting opera­
tions are being processed the response cycle from the keyboard, through the 
server application and back to the screen must be sufficiently fast to match 
the user’s natural working speed. The original server products, based on 
directly connected text terminals and fast process switching at the host, were 
easily able to achieve this. However, the increasing requirement for the 
manipulation and integration of other forms of information such as line 
drawing or graphics was not so easily met by this approach.

Free-standing workstations were originally targeted at specific application 
areas such as engineering drawing or document composition, where signific­
ant amounts of relatively expensive processing power could be justified. 
However, it was the introduction and subsequent growth of the PC which 
really marked the start of second generation office products on the desktop.

It was not immediately apparent that the PC would become the strategic 
office desktop device. Early software packages for word processing and other 
office functions offered little functionality additional to that of server-based 
approaches; MS-DOS and other PC operating systems presented a complex 
command-line interface not well suited to office staff unskilled in computer 
technology and initial PC products had very limited communications 
capability.

However, each of these limitations was overcome in turn:

•  The sheer growth in the PC market volume coupled with the emergence 
of MS-DOS as the de facto operating system, ensured the availability 
of a wide range of applications software at increasingly attractive prices. 
Over time the focus of much of the office personal applications software 
(word processors, drawing packages, spreadsheets, diary and time 
organisers, etc) inexorably followed this commodity market. Multiple 
language variants of popular software were developed at reasonable 
cost to cater for world-wide markets.

•  The introduction of Windows, Icons, Mouse and Pointer (“WIMP”) 
technology in the user interface greatly improved ease-of-use for 
unskilled staff and provided some degree of applications integration 
through the use of cut and paste techniques. It also laid the foundations
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for manipulation of graphical and image information alongside text and 
tabular data.

•  The introduction of Local Area Networks offered dramatic opportunit­
ies for improved communications between PCs and also with other IT 
services, providing a key foundation for the move to the third genera­
tion office.

During the 1980s there was a steady growth in the use of PCs within the 
office, relatively slowly at first, but accelerating rapidly later in the decade 
and into the 1990s. This growth was driven essentially by the flexibility and 
independence gained by processing applications locally rather than through 
a comparatively remote departmental or corporate server. The benefit of 
local applications independence often proved a weakness at the wider enter­
prise level; similar, but incompatible, PC software applications established 
in different parts of an organisation could prove a significant barrier to 
co-operative working and information exchange.

Initially, integration of the PC into the wider IS environment was very 
limited; some improvement followed as terminal emulators and file transfer 
packages became more widely available, but the introduction of LAN-based 
networking software was a major advance. PC networked operating systems 
(NOSs) provided facilities for administering a local workgroup, sharing files 
and printers and transferring electronic messages between users, although 
they could not easily scale to compete with the established server-based 
products for application throughout an enterprise. In the meantime, the cost 
differential between the PC and dumb terminal had narrowed to the point 
at which the additional flexibility of the PC made it a more natural choice 
for the office workstation. It was these steps that marked the start of the 
transition to the third generation of office systems.

3.4 Third Generation: Client-Server

There was no clear boundary between the second and third generations of 
office systems, rather a period during which elements of both second genera­
tion technologies merged to provide the foundation for a client-server 
approach to office applications. (ICL can claim one of the earliest client- 
server office systems with OFFICE 20, a set of office facilities for the DRS 
20 range, exploiting its distributed microprocessor architecture. Although 
this preceeded the industry-standard PC applications by several years, it 
embodied important concepts of the client-server office; personal applica­
tions such as word processing and diary were implemented on the work­
station, networked to mail and document filing applications running on 
the DRS server.)

On the one hand, the established server-based office products were further 
developed to allow the PC to handle personal applications at the desktop; 
this was typified by products such as the OfficePower Client Object 
Integration option and DEC’s Teamlinks for the All-in-One office system.
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These developments enabled PC applications and associated object types to 
be integrated into the existing framework of server-based functions such as 
electronic mail, filing cabinets and document libraries. Document conversion 
software provided a means of exchanging information between different PC 
packages and existing host based applications.

On the other hand, the PC-based office products were themselves being 
extended to incorporate similar, shared, server-based facilities such as elec­
tronic mailboxes, document libraries and meeting schedulers; Nokia’s 
Alfaskop Office (now TeamOFFICE) and Lotus’ Notes and cc:Mail prod­
ucts, along with parts of the Microsoft Office suite, typified the move into 
server-based functionality.

Most PC-based office servers were tied initially to specific software platforms 
such as OS/2, which exploited tightly integrated PC-LAN networking envir­
onments as the basic client-server infrastructure. Flowever as PC-LAN cap­
abilities have been extended to cover platforms such as Unix and, more 
recently, Windows NT, the scope of these office products has been extended 
onto potentially very powerful server platforms. The significance of this 
should not be underestimated; it marks the consolidation of the PC- and 
Server-based approaches into a third generation client-server office architec­
ture capable of scaling into the enterprise environment.

An important component of the cost of such systems is management and 
administration; a substantial part of this varies with the number of intercon­
nections which have to be configured and maintained between the different 
office servers within the enterprise. The following Table provides a simple 
example of this for a sample enterprise population of 10000 users.

Table 1 Inter-node connections for a 10000 user office system

Column 3 covers two scenarios, a worst case, in which each server is 
configured to communicate directly with all others in a flat mesh, and a 
best case, in which each server is constrained to communicate in a strict 
hierarchy. In practice, the requirement will also be influenced by the physical 
geography of the offices, the organisational structure of the enterprise and 
quality aspects such as network performance, resilience and back-up, so for 
most organisations the optimum solution will lie somewhere between the 
two. However, the table clearly illustrates how the use of relatively large 
servers substantially reduces the scale of systems management and adminis-

Average Users/Node 
(u)

Number of Nodes 
(n= 10000/u)

Internodal connections 
Flat Mesh Hierarchic
"C2 > n

10 1000 499500 >1000
too 100 4950 >100

1000 10 45 >10



tration at the enterprise level. (See also (Anderson, 1993) for a cost 
breakdown.)

A key aim of the third generation office system can be summarised as “right 
sizing” -  selecting the most appropriate type of platform and software 
environment for each of the individual office applications, whilst retaining 
the capability for them to work as a cohesive, integrated set. Information 
capture, document preparation, manipulation and rendering tasks can make 
use of flexible software running on powerful, inexpensive PCs whilst integrat­
ing with shared document stores, electronic mail infrastructure and work­
group applications, which can exploit the richer functionality of the server 
environment. Many of the individual applications have evolved from the 
second generation (both PC and server) but they have now become more 
tightly integrated within this client-server framework.

4 The 3rd Generation Office Architecture

The main functional components of the 3rd generation office system can be 
grouped as shown in Figure 3.

Fig. 3 Functional components of the 3rd generation OIS

4.1 Platform Infrastructure

The platform and network infrastructure provides the basic distributed 
computing framework on which the various office applications are built. To 
date this infrastructure has tended to provide distribution and transparency 
mechanisms local to the server and to its immediately connected population 
of clients typically a logical PC-LAN group. Current products (for example 
based on Novell’s Netware or Microsoft’s LAN Manager and Windows for 
Workgroups) provide facilities such as file and printer sharing, procedure 
calls or message passing to support distributed applications, local email and 
a measure of workgroup administration. Across an enterprise, there will 
often be many such local workgroups, possibly using different vendors’ 
products. Wider cooperative working across an enterprise thus requires
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some common services which can operate globally across the different work­
group communities; this is termed “global groupware infrastructure” (see 
4.4). Although several vendors are extending individual platform infrastruc­
ture products towards global operation, an important characteristic of the 
groupware infrastructure is its ability to operate in a heterogeneous product 
environment.

4.2 Groupware Applications

This is one of the fastest developing areas of new office systems as business 
reorganisation and process changes generate increasing requirements for 
more effective group- and task-oriented office working. Conferencing 
applications (for example ICL’s Team Forum) enable groups of users to 
co-operate on informal tasks such as brainstorming or formulation of ideas; 
workflow applications provide a means of defining and managing activities 
involving formal group interactions. Forms-based applications linked to 
forms-routing packages can replace paper-based processes such as expense 
claims processing or loan authorisation; these may be implemented within 
a department or across an organisation. Early groupware applications 
tended to be written as free-standing programs, but more recent applications 
have been designed to operate in conjunction with common services such 
as email, directory and shared object stores.

4.3 Groupware-enabled Personal Applications

Some personal applications can be linked to groupware services to support 
interchange to a defined group of users. For example, a spreadsheet may be 
linked to a document routing application so that it is automatically sent to 
contributors who may need to supply information and subsequently return 
it to the owner. Personal document management applications may be sim­
ilarly linked to groupware library applications to store, search or retrieve 
documents shared by a group of users.

4.4 Global Groupware Infrastructure

Most groupware applications, for example conferencing, document libraries 
and workflow, need to operate in a more global environment than a local 
client-server workgroup. To support this global workgroup environment, 
three functions in particular have emerged as core building blocks; these are 
located on the boundary between the platform infrastructure and groupware 
applications and form a point of integration between them.

4.4.1. Electronic Mail Electronic messaging had already established itself 
as an important component of the 2nd generation office. One key 
to its success was the “store and forward” nature of its service, 
enabling effective communication between users irrespective of time 
zones and working patterns. Gateways to facsimile and physical
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delivery services extended its capabilities into related messaging 
services.

However, its real value goes far beyond simple transfer of messages:

•  It can support interchange of a wide variety of information types as 
attachments -  forms, word processing documents, spreadsheets, 
image data, audio or video clips, software programs, directory 
information, in fact virtually any type of object encountered within 
the office.

•  It can support delivery to multiple recipients and distribution lists 
(normally maintained in a directory), providing an important founda­
tion for information transfer between defined workgroups.

•  The recent establishment of industry standard APIs to access elec­
tronic mail services has enabled the development of “mail-enabled” 
applications, to exploit email as a vehicle for distributing information 
between applications.

4.4.2. Distributed Object Stores Whilst electronic mail provides an excel­
lent framework for delivering information individually to users loc­
ated around an organisation, it does not enable users to share 
information directly. Electronic mail distributes multiple copies of 
information; effective sharing depends upon some higher level coor­
dination mechanism to control and propagate changes. Providing 
remote access to shared multi-media information held as a single 
copy at a particular physical location within the office network is 
often impractical due to the physical characteristics of the network 
and the complexities of configuring the logical access paths.

The solution to this requirement which has emerged is a shared 
object store which is replicated, in whole or part, across a community 
of office servers, providing each user with a single image of the 
information, maintained at the local server. The object store may 
then be used to support groupware applications such as conferencing 
or shared document libraries (for example as in ICL’s Team Forum 
and Lotus’ Notes products). Important characteristics of such prod­
ucts are:

•  A directory (which itself may be distributed using replication) is used 
to maintain global information about users, their access permissions 
and server locations.

•  Changes to the object store information are replicated across servers 
as necessary using email or other communications service.
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•  Data consistency is normally maintained by enforcing a single global 
permission to update and delete an object, whilst allowing multiple 
read and extend permissions; extensions are synchronised between 
servers on a time basis. The update permission may be dynamically 
reassigned between users, for example when checking out a document 
in a globally shared library for local updating by an individual user.

Whilst not matching the levels of data integrity and consistency 
achieved by a 2-phase commit process, the replication approach has 
proved entirely adequate for most office applications.

4.3.3. Directory Electronic mail and distributed object stores both depend 
upon a global directory mechanism to maintain information about 
users’ names and addresses, server location, access rights, member­
ship of distribution lists, etc. Individual groupware applications also 
may need to maintain further user information such as interest in 
various conference topics, preferred document formats, passwords 
or application privileges, responsibilities within a workflow process, 
etc. As the scope of the electronic office has grown, so has the 
importance of a directory service to administer and co-ordinate 
information about users and services.

As there is substantial commonality in the user information needed 
by the various office applications, there are significant benefits in 
administration and management by locating it in a general purpose 
directory accessible to all such applications (and extensible by new 
applications). For administrative convenience, the directory needs to 
be distributed in all except the most simple office networks. The 
X.500 standard models the directory in object-oriented terms with 
attributes grouped into class hierarchies; it also contains provision 
for the replication of directory information. Whilst many office prod­
ucts include a directory following these principles, very few directories 
are capable of interchanging information with other products or 
provide open APIs for application access.

4.5 Interchange gateways and converters

The growth in office applications, particularly in the PC area, has led to 
many different, often incompatible formats and interfaces in areas such as 
mail interchange, revisable and compound document standards, directory 
information and groupware applications such as workflow. Although there 
is now a reasonably consistent architectural framework within the industry, 
insufficient standards have yet been established to enable easy integration 
of products and information interchange. To overcome some of these limita­
tions, specialist vendors have developed email/directory gateways and docu­
ment conversion products; recent products in this area support interworking 
between different groupware applications such as diary and meeting sched­
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ulers. At the same time various industry initiatives have been launched to 
define standards in areas such as mail and directory APIs, workflow data 
interchange and multi-media access and interchange.

5 Towards the 4th Generation

Although the basic drives towards technological advance and business 
change will continue, it is doubtful whether we shall see a significant shift 
away from the client-server office in this decade. The architecture is still 
comparatively young and promises sufficient flexibility to encompass most 
of the emerging technology trends, some of which are summarised below. 
The most likely characteristics of the 4th generation office are an increasing 
adoption of object-oriented technology, which underpins a number of the 
newer concepts in office information systems, and a closer link between 
office applications and business processes. These characteristics can be 
accommodated within a client-server framework, so continued evolution in 
this direction is more likely than a radical shift in technology.

5.1 Mobility

Advances in mobile data communications, coupled with laptop and 
handheld PC technology, are extending the office beyond its traditional 
physical boundaries. Many of these changes will be contained within the 
network infrastructure and thus will be relatively transparent to office 
applications, although there is likely to be a need to distribute information 
to such devices for use in a “nomadic" mode, off-line from the main office 
environment for intermittent periods. Object services for data replication, 
consistency and synchronisation are being discussed within organisations 
such as the Object Management Group and Unix International and could 
provide the foundation for such usage.

5.2 Integration of Telephony

For years the promise of closer integration between telephony and other 
office services, such as email and directories, has remained substantially 
unfulfilled, despite the occasional innovative product such as the ICL One- 
per-Desk and specific industry applications such as telesales. However, sub­
stantial progress has recently been made in standards for exchanging tele­
phony control information with conventional office computer systems. These 
will enable, for example, computer analysis and redirection of incoming 
telephone calls or outgoing call control from computer applications via a 
graphical PC interface. Several vendors are working on developments lead­
ing towards common directories for all information services and facilities to 
integrate voice mailbox systems and electronic mail behind a single user 
access interface.
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5.3 Multi-media and Videoconferencing

In the past multi-media has meant essentially static information; in the 
future it will be increasingly “dynamic” (video, sound, graphical animation, 
etc). Desktop videoconferencing and real-time news feed services channelled 
to the desk (for example broadcasting financial or other high value informa­
tion) are expected to become more common. Initially they will make use of 
specialist communications services such as ISDN, but over time will integrate 
with the wider office LAN infrastructure. In architectural terms they will 
require software support for new types of office object which will be linked 
to specific hardware assisted applications.

5.4 Distributed Object Management

The distributed object store will develop so as to provide true location 
transparency to the accessing application and the scope of object relation­
ships such as containment, linking and embedding will be extended across 
different platforms into basic infrastructure. The Object Management Group, 
with industry support, are working on an Open Object Management 
Architecture (OMG, 1990) and related technology proposals which are 
relevant to this area. From the user perspective an important result will be 
a single consistent image of his local (PC-based) object store and those 
global or public objects accessible via the server(s). However, this area will 
see several different vendors contesting the market, so it is possible that 
different de-facto standards will prevail in the market for some time, despite 
industry work on common standards.

5.5 Information filtering and intelligent searching

Ongoing increases in processor, storage and communications capacities will 
render huge amounts of information, much of it unstructured, accessible to 
the office worker. Intelligent filters and knowledge-based searching of mail 
and document stores will increasingly be demanded to analyse, extract, 
summarise and convert information to the form required for use by the 
office worker. Benjamin and Blunt (1992) introduced the concept of the 
Knowbot ie:

'a program designed to travel through a network, inspecting and understanding similar 
kinds of information irrespective of its language or form.’

Standards for object request brokers and common object services will (even­
tually) enable the construction of this type of application.

5 .6  Task and Process integration

Many of the current generation of office systems have relatively weak links 
with business processes; activities within the business process may use office 
automation in various areas (for example email to move information between

572 ICL Technical Journal November 1993



individuals) but the business process remains essentially outside the IT 
system and non-automated. (This contrasts with, for example, TP systems, 
where the application typically reflects a business process.) This problem is 
being attacked from two directions. Bottom-up, applications such as forms 
routing and simple workflow are automating more of the existing process; 
at the other extreme, sophisticated process management applications are 
being introduced via business re-engineering. Both are expected to advance 
significantly in the coming years. At the personal level, task management 
software will provide far better day-to-day organisation of the individual’s 
time with deadline reminders, integration with mail trays and/or workflow 
applications to filter priority items and plan working time, etc. As office 
applications become more tightly integrated with core business functions 
they will become more mission-critical and increasingly demand backup, 
recovery and failure-containment capabilities previously associated with 
mainframe applications; these functions will themselves require to be integ­
rated into the operational office processes.

5 .7 Standards

Much of the promise of the client-server architecture can only be realised 
in practice by adopting industry standards for product integration and 
information exchange. Recent work on open APIs to access email and 
directory services shows promise and many individual products have estab­
lished de facto standards, for example the Microsoft Object Linking and 
Embedding (OLE) specifications, the Lotus Notes API, etc. Industry work 
on standards for object technologies and multimedia is well established and 
work has recently started on standards for workflow applications. There is 
thus the prospect that standards will be established for some important 
parts of the architecture; however, many areas are likely to remain where 
lack of standards, or slow progress on their definition, will result in incom­
patible products, inhibiting the establishment of a global business network.

6 Summary

The office information system has always been, and remains, very much a 
moving target, whose major innovations have been determined by commod­
ity pricing and achievement of critical mass in usage. Ongoing developments 
have emphasised ease of use, support for the unstructured, multimedia 
information prevalent in the office and improvements to the basic office 
tasks of communications, cooperative working and activity coordination.

This paper has traced the development of the electronic office system through 
three loosely defined generations:

•  the earliest systems based on standalone word processing
•  the divergent developments into host- and PC-based offerings during 

the second generation
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•  the merging of the two strands into a single client-server approach, 
building on the strengths of the PC as the desktop device and the server 
as the vehicle for shared data and applications.

An overall evolution towards the 4th generation office system may be 
summarised in the following figure:

Fig. 4 Evolution towards the 4th generation office

The PC has emerged as a dominant component of the office system, sup­
porting a wide range of local applications and providing the platform for 
client access to shared applications and information. The client-server archi­
tecture of today’s third generation office systems has blended PC-LAN 
technology at the local workgroup level with host-based information man­
agement and distribution services to provide enterprise-wide capability. 
Three functions are of particular significance in delivering this global capabil­
ity -  electronic mail, distributed object stores and directory; these form the 
foundation for a wide range of emerging groupware applications to improve 
cooperative working.

Establishing a cohesive infrastructure in these areas will be an important 
step towards an effective electronic business network. For many organisa­
tions this will involve decisions on the use of gateways and document 
conversion to support interworking between the wide range of existing (and 
often incompatible) office applications.

Progress towards the 4th generation will continue on many fronts, retaining 
concepts from earlier generations as the foundation for adding new func­
tionality in areas such as dynamic multi-media information and the integra­
tion of telephony and videoconferencing. The architecture of the client-server 
office is expected to endure; it will be enhanced to incorporate more use of 
object technologies and the increasing integration of business processes as 
the development of the business network reflects the ‘revolutionary’ (Scott 
Morton) phases in the application of IT within the enterprise. However, the 
fundamental role of the office system remains to support and empower its
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user community and, ultimately, progress can only be as fast as their rate 
of adaptation to and exploitation of new technology.
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IPCS -  In teg ra ted  P ro d u c t C onfiguring
S erv ice1

C. W. Bartlett
Independent Consultant, Manchester, UK 

Abstract

During the 1991-2, GPTs Network Systems Group (GPT-NSG), in 
conjunction with ICL, installed a suite of knowledge-based configuring 
systems for use by Technical Support staff in the initial response to 
an invitation to Tender (ITT) and in the provision of detailed manufactur­
ing instructions for those orders that are taken.

GPT-NSG is a large UK supplier of equipment for telecommunications 
networks. The use of the suite of configurers significantly improved 
both the response time for ITTs and the accuracy of the quoted 
equipment and prices.

A fairly high initial cost, recovered in the first year of operation, on 
tools and methodology led to a situation where the service can be 
expanded cheaply and quickly.

The case study presented here demonstrates that the knowledge- 
based technology involved in the production of configurers has 
matured to the point where large scale projects can be commissioned 
with a high degree of confidence of success.

1 Introduction

GPT-NSG is a major international supplier of a wide range of telecommuni­
cations equipment. Their market ranges from the supply of individual items 
of equipment, customised and/or fitted to the customer’s specification, to 
the supply of complete, often nation-wide, telecommunications systems.

At both extremes, GPT-NSG has the problem of first responding quickly 
and accurately to enquiries for such equipment and, following the taking of

‘A previous version of this paper was submitted to the 1992 competition for the D.T.I. 
Manufacturing Intelligence Award and received third prize.
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such an order, ensuring that the delivered equipment is complete, mutually 
compatible and meets the customer’s requirements.

ICL’s Decision Support Product Centre was responsible for the initial devel­
opment of ICL’s own product configuring system [BARTLETT 1987] and 
in the time following the deployment of that system has designed and 
constructed a number of such configuring systems for other organisations.

A configuring system translates a high level description of a functional 
requirement into a low level listing of all the hardware and software that 
must be provided to meet that requirement.

Subsidiary to this main function are such additional optional features as 
costing the recommended system, generation of reliability predictions, spares 
requirements, documentation requirements and physical layout information. 
Configuring systems are a classic [McDERMOTT 1982] application of 
KBS techniques. They represent a cost-effective solution to a problem that 
is often impossible to achieve with conventional programming techniques -  
due to the rapid rate of change of the requirement compared with the 
implementation time.

2 The Problem being Addressed

Early in 1990, GPT-NSG had come to realise that it could improve Quality 
in respect of its handling of ITTs and any subsequent orders. This room for 
improvement manifested as difficulties in:-

responding within the timescale of the ITT;
-  producing an accurate, consistent response;
-  producing accurate forward information for manufacturing;
-  ensuring that equipment delivered to a customer was mutually com­

patible, complete but only complete, and conformed to the customer’s 
requirements.

At that time, the responses were handled by largely manual systems based 
on paper data sheets. Due to the breadth and complexity of GPT-NSG's 
product range it was not possible for individual technical support people to 
be fully conversant with the technical details of every item in the range. As 
a result, individual technical support people had developed individual areas 
of expertise. The consequences of this were inevitable bottle-necks and delays 
and, because of the work load, an inability to investigate alternative solutions 
to a requirement. These problems became very much magnified on those 
occasions when GPT-NSG was assembling a quotation for a very large 
communications network involving many elements of their product range.

In November 1990, GPT-NSG contacted ICL and invited them to collabor­
ate in the preparation of a joint report. This was presented to the Board of 
GPT-NSG in May 1991 and included:-
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-  A working Concept model, running on a standard PC, that demonstrated 
how knowledge-based configuring could be applied to the Automatic 
Cross-connection Equipment.

-  A Cost/Benefit model showing the massive savings in operating costs 
that could be achieved by the wide-scale deployment of Configuring 
Systems. (The main benefit shown in this model was the avoidance of 
losses due to late invoicing to the customer.).

-  The identification of a requirement for a front end, a Product Selection 
System, to the suite of Configurers that would match the requirements 
of large scale end-users of telecommunications equipment to the types 
of equipment GPT-NSG was able to deliver with due regard to commer­
cial constraints and marketing policy.

-  A proposal showing how GPT-NSG should be organised to control the 
development and deployment of the various configurers and how the 
technology and skills involved in the creation of configurers could be 
transferred to GPT-NSG staff.

This report was accepted by the Board of GPT-NSG and a program of
work agreed with ICL. This comprised:-

-  The delivery of configurers, complete with technical documentation and 
User Guides, for four of GPT-NSG’s products:
-  A large (up to 512 ports) Automatic Cross-connection Equipment 

(ACE) for digital networks. ACE is used to automate the (many to 
many) connection of 2Mbit/s digital channels in on-going real time 
situations;

-  A range of compact primary multiplexors which accept a variety of 
analogue, voice and data traffic inputs and multiplex them into an 
aggregate 2Mbit/s channel;

-  A range of modular multiplexors with capabilities for multiplexing 
traffic from 2Mbit/s through various levels up to 140Mbit/s;

-  A range of multiplexors providing a Synchronous Digital Hierarchy.
-  Development of a generic system for the maintenance and further develop­

ment of the suite of configurers;
-  A comprehensive report on the requirements for the Product Selection 

System;
-  A proposal for a configuring system aimed at the software and hardware 

required for the management and control of large scale networks of GPT- 
NSG’s products;
A technology transfer programme for GPT-NSG’s staff, this being rated 
as of an importance equal to that of the various tangibles.

The whole of this package was designated GPT-NSG’s Integrated Product
Configuring Service (IPCS).
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Emphasis was placed on the development of the first four configurers. 
Analysis of GPT-NSG’s business plans had revealed that these were where 
the most immediate improvements in cash flow could be expected. This was 
so even if they were deployed as stand-alone systems without being fully 
integrated into the rest of the IT support available to GPT-NSG staff.

Subsequent to ICL’s involvement in this initial package, GPT-NSG has 
gone on to develop seven further configurers for other members of its 
product range. All of these are in productive use, and there is considerable 
demand from users for more configurers to complete the coverage of the 
full catalogue.

3 How the Problem was Solved

3.1 Development of IPCS

3.1.1 Delivery Requirements. Examination of the delivery possibilities for 
IPCS revealed a choice between existing UNIX-based workstations 
and networked PCs. Costing the alternatives showed an over­
whelming case for using PCs.

The user preference was for a Windows-style application. This put an imme­
diate boundary on the choice of tools. Some, fairly limited, comparative 
trials quickly showed Kappa PC2 as possessing the desired richness of 
facilities coupled with a good operational speed. It also allows applications 
to be ported from the PC onto a UNIX system running ProKappa. This is 
expected to be of importance during the later stages of the project when the 
suite of configurers is brought together in the Product Selection System.

A further factor to be imposed was that of ensuring that output from the 
configurers is consistent with the input requirements of GPT-NSG’s MRPII 
system (used to manage the flow of orders through the manufacturing 
process), thereby allowing quotations to be progressed right through to 
factory output without any need for re-inputting of data.

3.1.2 Required Functionality. The primary function of configurers is the 
generation of a listing of all the parts required to satisfy the require­
ment for equipment. Beyond this, other areas of functionality are 
required to support the response to an ITT and eventual supply of 
the equipment:-

Case management -  allowing the user to save the details of a particular 
enquiry and later retrieve it for possible amendment or re-evaluation 
against a changed set of configuring rules.

2Kappa PC and ProKappa are products of IntelliCorp Inc. They are both state of the art 
hybrid development systems combining Object Oriented techniques with the inferencing tech­
niques of classical KBS development systems.
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-  Adaptive Engineering -  th e r e  a r e  o f t e n  c a s e s  w h e r e  th e  r e q u ir e m e n t  
c a n n o t  b e  m a tc h e d  c o m p le t e ly  f r o m  e x is t in g  p a r ts .  T h e  c o n f ig u r e r  is 
r e q u i r e d  to  re c o g n is e  th e s e  s i t u a t io n s  a n d  a l lo w  th e  u s e r  th e  o p p o r t u n i t y  
to  r a is e  s p e c ia l  e n g in e e r in g  a c t io n s  t o  c a u s e  t h e  p a r t  t o  b e c o m e  a v a i la b le .  
T h e s e  r e q u i r e m e n ts  a n d  th e  u s e r ’s  j u s t i f i c a t io n  a r e  a t t a c h e d  t o  th e  f in a l 
r e p o r t .

-  Documentation -  th e r e  a r e  t w o  a s p e c t s  t o  th is .  L is t in g s  o f  r e le v a n t  s p e c i ­
f ic a t io n s  a r e  r e q u ir e d  fo r  a t t a c h m e n t  t o  th e  c o n tr a c t .  W ith  s o m e  o f  G P T -  
N S G ’s p r o d u c t s  th e  u s e r  d o c u m e n t a t io n  is  g e n e r a te d  b y  a  “p ic k  a n d  
m ix ” p r o c e s s .  G u id a n c e  is  r e q u ir e d  a s  t o  w h a t  s e c t io n s  a r e  t o  b e  in c lu d e d  
in  th is  d o c u m e n t a t io n  s u p p lie d  w ith  th e  p r o d u c t .

-  Physical layout information is  o f t e n  r e q u ir e d . T h e  e x a c t  r e q u ir e m e n ts  a r e  
d e p e n d e n t  o n  t h e  p a r t ic u la r  e q u ip m e n t .  T h e y  in c lu d e  t h e  g e n e r a t io n  o f  
a  f lo o r  “f o o t p r in t ” , th e  g e n e r a t io n  o f  a  C A D  d r iv in g  f ile  fo r  a  d e ta i le d  
s c h e m a t ic  o f  th e  la y o u t  o f  th e  e q u ip m e n t ,  a n d  d ia g r a m s  s h o w in g  th e  
p o s i t io n in g  o f  C ir c u it  C a r d s  in  S h e lv e s .

-  Reliability predictions a r e  r e q u ir e d  fo r  th e  t o t a l  e q u ip m e n t  a n d  fo r  th e  
a v a i la b i l i t y  o f  a n  in d iv id u a l  c h a n n e l .

-  Power dissipation predictions a r e  r e q u ir e d .
-  T h e  overall mass of the configured equipment is  r e q u ir e d .
-  (A  costing is  r e q u i r e d  fo r  th e  c o n f ig u r e d  e q u ip m e n t .  T h is  is g e n e r a te d  

o u ts id e  th e  c o n f ig u r in g  s y s te m  b y  c o r r e la t in g  th e  o u t p u t  w i th  a  c o s t /p r ic e  
d a ta b a s e .)

T h e  configurer building and maintenance system ( C B A M )  is  a  f u n d a m e n ta l  
c o m p o n e n t  o f  I P C S . I t  is  th e  p r im e  m e a n s  o f  e n s u r in g  t h a t  th e  c o n f ig u r e r s  
p r e s e n t  a  c o m m o n  “ l o o k  a n d  fe e l” . I t  a l s o  s u p p o r t s  a  c o m m o n  s t r u c t u r e  fo r  
a ll  c o n f ig u r e r s  a n d  m a x im is e s  t h e  r e - u s e  o f  c o d e . A p a r t  f ro m  th is ,  C B A M  
h a s  a  m a jo r  r o le  in  m a in ta in in g  th e  q u a l i ty  o f  th e  in d iv id u a l  c o n f ig u re r s .  
E a c h  c o n f ig u r e r  is  h e ld  a s  a  s e t  o f  th r e e  files:-

-  T h e  drivers file, c o v e r in g  th e  a c q u is i t io n  o f  th e  u s e r  r e q u i r e m e n t ,  a n d  
h e n c e  th e  H u m a n  M a c h in e  In te r f a c e ,  a n d  c o n ta in in g  th e  c o m m o n  s t r u c ­
tu r e s  a n d  f u n c t io n a l i ty  r e q u i r e d  b y  a l l c o n f ig u re r s ;

-  T h e  parts file, c o n ta in in g  th e  d e ta i l s  o f  th e  p a r t s  u se d  b y  a  p a r t i c u l a r  
p r o d u c t  a n d  th e  f u n c t io n a l i ty  c o n c e r n e d  w ith  th e  u se  o f  th e  ru le s  fo r  
c o n f ig u r in g  th e s e  p a r ts ;  a n d ,

-  T h e  rules file c o n t a in i n g  th e  v a r io u s  ru le s  c o n c e r n e d  w ith  c o n f ig u r in g  
th e  p r o d u c t .

T h e  d iv is io n  o f  a  c o n f ig u r e r  in to  th e s e  t h r e e  s o u r c e  f ile s  h a s  th e  b e n e f i t  t h a t  
th e  c o n s t r u c t io n  a n d  m a in te n a n c e  sy s te m  is a b le  to  p e r f o rm  a  s e t  o f  c o n s is t ­
e n c y  c h e c k s  ( a t  th e  le x ic a l le v e l)  o n  th e  c o m p a t ib i l i ty  o f  th e  ru le s  a n d  p a r t s  
w i th  r e s p e c t  t o  c o v e ra g e ,  d u p l ic a t io n  a n d  in a p p r o p r i a t e  m a tc h in g  o f  ru le s  
a n d  p a r t s .  T h is  c o n s id e r a b ly  ra is e s  c o n f id e n c e  in  th e  c o r r e c t  o p e r a t io n  o f
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th e  c o n f ig u r e r  a n d  s ig n if ic a n t ly  r e d u c e s  th e  n e e d  fo r  d if f ic u lt  a n d  le n g th y  
c h e c k in g  a t  r u n  tim e .

3.1.3 Management Aspects. T h e  in i t ia l  d e v e lo p m e n t  p h a s e  w a s  c o n d u c te d  
w h ile  G P T - N S G  w a s  u n d e r t a k in g  a  r a d ic a l  r e s t r u c tu r in g  p r o g r a m .  
A s  a  c o n s e q u e n c e ,  c e r t a in  a r e a s  o f  e x p e r t is e  in  c o n f ig u r in g  w e re  
e x p e c te d  t o  b e c o m e  u n a v a i la b le  w i th in  th e  d u r a t i o n  o f  th is  in i t ia l  
p h a s e .  T h is  h a d  a  d i r e c t  e ffec t o n  p la n n in g  th e  p r o je c t .  I t  w o u ld  h a v e  
b e e n  d e s i r a b le  t o  c o n s t r u c t  a  s e t  o f  s m a ll  p r o to ty p e s  fo r  th e  f irs t 
p r o d u c t s ,  a n d  th e n  d e s ig n  a  c o m m o n  s t r u c t u r e  a n d  fo llo w  th is  b y  
th e  d e s ig n  a n d  c o n s t r u c t io n  o f  t h e  c o n s t r u c t io n  a n d  m a in te n a n c e  to o l .

H o w e v e r ,  b e c a u s e  o f  th is  e x p e c te d  sk il l  s h o r ta g e ,  i t  w a s  n e c e s s a ry  t o  p la n  
th e  fu ll  s c a le  d e v e lo p m e n t  o f  t h e  f i r s t  c o n f ig u r e r  ( t h a t  fo r  th e  A C E  e q u ip m e n t )  
a s  th e  f i r s t  d e l iv e ry .  T h is  le d  t o  a  f a ir ly  d if f ic u lt  t e c h n ic a l  m a n a g e m e n t  
p r o b le m  w i th  o v e r la p p e d  d e s ig n  a n d  im p le m e n ta t io n  o f  th e  c o n f ig u r e r s  a n d  
th e i r  c o n s t r u c t io n  to o ls .  T h e  o b je c t  o r ie n t e d  f e a tu re s  o f  K a p p a  P C  w e re  o f  
g r e a t  b e n e f i t  d u r in g  th is  t im e , g r e a t ly  f a c i l i ta t in g  th e  m e rg in g  o f  th e  c o d e  
fo r  th e  v a r io u s  i te m s .

A n o th e r  a s p e c t  r e q u i r in g  c a re fu l  h a n d l in g  w a s  t h a t  o f  th e  m a n a g e m e n t  o f  
u s e r ’s e x p e c ta t io n s .  T h e  in i t i a l  in v e s t ig a t io n s  in to  th e  r e q u i r e m e n ts  f o r  a n d  
p o s s ib i l i t i e s  o f  a  c o n f ig u r in g  s y s te m  h a d  g e n e r a te d  c o n s id e r a b le  in te r e s t  in  
th e  p o t e n t i a l  u s e rs .  T h is  t e n d e d  t o  m a n if e s t  i ts e lf  a s  a  “ t o o  l i t t le  t o o  l a t e ” 
a t t i tu d e .  T h e  r e g u la r  s e e k in g  o f  c o m m e n t  b y  m e a n s  o f  w o rk in g ,  in te r im  
r e le a s e s  d id  m u c h  to  a l le v ia te  th is .

T h e  production phase w a s  m a r k e d  b y  a  c h a n g e  in  th e  m a n a g e m e n t  r e g im e  
f r o m  p r o je c t  t o  lin e . O w n e r s h ip  o f  th e  v a r io u s  a c t iv i t ie s  a n d  a r te f a c t s  is 
d iv id e d  b e tw e e n :-

-  E n g in e e r in g  w h o  o w n  th e  ru le s ;
-  T e c h n ic a l  S u p p o r t  w h o  o w n  th e  c o n f ig u re r s ;  a n d ,
-  I n f o r m a t io n  S y s te m s  w h o  o w n  th e  to o ls  a n d  th e  p h y s ic a l  m e a n s  o f  

d e l iv e ry .

T h e  s t r a te g y  g o v e r n in g  th is  p r o d u c t i o n  p h a s e  w a s  o n e  o f  m a x im u m  g a in  fo r  
m in im u m  in i t ia l  e ffo rt . T h u s  in i t ia l ly  b a s ic  f a c il i ty  ( p a r t s  l i s t in g  o n ly )  c o n ­
f ig u re r s  w e re  d e v e lo p e d  fo r  th e  w h o le  p r o d u c t  r a n g e  a n d  o n ly  w h e n  th is  
w a s  c o m p le te d  w e re  th e y  r e v is i te d  a n d  b r o u g h t  t o  fu ll f u n c t io n a l i ty .

3.2 Methodology and Techniques

3.2.1 Role of the System Developer. D u r i n g  th e  in i t ia l  p h a s e  o f  th e  p r o je c t ,  
th e  le a d  w a s  t a k e n  b y  I C L . I n  th is  ro le ,  I C L  w a s  r e s p o n s ib le  fo r:-
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-  T h e  d e s ig n  a n d  c o n s t r u c t io n  o f  th e  d e v e lo p m e n t  a n d  m a in te n a n c e  
to o ls ;  a n d ,

-  T h e  g e n e r ic  a n d  d e t a i l e d  d e s ig n  o f  th e  f o u r  c o n f ig u re r s ;  th e  e l ic i ta t io n  o f  
th e  k n o w le d g e  r e q u i r e d  fo r  th e s e  c o n f ig u re r s ;  a n d  th e i r  im p le m e n ta t io n .

T o  e n s u r e  t h a t  th e r e  w a s  a n  e ffec tiv e  t r a n s f e r  o f  th e  te c h n o lo g y ,  a  G P T -  
N S G  p e r s o n  w a s  a s s ig n e d  to  w o r k  fu ll t im e  w ith  I C L ,  a n d  w a s  r e s p o n s ib le  
fo r  o n e  o f  th e  c o n f ig u re r s .  T h is  t r a n s f e r  w a s  f u r th e r  f a c i l i ta te d  b y  m a k in g  
a ll w o r k - n o te s  a s  w e ll a s  s p e c if ic a t io n s  f re e ly  a v a i la b le  t o  G P T - N S G .

V a lu a b le  f e e d b a c k  w a s  o b ta in e d  f ro m  G P T - N S G  d u r in g  th is  p h a s e  b y  
s e e k in g  c o m m e n t  o n  a  s e r ie s  o f  in c r e m e n ts  o f  a l l  i te m s . T h is  in c r e m e n ta l  
a p p r o a c h  w a s  s t r e n g th e n e d  b y  th e  a g r e e m e n t  o f  a  n u m b e r  o f  f o rm a l  
d e l iv e r y /p a y m e n t  p o in t s  id e n t i f ie d  t h r o u g h o u t  th e  d u r a t i o n  o f  th e  p r o je c t .

B e y o n d  th e  d e l iv e ry  o f  a n  i te m , I C L  p r o v id e d  a  28  d a y  w a r r a n ty .  D u r in g  
th is  p e r io d  a n y  b u g s  f o u n d  w e re  a t t e n d e d  to  u r g e n t ly  a s  a  j o i n t  e x e rc is e  
b e tw e e n  I C L  a n d  G P T - N S G .  T h is  g a v e  a  v a lu a b le  b o o s t  t o  t h e  t r a n s f e r  o f  
th e  t e c h n o lo g y  to  G P T - N S G .  B e y o n d  th e s e  28  d a y s ,  I C L  w a s  w il l in g  to  
s u p p ly  g e n e r a l  s u p p o r t  b u t  th e r e  w a s  l i t t le  n e e d  f o r  th is .

3.2.2 Writing the Reports. I n  th e  p r o d u c t i o n  o f  th e  tw o  r e p o r t s  I C L  m a d e  
fu ll  u s e  o f  t h e  concept to definition s ta g e s  o f  t h e  f o r m a l  marketing to 
design3 m e th o d o lo g y  [ H U T T  e t  a l 1 9 9 0 ] .  I n  r e c o r d in g  a n d  a n a ly s in g  
th e  r e s u l t s  o f  th e  n u m e r o u s  in te r v ie w s  w i th  G P T - N S G  s ta ff , e x te n s iv e  
u se  w a s  m a d e  o f  K A N T 4 [ S T O R R S  e t a l 1 9 8 9 ] .  A s a  r e s u l t  o f  th is , 
a  lin e  is  t r a c e a b le  b e tw e e n  a l l  f e a tu re s  id e n tif ie d  in  th e  r e p o r t s  a n d  
th e  v a r io u s  in te rv ie w e e s  w h o  p r o v id e d  in p u t  b e a r in g  o n  th o s e  
f e a tu re s .

3.2.3 The Configurers. S u p e r f ic ia lly , c o n f ig u r in g  e q u ip m e n t  w o u ld  a p p e a r  
to  b e  c o m p le te ly  d e te r m in is t ic .  I n  p r a c t ic e ,  w ith  p r o d u c t s  h a v in g  th e  
g e n e r a l i ty  a n d  f le x ib ili ty  o f  G P T - N S G  ra n g e ,  th is  is f a r  f ro m  th e  ca se . 
I n  g e n e ra l ,  m a n y  c o n f ig u r a t io n s  o f  a  p r o d u c t  c a n  m e e t  o n e  u s e r  
r e q u ir e m e n t .  T o  re s o lv e  th is  f le x ib ility , i t  is  n e c e s s a ry  to  c o n s id e r  
o th e r  f a c to rs .  F o r  e x a m p le ,  m a r k e t in g  p re fe re n c e s  a n d  m a n u f a c tu r in g  
c o n s t r a in ts ,  a n d  th e  n e e d  to  b e  c o m p a t ib le  w i th  o th e r  e q u ip m e n t

3This is a formal methodology based on the results of three Alvey projects: “User Skills and 
Task Match Methodology” (ALV/MMI/PRJ/143); “Development of Methods for Early 
Evaluation of Interface Designs” (ALV/MMI/PRJ/122); and, “Human Interface Monitoring 
System” (ALV/MMI/PRJ/091).
4KANT is a Hypertext-based system that provides many powerful facilities for collating large 
amounts of, informal, knowledge arising from a multiplicity of sources. Of particular interest 
are its facilities for keeping records of the provenance of any derived knowledge and its ability 
to deduce the implications of any changes in the source material.
KANT was developed as part of the “DHSS Large Demonstrator” Alvey project.

582 ICL Technical Journal November 1993



b e in g  c o n f ig u r e d  fo r , o r  a l r e a d y  p r e s e n t  a t ,  th e  t a r g e t  station5. A  
f u r th e r  c o n s id e r a t io n  is  t h a t  th e  p ro c e s s  f o l lo w e d  b y  th e  c o n f ig u r in g  
s y s te m  s h o u ld  m a tc h  t h a t  fo l lo w e d  b y  a n  e x p e r t  S u p p o r t  p e r s o n  
d o in g  th e  s a m e  ta s k .  H e n c e , a s  w e ll a s  u s in g  te c h n ic a l  d o c u m e n ta t io n  
f o r  th e  v a r io u s  p r o d u c t s  i t  w a s  n e c e s s a r y  t o  c o n d u c t  e x te n s iv e  i n te r ­
v ie w s  w i th  th e  S u p p o r t  a n d  P r o d u c t  e x p e r ts .  T h e  m e th o d o lo g y  u se d  
fo r  th e s e  in te r a c t io n s  w a s  th e  elicitation/teachback interview 
[ J O H N S O N  e t a l ,  1 9 8 7 ] ,

I n  th e  im p le m e n ta t io n  o f  th e  c o n f ig u r e r s  fu ll  u s e  w a s  m a d e  o f  th e  o b je c t  
o r ie n t e d  f e a tu re s  o f  K a p p a  P C .  T h u s  th e  s t r u c tu r e  o f  a  p r o d u c t  w a s  a n a ly s e d  
in  te r m s  o f  th e  g r o u p in g  o f  th e  c o m p o n e n ts  i n to  b r o a d  a r e a s  o f  f u n c t io n a l i ty .  
T h is  g r o u p in g  w a s  d ir e c t ly  r e f le c te d  in  t h e  o b je c t  h ie r a r c h y .  A s s o c ia te d  w ith  
e a c h  o f  th e s e  f u n c t io n a l  a r e a s  w a s  a  s e t  o f  ( b o t h  f o r w a r d  a n d  b a c k w a r d  
c h a in in g )  ru le s ,  th e s e  b e in g  d iv id e d  in to  w a te r t ig h t  c o m p a r tm e n ts  a n d  
e x e c u te d  in  s u i t a b le  s e q u e n c e s .

R e p o r t  g e n e r a t io n  w a s  b y  c o n te x t- f r e e  m e th o d s  a s s ig n e d  t o  th e  R o o t  c la s s  
o f  t h e  P a r t  h ie ra rc h y .  S im ila r  m e th o d s  a r e  p r o v id e d  f o r  m a s s ,  r e l ia b i l i ty  
p r e d ic t io n s ,  a n d  p o w e r  c o n s u m p t io n .

T h e  a v a i la b i l i ty  o f  o b je c t  o r i e n t e d  te c h n o lo g y  w a s  p a r t i c u la r l y  v a lu a b le  fo r  
g e n e r a t in g  la y o u t  in f o r m a t io n .  T h u s ,  e a c h  ty p e  o f  p a r t  w a s  in v e s te d  w ith  
th e  ( p r o c e d u r a l )  k n o w le d g e  o f  h o w  to  a s s e m b le  i ts e l f  i n t o  a  h ig h e r  o r d e r  
s u b -a s s e m b ly . F o r  e x a m p le ,  a  c a r d  k n o w s  t h a t  i t  m u s t  f i t  i t s e lf  i n to  a  
p a r t i c u l a r  ty p e  o f  sh e lf. U s in g  th is  a p p r o a c h  i t  is  p o s s ib le  t o  e a s i ly  m im ic  
th e  p h y s ic a l  c o n s t r u c t io n  b y  s e n d in g  a  s e r ie s  o f  m e s s a g e s  to  th e  v a r io u s  
p a r t s .  T h u s ,  fo r  e x a m p le ,  c a r d s  a r e  to ld  t o  g o  in to  sh e lv e s , sh e lv e s  to  g o  in to  
r a c k s  a n d ,  r a c k s  a n d  c a b le  d u c t s  to  a s s e m b le  to g e th e r  to  fo rm  a  s ta t io n .  A s 
a  c o n s e q u e n c e  o f  th is  a p p r o a c h  th e  a r e a  o f  th e  c o n f ig u r e r s  c o n c e r n e d  w ith  
p h y s ic a l  la y o u t  is  e x c e p t io n a l ly  e a s y  to  u n d e r s t a n d  -  e v e n  th o u g h  i t  is  a ll 
p r o c e d u r a l  c o d in g .

3.3 Software, Timescale and Cost

U s in g  K a p p a  P C ,  f ro m  I n te l l iC o r p  In c .,  th e  d e v e lo p m e n t  o f  th e  g e n e r ic  
c o n s t r u c t io n  a n d  m a in te n a n c e  s y s te m  a n d  th e  in i t ia l  b a t c h  o f  c o n f ig u r e r s  
t o o k  9  m o n th s .  S u b s e q u e n t  t o  th is ,  a b o u t  3 w e e k s  a r e  n o w  r e q u i r e d  fo r  th e  
in i t ia l  r e le a s e  o f  a  n e w  c o n f ig u r e r  (w i th  b a s ic  f u n c tio n a li ty ) .

T h e  c o s t  o f  th e  in i t ia l  p h a s e  ( r e p o r ts ,  c o n s t r u c t io n  sy s te m  a n d  f o u r  c o n ­
f ig u re rs )  w a s  £ 3 5 0 ,0 0 0 . T h is  in i t ia l  in v e s tm e n t  a l lo w s  f u r th e r ,  b a s ic  p a r t s  
id e n t i f ic a t io n ,  c o n f ig u r e r s  to  b e  p r o d u c e d  a t  a n  a v e r a g e  c o s t  o f  £ 5 ,0 0 0 . 
(F o l lo w in g  c o v e r a g e  o f  th e  w h o le  p r o d u c t  r a n g e  a t  th is  b a s ic  le v e l th e

5In telecommunications, a station is a physical location housing a multiplicity of telecommunica­
tions equipment.
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c o n f ig u r e r s  a r e  b r o u g h t  u p  to  th e  fu ll lev e l o f  f u n c t io n a l i ty  a t  a n  a v e r a g e  
c o s t  o f  f u r th e r  £ 5 ,0 0 0  e a c h .)

3.4 Key KBS Aspects of IPCS

-  T h e  K n o w le d g e  w a s  shared [ W I I G ,  1 9 9 0 ] ,  i.e. i t  is  s p e c ia lis e d , i ts  c o n ­
c e p ts  w e re  u n d e r s to o d  b y  e x p e r ts  w ith  in s ig h ts  in to  d if f ic u lt p r o b le m s  
a n d  w h o  u s e d  e x p e r t  s t r a te g ie s  in  p r o v id in g  s o lu t io n s .

-  T h e  s y s te m  w a s  ru le - b a s e d ,  th e  ru le s  b e in g  s e p a r a te d  f ro m  th e  in fe re n c e  
e n g in e . T h e s e  ru le s  e n c o d e d  th e  e x p e r t  k n o w le d g e  o f  h o w  to  c o n f ig u re  
th e  p r o d u c t .  T h e  w a y  in  w h ic h  th e  e x p e r ts  u s e d  th is  k n o w le d g e  w a s  
im p l ic i t ly  m o d e l le d  b y  th e  s e q u e n c e  a n d  m a n n e r  ( f o r w a r d /b a c k w a r d )  
t h a t  th e  ru le s  w e re  u ti l is e d .

-  K n o w le d g e  a b o u t  th e  p r o d u c t  to  b e  c o n f ig u r e d  w a s  c o d e d  u s in g  th e  
o b je c t - o r ie n te d  fa c ilitie s  o f  K a p p a  P C .

-  T h e  sy s te m  r e c o g n is e d  n o v e l  s i t u a t io n s  a n d  r e s p o n d e d  b y  a l lo w in g  th e  
u s e r  to  r e q u e s t  sp e c ia l  e n g in e e r in g  a c t io n  to  sa tis fy  th e  r e q u ir e m e n t .

-  T h e  sy s te m  w a s  e a s y  to  m a in ta in .  N o t  o n ly  w e re  th e  ru le s  s e p a r a te d  
f ro m  th e  in fe re n c e  e n g in e ,  th e y  w e re  h e ld  in  s e p a r a te  s o u r c e  files. T h is  is 
a ls o  t r u e  w ith  r e s p e c t  to  in f o r m a t io n  c o n c e r n in g  th e  s t r u c tu r e  o f  th e  
e q u ip m e n t  a n d  th e  p ro c e s s e s  u s e d  to  c o n f ig u re  it.

-  T h e  p r o b le m  w a s  to o  la rg e  a n d  in d iv id u a l ly  to o  c o m p le x  to  ta c k le  
e c o n o m ic a l ly  b y  c o n v e n t io n a l  m e a n s .

-  P r o v is io n  o f  a  G r a p h ic a l  U s e r  I n te r f a c e  m e a n t  th e  c o n f ig u r e r s  w e re  v e ry  
e a s y  to  u se  a n d  r e q u i r e d  o n ly  m in im a l  w r i t te n  d o c u m e n ta t io n .

-  W h i ls t  th e  c o n f ig u r e r s  d id  n o t  o ffe r  e x p la n a t io n  fa c il i t ie s  to  th e  u s e r  th e y  
d id  p r o v id e  e x te n s iv e  c o n te x t- s e n s i t iv e  h e lp . T h is  w a s  a c c e s s e d  b y  u s in g  
th e  r ig h t  m o u s e  b u t t o n  o n  a n y  o b je c t  v is ib le  to  th e  u se r.

4 The System in Use

T h e  f irs t c o n f ig u re r ,  t h a t  fo r  A C E , w e n t o p e r a t i o n a l  in  O c to b e r  1991. By 
A p r i l  199 2  a  to ta l  o f  f o u r  c o n f ig u r e r s  w e re  in  u se . B y  th e  e n d  o f  S e p te m b e r  
1992  th e re  w e re  a  to t a l  o f  e le v e n  c o n f ig u r e r s  in  d a i ly  u se  b y  T e c h n ic a l  
S u p p o r t .

T h e  s y s te m  is m o u n te d  o n  a  P C  n e tw o r k .  A cc ess  to  th e  in d iv id u a l  c o n f ig u r e r s  
is c o n t r o l l e d  v ia  a  s im p le  f r o n t  e n d  th a t  is u s e d  to  r e p la c e  th e  s t a n d a r d  
W in d o w s  P R O G M A N .E X E .  T h is  r e p la c e m e n t  p r o v id e s  th e  r e q u i r e d  s e c u r ­
ity  o f  ac ce ss .

B y  th e  e n d  o f  1992  th e r e  w e re  s o m e  35 u se s  o f  th e  c o n f ig u r e r s  p e r  
w o r k in g  d a y .
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5 Direct Benefits

5.1 Cash Savings

T h e  e x p e c te d  s a v in g s  p e r  a n n u m  a r e  s h o w n  b e lo w . T h is  s h o w s  th a t ,  a s  
p la n n e d ,  th e  p r o je c t  b r o k e  e v e n  in  i ts  f ir s t  y e a r .  T h is  w a s  a n  i m p o r t a n t  
t a r g e t  t h a t  h a d  to  b e  a g r e e d  b e fo re  p e r m is s io n  to  p r o c e e d  c o u ld  b e  o b ta in e d  
f ro m  G P T - N S G ’s B o a rd .

N o te  t h a t  th e  s a v in g s  a r e  e x p e c te d  to  in c re a s e  y e a r  b y  y e a r .  T h e r e  a r e  tw o  
f a c to r s  a t  w o r k  h e re ,  th e  in c re a s in g  c o v e r a g e  a n d  fa c ilitie s  o f  I P C S  a n d  th e  
g r o w th  o f  G P T - N S G ’s b u s in e s s .

1991 199 2  1993 19 9 4  1995  19 9 6  T o ta l

£ k 0  £ k 2 8 1  £ k 4 2 8  £ k 5 3 8  £ k 5 9 2  £ k 6 5 1  £ k 2 ,4 9 0

T h e  f a c to r s  t a k e n  in to  a c c o u n t  in  f o r m u la t in g  th is  p r e d ic t io n  a re :-

-  T h e  c o s ts  o f  in t r o d u c in g ,  m a in ta in in g  a n d  e n h a n c in g  I P C S .
-  T h e  e f fo r t  s a v e d  in  c o n f ig u r a t io n  p r e p a r a t io n .
-  T h e  e f fo r t  s a v e d  in  in s t a l l a t io n  a n d  c o m m is s io n in g  o f  th e  d e l iv e re d  

p r o d u c t .
-  A v o id a n c e  o f  lo s s e s  d u e  to  a c c e p ta n c e  o f  u n d e r  q u o ta t io n s .
-  A v o id a n c e  o f  lo s s  o f  b u s in e s s  d u e  to  o v e r  q u o ta t io n s .
-  P r o f i t  f ro m  n e w  b u s in e s s  a r i s in g  f ro m  I P C S .
-  S a v in g s  d u e  to  s h o r t e r  c a s h  r e c o v e r y  tim e s .
-  S a v in g s  d u e  to  a c c u r a t e  a n d  t im e ly  p r o c u r e m e n t  p r e d ic t io n s .
-  S a v in g s  d u e  to  r e d u c t io n  in  A d a p t iv e  E n g in e e r in g .

O f  th e s e  f a c to r s  th e  m a jo r  b e n e f i t  a r is e s  f r o m  s h o r t e r  c a s h  r e c o v e ry  t im e s  
d u e  t o  b e in g  a b le  t o  in v o ic e  e a r l ie r ,  s in c e  th e  e q u ip m e n t  d e l iv e re d  to  s ite  is 
c o r r e c t  f i r s t  t im e  a n d  e v e ry  t im e . ( I n  fa c t,  in  t h e  c o s t /b e n e f i t  m o d e l  u s e d , a n  
o p t im is t i c  v ie w  o f  t h e  c o s t  o f  m o n e y  w a s  e m p lo y e d  -  th e  in te r e s t  r a te s  
a s s u m e d  w e re  p r o b a b ly  t o o  lo w  f o r  th e  f o re s e e a b le  fu tu re .  H e n c e  th e  s a v in g s  
a r e  l ik e ly  t o  b e  s o m e w h a t  g r e a te r  t h a n  th o s e  in d ic a t e d  a b o v e .)

5.2 Staff Savings

I n t r o d u c t i o n  o f  I P C S  h a s  le d  t o  im m e d ia te  g a in s  in  in d iv id u a l  p r o d u c t iv i ty .  
D u r i n g  1 9 9 2 , th e  n u m b e r  o f  p e o p le  e m p lo y e d  in  T e c h n ic a l  S u p p o r t  w a s  
r e d u c e d  f ro m  2 5  t o  11 w h i ls t  t h e  w o r k  th r o u g h p u t  a c tu a l ly  in c re a s e d .
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A p a r t  f ro m  th e  p la n n e d  a n d  a c h ie v e d  le v e ls  o f  c a s h  s a v in g s  th e  o th e r  
i m p o r t a n t  o b je c t iv e  o f  th e  p r o je c t  w a s  th e  in t r o d u c t io n  o f  K B S  te c h n o lo g y  
in to  G P T - N S G ’s c u l tu r e .  W h i ls t  th e r e  is  s ti ll  a  lo n g  w a y  to  g o , it is  a l r e a d y  
o b v io u s  t h a t  th is  h a s  b e e n  a  su c c e ss , a s  e v id e n c e d  b y  th e  s p e e d  a n d  lo w  c o s t  
w i th  w h ic h  n e w  c o n f ig u r e r s  a r e  b e in g  p r o d u c e d .  G P T - N S G  is n o w  in  a n  
e x c e lle n t p o s i t io n  to  in t r o d u c e  K B S  s o lu t io n s  in to  i ts  d e v e lo p m e n t  a n d  
m a n u f a c tu r in g  sy s te m s .

6 Indirect Benefits

6.1 Lessons Learned

T h e r e  a r e  a  n u m b e r  o f  le s s o n s  o f  g e n e r a l  im p o r t : -

-  T h e  te c h n o lo g ie s  u s e d  a n d  r e q u i r e d  fo r  th e  lo w  r is k ,  p r e d ic ta b l e  p r o d u c ­
t io n  o f  c o n f ig u r in g  s y s te m s  a r e  a v a i la b le  a n d  w e ll u n d e r s to o d ;

-  T h e r e  a r e  c o n s id e r a b le  b e n e f its  in  th e  u se  o f  h y b r id  o b je c t - o r ie n te d  
te c h n iq u e s ;

-  F o r  te le c o m m u n ic a t io n s  sy s te m s , c a r e  is r e q u i r e d  in  c lo se ly  d e f in in g  th e  
b o u n d a r y  o f  th e  d o m a in  fo r  e a c h  c o n f ig u re r .  W i th o u t  th is  c a r e ,  th e r e  is 
a  te n d e n c y  fo r  c o n f ig u r e r s  to  “ g r o w ” u n c o n t r o l la b ly ;

-  K B S  d e v e lo p m e n t  s y s te m s  w h ic h  s u p p o r t  th e  g e n e r a t io n  o f  p la in -  
la n g u a g e  s o u rc e -f ile s  a l lo w  le x ic a l lev e l c h e c k s  to  b e  a p p l ie d  t o  th e  
c o n s is te n c y  o f  th e  K n o w le d g e  B a se ; th is  b r in g s  c o n s id e r a b le  b e n e f its ;

-  T h e  f o rm a l  marketing to design methodology is  o f  g r e a t  b e n e f i t  w h e n  
c a p tu r in g  th e  d e ta i l s  o f  c o m p le x  r e q u ir e m e n ts ;
W h e n  d e v e lo p in g  c o n f ig u r in g  s y s te m s  i t  is  p o s s ib le  t o  c o n v in c e  e n g in e e r ­
in g  s ta f f  o f  th e  b e n e f i ts  a n d  e f fe c tiv e n e ss  o f  k n o w le d g e - b a s e d  c o n f ig u r in g  
s y s te m s  a n d  to  e d u c a te  th e m  to  d e l iv e r  c o n f ig u r in g  in f o r m a t io n  in  (n e a r)  
r u le  fo rm a t ;

-  T h e  la rg e -s c a le  in t r o d u c t io n  o f  K B S  s y s te m s  in to  th e  n o r m a l  w o r k in g  
s y s te m s  o f  a  la r g e  c o m p a n y  b o t h  r e q u i r e s  a n d  in d u c e s  m a jo r  c u l tu r a l  
c h a n g e s .  W i th  c a re fu l  m a n a g e m e n t ,  p a r t i c u la r ly  w ith  r e g a r d  t o  e x p e c ta ­
t io n s ,  th e s e  c h a n g e s  c a n  b e  b e n e f ic ia l  in  a r e a s  o th e r  t h a n  th o s e  d ir e c t ly  
e f fe c te d  b y  th e  K B S  sy s te m s .

6.2 Applicability across UK industry

A n y  s u p p l ie r  o f  e q u ip m e n t  c o n s t r u c te d  f ro m  s t a n d a r d  p a r t s  t o  m e e t  v a r y in g  
a n d  la rg e ly  u n p r e d ic ta b l e  c u s to m e r  r e q u i r e m e n ts  w o u ld  b e n e f i t  f ro m  u s e  o f  
c o n f ig u r in g  s y s te m s  s u c h  a s  a r e  d e s c r ib e d  in  th is  p a p e r .  T h e  g a in s  p r im a r i ly  
a c c r u e  f ro m  th e  a d v a n c e m e n t  o f  th e  in v o ic in g  d a t e  m a d e  p o s s ib le  b y  th e  
e q u ip m e n t  d e l iv e r e d  b e in g  r ig h t  f i r s t  t im e  a n d  e v e ry  t im e . B re a k - e v e n  c a n  
b e  a c h ie v e d  in  th e  f ir s t  y e a r  o f  o p e r a t io n .

5.3 Technology Transfer
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I t  is  to  b e  e x p e c te d  t h a t  s u c h  s u p p l ie r s  w o u ld  g e t  a  g o o d  in i t ia l  r e tu r n  f ro m  
in d iv id u a l  c o n f ig u r e r s  w h ils t  i n te g r a t io n  o f  a  fu ll s u i te  o f  c o n f ig u r e r s  l in k e d  
b y  a n  in te l l ig e n t  P r o d u c t  S e le c t io n  S y s te m  w o u ld  b e  e x p e c te d  to  g iv e  s ig n i­
f ic a n t  s t r a te g ic  g a in s  in  r e s p e c t  o f  th e i r  a b i l i ty  t o  r e s p o n d  q u ic k ly  a n d  
a c c u r a te ly  t o  la rg e  r e q u i r e m e n ts  in v o lv in g  a  m ix tu r e  o f  th e i r  p r o d u c ts .

7 Future Plans for the Application

F o llo w in g  th e  s t r a te g y  o f  g o in g  fo r  th e  b ig g e s t  im m e d ia te  b e n e f i t ,  th e  in i t ia l  
p u s h  w a s  to  g e t  c o n f ig u r e r s  in  p la c e  fo r  a l l p r o d u c t  r a n g e s .  T h is  in v o lv e d  
w r i t in g  a  f u r th e r  7 c o n f ig u r e r s  a n d  b r in g in g  th e  e x is t in g  c o n f ig u r e r s  u p  to  
fu ll fa c ility . F o llo w in g  th is ,  c o n f ig u r e r s  w e re  c o n s t r u c te d  to  e n a b le  th e  c o n ­
f ig u r in g  o f  r a c k s  c o n ta in in g  m u l t ip le  p r o d u c t  ty p e s . T h is  w ill b e  fo llo w e d  
b y  a  s t a t i o n  c o n f ig u r e r  w h e re  th e  u s e r  w ill b e  a b le  to  sp e c ify  th e  p h y s ic a l  
d is p o s i t io n  o f  th e  e q u ip m e n t  w i th in  a  s t a t io n  a n d  b e  p r o v id e d  w i th  s c h e d u le s  
o f  c a b le s ,  c a b le  d u c t s  a n d  o th e r  in s t a l l a t io n  m a te r ia l s  a n d  e q u ip m e n t .

A lo n g s id e  th is  e x p a n s io n ,  th e  s y s te m  w ill b e  m o v e d  f ro m  i ts  c u r r e n t  lo o s e  
c o u p l in g  w ith  th e  M R P I I  s y s te m  to  a  s i t u a t i o n  w h e r e  i t  is  c lo se ly  in te g r a te d  
-  to  a  p o in t  w h e re  i t  w ill n o t  b e  p o s s ib le  to  e n t e r  o r d e r s  t h a t  h a v e  n o t  b e e n  
g e n e r a te d  b y  a  c o n f ig u re r .

B e y o n d  th is ,  G P T - N S G  a im s  to  g e t  in to  a  p o s i t io n  w h e r e  th e  c o n f ig u r e r  is 
a v a i la b le  a t  th e  s a m e  t im e  a s  th e  p r o d u c t .  A n  i m p o r t a n t  s id e -e f fe c t o f  th is  
w ill b e  t h a t  G P T - N S G ’s p r o d u c t s  w ill th e n  b e  d e s ig n e d  w ith  c o n f ig u r in g  
in  m in d .

T h e  u l t im a te  a im  is  t o  i n te g r a te  a c c e s s  t o  t h e  c o n f ig u r e r s  in to  th e  s t r a te g ic  
p r o d u c t  s e le c t io n  sy s te m . T h is  w ill r a is e  th e  le v e l o f  d ia lo g u e  to  t h a t  o f  th e  
m o r e  a b s t r a c t  e x p r e s s io n s  o f  a  c u s to m e r  r e q u i r e m e n t .  F o r  e x a m p le ,  a  r e q u i r e ­
m e n t  d e s c r ib e d  a s  a  c a b le  T V  s y s te m  c o v e r in g  a  d e s ig n a te d  a r e a ,  r a th e r  t h a n  
a s  a  s y s te m  c a p a b le  o f  d i s t r ib u t in g  s ig n a ls  o f  a  d e s ig n a te d  c h a r a c t e r  f ro m  a  
s e t  o f  d e s ig n a te d  p o in t s  b y  m e a n s  o f  d e s ig n a te d  ty p e s  o f  e q u ip m e n t .  B y  th is  
t im e  th e  c o n f ig u r e r  s u i te  w ill h a v e  b e c o m e  a n  e le m e n t  in  a  to t a l  m a r k e t in g  
a n d  s a le s  e n v i r o n m e n t .
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CGS -  The ICL C onfigurer G raph ics
S erv ice

S. M. Sharman
ICL Local Government and Health IT Unit, Bracknell 

Abstract

Since 1986, ICL staff have been able to use CONFIGURER to aid them 
in producing hardware sales proposals. The system allows a user to 
specify exactly what components are needed to satisfy a particular 
customer requirement by way of an interactive question and answer 
session. It then applies a set of complex rules to this specification in 
order to satisfy two particular goals -  firstly to determine whether the 
configuration as entered is technically correct, and secondly to auto­
matically generate the list of ancillary items such as cables, which are 
required to ensure that hardware packages delivered to customers 
are complete. This paper is concerned with a relatively recent addition 
to this system, known as the Configurer Graphics Service. Described 
herein are the origins of the Service, its development history, the 
functionality it provides, and the techniques employed to provide this 
functionality. 1

1 Introduction

T h e  g e n e r a l  in t r o d u c t io n  in  J u ly  1 9 8 6  o f  t h e  C O N F I G U R E R  se rv ic e  ( th e n  
c a l le d  S 3 9 X C , a s  d e s c r ib e d  in  [ B a r t l e t t ,  1 9 8 7 ] ,  m a r k e d  a  s e a - c h a n g e  in  th e  
m a n n e r  in  w h ic h  th e  I C L  sa le s  fo rc e  a p p r o a c h e d  th e  t a s k  o f  sp e c ify in g  
s y s te m  c o n f ig u r a t io n s  f o r  c u s to m e rs .  B y  p r o v id in g  a  to o l  f o r  th e  m e c h a n is ­
a t io n  o f  th e  c o n f ig u r in g  p ro c e s s ,  a  n u m b e r  o f  th e  p r o b le m s  t r a d i t io n a l ly  
a s s o c ia te d  w ith  th e  c o n f ig u r in g  o f  c o m p u te r  s y s te m s  a r e  a v o id e d .  S u c h  
p r o b le m s  ty p ic a l ly  in c lu d e  o v e r c o m in g  th e  b o t t l e n e c k  a s s o c ia te d  w ith  th e  
s h o r ta g e  o f  s ta f f  sk i l le d  in  s y s te m  c o n f ig u r a t io n ,  a n d  e n s u r in g  th e  c o m ­
p le te n e s s  a n d  q u a l i ty  o f  c o n f ig u r a t io n s  (a s  th e  s u p p l ie r  is  lik e ly  t o  b e  h e ld  
r e s p o n s ib le  fo r  m a k in g  g o o d  a n y  in a d e q u a c ie s  in  t h e  e q u ip m e n t  s u p p l ie d ) .  
I n  a d d i t io n  to  o v e r c o m in g  th e s e  p r o b le m s ,  th e  u se  o f  a  m e c h a n is e d  to o l  
a l lo w s  th e  s a le s  fo rc e  t o  m a k e  g r e a t  s a v in g s  in  t im e  a n d  e f fo r t  ( s a v in g s  o f  
u p  to  1 6 0 0 %  a r e  n o t  a ty p ic a l ) ;  p e r h a p s  e v e n  m o r e  im p o r t a n t ly  in  t h e  c u r r e n t  
c l im a te ,  th e y  a r e  p r o v id e d  w ith  th e  a d d i t io n a l  d e g re e  o f  f le x ib ili ty  r e q u i r e d  
to  b e  a b le  t o  a n s w e r  q u ic k ly  a n d  e a s ily  th e  k in d  o f  “ w h a t  i f ” q u e s t io n s
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p o s e d  b y  a  c u s to m e r  w h o  r e q u i r e s  a  sy s te m  c a p a b le  o f  m e e t in g  b u s in e s s  a n d  
te c h n ic a l  r e q u i r e m e n ts  w h ile  s a t is fy in g  e c o n o m ic  c o n s t r a in ts .

T h e  r a n g e  o f  c o n f ig u r in g  s e rv ic e s  o ffe re d  b y  C O N F I G U R E R  h a s  b e e n  
g r e a t ly  in c re a s e d  o v e r  th e  y e a rs , u n t i l  a t  th e  t im e  o f  w r i t in g  th e  s y s te m  m a y  
b e  u se d  to  p r o d u c e  c o n f ig u r a t io n s  fo r  th e  w h o le  r a n g e  o f  C o r p o r a t e  (S e r ie s  
3 9 ) a n d  M id - R a n g e  ( D R S  6 0 0 0 , D R S  3 0 0 0 )  S y s te m s  p r o d u c ts .  
C O N F I G U R E R  h a s  a ls o  b e c o m e  th e  a c c e s s  a n d  d e l iv e ry  v e h ic le  fo r  a  w h o le  
r a n g e  o f  a s s o c ia te d  v a lu e - a d d e d  se rv ic e s , su c h  a s  p e r f o r m a n c e  a s s e s s m e n t o f  
a  w id e  r a n g e  o f  1 C L  s o f tw a r e  p r o d u c t s  a n d  d i s t r i b u t io n  o f  u p  to  d a t e  
P r o d u c t  D e s c r ip t io n s  fo r  in c lu s io n  in  c u s to m e r  p r o p o s a ls .

T h e  C O N F I G U R E R  G r a p h ic s  S e rv ic e  is o n e  s u c h  in n o v a t io n ,  a n d  w a s  
d e v e lo p e d  in  o r d e r  to :

•  r e d u c e  th e  a m o u n t  o f  t im e  s p e n t  b y  s a le s  s ta f f  p r o d u c in g  th e  d ia g r a m ­
m a t ic  r e p r e s e n ta t io n s  o f  s y s te m s  c u s to m a r y  in  s a le s  p r o p o s a ls

•  in c re a s e  th e  q u a l i ty  a n d  c o n s is te n c y  o f  th o s e  d ia g r a m m a t ic  r e p r e s e n ta ­
t io n s ,  w h ic h  ty p ic a l ly  w e re  e i th e r  h a n d - d r a w n  o r  p r o d u c e d  o n  s o m e  
k in d  o f  d e s k to p  p u b l i s h in g  p a c k a g e .

T h e  n e e d  fo r  s u c h  a  to o l  w a s  se e n  a s  p re s s in g , b o th  b e c a u s e  o f  th e  g r e a te r  
d e m a n d s  o n  th e  t im e  o f  th e  sa le s  fo rc e  a s  a  c o n s e q u e n c e  o f  th e  in c re a s in g ly  
d y n a m ic  n a t u r e  o f  th e  m a r k e tp la c e ,  a n d  b e c a u s e  th e  in c re a s in g ly  c o m p le x  
n a t u r e  o f  s y s te m s  m a d e  it  m o r e  d if f ic u lt fo r  c u s to m e r s  t o  v isu a lis e  w h a t  th e y  
w o u ld  rec e iv e . T h e  k e y  is su e  t h a t  th e  C o n f ig u r e r  G r a p h ic s  S e rv ic e  w a s  
in te n d e d  to  a d d r e s s  w a s  th e  c u s to m e r  n e e d  to  se e  f o r  w h a t  h e  w a s  p a y in g .

2 History

I n  la te  1989 a  m e m b e r  o f  th e  C O N F I G U R E R  te a m  s ta r t e d  w o r k  o n  a  
p r o to ty p e  g r a p h ic s  s y s te m . T h is  w a s  in te n d e d  in i t ia l ly  to  p r o d u c e  lin e -  
d ia g r a m s  o f  S e r ie s  39  c o n f ig u r a t io n s ,  a n d  w a s  w r i t te n  in  P o s tS c r ip t  [A d o b e ,  
1 9 9 0 ] ,  T h is  p r o v e d  th e  s o u n d n e s s  o f  th e  b a s ic  c o n c e p t  a n d  th e  d e s i r a b i l i ty  
o f  d e v e lo p in g  a  fu ll s o lu t io n ,  a l t h o u g h  i t  q u ic k ly  b e c a m e  c le a r  t h a t  to  
c o n t in u e  w i th  a n  a p p r o a c h  b a s e d  p u r e ly  o n  h a n d - c o d e d  P o s tS c r ip t  w o u ld  
le a d  to  a  s o f tw a r e  p a c k a g e  w h ic h  w o u ld  b e  e x t re m e ly  h a r d  t o  u p d a t e  a n d  
m a in t a in  th u s  m a k in g  s u c h  a  p a c k a g e  u n w o r k a b le  f o r  th e  h ig h ly  d y n a m ic  
I C L  p r o d u c t  r a n g e . I t  w a s  c le a r  a l s o  t h a t  su c c e s s fu l d e v e lo p m e n t  w o u ld ,  a t  
le a s t  in i t ia l ly ,  r e q u i r e  m o r e  r e s o u r c e  t h a n  w a s  c u r r e n t ly  a v a i la b le  w i th in  th e  
C O N F I G U R E R  te a m  itse lf. T h u s ,  a t  th i s  t im e  a n  a p p r o a c h  w a s  m a d e  to  
th e  A d v a n c e d  T e c h n o lo g y  G r o u p  (A T G )  o f  I C L ,  t h e n  a  s m a ll  d e v e lo p m e n t  
u n i t  w i th in  C o r p o r a t e  I n f o r m a t io n  S y s te m s , s p e c ia l is in g  in  d e v e lo p m e n t  o f  
s y s te m s  b a s e d  o n  a d v a n c e d  s o f tw a r e  te c h n o lo g ie s  s u c h  a s  A r t if ic ia l  
I n te l l ig e n c e  ( W in s to n ,  19 8 4 ).

A  f u r th e r  p e r io d  o f  p r o to ty p in g  fo llo w e d , in  o r d e r  t o  f in d  a  te c h n iq u e  w h ic h  
w o u ld  p r o d u c e  o u t p u t  a s  g o o d  a s  o r  b e t t e r  t h a n  t h a t  p r o d u c e d  b y  th e
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P o s tS c r ip t - b a s e d  d e m o n s t r a to r ,  w i th o u t  c o m p r o m is in g  th e  m a in te n a n c e  a n d  
f u tu r e  d e v e lo p m e n t  r e q u i r e m e n ts  o f  th e  sy s te m . T h is  p h a s e  t o o k  a b o u t  a  
m o n th ,  d u r in g  w h ic h  a  n u m b e r  o f  p o s s ib le  a p p r o a c h e s  w e re  c o n s id e r e d ,  
u s in g  a  r a p id  p r o to ty p in g  te c h n iq u e .  T h e  a p p r o a c h  f in a l ly  d e c id e d  u p o n  
a c tu a l ly  t u r n e d  o u t  to  b e  a  h y b r id  o f  a  n u m b e r  o f  th e  a p p r o a c h e s  p r o to ty p e d ,  
th u s  p r o v in g  th e  u se fu ln e s s  o f  th is  te c h n iq u e  in  d e v e lo p m e n t .  T h e  c h o s e n  
t e c h n iq u e  in te g r a te d  a  b e s p o k e  k n o w le d g e - b a s e d  s y s te m  u s in g  a  w o r k s t a t ­
io n - b a s e d  P R O L O G  [ B r a tk o ,  1 9 9 0 ]  sy s te m , to g e th e r  w i th  a  d e s k to p ­
p u b l i s h in g  p a c k a g e  k n o w n  a s  F r a m e M a k e r ,  s o u r c e d  f ro m  F r a m e  T e c h n o lo g y  
I n c o r p o r a t e d ,  in  th e  U S .

H a v in g  d e c id e d  u p o n  th e  a p p r o a c h ,  d e v e lo p m e n t  w o r k  o n  th e  s y s te m  b e g a n  
a r o u n d  A p r i l  1990 . B y  th e  e n d  o f  S e p te m b e r  1990 , th e  in i t ia l  v e r s io n  o f  th e  
sy s te m , w h ic h  p r o d u c e d  h ig h  le v e l o v e rv ie w  d ia g r a m s  o f  S e r ie s  39  c o n f ig u r a ­
t io n s  w a s  a v a i la b le  fo r  te s t in g  b y  u s e r s  in  th e  C O N F I G U R E R  te a m . 
F o llo w in g  th is  t r ia l ,  a  n u m b e r  o f  s m a ll  c h a n g e s  w e re  m a d e  to  th e  s y s te m  in  
l ig h t  o f  c o m m e n ts ,  a n d  th e  sy s te m  w a s  f in a l ly  m a d e  a v a i la b le  fo r  g e n e ra l  
u s e  b y  a l l C O N F I G U R E R  u s e rs  in  m id - N o v e m b e r  1990 . O n g o in g  d e v e lo p ­
m e n t  w o r k  in c re a s e d  th e  f u n c t io n a l i ty  o f  th e  sy s te m , w ith  d e l iv e r a b le s  e m e r ­
g in g  a t  r e g u la r  in te r v a ls  d u r in g  th e  y e a r  f o l lo w in g  th is  g e n e r a l  re le a s e .  B y  
e a r ly  S e p te m b e r  1991 , C O N F I G U R E R  u s e rs  c o u ld  r e q u e s t  a n d  re c e iv e  
d ia g r a m s  fo r  S e r ie s  39  O v e rv ie w  L ev e l, S e r ie s  39  T e c h n ic a l  V e t L e v e l (w h ic h  
s h o w s  in  d e ta i l  h o w  th e  d e v ic e s  in  a  c o n f ig u r a t io n  a r e  in te r c o n n e c te d ) ,  D R S  
3 0 0 0  ( in c lu d in g  D R S  M 5 5 /N X  a n d  M 7 5 /N X )  a n d  D R S  6 0 0 0 .

3 Functionality

3 .1 Operation

C G S  is  in v o k e d  in  r e s p o n s e  to  a  q u e r y  a t  th e  e n d  o f  a  C O N F I G U R E R  
s e s s io n . T h e  u s e r  is  a s k e d  w h e th e r  h e  o r  sh e  w o u ld  l ik e  to  p r o d u c e  a  d ia g ra m . 
I f  th e  a n s w e r  is  yes , t h e n  th e  u s e r  is g iv e n  th e  o p t io n  to  h a v e  th e  r e s u l t in g  
d ia g r a m  d e l iv e re d  a s  a  P o s tS c r ip t  file  v ia  e le c t ro n ic  m a il.

T h e  a c t io n s  le a d in g  to  th e  p r o d u c t i o n  a n d  d e l iv e ry  o f  a  d ia g r a m  a r e  a s  
fo llo w s . O n c e  th e  u s e r  h a s  c o m p le te d  h is  o r  h e r  in te r a c t io n  w ith  th e  
C O N F I G U R E R ,  r e q u e s t in g  a  d ia g r a m  in  th e  p ro c e s s ,  th e  in f o r m a t io n  
d e s c r ib in g  t h a t  p a r t i c u l a r  c o n f ig u r a t io n  ( c o n ta in e d  w i th in  a n  a p p r o p r i a t e  
A D V I S E R  ( I C L ,  1 9 8 5 ) m o d e l )  is  e x t r a c te d  to  a  s im p le  te x t  file , f o r m a t te d  
in  th e  m a n n e r  e x p e c te d  b y  C G S . U s in g  th e  IP A  ( I n f o r m a t i o n  P r o c e s s in g  
A rc h i te c tu r e )  F ile  T r a n s f e r  F a c i li ty ,  th is  file  is  th e n  t r a n s m i t t e d  f ro m  th e  
m a in f r a m e  u p o n  w h ic h  th e  C O N F I G U R E R  se rv ic e  is  h o s te d  ( a t  th e  t im e  
o f  w r i t in g ,  th e  ‘K ’ S e rv ic e  a t  H i tc h in )  to  a  S u n  w o r k s t a t i o n  in  W e s t G o r t o n ,  
r u n n in g  C G S  (see  f ig u re  1).

F ile s  w h ic h  a r e  re c e iv e d  b y  th e  S u n  a r e  p r o c e s s e d  in  s t r ic t  o r d e r ,  u n d e r  th e  
c o n t r o l  o f  a  c y c lic  U N I X  p r o c e s s  ( k n o w n  a s  cgsbatch) w h ic h  o p e r a te s  
c o n t in u a l ly .  W h e n  s ta r t e d ,  th is  m a in  c o n t r o l  p r o c e s s  c h e c k s  f o r  th e  p r e s e n c e
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Fig. 1 Connectivity of CGS Systems

o f  files t o  b e  p ro c e s s e d ,  a n d  if  n o n e  a r e  w a i t in g ,  r e tu r n s  t o  a n  id le  s t a te  fo r  
a  p e r io d  o f  a p p r o x im a te ly  five  m in u te s .  I f  h o w e v e r  file s  a r e  fo u n d ,  cgsbatch 
th e n  c a lls  f u r th e r  p ro c e s s e s  w h ic h  a c tu a l ly  g e n e r a te  d ia g r a m s ,  o n e  a t  a  t im e , 
fo r  a ll th o s e  files a w a i t in g  p ro c e s s in g . H o w  e a c h  o u t p u t  file  is  p r o c e s s e d  
d e p e n d s  u p o n  f lag s  s e t  in  th e  in p u t  file  b y  C O N F I G U R E R  e a c h  c o m p le te d  
d ia g r a m  is s e n t  e i th e r  to  a  lo c a l  p r in t e r  fo r  p r in t in g  a n d  d is p a tc h  th r o u g h  
th e  p o s t ,  o r  a l te r n a t iv e ly  t r a n s f e r r e d  to  a  lo c a l  D R S 6 0 0 0  r u n n in g  
O F F I C E P O W E R  a n d  s e n t  a u to m a t ic a l ly  to  th e  r e q u e s te r  v ia  e le c t ro n ic  
m a il .  A r e p o r t  file, w h ic h  m a y  b e  r e fe re n c e d  b y  th e  s y s te m  o p e r a t o r  i f  e r r o r s  
a r is e  d u r in g  p ro c e s s in g , is  a l s o  g e n e r a te d .

D e p e n d in g  u p o n  th e  ty p e  o f  file s  p r o c e s s e d ,  a d v i s o r y  m a il  m e s s a g e s  m a y  
a l s o  b e  g e n e r a te d  fo r  d is p a tc h  v ia  O F F I C E P O W E R  -  fo r  e x a m p le  t o  in f o rm  
th e  S e r ie s  39  M a r k e t in g  M a n a g e r  t h a t  th e r e  is  a  n e w  S X  p r o s p e c t ,  s o  t h a t  
h e  m a y  th e n  c o n ta c t  th e  a p p r o p r i a t e  a c c o u n t  te a m  to  o ffe r  s u p p o r t .  F in a l ly ,  
a  d a t a b a s e  o f  p r e v io u s  u s e rs  is  c h e c k e d , a n d  if  th i s  c h e c k  r e v e a ls  t h a t  a  
p r e v io u s  u s e r  a t  th e  s a m e  s ite  a s  th e  c u r r e n t  r e q u e s te r  h a s  b e e n  r e c e iv in g  
d ia g r a m s  e le c tro n ic a l ly ,  b o th  n a m e s  a r e  f la g g e d  in  a  r e p o r t  to  th e  C G S  
sy s te m  o p e r a to r .  T h is  a l lo w s  a  m a i l  m e s s a g e  to  b e  s e n t  to  th e  c u r r e n t  
r e q u e s te r  to  th e  e ffec t t h a t  o th e r  u s e r s  o n  h is  o r  h e r  s i te  a r e  c u r r e n t ly  
r e q u e s t in g  d ia g r a m s  t o  b e  s e n t  v ia  e m a il ,  a n d  p r o v id in g  a  c o n t a c t  n a m e  o n  
t h a t  s ite .
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O n c e  a l l th e  r e q u e s ts  in  a  p a r t i c u l a r  b a t c h  h a v e  b e e n  p r o c e s s e d ,  cgsbatch 
t h e n  r e s ta r t s  i ts  cyc le .

M a n y  d if fe re n t  ty p e s  o f  d ia g r a m  m a y  b e  g e n e r a te d  u s in g  C G S . T h e y  a re :

3.2 Series 39 Overview

T h e  S 3 9  Overview s o f tw a r e  p r o v id e s  th e  c u s to m e r  w i th  a  h ig h - le v e l  p ic tu r e  
o f  th e  sy s te m  w h ic h  is b e in g  p r o p o s e d .  T h e  o th e r  d ia g r a m  ty p e s  p r o d u c e d  
b y  th e  s y s te m  a r e  v e ry  m u c h  in  th e  ‘l in e s  a n d  b o x e s ’ s ty le , w h e r e a s  th e  
in d iv id u a l  o b je c ts  o n  th e  p a g e  in  S 3 9  O v e r v ie w  p ic tu r e s  a r e  d r a w n  to  
r e s e m b le  f a i th fu lly  a  f r o n t  v ie w  o f  w h a te v e r  p h y s ic a l  d e v ic e  (eg . a  n o d e  o r  
d is c  u n i t )  th e y  r e p r e s e n t .

T h e  d ia g r a m  r e p r e s e n ts  th e  d e v ic e s  in  th e  c o n f ig u r a t io n  b y  d r a w in g  a  b a c k ­
d r o p  w h ic h  s h o w s  th e  M a c r o l a n  a n d  O S L A N  n e tw o r k s  p r e s e n t  in  th e  sy s te m  
a s  s im p le  lin e s  a n d  s u p e r im p o s in g  th e  p ic tu r e s  o r  ‘ic o n s ’ r e p r e s e n t in g  th e  
d if fe re n t  n o d e  a n d  p e r ip h e r a l  d e v ic e s  o n  to  th e s e  lin e s . T h is  a p p r o a c h  is 
i l l u s t r a te d  b y  f ig u re  2.

C G S  in c o r p o r a t e s  a  n u m b e r  o f  m e c h a n is m s  t o  e n s u r e  t h a t  O v e rv ie w  d i a ­
g r a m s  r e m a in  a s  c le a r  a n d  u n c l u t t e r e d  a s  p o s s ib le .  S c a l in g  r u le s  a r e  i n c o r p o r ­
a te d ,  so  t h a t  if  a  la rg e  n u m b e r  o f  d e v ic e s  n e e d  to  b e  r e p r e s e n te d ,  t h e  s iz e  o f  
e a c h  in d iv id u a l  ic o n  in  th e  p ic tu r e  is  r e d u c e d  in  o r d e r  t o  m a k e  th e  d ia g r a m  
fit o n  o n e  s id e  o f  A 4 . S im ila r ly ,  i f  t h e  c o n f ig u r a t io n  is  a  s m a ll  o n e ,  th e n  th e  
p ic tu r e s  a r e  m a d e  la r g e r  t o  r e d u c e  th e  a m o u n t  o f  ‘w h i te  s p a c e ’ o n  th e  p a g e . 
I n  a d d i t io n  w h e r e  m o r e  t h a n  o n e  d e v ic e  o f  a  p a r t i c u l a r  ty p e  is  c o n f ig u r e d ,  
( fo r  e x a m p le  m u l t ip le  b a n k s  o f  a  p a r t i c u l a r  d isc ) , la b e ls  a r e  a d d e d  t o  th e  
d ia g r a m  t o  in d ic a te  th e  n u m b e r  p re s e n t .

3.3 Series 39 Technical Vet

T h e  Technical Vet s o f tw a r e  is  u s e d  to  p r o d u c e  d ia g r a m s  s h o w in g  th e  
M a c r o la n  [ S te v e n s ,  1 9 8 3 ]  c o n n e c t io n s  b e tw e e n  th e  v a r io u s  p a r t s  o f  a  S e r ie s  
39  c o n f ig u r a t io n ,  p r in c ip a l ly  th e  n o d e s  a n d  s to r a g e  d e v ic e s , th e  p u r p o s e  o f  
th is  d o c u m e n t  b e in g  to  p r o v id e  in i t ia l  g u id a n c e  to  C u s to m e r  S e rv ic e s  e n g in ­
e e r s  o n  h o w  th e  m a c h in e  s h o u ld  b e  c o n f ig u r e d  w h e n  in s ta l le d  o n  s ite . I n  
g e n e r a t in g  th is  d ia g r a m ,  th e  f o l lo w in g  tw o  f a c to r s  a r e  t a k e n  in to  a c c o u n t :

•  p e r ip h e r a l  a c c e s s  re s il ie n c e . T h is  m e a n s  e n s u r in g  t h a t  th e  f a i lu re  o f  a  
M a c r o l a n  c o m p o n e n t ,  s u c h  a s  a n  S X M C  (S X  M a c r o la n  C o n n e c to r )  o n  
a  n o d e ,  o r  o n e  o f  th e  M a c r o la n  S w itc h  U n i t s  d o e s  n o t  c a u s e  t o t a l  lo s s  
o f  s e rv ic e  d u e  t o  o n e  o f  th e  s to r a g e  d e v ic e s  b e in g  in a c c e s s ib le .  I n  p r a c t ic e  
th i s  is  a c h ie v e d  b y  e n s u r in g  t h a t  th e  m o s t  i m p o r t a n t  d a t a  is  s to r e d  o n  
a  d is c  u n i t  e q u ip p e d  w i th  a  d u a l - a c c e s s  c o n t r o l le r ,  a n d  c o n n e c t in g  th is  
c o n t r o l l e r  t o  tw o  c o m p le te ly  d if fe re n t  M a c r o la n s .  T h u s  if  o n e  M a c r o la n  
fa ils , t h e  d a t a  c a n  b e  a c c e s s e d  v ia  th e  o th e r  u n t i l  th e  f a u l t  is  fix ed .
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•  M a c r o l a n  lo a d in g ,  t h a t  is  d i s t r ib u t in g  th e  m a c r o la n - c o n n e c t e d  p e r i ­
p h e r a ls  e v e n ly  a m o n g s t  a l l th e  m a c r o la n s  in  th e  sy s te m  s o  a s  t o  e n s u re ,  
w h e r e  p o s s ib le ,  a n  e q u a l  b a la n c e  o f  m a c r o la n  tra ff ic .

T h e  d ia g r a m  p r o d u c e d  b y  th e  T e c h  V e t s o f tw a r e  is  o n e  in  th e  ‘l in e s  a n d  
b o x e s ’ s ty le . F o r  e a c h  d e v ic e  in  th e  c o n f ig u r a t io n ,  eg . n o d e ,  d is c  u n i t  o r  
M a c r o la n  P o r t  S w itc h  U n i t  ( M P S U ) ,  a  b o x  is d r a w n  o n  th e  p a g e , a n d  a  
n u m b e r  o f  c o n n e c to r  ic o n s ,  r e p r e s e n t in g  l in k s  t o  e i th e r  M a c r o la n  o r  O S L A N  
a r e  s u p e r im p o s e d  o n  it. E a c h  o n e  o f  th e s e  c o n n e c to r  ic o n s  is  la b e lle d , 
c o n n e c t io n s  b e tw e e n  d e v ic e s  b e in g  s h o w n  b y  d u p l ic a t in g  a  p a r t i c u l a r  c o n ­
n e c to r  ic o n  la b e l  o n  b o t h  o f  th e  d e v ic e s . F o r  e x a m p le ,  w h e r e  a  p a r t i c u la r  
d is c  u n i t  is c o n n e c te d  to  a n  M P S U  o n e  m ig h t  se e  a  c o n n e c to r  la b e lle d  
M P06  p r e s e n t  o n  b o t h  d e v ic e s , in d ic a t in g  a  l in k  b e tw e e n  th e  tw o . F ig u r e  3 
s h o w s  h o w  th is  t e c h n iq u e  lo o k s  in  p ra c t ic e .

3.4 DRS 3000 and DRS 6000

T h e  d ia g r a m s  p r o d u c e d  fo r  th e s e  tw o  m a c h in e  ty p e s  a r e  v e ry  s im ila r ,  g iv in g  
a  s y m b o l ic  r e p r e s e n ta t io n  o f  th e  in te r n a l  b u s  o f  th e  m a c h in e ,  a n d  s h o w in g  
th e  d e v ic e  c o n t r o l le r s  a t t a c h e d  to  th is  b u s .  T h e  d e v ic e  c o n t r o l l e r s  a r e  la b e l le d  
w ith  r e le v a n t  te x t ,  w h ic h  is  d e r iv e d  f ro m  th e  C O N F I G U R E R  se s s io n  so , 
fo r  e x a m p le ,  w h e r e  a n  O S L A N  c o n t r o l l e r  is p r e s e n t  in  th e  c o n f ig u r a t io n  i t  
h a s  te x t  a s s o c ia te d  w ith  i t  in d ic a t in g  th e  n u m b e r  o f  u s e r  te r m in a ls  c o n n e c te d  
to  th e  sy s te m  v ia . O S L A N .

T h e r e  a r e  s o m e  d if fe re n c e s  b e tw e e n  th e  d ia g r a m s  p r o d u c e d  f o r  D R S 6 0 0 0  
m a c h in e s  a n d  th o s e  fo r  D R S 3 0 0 0 , w h ic h  a r e  d u e  to  th e  d if fe re n t  in te r n a l  
a r c h i te c tu r e s  o f  th e  ty p e s ; f o r  e x a m p le  a  D R S 6 0 0 0  d ia g r a m  w ill, a s  a  ru le , 
c o n t a in  tw o  b u s s e s  ( th e  h ig h - s p e e d  p r iv a t e  b u s  a n d  V M E - b u s )  w h e r e  th e  
D R S 3 0 0 0  w ill s h o w  o n ly  o n e ; a g a in  w h ile  c u r r e n t  D R S 3 0 0 0  d ia g r a m s  c a n  
b e  p r o d u c e d  o n  o n e  p a g e , D R S 6 0 0 0  d ia g r a m s  m a y  e x te n d  o v e r  a  n u m b e r  
o f  p a g e s  d u e  to  th e  g r e a te r  c a p a b i l i ty  fo r  e x p a n s io n  o f  t h a t  sy s te m .

B e c a u s e  o f  th e  r e la t iv e ly  le ss  c o m p le x  n a t u r e  o f  D R S  3 0 0 0 /6 0 0 0  h a r d w a r e  
o n ly  o n e  le v e l o f  d ia g r a m  is  p r o d u c e d ,  w h ic h  c o r r e s p o n d s  v e ry  m u c h  to  th e  
S e r ie s  39  O v e rv ie w  ty p e , a l r e a d y  d e s c r ib e d . F ig u r e  4  s h o w s  a  ty p ic a l  D R S  
6 0 0 0  d ia g ra m .

4 Implementation

C G S  is a  h y b r id  sy s te m , c o n s is t in g  o f  th r e e  m a jo r  in te g r a te d  c o m p o n e n ts  
( f ig u re  5 ). T h e s e  a re :

4.1 Image Library

T h e  im a g e  l ib r a r y  c o n s is ts  o f  a  c o l le c t io n  o f  p ic to r ia l  ic o n s  u s e d  to  fo rm  a  
d ia g r a m .  T h e  ic o n s ,  a lo n g  w ith  a n y  a s s o c ia te d  te x t  i te m s , a r e  in d iv id u a l ly
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Fig. 3 Series 39 Technical Vet diagram (reduced)

c o n s t r u c te d  u s in g  th e  d e s k to p  p u b l is h in g  p a c k a g e  F r a m e M a k e r ,  a n d  o n c e  
f o rm e d  a r e  s a v e d  in  a  f o r m a t  k n o w n  a s  M a k e r  I n te r c h a n g e  F o r m a t  ( M I F ) .  
M a k e r  I n te r c h a n g e  F o r m a t  is a  d e c la r a t iv e  p a g e  d e s c r ip t io n  la n g u a g e ,  p r o ­
p r ie t a r y  to  F ra m e  T e c h n o lo g y , th e  d e v e lo p e r s  o f  F r a m e M a k e r .  I t  a l lo w s  th e  
d e s c r ip t io n  o f  a n y  g iv e n  d o c u m e n t  in  p r o g r a m m a t ic  fo rm , in c lu d in g  a ll th e  
o b je c ts  w i th in  it ,  w h e th e r  g r a p h ic s  o r  te x t.  T h e  r e a s o n  fo r  th is  a p p r o a c h  is 
t h a t  o n c e  th e  im a g e  is in  M I F ,  i t  b e c o m e s  a n  o r d in a r y  te x t  file, w h ic h  c a n  
b e  p r o c e s s e d  b y  th e  s t a n d a r d  U N I X  te x t  m a n ip u la t io n  u ti l i t ie s .
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Fig. 5 CGS Components

E a c h  ic o n  is  s to r e d  in  tw o  d if fe re n t  fo rm s . T h e  f ir s t  is  a s  a  fu ll M I F  file  
w h ic h  a l lo w s  it  t o  b e  e d i te d  u s in g  F r a m e M a k e r  i f  th is  b e c o m e s  n e c e s s a ry .  
T h e  s e c o n d  fo rm  is  a s  a  s m a l le r  file  r e f e r re d  t o  a s  t h e  ‘details’ file f o r  t h a t  
ic o n . T h is  d e ta i l s  file  c o n ta in s  o n ly  th e  M I F  w h ic h  d e s c r ib e s  th e  p ic tu r e  
ic o n  a n d  th e  f ra m e  w h ic h  b o u n d s  i t  -  a l l o t h e r  in f o r m a t io n ,  f o r  e x a m p le
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d o c u m e n t  s ty le  a t t r ib u te s ,  is r e m o v e d ,  b e in g  i r r e le v a n t  d u e  to  th e  w a y  t h a t  
t h a t  C G S  g e n e r a te s  a  d ia g ra m .

F o r  th e  w h o le  sy s te m , th e re  a r e  a p p r o x im a te ly  2 0 0 0  im a g e s ; 3 0 M B  is 
r e q u i r e d  in  a l l to  s to r e  a l l th e  M I F  a n d  d e ta i l s  files. F o r  c o n v e n ie n c e ,  th e  
im a g e  l ib r a r y  is a c tu a l ly  s u b d iv id e d  in to  th r e e  s e c t io n s  -  o n e  e a c h  fo r  S e r ie s  
39  O v e rv ie w , S e r ie s  39  T e c h n ic a l  V e t a n d  th e  v a r io u s  D R S  sy s te m s . T h e  
im a g e  l ib r a r y  is c o n s ta n t ly  b e in g  a d d e d  to  a s  th e  v a r io u s  p r o d u c t  r a n g e s  
e x p a n d .

4.2 Image Manipulation Scripts

T h e  im a g e  m a n ip u la t io n  s c r ip ts  a r e ,  u se d  to  p r o c e s s  th e  im a g e s  s to r e d  a s  
‘d e ta i l s ’ files in  th e  im a g e  L ib r a r y .  T h e s e  s c r ip ts  a r e  e i th e r  in  th e  U N I X  
C -S h e ll  ( S u n O S , 1 9 9 0 ) m a c r o  la n g u a g e ,  o r  a l te r n a t iv e ly  in  A W K  (A h o , 
W e in b e rg e r  a n d  K e r n ig h a n  -  th e y  b e in g  th e  a u th o r s )  ( S u n O S , 19 9 0 ). T h e y  
g e n e r a l ly  o p e r a te  b y  s e a r c h in g  fo r  g e n e r ic  ta g  s tr in g s  in s e r te d  b y  th e  p e r s o n  
w h o  g e n e r a te d  th e  o r ig in a l  im a g e , a n d  r e p la c in g  th e m  w ith  a n  a p p r o p r i a t e  
c o n te x t- s e n s i t iv e  s tr in g . A s a n  e x a m p le ,  th e  S e rie s  39 d is c  c o n t r o l le r s  g e n e r ­
a l ly  c o n ta in  a  te x t  s t r in g  w h ic h  r e a d s  %CAFS. T h is  s t r in g  is  s e a r c h e d  fo r, 
a n d  r e p la c e d  e i th e r  b y  a  b la n k  sp a c e  o r  th e  w o r d  C A F S , d e p e n d in g  u p o n  
h o w  th a t  c o n t r o l l e r  is b e e n  a l lo c a te d  b y  C O N F I G U R E R .  A  C G S  d ia g r a m  
c o n s is ts  o f  a  M I F  file w h ic h  h a s  b e e n  b u i l t  u p  f r o m  im a g e  ‘d e t a i l s ’ files.

T h e  sy s te m  in c lu d e s  o th e r  s c r ip ts  t h a t  c a n : a l t e r  th e  p o s i t io n  o f  im a g e s  o n  
th e  p a g e ; a d d  te x t  to  im a g e s ; p r o d u c e  th e  e ffec t o f  a  p a g e  th r o w ,  o r  a d d  te x t  
in  h e a d e r s  a n d  fo o te r s .

4.3 Diagram Construction Module

T h e  D ia g r a m  C o n s t r u c t io n  m o d u le  is  a c tu a l ly  a  r u le - b a s e d  e x p e r t  sy s te m , 
o r  r a th e r  a  c o l le c t io n  o f  th r e e  r u le - b a s e d  e x p e r t  s y s te m s  ( o n e  e a c h  fo r  S e r ie s  
39  O v e rv ie w , S e r ie s  39  T e c h n ic a l  V e t a n d  D R S ) , w h ic h  in  to ta l  c o n ta in  a n  
e x p e r t  k n o w le d g e b a s e  o f  a p p r o x im a te ly  3 0 0  r u le  c o n s t r u c ts .  T h e s e  ru le s  fall 
g e n e ra l ly  in to  tw o  c a te g o r ie s ,  e i th e r  d e a l in g  w ith  p la c e m e n t  is su e s , fo r  
e x a m p le  d e c id in g  o v e r  h o w  m a n y  p a g e s  a  d ia g r a m  s h o u ld  b e  l a id  o u t;  o r  
w ith  s y s te m - c o n f ig u r a t io n  issu es , fo r  e x a m p le  to  w h ic h  m a c r o la n  a  p a r t i c u la r  
s to r a g e  d e v ic e  s h o u ld  b e  c o n n e c te d .

P la c e m e n t  ru le s  w e re  d e r iv e d  e i th e r  f ro m  th e  g e n e r a l  w ish e s  o f  th e  u s e rs ,  o r  
b y  m a k in g  u se  o f  th e  c o m m o n  se n se  o f  th e  d e v e lo p e rs !  A n  e x a m p le  r u le  is 
g iv e n  b e lo w .

ru le _ 8 0 : if  f o u n d _ d e p th _ o f _ O s la n _ e le m e n ts
a n d  f o u n d _ d e p th _ o f _ N o d e _ e le m e n ts
a n d  (( n o _ m p s u „ p re s e n t= > n o

a n d  f o u n d _ d e p th _ o f _ M P S U _ e le m e n ts )  
o r
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( h e ig h  t_ o f_ M P S U < = 0 ))
a n d  f o u n d _ d e p th _ o f _ M a c r o la n _ e le m e n ts  
a n d  a d d _ u p _ d e p th s _ to _ g iv e _ to t a l

th e n  k n o w _ o v e r a l l_ d e p th _ m l.

T h is  r u le  is  u s e d  to  c a lc u la te  th e  to t a l  h e ig h t  o f  a ll th e  e le m e n ts  o f  a  S e r ie s  
39  T e c h n ic a l  V e t d ia g r a m .  T h e  r u le  in v o k e s  v a r io u s  o th e r  ru le s  to  c a lc u la te  
th e  d e p th s  o f  e a c h  o f  th e  d e v ic e  ty p e s  in  th e  sy s te m  (ie . n o d e s ,  M P S U s ,  
O s la n  a n d  M a c r o la n  d ev ice s) . E a c h  o n e  o f  th e  if...and p a r t s  o f  th e  r u le  m u s t  
s u c c e e d , o r  th e  w h o le  r u le  w ill fail. N o t e  th e  u s e  o f  th e  ‘o r ’ c o n s t r u c t  w ith in  
th e  r u le  ( e m b o ld e n e d ) ,  w h ic h  c h e c k s  w h e th e r  th e r e  a r e  a n y  M P S U  e le m e n ts  
w i th in  th e  c o n f ig u r a t io n ,  a n d  s e ts  th e  t o t a l  h e ig h t  o f  th is  e le m e n t  ty p e  to  
z e ro  if  th e r e  a r e  n o n e .  T h e r e  a r e  a l s o  tw o  o p e r a to r s  w i th in  th is  c o n s t r u c t  
w h ic h  a r e  w o r th y  o f  m e n t io n ,  b e in g  n o n - s t a n d a r d  P R O L O G :

=> w h ic h  m e a n s  ‘w i th d r a w  o r  te s t  th e  n o m in a te d  f a c t ’, a n d
<= w h ic h  m e a n s  ‘a d d  th e  n o m in a te d  f a c t  t o  th e  d a t a b a s e ’.

T h e s e  o p e r a to r s  w e re  a d d e d  to  m a k e  th e  r a t h e r  a r c a n e  d a t a b a s e  m a n ip u la ­
t io n  f u n c t io n s  in  P R O L O G  e a s ie r  t o  u s e  a n d  to  m a k e  th e  ru le s  e a s ie r  to  
r e a d  b y  n o n - P R O L O G  e x p e r ts .

S y s te m - c o n f ig u r a t io n  ru le s  w e re  g e n e r a te d  b o t h  b y  c o n s u l t in g  th e  a p p r o ­
p r i a t e  p r o d u c t  l i t e r a tu r e  a n d  c o n d u c t in g  k n o w le d g e  e l ic i ta t io n  s e s s io n s  w i th  
p r o d u c t  e x p e r ts .  T h e s e  s e s s io n s  p r o v e d  t o  b e  d o u b ly  u se fu l, a s  i n  a d d i t i o n  
to  e x p la in in g  c u r r e n t  p r o d u c t  s t a tu s  a n d  b e s t  p r a c t ic e ,  th e y  h e lp e d  to  fo rs e e  
f u tu r e  d e v e lo p m e n ts ,  s o  t h a t  th e  s y s te m  c o u ld  b e  d e s ig n e d  t o  a c c o m m o d a te  
c h a n g e s .  T h e  e x a m p le  r u le  b e lo w  is t a k e n  f ro m  th e  S e r ie s  3 9  T e c h n ic a l  V e t 
s o f tw a re ,  a n d  s e ts  th e  m e th o d  o f  i n te r n o d e  c o n n e c t io n ;  i t  b e in g  a  r u le  t h a t  
i f  th e  s y s te m  is  a  S e r ie s  39  S X  w ith  m o r e  t h a n  tw o  n o d e s ,  th e  n o d e s  a r e  
c o u p le d  to g e th e r  u s in g  th e  S X n e t m e th o d .

ru le _ 3 0 _ 4  : i f  s y s te m _ ty p e = > s x _ s y s te m
a n d  n o d e _ q u a n t i t y  => N o d e Q ty
a n d  N o d e Q t y  >  2
a n d  in te r n o d e _ c o u p le r < = s x _ n e t

th e n  d e c id e d _ sx _ n e t_ o r_ _ m ru _ fo r_ sx _ sy s te m s .

T h e  D ia g r a m  C o n s t r u c t io n  M o d u le  is  w r i t te n  in  I C L  D E C I S I O N P O W E R  
P R O L O G  [ B la c o e ,  1 9 9 2 ] .  W i th in  th e  m o d u le ,  th e  p r o c e s s in g  is  sp l i t ,  so  
t h a t  s o m e  ta s k s  ( u s u a lly  th e  lo w e r - le v e l ,  m o r e  c o m p u ta t io n a l ly  in te n s iv e  
o n e s )  a r e  p e r f o r m e d  b y  c a l ls  t o  P R O L O G  r o u t in e s ,  w h e r e a s  h ig h  le v e l 
c o n t r o l  is  e m b o d ie d  w i th in  t h e  r u le  c o n s t r u c t s  m e n t io n e d  p re v io u s ly .  T h e s e  
r u le  c o n s t r u c t s  a r e  o f  t h e  c la s s ic  I F - T H E N  p r o d u c t i o n  r u le  s y n ta x ,  a n d  a r e  
i n t e r p r e t e d  u s in g  a  s im p le  b a c k w a r d  c h a in in g  r u le  sh e ll  w r i t t e n  in  P R O L O G .  
I t  w a s  d e c id e d  a t  a n  e a r ly  s ta g e  t o  d e v e lo p  th e  s y s te m  in  th is  w a y , a s  th is  
a l lo w e d  n e w  p r o d u c t  k n o w le d g e  to  b e  a d d e d  d u r in g  th e  life  o f  th e  s y s te m
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w ith o u t  h a v in g  to  e m p lo y  a n  e x p e r t  P R O L O G  p r o g r a m m e r  to  m a in ta in  it. 
I n  p r a c t ic e ,  th e  m e th o d  w o r k s  v e ry  w e ll, a l th o u g h  it  h a s  b e e n  fo u n d  t h a t  
w h e n  a d d in g  a  n e w  p e r ip h e r a l  type (a s  o p p o s e d  to  a d d in g  a  n e w  m e m b e r  
o f  a  p a r t i c u l a r  p e r ip h e r a l  family), i t  h a s  s o m e t im e s  p r o v e d  n e c e s s a ry  t o  m a k e  
c h a n g e s  to  th e  lo w -le v e l P R O L O G  c o d e  in  o r d e r  to  a c c o m m o d a te  th e  
p a r t i c u la r  c h a r a c te r i s t i c s  o f  c e r ta in  d e v ic e  ty p e s .

T h e  d ia g r a m  c o n s t r u c t io n  m o d u le  w o r k s  in  tw o  s ta g e s . F ir s t ly ,  th e  s y s te m  
c o n f ig u r a t io n  ru le s  a r e  r u n ,  w h ic h  g e n e r a te  a n y  in f o r m a t io n  r e q u i r e d  a b o u t  
th e  te c h n ic a l  d e ta i l  o f  th e  sy s te m  w h ic h  is  a d d i t io n a l  t h a t  t h a t  s u p p l ie d  b y  
C O N F I G U R E R .  F o r  e x a m p le ,  fo r  S e r ie s  39  s ty le  sy s te m s  th is  in c lu d e s  
a s s ig n in g  s to r a g e  d e v ic e s  to  M a c r o la n s ;  a n d  fo r  D R S  sy s te m s , d e te r m in in g  
in  w h ic h  c a b in e ts  p e r ip h e r a l  b o a r d s  a r e  to  b e  sh o w n .

O n c e  th is  h a s  b e e n  d o n e ,  c o n t r o l  p a s s e s  to  th e  p la c e m e n t  ru le s , w h ic h  c a r r y  
o u t  th e  p la c e m e n t  o f  th e  in d iv id u a l  im a g e s  in  th e  d ia g ra m ; th is  is d o n e  b y  
in v o k in g  in d iv id u a l  im a g e  p ro c e s s in g  s c r ip ts ,  w h ic h  a l t e r  th e  a p p e a r a n c e  o f  
th e  im a g e s  b e fo re  c o p y in g  th e m  in to  th e  d ia g r a m  M I F  file.

O n c e  a  d ia g r a m  h a s  b e e n  c o m p le te d ,  o n e  o f  th e  F r a m e M a k e r  u t i l i t ie s  is 
c a lle d , in  o r d e r  to  g e n e r a te  a  P o s tS c r ip t  file  f ro m  th e  in p u t  M I F .  T h is  is 
th e n  e i th e r  p r in te d  o n  a  la s e r  p r in te r ,  o r  s e n t  o u t  v ia  e le c t ro n ic  m a il ,  a s  
d e s c r ib e d  p re v io u s ly .

A t th e  c u r r e n t  t im e  th e  sy s te m  c o n ta in s  in  to ta l  a p p r o x im a te ly  3 M B  o f  c o d e  
( in c lu d in g  a l l ru le s , P R O L O G ,  m a n ip u la t i o n  s c r ip ts  a n d  g e n e r a l  s u p p o r t  
ro u t in e s ) .  P r o d u c t io n  o f  a  d ia g r a m  m a y  ta k e  a n y th in g  b e tw e e n  o n e  a n d  
tw e lv e  m in u te s ,  d e p e n d in g  u p o n  th e  c o m p le x i ty  o f  th e  c o n f ig u r a t io n  to  b e  
r e p r e s e n te d .

5 Future Development

T h e  C o n f ig u r e r  G r a p h ic s  S e rv ic e  is a  c o n t in u a l ly  e v o lv in g  s y s te m  -  in d e e d ,  
b y  i ts  v e ry  n a t u r e  i t  m u s t  e v o lv e  w ith  th e  p r o d u c t s  w h ic h  I C L  su p p lie s ,  o r  
b e c o m e  o b s o le s c e n t .  S in c e  th e  in i t ia l  p r o to ty p e  o f  th e  sy s te m  w a s  m a d e  
a v a i la b le  fo r  g e n e r a l  u se  in  N o v e m b e r  1989 , i ts  s c o p e  a n d  f u n c t io n a l i ty  h a v e  
g r a d u a l ly  b e e n  e x p a n d e d  u n t i l  i t  n o w  c o v e r s  th e  e n t i r e  c u r r e n t  r a n g e  o f  
C o r p o r a t e  a n d  M id - R a n g e  S y s te m s  p r o d u c ts ,  f ro m  th e  D R S  M 5 5 /N X  
m o d e ls  r ig h t  u p  to  h e a v ily  lo a d e d  f o u r - n o d e  a n d  s ix - n o d e  S e r ie s  39  S X  
c o n f ig u r a t io n s .

I n  a d d i t io n ,  im p r o v e m e n ts  in  th e  in te r n a l  I T  in f r a s t r u c tu r e  o f  th e  C o m p a n y  
h a v e  a l lo w e d  d ia g ra m s ,  r e p o r t s  a n d  so  o n , to  b e  d e l iv e re d  o v e r  th e  C o r p o r a t e  
e le c t ro n ic  m a il  n e tw o r k .  I n  th e  c u r r e n t  b u s in e s s  c l im a te  th e  im p l ic a t io n s  o f  
th is  a r e  f a r  r e a c h in g  -  ty p ic a l ly  w i th in  a n  h o u r  o f  e n t e r in g  th e  r e q u i r e d  
c u s to m e r  s y s te m  d e ta i l s  in to  th e  C O N F I G U R E R ,  a  m e m b e r  o f  th e  sa le s  
s ta f f  c a n  h a v e  o n  h is  o r  h e r  d e s k , a l l th e  c o m p o n e n ts  r e q u i r e d  t o  p r o d u c e  a
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c o m p le te  p r o p o s a l ,  in c lu d in g  a  p r ic e d  s y s te m  c o n f ig u r a t io n  r e p o r t ,  c o n f ig ­
u r a t i o n  d ia g r a m s  a n d  fu ll p r o d u c t  d e s c r ip t io n s .

T h e r e  is l i t t le  d o u b t  t h a t  C G S  w ill c o n t in u e  to  e v o lv e  w ith  th e  fa c ilitie s  
o f fe re d  b y  th e  C O N F I G U R E R .  T h e  s y s te m  h a s  s h o w n  i ts e lf  to  b e  a  su c ce ss , 
c o n s is te n t ly  a c h ie v in g  b o th  b u s in e s s  a n d  te c h n ic a l  o b je c t iv e s  la id  d o w n  fo r  
it. U s a g e  o f  th e  s y s te m  o v e r  th e  tw o  a n d  a  h a l f  y e a r s  o f  i ts  life  h a s  b e e n  
e x t re m e ly  h e a v y  -  o v e r  th i r t e e n  a n d  a  h a l f  t h o u s a n d  d ia g r a m s  to  d a t e  -  a n d  
th e  c o m m e n t  f ro m  u s e rs  h a s  b e e n  e x c e lle n t.
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Location T ran sp a ren cy  in 
H e te ro g en eo u s  N etw orks

A. Drahota1 P. H. Ford2 and I. G. Vincent2
11CL, 2University of Nottingham, UK

Abstract

Distribution Transparency is a key concept for developing a new 
manageable generation of distributed systems. A particular aspect of 
distribution transparency is Location Transparency. The ICL product 
DAIS implements an extensive set of transparency mechanisms, 
including one for Location. This paper describes the implementation 
of the DAIS Location transparency mechanism as achieved by the DTI 
and SERC sponsored collaborative project OASIS, undertaken by ICL, 
Hydro-Electric Pic, The University of Nottingham and Gid Ltd. A par­
ticular feature of the implementation is the ability to maintain Location 
Transparency in a heterogeneous environment of host computers and 
networks.

1 Introduction

T h e  r a p id  g r o w th  o f  d i s t r ib u t e d  c o m p u t in g  h a s  c r e a te d  a  n e e d  fo r  a  f r a m e ­
w o r k  fo r  th e  s t a n d a r d i s a t i o n  o f  Open Distributed Processing ( ODP). The 
ISO Reference Model of ODP (ISO 10746, CCITT Rec. X.900)  p r o v id e s  
s u c h  a  f r a m e w o r k .  I t  c r e a te s  a n  a r c h i t e c tu r e  c o n ta in in g  th e  c o n c e p ts ,  ru le s  
a n d  s t a n d a r d s  w h ic h  c a n  b e  u s e d  to  d e s c r ib e  a n d  im p le m e n t  d i s t r ib u t e d  
sy s te m s . T h e  O D P  m o d e l  c o v e r s  d i s t r i b u t io n  o f  s y s te m  c o m p o n e n ts ,  th e i r  
in te r w o r k in g  a n d  in te r o p e r a b i l i ty ,  a n d  h o w  p o r t a b i l i t y  o f  s o f tw a r e  c o m p o n ­
e n ts  c a n  b e  a c h ie v e d  [ I S O  ’9 2 ] ,

I n  p a r a l le l  w i th  th e  d e f in i t io n  o f  I S O  O D P ,  th e  Object Management Group 
( OMG) h a v e  s ta r t e d  d e f in in g  th e i r  a r c h i te c tu r e  fo r  d i s t r ib u t e d  o b je c t  b a s e d  
c o m p u t in g  -  th e  Common Object Request Broker Architecture ( CORBA). 
O M G  is  a  v e ry  la rg e  in d u s t r i a l  c o n s o r t i u m  w i th  a  w o r ld w id e  m e m b e r s h ip  
o f  in f o r m a t io n  t e c h n o lo g y  s u p p l ie r s  a n d  u se rs . O M G ’s m is s io n  is  t o  e s ta b l is h  
a n  a r c h i t e c tu r e  a n d  a  se t o f  s p e c if ic a t io n s ,  b a s e d  o n  c o m m e r c ia l ly  a v a i la b le  
o b je c t  te c h n o lo g y ,  to  e n a b le  c r e a t io n  o f  d i s t r ib u t e d  in te g r a te d  a p p l ic a t io n s .  
T h e  p r im a r y  g o a ls  o f  O M G  a r e  r e u s a b i l i ty ,  p o r ta b i l i ty  a n d  in te r o p e r a b i l i ty
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o f  o b je c t - b a s e d  s o f tw a re  c o m p o n e n ts  in  d i s t r ib u t e d  h e te r o g e n e o u s  e n v i r o n ­
m e n ts  [ O M G  ’9 3 ] .

B o th  O D P  a n d  C O R B A  a r e  r a is in g  s ig n if ic a n t ly  th e  le v e l a t  w h ic h  a p p l ic a ­
t io n s  a r e  p r o g r a m m e d  a b o v e  th e  n e tw o r k e d  m a c h in e .  F o r  e x a m p le  in  
C O R B A , th e  O b je c t  R e q u e s t  B r o k e r  (O R B )  c o m p o n e n t  o f  th e  sy s te m  e n a b le s  
a p p l ic a t io n  o b je c ts  to  m a k e  r e q u e s ts  a n d  re c e iv e  m e s s a g e s  t r a n s p a r e n t ly ,  
t h a t  is  w i th o u t  b e in g  a w a re  o f  o r  n e e d in g  to  a c c o m m o d a te  th e  d i s t r ib u t e d  
e n v i r o n m e n t  in  w h ic h  th e y  a r e  e x e c u t in g . T h is  w ill c o n s id e r a b ly  s im p lify  th e  
d e v e lo p e r ’s t a s k  a n d  im p r o v e  d e v e lo p m e n t  p r o d u c t iv i ty  fo r  d i s t r ib u t e d  sy s ­
te m s , b e c a u s e  d e v e lo p e r s  w ill n o t  n e e d  to  b e  c o n c e r n e d  w ith  th e  m e c h a n is m s  
fo r  c o m m u n ic a t in g  b e tw e e n  d i s t r ib u t e d  a p p l ic a t io n  c o m p o n e n ts .

A n  i m p o r t a n t  d if fe re n c e  b e tw e e n  th e  a p p r o a c h e s  m e n t io n e d  a b o v e  a n d  m a n y  
o f  th o s e  a d o p t e d  in  th e  p a s t  is  t h a t  d i s t r ib u t io n  o p t io n s  a r e  n o t  r e s t r ic te d  
to  sp e c if ic  s u p p o r t  e n v i r o n m e n ts  (e.g . to  a  p r o p r ie ta r y  n e tw o r k in g  p r o to c o l )  
o n  w h ic h  in i t ia l  d e v e lo p m e n t  h a s  b e e n  c a r r ie d  o u t ,  b u t  i t  is  p o s s ib le  to  
r e lo c a te  th e  d e v e lo p e d  a p p l ic a t io n  s y s te m  to  o th e r  e n v i r o n m e n ts  w i th o u t  
r e -d e s ig n  o r  re -c o d in g .

I C L  h a s  p a r t i c ip a te d  a c t iv e ly  in  th e  d e f in i t io n  o f  b o th  O D P  a n d  C O R B A . 
T h is  is  r e f le c te d  in  th e  e a r ly  a v a i la b i l i ty  o f  a n  O D P  a n d  C O R B A  in te r c e p t  
p r o d u c t  th e  D A IS  p la t f o rm .  M u c h  o f  IC L ’s e a r ly  a c t iv i ty  in  d e v e lo p in g  
th e  n e w  te c h n o lo g y  w a s  in  c o l l a b o r a t io n  w ith  o th e r  o r g a n is a t io n s ,  p a r t i c u ­
la r ly  in  th e  f o l lo w in g  p ro je c ts :  A N S A /IS A  (A lv e y  a n d  E s p r i t  I I  p ro je c t) ,  
R I C H E  a n d  B a n k ’9 2  ( E s p r i t  I I  p r o je c ts )  [ D r a h o t a  ’9 0 ] ,  S y s m a n  ( E s p r i t  
I I I ) ,  O A S IS  (a  p r o je c t  w i th in  th e  D T I /S E R C  s p o n s o r e d  O p e n  D is t r ib u te d  
S y s te m s  A r c h i te c tu r e  ( O D S A )  p r o g ra m m e ) .

T h e  e x p e r ie n c e  g a in e d  d u r in g  th e  p r o je c ts  is  r e f le c te d  in  D A IS , w h ic h  e x te n s ­
iv e ly  e x p lo i ts  th e  w o r k  o f  th e  re s e a rc h e rs .  M a n y  o f  th e  s ig n if ic a n t  b e n e f its ,  
g a in e d  b y  u s e rs  o f  th e  n e w  te c h n o lo g y ,  c a n  b e  a t t r i b u t e d  to  th e  a v a i la b i l i ty  
o f  a d v a n c e d  t r a n s p a r e n c y  m e c h a n is m s  in  th e  s u p p o r t  e n v i ro n m e n t .

A  t r a n s p a r e n c y  m e c h a n is m  is  a  s y s te m  f e a tu re  w h ic h  c o n c e a ls  s o m e  a s p e c t  
o f  th e  p h y s ic a l  s y s te m  f ro m  th e  a p p l ic a t io n  d e v e lo p e r  o r  u se r. S o , fo r  
e x a m p le ,  th e  a p p l ic a t io n  p r o g r a m m e r  c a n  w r i te  c o m m u n ic a t in g  p r o g r a m s  
w i th o u t  k n o w le d g e  o f  a n y  n e tw o r k  th r o u g h  w h ic h  th e  p r o g r a m s  m a y  n e e d  
to  s e n d  m e s s a g e s  to  e a c h  o th e r ;  to  th e  p r o g r a m m e r  i t  a p p e a r s  a s  if  th e  
c o m m u n ic a t in g  p r o g r a m s  w e re  a lw a y s  r e s id e n t  in  th e  s a m e  sy s te m  p ro c e s s  
o r  v i r tu a l  m a c h in e .  T h e r e  a r e  m a n y  t r a n s p a r e n c i e s  w h ic h  c a n  b e  p r o v id e d  
a s  p a r t  o f  a  s u p p o r t  e n v i r o n m e n t  fo r  d i s t r ib u t e d  p ro c e s s in g , s e c t io n  2 o u t l in e s  
s e v e ra l o f  th e se .

T h is  p a p e r  c o n c e n t r a te s  o n  th e  d e s c r ip t io n  o f  o n e  o f  th e  t r a n s p a r e n c i e s  -  
th e  o n e  c o n c e a l in g  lo c a t io n  o f  sy s te m  c o m p o n e n ts  -  a n d  o u t l in e s  th e  
m e c h a n is m  w h ic h  d e liv e rs  i t  a s  im p le m e n te d  in  th e  O A S IS  p r o je c t  a n d  n o w  
in c o r p o r a t e d  in to  D A IS .
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2 Transparencies

T h e  O D P  m o d e l  r e c o g n is e s  t h a t  c o m p le x i ty  o f  d i s t r ib u t e d  s y s te m s  m u s t  b e  
t a c k le d  b y  p r o v is io n  o f  m e c h a n is m s  w h ic h  c o n c e a l  p a r t i c u l a r  d i s t r ib u t io n  
is s u e s  f ro m  a p p l ic a t io n  d e s ig n e r s  a n d  d e v e lo p e rs .  T h e s e  m e c h a n is m s  a r e  
k n o w n  a s  transparencies, a n d  th e  O D P  m o d e l  r e c o g n is e s  s e v e ra l ,  in c lu d in g :

Access transparency w h ic h  e n a b le s  i n te r w o r k in g  b e tw e e n  h e te r o g e n e o u s  
c o m p u te r  a r c h i te c tu r e s  b y  m a s k in g  d if fe re n c e s  in  d a t a  r e p r e s e n ta t io n  a n d  
in v o c a t io n  m e c h a n is m s  ( in c lu d in g  th e  d i s t in c t io n  b e tw e e n  lo c a l  a n d  r e m o te  
in v o c a t io n s )  o f  o p e r a t io n s  a t  in te r fa c e s

Concurrency transparency w h ic h  m a s k s  s c h e d u l in g  o f  r e c o v e r a b le  o p e r a ­
t io n s  t h a t  a c t  o n  s h a r e d  s t a t e  a t  a n  in te r fa c e ,  t o  a c h ie v e  c o n s is te n c y  (i.e . 
d u r in g  t r a n s a c t io n a l  o p e r a t i o n s  th e  A C I D  p r o p e r t ie s  a r e  m a in ta in e d  -  
A to m ic i ty ,  C o n s is te n c y ,  I s o l a t i o n  a n d  D u r a b i l i ty )

Failure transparency w h ic h  m a s k s  th e  f a i lu re  a n d  p o s s ib le  r e c o v e r y  o f  
o b je c ts ,  t o  e n h a n c e  f a i lu re  to le r a n c e  a n d  s y s te m  a v a i la b i l i ty

Federation transparency w h ic h  m a s k s  i n te r w o r k in g  b o u n d a r ie s  b e tw e e n  
s e p a r a te  a d m in i s t r a t io n  a n d  te c h n o lo g y  d o m a in s

Location transparency w h ic h  m a s k s  in te r f a c e  lo c a t io n ,  t o  e n a b le  lo c a t io n -  
in d e p e n d e n t  in te r f a c e  id e n t i f ic a t io n  a n d  c o n t in u e d  u s e  o f  in te r f a c e s  a f te r  
th e i r  r e lo c a t io n

Migration transparency w h ic h  is  a n  e x te n s io n  t o  lo c a t i o n  t r a n s p a r e n c y  a n d  
w h ic h  m a s k s  r e lo c a t io n  o f  a n  o b je c t  f ro m  th e  o b je c t  b e in g  r e lo c a te d  a n d  
e n s u re s  t h a t  i ts  c l ie n ts  a r e  n o t  a f fe c te d  b y  th e  m o v e ; m ig r a t io n  is  o f te n  u s e d  
to  a c h ie v e  lo a d  b a l a n c in g  a n d  r e d u c e  la te n c y

Replication transparency w h ic h  m a s k s  r e p l i c a t io n  o f  o b je c ts ;  r e p l i c a t io n  
c a n  b e  u s e d  to  e n h a n c e  p e r f o r m a n c e  a n d  a v a i la b i l i ty

Resource transparency ( s o m e t im e s  c a l le d  liveness transparency) w h ic h  
m a s k s  v a r ia t io n s  in  th e  a b i l i ty  o f  a  s y s te m  to  p r o v id e  n e c e s s a r y  r e s o u r c e s  
fo r  a n  o b je c t  to  e n g a g e  in  a c t io n s ;  [ I S O  ’9 2 ] ,

T r a n s p a r e n c ie s  a r e  a  f u n d a m e n ta l  c o n c e p t  in  th e  I S O  O D P  s ta n d a r d .  
T h e y  a r e  s o m e t im e s  g r o u p e d  u n d e r  th e  c o n v e n ie n t  h e a d in g  o f  Distribution 
Transparency. T h e i r  a v a i la b i l i ty  c a n  d r a m a t ic a l l y  s im p lify  d e s ig n  a n d  d e v e l­
o p m e n t  o f  d i s t r ib u t a b le  a p p l ic a t io n s ,  a n d  a t  th e  s a m e  t im e  p r e s e rv e s  r e c o n ­
f ig u r a t io n  a n d  e n h a n c e m e n t  o p t io n s  fo r  th e  sy s te m . E x p lo i t a t io n  o f  th e  
t r a n s p a r e n c i e s  a ls o  r e d u c e s  th e  s y s te m  m a n a g e m e n t  b u r d e n ,  th u s  r e le a s in g  
s c a rc e  e x p e r t is e  t o  c o n c e n t r a te  o n  a p p l ic a t io n s  r a t h e r  t h a n  o n  c o m p le x  
s y s te m s  issu e s .
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T h e  i m p o r t a n t  p o in t  a b o u t  a d o p t in g  th e  O D P  a p p r o a c h  to  d e v e lo p m e n t  is 
t h a t  th e  a p p l ic a t io n  th u s  im p le m e n te d  c a n  b e  d e p lo y e d  in  a  s in g le  h o s t  
( c e n tr a l is e d )  b u t  d i s t r ib u t io n  o p t io n s  a r e  p r e s e rv e d  a n d  c a n  b e  t a k e n  u p  if  
l a t e r  r e q u ir e d .

A s p e c ts  o f  d i s t r ib u t io n  t r a n s p a r e n c y  s h o u ld  b e  se le c tiv e , e x c e p t  fo r  A cc ess  
t r a n s p a r e n c y ,  w h ic h  is r e q u i r e d  in  a ll c a se s . T h is  m e a n s  t h a t  i t  m u s t  b e  
p o s s ib le  fo r  a  d e v e lo p e r  to  m a k e  s e le c tiv e ly  v is ib le  s o m e  a s p e c t  o f  th e  
d i s t r ib u t e d  s y s te m  (e.g. c o m p o n e n ts ’ lo c a t io n ,  o r  in te r m i t t e n t  f a i lu re  o f  a  
c o m p o n e n t ) .  O n ly  w ith  s e le c tiv e  t r a n s p a r e n c i e s  w ill i t  b e  p o s s ib le  to  u ti l is e  
th e  s a m e  s y s te m  in f r a s t r u c tu r e  fo r  b u i ld in g  v a s t ly  d if fe re n t  a p p l ic a t io n s ,  
r a n g in g  f ro m  th o s e  w h ic h  a r e  c o m p le te ly  u n c o n c e r n e d  w ith  h o w  th e i r  b u s i ­
n e s s  lo g ic  is  m e c h a n is e d  in  th e  h o s t  e n v i r o n m e n t ,  to  th o s e  w h ic h  n e e d  to  
c o n t r o l  p re c is e ly  s o m e  p h y s ic a l  a s p e c ts  o f  th e  e n v i r o n m e n t  in  w h ic h  th e y  
ex is t.

T h e  O D P  m o d e l  c a n  b e  a p p l ie d  in  m a n y  d if fe re n t im p le m e n ta t io n s .

ANSAware is a n  e x e m p la r  im p le m e n ta t io n  o f  O D P .  A N S A w a re  w a s  
d e v e lo p e d  b y  th e  A d v a n c e d  N e tw o r k e d  S y s te m s  A r c h i te c tu r e / I n t e g r a te d  
S y s te m s  A r c h i te c tu r e  ( A N S A /IS A )  p r o je c t  ( 1 9 8 3 - ) ,  m a in ly  a s  a  p r o o f  o f  
c o n c e p ts  e m b o d ie d  in  th e  A N S A  a r c h i te c tu r e ,  w h ic h  i ts e lf  is  th e  b a s is  f ro m  
w h ic h  th e  O D P  s ta n d a r d s  a r e  e v o lv in g . T h e  s o f tw a r e  is in  u se  b y  n u m e r o u s  
r e s e a r c h  g r o u p s  a r o u n d  th e  w o r ld  a n d  it w a s  e x p lo i te d  in  th e  U S  to  d e v e lo p  
th e  N A S A  A s tr o -p h y s ic a l  d a t a b a s e  sy s te m , o n e  o f  th e  w o r ld ’s la rg e s t  
d i s t r ib u t e d  a p p l ic a t io n s .

T h e  I C L  DAIS p la t f o r m ,  a v a i la b le  s in c e  D e c e m b e r  1992 , is  a n  O D P  c o n ­
f o r m a n t  p r o d u c t  a d o p t in g  m a n y  o f  th e  A N S A w a re  im p le m e n ta t io n  
a p p r o a c h e s .  D A IS  a ls o  c o n ta in s  th e  f u n c t io n a l i ty  o f  a n  O b je c t  R e q u e s t  
B r o k e r  (O R B )  a s  d e f in e d  in  th e  O M G  C O R B A .

I n  C O R B A , o b je c t  i n te r w o r k in g  is  s u p p o r t e d  b y  th e  O b je c t  R e q u e s t  B r o k e r  
(O R B )  a n d  a  s e t  o f  O b je c t  S e rv ic e s . T h e  O R B  e n a b le s  t r a n s p a r e n t  c o m m u n ­
ic a t io n s  b e tw e e n  o b je c ts ,  m e d ia t in g  c l ie n t - s e rv e r  i n te r a c t io n s .  O b je c t  S e rv ic e s  
a r e  a  c o l le c t io n  o f  s e rv ic e s  ( in te r f a c e s  a n d  o b je c ts )  t h a t  s u p p o r t  b a s ic  fu n c ­
t io n s  fo r  u s in g  a n d  im p le m e n t in g  a p p l ic a t io n  o b je c ts .  T y p ic a l ly ,  a n  O b je c t  
S e rv ic e  p r o v id e s  s o m e  g e n e r ic  g r o u p  o f  f u n c t io n s  a n d ,  a t  th e  s a m e  tim e , 
s o m e  a s p e c t  o f  t r a n s p a r e n c y  to  i ts  c l ie n ts . F o r  e x a m p le ,  th e  N a m e  S e rv ic e  
p r o v id e s  a  f u n c t io n  fo r  t r a n s l a t i n g  a n  O b je c t  N a m e  in to  a n  O b je c t  R e fe re n c e , 
w h ic h  c a n  b e  e m p lo y e d  b y  its  u s e r  to  b in d  to  th e  n a m e d  o b je c t .  A t th e  s a m e  
tim e , th e  N a m e  S e rv ic e  is  u s e d  in  c o n ju n c t io n  w i th  th e  O R B  to  c o n c e a l  
O b je c ts ’ L o c a t io n .  O b je c ts  e x p lo i t in g  O b je c ts  S e rv ic e s  a r e  w r i t te n  to  
sp e c if ie d  A p p l ic a t io n  P r o g r a m m in g  I n te r f a c e s  ( A P Is ) ,  d e f in e d  in  I D L  a n d  
im p le m e n te d  b y  th e  O b je c t  S e rv ic e s .

A p a r t  f ro m  th e  O b je c t  R e q u e s t  B r o k e r ,  O M G  h a v e  b e g u n  s t a n d a r d i s a t io n  
fo r  s e rv ic e s  c o v e r in g  N a m in g ,  E v e n ts ,  L ife c y c le  ( c r e a t io n  a n d  d e s t r u c t io n ) ,
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P e r s is te n c e  (i.e . p e r s i s t e n t  s to r a g e  m a n a g e r ) ,  C o n c u r r e n c y ,  T r a n s a c t io n  
M a n a g e m e n t ,  E x te r n a l i s a t io n ,  T im e  a n d  R e la t io n s h ip s .  S e v e ra l o t h e r  O b je c t  
S e rv ic e s  a r e  e x p e c te d  to  b e  s t a n d a r d i s e d ,  in c lu d in g  S e c u r i ty ,  T r a d in g ,  C h a n g e  
M a n a g e m e n t ,  Q u e r y ,  A rc h iv e ,  a n d  I n te r f a c e  a n d  I m p le m e n ta t io n  
R e p o s i to r ie s  [ O S A  ’9 2 ] .

I n  A N S A w a re  a n d  in  D A IS ,  t h e  in f r a s t r u c tu r e  s u p p o r t i n g  o b je c ts  is  d iv id e d  
in to  a  b a s ic  Nucleus (a  c o l le c t io n  o f  f u n c t io n s  p r o v id in g  b a s ic  d i s t r ib u t io n  
c a p a b i l i t i e s  a n d  l in k a g e  to  c o m m u n ic a t io n s  in te r fa c e s ) ,  a n d  a  s e t  o f  t r a n s p a r ­
e n c y  m e c h a n is m s  ( th e m s e lv e s  im p le m e n te d  a s  o b je c ts ) .  A rc h i te c tu r a l ly ,  th e  
t r a n s p a r e n c y  m e c h a n is m s  a r e  O b je c t  S e rv ic e s  u s e d  b y  a  “ n o n - d i s t r ib u t i o n  
t r a n s p a r e n t ” O R B  to  a c h ie v e  d i s t r i b u t io n  t r a n s p a r e n c y  [ H e r b e r t  e t  a l  ’9 3 ] ,

I n te r w o r k in g  b e tw e e n  o b je c ts  s u p p o r t e d  b y  d if fe re n t  O R B s  is  p o s s ib le  b y  
e x p lo i t in g  Interceptor o b je c ts ,  w h ic h  p e r f o r m  a n y  n e c e s s a r y  m a p p in g  
b e tw e e n  th e  d if fe re n t  e n v i r o n m e n ts  (see  s e c t io n  3 ).

W i th  A N S A w a re  a n d  w i th  D A IS ,  a s  is  th e  c a s e  in  C O R B A , a n  a p p l ic a t io n  
d e v e lo p e r  d e s c r ib e s  a  s e rv ic e  in  te r m s  o f  i t s  in te r f a c e  u s in g  a n  I n te r f a c e  
D e f in i t io n  L a n g u a g e  ( I D L ) .  I n te r f a c e  D e f in i t io n s  a r e  th e  s h a r e d  s p e c if ic a ­
t io n s  b e tw e e n  c l ie n t  a n d  s e rv e r  o b je c ts .  C l ie n ts  a r e  n o t  a w a r e  o f  s e rv e r  
im p le m e n ta t io n  d e ta i ls ,  o n ly  o f  th e  in te r f a c e s  m a d e  e x te r n a l ly  v is ib le  v ia  
I D L ,  a n d  in te r a c t io n s  b e tw e e n  o b je c ts  a r e  o n ly  p o s s ib le  v ia  in te r f a c e s  so  
d e f in e d . W i th  D A IS  a n d  A N S A w a re  th e  d e v e lo p e r  a l s o  u s e s  a  d e c la r a t iv e  
s t a te m e n t  o f  th e  r e q u i r e d  g u a r a n te e s  (i.e . im p l ie d  t r a n s p a r e n c y  n e e d s )  u p o n  
o p e r a t i o n  in v o c a t io n  w i th in  t h a t  in te r fa c e .  T h e  A N S A w a re  o r  D A IS  to o ls  
to  c o m p ile  a n d  l in k  th e  a p p l ic a t io n  b u i ld  a n  O R B  fo r  th e  a p p l ic a t io n  t h a t  
in c lu d e s  a p p r o p r i a t e  t r a n s p a r e n c y  m e c h a n is m s .  T h is  a p p r o a c h  e m p h a s iz e s  
th e  s e le c tiv e  n a t u r e  o f  m a n y  t r a n s p a r e n c i e s  a n d  a l lo w s  “ p lu g  in ”  t r a n s p a r e n ­
c ie s  t o  a d d  c a p a b i l i ty  t o  a  b a s ic  O R B  [ H e r b e r t  e t  a l  ’9 3 ] .  I n te r o p e r a b i l i ty  
b e tw e e n  a p p l ic a t io n  o b je c ts  r u n n in g  o n  t o p  o f  d if fe re n t  O R B  im p le m e n ta ­
t io n s  c a n  b e  a c h ie v e d  v ia  I n t e r c e p to r  o b je c ts ,  w h ic h  a r e  d is c u s s e d  in  
s e c t io n  3 .2 . T h e  r e la t io n s h ip  b e tw e e n  th e  c o m p o n e n ts  o f  b o t h  C O R B A  
a n d  D A IS  s u p p o r t  e n v i r o n m e n ts  is  s h o w n  in  F ig . 1.

T h e  A N S A  a n d  D A IS  a p p r o a c h  is  v e ry  flex ib le . W i th  D A IS ,  a n  O R B  is  
c r e a te d  t a i lo r e d  t o  th e  n e e d s  o f  p a r t i c u l a r  a p p l ic a t io n  s y s te m s . D if fe re n t  
s y s te m s  r e q u i r e  d if fe re n t  g u a r a n te e s  in  a r e a s  s u c h  a s  s e c u r i ty ,  r e l ia b il i ty ,  
p e r f o rm a n c e ,  a v a i la b i l i ty  a n d  s o  o n . M a n y  s u c h  r e q u i r e m e n ts  m a y  c o n f l ic t  
e .g . s e c u r i ty  v s  c o n v e n ie n c e ,  a u t o n o m y  v s u n if o rm ity ,  a b s t r a c t i o n  v s  p e r f o r m ­
a n c e . T h e  O R B  w ill n e e d  to  re f le c t th e  v a r io u s  t r a d e -o f f s  w h ic h  th e  a p p l ic a ­
t io n  d e v e lo p e r s  n e e d . T h e r e f o r e ,  a n  O R B  w h ic h  is  in  p a r t  g e n e r a te d  
sp e c if ic a lly  fo r  e a c h  a p p l ic a t io n  s y s te m  is  th e  m o s t  f le x ib le  a n d  a d a p ta b l e  
a p p r o a c h  to  m e e t  th e  v a r ie ty  o f  n e e d s  t h a t  w ill b e  e n c o u n te r e d .
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Fig. 1 DAIS Object Request Broker 

3 Location Transparency

Location is a n  im p o r t a n t  c o n c e p t  in  d i s t r ib u t e d  sy s te m s . T o  b e  a b le  t o  u se  
th e  s e rv ic e s  o f  s o m e  S e rv e r  O b je c t ,  a  C l ie n t  O b je c t  m u s t  id e n tify  th e  p o in t  
in  s p a c e  w h e re  th e  S e rv e r  is  a b le  t o  re c e iv e  a  m e s s a g e  o n  w h ic h  i t  is  t o  a c t.  
U s u a l ly ,  L o c a t io n  is r e p r e s e n te d  b y  s o m e  la b e l  w h ic h  a  p r o g r a m m e r  u se s , 
fo r  e x a m p le  a n  A d d re s s  w h ic h  id e n tif ie s  t o  th e  n e tw o r k  la y e r  th e  e n d - p o in t  
a t  w h ic h  th e  s e rv e r  o b je c t  is l i s te n in g  fo r  r e q u e s ts .  I f  th is  lo c a t io n  is  s to r e d  
in  th e  p r o g r a m  a s  a  p r e - a s s ig n e d  a d d r e s s  t h e n  th e  S e rv e r  lo c a t io n  is  f ix ed ,

Fig. 2

a s  f a r  a s  th e  C l ie n t  O b je c t  is  c o n c e r n e d  (see  F ig . 2 ). I n  s u c h  c i rc u m s ta n c e s ,  
w h e n  i t  is r e q u i r e d  t h a t  th e  S e rv e r  O b je c t  b e  r e lo c a te d ,  a s  w ill b e  th e  c a se , 
fo r  e x a m p le ,  w h e n  its  h o s t  sy s te m  is t o  b e  r e p la c e d , th e  C l ie n t  w ill n e e d  to  
b e  r e g e n e r a te d  w ith  a  n e w  v a lu e  o f  th e  a d d r e s s .  T h is  w ill in c re a s e  s y s te m  
m a in te n a n c e /m a n a g e m e n t  c o s t  a n d  h e n c e  s h o u ld  b e  a v o id e d .
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T o  a c h ie v e  Location Transparency, p r o g r a m s ,  o r  th e i r  s u p p o r t i n g  in f r a s t r u c ­
tu r e ,  n e e d  t o  b e  w r i t t e n  in  s u c h  a  w a y  t h a t  th e  b in d in g  b e tw e e n  a  c l ie n t  a n d  
a  s e rv e r  o c c u r s  (i.e . c l ie n t  a c h ie v e s  a w a r e n e s s  o f  th e  s e rv e r ’s lo c a t io n )  n e a r  
t h e  i n s t a n t  in  t im e  w h e n  th e  c l ie n t  w ish e s  t o  u s e  th e  s e rv e r ,  a n d ,  s h o u ld  th e  
S e rv e r  O b je c t  s u b s e q u e n t ly  m ig r a te  t o  a n o t h e r  lo c a t io n ,  th e  c l ie n t  p r o g r a m ’s 
v ie w  o f  th e  s e rv e r  lo c a t io n  c a n  b e  a u to m a t ic a l ly  r e a d ju s te d .  T h e  f irs t c a p a ­
b i l i ty  is  o f te n  te r m e d  late binding, t h e  s e c o n d  is  a l s o  k n o w n  a s  migration 
transparency. T h e  m ig r a t io n  t r a n s p a r e n c y  s c h e m e  re lie s  o n  u s e  o f  Relocators, 
w h ic h  a r e  s e rv ic e s  m a in ta in in g  a  d i r e c to r y  o f  lo c a t io n s  f o r  O b je c ts  t h a t  h a v e  
m ig r a te d  (e.g . d u e  t o  r e c o v e ry  f ro m  c h e c k p o in t ) .  T h e  r e lo c a t in g  s e rv ic e  o r  
i ts  s u p p o r t i n g  in f r a s t r u c tu r e  in f o rm s  th e  R e lo c a to r  o f  c h a n g e s  in  lo c a t io n ,  
a n d  th e  C l ie n t  O b je c ts  o r  th e i r  s u p p o r t i n g  in f r a s t r u c tu r e  c a n  r e q u e s t  th e  
R e lo c a to r  to  p r o v id e  th e  lo c a t i o n  o f  th e  r e q u i r e d  se rv ic e .

V a r io u s  im p le m e n ta t io n s  a n d  te c h n iq u e s  fo r  a c h ie v in g  a t  le a s t  l im ite d  lo c a ­
t io n  t r a n s p a r e n c y  e x is t  a n d ,  d e p e n d in g  o n  h o w  c o m p re h e n s iv e  a  s u p p o r t  
fo r  th e  t r a n s p a r e n c y  th e y  p r o v id e ,  th e y  d e l iv e r  v a r y in g  d e g re e s  o f  b e n e f i t  to  
s y s te m  p r o v id e r s .

1. T o  a v o id  th e  n e e d  to  a l t e r  a p p l ic a t io n  p r o g r a m s ,  m a n y  s u p p l ie r s  p r o v id e  
c o n f ig u r a t io n  f ile s  w h ic h  a l lo w  c u s to m e r s  t o  s u p p ly  a d d r e s s in g  in f o r m a ­
t io n  r e q u i r e d  fo r  d i s t r ib u t e d  a c c e ss . S u c h  a  s c h e m e  e l im in a te s  th e  n e e d  
fo r  r e - c o d in g  w h e n  s e rv e r  lo c a t io n s  c h a n g e ,  b u t  i t  d o e s  r e q u i r e  sy s te m  
m a n a g e m e n t  a c t iv i ty  (i.e . c h a n g in g  th e  c o n f ig u r a t io n  files). T h e  c o s t  o f  
m a in ta in in g  c o n f ig u r a t io n  file s  c a n  b e c o m e  q u i te  s ig n i f ic a n t  w h e n  th e  
p o p u la t i o n  o f  o b je c ts  r e a c h e s  a  c e r ta in  lev e l, o r  w h e n  lo c a t io n  c h a n g e s  
a r e  f re q u e n t .

2. M o r e  a d v a n c e d  a p p r o a c h e s  u se  th e  c o n c e p t  o f  a  directory, s o m e t im e s  
g lo b a l  in  s c o p e , a n d  a n  a s s o c ia te d  p r o g r a m m in g  in te r fa c e .  A  c l ie n t  
O b je c t  is  p r o g r a m m e d  to  in te r r o g a te  a  d i r e c to r y  se rv ic e , f ro m  w h ic h  it

Fig. 3

o b ta in s  lo c a t io n  d e ta i l s  fo r  th e  r e q u i r e d  s e rv ic e  (see  F ig . 3 ). B in d in g  
b e tw e e n  th e  c l ie n t  a n d  s e rv e r  is  th u s  e s ta b l is h e d ,  b a s e d  o n  a  c e n tr a l ly
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a d m in is te r e d  r e p o s i to r y  o f  lo c a t io n  in f o r m a t io n .  S o m e tim e s  th e  d i r e c t ­
o r y  is in c o r p o r a t e d  in  a  s e rv ic e  w ith  w h ic h  c l ie n ts  in te r a c t ,  a n d  w h ic h  
its e lf  c o n c e a ls  d i s t r ib u t io n  o f  i ts  p a r ts .  F o r  e x a m p le ,  r e la t io n a l  d a t a b a s e  
m a n a g e m e n t  sy s te m s  a d o p t  th is  a p p r o a c h ,  w h e re  a  c l ie n t  in te r a c t s  w ith  
a  d a t a b a s e  s e rv e r  u s in g  a  ‘v ie w  o f  d a t a ’ w h ic h  c o n c e a ls  p o s s ib le  d i s t r i b u ­
t io n  o f  th e  d a t a  e le m e n ts  in  o th e r  d a t a b a s e  s e rv e rs . T h e  s e rv e r  t o  w h ic h  
th e  c l ie n t  c o n n e c ts  u se s  i ts  d i r e c to r y  to  a c c e s s  t r a n s p a r e n t ly  th e  in f o r m a ­
t io n  o n  b e h a l f  o f  th e  c l ie n t  a n d  p r e s e n ts  a  u n if ie d  v ie w  to  th e  se rv e r . 
H o w e v e r ,  th e  d r a w b a c k  w ith  th is  a p p r o a c h  is t h a t  a  c l ie n t  m u s t  a c c e s s  
in f o r m a t io n  v ia  th e  d i r e c to r y  b e a r in g  se rv ic e , r a th e r  t h a n  d ir e c t ly ,  p o t e n ­
t ia l ly  in t r o d u c in g  d e la y s  a n d  a  s in g le  p o in t  o f  fa ilu re . T h e  d i r e c to r y  
in f o r m a t io n  is  u s u a l ly  s ta t ic  a n d  r e q u i r e s  m a n u a l  u p d a t in g  w h e n  
o b je c ts  m o v e .

3. I t  is  p o s s ib le  to  im p le m e n t  a  d y n a m ic a l ly  m a in ta in e d  d i r e c to r y  w h ic h  
b e c o m e s  a w a re  o f  lo c a t io n s  o f  s e rv ic e s  w h e n  th e y  a r e  a c t iv a te d .  T h is  is 
th e  a p p r o a c h  p r o to ty p e d  in  ANSAware [ A N S A  ’9 2 ] ,  a n d  a d o p t e d  b y  
th e  I C L  D A IS  p r o d u c t .  I n  th is  s c h e m e , S e rv e r  O b je c ts  c a n  “ a d v e r t i s e ” 
th e i r  s e rv ic e s  in  th e  d i r e c to r y  ( k n o w n  a s  th e  T r a d e r )  a n d  C l ie n t  O b je c ts  
c a n  s u b s e q u e n t ly  o b ta in  th e  lo c a t io n  in f o r m a t io n  f ro m  th e  T r a d e r  fo r

Fig. 4 Trading

th e  s e rv ic e s  th e y  r e q u i r e  (see  F ig . 4 ). M ig r a t io n  o f  s e rv ic e s  is h a n d le d  b y  
a d v e r t is in g  th e  n e w  lo c a t io n  a n d  m a in ta in in g  r e lo c a t io n  in f o r m a t io n  in  
a  R e lo c a to r  se rv ic e . T h e  in f r a s t r u c tu r e  a u to m a t ic a l ly  u se s  th e  R e lo c a to r  
to  lo c a te  m ig r a te d  se rv ic e s . W h e n  a  s e rv ic e  is to  c lo se  d o w n  it  c a n  
w i th d r a w  its  o ffe rs  f ro m  th e  T r a d e r ,  a n d  th u s  th e  d i r e c to r y  c o n te n t  
re f le c ts  o n ly  th o s e  s e rv ic e s  t h a t  a r e  a v a ila b le .  T h e  t r a d i n g  s y s te m  c a n  
its e lf  b e  d is t r ib u te d .  I t  is p o s s ib le  to  s t r u c tu r e  th e  s y s te m  so  t h a t  d if fe re n t 
a p p l ic a t io n  d o m a in s  a r e  s e rv ic e d  b y  s e p a r a te  d i r e c to r ie s  w h ic h  c a n  b e  
f e d e ra te d  to  fo rm  c r o s s - d o m a in  a s s o c ia t io n s  w ith in  w h ic h  o b je c ts  c a n  
in te r w o r k .

T h e  T r a d in g  s c h e m e  o ffe rs  s ig n if ic a n t  a d v a n ta g e s ;  in  p a r t i c u la r  i t  r e m o v e s  
th e  t a s k  o f  m a n a g in g  e a c h  s e rv ic e ’s lo c a t io n  in f o r m a t io n  f ro m  th e  sy s te m  
a d m in i s t r a to r ,  e n s u r in g  t h a t  th e  sy s te m s  m a in ta in  lo c a t io n  d a t a  a u t o m a t i c ­
a l ly  (se lf  a d m in is t r a t io n ) ,  a n d  h e n c e  i t  r e d u c e s  th e  e f fo r t  r e q u i r e d  to  r e c o n ­
f ig u re  d i s t r ib u t e d  sy s te m s .
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T h e  s c h e m e , a s  im p le m e n te d  in  th e  A N S A w a re  e x e m p la r ,  f u n c t io n s  a s  
fo llo w s :-

•  A  s e rv e r  o b je c t ,  o n c e  in s t a n t i a te d ,  Exports a n  o ffe r  o f  se rv ic e . T h is  
E x p o r t  is  c a r r ie d  o u t  fo r  e v e ry  S e rv ic e  I n te r f a c e  w h ic h  th e  s e rv e r  w ish e s  
t o  m a k e  p u b l ic ly  v is ib le .

•  T h e  s e rv e r  c a n  q u a l ify  i ts  o ffe r  w ith  a  s e t  o f  p r o p e r t i e s  w h ic h  th e  
p r o s p e c t iv e  c l ie n t  o b je c ts  c a n  u s e  t o  c o n s t r a in  th e i r  s e le c t io n  to  th e  m o s t  
a p p r o p r i a t e  s e rv ic e  o n  o ffe r.

•  T h e  Server Offer m a n ife s ts  i t s e lf  in  th e  fo rm  o f  a n  Interface Reference, 
w h ic h  th e  s e rv e r  o b je c t  m a n u f a c tu r e s  to  c o n t a in  n e c e s s a ry  a d d r e s s in g  
in f o r m a t io n  a n d  p r o to c o l  h in ts ,  a n d  w h ic h  c l ie n t  o b je c ts  u s e  t o  b in d  to  
th e  se rv ic e . A n  I n te r f a c e  R e fe re n c e  is e s s e n t ia l ly  a  n a m e  fo r  th e  se rv ic e , 
to g e th e r  w i th  in f o r m a t io n  e n a b l in g  th e  c l ie n t  t o  b in d  to  th e  s e rv ic e  
sa fe ly . A s s u c h  it  c o n ta in s ,  a p a r t  f ro m  a d d r e s s e s ,  s o m e  e n d - to - e n d  c h e c k  
in f o r m a t io n ,  w h ic h  c a n  b e  u s e d  b y  c o m m u n ic a t in g  o b je c ts  t o  a s s u r e  
c o r r e c t  c o n n e c t io n .

•  T h e  u se  o f  I n te r f a c e  R e fe re n c e s  c o n ta in in g  a d d r e s s in g  in f o r m a t io n  is  
a t t r a c t iv e ,  in  t h a t  o n c e  a  c l ie n t  h a s  o b ta in e d  th e  re fe re n c e  ( f r o m  T r a d e r  
o r  a n y  o th e r  o b je c t  in  th e  sy s te m )  i t  c a n  b in d  t o  th e  s e rv ic e  w i th o u t  th e  
n e e d  f o r  a  l o o k - u p  in  a n y  c e n t r a l i s e d  r e p o s i to r y  o f  a d d r e s s in g  d a ta .

•  C l ie n t  o b je c ts  Import t h e  I n te r f a c e  R e fe re n c e  a n d  u s e  t h e  a d d r e s s in g  
d a t a  c o n ta in e d  w i th in  t o  e s ta b l i s h  c o m m u n ic a t io n s  w ith  th e  s e rv e r .

•  I t  s h o u ld  b e  n o t e d  t h a t  a l l  t h e  m a n ip u la t i o n  o f  I n te r f a c e  R e fe re n c e s , 
e s ta b l i s h m e n t  o f  c o m m u n ic a t io n s  l in k s  a n d  th e  a c tu a l  t r a n s m is s io n  o f  
d a t a  a r e  h a n d le d  b y  th e  A N S A w a re  p la t f o rm .  T h e  a p p l ic a t io n  p r o g r a m s  
a r e  to ta l ly  u n a w a r e  o f  th e  c o m p le x  p r o c e s s in g  a s s o c ia te d  w i th  n e tw o r k s ,  
th e y  m e re ly  is s u e  p r o c e d u r e  c a l ls  o n  th e  r e m o te  se rv ic e s . I t  is  p o s s ib le  
t o  in t r o d u c e  t r a n s p a r e n t ly  Relocator Objects, w h ic h  w ill t r a n s f o r m  
I n te r f a c e  R e fe re n c e s  in  c a s e s  w h e r e  th e  t a r g e te d  in te r f a c e  h a s  m ig r a te d  
in  th e  s y s te m  (e.g. w h e n  a  s e rv ic e  is  m o v e d  to  a n o t h e r  h o s t) .

T h e  A N S A w a re  im p le m e n ta t io n  m a n u f a c tu r e s  I n te r f a c e  R e fe re n c e s  w h ic h  
c o n ta in  a  n e tw o r k  a d d r e s s  o f  th e  h o s t  c o m p u te r  a n d  c o m m u n ic a t io n s  p o r t  
id e n t i f ic a t io n  o n  w h ic h  th e  s e rv e r  o b je c t  ( b e h in d  th e  I n te r f a c e  R e fe re n c e )  
w ill b e  l is te n in g  fo r  in c o m in g  m e ssa g e s . T h e  p la t f o r m  s u p p o r t s  c o m ­
m u n ic a t io n s  v ia  s e v e ra l  p r o to c o l s ,  n a m e ly  U D P / I P  ( U s e r  D a ta g r a m  
P r o t o c o l / I n t e r n e t  P r o to c o l ) ,  T C P / I P  ( T r a n s m is s io n  C o n t r o l  P r o to c o l / I n t e r -  
n e t  P r o to c o l )  o r , in  th e  c a s e  o f  i n t r a - m a c h in e  c o m m u n ic a t io n s ,  I P C  ( I n te r -  
P r o c e s s  C o m m u n ic a t io n s ) .  H o w e v e r ,  w h i ls t  a l lo w in g  a n  O b je c t  to  c o m m u n ­
ic a te  w i th  o th e r s  u s in g  a n y  o f  th e  s u p p o r te d  p r o to c o l s ,  th e  im p le m e n ta t io n  
s u p p o r t s  o n ly  b in d in g s  b e tw e e n  O b je c ts  w h ic h  r e s id e  o n  th e  s a m e  p h y s ic a l  
n e tw o r k  s e g m e n t  a n d  s h a r e  a t  le a s t  o n e  c o m m u n ic a t io n s  p r o to c o l .  T h e  
im p le m e n ta t io n  p r o v id e d  in  A N S A w a re  is  a  s u b s e t  o f  th e  A N S A  a n d  O D P  
a r c h i te c tu r a l  a p p r o a c h  to  p r o v id in g  L o c a t io n  T r a n s p a r e n c y .
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3.1 Addressing Domains

A rc h i te c tu r a l ly ,  i t  is a s s u m e d  t h a t  th e  in f o r m a t io n  c o n ta in e d  w i th in  a n  
I n te r f a c e  R e fe re n c e , w h ic h  is e ffe c tiv e ly  a  n a m e  fo r  th e  s e rv ic e  in te r fa c e  (o r  
a n  o b je c t) ,  is o n ly  v a l id  w i th in  th e  c o n te x t  in  w h ic h  it  h a s  b e e n  c r e a te d  (e.g. 
a  p a r t i c u la r  h o m o g e n e o u s  n e tw o r k ) .  S u c h  n a m e  is s a id  t o  b e  context relative. 
I f  th e  I n te r f a c e  R e fe re n c e  is  p a s s e d  o u ts id e  th e  c o n te x t  in  w h ic h  i t  h a s  b e e n  
c r e a te d ,  i t  m u s t  b e  t r a n s f o r m e d  in  th e  g a te w a y  b e tw e e n  th e  n e tw o r k s ,  s u c h  
t h a t  th e  a d d r e s s in g  in f o r m a t io n  is  v a l id  in  th e  n e w  d o m a in .  T h e  m e c h a n is m  
fo r  t r a n s f o r m in g  th e  I n te r f a c e  R e fe re n c e  w ith in  th e  g a te w a y  is  s o m e t im e s

Fig. 5 Interceptors between networks

a ls o  c a l le d  a n  Interceptor. F ig . 5 i l lu s t r a te s  a n  in te r c e p to r  r e s p o n s ib le  fo r  
h a n d l in g  a d d r e s s in g  in f o r m a t io n  b e tw e e n  tw o  s e p a r a te  n e tw o r k s .  A  c l ie n t  
o b je c t  in  n e tw o r k  A  p e rc e iv e s  th e  s e rv e r  o b je c t  in  n e tw o r k  B  a s  c o - r e s id e n t  
in  i ts  o w n  n e tw o r k ,  b e c a u s e  i t  is  a d d r e s s in g  th e  g a te w a y  (w h ic h  re s id e s  in  
b o th  n e tw o r k s )  w h ic h  i ts e lf  c o n c e a ls  th e  e x a c t  lo c a t io n  o f  th e  se rv e r .

3.2 Interceptors

I n te r c e p to r s  m a s k  b o u n d a r ie s  b e tw e e n  d o m a in s  f ro m  a p p l ic a t io n s .  I n  g e n ­
e ra l,  a d m in is t r a t iv e  b o u n d a r ie s  r e q u i r e  c o n t r o l s  to  b e  im p o s e d  a n d  r e c o r d s  
to  b e  k e p t .  T e c h n o lo g y  b o u n d a r ie s  r e q u i r e  t r a n s f o r m a t io n s  to  b e  m a d e . 
A N S A  id e n tif ie s  tw o  ty p e s  o f  I n te r c e p to r s  -  F ix e d  a n d  N o m a d ic  [ H e r b e r t  
e t  a l, ’9 3 ] ,

Fixed interceptors p r o v id e  t r a n s p a r e n t  a c c e s s  to  in te r fa c e s  a n d  o b je c t  m ig r a ­
t io n  a c r o s s  b o u n d a r ie s .  T h e y  in te r c e p t  in v o c a t io n s  a n d  t r a n s f o r m  a r g u m e n ts  
a n d  r e s u l t s  (e.g. a d d re s s e s ) .  T h e y  a r e  p a r t  o f  th e  c o m m u n ic a t io n s  p a t h  
b e tw e e n  th e  in te r a c t in g  o b je c ts .  I n te r c e p t io n  c a n  o c c u r  a t  th e  s o u rc e ,  a t  th e  
d e s t in a t io n  o r  a t  a n  in te r m e d ia te  lo c a t io n .  W h e r e  a n  a d m in is t r a t iv e  b o u n d -
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a r y  is  b e in g  c r o s s e d  th e  i n t e r c e p t o r  a p p l ie s  a d m in is t r a t io n - s p e c i f ic  a c c e s s  
c o n t r o l s  a n d  r e -a s s ig n s  r e s p o n s ib i l i t ie s  fo r  s e c u r i ty  a n d  d e p e n d a b i l i ty  [ H e r ­
b e r t  e t  a l ,  ’9 3 ] .

T e c h n o lo g y  in te r c e p to r s  c a r r y  o u t  p r o to c o l  a n d  d a t a  t r a n s l a t i o n  o v e r  te c h ­
n ic a l  b o u n d a r ie s ;  th e y  a r e  s o m e t im e s  k n o w n  a s  “ g a te w a y s ” o r  “ p r o to c o l  
c o n v e r te r s ” .

Nomadic interceptors p r o v id e  a  b a t c h e d  s to r e - a n d - f o r w a r d  m ig r a t io n  se rv ic e . 
O b je c ts  m a y  b e  r e lo c a te d  in  a  d i s t r ib u t e d  s y s te m  v ia  r e m o v a b le  m e d ia  (e.g . 
m a g n e t ic  t a p e  o r  o p t i c a l  d isc )  o n  w h ic h  th e y  m a y  b e  s to r e d ,  o r  a r i s in g  f ro m  
th e  d i s c o n n e c t io n  a n d  s u b s e q u e n t  r e c o n n e c t io n  e ls e w h e re  o f  m o b i le  c o m ­
p u te r s .  T h e  o b je c ts  so  m o v e d  m a y  n e e d  to  b e  a c c e s s e d  in  th e i r  n e w  lo c a t io n  
f ro m  th e i r  p r e v io u s  c l ie n t ,  a n d  th e y  m a y  a ls o  r e ta in  ( c o n te x t  r e la t iv e )  re fe r ­
e n c e s  t o  o th e r  o b je c ts  th e y  m a y  r e q u i r e  t o  a c c e ss . N o m a d i c  in te r c e p to r s  a r e  
r e s p o n s ib le  fo r  r e p a i r i n g  re fe re n c e s  a f te r  a n  o f f- lin e  m o v e  h a s  o c c u r re d .

A N  S A w a re , w h ic h  is  e s s e n t ia l ly  a  ‘p r o o f  o f  c o n c e p t ’ im p le m e n ta t io n  o f  a n  
O D P  s u p p o r t  e n v i r o n m e n t ,  d o e s  n o t  c u r r e n t ly  im p le m e n t  a  fu ll r a n g e  o f  
I n te r c e p to r s  a n d  h e n c e  i t  d o e s  n o t  c a te r  f o r  th e  t r a n s f o r m a t io n  o f  th e  
I n te r f a c e  R e fe re n c e s  p a s s in g  b e tw e e n  d if fe re n t  n e tw o r k in g  d o m a in s .

I n  th e  O M G  m o d e l  [ O M G  ’9 1 ] ,  th e  r e s p o n s ib i l i ty  f o r  b in d in g  a  c l ie n t  
o b je c t  w i th  a  s e rv e r  o b je c t  r e s ts  w i th  th e  O b je c t  R e q u e s t  B r o k e r  a n d  th e  
O b je c t  S e rv ic e s . A n  o b je c t  id e n t i ty ,  w h ic h  a s  in  A N S A , c a n  b e  a  c o n te x t  
r e la t iv e  n a m e ,  is  t r a n s l a t e d  i n to  a  r e fe re n c e  p o in t in g  a t  th e  r e q u i r e d  se rv ic e . 
O M G  d o e s  n o t  sp e c ify  h o w  s u c h  a  t r a n s l a t i o n  s h o u ld  b e  im p le m e n te d .

C l ie n ts  a n d  S e rv e r s  r u n n in g  o n  th e  I C L  D A IS  p la t f o r m ,  w h ic h  e x te n s iv e ly  
e x p lo i ts  A N S A  r e s u l t s ,  c a n  c o m m u n ic a te  v ia  A N S A w a re  s u p p o r t e d  p r o t o ­
c o ls , a s  w e ll a s  v ia  O S I  p r o to c o l s .  A d d i t io n a l ly ,  I C L  d e t e r m in e d  t h a t  a  
r e q u i r e m e n t  e x is ts  f o r  c o m m u n ic a t io n s  o v e r  c o m p le x  n e tw o r k s ,  w h e r e  p r o t o ­
c o l  c o n v e r te r s  ( g a te w a y s )  a r e  u s e d  a n d  w h e r e  th e  C l ie n t  O b je c t ’s a n d  S e rv e r  
O b je c t ’s h o s t s  m a y  n o t  s u p p o r t  a  c o m m o n  p r o to c o l  o r  a d d r e s s in g  sc h e m e .

T h e  f o l lo w in g  s e c t io n s  e l a b o r a t e  th e  r e q u i r e m e n t  a n d  d e s c r ib e  th e  s o lu t io n  
im p le m e n te d  to  m e e t  it.

4 Communications Requirement

T h e  D A IS  p la t f o r m  c a n  r u n  in  a  n u m b e r  o f  h o s t  e n v i r o n m e n ts ,  in c lu d in g :  
I C L  sy s te m s : D R S  3 0 0 0 /6 0 0 0  w ith  S V R 4  U n ix ,  S e r ie s  39  w i th  V M E , 
H e w le t t  P a c k a r d ’s H P  9 0 0 0  H P - U X ,
S u n ’s S u n  4 /S p a r c S ta t io n  w ith  S u n O S  o r  S o la r is  2,
I B M  c o m p a t ib le  P C s  w ith  M S - D O S  o r  W in d o w s  3.1 o r  O S /2  o r  
S C O - U n ix ,
D ig i ta l ’s V A X  w i th  V M S .
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T h e  in i t ia l  D A IS  r e le a s e  s u p p o r t e d  c o m m u n ic a t io n s  v ia  T C P ,  U D P  a n d  I P C .

T h r o u g h  a n a ly s is  o f  c u s to m e r  r e q u i r e m e n ts ,  i t  w a s  id e n t i f ie d  t h a t  s u p p o r t  
fo r  h e te r o g e n e o u s  n e tw o r k s  h a d  to  b e  p r o v id e d ,  w h e r e b y  C l ie n t  O b je c ts  
c o u ld  c o m m u n ic a te  w i th  S e rv e r s  r e s id in g  o n  d if fe re n t  n e tw o r k s  a n d  p o s s ib ly  
u s in g  d if fe re n t  a d d r e s s in g  s c h e m e s . I t  w a s  r e q u i r e d  t h a t  fu ll L o c a t io n  T r a n s ­
p a r e n c y  w a s  t o  b e  m a in ta in e d  in  s u c h  c i rc u m s ta n c e s .  T h is  r e q u i r e m e n t  c a n  
b e  v ie w e d  a s  o n e  fo r  im p le m e n t in g  Federation Transparency, w h e r e  tw o  
n e tw o r k  d o m a in s  a r e  b e in g  f e d e r a te d  in to  a  s in g le  e n v i r o n m e n t  fo r  a  d i s t r ib ­
u te d  a p p l ic a t io n  sy s te m .

I n  c o m m o n  w ith  A N S A w a re ,  D A IS  u se s  I n te r f a c e  R e fe re n c e s  a n d  T ra d in g .  
A  p r o b le m  a r is e s  w h e n  a  s e rv e r  m a n u f a c tu r e s  a  R e fe re n c e  c o n ta in in g  a n  
a d d r e s s  w h ic h  is n o t  r e c o g n is e d  b y  th e  C l ie n t  im p o r t in g  th e  R e fe re n c e  (e.g. 
D T E / T S A P  ( D a t a  T e r m in a l  E q u ip m e n t /T r a n s p o r t  S e rv ic e  A c c e ss  P o in t )  
v e r s u s  N S A P /T S A P  ( N e tw o r k  S e rv ic e  A c c e ss  P o i n t / T r a n s p o r t  S e rv ic e  
A cc ess  P o in t )  f o rm a ts ) ,  o r  w h ic h  a p p e a r s  v a l id  b u t  is n o t  r e a c h a b le  f ro m  
th e  c l ie n t  (a s  w o u ld  o c c u r  w h e n  c o m p a t ib le  n e tw o r k s  a r e  s e p a r a te d  b y  
a n o t h e r  ty p e  o f  n e tw o r k  a n d  g a te w a y s  e.g . a n  X .2 5  W id e  A re a  N e tw o r k  
(W A N )  b e tw e e n  tw o  L o c a l  A re a  N e tw o r k s  (L A N s )) .

F u r t h e r  c o m p l ic a t io n s  a r e  in t r o d u c e d  b y  d if fe re n t  a d d r e s s in g  r e s t r ic t io n s  
d e m a n d e d  w ith in  th e  v a r io u s  s u p p o r te d  h o s t  s y s te m s . F o r  e x a m p le ,  s o m e  
s y s te m s  d o  n o t  s u p p o r t  d y n a m ic  T S A P  a l lo c a t io n  o r  c o n n e c t io n s  to  
u n k n o w n  a d d re s s e s .  W i th in  O S I  c o m m u n ic a t io n s ,  S u n  s y s te m s  c a n  u s e  o n ly  
p r e - c o n f ig u r e d  “ p a t h s ” to  k n o w n  lo c a t io n s ,  a n d  V M E  s y s te m s  r e q u i r e  t h a t  
a l l T S A P s  b e  c a ta lo g u e d  b e f o r e  u se . S u c h  r e s t r ic t io n s  w o u ld  d r a m a t ic a l l y  
in h ib i t  th e  f le x ib ili ty  a n d  d y n a m ic  n a t u r e  o f  a n  a p p l ic a t io n  s y s te m  b a s e d  o n  
D A IS ,  u n le s s  t a c k le d  w i th in  th e  D A IS  p la t f o rm .

I n te r - n e tw o r k  c o m m u n ic a t io n s  c a n  b e  a c h ie v e d  v ia  in te l l ig e n t  o r  d u m b  
g a te w a y s  a n d / o r  r o u te r s .  D u m b  g a te w a y s  a r e  p r e c o n f ig u r e d  w ith  a l l p a th s  
t h r o u g h  th e m  in  th e  f o rm  o f  T S A P - to - T S A P  m a p p in g s .  T h e  D A IS  p la t f o r m  
n e e d s  t o  b e  a w a r e  o f  th e s e  m a p p in g s  if  i t  is t o  b e  a b le  t o  h a n d le  a d d r e s s e s  
in  n e tw o r k  d o m a in s  s e p a r a te d  b y  s u c h  g a te w a y s .  A n  o b je c t  s e n d in g  a n  
I n te r f a c e  R e fe re n c e  t o  a n o t h e r  a c r o s s  a  d u m b  g a te w a y  w o u ld  n o t  n o r m a l ly  
b e  a w a r e  t h a t  th e  m e s s a g e  w ill le a v e  i ts  n e tw o r k  d o m a in  a n d  e n t e r  a n o th e r ;  
th e  a d d r e s s in g  s c h e m e  im p le m e n te d  w i th in  g a te w a y s  m a k e s  th e  r e m o te  
lo c a t io n  a p p e a r  to  b e  l o c a te d  o n  th e  s a m e  n e tw o r k  a s  th e  s e n d e r .  F u r t h e r ­
m o r e ,  i t  is im p r a c t ic a l  t o  c o n s id e r  in s e r t in g  D A IS  I n t e r c e p to r  c o d e  in to  a ll 
d u m b  g a te w a y s ,  e s p e c ia l ly  a s  s o m e  a r e  n o t  r e a d i ly  p r o g r a m m a b le .

R e g a r d le s s  o f  th e  a b o v e  p r o b le m s ,  i t  is  r e q u i r e d  t h a t  D A IS  s e rv e rs  c a n  
E x p o r t  o ffe rs  o f  s e rv ic e s  a n d  t h a t  D A IS  c l ie n ts  c a n  I m p o r t  th e s e  a n d  b in d  
to  th e  s e rv e rs . T h e r e f o r e ,  m e a n s  a r e  r e q u i r e d  f o r  c l ie n ts  t o  o b t a in  a d d r e s s in g  
in f o r m a t io n  w h ic h  is  v a l id  in  th e i r  n e tw o r k ,  b e c a u s e  o n ly  lo c a l  n e tw o r k  
a d d r e s s e s  c a n  b e  u s e d  in  a n  e n v i r o n m e n t  o f  m u l t ip le  n e tw o r k s  c o n n e c te d
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v ia  “ d u m b ” g a te w a y s .  S im ila r ly ,  m e a n s  m u s t  b e  p r o v id e d  fo r  s e rv e rs  to  
E x p o r t  a d d r e s s e s  w h ic h  a n y  p o te n t i a l  c l ie n ts  c a n  u se , i.e. a d d r e s s e s  v a l id  in  
r e m o te  a s  w e ll a s  th e  lo c a l  n e tw o r k s .

5 DAIS Solution

T h e  O A S IS  p r o je c t  h a s  a d o p t e d  a  p r a g m a t ic  a p p r o a c h  re f le c t in g  th e  l im i ta ­
t io n s  im p o s e d  b y  v a r io u s  n e tw o r k in g  te c h n o lo g ie s  a n d  h o s t  o p e r a t in g  
sy s te m s . T h is  a p p r o a c h  is n o w  in c lu d e d  in  th e  D A IS  p r o d u c t .

A  g lo b a l  n e tw o r k  is  d e c o m p o s e d  in to  n e tw o r k  d o m a in s ,  w h ic h  c a n  b e  
id e n t i f ie d  b y  n a m e . A  n e tw o r k  d o m a in  n a m e  is  in c lu d e d  a s  p a r t  o f  th e  
a d d r e s s in g  in f o r m a t io n  c o n ta in e d  w i th in  I n te r f a c e  R e fe re n c e s , a n d  p e r m i ts  
a  c l ie n t  to  re c o g n is e  if  a n  a d d r e s s  is  r e s id e n t  w i th in  i t s  o w n  lo c a l  n e tw o r k .

I n  c o n v e n t io n a l  n e tw o r k s ,  to  m a k e  u s e  o f  “ d u m b ” g a te w a y s ,  n e tw o r k  a d m in ­
i s t r a to r s  m u s t  p r e d e te r m in e  w h ic h  s e rv ic e s  w ill n e e d  to  b e  a c c e s s e d  f ro m  
w h ic h  r e m o te  n e tw o r k s  a n d  th e y  m u s t  p r o v id e  a d d r e s s  m a p p in g s  w i th in  th e  
g a te w a y s .  F u r th e r m o r e ,  th e  a d m in i s t r a to r s  n e e d  t o  c o n f ig u r e  th e  p o te n t i a l  
c l ie n ts  o f  s u c h  s e rv ic e s  w i th  g a te w a y  a d d r e s s e s  a n d  a p p r o p r i a t e  r o u t e  id e n t i ­
f ie rs  ( ty p ic a l ly  T S A P s ) ,  s o  t h a t  th e  c l ie n ts  c a n  c o n n e c t  t o  th e  r e q u i r e d  r e m o te  
se rv ic e s . I n  D A IS ,  th e  c l ie n ts  s h o u ld  n o t  n e e d  to  b e  c o n f ig u r e d  to  c o n t a in  
l o c a t io n  d a t a  fo r  th e i r  s e rv e rs ;  i t  s h o u ld  b e  su f f ic ie n t fo r  s e rv e rs  t o  a d v e r t is e  
th e i r  a v a i la b i l i ty  v ia  th e  D A IS  T r a d in g  se rv ic e .

I t  is  p o s s ib le  t o  u t i l is e  t h e  a d m in i s t r a to r - c r e a te d  a d d r e s s  m a p p in g s  a n d  m a k e  
th e s e  v is ib le  t o  th e  D A IS  s e rv e r  o b je c ts  v ia  a  DAIS infrastructure library. 
O n c e  th is  is  a c h ie v e d , th e  s e rv e rs  c a n  E x p o r t  o ffe rs  c o n ta in in g  a d d r e s s in g  
d a t a  v a l id  in  a ll th e  n e tw o r k  d o m a in s  f ro m  w h ic h  c l ie n ts  a r e  c a p a b le  o f  
a c c e s s  to  th e  s e rv e rs . T h e  D A IS  in f r a s t r u c tu r e  l ib r a r y  o p e r a te s  o n  n e tw o r k  
m a n a g e m e n t  in f o r m a t io n  a n d  th e  a p p l ic a t io n  o b je c t  r e m a in s  b y  th e  l ib r a r y  
i s o la te d  f ro m  a n y  c o n f ig u r a t io n - s p e c if ic  d e ta ils .

T h e  D A IS  I n te r f a c e  R e fe re n c e  ( I R e f )  is  th e re fo r e  a n  e n la r g e d  v e r s io n  o f  th e  
A N S A w a re  IR e f , c o n ta in in g  a d d r e s s in g  h in ts  fo r  e a c h  p r o to c o l  s u p p o r te d  
b y  th e  s e rv e r  ( h o s t )  fo r  e a c h  n e tw o r k  f ro m  w h ic h  i t  is  r e a c h a b le .  H e n c e , th e  
D A IS  I R e f  c o n ta in s  n o t  o n ly  th e  s e rv e r  h o s t  a d d r e s s e s ,  b u t  a l s o  th e  a d d r e s s e s  
o f  v a r io u s  g a te w a y s  in  r e m o te  n e tw o r k s ,  w h ic h  r e c o g n is e  r o u te s  to  th e  s e rv e r  
e x p o r t in g  th e  IR e f . T h e  e x p o r t in g  o f  a  “ f is tfu l o f  a d d r e s s e s ”  c a te r s  fo r  a ll 
p o s s ib le  c l ie n ts  in  a n y  o f  th e  n e tw o r k  d o m a in s  f ro m  w h ic h  a c c e s s  m a y  o c c u r . 
T h e  o n u s  o f  s e le c t in g  th e  c o r r e c t  a d d r e s s  is o n  th e  c l ie n t  (o r  r a th e r  th e  D A IS  
in f r a s t r u c tu r e  s u p p o r t in g  th e  c l ie n t) ,  w h ic h  c a n  d e te r m in e  w h ic h  a d d r e s s  is 
a p p r o p r i a t e  w i th in  i ts  d o m a in .

T h e  O A S IS  im p le m e n ta t io n  s a tis f ie s  th e  n e e d s  o f  th e  v a s t  m a jo r i ty  o f  o p e r a ­
t io n a l  d i s t r ib u t e d  s y s te m s , w h e r e  th e  n u m b e r  o f  d if fe re n t  n e tw o r k s  l in k e d  
to g e th e r  i n to  a  la rg e  h e te r o g e n e o u s  n e t  is, n o r m a l ly ,  r e la t iv e ly  lo w . T y p ic a lly ,
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a  la rg e  o r g a n i s a t io n  w ill o p e r a te  a  s in g le  b a c k b o n e  n e tw o r k  to  w h ic h  s m a lle r  
L o c a l  A re a  N e tw o r k s  a r e  c o n n e c te d .

A r c h i te c tu r a l ly ,  th e  s o lu t io n  d o e s  n o t  s c a le  u p , b e c a u s e  th e  e f fo r t  in  m a n a g in g  
a  v e ry  la rg e  n u m b e r  o f  r e m o te  a d d r e s s e s  a n d  th e  s ize  o f  th e  In te r f a c e  
R e fe re n c e s  b e c o m e  ex c ess iv e . S u c h  la rg e  h e te r o g e n e o u s  n e tw o r k s  w ill b e  
s u p p o r te d  b y  fu ll im p le m e n ta t io n  o f  i n te r - d o m a in  in te r c e p to r s  in  p r o ­
g r a m m a b le  c o m m u n ic a t io n s  g a te w a y s .  N e v e r th e le s s ,  th e  c u r r e n t  im p le ­
m e n ta t io n  w ill s u p p o r t  th e  m a jo r i ty  o f  c u s to m e r  n e e d s . I n  m o s t  s i tu a t io n s  
th e r e  w ill b e  m a n y  m o r e  c l ie n t  o b je c ts  t h a n  s e rv e rs  a n d  it  is th e  l a t t e r  fo r  
w h ic h  n e tw o r k  p a th s  n e e d  to  b e  c o n f ig u r e d  in  g a te w a y s .

I n  s o m e  sy s te m s , a  s e rv e r  c a n  o n ly  l is te n  fo r  in c o m in g  m e s s a g e s  o n  a  p r e ­
c a ta lo g u e d  p o r t  (T S A P ) .  T h is  is o b v io u s ly  a l s o  th e  c a se  w h e re  a  d u m b  
g a te w a y  is u s e d  w h ic h  m a p s  r e m o te ly  g e n e r a te d  m e s s a g e s  o n t o  a  p r e ­
c o n f ig u r e d  lo c a l  T S A P . F u r th e r m o r e ,  s o m e  im p le m e n ta t io n s  o n ly  a l lo w  
c l ie n ts  to  a d d r e s s  k n o w n  ( p r e - c a ta lo g u e d )  a d d re s s e s .  T h e s e  l im i ta t io n s  h a v e  
b e e n  ta c k le d  in  O A S IS  b y  im p le m e n t in g  TSAP Managers.

T h e  ro le  o f  a  T S A P  m a n a g e r  is t o  m a in ta in  th e  p o o l  o f  ‘T S A P  to  T S A P  
m a p p in g s ’ a n d ,  o n  r e q u e s t ,  t o  a l lo c a te  o n e  to  a  D A IS  O b je c t .  I t  w ill a l s o  
r e le a s e  a  m a p p in g  to  a  f re e  p o o l  o n c e  in s t r u c te d  b y  a  D A IS  o b je c t  t o  d o  
so . W h e r e  a  d u m b  g a te w a y  is  p r e s e n t ,  th e  T S A P  M a n a g e r  w ill p r o v id e  th e  
“ a d d r e s s  o n  th e  o th e r  s id e  o f  th e  g a te w a y ” to  a  s e rv e r  w a n t in g  to  p e r f o rm  
a n  E x p o r t .

S o m e  h o s t  s y s te m s  d e m a n d  t h a t  c l ie n t  o b je c ts  c a n  “ c a l l”  o n ly  o n  k n o w n  
(i.e . p r e - c a ta lo g u e d )  se rv ic e s , a n d  th is  w o u ld  m e a n  t h a t  a l l  p o s s ib le  lo c a t io n s  
fo r  a l l s e rv e r  o b je c ts  w o u ld  h a v e  t o  b e  p r e - c a ta lo g u e d  t o  s u p p o r t  o b je c t  
m ig r a t io n .  D A IS  w ill r e m o v e  th is  l im i ta t io n  b y  p r o v id in g  d y n a m ic  c a t a ­
lo g u in g  (o r  r e g is t r a t io n )  o f  se rv ic e s . O n c e  a  c l ie n t  re c e iv e s  a n  o f fe r  o f  s e rv ic e , 
i t  c a n  r e a u e s t  t h a t  th is  is r e g is te r e d  w i th in  i t s  h o s t  sy s te m , b e fo re  i t  a t t e m p ts  
t o  b in d  to  th e  se rv ic e . I n  th is  f a s h io n ,  th e  h o s t ’s r e g is t ry  o f  r e m o te  s e rv ic e s  
is  b u i l t  u p  d y n a m ic a l ly ,  a n d  s y s te m  a d m in i s t r a to r s  n e e d  n o t  p r e - c o n f ig u r e  
a c c e s se s  t o  th e  w h o le  d i s t r ib u t e d  sy s te m .

6 OASIS Exploitation of DAIS

T h e  im p le m e n ta t io n  o f  th e  L o c a t io n  T r a n s p a r e n c y  m e c h a n is m s  d e s c r ib e d  
e a r l ie r  w a s  a  b y - p r o d u c t  o f  th e  O A S IS  p r o je c t .  O A S I S  a im  is  th e  c o n f i r m a ­
t i o n  o f  O D P  a p p l ic a b i l i ty  in  c o m m e r c ia l  d a t a  p ro c e s s in g . T h is  is  t o  b e  
a c h ie v e d  b y  th e  d e v e lo p m e n t ,  liv e  u s a g e  a n d  d e ta i l e d  e v a lu a t io n  o f  tw o  p i lo t  
d i s t r ib u t e d  a p p l ic a t io n s  a t  H y d r o  E le c tr ic  in  S c o t la n d .
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T h e  tw o  a p p l ic a t io n s  w e re  sp e c if ie d  t o  ta c k le  p a r t i c u la r ly  i m p o r t a n t  b u s in e s s  
r e q u i r e m e n ts  o f  H y d r o  E le c tr ic :

•  th e  n e e d  fo r  s y s te m  c a p a b i l i ty  t o  id e n tify  c u s to m e rs ,  b a s e d  o n  p o s s ib ly  
l im ite d  a n d / o r  in a c c u r a te  d a t a

•  p r o v is io n  o f  a n  in te g r a te d  v ie w  o f  c u s to m e r  in f o r m a t io n ,  b a s e d  o n  
e x p lo i t a t io n  o f  e x is t in g  H y d r o  E le c tr ic ’s a p p l ic a t io n  s y s te m s  a n d  
d a t a b a s e s

•  th e  n e e d  to  m a k e  a v a i la b le  fo r  m a r k e t in g  p u r p o s e s  a  v a r ie ty  o f  v ie w s  
o f  in f o r m a t io n  m a in ta in e d  in  th e  v a r io u s  s y s te m s  b y  H y d r o  E le c tr ic

T h e  O A S IS  c o n s o r t i u m  d e v e lo p e d  tw o  a p p l ic a t io n s  b a s e d  o n  th e  D A IS  
p la t f o rm :

C u s to m e r  I d e n t i f ic a t io n  a n d  I n f o r m a t io n  S y s te m  (C H S )  
a n d
M a r k e t in g  A p p l ic a t io n .

T h e  m a r k e t in g  a p p l ic a t io n  p r o v id e s  a  u n if ie d  v ie w  o f  th e  H y d r o  E le c tr ic  
d a ta b a s e s ,  a l lo w in g  u s e rs  t o  se le c t in f o r m a t io n  u s in g  a  v a r ie ty  o f  e n q u i r y  
m e c h a n is m s .  T h e  a p p l ic a t io n  lo g ic  is f r o n te d  b y  a  s o p h is t ic a te d  g r a p h ic a l  
u s e r  in te r fa c e ,  d e v e lo p e d  u s in g  X -D e s ig n e r ,  a n d  r u n n in g  o n  e i th e r  a  P C  o r  
a  S u n  w o r k s ta t i o n .  T h e  a c c e s s  to  d a t a b a s e s  is  m a n a g e d  b y  th e  D A IS  
I n f o r m a t io n  S e rv ic e , w h ic h  m a k e s  th e  to ta l i t y  o f  d a t a  a p p e a r  r e s id e n t  in  a  
s in g le  h o m o g e n e o u s  d a ta b a s e .  T h e  p i lo t  s y s te m  a c c e s se s  d a t a  s to r e d  in  a n  
I D M S X  d a t a b a s e  o n  a  V M E  m a in f r a m e  a n d  in  a n  O r a c le  d a t a b a s e  r u n n in g  
o n  a  D R S 6 0 0 0  U n ix  sy s te m .

T h e  C H S  a p p l ic a t io n  u s e s  a n  o b je c t  d a t a b a s e  h o ld in g  s u m m a r y  in f o r m a t io n  
a b o u t  c u s to m e rs ;  th i s  is  im p le m e n te d  in  I n g r e s  o n  a  D R S 6 0 0 0  h o s t .  T h e  
a p p l ic a t io n  c o n ta in s  p o w e r fu l  fu z z y  m a tc h in g  lo g ic  w h ic h  c a n  c o p e  w ith  
in c o r r e c t ly  c a p tu r e d  d a t a .  O n c e  a  c u s to m e r  is  id e n t i f ie d ,  t h e  a p p l ic a t io n  
c a n  c o n n e c t  th e  u s e r  t r a n s p a r e n t ly  t o  H y d r o  E le c tr ic ’s c o r e  o p e r a t i o n a l  
s y s te m s  (e.g . a c c o u n t in g )  r u n n in g  o n  S 3 9  V M E  m a in f r a m e s  u n d e r  T P M S . 
C o m p o n e n ts  o f  th e  C H S  a p p l ic a t io n  r u n  o n  S u n  C la s s ic  w o r k s ta t i o n s  
( S o la r i s  2 )  o r  o n  p e r s o n a l  c o m p u te r s  ( W in d o w s  3 .1 ), a n d  o n  D R S 6 0 0 0  ( U n ix  
S V R 4 ) .  T h e  C H S  p i lo t  is  d e p lo y e d  in  th e  H y d r o  E le c tr ic  c u s to m e r  c a ll  
c e n tr e s  a t  P e r t h  a n d  In v e r n e s s ,  th e  V M E  se rv ic e s  a r e  s i t u a te d  in  A b e rd e e n . 
T h e  s y s te m s  a r e  c o n n e c t e d  b y  a  c o m p le x  n e tw o r k  in c lu d in g  L o c a l  A re a  
N e tw o r k s  a n d  a  W id e  A r e a  N e tw o r k ,  w i th  a  v a r ie ty  o f  g a te w a y s  a n d  
b r id g e s  u se d .

B o th  a p p l ic a t io n s  h a v e  b e e n  d e v e lo p e d  w i th  fu ll lo c a t io n  t r a n s p a r e n c y  
b e tw e e n  th e i r  c o m p o n e n ts .  T h e  a p p l ic a t io n s  a r e  e v e n  u n a w a r e  f ro m  w h ic h  
d a t a b a s e s  th e  in f o r m a t io n  th e y  a r e  p r o c e s s in g  o r ig in a te s .

T h e  O A S I S  p i lo t  is  d u e  t o  c o m p le te  in  D e c e m b e r  ’9 3  a n d  a  d e ta i l e d  e v a lu ­
a t i o n  r e p o r t  w ill t h e n  b e  a v a i la b le .  E a r ly  e x p e r ie n c e  s h o w s  t h a t  d e v e lo p in g
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a p p l ic a t io n s  in  a n  e n v i r o n m e n t  c o n ta in in g  a  r a n g e  o f  t r a n s p a r e n c y  m e c h a n ­
ism s  r e d u c e s  a p p l ic a t io n  c o m p le x i ty  w h i ls t  p r e s e r v in g  d e p lo y m e n t  o p t io n s .  
I n  th e  O A S I S  c a se , c h a n g e s  in  n e tw o r k  to p o lo g y ,  r e o r g a n i s a t io n  o f  th e  C a ll  
C e n t r e s  a n d  a  s w itc h  f ro m  P C s  to  S u n  w o r k s ta t i o n s ,  a l l  o f  w h ic h  o c c u r r e d  
d u r in g  th e  p r o je c t ’s life tim e , h a d  n o  im p a c t  o n  th e  a p p l ic a t io n  d e v e lo p m e n t .

7 Summary

L o c a t io n  t r a n s p a r e n c y  is  o n e  o f  th e  m o s t  i m p o r t a n t  a s p e c ts  o f  D is t r ib u t io n  
T r a n s p a r e n c y .  I t s  a v a i la b i l i ty ,  in  c o n ju n c t io n  w ith  A c c e ss  T r a n s p a r e n c y ,  
c o n t r ib u te s  s ig n if ic a n t ly  to  th e  d e s i r e d  f le x ib ili ty  o f  d i s t r ib u t e d  s y s te m s  
e n a b l in g  th e m  to  b e  r e c o n f ig u r e d  d y n a m ic a l ly  w h e n  c i r c u m s ta n c e s  d e m a n d  
it. W i th  L o c a t io n  T r a n s p a r e n c y ,  a p p l ic a t io n  c o m p o n e n ts  c a n  b e  s t a r t e d  o n  
n e w  h o s t  c o m p u te r s  w h e n  th e i r  o r ig in a l  h o s ts  fa il o r  a r e  r e p la c e d ,  a n d  
w i th o u t  th e  n e e d  fo r  r e p r o g r a m m in g  o r  fo r  s y s te m  m a n a g e m e n t  a c t iv i ty  to  
m o d ify  a d d r e s s in g  in f o rm a t io n .

L o c a t io n  t r a n s p a r e n c y  p r o v id e s  a  b a s is  fo r  b u i ld in g  s o p h is t ic a te d  l o a d ­
b a l a n c in g  m e c h a n is m s ,  w h e r e  a p p l ic a t io n  c o m p o n e n ts  c a n  b e  r e lo c a te d  f ro m  
o v e r - u t i l i s e d  r e s o u r c e s  o n to  le ss  lo a d e d  o n e s .  L o a d - b a l a n c in g  c o u ld  b e  p e r ­
f o rm e d  c o n t in u o u s ly  o r  p e r io d ic a l ly .  F o r  e x a m p le ,  i t  c o u ld  b e  e x p lo i te d  in  
d i s t r ib u t in g  w o r k lo a d s  f ro m  a  few  p r o d u c t i o n  m a c h in e s  o n t o  b o th  p r o d u c ­
t i o n  a n d  d e v e lo p m e n t  m a c h in e s  a t  p e a k  lo a d  p e r io d s .  O r g a n i s a t io n s  w ith  
h e a v y  s e a s o n a l  p r o c e s s in g  p e a k s  (e.g. r e ta i le r s  d u r in g  s a le s  p e r io d s )  c o u ld  
r e d u c e  th e  a m o u n t  o f  s p a r e  p r o c e s s in g  c a p a c i ty  a n d  h e n c e  r e d u c e  th e i r  IT  
e x p e n d i tu r e .

W h e n  L o c a t io n  T r a n s p a r e n c y  is  d e l iv e re d  a u to m a t ic a l ly  b y  th e  s u p p o r t in g  
in f r a s t r u c tu r e  a n d  th e  d e v e lo p m e n t  to o ls ,  a s  is  th e  c a s e  w ith  D A IS , it r e s u lts  
in  a p p l ic a t io n  sy s te m s  w h ic h  a r e  in h e r e n t ly  e a s ie r  to  m a n a g e ,  w h ic h  h a v e  a  
p o te n t i a l  fo r  c h a n g e  b u i l t  in to  th e m  a n d  w h ic h , m o s t  s ig n if ic a n t ly ,  a r e  
q u ic k e r  to  d e s ig n  a n d  b u i ld  th a n  c o n v e n t io n a l  p r o g r a m s  a t t e m p t in g  to  r e ta in  
a  s im ila r  d e g re e  o f  f le x ib ility .

T h e  e x p e r ie n c e  in  O A S IS  s h o w s  t h a t  L o c a t io n  T r a n s p a r e n c y  c a n  b e  m a in ­
ta in e d  b y  th e  a p p l ic a t io n  s u p p o r t  in f r a s t r u c tu r e  e v e n  in  e n v i r o n m e n ts  o f  
in f le x ib le  n e tw o r k in g  te c h n o lo g ie s  a n d  p ra c t ic e s  w h e re  im p le m e n ta t io n  o f  
fu ll in te r c e p to r  o b je c ts  is n o t  p r a c t ic a b le .
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an d  M ajor  C o m p a n ies  d iv isio n . H e  h as o ver  15 years o f  co m p u tin g  exp erien ce  ga in ed  
in  va r io u s tech n ica l an d  project m a n a g em en t ro les w ith in  IC L . F or the p ast 2 years
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he w a s th e  IC L  tech n ica l m an ager  for th e  O A S IS  c o lla b o r a tiv e  p roject sp o n so red  
by the  D T I an d  S E R C  u n der th e  O p en  D istr ib u ted  S y stem s A rch itecture  (O D S A )  
p rogram m e. P rev io u sly , h e  m a n a g ed  tw o  E S P R IT  projects, R IC H E  an d  B ank  ’92, 
an d  d e v e lo p m en t o f  M a n a g em en t S u p p o rt p ro d u cts for use w ith in  G ov ern m en t  
D ep a rtm en ts.
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F u tu re  O ffice In te rco n n ec tio n  
A rch ite c tu re s  for LAN and  W ide Area

A ccess

Uri Baran
ICL Retail, Bracknell, UK 

Abstract

This paper is about the interconnection issues involved in designing 
for future office environments. It introduces an architecture for all 
communications requirements and focuses on ISDN as the service 
best suited to satisfy most requirements. Practical issues and future 
technologies are also considered with the aim of providing such an 
architecture with a means for implementation and to ensure its 
longevity.

1 Introduction

T h is  p a p e r  c o v e r s  s o m e  o f  th e  is s u e s  in v o lv e d  in  th e  d e s ig n  o f  a  f le x ib le  
o ffice  c o m m u n ic a t io n s  a r c h i t e c tu r e  f o r  v o ic e , d a t a  a n d  v id e o  a p p l ic a t io n s  
fo c u s in g  o n  I S D N .

I t  c o n s id e r s  c u r r e n t  a n d  f u tu r e  te c h n o lo g ie s ,  c o m p a t ib i l i ty ,  a p p l ic a t io n s ,  
p r a c t i c a l  im p le m e n ta t io n  is s u e s  a n d  r e le v a n t  s t a n d a r d s .

A l th o u g h  th e  p a p e r  to u c h e s  o n  C o m p u te r /T e l e p h o n e  I n t e g r a t i o n  a n d  f u tu r e  
W A N /L A N  ( W id e  A re a  N e tw o r k /L o c a l  A r e a  N e tw o r k )  te c h n o lo g ie s ,  i ts  
m a in  a im  is  to  o u t l in e  a n  a r c h i t e c tu r e  t o  sa tis fy  e m e r g in g  r e q u i r e m e n ts  
r a t h e r  t h a n  lo n g e r  te r m  is s u e s  a l t h o u g h  c o m p a t ib i l i ty  o f  th e  a r c h i t e c tu r e  
w ith  th e s e  is s u e s  is  c o n s id e re d .

T h e  p a p e r  is  c o n c e r n e d  o n ly  w ith  th e  p h y s ic a l  a n d  to p o lo g ic a l  r e q u i r e m e n ts  
o f  th e  p r o to c o l s  a n d  n e tw o r k s  to  e n a b le  a c c e s s  to  th e  s e rv ic e  b y  th e  e q u ip ­
m e n t ,  s o  th e  p la t f o r m  a n d  u s e r  e q u ip m e n t  a r e  o u ts id e  i ts  s c o p e .

I t  is  a n t i c ip a te d  t h a t  th e  c o n te n t  w ill b e  o f  c o n c e r n  to  N e tw o r k  a n d  
T e le c o m m u n ic a t io n s  m a n a g e r s  in te r e s te d  in  a  u n iv e r s a l  in f r a s t r u c tu r e  to
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sa tis fy  b o t h  r e q u i r e m e n ts  in  th e  fu tu re ,  d e s p i te  th e  c o r r e s p o n d in g  a l ig n m e n t  
o f  th e i r  r e s p o n s ib i l i t ie s .

2 Future Office communications topology

M e d iu m  to  la rg e  o ffices  a r e  m o v in g  f ro m  th e  p r o v is io n  o f  a  L A N  c o n n e c te d  
P C  a n d  a  t e le p h o n e  o n  e a c h  d e s k , to w a r d s  th e  i n te g r a t io n  o f  th e  tw o . T h e  
i n c o r p o r a t io n  o f  n e w  te c h n o lo g ie s  a n d  s e rv ic e s  e n a b le s  h ig h e r  s p e e d  a n d  
m o r e  e a s ily  a c c e s s ib le  a n d  c o n t r o l la b le  w id e  a r e a  c o n n e c t io n  fo r  d a ta ,  v o ic e  
a n d  v id e o .

M u c h  u se fu l b a c k g r o u n d  in f o r m a t io n  is  g iv e n  in  th e  N o v e m b e r  19 9 2  is su e  
o f  th is  j o u r n a l  a b o u t  n e tw o r k in g  a n d  r e la te d  te c h n o lo g ie s ,  w h ile  th e  M a y  
1991 is s u e  c o n ta in e d  s e v e ra l  p a p e r s  o n  I S D N  ( I n te g r a te d  S e rv ic e s  D ig i ta l  
N e tw o r k ) .

A P P L IC A T IO N S

PLATFORM

LAN WAN
W IR E L E SS -----------------------------------

A C C E SS STRUCTURED  
C A B L IN G

THE PABX

Fig. 1 Communications Architecture Model

F ig . 1 a b o v e  s h o w s  a  m o d e l  o f  a  c o m m u n ic a t io n s  a r c h i t e c tu r e  s u i t e d  to  th e  
o ffice  e n v i r o n m e n t .  A s in  th e  c a s e  o f  th e  f a m o u s  I S O  7 -lev e l O S I  m o d e l ,  
s e rv ic e s  a r e  p r o v id e d  b y  e a c h  la y e r  to  th o s e  a b o v e  it. I n  th is  c a s e  th e  m e th o d  
o f  s e rv ic e  p r o v is io n  is  e x p l ic i t ly  s ta te d  to  b e  e i th e r  w ire d  o r  w ire le ss .

T h e  a p p l ic a t io n  re s id e s  o n  th e  “ p la t f o r m ” ; th e  p la t f o r m  c o m m u n ic a te s  w ith  
th e  o u ts id e  w o r ld  b y  m e a n s  o f  a  L A N  a n d / o r  W A N  in te r fa c e  p r o v id e d  f ro m  
th e  ‘P A B X ’ ( P r iv a t e  A u to m a t ic  B r a n c h  E x c h a n g e )  v ia  a  S t r u c tu r e d  C a b l in g  
sc h e m e . T h e  a l te r n a t iv e  is d i r e c t  w ire le s s  a c c e ss  to  th e  ‘P A B X ’, o n c e  a g a in  
fo r  L A N  a n d / o r  W A N  ac ce ss .

T h e  ‘P A B X ’ is in  in v e r te d  c o m m a s  a s  i t  is a n  o p e n  q u e s t io n  a s  to  w h e th e r  
th e  c e n t r a l  c o m m u n ic a t io n  d e v ic e  w ill b e  a  s w itc h  o r  u se  r e p e a te r  te c h n o lo g y  
(w h ic h  is a s s o c ia te d  w ith  hubs see  S e c t io n s  2 .4  a n d  3 .3 ).
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T h e  a r c h i t e c tu r e  a l lo w s  L A N  c o m m u n ic a t io n s  v ia  th e  P A B X  (w h ic h  o c c u r  
w i th in  th e  m o d e l  o f  F ig . 1 ) a s  w e ll a s  W A N  c o m m u n ic a t io n s  o u ts id e  th e  
m o d e l  t h r o u g h  th e  ‘P A B X ’ to  s im ila r  m o d e ls  in  r e m o te  o ffices .

A  b r ie f  d e s c r ip t io n  fo llo w s  o f  s o m e  o f  th e  e le m e n ts  o f  th e  m o d e l  a n d  th e  
w a y  th e y  a r e  e x p e c te d  to  e v o lv e .

2 .1 Applications

A p p l ic a t io n s  a r e  th e  d r iv in g  fo rc e  f o r  b lu r r in g  o f  th e  L A N /W A N  b o u n d a r y .  
E m e r g in g  a p p l ic a t io n s  t h a t  d e m a n d  a n  in te g r a t io n  o f  L A N  a n d  W A N  s e r ­
v ic e s  a r e  p r im a r i l y  th o s e  in v o lv in g  M u l t im e d ia  ( M M ) .  T h e  t e r m  c o v e r s  th e  
“ in p u t ,  o u tp u t ,  p r o c e s s in g ,  t r a n s m is s io n  a n d  s to r a g e  o f  a u d io ,  s ti ll  im a g e s , 
m o t i o n  v id e o  a n d  a n im a t io n ,  a l l  in  d ig i t a l  f o r m ” (R . M c C a n n ) .  M M  is 
p r im a r i l y  a  P C - b a s e d  t e c h n o lo g y  u s e d  fo r  p r e s e n ta t io n s ,  t r a i n in g  a n d  th e  
p r o v is io n  o f  m ix e d  in f o r m a t io n .  I t  is f in d in g  v a r io u s  a p p l ic a t io n s  in  r e ta i l in g .  
T h e  n a t u r a l  p r o g r e s s io n  o f  M M  te c h n o lo g y  is  t o  p r o v id e  w id e  a r e a  c o n n e c ­
t io n s ,  e n a b l in g  u p d a t in g  o f  in f o r m a t io n ,  in te r a c t iv e  c o m m u n ic a t io n s  a n d  
d a t a  r e t r ie v a l .  T h e  M M  a p p r o a c h  is b e c o m in g  in c re a s in g ly  i m p o r t a n t  in  
a c tu a l ly  m a k in g  sa le s .

T w o  s u b s e ts  o f  M M  te c h n o lo g y  a r e  V id e o -  a n d  D e s k to p -c o n fe re n c in g .  
V id e o c o n f e r e n c in g  t e c h n o lo g y  is  m o v in g  f ro m  p r o p r i e t a r y  p la t f o r m s  to  P C  
p la t f o r m s  u s in g  in t e r n a t io n a l  s t a n d a r d s  ( C C I T T  R e c o m m e n d a t io n  H 3 2 0 ) .  
D e s k t o p  c o n fe re n c in g  is  d e s c r ib e d  in  [ F u l l e r ,  1 9 9 1 ] .  B o th  o f  th e s e  
a p p l ic a t io n s  a n d  th e i r  in c re a s in g  u b iq u i ty  a r e  s t im u la t in g  th e  n e e d  f o r  h ig h  
p e r f o r m a n c e  W A N  a c c e s s  fo r  P C ’s ( u s u a lly  v ia  I S D N ) .

O th e r  a p p l ic a t io n  a r e a s  in c lu d e  c o m m u n ic a t io n s  w ith  o th e r  c o m p a n ie s ,  
c o m p u te r  a id e d  d e s ig n  ( C A D )  a n d  d a t a b a s e  a c c e s s  -  see  [ M e e r s ,  1 9 9 2 ] .

S o m e  n e w  p r o d u c t s ,  s u c h  a s  L o tu s  N o te s ,  e m b o d y  ‘G r o u p w a r e ’, a  c o n c e p t  
t h a t  e n a b le s  a  g r o u p  o f  in d iv id u a ls  t o  w o r k  to g e th e r  o n  c o m m o n  b u s in e s s  
p r o b le m s  ir r e s p e c t iv e  o f  p la c e  o r  tim e . T h e  id e a  o f  th e  ‘agile’ c o r p o r a t io n ,  
c o m in g  f ro m  th e  I a c o c c a  I n s t i tu t e  r e p o r t  “ 2 1 s t  C e n tu r y  M a n u f a c tu r in g  
E n te r p r i s e  S t r a te g y ” , u n d e r l in e s  th e  a p p l ic a t io n  a r e a s  s u i te d  to  th is  a r c h i t e c ­
tu r e .  A n  a g ile  o r g a n i s a t io n  u se s  t e c h n o lo g y  a im e d  a t  g e t t in g  th e  r ig h t  
in f o r m a t io n  to  th e  r ig h t  p e r s o n  a t  th e  r ig h t  tim e .

A n o th e r  s im ila r  c o n c e p t ,  is  t h a t  o f  th e  ‘virtual’ corporation [ B y r n e ,  1 9 9 3 ]  
n a m e ly  o n e  t h a t  c a n  f o rm  a l l ia n c e s / jo in t  v e n tu r e s  a n d  e x c h a n g e  in f o r m a t io n  
w ith  o th e r  c o m p a n ie s  b y  d in t  o f  a  s u i t a b le  c o m p a t ib le  in f o r m a t io n  a r c h i t e c ­
tu r e .  T h u s  d is p e r s e d  p r o je c t  te a m  m e m b e r s  c a n  r e m a in  a t  th e i r  d e s k s  y e t 
p a r t a k e  c o l le c tiv e ly  in  m a jo r  j o i n t  a c tiv i t ie s .
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2.2 Platforms

D is c u s s io n  o f  th e  p la t f o r m  is o u ts id e  th e  s c o p e  o f  th is  p a p e r :  i t  c a n  b e  
r e g a r d e d  a s  th e  p r o c e s s in g  u n i t  t h a t  r u n s  th e  a p p l ic a t io n .  F o r  m o s t  o ffice  
a p p l ic a t io n s  i t  is  a  P C /W o r k s t a t i o n .

2.3 Wireless Access

F ig . 1 i l lu s t r a te s  w ire le s s  a c c e s s  to  th e  P A B X  fo r  th e  p r o v is io n  o f  W A N  a n d  
L A N  se rv ic e s . T o  d a te ,  w ire le s s  W A N  a c c e s s  v ia  a  P A B X  is  p r o v id e d  b y  
o n e  o f  tw o  te c h n o lo g ie s  se e  [ F l a t m a n  A V  &  W e ise r  P G ,  1 9 9 2 ] .

2.3.1 CT2 -  Cordless Telephony 2. T h is  te c h n o lo g y  w a s  d e v e lo p e d  in  th e  
U K  a n d  f o rm s  th e  b a s is  fo r  a  E u r o p e a n  n o n - m a n d a to r y  s ta n d a r d .  
C T 2  h a s  th e  c a p a c i ty  fo r  d a t a  a p p l ic a t io n s  u p  to  3 2 k b p s  p e r  c h a n n e l  
a s  w ell a s  i ts  v o ic e  a p p l ic a t io n s .

2.3.2 DECT. D ig i ta l  E u r o p e a n  C o r d le s s  T e le c o m m u n ic a t io n s  ( D E C T )  is 
a  h ig h e r  p e r f o r m a n c e  te c h n o lo g y  w h ic h  is a  m a n d a to r y  E C  s ta n d a r d .  
I t  p r o v id e s  u s a b le  d a t a  r a te s  u p  to  a b o u t  1 M b p s .

W ire le s s  L A N  a c c e s s  m o s t  o f te n  u se s  S p re a d  S p e c t r u m  te c h n o lo g ie s  
[ F l a t m a n  &  W e ise r, 1 9 9 2 ] ; m a n y  p r o d u c t s  a r e  a v a i la b le  w ith  p e r f o rm a n c e s  
u p  to  2 M b p s . M o s t  p r o d u c t s  u se  th e  9 0 0  M H z  o r  2 .4  G h z  b a n d s .  H ig h e r  
p e r f o r m a n c e  p r o d u c t s  e x is t  ( M o t o r o l a ’s A l ta i r )  a n d  w ill e m e rg e  f ro m  th e  
r e c o m m e n d a t io n s  o f  th e  E T S 1  R E S 1 0  a n d  th e  I E E E  8 0 2 .11  c o m m itte e s .  
M a in ly  d u e  to  th e  la c k  o f  s t a n d a r d i s a t i o n  n o n e  o f  th e s e  p r o d u c t s  c u r r e n t ly  
s u p p o r t  W A N  a c c e ss  v ia  th e  P A B X . P A B X  m a n u f a c tu r e r s  a r e  h a m p e r e d  
f ro m  e n te r in g  th e  m a r k e t  w h ic h  is c u r r e n t ly  v e ry  f r a g m e n te d .  A g a in ,  th e  
C D M A  a r c h i te c tu r e  o f  th e s e  s y s te m s  is n o t  w e ll s u i t e d  to  la rg e  n u m b e r s  o f  
v o ic e  c h a n n e ls .

O f  th e  P A B X  a c c e s s  te c h n o lo g ie s ,  o n ly  D E C T  h a s  b e e n  u s e d  fo r  L A N  
p r o d u c t s  ( in  O l iv e t t i ’s N E T 3  p r o d u c t ) .  P A B X  a c c e s s  v ia  D E C T  is e x p e c te d  
b e fo re  th e  e n d  o f  1993.

2.4 LAN access

C o n s id e r in g  th e  v a r ie ty  o f  ty p e s  o f  L A N  in  u se , L A N  a c c e s s  p r o v is io n  to  
th e  p la t f o r m  s h o u ld  a t  le a s t  c o p e  w ith  th e  m o s t  p o p u la r  ty p e s . M o s t  p o p u la r  
L A N  s t a n d a r d s  o r ig in a te  f ro m  th e  I E E E  8 0 2  C o m m it te e ,  a p a r t  f ro m  th e  
F D D I  s t a n d a r d  d e v e lo p e d  b y  th e  A m e r ic a n  N a t i o n a l  S ta n d a r d s  I n s t i tu t e  
( A N S I )  X 3 T 9 .5  ta s k  g r o u p  a n d  th e  A rc n e t  s t a n d a r d  d e v e lo p e d  b y  D a ta p o in t  
C o r p o r a t io n .

T y p e s  o f  L A N  s t a n d a r d s  p r o d u c e d  b y  th e  I E E E  8 0 2  c o m m it te e  in c lu d e :
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IEEE 802 Committee LAN Standard
8 0 2 .3  C S M A /C D  u s u a l ly  k n o w n  a s  E th e r n e t
8 0 2 .5  T o k e n  r in g
8 0 2 .11  W ire le s s  L A N s

T h e  p r in c ip le  o f  th e  ‘h u b ’ is  o f te n  a s s o c ia te d  w ith  L A N  a c c e ss . I t  e m b o d ie s  
th e  id e a  o f  a  c e n t r a l  p o in t  w i th  m u lt ip le  c o n n e c t io n s  f a n n in g  o u t  in  a ll 
d i r e c t io n s .  A ll L A N  to p o lo g ie s  ( i.e  b u s ,  r in g ,  s t a r  e tc )  c a n  b e  im p le m e n te d  
in  th e  fo rm  o f  a  h u b  w i th  t h e  c o n n e c t io n s  f o r  e a c h  u s e r  c o m in g  f r o m  a n d  
g o in g  to  th e  h u b .  T h e  h u b  i ts e l f  is  a n  a c t iv e  d e v ic e  a n d  i t  is  id e a l ly  s u i te d  
t o  s ta r w ir e d  s t r u c t u r e d  c a b l in g  (see  s e c t io n  2 .6 ).

L A N  a c c e s s  is  u s u a l ly  f r o m  in te l l ig e n t  h u b s  (o r  c o n c e n t r a to r s ) ;  m o d e m  h u b s  
p r o v id e  re s il ie n c y , a c c e s s  t o  c o m m o n  L A N  ty p e s ,  in b u i l t  b r id g in g ,  r o u t in g ,  
m a n a g e m e n t ,  f a u l t  i s o l a t i o n  a n d  n e tw o r k  r e c o n f ig u r a t io n  a l l  w i th in  a  s in g le  
m o d u la r  c h a s s is . H u b s  t e n d  to  b e  f o u n d  a t  th e  p o in t  w h e r e  th e  s t r u c tu r e d  
c a b l in g  f ro m  e a c h  u s e r ’s d e s k  c a n  b e  a c c e s s e d  ( th e  c o m m u n ic a t io n s  c lo s e t) ;  
th e y  se rv e  th e  lo c a l  u se rs .

2.5 WAN access

P r o v id in g  th e  p la t f o r m  w ith  a c c e s s  to  th e  W A N  m u s t  c o p e  w ith  th e  w id e  
r a n g e  o f  W A N  se rv ic e s  p r o v id e d  b y  th e  lo c a l  T O  ( T e le c o m m u n ic a t io n s  
O p e r a to r ) .  W id e  A re a  N e tw o r k  s e rv ic e s  c a n  b e  c o n s id e r e d  u n d e r  th e  fo l lo w ­
in g  c a te g o r ie s  (w i th  s o m e  r e g io n a l  v a r ia t io n s ) .

2.5.1 Circuit Switched. T h is  m e th o d  in v o lv e s  s e t t in g  u p  a n  e x c lu s iv e  c o n ­
n e c t io n  b e tw e e n  tw o  p o in t s  p r o v id in g  r e a l  t im e  s e rv ic e  f o r  a s  lo n g  a s  
r e q u ir e d .  T w o  ty p e s  o f  c i r c u i t  s w itc h e d  s e rv ic e s  a r e  p r o v id e d : -

Analogue circuits. S u i ta b le  f o r  v o ic e  a n d  d a t a  t r a n s m is s io n  w i th  d a t a  r a te s  
c u r r e n t ly  ( n o n - c o m p r e s s e d )  u p  t o  1 9 2 0 0  b p s  (V .3 2 te rb o ) .
Digital Circuits. I S D N  p r o v id e s  th e  c o m m o n e s t  i n t e r n a t io n a l  s e rv ic e  in  th is  
c a te g o r y  w ith  v o ic e  a n d  d a t a  s e rv ic e  b a n d w id th s  b e tw e e n  6 4  k b p s  
a n d  2  M b p s .  I S D N  fo llo w s  th e  C C I T T  I - s e r ie s  o f  R e c o m m e n d a t io n s  
(1 .1 0 0  -  1 .600).

2.5.2 Leased Lines. B o th  a n a lo g u e  a n d  d ig i t a l  f a c il i t ie s  a r e  a v a i la b le  fo r  
c o n n e c t in g  tw o  s ite s  p e r m a n e n t ly  to g e th e r  t o  p r o v id e  v o ic e  a n d / o r  
d a t a  c o n n e c t io n .  T h e  s e rv ic e  le v e ls  a r e  h ig h ly  d e p e n d e n t  o n  th e  
lo c a l  T O .

2.5.3 Packet Switched. P a c k e t  s w itc h e d  n e tw o r k s  e n a b le  th e  s h a r in g  o f  
t r a n s m is s io n  f a c il i t ie s  f o r  m u l t ip le  u s e rs ,  u n l ik e  c i r c u i t  s w itc h in g  
w h ic h  d e d ic a te s  in d iv id u a l  t r a n s m is s io n  f a c il i t ie s  t o  l in k  tw o  p o in ts .  
T h is  is a c h ie v e d  v ia  a  n e tw o r k  o f  s w itc h in g  n o d e s  p r o v id in g  m u lt ip le  
p a t h s  f o r  th e  t r a n s m is s io n  o f  d a t a  p a c k e ts .  T h e  in t e r n a t io n a l  s t a n d a r d
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g o v e r n in g  d ir e c t  a c c e s s  to  th e  s w itc h in g  n o d e s  is C C I T T  
R e c o m m e n d a t io n  X .25 .

2.6 Structured Cabling

[ F l a t m a n ,  1 9 8 7 ]  fo re s a w  s t a n d a r d i s a t i o n  o f  b u i ld in g  c o m m u n ic a t io n s  
c a b lin g . S u b s e q u e n t ly ,  s t a n d a r d s  h a v e  e m e r g e d  n a m e ly  th e  U S  E I A /T I A - 5 6 8  
C o m m e r c ia l  B u i ld in g  T e le c o m m u n ic a t io n s  W ir in g  S ta n d a r d  a n d  a  E u r o p e a n  
v e r s io n  I S O / I E C  J T C  1 /S C 2 5  G e n e r ic  C a b l in g  fo r  C u s to m e r  P re m is e s ,  
c u r r e n t ly  in  d ra f t .  T h e s e  s t a n d a r d s  d e f in e  a  g e n e r ic  c o m m u n ic a t io n s  w ir in g  
sy s te m  s u p p o r t in g  m u l t ip r o d u c t ,  m u l t iv e n d o r  e n v i r o n m e n ts  t h a t  d o  n o t  
d is t in g u is h  b e tw e e n  c o m p u t in g  o r  te le c o m m u n ic a t io n s  c a b l in g  i.e  a  s in g le  
c a b le  ty p e  a n d  to p o lo g y  s u p p o r t s  b o th  c o m p u te r  a n d  te le c o m m u n ic a t io n s  
c a b lin g .

S t r u c tu r e d  c a b l in g  is  s ta rw ir e d  w ith  th e  c a b le s  ( fo r  ty p e s  see  s e c t io n  3 .2 ) 
f a n n in g  o u t  f ro m  c e n t r a l  p o in ts ,  u s u a l ly  c a l le d  c o m m u n ic a t io n s  c lo s e ts ,  to  
u s e rs  a n d  o th e r  c o m m u n ic a t io n s  c lo se ts .

2.7 The ‘PABX’

T h e  P r iv a te  A u to m a t ic  B r a n c h  E x c h a n g e  (o r  S w itc h  a s  i t  is  s o m e t im e s  
k n o w n )  is  f o u n d  in  m e d iu m  to  la r g e  o ffice  ty p e  e n v i r o n m e n ts .  I t  e n a b le s  
t e le p h o n e  u s e rs  to  m a k e  b o th  in te r n a l  c a lls  a n d  to  d ia l  o u t  d i r e c t ly  w i th o u t  
n e e d  fo r  a n  o p e r a to r .  A  P A B X  d iffe rs  f ro m  th e  k e y p h o n e  s y s te m s  f o u n d  in  
s m a ll  offices; a  k e y p h o n e  h a s  n o  c e n t r a l  s w itc h  a n d  a ll e x c h a n g e  l in e s  a r e  
a v a i la b le  to  a l l a t t a c h e d  te le p h o n e s ;  th u s  s o m e  o f  th e  e q u iv a le n t  ‘in te l l ig e n c e ’ 
o f  th e  s w itc h  is d i s t r ib u t e d  to  th e  p h o n e s .

T h e  s w itc h in g  f u n c t io n a l i ty  r e q u i r e d  fo r  in te r n a l  a n d  e x te r n a l  v o ic e  c o m m u n ­
ic a t io n s  m a p s  w e ll o n to  th e  d a t a  c o m m u n ic a t io n s  e n v i r o n m e n t  fo r  L A N  
a n d  W A N  a c ce ss . I ts  L A N  e q u iv a le n t ,  th e  ‘H u b ’, is  d e s c r ib e d  in  th e  L A N  
a c c e s s  s e c tio n . W h e th e r  th e  c e n t r a l  c o m m u n ic a t io n s  d e v ic e  is  a  h u b  o r  a  
P A B X  is  im m a te r ia l .  T h e  te r m  P A B X  h a s  b e e n  c h o s e n  b e c a u s e  h u b s  t e n d  
to  p r o v id e  a c c e s s  to  s h a r e d  b a n d w id th  L A N s  (a c t in g  a s  r e p e a te r s )  w i th  th e  
t r e n d  b e in g  to w a r d s  s w itc h e d  (P A B X -lik e )  L A N s  in  th e  fu tu re .

T h e r e  h a v e  b e e n  m a n y  a t t e m p ts  to  a d d  d a t a  fa c il i t ie s  to  th e  P A B X . A n  e a r ly  
a t t e m p t  c a l le d  D O V  ( D a t a  O v e r  V o ice ) u s e d  th e  s ta r w ir e d  P A B X  c a b l in g  
to  p r o v id e  lo w  s p e e d  in te r -o f f ic e  d a t a  c o n n e c t io n s  fo r  P C  a n d  T e r m in a l  ty p e  
e q u ip m e n t .  T h is  w a s  a c h ie v e d  b y  s p l i t t in g  th e  v o ic e  a n d  d a t a  s ig n a ls  a n d  
r o u t in g  th e m  to  th e  P A B X  o r  c o m p u t in g  e q u ip m e n t  w ith  s w itc h in g  
e q u ip m e n t .

A  f u r th e r  e v o lu t io n  o f  th e  P A B X  k n o w n  a s  a n  I S P B X  ( I n t e g r a t e d  S e rv ic e s  
P B X )  a c ts  as: “ T h e  l in k  b e tw e e n  th e  u s e r  a n d  th e  I S D N ” [ L a n e ,  1 9 8 7 ] ,  
IS P B X s  a r e  c o m p a t ib le  w i th  b o th  th e  P S T N  ( P u b l i c  S w itc h e d  T e le p h o n e  
N e tw o r k )  a n d  th e  I S D N  ( b o t h  p r iv a te  a n d  p u b lic ) .
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I S P B X s  h a n d le  v o ic e  a s  w e ll a s  d a t a  in  a l l i t s  f o rm s  i.e  te x t ,  fa x  a n d  v id e o .

[ L a n e ,  1 9 8 7 ]  id e n tif ie s  th e  b e n e f i ts  o f  m ix in g  v o ic e  a n d  d a t a  o n  a  s in g le  
n e tw o r k  b a s e d  o n  P A B X s  as : r e d u c e d  c o s ts ;  in c re a s e d  a v a i la b i l i ty  a n d  f le x ib ­
ili ty . H e  a l s o  s a y s  th e r e  is  lo g ic a l ly  a  n e e d  fo r  a  s in g le  c o m m u n ic a t io n s  l in k  
to  e a c h  d e s k  s in c e  th e  p r e d o m i n a n t  c o s ts  o f  s u c h  l in k s  a r e  th o s e  o f  th e i r  
in s ta l l a t io n .

3 Integrating the components

T h e  id e a l  s o lu t io n  t o  fu ll in te g r a t io n  w o u ld  p r o v id e  th e  fo llo w in g :-

3.0. 1 I n t e g r a t i o n  o f  v o ic e  a n d  d a t a  v ia  a  s in g le  n e tw o r k  s e rv ic e  m e e t in g
a l l  r e q u i r e m e n ts

3.0. 2 A  s in g le  c o m m u n ic a t io n s  c o n n e c t io n  to  e a c h  d e s k

3.0. 3 A  s in g le  c a b l in g  in f r a s t r u c tu r e

3.0. 4 A  c e n t r a l  P A B X  ( o r  h u b )  g iv in g  b o t h  L A N  a n d  W A N  a c c e s s

3.0. 5 T h e  a b i l i ty  t o  i n te r w o r k  w i th  e x is t in g  e q u ip m e n t ,  p r o to c o l s ,  L A N s ,
W A N s  a n d  a p p l ic a t io n s .

I d e a lly ,  a l l th e  a b o v e  s h o u ld  b e  b a s e d  o n  in t e r n a t io n a l  s t a n d a r d s  in  e a c h  
a re a .  E a c h  w ill n o w  b e  d is c u s s e d  s e p a r a te ly .

3.1 Integrated voice and data services/Single communications connection to each 
desk.

D e a l in g  w ith  b o th  3.0.1 a n d  3 .0 .2  to g e th e r ,  I S D N  is  th e  o n ly  w id e ly  a v a i la b le  
se rv ic e  t o  p r o v id e  s u c h  fa c il i t ie s , a l th o u g h  s e v e ra l  e m e r g in g  a l te r n a t iv e s  su c h  
a s  F a s t  P a c k e t ,  A T M , M A N s  a n d  F D D I  I I  see  [ M e e r s ,  1 9 9 2 ]  m a y  d o  so  
in  th e  fu tu re .  H o w e v e r ,  th e r e  a r e  s e v e ra l f a c to r s  a f fe c tin g  th e  c h o ic e  o f  I S D N . 
T h e s e  in c lu d e :  T a riff in g ; C o s t  a n d  a v a i la b i l i ty  o f  e q u ip m e n t ;  A l te rn a t iv e s  
( c u r r e n t ly  a v a ila b le ) :  C o m p a t ib i l i ty  w i th  e m e r g in g  a p p l ic a t io n s ;  I n t e r ­
w o r k in g  c a p a b i l i ty  (w ith  e x is t in g  s e rv ic e s  a n d  e q u ip m e n t ) .

I S D N  c a n  p r o v id e  b o th  L A N  a n d  W A N  se rv ic e s  fo r  b o t h  v o ic e  a n d  d a t a  
a n d  c a n  p r o v id e  th e  s in g le  c o n n e c t io n  to  th e  d e s k . H o w e v e r ,  r e a l is t ic a l ly  
I S D N  is  u n lik e ly  t o  b e  u s e d  fo r  a l l o f  th e s e  fo r  a  v a r ie ty  o f  r e a s o n s .

3.1.1 Bandwidth. A l th o u g h  I S D N  c o u ld  p r o v id e  u p  to  2  M b p s  ( P r im a r y  
r a t e  I S D N ) ,  t o  e a c h  d e s k , th is  w o u ld  p r o v e  to o  e x p e n s iv e  a n d  its  
d iv is io n  in to  3 0  s e p a r a te  6 4  K b p s  B - c h a n n e ls  m a k e s  i t  u n s u i t e d  to  
L A N  a p p l ic a t io n s .  T y p ic a l ly  th e n ,  th e  I S D N  se rv ic e  t o  th e  d e s k  w o u ld  
b e  th e  b a s ic  r a t e  s e rv ic e  w ith  i t s  tw o  6 4  K b p s  c h a n n e l s .  W i th  th e
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c u r r e n t  c o s t  o f  a  P C  in te r fa c e  c a r d  fo r  th is  s e rv ic e  a t  a r o u n d  £ 7 0 0  
c o m p a r e d  w ith  a b o u t  £ 6 0  fo r  a  10 M b p s  lO B a s e T  c o n n e c t io n  
( E t h e r n e t  o n  s ta r w ir e d  tw is te d  p a i r  c a b le ) , I S D N  is  u n a t t r a c t iv e  fo r  
lo c a l  d a t a  c o m m u n ic a t io n s .

3.1.2 Voice. V o ice  c o m m u n ic a t io n s  a l s o  a r e  n o t  e x p e c te d  to  m o v e  q u ic k ly  
to  I S D N .  B e c a u s e  o f  th e  te c h n o lo g y  in v o lv e d ,  a n  I S D N  te le p h o n e  
c a n  b e  e x p e c te d  a lw a y s  t o  b e  m o r e  e x p e n s iv e  t h a n  a  s t a n d a r d  a n a ­
lo g u e  o n e ; c u r r e n t  p r ic e s  a r e  a b o u t  £ 2 0 0  f o r  I S D N  c o m p a r e d  w ith  
£ 1 5  fo r  th e  a n a lo g u e .  A l th o u g h  th e  s o u n d  q u a l i ty ,  c o n n e c t io n  t im e  
a n d  v a r io u s  I S D N  s u p p le m e n ta r y  s e rv ic e s  a d d  v a lu e  o v e r  s t a n d a r d  
P S T N  c o n n e c t io n ,  i t  is  d if f ic u lt  t o  ju s t i fy  t h e  a d d e d  c o s t  e x c e p t  in  
sp e c ia l is e d  s i tu a t io n s .

3.2 Single cabling infrastructure

T h e  U S  E I A /T I A  5 6 8  S ta n d a r d  fo r  C o m m e r c ia l  B u i ld in g  W ir in g  is th e  o n ly  
o p t io n  w ith in  th is  c a te g o ry ;  th e  f o r th c o m in g  E u r o p e a n  s t a n d a r d  is  b a s e d  
o n  it. H o w e v e r ,  u n d e r  th i s  s t a n d a r d  th e r e  a r e  s e v e ra l  o p t io n s  fo r  th e  ty p e  
o f  c a b le :-

3.2.1 F o u r  p a i r  1 0 0 -o h m  u n s h ie ld e d  tw is te d  p a i r  ( U T P )

3.2.2 T w o  p a i r  1 5 0 -o h m  s h ie ld e d  tw is te d  p a i r  ( S T P )

3.2.3 5 0 - o h m  c o a x ia l  c a b le

3.2.4 6 2 .5 /1 2 5  m ic r o m e tr e  o p t ic a l  f ib re  c a b le

I n  p r a c t ic e ,  th e r e  a r e  few  r e q u i r e m e n ts  fo r  c o a x ia l  c a b le ,  w h ic h  d o e s  n o t  
s u p p o r t  th e  m u lt ip l ic i ty  o f  L A N  a n d  W A N  ty p e s  r e q u i r e d  o f  s u c h  a  sy s te m .

O p t ic a l  f ib re  c a n  b e  c o m p a t ib le  w ith  m o s t  ty p e s  o f  L A N  a n d  W A N  b u t  
u s u a lly  v ia  c o n v e r s io n  f ro m  e le c tr ic a l  to  o p t ic a l  in te r fa c e s .  T h is  is  e x p e n s iv e  
a n d ,  u s u a lly ,  u n e c e s s a r y  e x c e p t  in  c a s e s  r e q u i r in g  e le c tr ic a l  i s o la t io n ,  h ig h  
s e c u r i ty  a n d  h ig h  b a n d w id th s .

T w o  p a i r  1 5 0 -o h m  c a b le  (o r  I B M  T y p e  1 a s  i t  is  a l s o  r e fe r re d  to )  is a  
r e la t iv e ly  e x p e n s iv e , la rg e  d ia m e te r  b u t  h ig h  p e r f o r m a n c e  c a b le . I t s  m a in  
l im i ta t io n  is i ts  tw o -  r a th e r  t h a n  f o u r - p a i r  c o n s t r u c t io n .  T h is  r e s u lt s  in  
l im ite d  a b i l i ty  to  c o p e  w i th  R S 2 3 2  c o m m u n ic a t io n s  w h e n  m o r e  t h a n  4  
s ig n a ls  a r e  r e q u ir e d ,  a n d  in  m in o r  in c o m p a t ib i l i t ie s  w ith  lO B a se T  b e c a u s e  
i ts  im p e d a n c e  is  o u ts id e  th e  r a n g e  sp e c if ie d  in  th e  s t a n d a r d .  I t  p r o v id e s  a n  
e x p e n s iv e  b u t  r e la t iv e ly  r e l ia b le  m e d iu m  a n d  o n e  t h a t  is  r e la t iv e ly  in f le x ib le  
a n d  d if f ic u lt  to  in s ta l l .  I t  is a ls o  n o t  c o m p a t ib le  w i th  th e  A T & T /H P  p r o p o s a l  
fo r  a  lO O B aseV G  100  M b p s  L A N  s t a n d a r d  (w h ic h  r e q u i r e s  4  p a irs ) .
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A lth o u g h  E I A /T I A  5 6 8  c a l ls  f o r  4  x  1 0 0 -o h m  u n s h ie ld e d  tw is te d  p a i r s ,  m o s t  
m a n u f a c tu r e r s  a r e  p r o v id in g  s h ie ld e d  v a r i a n t s  t h a t  m e e t  a l l  th e  p e r f o r m a n c e  
r e q u i r e m e n ts  o f  th e  s t a n d a r d .  A d d e n d u m  T S B -3 6  in t r o d u c e s  tw o  h ig h e r  
p e r f o r m a n c e  v a r ia n t s  c a l le d  C a te g o r y  4  a n d  5 t h a t  w ill e n a b le  o p e r a t i o n  u p  
to  16 a n d  100  M b p s  r e s p e c tiv e ly  c o m p a r e d  w ith  th e  10 M b p s  r a te s  sp e c if ie d  
fo r  th e  s t a n d a r d  C a te g o r y  3 c a b le  re fe r re d  to  in  E I A /T I A  568 . I n  g e n e ra l ,  
th is  ty p e  o f  c a b le  m e e ts  a l l th e  r e q u i r e m e n ts  a n d  fo rm s  th e  c a b le  o f  c h o ic e  
if  th e  c r i t e r ia  a r e  c o s t ,  f le x ib ility , c o m p a t ib i l i ty  w i th  e x is t in g  L A N s /W A N s  
a n d  f u tu re p r o o f in g .  T h e  C a te g o r y  5 v a r ia n t  is a l s o  te n d in g  to  b e  th e  f irs t 
c h o ic e  fo r  f u tu re  L A N  d e v e lo p m e n ts  s u c h  a s  100 M b p s  E th e r n e t  a s  w e ll 
a s  C D D I .

T h e  E u r o p e a n  G e n e r i c  C a b l in g  d r a f t  s t a n d a r d  sp e c if ie s  100  O h m  c a b le  a s  
p r e f e r r e d  w i th  a  1 2 0 -o h m  o p t io n  a s  a n  a l te r n a t iv e .

3.3 Central PABX for LAN and WAN access

A s d e s c r ib e d  in  th e  s e c t io n  o n  L A N  a c c e ss , a t  m e d iu m  to  la r g e  s i te s  L A N s  
te n d  to  b e  a c c e s s e d  v ia  in te l l ig e n t  h u b s .  H ig h e r - e n d  r a n g e s  o f  h u b  a ls o  
p r o v id e  W A N  a c c e s s  a n d  in te r n e tw o r k  b r id g in g  a n d  r o u t in g .  F e w  o f  th e s e  
p r o d u c t s  c u r r e n t ly  p r o v id e  a c c e s s  t o  v o ic e  n e tw o r k s .  Y e t th e  te c h n o lo g y  
e m p lo y e d  in  th e  h ig h  e n d  h u b s  is  c h a n g in g  f ro m  s h a r e d  b a n d w id th  to  
d e d ic a te d  ( s w itc h e d )  b a n d w id th .  A n  e x a m p le  is  th e  i n c o r p o r a t io n  o f  s w itc h e d  
E th e r n e t  t e c h n iq u e s  ( f r o m  c o m p a n ie s  l ik e  K a lp a n a )  in to  th e  h u b s .  T h is  is 
i l l u s t r a te d  in  F ig . 2.

Fig. 2 Kalpana Etherswitch architecture



F ig u r e  2  s h o w s  th e  K a lp a n a  E th e r s w i tc h  A r c h i te c tu r e  m a d e  u p  o f  th e  s y s te m  
m o d u le  t h a t  le a r n s  th e  lo c a t io n  o f  e a c h  h o s t  a d d r e s s  a n d  se ts  u p  th e  a d d r e s s  
t a b le  o n  e a c h  e th e r n e t  p a c k e t  p r o c e s s o r .  T h is  e n a b le s  th e  c o n f ig u r a t io n  o f  
th e  c r o s s - p o in t  s w itc h  m a t r ix  o n  a  p a c k e t - b y - p a c k e t  b a s is .

T h e  m e th o d  o f  s w itc h in g  E th e r n e t  is  s im ila r  to  t h a t  u s e d  b y  P B X ’s, in  t h a t  
p a r a l le l  c o n n e c t io n s  a r e  c r e a te d  b e tw e e n  n o d e s  o n  E th e r n e t  L A N s . T h is  
e ffec tiv e ly  in c re a s e s  th e  E th e r n e t  b a n d w id th  f ro m  10 M b p s  to  m u lt ip le s  o f  
i t  d e p e n d in g  o n  th e  n u m b e r  o f  p o r t s  o n  th e  E th e r n e t  sw itc h .

A n o th e r  d e v e lo p m e n t  is o f  h u b s  b a s e d  o n  A T M  ( A y s n c h r o n o u s  T r a n s f e r  
M o d e ) .  A T M  is  a  n e w  h ig h  s p e e d  L A N /W A N  te c h n iq u e  t h a t  is a ls o  b a s e d  
o n  a  s w itc h in g  a r c h i te c tu r e .  A T M  r e p r e s e n ts  a  s e t  o f  C C I T T  s w itc h  in te r fa c e  
s t a n d a r d s  d e v e lo p e d  fo r  W A N s  b u t  a d a p te d  fo r  L A N s . A T M  is  s ti ll  s o m e  
w a y  f ro m  b e in g  g e n e r a l ly  a v a i la b le  fo r  W A N  u se  a n d  is c u r r e n t ly  b e in g  
p r o m o te d  b y  h u b  m a n u f a c tu r e r s ,  in i t ia l ly  fo r  b a c k b o n e  L A N  u se  w ith  f u tu re  
u se s  fo r  th e  w o r k g r o u p  L A N  a n d ,  e v e n tu a lly ,  in  th e  W A N . A T M  s w itc h e s  
w ill p r o v id e  p o r t s  c o m p a t ib le  w i th  c u r r e n t  L A N  ty p e s . I t  is a n t i c ip a te d  t h a t  
i ts  s t a r t in g  d a t a  r a te  o f  155 M b p s  w ill b e  c o m p a t ib le  w i th  C a te g o r y  5 U T P  
a l th o u g h  th is  a s p e c t  is  s ti ll  u n d e r  d e v e lo p m e n t .

N o  H u b s  y e t p r o v id e  I S D N  p o r t s  fo r  d i r e c t  c o n n e c t io n  to  th e  u s e r  b u t  th e y  
c a n  h a v e  I S D N  c o n n e c t io n  a s  o n e  o f  t h e  W A N  s e rv ic e  o p t io n s .  H o w e v e r ,  
I S D N  P A B X s  a r e  a v a i la b le  t h a t  g iv e  b o th  v o ic e  a n d  d a t a  a c c e s s  fo r  m u l t ip le  
u s e r  p o r t s  b u t ,  a t  p r e s e n t ,  n o  o th e r  L A N  o r  W A N  fa c ilitie s .

C o n s e q u e n t ly ,  th e r e  is  c u r r e n t ly  n o  s in g le  h u b  o r  P A B X  t h a t  su ff ic ie n tly  
in te g r a te s  L A N  a n d  W A N  a c c e s s  t o  e n a b le  i ts  e x c lu s iv e  u se  fo r  a l l c o m m u n ­
ic a t io n s  r e q u ir e m e n ts .  T h e r e  a r e  h o w e v e r  d if fe r in g  a r c h i te c tu r e s  a v a i la b le  to  
m e e t  v a r y in g  r e q u ir e m e n ts ;  th e s e  a r e  d e s c r ib e d  in  th e  fo llo w in g  s e c tio n s .

3.4 Interworking capacity

I S D N  re a lly  s c o re s  i n  c o n n e c t io n  to  W A N s ; i t  r e p la c e s  th e  e x is t in g  v o ic e  
n e tw o r k  b u t  i ts  u p t a k e  in  th is  a p p l ic a t io n  d e p e n d s  o n  ta r i f f in g  a n d  e q u ip m e n t  
c o s ts .  In  th e  U K , a n  I S D N  p h o n e  c a ll c o s ts  th e  s a m e  a s  a  n o r m a l  P S T N  
ca ll b u t  th e  l in e  r e n ta l  p e r  q u a r t e r  is  a b o u t  £ 8 4  c o m p a r e d  w ith  £ 6 0  fo r  tw o  
b u s in e s s  lin e s . T h e  in s t a l l a t io n  c o s t  o f  I S D N  is £ 4 0 0  c o m p a r e d  to  a b o u t  
£ 3 0 0  fo r  tw o  b u s in e s s  l in e s  to  w h ic h  i t  is  e q u iv a le n t .

F o r  d a t a  a p p l ic a t io n s ,  I S D N  c a n  a b s o r b  m o s t  if n o t  a l l o th e r  e x is t in g  W A N  
se rv ic e s , p r o v id in g  a  u n iv e r s a l  W A N  se rv ic e  fo r  a ll a p p l ic a t io n s .  I t  is  c i rc u i t  
s w itc h e d  a n d  e n a b le s  f a s te r  d a t a  r a te s  t h a n  a n a lo g u e  lin e s ; a  fa ir  c o m p a r is o n  
w ith  d ig i ta l  le a s e d  l in e s  d e p e n d s  o n  th e  d a t a  r a te s  a n d  r e n ta l  c o s ts  o ffe re d  
b y  lo c a l  T O ’s a n d  th e  l in e  u t i l i s a t io n  a n d  I S D N  c a ll  c o s ts .

I S D N  a ls o  o ffe rs  c o m p a t ib i l i ty  w i th  p a c k e t  s w itc h in g  (X .2 5  a c c e s s  c o m p a t i b ­
ility )  v ia  a  lo w  s p e e d  D - c h a n n e l  c a p a b i l i ty  ( id e a l  fo r  E le c t r o n ic  F u n d s
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T r a n s f e r  a n d  c a r d  a u t h o r i s a t i o n )  a n d  6 4  K b p s  v ia  e a c h  B  c h a n n e l .  A l th o u g h  
I S D N  is  a b le  t o  d o  so , n o t  a ll T O ’s h a v e  m a d e  th e s e  f a c il i t ie s  a v a ila b le .  
E v e n  w h e n  th e y  d o ,  ta r i f f  c o m p a r i s o n s  w i th  e x is t in g  m e th o d s  w ill  d e te r m in e  
th e  u p ta k e .

I S D N  is  in te g r a te d  in to  th e  e x is t in g  v o ic e  ( P S T N  b a s e d )  n e tw o r k  to  th e  
e x te n t  t h a t  a n  I S D N  te le p h o n e  c a n  c o m m u n ic a te  w i th  a n  a n a lo g u e  te le ­
p h o n e .  T h e  c o n v e r s io n  is d o n e  in  th e  T O ’s e x c h a n g e  o r  in  th e  lo c a l  P A B X  
if  i t  p r o v id e s  b o t h  a n a lo g u e  a n d  I S D N  p o r ts .  I n te r w o r k in g  w ith  e x is t in g  
e q u ip m e n t  is  t h u s  a s s u re d .

I n  th e  U K ,  I S D N  is b e in g  u s e d  a s  b a c k u p  f o r  le a s e d  lin e s , fo r  te r m in a l  
a d a p t o r s  ( a d a p to r s  t h a t  c o n v e r t  f ro m  e x is t in g  n e tw o r k  in te r f a c e s  t o  I S D N )  
a n d ,  in c re a s in g ly ,  fo r  L A N  b r id g in g .  A t  p r e s e n t  i t  is  th e  o n ly  c o s t-e f fe c tiv e  
a n d  p r a c t ic a l  s e rv ic e  to  u s e  fo r  v id e o  c o n f e re n c in g ,  w id e  a r e a  d e s k to p  c o n f e r ­
e n c in g  a n d  m u l t im e d ia  a p p l ic a t io n s .

4 ISDN and LAN Distribution

H a v in g  s a id  t h a t  t h e  id e a l  s in g le  in te g r a te d  s o lu t io n  is  n o t  y e t  a v a i la b le ,  
w h a t  a r e  th e  o p t io n s  a n d  is s u e s  r e la t in g  to  t h e  p r o v is io n  o f  I S D N /h ig h  
s p e e d  L A N  c o n n e c t io n  t o  th e  d e s k ?

4.1 ISDN over structured cabling

D e ta i l s  o f  h o w  to  d e l iv e r  I S D N  to  th e  T e r m in a l  E q u ip m e n t  a r e  t o  b e  f o u n d  
in  th e  I S D N  B lu e  B o o k  s t a n d a r d s  ( V o lu m e  I I I  -  F a s c ic le  I I I .8  I S D N  O v e r a l l  
N e tw o r k  A s p e c ts  a n d  F u n c t io n s ,  I S D N  U s e r - N e tw o r k  I n te r f a c e s  R ec . 1430 
A n n e x  A ). T h is  d e s c r ib e s  th e  3 p r im a r y  c o n f ig u r a t io n s .

4.1.1 Point to multipoint 

Short passive bus

T h is  c o n f ig u r a t io n  a l lo w s  fo r  th e  c o n n e c t io n  o f  u p  to  8 T E ’s ( T e r m in a l  
E q u ip m e n t )  a n y w h e re  a lo n g  th e  b u s . T h e  b u s  is  p a s s iv e  in a s m u c h  a s  it 
c o n ta in s  n o  a c t iv e  c o m p o n e n ts .  A l th o u g h  s p u r s  o f  u p  to  1 M  a r e  a l lo w e d , 
th e i r  u se  is  n o t  r e c o m m e n d e d  b e c a u s e  o f  th e  d i s to r t i n g  effec t o f  th e s e  s tu b s

Fig. 3 Short Passive bus
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o n  th e  s ig n a ls . T h e  s h o r t  p a s s iv e  b u s  is n o t  c o m p a t ib le  w ith  s t r u c tu r e d  
s c h e m e s  o w in g  to  th e i r  p o in t - t o - p o in t  n a tu re .

Extended passive bus

T h is  c o n f ig u r a t io n  ta k e s  a d v a n ta g e  o f  th e  g r o u p in g  o f  t e r m in a l  c o n n e c t io n  
p o in t s  a t  th e  e n d  o f  th e  c a b le  f a r  f ro m  th e  N T  ( N e tw o r k  T e r m in a to r ) .  In  
th is  c o n f ig u r a t io n  th e  m a x im u m  n u m b e r  o f  T E ’s is r e s t r ic te d  to  4. I n  th is  
c a se  th e  T E ’s a r e  g r o u p e d  a t  o n e  e n d  o f  th e  c a b le  w h ic h  c a n  b e  o f  u p  to  
five t im e s  th e  le n g th  o f  a  p a s s iv e  b u s .

Fig. 4 Extended Passive bus

T h e  a r r a n g e m e n t  is c o m p a t ib le  w ith  s t r u c tu r e d  c a b lin g , if  o n e  c o n s id e r s  it 
to  c o n s is t  o f  le n g th s  o f  p o in t - t o - p o in t  c a b l in g  w ith  th e  u s e r  e n d  p r e s e n te d  
a s  a  c o m m u n ic a t io n s  o u t le t  a n d  th e  o th e r  e n d  a s  a  s o c k e t  in  a  c o m m u n ic a ­
t io n s  c lo se t .  T h e  e x te n d e d  p a s s iv e  b u s  is  th e n  c o m p a t ib le  w ith  th is  c o n f ig u r a ­
t io n  if  th e  T E ’s a r e  c o n s id e r e d  to  b e  a  g r o u p in g  o f  I S D N  e q u ip m e n t  (i.e  fax , 
P C  a n d  te le p h o n e )  o n  o n e  u s e r ’s d e s k . A ll th e  i te m s  o f  e q u ip m e n t  a re  
c o n n e c te d  to g e th e r  a t  th e  d e s k  b y  a  s h o r t  c a b le  b u s  p lu g g e d  in to  th e  
c o m m u n ic a t io n s  o u t le t .  T h e  I S D N  G e n e r ic  C a b l in g  A d a p to r  (see  l a t e r  in  
th is  s e c tio n )  is  id e a l  fo r  th is  p u r p o s e .

T h e  S t r u c tu r e d  c a b le  l im it  o f  1 0 0 M  is  w e ll w i th in  t h a t  a l lo w e d  b y  th e  
r e le v a n t  I S D N  c a b l in g  s t a n d a r d  (see  l a t e r  th is  s e c t io n )  fo r  th e  e x te n d e d  
p a s s iv e  b u s .

4.1.2 Point-to-Point. T h is  c o n f ig u r a t io n  a l lo w s  a  s in g le  T E  a t  th e  e n d  o f  
th e  c a b le  a s  in  F ig . 5. O n c e  a g a in ,  th is  is c o m p a t ib le  w i th  s t r u c tu r e d  
s c h e m e s . In  g e n e r a l ,  th e  o th e r  ru le s  fo r  I S D N  w ir in g  a r e  c o m p a t ib le  
w ith  s t r u c tu r e d  c a b l in g  in  s u c h  r e s p e c ts  a s :-

•  C a b le  ty p e  -  E l  A /T IA  568  a n d  A d d e n d u m  3 6  c a b le  ty p e s  a r e  c o m p a t ib le
•  T E  c o r d  le n g th  -  E I A /T I A  5 6 8  sp e c if ie s  a  m a x im u m  o f  3 M  w h ic h  is 

th e  m a x im u m  a l lo w e d  fo r  I S D N  T E  c o r d s .  A  c o r d  is  t h e  le n g th  o f  
f ly le a d  c a b le  a t t a c h e d  to  th e  T E  fo r  th e  p u r p o s e  o f  p lu g g in g  i t  i n to  th e  
c a b l in g  sy s te m  c o m m u n ic a t io n s  o u t le t

•  C o n n e c t o r  ty p e s  -  B o th  u se  I S O  8 8 7 7  ( R J 4 5 )  ty p e s .

Fig. 5 Point to Point
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T h e  E u r o p e a n  s t a n d a r d  ‘prEN50098-1: Customer premises cabling for 
information technology Part 1: The design and configuration for ISDN basic 
access user network interface’ c o n ta in s  u se fu l i n f o r m a t io n  a s  t o  h o w  to  
im p le m e n t  th e s e  c o n f ig u r a t io n s  o v e r  g e n e r ic  ( s t r u c tu r e d )  c a b lin g . T h is  s t a n d ­
a r d  in t r o d u c e s  th e  id e a  o f  th e  I S D N  G e n e r ic  C a b l in g  A d a p to r .

T h e  m a in  d if fe re n c e  b e tw e e n  p o in t - t o - p o in t  b a s e d  s t r u c t u r e d  s c h e m e s  a n d  
p a s s iv e  b u s - b a s e d  I S D N  is th e  r e q u i r e m e n t  fo r  th e  t e r m in a t i o n  r e s i s to r s  t o  
b e  e x te r n a l  to  th e  T E  (u n lik e  lO B a se T ) . T e r m in a t in g  r e s i s to r s  m u s t  b e  
lo c a te d  a t  e a c h  e n d  o f  th e  b u s . T h e  N T  u s u a l ly  h a s  th e  o p t io n  o f  a c t in g  a s  
a  te r m in a t in g  e n d  o f  th e  b u s  w i th  i ts  c o n f ig u r a b le  t e r m in a t i o n  r e s is to rs .  
S o m e  m e a n s  o f  te r m in a t in g  th e  o th e r  e n d s  o u ts id e  o f  th e  s t r u c t u r e d  c a b l in g  
is  n e e d e d . T h is  m a y  ta k e  th e  f o rm  o f  th e  I S D N  G e n e r ic  C a b l in g  A d a p to r  
( G C A )  (see  F ig . 6 ).

Fig. 6 Generic Cabling Adaptor

T h e  G C A , s h o w n  o n  th e  le ft in  F ig . 6, c a n  b e  a  s in g le  o r  m u l t i - p o r t  d e v ic e  
p lu g g a b le  d i r e c t ly  o r  v ia  a  c o r d  i n to  th e  c o m m u n ic a t io n s  o u t le t  s h o w n  o n  
th e  r ig h t  in  F ig . 6. T h e  G C A  i ts e l f  c o n ta in s  th e  n e c e s s a r y  te r m in a t in g  
r e s is to rs ,  th u s  e n a b l in g  c o n n e c t io n  o f  s in g le  o r  m u l t ip le  T E  d e v ic e s  t o  th e  
o u t le t .  I t  c a n  b e  t h o u g h t  o f  a s  a n a lo g o u s  t o  th e  4 -w a y  d i s t r i b u t io n  b o a r d s  
u s e d  fo r  c o n n e c t in g  u p  to  4  d o m e s t ic  a p p l ia n c e s  to  o n e  13 a m p  p o w e r  
s o c k e t .  U n f o r tu n a te ly ,  few  I S D N  G C A ’s h a v e  b e e n  c o m m e r c ia l ly  a v a i la b le ,  
le a v in g  u s in g  o r g a n i s a t io n s  t o  m a k e  u p  th e i r  o w n .

4.2 The ISDN hub

T h e  p o in t - t o - m u l t i p o in t  a n d  p o in t - t o - p o in t  c o n f ig u r a t io n s  d e s c r ib e d  in  se c ­
t io n s  4 .1 .1  a n d  4 .1 .2  r e q u i r e  a  s e p a r a te  I S D N  n e tw o r k  c o n n e c t io n  fo r  e a c h  
c a b le . T h is  m e a n s  a  d e d ic a te d  c o n n e c t io n  to  e a c h  d e s k  w h ic h  is  w a s te fu l 
a n d  e x p e n s iv e  if  th e  r e q u i r e d  c a p a c i ty  c a n  b e  s h a r e d  a m o n g s t  u s e rs .  T h e  
u s u a l  s o lu t io n  to  th is  p r o b le m  is  to  in s ta l  a n  I S D N  P A B X  (see  s e c t io n  4 .3 ) , 
w h ic h  a l lo w s  u s e rs  t o  s h a re  I S D N  n e tw o r k  c o n n e c t io n s  s u p p l ie d  b y  a  T O .

I f  n o  lo c a l  P A B X  c a n  b e  f in a n c ia l ly  ju s t i f ie d  h o w  is  i t  p o s s ib le  to  p r o v id e  a  
la rg e  n u m b e r  o f  u s e rs  w i th  a c c e s s  t o  I S D N  o v e r  a  s t r u c t u r e d  c a b l in g  sc h e m e ?  
T h e  s t r u c tu r e d  s c h e m e  o s te n s ib ly  r e q u ir e s  a  s in g le  I S D N  p o in t - to -  
p o in t / e x te n d e d  p a s s iv e  b u s  p e r  d e s k ; if  th e r e  is  o n ly  a  s in g le  I S D N  n e tw o r k

ICL Technical Journal November 1993 633



c o n n e c t io n ,  th e n  o n ly  a  s in g le  d e s k  c a n  b e  s u p p l ie d .  T h is  in te r m e d ia te  
r e q u i r e m e n t  c a n n o t  b e  s o lv e d  a t  p r e s e n t .  I t  c a l ls  f o r  a n  I S D N  h u b  ( e q u iv a le n t  
to  a  lO B a se T  m u l t i p o r t  r e p e a te r )  t h a t  w o u ld  c o n v e r t  th e  b u s  t o  a  s t a r  ( in  a  
s im ila r  m a n n e r  to  th e  m o v e  f ro m  th in  o r  th ic k  E th e r n e t  t o  E th e r n e t  o v e r  
tw is te d  p a ir ) ,  e n a b l in g  a lm o s t  u n l im ite d  p o in t  t o  p o in t  a c c e s s  to  a  s in g le  
N e tw o r k  T e r m in a to r .

Fig. 7 Passive bus to Starwired conversion via NT Star

F ig u r e  7 s h o w s  h o w  th e  p a s s iv e  b u s  c a n  b e  c o n v e r te d  to  a  c o n f ig u r a t io n  
c o m p a t ib le  w i th  S t r u c tu r e d  C a b l in g  b y  m e a n s  o f  a n  I S D N  h u b .

I n  fa c t th e r e  is  a  r e fe re n c e  to  s u c h  a  d e v ic e  in  th e  I S D N  s t a n d a r d s  (R e c .I4 3 0  
A n n e x  a). I t  is c a l le d  a n  N T  s t a r  a n d  e n a b le s  p o in t - to - m u l t ip o in t  o p e r a t io n  
u s in g  o n ly  p o in t - t o - p o in t  w ir in g .

T h e r e  m a y  b e  a  m a r k e t  f o r  s u c h  a  d e v ic e  b u t  i t  m u s t  b e  r e m e m b e r e d  t h a t  
fo r  a l l u s e rs  a t t a c h e d  to  it ,  o n ly  2  B  c h a n n e l s  ( a n d  o n e  lo w  s p e e d  D  c h a n n e l )  
c a n  b e  a c c e s s e d  a t  a n y  o n e  t im e . T h u s  c o n c u r r e n t  a c c e s s  w o u ld  b e  l im ite d ; 
a ls o ,  if  d e v ic e s  c o n n e c te d  to  th e  s a m e  h u b  n e e d  to  t a lk  to  e a c h  o th e r  th e y  
m u s t  d o  s o  v ia  th e  lo c a l  e x c h a n g e  a n d  th e  c a l l  w ill b e  c h a r g e d .

T o  d a t e  th e  a u t h o r  h a s  se e n  n o  e v id e n c e  o f  a n y  N T  s t a r  d e v ic e  c o m m e r c ia l ly  
a v a ila b le .  R e a l is t ic a l ly ,  th e  b e s t  s o lu t io n  is  t o  u s e  a n  I S D N  P A B X  a l th o u g h  
its  lik e ly  c o s t  w o u ld  e x c e e d  t h a t  o f  a n  I S D N  h u b  b y  a  f a c to r  o f  p e r h a p s  5 
to  10.

4.3 The ISDN PABX

O n c e  th e  c a b l in g  is  I S D N  c o m p a t ib le  th e r e  is  th e  is s u e  o f  e n a b l in g  in te r n a l  
a n d  e x te r n a l  I S D N  a c c e ss . T h e  I S D N  P A B X  (a n  I S P B X )  is  o n e  o p t io n .  
I S P B X s  a r e  c o n f ig u r a b le  a l lo w in g  a  m ix  o f  I S D N  b a s ic  a n d  p r im a r y  r a te
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t r u n k s  (a s  w e ll a s  o th e r  d ig i t a l  s e rv ic e s )  fo r  w id e  a r e a  a c c e s s  a n d  b a s ic  r a te  
a n d  s t a n d a r d  a n a lo g u e  p o r t s  t o  th e  d e s k  a s  r e q u ir e d .  T h e  I S D N  P A B X  is 
s h o w n  in  F ig . 8.

Fig. 8 The ISDN PABX

T h e  p r o s  o f  th is  m e th o d  a re :-

-  M u l t ip le  B a s ic  r a t e  p o r t s  a v a i la b le
-  C o m p a t ib i l i ty  w i th  e x is t in g  a n a lo g u e  t e le p h o n e  a n d  d a t a c o m m u n ic a t io n s  

e q u ip m e n t
-  S im p le  u p g r a d e  p a t h  t o  I S D N  a c c e s s  fo r  n o n  I S D N  e q u ip m e n t  

T h e  c o n s  a re :

-  I n c o m p a t ib i l i ty  w i th  i n d u s t r y  s t a n d a r d  L A N s
-  N o t  a l l  o ffices  c a n  ju s t i f y  t h e  p u r c h a s e  o f  a  P A B X  ( k e y  s y s te m s  c a n  c o p e  

w ith  o ffice  p o p u la t io n s  u p  to  a b o u t  120  e x te n s io n s )
-  I n c o m p a t ib i l i t i e s  b e tw e e n  v o ic e  a n d  d a t a  r e q u i r e m e n ts  o f  th e  P A B X  i.e 

d if f ic u lt ie s  in  t u n in g  c a p a c i ty  t o  m e e t  b o th  r e q u i r e m e n ts  in  te rm s  o f  
s e rv ic e  a v a ila b i l i ty .

4.4 ISDN via LAN

A  h y b r id  s o lu t io n  is  p o s s ib le  t h a t  m a in ta in s  th e  s in g le  d e s k  c o n n e c t io n  b u t  
p r o v id e s  t h e  fu ll b a n d w id t h  o f  th e  e x is t in g  L A N . T h is  is  i l l u s t r a te d  in  F ig . 9 
w h ic h  s h o w s  a  t e r m in a l  e n a b l in g  c o m b in e d  v o ic e  a n d  d a t a  c o m m u n ic a t io n s  
v ia  th e  L A N  w i th  a n  I S D N  b r id g e  l in k in g  to  th e  W A N . T h e o r e t ic a l ly ,  th e  
L A N  p r o v id e s  a m p le  b a n d w id t h  fo r  r e la t iv e ly  lo w  s p e e d  I S D N  c o n n e c t io n s .  
I n  p r a c t ic e ,  L A N s  s u c h  a s  E th e r n e t ,  w h ic h  is  a  c o n te n t io n - b a s e d  p a c k e t  
n e tw o r k ,  d o  n o t  p r o v id e  g o o d  v o ic e  s e rv ic e  d u e  to  v a r ia b le  d e la y s  a n d
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Fig. 9 Voice and data access via LAN

th r o u g h p u t ,  e s p e c ia l ly  a s  lo a d in g  in c re a s e s .  T o k e n  r in g  a n d  F D D I ,  w h ic h  
a r e  d e te r m in is t ic ,  a r e  m o r e  s u i te d  to ,  b u t  a r e  c u r r e n t ly  n o t  w id e ly  u s e d  fo r  
th e s e  a p p l ic a t io n s .  E m e r g in g  in te g r a te d  s e rv ic e  L A N s  s u c h  a s  I E E E  8 0 2 .6  
( M e t r o p o l i t a n  A re a  N e tw o r k s )  o r  I E E E  8 0 2 .9  ( I n te g r a te d  V o ice  a n d  D a ta  
L A N s )  m a y  p r o v id e  s o lu t io n s  in  th e  lo n g  te rm .

4,5 PABX/LAN hybrids

A  v a r ia n t  o n  th e  in te g r a t io n  o f  v o ic e  a n d  d a t a  c o m m u n ic a t io n s  is c o m p u te r  
a n d  t e le p h o n e  in te g r a t io n  (a  te rm  fo c u s in g  m o r e  o n  th e  f u n c t io n a l  in te g r a t io n  
o f  c o m p u te r s  a n d  te le p h o n e s )  w h ic h  c a n  t a k e  th e  fo rm  o f  a  h y b r id  n e tw o r k  
u s in g  a  d if fe re n t  a p p r o a c h .  R e c e n tly  A T & T  a n d  N o v e l l  l in k e d  u p  to  p r o d u c e  
th e  T e l e p h o n y  S e rv ic e s  f o r  N e tW a r e  W h i te  P a p e r ’. T h is  d e s c r ib e s  a  p r o p o s a l  
to  l in k  th e  c a p a b i l i t i e s  o f  N e tW a r e  L A N s  w ith  th e  f e a tu re s  a n d  f u n c t io n a l i ty  
o f  P A B X s . W h e n  so  l in k e d ,  th e  N e tw a r e  L A N  a n d  P A B X  e n a b le  P C  u s e rs  
t o  c o n t r o l  p h o n e  c a lls  f r o m  w i th in  a n  a p p l ic a t io n .  M ic ro s o f t  a n d  I n te l  h a v e  
to g e th e r  is s u e d  a  W in d o w s  T A P I  ( T e le p h o n e  A p p l ic a t io n s  P r o g r a m m in g  
I n te r f a c e )  t h a t  w ill a l lo w  P A B X  s u p p l ie r s  to  e n a b le  th e i r  P A B X ’s to  c o m m u n ­
ic a te  w i th  P C ’s in  a  W in d o w s  e n v i r o n m e n t .

A  n e w  ty p e  o f  P A B X  is a p p e a r in g  to  s u p p o r t  th e  A T & T /N o v e l l  s t a n d a r d  
a n d  n e w  c o n c e p ts  su c h  a s  ‘O p e n  T e le p h o n y ’ ( th e  t e le c o m m u n ic a t io n s  v a r ia n t  
o f  o p e n  sy s te m s )  a r e  e m e rg in g . A n  e x a m p le  o f  s u c h  a  s y s te m  is in  F ig . 10; i t  
s h o w s  a  ty p ic a l  a r r a n g e m e n t  r e ta in in g  b o th  th e  e x is t in g  a n a lo g u e  t e le p h o n e  
n e tw o r k  a s  w e ll a s  th e  L A N  c o n n e c t io n  to  th e  d e s k . C o n t r o l  o f  th e  t e le p h o n e
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Fig. 10 PABX and LAN hybrid

is  p a s s e d  to  th e  P C  a p p l ic a t io n ,  w h ic h  in  t u r n  c o n t r o l s  th e  te le p h o n e  o v e r  
th e  L A N  c o n n e c t io n  v ia  th e  T e le p h o n y  S e rv e r  t o  th e  P A B X .

I S D N  c a n  b e  in c lu d e d  s im p ly  b y  in s ta l l in g  a n  I S D N  b r id g e  b e tw e e n  th e  
L A N  a n d  th e  P A B X  (a s  in  I S D N  v ia  L A N )  fo r  d a t a  a p p l ic a t io n s .  A l th o u g h  
n o t  a  fu ll in te g r a t i o n  o f  v o ic e  a n d  d a t a  se rv ic e s , th i s  s c h e m e  is  b a s e d  o n  a  
P A B X  fo r  W A N  a c c e ss , w i th  s e p a r a te  v o ic e  a n d  d a t a  n e tw o r k s  j o in e d  a t  th e  
P A B X . I f  I S D N  te le p h o n y  ta k e s  o ff, th e  d u a l  n e tw o r k  is  u n n e c e s s a r y  a s  th e  
te le p h o n e  c o n t r o l  a n d  in te g r a t io n  f u n c t io n s  c a n  b e  c a r r ie d  o u t  u n d e r  d i r e c t  
p la t f o r m  c o n t r o l  ( I S D N  a l lo w s  th is )  r a t h e r  t h a n  b y  th is  in d i r e c t  m e th o d ;  
th e  I S D N  P A B X  w ill th e n  m a k e  a  r e - a p p e a r a n c e .

E a r ly  im p le m e n ta t io n s  o f  th e  T e le p h o n y  S e rv ic e s , s u c h  a s  a r e  o f fe re d  b y  
I n te r c o n n e c t s  3 0 0 0  se r ie s  o f  P A B X s , a r e  a im e d  a t  v o ic e  h a n d l in g ,  c a l l  h a n d ­
l in g  a n d  d e s k to p  p r o d u c t iv i ty  a p p l ic a t io n s  r a t h e r  t h a n  a t  in te g r a t io n  o f  
v o ic e  a n d  d a t a .

T h is  to p ic  is  u s u a l ly  r e f e r re d  to  a s  C o m p u te r /T e l e p h o n e  I n t e g r a t i o n  a n d  is  
o n  th e  p e r ip h e r y  o f  th e  s c o p e  o f  th is  p a p e r .

5 Implementation Issues

O n c e  th e  i m p o r t a n t  d e c is io n s  h a v e  b e e n  m a d e  in  s u c h  a r e a s  a s  to p o lo g y ,  
te c h n o lo g y ,  f le x ib ili ty , “f u tu r e p r o o f in g ”  a n d  p e r f o rm a n c e ,  a  h o s t  o f  f u r th e r
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is s u e s  a r e  r a is e d  b y  th e  v e ry  n a t u r e  o f  w h a t  is b e in g  a t t e m p te d .  I n  fa c t,  i t  
m a y  w ell b e  im p o s s ib le  to  p r o d u c e  a n  id e n t ic a l  s o lu t io n  g lo b a l ly  e v e n  if  th e  
r e q u i r e m e n ts  a r e  th e  s a m e  e v e ry w h e re .  T h e r e  fo llo w s  a n  in c o m p le te  l is t  o f  
p o in t s /q u e s t io n s  to  b e  a n s w e re d  w h e n  t r y in g  to  im p le m e n t  a n  in te g r a te d  
in te r c o n n e c t io n  a r c h i te c tu r e .

•  I S D N  h a s  n o t  b e e n  u n iv e r s a l ly  im p le m e n te d ;  e v e n  w h e r e  i t  h a s  th e r e  
a r e  d if fe re n c e s  in  th e  w a y  t h a t  h a s  b e e n  d o n e ,  a l th o u g h  in i t ia t iv e s  s u c h  
a s  E u r o I S D N  a r e  a t t e m p t in g  to  s t a n d a r d i s e  it.

•  M a n y  T O ’s h a v e  n o t  b e e n  d e - r e g u la te d  a n d  c o n s e q u e n t ly  a c c e s s  to  th e i r  
c a b l in g  is  n o t  a v a i la b le ,  n o r  w ill th e  s e rv ic e s  b e  p r o v id e d  o v e r  c a b l in g  
o w n e d  b y  c u s to m e rs .

•  S a fe ty  a n d  r e g u la to r y  s t a n d a r d s ,  w h ic h  d iffe r  f ro m  c o u n t r y  t o  c o u n t r y ,  
m u s t  b e  a d h e r e d  to  w h e n  r o u t in g  d if fe re n t  s e rv ic e s  t h r o u g h  a  g e n e r ic  
c a b l in g  sy s te m . E v e n  th e  T O ’s s a fe ty  s ta tu s  d e f in i t io n  o f  id e n t ic a l  s e rv ic e s  
m a y  d iffe r  f ro m  o n e  T O  to  a n o th e r .  ( T h e  s a fe ty  s t a tu s  d e f in e s  th e  
p o te n t i a l  le v e l o f  h a z a r d  f ro m  th e  se rv ice ).

•  D o  th e  c a b le s  th e m s e lv e s  m e e t  th e  e le c tr ic a l  i s o l a t i o n  r e q u i r e m e n ts  o f  
a l l th e  r e le v a n t  s a fe ty  a n d  L A N  s ta n d a r d s ?

•  H o w  is th e  c a b l in g  r e la te d  to  th e  E le c t r o m a g n e t ic  C o m p a t ib i l i ty  o f  its  
e n v i r o n m e n t  in  th e  a r e a s  o f  e m is s io n s  a n d  s u s c e p tib i l i ty ?

•  A re  a ll o f  th e  s e rv ic e s  p la n n e d  to  r u n  o v e r  s t r u c t u r e d  c a b l in g  b e n ig n  
w ith  r e s p e c t  to  e a c h  o th e r?

•  H a s  th e  s a fe ty  s t a tu s  o f  a  s e rv ic e  b e e n  in v a l id a te d  b y  r o u t in g  it  o v e r  
c a b l in g  t h a t  p r e s e n ts  i t  in  a  d if fe re n t fo rm  (e.g . a n  R J 4 5  c o n n e c to r )  to  
t h a t  i t  w a s  p r o v id e d  in ?

•  A s th e  b o u n d a r y  b e tw e e n  w h a t  is  a  p ie c e  o f  d a t a  c o m m u n ic a t io n s  o r  o f  
te le c o m m u n ic a t io n s  e q u ip m e n t  b e c o m e s  le ss  d is t in c t ,  a r e  th e  a s s o c ia te d  
a p p r o v a l s  r e q u i r e m e n ts  in te r f e r in g  w ith  e a c h  o th e r?

S o m e  o f  th e s e  is s u e s  h a v e  b e e n  r e s o lv e d , s o m e  a r e  b e in g  d e a l t  w ith  in  v a r io u s  
i n te r n a t io n a l  c o m m it te e s  a n d  s o m e  a r e  s im p ly  n o t  o n  th e  a g e n d a .

6 Conclusions

T h is  p a p e r  h a s  h ig h l ig h te d  th e  k e y  v a r ia b le s  t h a t  c a n  d e te r m in e  th e  im p le ­
m e n ta t io n  o f  th e  m o d e l  in  F ig . 1.

T h e s e  a re : I S D N /L A N  p a r t i t io n in g ;  P A B X /H u b  f u n c t io n a l i ty ;  W ire le s s  f a c il­
i tie s  a n d  c o m p a t ib i l i ty .

6.1 ISDN/LAN partitioning

I S D N  v ia  L A N  se e m s  to  m e e t  a l l r e q u i r e m e n ts  in s o f a r  a s  e x p e n s iv e  I S D N  
a c c e s s  is s h a r e d  o v e r  e x is t in g  L A N  c o n n e c t io n s  w ith  th e  a d d i t i o n  o f  a  s im p le  
I S D N  L A N  b r id g e . T h is  is  a  g o o d  s o lu t io n  fo r  d a t a ,  p r o v id in g  th e  L A N  
d o e s  n o t  b e c o m e  c h o k e d  w ith  I S D N  tra f f ic  e .g . m u l t ip le  v id e o  c o n fe re n c e s ;
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i t  is  a  p o o r  c h o ic e  fo r  v o ic e  u n t i l  h ig h e r  s p e e d  d e te r m in is t ic  L A N s  a r e  
c o m m o n ,  o r  p e r h a p s  i t  m a y  f o r m  a  g o o d  a p p l ic a t io n  f o r  s w itc h e d  E th e r n e t?

A  m ix  o f  I S D N  P A B X  a n d  a n  I S D N  b r id g e  o n  th e  L A N  s h o u ld  s a tis fy  m o s t  
r e q u i r e m e n ts  w i th  th e  c h o ic e  b e tw e e n  e a c h  c o n n e c t io n  d e p e n d in g  o n  th e  
tra f f ic  p ro f i le  fo r  e a c h  u se . I t  w ill r e q u i r e  tw o  c o n n e c t io n s  to  e a c h  d e s k ; th is  
is  c u r r e n t ly  s t a n d a r d  fo r  s t r u c tu r e d  c a b l in g  s y s te m s  b u t  w h a t  o f  e x is t in g  
v o ic e  r e q u ir e m e n ts ?  T h e s e  c a n  u s u a l ly  b e  m e t  b y  e m p lo y in g  th e  e x is t in g  
( n o n - s t r u c tu r e d )  te le p h o n e  c a b l in g  a n d  th e  o ld  a n a lo g u e  e q u ip m e n t ,  t h a t  is  
u n t i l  I S D N  te le p h o n e s  b e c o m e  c h e a p  e n o u g h  t o  p lu g  s t r a ig h t  in to  a n  I S D N  
e x te n d e d  p a s s iv e  b u s  a v a i la b le  a t  th e  d e s k .

6.2 PABX/Hub functionality

C o n f u s io n  r e ig n s  w h ile  m a n u f a c tu r e r s  o f  P A B X s  o ffe r  d a t a  fa c ilitie s , h u b  
s u p p l ie r s  o ffe r  W A N  a c c e s s  a n d  T O s  t o u t  V ir tu a l  P r iv a te  N e tw o r k s  ( V P N )  
-  t h a t  e m p lo y  p u b l ic  n e tw o r k s  t o  p r o v id e  th e  c a p a b i l i t i e s  o f  p r iv a t e  n e tw o r k s .

A d d  to  th is  th e  r e q u i r e m e n ts  y o u  m a y  h a v e  f o r  C o m p u te r /T e l e p h o n e  
I n t e g r a t i o n  a n d  th e  s im p le  s o lu t io n  is: “ d o  n o th in g  n o w ” .

R e a l is t ic a l ly ,  V P N ’s c a n n o t  y e t  p r o v id e  L A N  s e rv ic e s  n o r  d o  th e y  y e t  o ffe r  
b a s ic  r a te  I S D N . C o n s e q u e n t ly ,  th e y  c a n n o t  s u p p o r t  t h e  a r c h i t e c tu r e  o f  
F ig . 1. P A B X  m a n u f a c tu r e r s  a r e  m o v in g  to w a r d s  in te r w o r k in g  w i th  th e  d a t a  
r e q u i r e m e n ts  o f  th e i r  c u s to m e r s  a s  w e ll a s  e n a b l in g  s o m e  o p t io n s  fo r  
C o m p u te r /T e l e p h o n e  I n te g r a t io n .

T h e  s im p le  a n s w e r  is th e r e  is  n o  s im p le  s o lu t io n ;  i t  d e p e n d s  o n  o n e ’s 
r e q u i r e m e n ts .  A s s ta te d  e a r l ie r ,  n o  s in g le  o f fe r in g  p r o v id e s  c o m p re h e n s iv e  
L A N  a n d  W A N  se rv ic e s  a l th o u g h  th e  I S D N  P A B X  c o u p le d  to  a  L A N  v ia  
a  b r id g e  h a s  th e  b e s t  p o te n t ia l .  T h e  I n te l l ig e n t  H u b  c a n n o t  b e  b e a te n  fo r  
h ig h  s p e e d  L A N  a c c e s s  a l th o u g h  it  m a y  b e  im p le m e n te d  in  th e  fo rm  o f  
s e v e ra l in te r c o n n e c te d  u n i t s  r a th e r  t h a n  a  s in g le  s t a n d a lo n e  u n it .  T h e  a u t h o r  
a n t ic ip a te s  a  m a jo r  r o le  fo r  b o t h  fo r  s o m e  t im e  to  c o m e , w i th  th e  s ize  o f  th e  
r o le  p u r e ly  a p p l ic a t io n  d e p e n d e n t .

6.3 Wireless facilities and compatibility.

T h e  r e q u i r e m e n t  fo r  w ire le s s  a c c e s s  is s ti ll  l im ite d  a n d  is  r e s t r ic te d  to  s p e c ia l ­
is t  e n v i r o n m e n ts  d e s c r ib e d  in  [ F la tm a n /W e is e r ,  1 9 9 2 ] ,  W i th  P A B X  m a n u ­
f a c tu r e r s  a l r e a d y  o ffe r in g  w ire le s s  a c c e s s  a n d  H u b  s u p p l ie r s  lik e ly  to  fo llo w , 
i t  is  l ik e ly  t h a t  th e  tw o  s id e s  w ill c o n v e rg e  s lo w ly . I n  th is  c o n n e c t io n  i t  m a y  
b e  n o te d  t h a t  e x is t in g  w ire le s s  L A N  p r o d u c t s  g e n e r a l ly  c o m e  f ro m  c o m p a n ie s  
w i th  s o m e  m i l i t a r y / r a d io  e x p e r t is e  w h ic h  is n o t  c o m m o n ly  fo u n d  a m o n g  
h u b  m a n u f a c tu r e r s .

A n o th e r  p o s s ib i l i ty  m ig h t  b e  a  fa c il i ty  fo r  w ire le s s  a c c e s s  to  I S D N ;  i t  w o u ld  
o ffe r  a  m e a n s  o f  a c c e s s  w i th o u t  c lo g g in g  u p  th e  L A N  o r  th e  n e e d  to  b u y  a n
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I S D N  sw itc h . I t  w o u ld  p e r m i t  c o n t in u e d  u se  o f  th e  r e la t iv e ly  c h e a p  o ld  
a n a lo g u e  te le p h o n e  sy s te m . H u b  m a n u f a c tu r e r s  c o u ld  o ffe r  i t  a s  a  m e a n s  o f  
s u p p o r t in g  e n h a n c e d  W A N  d a t a  r e q u i r e m e n ts  a n d  P A B X  m a n u f a c tu r e r s  
m ig h t  see  i t  a s  a  m e a n s  to  u p g r a d e  d a t a  fa c il i t ie s  w h ile  r e ta in in g  th e  o ld e r  
a n a lo g u e  e q u ip m e n t .

D e s p i te  a n y  d e c is io n s  m a d e  o n  th e  f u n c t io n a l i ty  o f  P A B X  a n d  H u b ,  i t  is 
l ik e ly  t h a t  w ire le s s  a c c e s s  s o lu t io n s  w ill c o m e  in  f la v o u r s  t h a t  s u i t  m o s t  
a p p l ic a t io n s  p r o v id e d  th e  a d d i t io n a l  c o s ts  c a n  b e  b o r n .

O n e  f in a l r e m a r k :  e v e n  if  th e  id e a l  a r c h i t e c tu r e  c a n n o t  y e t  b e  re a l is e d ,  th e  
m o s t  im p o r t a n t  p o in t  is t o  c o n s id e r  c o m m u n ic a t io n s  a s  a  s in g le  s u b je c t  
e n c o m p a s s in g  a l l f o rm s  o f  d a t a  ( in c lu d in g  v o ic e  a n d  v id e o )  a n d  to  lo o k  
to w a r d s  in te g r a t io n  a s  a n  o p p o r tu n i ty  t o  e n h a n c e  th e  e ff ic ien c y  a n d  c o m p e t ­
it iv e n e s s  o f  th e  o r g a n is a t io n .
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Abstract

The paper describes the Lisp programming language subsystem of 
the European Declarative System EDS. The machine independent 
model of parallelism which allows easy port of existing sequential 
programs into parallel form is explained. A major application, the 
natural language translation system METAL, is characterised and used 
to demonstrate how large Lisp programs can benefit from the parallel­
ism concepts.

1 Introduction

T h e  E u r o p e a n  D e c la r a t iv e  S y s te m  E D S  is  b e in g  d e v e lo p e d  to  s u p p o r t  la rg e  
k n o w le d g e  b a s e d  s y s te m s  [ H a w o r t h  e t  a l. 1990 ; S k e l to n  e t  a l. 1 9 9 2 ] ,  I t  
c o m p r i s e s  a  p a r a l le l  m a c h in e  [ W a r d  e t  a l. 1 9 9 0 ] ,  a  p a r a l le l  r e la t io n a l  d a t a ­
b a s e ,  a  p a r a l le l  lo g ic  l a n g u a g e  [ R e e v e  e t  a l. 1 9 9 3 ] ,  a n d  a  p a r a l le l  f u n c t io n a l  
la n g u a g e ,  E D S  L isp .

T h e  p a r a l le l  L is p  s y s te m  is  d e s c r ib e d  in  th is  p a p e r .  L is p  is  a  p o w e r fu l  g e n e ra l  
p u r p o s e  p r o g r a m m in g  la n g u a g e  u s e d  m o s t ly  f o r  A l- b a s e d  a p p l ic a t io n s .  L is p  
is  a  h ig h ly  in te r a c t iv e  la n g u a g e  t h a t  a l lo w s  e a s y  p r o to ty p in g  a n d  f a s t  d e v e l­
o p m e n ts .  I n  p a r t i c u la r ,  th e  a r b i t r a r y  c o m b in a t io n  o f  c o m p i le d  a n d  in t e r ­
p r e te d  c o d e  a n d  th e  e x c e l le n t  p r o g r a m m in g  e n v i r o n m e n ts  m a k e  u p  th e  
a t t r a c t i o n  o f  L isp . I n  E D S  L is p ,  th e  a d v a n ta g e s  o f  L is p  a r e  c o m b in e d  w ith  
th e  c o m p u ta t io n a l  p o w e r  o f  p a r a l le l is m .

T h e  n e x t  s e c t io n  s t a r t s  w i th  a n  o v e rv ie w  o f  th e  p a r a l l e l  l a n g u a g e  c o n s t r u c t s  
o f  E D S  L isp , th e n  d e a ls  w i th  t h e  c o r r e s p o n d in g  p r o c e s s - a n d - s to r e  m o d e l  
a n d  s h o w s  h o w  th e  c o n c e p t s  o f  th e  E D S  o p e r a t in g  s y s te m  E M E X  a n d  E D S  
L is p  a r e  r e la te d .  P a r a l l e l i s a t i o n  o f  la rg e  a p p l ic a t io n s  is  d e m o n s t r a t e d  w i th  
t h e  k n o w le d g e - b a s e d  l a n g u a g e  t r a n s l a t i o n  s y s te m  M E T A L . T h e  s e c t io n  o n
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M E T A L  e x p la in s  h o w  M E T A L  w o r k s  u s in g  s a m p le  t r a n s l a t i o n s  f ro m  
G e r m a n  to  E n g lis h .  S e v e ra l  p a r a l le l i s a t io n  s t r a te g ie s  fo r  M E T A L  a re  
d is c u s se d .

T h e  h a r d w a r e  a r c h i te c tu r e  a n d  th e  o p e r a t in g  s y s te m  E M  E X , in  p a r t i c u la r  
th e  v ir tu a l ly  s h a r e d  m e m o r y 1 c o n c e p t  o f  E D S , a r e  d e s c r ib e d  in  [ W a r d  e t  al. 
1990; B o r r m a n n  e t a l. 1 9 9 0 ] ; th e re fo r e  w e e n d  th is  in t r o d u c t io n  w ith  o n ly  
a  s h o r t  s k e tc h  o f  th e  n e c e s s a ry  c o n c e p ts .

T h e  E D S  p r o to ty p e s  h a v e  u p  to  3 2  p r o c e s s in g  e le m e n ts  ( P E s )  c o n n e c te d  v ia  
a  fa s t D e l ta  n e tw o r k .  T h e  p r o to ty p e s  a r e  e x te n d ib le  to  2 5 6  P E s , w h e r e  th e  
d e s ig n  is o p e n  to  s till l a r g e r  n u m b e r s  o f  P E s . E a c h  P E  c o n s is ts  o f  a  4 0  M H z  
S P A R C  p r o c e s s o r  w i th  6 4  M B y te  lo c a l  m e m o ry . I n  a d d i t io n ,  th e r e  is  a  
s e c o n d  S P A R C  o n  e a c h  P E  s u p p o r t in g  s y s te m  ta s k s  l ik e  a c c e s s  to  th e  
m e m o r y  o f  r e m o te  P E s  ( th e  s o -c a lle d  S y s te m  S u p p o r t  U n i t  S S U ). T h e  
o p e r a t in g  sy s te m  E M E X  ( E D S  M a c h in e  E x e c u tiv e )  p r o v id e s  a  v i r tu a l ly  
s h a re d  m e m o r y  s u c h  th a t  th e  d i s t r ib u t e d  s to r e  o f  th e  E D S  m a c h in e  c a n  b e  
v ie w e d  a s  a  s in g le  c o m m o n  a d d r e s s  s p a c e  b y  th e  a p p l ic a t io n s .  E M E X  a lso  
s u p p o r t s  a  fa s t in te r -p r o c e s s  c o m m u n ic a t io n  m e c h a n is m  ( I P C ) .

2 The Parallel Language EDS Lisp

E D S  L is p  is a  p a r a l le l  e x te n s io n  o f  th e  l a n g u a g e  C o m m o n  L is p  [S te e le  
1 9 8 4 ] ,  A m o n g  th e  m a n y  e x is t in g  L is p  d ia le c ts .  C o m m o n  L is p  h a s  b e e n  
c h o s e n  a s  b a s e  la n g u a g e  a s  i t  c o n s t i tu t e s  a  d e - f a c to  L is p  s ta n d a r d .  M o s t  
e x is t in g  L is p  a p p l ic a t io n s  c a n  th u s  e a s ily  b e  p o r te d  to  E D S  L isp . E a s y  p o r t  
o f  e x is t in g  a p p l ic a t io n s  w a s  o n e  o f  th e  d e s ig n  g o a ls  o f  E D S  L isp . A m a jo r  
d e s ig n  d e c is io n  w a s  to  a d d  la n g u a g e  e x te n s io n s  fo r  e x p lic i t  p a ra l le l is m  
in s te a d  o f  a u t o m a t i c  d e te c t io n  o f  p a r a l le l is m , b e c a u s e  th e  l a t t e r  r e s u lt s  in  
l in e r -g r a in  p ie c e s  o f  p a r a l le l  e x e c u t io n ,  w h e r e a s  th e  in te n d e d  t a r g e t  a r c h i te c ­
tu r e s  a r e  m o r e  s u i te d  to  la rg e r  g r a in  s izes . F o r  th e  e x p l ic i t  p a r a l le l is m , w e 
w a n te d  to  a d d  o n ly  a  few  c o n s t r u c t s  w h ic h  s h o u ld  b e  p o w e r fu l  e n o u g h  to  
c o v e r  a ll p r o g r a m m in g  s i t u a t io n s  t h a t  m a y  a r is e . T h is  d is t in g u is h e s  E D S  
L is p  f ro m  o th e r  p a r a l le l  L is p  d ia le c ts  lik e  S p u r  L is p  [ Z o r n  e t  a l. 1 9 8 9 ]  t h a t  
h a v e  a  p h i lo s o p h y  a im in g  ju s t  in to  th e  o p p o s i t e  d i r e c t io n :  a d d  a s  m a n y  
c o n s t r u c t s  a s  y o u  lik e , fo r  in s ta n c e  to  e x p e r im e n t  w ith  p a ra l le l is m .

T h e  n e x t  s u b - s e c t io n  d e a ls  w ith  th e  la n g u a g e  e x te n s io n s  c h o s e n  fo r  E D S  
L isp . T h e  p a r a l le l  p r o c e s s - a n d - s to r e  m o d e l  o f  E D S  L is p  is th e n  a f te rw a rd s  
d e s c r ib e d  in  a  s e p a r a te  s u b - s e c t io n .  A m o r e  e x te n s iv e  d is c u s s io n  o f  E D S  
L is p  is g iv e n  in  [ H a m m e r ,  H e n t ie s  1 9 9 0 ] . T h e  p a r a l le l  d e b u g g in g  a n d  
v i s u a l i s a t io n  fa c il i t ie s  o f  E D S  L is p  a r e  d e s c r ib e d  in  [ I lm b e r g e r ,  
W ie d e m a n n  1 9 9 3 ] ,

1 The term ‘virtually shared memory’ implies virtual memory created and managed by software: 
no hardware feature is used—Ed.
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P a r a l le l is m  in  E D S  L is p  is p r o v id e d  b y  th e  future c o n s tru c t .  T h is  c o n s t r u c t  
c a n  a lso  b e  fo u n d  in  o th e r  p a r a l le l  v e r s io n s  o f  L isp , th e  f irs t o n e  b e in g  
[ H a ls te a d  8 5 ] .  T h e future is a  h ig h - le v e l p a ra l le l is m  c o n s t r u c t  w h ic h  in v o lv e s  
s p a w n in g  o f  p a r a l le l  p ro c e s se s  a s  w ell a s  a u to m a t ic  s y n c h ro n is a t io n  w ith  th e  
r e s u lt  r e tu r n e d  f ro m  th e  p a r a l le l  p ro c e sse s . F u r th e r m o r e ,  i t  f its  n ic e ly  in to  th e  
fu n c t io n a l  p r o g r a m m in g  s ty le  o f  L isp . Future is a  f u n c tio n  th a t  sp ec if ie s  
p a r a l le l  e v a lu a t io n  o f  a n o t h e r  f u n c t i o n / w i t h  th e  a r g u m e n ts  arg-1 ... arg-nl:

(future f  arg-1 ... arg-ri)

T h e  f u n c tio n  future im m e d ia te ly  r e tu r n s  a n  ( in i t ia l ly  e m p ty )  p la c e h o ld e r  fo r  
th e  r e s u lt  o f  /  a n d  th e n  s ta r t s  th e  e v a lu a t io n  o f  /  a s  a  s e p a r a te  p ro c e s s  (a lso  
c a lle d  c h ild  p r o c e s s , future p ro c e s s , o r  future f o r  s h o r t ) .  T h e  p a r e n t  p ro c e s s  
a n d  th e  c h ild  p ro c e s s  c a n  n o w  c o n t in u e  in  p a ra lle l .  M a n y  o p e r a t io n s  in  L isp  
c a n  b e  p e r f o rm e d  w ith  th e  e m p ty  p la c e h o ld e r ,  lik e  a s s ig n m e n t to  v a r ia b le s , 
p a r a m e te r  p a s s in g , o r  c o n s t r u c t io n  o f  lis ts . O n ly  if  th e  p a r e n t  p ro c e s s  n e e d s  
to  ac ce ss  th e  r e s u lt  o f  th e  future p ro c e s s  d o e s  i t  w a it  u n t i l  th e  r e s u lt  is a v a ila b le  
a n d  th e n  c o n t in u e  o p e r a t io n .  B o th  th e  p la c e h o ld e r  m e c h a n is m  a n d  th e  im p lic i t  
w a i t in g  (i.e. p ro c e s s  s y n c h ro n is a t io n )  a r e  in v is ib le  to  th e  p r o g ra m m e r .

T h e  f o l lo w in g  e x a m p le  h ig h l ig h ts  th e  p la c e h o ld e r  m e c h a n is m . I n  th e  s t a n d ­
a r d  C o m m o n  L is p  a s s ig n m e n t

(setq x ( translate-to-french “This is an example"))

th e  r e s u l t  o f  translate-to-french is  a s s ig n e d  to  th e  v a r ia b le  x  (setq m e a n s  
assign-to in  L isp ) . T h e  a s s ig n m e n t  h a s  to  w a i t  u n t i l  th e  r e s u l t  is  c o m p u te d .  
I n  E D S  L isp , th e  a s s ig n m e n t

(setq x (future # 'translate-to-french “This is an example"))1

s p a w n s  a  p a r a l le l  p ro c e s s  a n d  a s s ig n s  a n  e m p ty  p la c e h o ld e r  fo r  th e  r e s u l t  
o f  translate-to-french to  x. T h e  p r o g r a m  t h a t  e x e c u te d  setq c a n  n o w  c o n t in u e  
(e.g. c a ll  o th e r  f u n c t io n s  o r  s p a w n  o th e r  t r a n s l a t i o n s )  w h ile  th e  f u n c t io n  
translate-to-french is  b e in g  c o m p u te d  in  p a ra l le l ,  x  c a n  im m e d ia te ly  b e  u s e d  
in  f u r th e r  a s s ig n m e n ts  lik e

(setq z x)

w ith o u t  a c c e s s in g  th e  a c tu a l  c o n te n t s  o f  x ; o n ly  th e  ( re fe re n c e  t o  th e )  
p la c e h o ld e r  o f  th e  p a r a l le l  p r o c e s s  e x e c u t in g  translate-to-french is  c o p ie d  t o  z.

T h e  im p l ic i t  r e s u l t  s y n c h r o n i s a t i o n  c o m e s  in to  e ffec t i f  th e  a c tu a l  r e s u l t  o f  
a  f u tu r e  c a ll  is  a c c e s se d , a s  in

(print x )

1 In Lisp, the left parenthesis is written b e fo re  the function name, in contrast to conventional 
(procedural) languages where it is written a f te r  the function name.
1 f  is needed here to ensure that translate-to-french is passed as function.

2.1 Parallel language extensions of EDS Lisp
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H e re ,  E D S  L isp  te s ts  if  x  c o n ta in s  a  p la c e h o ld e r ,  a n d  if  th e  c o r r e s p o n d in g  
p ro c e s s  is f in ish e d . I f  th e  p r o c e s s  is  n o t  f in ish e d , th e  p ro c e s s  e x e c u t in g  th e  
print is s u s p e n d e d  u n t i l  x ( re s p e c tiv e ly  th e  r e s u l t  o f  th e  a s s o c ia te d  p ro c e s s )  
b e c o m e s  a v a ila b le .  I t  s h o u ld  b e  n o te d  t h a t  a n  in d e f in i te  n u m b e r  o f  p ro c e s s e s  
c a n  b e  w a i t in g  fo r  th e  p la c e h o ld e r  ( in  th is  e x a m p le  a ll th o s e  p ro c e s s e s  
a c c e s s in g  x  a n d  z).

A r o u n d  th e  future, th e re  a r e  a  few  s u p p o r t in g  c o n s t r u c t s  l ik e  o n e  to  te s t  if  
a future is  f in is h e d  ( to  a v o id  im p l ic i t  w a i t in g  if  f u r th e r  w o r k  c a n  b e  d o n e  in  
th e  m e a n t im e )  a n d  k i l l in g  o f  futures (i.e . a b a n d o n m e n t  o f  p ro c e s se s ) .

I n  a d d i t io n  to  th e  im p l ic i t  r e s u l t  s y n c h r o n is a t io n ,  E D S  L is p  a l s o  p r o v id e s  
a n  e x p lic i t  s y n c h r o n is a t io n  m e c h a n is m : (wait x) w a its  fo r  th e  c o m p le t io n  o f  
x  a n d  th e n  r e tu r n s  th e  r e s u l t  o f  x  a s  th e  r e s u l t  o f  th e  f u n c t io n  wait. F o r  
e x a m p le ,  in

(setq y  (wait x ))

o n e  c a n  b e  s u r e  t h a t  y  d o e s  not c o n ta in  a  p la c e h o ld e r  o f  a n  u n f in is h e d  
p ro c e s s .

A n o th e r  s y n c h r o n is a t i o n  c o n s t r u c t  a r e  e x c lu s iv e  f u n c t io n s  ( s o -c a l le d  x - fu n c -  
t io n s  in  E D S  L isp ) . A - f u n c t io n s  im p le m e n t  th e  c o n c e p t  o f  Critical Regions. 
A - f u n c t io n s  c a n  o n ly  b e  e x e c u te d  b y  o n e  o th e r  f u n c t io n  a t  a  t im e . I f  th e r e  
a r e  m o r e  f u n c t io n s  c a l l in g  a n  A - f u n c t io n ,  th e n  th e y  h a v e  to  w a i t  u n t i l  th e  
f ir s t  o n e  h a s  le ft th e  x - fu n c t io n ;  t h e n  th e  n e x t  o n e  c a n  s t a r t  to  e x e c u te  th e  
x - fu n c t io n .

F in a l ly ,  m a i lb o x e s  fo r  e x p l ic i t  in te r - p r o c e s s  c o m m u n ic a t io n  a r e  p r o v id e d  in  
E D S  L isp . T h e  p r o g r a m m e r  c a n  c r e a te  e m p ty  m a i lb o x e s  w ith  make-mailbox 
( a n d  a s s ig n  th e  c r e a te d  o b je c t  fo r  l a t e r  u s e  to  a  v a r ia b le )  l ik e  in

(setq m make-mailbox)

a n d  th e n  s e n d  a n d  re c e iv e  m e s s a g e s  w ith

(send message m)
(receive m)

w h e re  receive r e tu r n s  th e  f irs t m e s s a g e  f ro m  th e  m a i lb o x  m. Receive is  a  
b lo c k in g  o p e r a t io n ,  w h ic h  m e a n s  t h a t  i t  is  s u s p e n d e d  if  th e r e  is  n o  m e ssa g e ; 
a s  s o o n  a s  a  m e s s a g e  a r r iv e s ,  receive is r e s u m e d .  M a i lb o x e s  a r e  a  m a n y - to -  
m a n y  c o m m u n ic a t io n  m e c h a n is m : m a n y  p ro c e s s e s  m a y  s e n d  to  o n e  m a ilb o x ,  
a n d  m a n y  -  p r o b a b ly  o th e r s  -  m a y  re c e iv e  f ro m  th is  m a i lb o x .  M a i lb o x e s  
a r e  a  c o m m u n ic a t io n  c o n s t r u c t  t h a t  c a n  b e  im p le m e n te d  v e ry  e ff ic ie n tly  o n  
m o s t  p a r a l le l  a r c h i te c tu r e s .

2.2 Process and store model of EDS Lisp

T h e  process model o f  E D S  L is p  a s s u m e s  a n  in d e f in i te  n u m b e r  o f  p a r a l le l  
p ro c e s s e s ;  in  p a r t i c u la r ,  th e  n u m b e r  o f  p ro c e s s e s  c a n  b e  b ig g e r  t h a n  th e  
n u m b e r  o f  a v a i la b le  p r o c e s s o r s  o n  th e  m a c h in e .  E a c h  future c a n  b e  v ie w e d
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a s  a  s e p a r a te  p r o c e s s  o n  la n g u a g e  lev e l, so  th e  te rm s  future a n d  process c a n  
b e  u s e d  s y n o n y m o u s ly  a t  l a n g u a g e  lev e l. T h e  d i s t r ib u t io n  o f  p a r a l le l  p r o ­
c e sse s  to  p h y s ic a l  p r o c e s s o r s  ( P E s )  o n  th e  E D S  m a c h in e  is  d o n e  b y  th e  E D S  
L is p  r u n  t im e  sy s te m  a n d  is  c o m p le te ly  t r a n s p a r e n t  t o  th e  L is p  p r o g r a m m e r .  
I f  th e r e  a r e  m o r e  p ro c e s s e s  t h a n  p r o c e s s o r s ,  m o r e  t h a n  o n e  p r o c e s s  w ill b e  
m a p p e d  o n to  o n e  P E .

T h e  store model o f  E D S  L is p  s u p p o r t s  d a t a  s h a r in g  b e tw e e n  p a r e n t  a n d  
c h i ld  p r o c e s s e s  ( in h e r i ta n c e )  a s  w e ll a s  lo c a l  v a r ia b le s  p r o p r i e t a r y  to  in d i ­
v id u a l  p ro c e s s e s .  A  c h i ld  p r o c e s s  c a n  a c c e s s  d a t a  f ro m  i ts  p a r e n t  v ia  p a r a ­
m e te r  p a s s in g . M o r e o v e r ,  i t  c a n  a c c e s s  th e  le x ic a l a n d  d y n a m ic  v a r ia b le s  
d e f in e d  in  i ts  p a r e n t s ’ e n v i r o n m e n t .  T h is  im p l ie s  t h a t  a  p r o c e s s  (i.e . a  future) 
c a n  a c c e s s  i ts  p a r e n t ’s d a t a  e v e n  if  th e y  e x e c u te  o n  d if fe re n t  p ro c e s s in g  
e le m e n ts .  I f  s h a r e d  v a r ia b le s  a r e  u s e d , th e  p r o g r a m m e r  is  r e s p o n s ib le  fo r  th e  
c o r r e c t  p a r a l le l  a c c e s s  to  th e s e  v a r ia b le s ,  a n d  th e  a b o v e - m e n t io n e d  la n g u a g e  
c o n s t r u c t s  c a n  b e  t a k e n  fo r  s y n c h r o n is a t io n .  O f  c o u r s e ,  th e r e  is  o n ly  a  n e e d  
fo r  e x p l ic i t  s y n c h r o n is a t i o n  if  th e  f u n c t io n a l  s ty le  o f  L is p  is  le ft.

I n  g e n e ra l ,  a  l a n g u a g e  h a s  t o  d e f in e  w h ic h  s i t u a t io n s  le a d  t o  d e f in e d  r e s u l t s  
a n d  w h ic h  d o  n o t ,  if  s h a r e d  v a r ia b le s  a r e  a c c e s s e d  f ro m  p a r a l l e l  p r o c e s s e s .  
T ry in g  to  g e t d e f in e d  r e s u l t s  w h e r e  i t  m a y  n o t  b e  n e c e s s a r y  le a d s  t o  o v e r ­
s y n c h r o n i s a t i o n  a n d  th u s  t o  p o o r  p e r f o rm a n c e .  T h e  s to r e  m o d e l  o f  E D S  
L is p  is  th u s  d e f in e d  in  a  w a y  t h a t  a l lo w s  a  w e a k  c o h e r e n t  im p le m e n ta t io n  
[ B o r r m a n n  e t  a l. 1 9 9 0 ]  o f  t h e  v i r tu a l ly  s h a r e d  m e m o r y  u s e d  b y  E D S  L isp . 
T h e  w e a k  c o h e r e n c y  m e c h a n is m  a l lo w s  s to r a g e  in c o n s is te n c ie s  b e tw e e n  
s y n c h r o n i s a t i o n  p o in t s  a n d  y ie ld s  b e t t e r  p e r f o r m a n c e  t h a n  a  s t r o n g  c o h e r ­
e n c y  m e c h a n is m  t h a t  a lw a y s  h a s  t o  k e e p  th e  s to r a g e  c o h e r e n t .

A n  in c o n s is te n c y  s i t u a t i o n  t h a t  is  o n ly  p o s s ib le  in  a  w e a k  c o h e r e n c y  e n v i r o n ­
m e n t  is  d e p ic te d  in  fig . 1. I n  p r o c e s s  1, th e  v a r ia b le s  x  a n d  y  a r e  s e t  to  1

Fig. 1 Weak Coherency Effect Fig. 2 Synchronised Situation

a n d  2 re sp e c tiv e ly ,  in  th is  o r d e r .  I n  p r o c e s s  2 , th e r e  is  n o  s ta te m e n t  p o s s ib le  
a b o u t  th e  v a lu e  o f  th e  v a r ia b le  x , e v e n  if  th e  l a te r  a s s ig n e d  v a lu e  o f  y  h a s  
b e e n  te s te d  to  b e  2. T h e  u s e r  h a s  t o  s y n c h ro n is e  b e tw e e n  th e  e v e n ts  to  g e t  
d e te r m in is t ic  re s u lts .  I n  f ig u re  2 th e  s y n c h r o n is a t i o n  is  d o n e  v ia  a  m e ssa g e ;
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s y n c h r o n is a t i o n  m a k e s  th e  s to r a g e  o f  b o th  p ro c e s s e s  c o h e r e n t ,  a n d  b o t h  x  
a n d  y h a v e  th e i r  c o r r e c t  v a lu e s .  A ll im p l ic i t  o r  e x p l ic i t  s y n c h r o n i s a t i o n s  o f  
E D S  L is p  m a k e  th e  s to r e  b e tw e e n  th e  s y n c h ro n is e d  p ro c e s s e s  c o h e r e n t ,  l ik e  
s p a w n in g  a  p ro c e s s ,  g e t t in g  th e  r e s u l t  f ro m  a  p ro c e s s ,  u s in g  wait, a n  x -  
f u n c t io n ,  o r  m e ssa g e s . T h e  a b o v e - m e n t io n e d  in h e r i ta n c e  o f  d a t a  b e tw e e n  
p a r e n t  a n d  c h i ld  p ro c e s s  is in  fa c t  a  c o n s e q u e n c e  t h a t  s p a w n in g  is s e e n  a s  
a  s y n c h r o n is a t io n :  th e  p a r e n t s ’ a n d  th e  c h i ld ’s s to r a g e  a r e  c o h e r e n t  a t  th e  
m o m e n t  o f  s p a w n in g .

T h e  a b o v e  e x a m p le  is q u i te  s t r a n g e ,  a n d  i t  is  u n iq u e  to  w e a k  c o h e re n c e .  
T h e  “ n o r m a l” u n d e f in e d  c a s e  is  t h a t  tw o  p r o c e s s e s  w r i te  u n s y n c h r o n o u s ly  
to  th e  s a m e  g lo b a l  v a r ia b le .  H e r e  th e  v a lu e  o f  th e  g lo b a l  v a r ia b le  is  u n d e f in e d , 
w h a te v e r  th e  m o d e l  o f  p a r a l le l i s m  is. S o  s y n c h r o n i s a t i o n  is  n e e d e d  in  a n y  
c a s e  if  s h a r e d  v a r ia b le s  a r e  a l lo w e d . I n  a n  E D S  L is p  p r o g r a m  w h e r e  a c c e sse s  
to  s h a re d  v a r ia b le s  a r e  p r o p e r ly  s y n c h ro n is e d ,  th e r e  is  a b s o lu te ly  n o  d if fe r ­
e n c e  in  b e h a v io u r  b e tw e e n  a  s h a r e d  s to r e ,  a  v i r tu a l ly  s h a r e d  m e m o r y  w ith  
s t r o n g  c o h e re n c y ,  a n d  a  v i r tu a l ly  s h a r e d  m e m o r y  w i th  w e a k  c o h e re n c y ;  
e x c e p t  t h a t  w e a k  c o h e r e n c y  r e s u lt s  in  b e t t e r  p e r f o r m a n c e  t h a n  s t r o n g  c o h e r ­
e n c y . A  m o r e  d e ta i l e d  d is c u s s io n  a b o u t  th e  s to r a g e  m o d e l  o f  E D S  L is p  a n d  
th e  w e a k  c o h e r e n c y  m e c h a n is m  c a n  b e  f o u n d  in  [ H a m m e r ,  H e n t ie s  1 9 9 1 ] .

2.3 Interaction of the concepts of EDS Lisp and the EDS machine

T h e  c o n c e p t s  o f  E D S  L is p  a n d  o f  th e  E M E X  o p e r a t in g  s y s te m  a n d  th e  E D S  
m a c h in e  h a v e  in f lu e n c e d  e a c h  o th e r .  T h e  E D S  L is p  s y s te m  r u n s  a s  a n  E M E X  
ta s k  t h a t  h a s  a  te a m  o n  e a c h  P E  b e lo n g in g  to  th e  E D S  L is p  p r o g r a m .  In  
e a c h  te a m  (i.e . o n  e a c h  p ro c e s s o r )  th e r e  is  a  m a n a g in g  th r e a d  w h ic h  d o e s  
r u n  t im e  m a n a g e m e n t  l ik e  p r o c e s s  d i s t r ib u t io n  a n d  s c h e d u lin g ;  in  a d d i t io n  
th e r e  is a  se t o f  t h r e a d s  t h a t  e x e c u te  the futures.

C o m m u n ic a t io n  a n d  s y n c h r o n is a t i o n  in  th e  E D S  L is p  r u n - t im e  sy s te m  is 
d o n e  v ia  th e  I n te r - P r o c e s s  C o m m u n ic a t io n  ( I P C )  o f  E M E X , th is  h o ld s  fo r  
ta s k s  in te r n a l  to  th e  r u n - t im e  sy s te m  a s  w e ll a s  fo r  e x e c u t io n  o f  E D S  L is p ’s 
m a i lb o x e s  a n d  th e  x - fu n c t io n s .  T h e  v i r tu a l ly  s h a r e d  m e m o r y  o f  E M E X  
s u p p o r t s  th e  s h a r e d  s to r e  m o d e l  o f  E D S  L isp .

T h e  v i r tu a l ly  s h a re d  m e m o r y  m e c h a n is m  is  a ls o  u s e d  to  m o v e  c o d e  a n d  
d a t a  to  n e w ly  c r e a te d  p ro c e s s e s  o n  o th e r  p r o c e s s o rs .  T h e  L is p  r u n - t im e  
sy s te m  n e e d  n o t  c a r e  a b o u t  th e  a c tu a l  c o p y in g  o f  c o d e  a n d  d a t a  to  o th e r  
p r o c e s s o rs ;  o n ly  th e  s t a r t  a d d r e s s  a n d  s o m e  m a n a g in g  in f o r m a t io n  o f  a  
p ro c e s s  a r e  s e n t  v ia  I P C  to  a n o t h e r  p r o c e s s o r  w h ic h  th e n  t r ie s  to  s t a r t  th e  
c o d e  a t  th is  a d d re s s .  I f  th e  c o d e  is n o t  p r e s e n t ,  th e  v ir tu a l ly  s h a r e d  m e m o r y  
m e c h a n is m  g e ts  a n  i n t e r r u p t  a n d  fe tc h e s  a  c o p y  o f  th e  c o r r e s p o n d in g  c o d e  
f ro m  th e  n o d e  w h e re  i t  re s id e s . T h e  s a m e  h o ld s  fo r  d a t a  a n d  o th e r  c o d e  
a c c e s s e d  b y  th e  L is p  p r o g r a m .  L a t e r  a c c e sse s  to  th is  c o d e / th e s e  d a t a  a r e  
th e n  fa s t  lo c a l  a c c e sse s . F e tc h in g  c o d e  f ro m  o th e r  P E s  is  d o n e  b y  th e  s e c o n d  
p r o c e s s o r  o n  e a c h  P E ,  th e  S y s te m  S u p p o r t  U n i t  S S U . T h e  L is p  p r o g r a m  
c a n  c o n t in u e  e x e c u t in g  a n o t h e r  future in  th e  m e a n t im e .
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T h e  la n g u a g e  d e f in i t io n  o f  E D S  L is p  h a s  b e e n  so  c h o s e n  t h a t  th e  e ff ic ien c y  
o f  th e  w e a k  c o h e r e n c y  s c h e m e  c a n  b e  fu lly  u t i l is e d .  T h is  m e a n s  t h a t  in  m o s t  
c a s e s  th e  E D S  L is p  s y s te m  n e e d  n o t  w a i t  fo r  a c k n o w le d g e m e n t  o f  c o h e r e n c y  
m e s s a g e s .  T h e  c o h e r e n c y  m e s s a g e s  c a n  a g a in  b e  p r o c e s s e d  b y  th e  S S U s  in  
p a r a l le l  t o  th e  L is p  p r o g r a m  e x e c u t io n .  F o r  d e b u g g in g  p u r p o s e s ,  E D S  L is p  
c a n  b e  s w itc h e d  to  a  s t r o n g  c o h e r e n c y  m o d e l  w h ic h  is  a ls o  s u p p o r te d  
b y  E M E X .

3 Parallel Text Translation: a Commercial Application

3.1 The METAL system

T o  te s t  th e  E D S  L is p  s y s te m , w e  n e e d e d  a  la rg e  c o m m e r c ia l  a p p l ic a t io n  
w r i t t e n  in  C o m m o n  L isp . W e h a v e  c h o s e n  th e  M E T A L 3 sy s te m  [ G a je k  91; 
T h u r m a i r  9 1 ]  w h ic h  is  a  C o m m o n  L is p  a p p l ic a t io n  d e v e lo p e d  a t  S ie m e n s  
N ix d o r f  I n f o r m a t io n  S y s te m s  ( S N I ) .  M E T A L  ta r g e t s  th e  t r a n s l a t i o n  o f  
te c h n ic a l  d o c u m e n ts ,  in  p a r t i c u l a r  w h e r e  la rg e  a m o u n t s  o f  te x t  h a v e  to  b e  
t r a n s l a te d .  T h e  la n g u a g e  p a i r s  G e r m a n /E n g l i s h ,  E n g l i s h /G e r m a n ,  
G e r m a n /S p a n is h ,  F r e n c h /D u tc h ,  a n d  D u tc h / F r e n c h  a r e  a l r e a d y  c o m m e r ­
c ia lly  a v a ila b le ;  f iv e  o th e r  l a n g u a g e  p a i r s  a r e  u n d e r  d e v e lo p m e n t .  F o r  E D S  
L is p ,  th e  la n g u a g e  p a i r  G e r m a n /E n g l i s h  h a s  b e e n  s e le c te d  a s  a  te s t  a p p l ic a ­
t io n .  T h e  b a s ic  la n g u a g e  d ic t io n a r ie s  c o n ta in  a b o u t  2 0 .0 0 0  w o r d  s te m s  fo r  
e a c h  la n g u a g e ;  in  a d d i t i o n  th e r e  a r e  a p p l ic a t io n - s p e c if ic  le x ic o n s ,  s u c h  a s  
le x ic o n s  fo r  c o m p u te r  sc ie n c e  o r  c h e m is try ,  w h ic h  c a n  e a s ily  b e  e x te n d e d  b y  
th e  u s e r  t o  sa tis fy  h is  n e e d s  e x a c tly .

T h e  im p o r ta n c e  o f  s u c h  a n  a p p l ic a t io n  is  u n d e r l i n e d  b y  th e  C o m m o n  M a r k e t  
in  E u r o p e  w h e r e  a  f u r th e r  a n d  r is in g  d e m a n d  fo r  t r a n s l a t i o n s  o f  te c h n ic a l  
d o c u m e n ts  in to  a  v a r ie ty  o f  E u r o p e a n  la n g u a g e s  is  e x p e c te d . C o n s id e r  t h a t  
in  a  ty p ic a l  te c h n ic a l  t r a n s l a t i o n  a p p l ic a t io n ,  th e  e n t i r e  d o c u m e n ta t io n  fo r  
a  c o m p le te  te c h n ic a l  p r o d u c t  l in e  o f te n  a m o u n ts  to  s e v e ra l  te n s  o f  t h o u s a n d s  
o f  p a g e s . F o r  a n  e x p o r t - o r ie n te d  in d u s t r y ,  s u p p o r t  o f  a n  a u t o m a t i c  t r a n s l a ­
t io n  s y s te m  is a b s o lu te ly  n e c e s s a ry .  T h e  M E T A L  t r a n s l a t i o n  s y s te m  w ill n o t  
r e p la c e  h ig h ly  q u a l if ie d  h u m a n  t r a n s l a to r s ,  b u t  i t  w ill r e lie v e  th e m  o f  r o u t in e  
w o r k  a n d  im p r o v e  th e i r  p r o d u c t iv i ty .

T h e  q u a l i ty  o f  th e  M E T A L  t r a n s l a t i o n  d e p e n d s  s t r o n g ly  o n  th e  c o m p le x i ty  
o f  th e  in p u t  s e n te n c e s .  A s th e  t a r g e te d  a r e a  o f  M E T A L  is  te c h n ic a l  d o c u ­
m e n ta t io n ,  th e  in p u t  s e n te n c e s  a r e  n o r m a l ly  c o m p a r a t iv e ly  s im p le , a n d  th e  
r e s u l t in g  t r a n s l a t i o n s  a r e  q u i t e  u n d e r s ta n d a b l e  a n d  n e e d  o n ly  l i t t le  p o s t p r o ­
c e ss in g . E x a m p le s  o f  M E T A L  t r a n s l a t i o n s  w ill b e  g iv e n  in  th e  n e x t  s e c tio n .

M E T A L  is  c o m p u ta t io n a l ly  e x t re m e ly  in te n s iv e  a n d  n e e d s  la rg e  a m o u n ts  o f  
m a in  m e m o r y  fo r  th e  e x te n s iv e  d ic t io n a r ie s .  D e p e n d in g  o n  th e  c o m p le x i ty  
o f  th e  s e n te n c e s ,  M E T A L  t r a n s l a te s  w i th  a  s p e e d  f ro m  a b o u t  o n e  w o rd

3 Machine Translation and Analysis of Natural Language.
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p e r  s e c o n d  to  s e v e ra l s e c o n d s  p e r  w o r d  o n  a  4 0 M H z  S P A R C  p r o c e s s o r .  
M E T A L  is  th u s  id e a lly  s u i t e d  to  e x p lo i t  th e  p a r a l le l is m  o f  th e  E D S  m a c h in e  
to  im p r o v e  p e r fo rm a n c e .

3.2 How METAL works

F o r  a  c o m p le te  t r a n s l a t i o n  M E T A L  h a s  a  se rie s  o f  ta s k s  to  so lv e . F i r s t  o f  
a ll, M E T A L  h a s  to  d e te r m in e  th e  w o r d  s te m s  o f  s in g le  w o rd s ,  i.e. t o  d o  th e  
m o r p h o lo g ic a l  a n a ly s is .  P a r t  o f  th is  is  th e  s e g m e n ta t io n  o f  c o m p o u n d s  in to  
th e i r  c o n s t i tu e n t s  (see  fig. 3 ). T h e  m o r p h o lo g ic a l  a n a ly s is  in v o lv e s  in te n s iv e  
s e a r c h in g  in  th e  s o u r c e  l a n g u a g e  d ic t io n a r ie s ,  e v a lu a t io n  o f  d if fe re n t  h i ts  
a n d  s e le c t io n  o f  th e  m o s t  p r o b a b le  s o lu t io n .

German word Constituents
Vektorcodegeneratoren Vektor (noun sterm), Code (noun sterm),

en (plural ending)

Fig. 3 Morphological Analysis

T h e  n e x t  s te p  is to  c o n s t r u c t  th e  d e r iv a t io n  tr e e  o f  th e  p r o c e s s e d  s e n te n c e .  
T re e  c o n s t r u c t io n  s ta r t s  w i th  s m a ll  s u b tr e e s  w h ic h  w ill th e n  b e  c o m b in e d  to  
la rg e r  d e r iv a t io n  tr e e s  u n t i l  th e  c o m p le te  s e n te n c e  s t r u c t u r e  is f in ish e d . E a c h  
o f  th e  w o r d s  f ro m  th e  d ic t io n a r y  h a s  a t t a c h e d  to  i t  a  se r ie s  o f  s y n ta c t ic  a n d  
s e m a n t ic  a t t r i b u t e s  t h a t  a r e  u s e d  to  g u id e  a n d  e v a lu a te  th e  c o n s t r u c t io n  o f  
d if fe re n t  d e r iv a t io n s ,  a n d ,  f in a lly , to  se le c t th e  m o s t  l ik e ly  o n e . A  p a r t  o f  th is  
p r o c e s s  is  th e  a n a p h o r a  r e s o lu t io n  w h ic h  d e a ls  w i th  w o r d s  t h a t  re fe r  b a c k

German sentence English sentence
Die Personen, die Daten erfassen the persons who gather data 
Die Maschinen, die Daten erfassen the machines which gather data

Fig. 4 Anaphora Resolutions (Context Dependent Translations)

t o  o th e r  p r e v io u s ly  u s e d  w o rd s .  F ig u r e  4  s h o w s  a n  e x a m p le ,  w h e re  th e  
G e r m a n  r e la t iv e  p r o n o u n  “ d ie ” h a s  to  b e  t r a n s l a te d  d if fe re n tly  d e p e n d in g  
o n  th e  n o u n  i t  r e fe rs  to .  T h is  s y n ta c t ic  a n d  s e m a n t ic  a n a ly s is  is  th e  m o s t  
t im e  c o n s u m in g  p a r t  o f  M E T A L .

T h e  th i r d  m a jo r  p a r t  o f  th e  t r a n s l a t i o n  p ro c e s s  is th e  t r a n s f o r m a t io n  o f  th e  
s e n te n c e  s t r u c t u r e  f ro m  th e  s o u r c e  la n g u a g e  in to  th e  t a r g e t  la n g u a g e .  T h is  
m a y  in v o lv e  a  c o m p le te  r e s t r u c tu r in g  o f  th e  s e n te n c e ,  a s  f ig u re  5 sh o w s . 
A f te r  th is ,  th e  w o r d  s te m s  o f  th e  t a r g e t  la n g u a g e  a r e  s e le c te d  f ro m  th e  ta rg e t  
la n g u a g e  d ic t io n a r y ,  t r a n s f o r m e d  in to  th e i r  c o r r e c t  s y n ta c t ic  fo rm , a n d
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German sentence: Haufig werden d iese  Schleifen zur
Bearbeitung verketteter Listen 
eingesetzt.

Word-for-word translation: Frequently are th ese  loops for p rocess­
ing linked lists used.

Correct English word order: T hese loops are frequently used for pro­
cessin g  of linked lists.

METAL translation: T hese loops are used  frequently for pro­
cessin g  of linked list.

Fig. 5 Structure Transformation

o u t p u t  a c c o r d in g  to  t h e  t r a n s f o r m e d  d e r iv a t io n  tre e . F ig u r e  6  s h o w s  th e  
t r a n s l a t i o n  o f  s o m e  s e n te n c e s  t a k e n  f ro m  o p e r a t in g  in s t r u c t io n s  f o r  a n  
in te r m e d ia te  E D S  L is p  v e r s io n .

M E T A L  w o r k s  o n  a  s e n te n c e - b y - s e n te n c e  b a s is ,  t h a t  is, i t  d o e s  n o t  t a k e  
c o n te x t  b e tw e e n  d if fe re n t  s e n te n c e s  i n to  a c c o u n t .  T h e  c o n te x t  r e s o lu t io n  
in s id e  a  s e n te n c e  is  a l r e a d y  c o m p le x  e n o u g h  to  le a d  to  e x te n s iv e  c o m p u ta ­
t io n s ,  a n d  t a k in g  w id e r  c o n te x t  i n to  a c c o u n t  w o u ld  in c re a s e  th e  c o m p u t a ­
t io n a l  d e m a n d  e v e n  f u r th e r  w i th o u t  s ig n if ic a n t ly  im p r o v in g  th e  re s u lt .

3.3 The parallel METAL version

T a lk in g  a b o u t  p a r a l l e l i s a t io n  o f  M E T A L  m e a n s ,  o n  th e  o n e  h a n d  p a r a l le l  
e x e c u t io n  o f  c o d e  fo r  b e t t e r  p e r f o r m a n c e  a n d ,  o n  th e  o th e r  h a n d ,  th e  d i s t r i b u ­
t i o n  o f  th e  la rg e  d ic t io n a r ie s  t o  th e  d if fe re n t  P E s .

F o r  th e  p a r a l le l  e x e c u t io n  o f  th e  M E T A L  c o d e , th e r e  is  a  se r ie s  o f  p o s s ib le  
s tr a te g ie s .  T h e  m a in  d if fe re n c e s  b e tw e e n  th e s e  s t r a te g ie s  lie  in  th e  g r a n u la r i t y  
o f  th e  p a r a l le l  p r o c e s s e s  a n d  in  th e  p o s s ib le  p a r a l le l is m . S e v e ra l  o f  th e  
fo llo w in g  a p p r o a c h e s  c a n  o f  c o u r s e  b e  c o m b in e d .

Parallelisation via pipelining of translation phases. E a c h  o f  th e  t r a n s l a t i o n  
p h a s e s  (i.e . m o r p h o lo g ic a l  a n a ly s is ,  s y n ta c t ic  a n a ly s is ,  s t r u c t u r a l  t r a n s f o r m a ­
t io n ,  g e n e r a t io n  o f  t a r g e t  s e n te n c e )  c a n  b e  g e n e r a te d  a s  a  s e p a r a te  p ro c e s s .  
T h e s e  p r o c e s s e s  c a n  th e n  b e  o r g a n is e d  a s  a  p ip e l in e  w h e r e  th e  r e s u l t  o f  o n e  
p h a s e  is  fe d  a s  in p u t  in to  th e  n e x t  p h a s e .  T h is  a p p r o a c h  le a d s  o n ly  t o  lo w  
p a r a l le l is m ;  in  a d d i t io n ,  th e  t im e  b e h a v io u r  o f  th e  p ip e l in e  is d o m in a te d  b y  
th e  s lo w e s t  p h a s e .

Parallelisation of morphological analysis. T h e r e  c a n  b e  s e v e ra l  a l te r n a t iv e s  
fo r  th e  s e g m e n ta t io n  o f  a  g iv e n  w o r d  in to  i ts  c o m p o n e n ts .  E a c h  s e g m e n ta t io n  
in  t u r n  c a n  le a d  to  f u r th e r  p o s s ib le  s e g m e n ta t io n s .  A ll th e s e  a l te r n a t iv e s  c a n  
b e  e v a lu a te d  in  p a r a l le l  s im ila r  to  m o s t  d iv id e - a n d - c o n q u e r  a lg o r i th m s .
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D ieses Dokument beschreibt die wichtigsten Eigenschaften und die 
Bedienung d es  EDS-Lisp-Systems. Das auf einer Sun3 mit dem  
Motorola-Prozessor 68030 ablaufende EDS-Lisp VO 1R04 besteht 
aus zwei Teilen:
• Das Speicherabbild VM enthalt die Funktionen d es  Lisp- 

System s, die fLir d iese Version integriert worden sind (siehe 
Kapitel 5).

• Das Ladeprogramm 'lisp' dient zur Aktivierung d es EDS-Lisp- 
Speicherabbildes.

Des Aufruf von EDS-Lisp erfolgt auf der Sun3 durch Aktivierung d es  
Ladeprogramms aus dem Kommando-lnterpreter. Als Parameter 
erwartet das Ladeprogramm die Angabe einer VM-Datei.
Nach dem Laden und Initialisieren d es  VMs wird vom EDS-Lisp- 
System  'EDS>' als Prompt ausgegeben . Das EDS-Lisp-System kann 
durch Aufruf der Lisp-Funktion 'quit' verlassen werden.

Original German Text
This docum ent describes the m ost important characteristics{quality} 
and the operation{service} of the EDS-Lisp system . The EDS-Lisp 
V0.1 R04 running on a Sun3 with a  Motorola processor 68030 con­
sists  of two parts:
• The VM storage limit contains the functions of the LISP system  

which have been integrated for this version (see  chapter 5).
• The loader 'LISP' is used  for activation of the EDS-Lisp storage 

image.
The call of EDS-Lisp occurs through activation of the loader from 
the command interpreter on the Sun3. The loader exp ects the infor­
mation {specification} of an VM file a s parameters.
As a prompt,' EDS>' is output after loading {shop} and initializing the 
VMs by the EDS-Lisp system . The EDS-Lisp system  can be left by 
call of the LISP function 'quit'.

METAL Translation
This docum ent describes the most important characteristics and 
how to operate the EDS-Lisp system . EDS-Lisp V0.1 R04 runs on a  
Sun3 with a Motorola processor 68030 con sists of two parts:
• The storage image VM contains the functions of the Lisp sy s­

tem which have been integrated for this version (see chapter 5).
• The loader 'lisp' is used for activation of the EDS-Lisp storage 

image.
EDS-Lisp is called by activation of the loader from the command 
interpreter on the Sun3. The loader expects a VM file as a para­
meter.
As a prompt, 'EDS>' is output by the EDS-Lisp sytem after loading 
and initializing of the VM.
The EDS-Lisp system  can be left by a call of the Lisp function 'quit'. 

Translation After Minimal Human Postprocessing

Fig. 6 Excerpt From Operating Instructions for an Intermediate EDS Lisp Version
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Parallelisation of syntactic analysis. A s  m e n t io n e d  a b o v e ,  t h e  p a r s e r  c o n ­
s t r u c t s  s m a ll  p ie c e s  o f  t h e  s e n te n c e  s u b t r e e s  w h ic h  in  t u r n  w ill  b e  c o m b in e d  
t o  f o rm  la r g e r  s u b tr e e s .  M a n y  o f  th e s e  s u b t r e e s  c a n  b e  g e n e r a te d  in d e p e n d ­
e n t ly  o r  p a r t l y  in d e p e n d e n t ly  o f  e a c h  o th e r  le a d in g  t o  p o s s ib le  p a r a l le l  
p r o c e s s e s .  T h e  p a r a l le l i s m  c a n  b e  in t r o d u c e d  a t  a  f in e  g r a in  le v e l w h e r e  th e  
s m a ll  s u b t r e e s  a r e  c o n s t r u c te d ,  i t  c a n  a l s o  b e  i n t r o d u c e d  a t  a  h ig h e r  g r a in  
s iz e  w h e r e  d if fe re n t  i n t e r p r e t a t i o n s  a t  th e  s e n te n c e  le v e l h a v e  t o  b e  e v a lu a te d .  
T h e  m a jo r  d i s a d v a n ta g e  o f  th is  a p p r o a c h  is  t h a t  t h e  p a r s e r  n e e d s  t o  b e  
r e w r i t te n  s ig n if ic a n t ly  fo r  th is  k in d  o f  p a r a l le l i s m  w h ic h  c o n t r a s t s  w i th  th e  
e a s y  p o r t  t o  E D S  d e m a n d e d .

Parallelisation at the sentence level. M E T A L  o p e r a te s  b y  t r a n s l a t i n g  e a c h  
s e n te n c e  in d e p e n d e n t ly .  T h is  le a d s  t o  a  s t r a ig h t f o r w a r d  p a r a l le l i s a t io n :  T h e  
t r a n s l a t i o n  o f  e a c h  s e n te n c e  is  s p a w n e d  a s  p a r a l l e l  p ro c e s s .  T h e  p r in c ip le  
c a n  b e  d r iv e n  e v e n  f u r th e r ,  i f  a  w h o le  p a r a g r a p h  o r  a  c o m p le te  p a g e  o r  
c h a p te r  is  s p a w n e d  a s  s e p a r a te  p ro c e s s .  T h is  a p p r o a c h  d o e s  n o t  s p e e d  u p  
th e  t r a n s l a t i o n  o f  a  s in g le  s e n te n c e ,  b u t  i t  d o e s  f o r  th e  t r a n s l a t i o n  o f  la rg e  
a m o u n t s  o f  te x t.

T h e  l a s t  a p p r o a c h  h a s  b e e n  c h o s e n  fo r  p a r a l le l  M E T A L  o n  E D S  L is p  
b e c a u s e  o f  i ts  s im p lic i ty  a n d  p e r f o rm a n c e .  T h e  M E T A L  s y s te m  n e e d s  t o  b e  
m o d if ie d  o n ly  s lig h tly , a n d  th e  la rg e  g r a in  s iz e  o f  th is  a p p r o a c h  f its  i n  n ic e ly  
w i th  th e  d i s t r ib u t e d  a r c h i t e c tu r e  o f  th e  E D S  m a c h in e  th u s  l e a d in g  t o  a  g o o d  
p e r f o rm a n c e .

A s a l r e a d y  in d ic a te d ,  th e  p a r a l l e l i s a t io n  o f  M E T A L  h a s  a l s o  t o  d e a l  w ith  
th e  d i s t r i b u t io n  o f  d ic t io n a r ie s .  I t  w o u ld  b e  a  b a d  c h o ic e  t o  h a v e  th e  c o m p le te  
d ic t io n a r y  o n  e a c h  p r o c e s s in g  e le m e n t  ( P E ) .  T h e  a v a i la b le  m a in  m e m o r y  
o n  e a c h  P E  is n o t  b ig  e n o u g h  to  h o ld  e n t i r e  le x ic o n s  a n d  th e  w o r k in g  s p a c e  
fo r  th e  t r a n s l a t i o n s .  T h u s  th e  le x ic o n  n e e d e d  to  b e  p a g e d  o n  d is k  a n d  th e  
r e m a in in g  w o r k in g  s p a c e  fo r  th e  t r a n s l a t i o n  a lg o r i th m s  w o u ld  b e  s m a ll ,  
r e s u l t in g  in  f r e q u e n t  g a r b a g e  c o l le c t io n s .  T h e s e  e ffec ts  s lo w  d o w n  t r a n s l a t i o n ;  
in  fa c t  th is  is  a  la rg e  p a r t  o f  th e  c o m p u ta t io n  t im e  n e e d e d  o n  s e q u e n t ia l  
w o r k s ta t i o n s ,  w h ic h  n o r m a l ly  d o  n o t  h a v e  e n o u g h  m a in  m e m o r y  to  h o ld  
th e  e n t i r e  M E T A L  sy s te m .

T o  a v o id  th is  s i t u a t i o n  i t  is  n e c e s s a r y  t o  h o ld  o n ly  a  p a r t  o f  th e  d ic t io n a r y  
o n  e a c h  P E .  H e r e  w e  c a n  b e n e f i t  f r o m  a n  e ffec t t h a t  o n ly  a  s m a ll  p a r t  o f  
th e  d ic t io n a r ie s  is  in  f a c t  n e e d e d  f o r  a  sp e c if ic  t r a n s l a t i o n :  a b o u t  100 s t r u c ­
t u r a l  w o r d s  a l r e a d y  c o v e r  5 0 %  o f  a n  a v e r a g e  te x t ,  a  b a s ic  v o c a b u la r y  o f  
2 0 0 0  w o r d s  c o v e r s  8 5 %  o f  a n  a v e r a g e  te x t ,  a n d  w i th  a n  e x te n d e d  b a s ic  
v o c a b u la r y  o f  f u r th e r  2 5 0 0  w o r d s  9 5 %  o f  a n  a v e r a g e  t e x t  a r e  c o v e r e d  [ K l e t t  
7 7 ] ,  T h e  s i t u a t i o n  m a y  b e  e v e n  b e t t e r  fo r  te c h n ic a l  te x ts ,  w h e r e  th e  v o c a b u ­
la r y  is  m o r e  l im i te d  t h a n  in  th e  q u o te d  “ a v e r a g e  te x ts ” .

F o l lo w in g  th is  e ffec t, o n e  a p p r o a c h  c o u ld  b e  t o  d i s t r ib u t e  th e  le x ic o n s  e v e n ly  
o v e r  th e  p r o c e s s o r s  s u c h  t h a t  e a c h  p r o c e s s o r  h o ld s  o n ly  a  f r a c t io n  o f  th e  
c o m p le te  d ic t io n a r y .  T h e  s h a r e d  m e m o r y  m o d e l  o f  E D S  L is p  a s s u re s  t h a t

ICL Technical Journal November 1993 651



a ll w o rd s  c a n  b e  a c c e s se d , e v e n  if  th e y  a r e  n o t  lo c a l ly  a v a ila b le .  I n  th is  c a se , 
th e  v i r tu a l ly  s h a r e d  m e m o r y  m o d e l  o f  th e  E D S  o p e r a t in g  s y s te m  E M E X  
c o p ie s  th e  m is s in g  w o rd s  to  th e  P E s  w h e re  th e y  a r e  n e e d e d ; a ll f u r th e r  
a c c e sse s  to  th e s e  w o rd s  a r e  th e n  fa s t  lo c a l  acce sse s .

F o r  th e  c u r r e n t  v e r s io n  o f  p a r a l le l  M E T A L , w e  h a v e  c h o s e n  a n  e v e n  m o r e  
s t r a ig h t f o r w a r d  a p p r o a c h .  T h e  M E T A L  sy s te m , in c lu d in g  th e  d ic t io n a r ie s ,  
is lo a d e d  o n  o n e  P E  o n ly . W h e n  p a r a l le l  e x e c u t io n  s ta r t s ,  th e  n e c e s s a ry  
p a r t s  o f  th e  d ic t io n a r ie s  a r e  c o p ie d  b y  th e  v i r tu a l ly  s h a r e d  m e m o r y  m e c h a n ­
is m  to  th e  P E s  w h e r e  th e y  a r e  n e e d e d . T h is  im p l ie s  a  c o m p a r a t iv e ly  h ig h  
n e tw o r k  tra f f ic  f ro m  o n e  P E  to  th e  o th e r s  a t  th e  b e g in n in g  o f  th e  t r a n s la t io n s .  
T h is  s i t u a t io n  w ill o n ly  p e r s is t  fo r  a  s h o r t  tim e ; a s  s o o n  a s  th e  m o s t  f r e q u e n tly  
u s e d  w o rd s  h a v e  a c c u m u la te d  o n  th e  d if fe re n t  P E s ,  th e  n e tw o r k  tra f f ic  w ill 
b e c o m e  v e ry  lo w .

T a k in g  n o w  th e  a b o v e - m e n t io n e d  id e a s  in to  a c c o u n t ,  th e  p a r a l l e l i s a t io n  o f  
M E T A L  is  q u i te  s im p le . T h e  t r a n s l a t i o n  o f  e a c h  s e n te n c e  is s p a w n e d  a s  a  
p a r a l le l  p r o c e s s  b y  a  future. T h e  lo a d - b a la n c in g  m e c h a n is m  o f  E D S  L is p  
d is t r ib u t e s  th e  e x e c u t io n  o f  th e  futures to  d if fe re n t  P E s  o f  th e  E D S  m a c h in e .  
T h e  v i r tu a l ly  s h a r e d  m e m o r y  m e c h a n is m  o f  th e  E D S  m a c h in e  m o v e s  th e  
n e c e s s a ry  (i.e . th e  a c c e s s e d )  p a r t s  o f  th e  t r a n s l a t i o n  a lg o r i th m s  a n d  d i c t i o n a r ­
ie s  t o  th e  P E s  w h e r e  th e y  a r e  n e e d e d .

I n  a d d i t io n ,  th e  future is u s e d  in  a  w a y  th a t  e n s u re s  t h a t  th e  s e n te n c e s  
t r a n s l a te d  w ill b e  c o l le c te d  in  th e  c o r r e c t  o r d e r ;  th e r e  is n o  n e e d  to  la b e l th e  
s e n te n c e s  a n d  s o r t  th e  in d e p e n d e n t ly  t r a n s l a t e d  s e n te n c e s  a f te r  th e y  a r e  
r e tu r n e d  f ro m  th e  d if fe re n t  p r o c e s s in g  e le m e n ts .

T h e  w a y  to  p o r t  M E T A L  to  th e  E D S  m a c h in e  g iv e n  a b o v e  g iv e s  a n  id e a li s e d  
p ic tu r e .  T h e  r e a l  s i t u a t io n  s h o w s  t h a t  th e r e  is  m o r e  t o  d o . T h e  m a in  p o in t  
w a s  to  c o n v e r t  th e  M E T A L  s y s te m  to  s t a n d a r d  C o m m o n  L isp . T h is  w a s  in  
fa c t th e  m o s t  e x p e n s iv e  p a r t ,  b e c a u s e  th e  o r ig in a l  M E T A L  im p le m e n ta t io n  
u se s  m a c h in e  d e p e n d e n t  e x te n s io n s  o f  S y m b o lic s  C o m m o n  L is p  fo r  p e r f o r m ­
a n c e  r e a s o n s .  A n o th e r  p r o b le m  t h a t  m u s t  n o t  b e  u n d e r e s t im a te d  is  th e  
p o s s ib le  u se  o f  g lo b a l  v a r ia b le s .  A  u se  o f  a  g lo b a l  v a r ia b le  m a y  b e  q u i te  
n o r m a l  in  th e  s e q u e n t ia l  c a se ; in  a  p a r a l le l  e n v i r o n m e n t  th is  m a y  le a d  to  
u n p r e d ic ta b l e  effec ts . T h e s e  v a r ia b le s  n e e d  to  b e  e n c a p s u la te d  in  th e  t r a n s ­
la te - f u n c t io n  in  s u c h  a  w a y  t h a t  th e y  b e c o m e  p r iv a te  v a r ia b le s  o f  t h e  d if fe re n t 
p ro c e s se s .

T h e  a c tu a l  p o r t  is  th e n  d o n e  a s  d e s c r ib e d  in  th e  la s t  s e c tio n ; O n ly  a  s e n te n c e  
d i s t r i b u t io n  lo o p  n e e d s  to  b e  a d d e d ;  n e i th e r  th e  a c tu a l  d i s t r ib u t io n  o f  p r o ­
ce sse s  n o r  th e  d i s t r ib u t io n  o f  th e  d ic t io n a r ie s  n e e d  c o n c e r n  th e  a p p l ic a t io n  
p r o g r a m m e r .

B e c a u se  th e  c o m m u n ic a t io n  o v e r h e a d  b e c o m e s  v e ry  lo w  ( a f te r  a  s h o r t  in i t ia l  
p h a s e )  a n d  th e  p a r a l le l is m  is la rg e  g r a in ,  th e  s p e e d u p  o f  p a r a l le l  M E T A L  is 
e x p e c te d  to  s c a le  a lm o s t  l in e a r ly  w ith  th e  n u m b e r  o f  th e  p ro c e s s o rs .
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P e r f o r m a n c e  m e a s u r e m e n ts  to  p r o v e  (o r  d is p r o v e )  th is  a r e  u n d e r w a y .  T h e  
p e r f o r m a n c e  o f  th e  p a r a l le l  M E T A L  s y s te m  n e e d  n o t  b e  u s e d  o n ly  fo r  r a w  
s p e e d u p ; in s te a d  m o r e  a d v a n c e d  a n d  r e s o u r c e - in te n s iv e  a lg o r i th m s  c a n  b e  
s u p p o r t e d  b y  E D S . A s a  r e s u lt ,  b e t t e r  t r a n s l a t i o n  q u a l i ty  is  e n v is a g e d .

4 Summary

T h e  p a p e r  h a s  d e s c r ib e d  th e  p a r a l le l is m  c o n c e p t s  o f  E D S  L isp , th e  p a r a l le l  
L is p  s y s te m  o f  th e  E u r o p e a n  D e c la r a t iv e  S y s te m . T h e  c o n c e p t s  c o m p r is e  
o n ly  a  few  p a r a l le l  l a n g u a g e  c o n s t r u c t s  t h a t  a r e  su f f ic ie n t to  e x p re s s  a n y  
p a r a l le l  p r o b le m . E D S  L is p  a s s u m e s  a n  in d e f in i te  n u m b e r  o f  p ro c e s s e s  a n d  
u se s  a  s h a r e d  s to r e  v ie w  o f  th e  d i s t r ib u t e d  E D S  m a c h in e .

A s m a jo r  te s t  a p p l ic a t io n ,  th e  te x t  t r a n s l a t i o n  s y s te m  M E T A L , is  b e in g  
p o r t e d  to  th e  E D S  m a c h in e .  T h e  p r o c e s s - a n d - s to r e  m o d e l  o f  E D S  L isp , th e  
v i r tu a l ly  s h a r e d  m e m o r y  m o d e l  o f  th e  o p e r a t in g  s y s te m  E M E X  a n d  a  
s t r a ig h t f o r w a r d  p a r a l le l  m o d e l  o f  M E T A L  w o r k  e x c e l le n t ly  to g e th e r  t o  a l lo w  
a n  e a s y  p o r t  o f  M E T A L  to  th e  E D S  m a c h in e  a n d  to  r e s u l t  in  h ig h  
p e r f o rm a n c e .

I n  g e n e ra l ,  c o m p u ta t io n a l ly  in te n s iv e  L is p  p r o g r a m s  c a n  e a s ily  b e  c o n v e r te d  
to  p a r a l le l  p r o g r a m s .  T h e  p r o g r a m m e r  in s e r t s /u tu r e - c a l l s  fo r  p r o g r a m  p a r t s  
to  b e  e x e c u te d  in  p a ra l le l .  L o a d  d i s t r ib u t io n ,  d a t a  m o v e m e n t ,  a n d  r e s u l t  
s y n c h r o n is a t i o n  a r e  d o n e  b y  th e  u n d e r ly in g  L is p  sy s te m . A d d i t io n a l  c o m ­
p le x ity  is  o n ly  n e c e s s a ry  if  p a r a l le l  a c c e sse s  to  g lo b a l  v a r ia b le s  n e e d  to  b e  
s y n c h ro n is e d .  A s b u g s  r e s u l t in g  f ro m  b a d  s y n c h r o n is a t i o n s  a r e  d if f ic u lt  to  
s p o t ,  E D S  L is p  c o n ta in s  a n  e l a b o r a te  s e t  o f  p a r a l le l  d e b u g g in g  a n d  v is u a l is ­
a t io n  to o ls .
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Abstract

This paper presents new improved methods for detecting latent sector 
faults in a disk subsystem as caused by media deterioration of the 
disk magnetic storage material. Usually, sectors in a disk are accessed 
using uneven patterns causing some of the sectors to be accessed 
only seldom. In case of media deterioration on the rarely accessed 
sectors, a latent disk fault may remain undetected for a long time. To 
detect latent sector faults, a disk is scanned through periodically. In 
this paper, an adaptive algorithm is proposed to utilize the idle time 
of the disk for scanning commonly used disks that comply with SCSI-II 
interface standards.

1 Introduction

I n  a  s to r a g e  sy s te m , f a u lts  in  d is k  u n i t s  a r e  u s u a l ly  d iv id e d  in to  tw o  c a te g o r ­
ies: s e c to r  a n d  d is k  fa u lts .  A  s e c to r  f a u l t  is  m a in ly  d u e  t o  m e d ia  d e t e r io r a t i o n  
o f  th e  d is k  u n i t  a n d  th e  p r o b a b i l i t y  o f  a  s e c to r  f a u l t  in  a  d is k  is  s ig n if ic a n t ly  
la r g e r  t h a n  a  d is k  fa u lt .

G e n e ra l ly ,  th e  s to r a g e  s y s te m  c a n  h a n d le  f a u l t s  b y  u s in g  r e d u n d a n t  d a t a  
s to r a g e ,  s u c h  a s  redundant arrays of inexpensive disks ( R A I D )  [ 5 ,  8, 11, 1 4 ] .  
T h e  r e d u n d a n t  d is k  s to r a g e  is  th e n  u s e d  to  p r e s e rv e  th e  in te g r i ty  o f  th e  
s y s te m  a f te r  a  s e c to r  o r  a  d is k  f a u l t  [ 8 ,  12, 1 4 ] .  T h e  d i s a d v a n ta g e  o f  th is  
a p p r o a c h  is  t h a t  th e  f a u l t  is  g e n e r a l ly  e n c o u n te r e d  o n ly  w h e n  th e  f a u l ty  a r e a

1This research is supported by the Finnish Cultural Fund and the Foundation of Jenny and 
Antti Wihuri.
2© 1993 IEEE, reprinted with permission from Proceedings of the Conference on Defect and 
Fault Tolerance, Venice, October 1993.
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is r e q u e s te d  b y  a  u s e r .  B e s id e s  a n  e x te n d e d  r e s p o n s e  t im e  fo r  a  u s e r  r e q u e s t ,  
th i s  w ill in c re a s e  th e  p r o b a b i l i ty  o f  d a t a  lo s s  d u e  to  l a t e n t  m e d ia  f a u l t s  [ 6 ] .

I n  th is  p a p e r ,  a  n o v e l  a p p r o a c h  fo r  d e te c t in g  l a te n t  s e c to r  f a u l t s  o f  c o m m o n ly  
u s e d  S C S I  d is k s  is  p r o p o s e d .  D e te c t io n  is  a c c o m p lis h e d  u s in g  a  s e p a r a te  
p r o c e s s  t h a t  u ti l iz e s  th e  id le  t im e  o f  th e  d is k  s u b s y s te m . H e n c e , i t  is p o s s ib le  
to  d e te c t  a n d  r e p a i r  s e c to r  f a u l t s  b e fo re  th e y  a r e  e n c o u n te r e d  b y  u s e r  
r e q u e s ts .  T h e  s c a n n in g  p r o c e s s  u ti l iz e s  f e a tu re s  o f  m o d e r n  d is k  u n i t s  ( s ta t i s t ­
ic s  in f o r m a t io n  a n d  s e c to r  f a u l t  r e c o v e ry  w ith  a  r e a s s ig n  b lo c k  c o m m a n d )  

[ 1 . 2 ] .

T h e  o r g a n iz a t io n  o f  th is  p a p e r  is a s  fo llo w s . C h a p te r  2  in t r o d u c e s  b r ie f ly  
p r e v io u s  s tu d ie s .  C h a p te r  3 d is c u s s e s  m e th o d s  fo r  r e p a i r i n g  d e t e r io r a te d  
m a g n e t ic  m e d ia .  T h e  p r o p o s e d  a d a p t iv e  s c a n n in g  a lg o r i th m s  a r e  d is c u s s e d  
in  C h a p te r  4. I n  C h a p te r  5, th e  e ffec ts  o f  th e  p r o p o s e d  m e th o d s  o n  th e  d is k  
s u b s y s te m  p e r f o r m a n c e  a r e  a n a ly z e d . F in a l ly ,  c o n c lu s io n s  a r e  p r e s e n te d  in  
C h a p te r  6.

2 Previous Studies

D is k  a r r a y s  a r e  w id e ly  s tu d ie d  in  th e  te c h n ic a l  l i t e r a tu r e  [ 5 ,  8, 10, 1 1 ] .  
S e v e ra l d is k  a r r a y  o r g a n iz a t io n s  h a v e  b e e n  in t r o d u c e d  to  im p r o v e  e i th e r  
s y s te m  p e r f o r m a n c e  o r  r e l ia b i l i ty  (o r  b o th )  [ 3 ,  9, 1 1 ] ,  A  d is k  s u b s y s te m  is 
m a in ly  o p t im iz e d  fo r  s to r in g  a n d  r e t r ie v in g  d a t a  d u r in g  t h e  n o r m a l  o p e r a t i o n  
o f  th e  s y s te m  a n d  n o t  fo r  o b ta in in g  th e  b e s t  p e r f o r m a n c e  w i th  th e  d e g r a d e d  
le v e l d is k  su b s y s te m .

T y p ic a lly ,  m o d e r n  d is k  a r r a y s  a r e  n o t  p r e p a r e d  to  d e te c t  m e d ia  d e t e r io r a t i o n  
in  a d v a n c e ,  b u t  th e y  r e ly  o n  th e  r e d u n d a n t  d is k  s u b s y s te m  [ 1 1 ,  12, 1 4 ] . 
W h e n  a  d is k  r e q u e s t  e n c o u n te r s  a  s e c to r  o r  a  d is k  f a u lt ,  d a t a  is  r e c o v e re d  
u s in g  th e  r e d u n d a n t  in f o r m a t io n  a n d  th e n  th e  f a u l ty  s to r a g e  is r e p a ir e d .  
T h is  m a y  c a u s e  a  s ig n i f ic a n t  d e la y  o n  u s e r  r e q u e s ts  a s  th e  r e t r y  a n d  r e p a i r  
p ro c e s s e s  m a y  t a k e  a  lo n g  tim e .

L a te n t  f a u lts  c a n  b e  d e te c te d  u s in g  a lg o r i th m s  l ik e  memory scrubbing [ 1 3 ] .  
A n  e x a m p le  o f  d is k  s c a n n in g  a lg o r i th m s  h a s  b e e n  p r e s e n te d  in  [ 7 ] ,  T h e  
m a in  p r o b le m  w i th  th e s e  ty p e s  o f  a lg o r i th m  is  t h a t  i t  is  u n a b le  to  a d a p t  to  
th e  u s e r  lo a d .  T h is  r e s u l t s  in  d if f ic u lt ie s  f o r  h ig h ly  lo a d e d  s y s te m s  if  th e  
sy s te m  lo a d  e x c e e d s  th e  e s t im a te d  m a x im u m . A  f u r th e r  d is a d v a n ta g e  o f  th e  
n o n - a d a p t iv e  m e th o d  is  t h a t  i t  is  n o t  fu lly  a b le  t o  u t i l iz e  t h e  u n e v e n  lo a d  o f  
th e  sy s te m  (e sp e c ia lly  th e  lo w  s y s te m  lo a d  p e r io d s ) .

3 Media Deterioration and Recovery

A  s e c to r  f a u l t  ( d e n o te d  u s u a l ly  a s  a  bad sector) o c c u r s  w h e n  th e  m a g n e t ic  
m e d iu m  fa ils  t o  k e e p  th e  a p p r o p r i a t e  s to r a g e  d u e  to  m e d iu m  d e g r a d a t io n .  
U s u a l ly ,  th e  m in im u m  a r e a  a f fe c te d  b y  th e  f a u l t  is a  s e c to r  [ 1 ,  2 , 4 ] ,
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A  m o d e r n  d is k  u n i t  is  a l r e a d y  a r r a n g e d  f o r  h a n d l in g  s e c to r  f a u l t s  [ 1 ,  2 ] .  
T h e  c u r r e n t  S C S I  s t a n d a r d s  sp e c ify  o n ly  t h e  reassign block c o m m a n d  f o r m a t  
( t o  in i t ia t e  a  s e c to r  r e p a i r  p ro c e s s )  b u t  n o t  th e  a c tu a l  r e p a i r  p r o c e s s  i ts e lf  
(i.e ., i t  is  u p  to  th e  d is k  m a n u f a c tu r e r  t o  sp e c ify  h o w  th e  s p a r e  s e c to r s  
a r e  u s e d ) .

A  m o d e r n  d is k  u n i t  g a th e r s  v a r io u s  in f o r m a t io n  a b o u t  th e  d is k  b e h a v io r  
d u r in g  i ts  n o r m a l  o p e r a t i o n  [ 2 ] ,  T y p ic a l  s ta t i s t ic s  c o l le c te d  in  th e s e  s y s te m s  
a r e  th e  n u m b e r  o f  r e a d  a n d  w r i te  o p e r a t io n s .  A lso , th e  d is k  c o l le c ts  s ta t is t ic s  
fo r  p r o b le m s  (e v e n ts )  t h a t  h a v e  o c c u r re d .

T h e  n e w  S C S I - I I  s t a n d a r d  sp e c if ie s  m o r e  s ta t i s t ic s  in f o r m a t io n  t h a n  th e  
e a r l ie r  S C S I  s t a n d a r d  [ 1 ,  2 ] .  E s p e c ia l ly ,  th e  d e ta i l e d  in f o r m a t io n  a b o u t  th e  
la s t  e n c o u n te r e d  e v e n t  is  u se fu l fo r  p r e v e n t in g  a n d  d e te c t in g  f a u l t s  in  a  d is k  
s u b s y s te m .

T h e  m a in  p r o b le m  w i th  t h e  e n h a n c e d  s ta t is t ic s  is  th e  m a s k in g  effec t. A s  th e  
s t a n d a r d  sp e c if ie s  th e  d e t a i l e d  in f o r m a t io n  o n ly  fo r  th e  la te s t  e v e n t  ( m a s k in g  
a n y  p r e v io u s  e v e n t) ,  s o m e  o f  th e  f a u lts  m a y  r e m a in  u n d e te c te d .  I n  p r a c t i c a l  
im p le m e n ta t io n s ,  th e  m e a n  t im e  b e tw e e n  e v e n ts  is  s ig n if ic a n t ly  lo n g e r  t h a n  
th e  a v e r a g e  in te r v a l  o f  p o l l in g  th e  s ta t is t ic s .  H e n c e , i t  is p o s s ib le  t o  c a tc h  
m o s t  o f  t h e  f a u l t s  w i th  a  d e ta i l e d  in f o r m a t io n  a n d  th e r e f o r e  o th e r  c o u n te r s  
a r e  n o t  n e e d e d  (a s  p r o p o s e d  in  [ 7 ] ) .

4 Adaptive Scanning Algorithms

T h e  p r o p o s e d  s c a n n in g  m e th o d s  a r e  b a s e d  o n  th e  p r e v io u s  s tu d y  [ 7 ]  o f  i ts  
e n h a n c e d  A lg o r i th m  2. T h is  a lg o r i th m  c a n  b e  im p r o v e d  b y  a d ju s t in g  th e  
s c a n n in g  in te r v a l  b a s e d  o n  th e  d is k  a c t iv i ty .  T h e  s iz e  o f  th e  r e q u e s t  b lo c k  
is  u s u a l ly  k e p t  c o n s t a n t  a s  i t  is  o p t im iz e d  w i th  r e s p e c t  t o  r o t a t i o n  d e la y s . 
B o th  m e th o d s  p r o p o s e d  in  th is  p a p e r  u se  th e  s a m e  s c a n n in g  a lg o r i th m  
to g e th e r  w i th  d if fe re n t  s c a n n in g  in te rv a ls .

T h e  m a in  p r o c e d u r e  fo r  s c a n n in g  a  d is k  is  p e r f o r m e d  u s in g  r e la t iv e ly  s m a ll  
c h e c k  re g io n s .  A f te r  s c a n n in g  a  c h e c k  r e g io n ,  th e  s ta t is t ic s  in f o r m a t io n  is 
r e a d .  A  s m a l le r  c h e c k  r e g io n  a l lo w s  a  b e t t e r  f a u l t  d e te c t io n  in  c a s e  o f  m u l t ip le  
d is k  fa u lts .  A  c h e c k  r e g io n  is d iv id e d  in to  s m a l le r  b lo c k s  (scanning requests) 
t h a t  a r e  r e a d  s e q u e n t ia l ly  o n e  b y  o n e . T h e  s iz e  o f  th e  s c a n n in g  r e q u e s ts  is 
k e p t  to  th e  s a m e  o r d e r  a s  th e  u s e r  r e q u e s ts  t o  m in im iz e  d e la y s  fo r  u s e r  d is k  
r e q u e s ts .

B e s id e  th e  s c a n n in g  p ro c e s s ,  th e  p r o p o s e d  a p p r o a c h e s  u t i l iz e  a ls o  a  t im e r -  
b a s e d  p ro c e s s .  T h is  p r o c e s s  c h e c k s  th e  d is k  s u b s y s te m  a c t iv i ty  a t  a  r e g u la r  
in te r v a l .  B a s e d  o n  th e  c u r r e n t  in s t a n ta n e o u s  d is k  a c t iv i ty  a n d  th e  a c t iv i ty  
h is to ry ,  th e  s y s te m  a c t iv i ty  is  c a lc u la te d .  T h e  s y s te m  a c t iv i ty  is  th e n  u s e d  
fo r  d e te r m in in g  p r o p e r  p a r a m e te r s  in  th e  s c a n n in g  a lg o r i th m .

T h e  p r o p o s e d  s c a n n in g  a lg o r i th m  is  a s  fo llo w s .
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1. R e se t th e  in i t ia l  p a r a m e te r s  ( w a i t in g  t im e  wt, r e q u e s t  s iz e  rs, s t a r t  
a d d r e s s  sa, a n d  s iz e  o f  c h e c k  r e g io n  cr).

2. R e se t th e  s t a r t  a d d r e s s  o ffse t, s a o  =  0.
3. W a it  fo r  a  f ix ed  a m o u n t  o f  t im e  g iv e n  b y  wt.
4. I f  th e r e  a r e  n o  u s e r  r e q u e s ts  in  th e  d is k  ( in  p r o c e s s  o r  w a i t in g  in  a  

q u e u e ) ,  g o  to  s te p  7.
5. C a ll  f u n c t io n  adjust ( wt).
6. G o  to  s te p  3.
7. C a l l  f u n c t io n  adjust ( wt).
8. I s s u e  a  d is k  r e a d  r e q u e s t  a t  lo c a t io n  s a  +  s a o  w i th  s iz e  rs.
9. W h e n  th e  r e a d  r e q u e s t  h a s  b e e n  c o m p le te d ,  in c r e m e n t  sao b y  rs.

10. I f  sao<cr, g o  t o  s te p  3.
11. R e a d  th e  e x te n d e d  d is k  s ta t is t ic s  in f o r m a t io n .
12. I f  n o  f a u l t s  w e re  e n c o u n te r e d ,  in c r e m e n t  sa b y  sao, a n d  g o  to  s te p  2.
13. T e s t  th e  p o te n t i a l ly  f a u lty  a d d r e s s  ( pfa) t h a t  w a s  r e p o r te d  b y  th e  

s ta t is t ic s .
14. I f  th e  s e c to r  in  pfa is f a u lty  (o r  th e  te s t  r e a d s  c a u s e  m o r e  re tr ie s ) ,  s t a r t  

th e  reassign block c o m m a n d  to  r e p a i r  t h a t  s e c to r .
15. I f  pfa<sa  o r  pfa> (sa +  sao), g o  to  s te p  2.
16. I n c r e m e n t  sa b y  sao, a n d  g o  to  s te p  2.

T h e  s c a n n in g  p a r a m e te r s  a r e  a d ju s te d  u s in g  th e  f u n c t io n  adjust (wt) a n d  
th e  c a lc u la t io n  o f  th e  sy s te m  a c tiv i ty .  T h e  sy s te m  a c t iv i ty  in  M e th o d  1 is 
g iv e n  b y

±  ak ai a ,-N
A M -  I  +  (1)

k = i - N  + l l y  JV

w h e re  at is th e  in s t a n ta n e o u s  a c t iv i ty  ( e i th e r  0  o r  1) a t  t im e  i a n d  N  is th e  
n u m b e r  o f  s a m p le s  u s e d  in  c a lc u la t in g  th e  a c tiv i ty .  F o r  M e th o d  2, th e  s y s te m  
a c t iv i ty  is g iv e n  b y

4 ( t i )  =  4 ( t i - i ) x ( l — p) +  p x a i ( 2 )

w h e re  p is  th e  h is to r y  f a c to r .  T h e  h is to r y  f a c to r  p sp e c if ie s  h o w  s t r o n g ly  th e  
m o s t  r e c e n t  m e a s u r e m e n ts  a ffec t th e  c a lc u la t io n  o f  th e  a c tiv i ty .  T h e  b e n e f its  
o f  th e  s e c o n d  m e th o d  a r e  a  f a s te r  a d ju s tm e n t  o n  c h a n g e s  a n d  n o  n e e d  fo r  
s to r in g  N +  1 s a m p le s  o f  i n s t a n ta n e o u s  a c tiv i ty .  B a se d  o n  th e  a c t iv i ty  c a lc u la ­
t io n ,  th e  adjust f u n c t io n  is g iv e n  b y

wt =  A{ t f2 x  (w tmax -  wtmm) + wtmin ( 3 )

w h e re  wtmin is th e  m in im u m  w a it  t im e  fo r  th e  s c a n n in g  a lg o r i th m  ( to  l im it  
th e  m a x im u m  s y s te m  lo a d  in c re a s e  c a u s e d  b y  th e  s c a n n in g  p ro c e s s )  a n d  
w tmax is th e  m a x im u m  w a i t  t im e  fo r  th e  s c a n n in g  a lg o r i th m  ( to  l im it  th e  
m a x im u m  s c a n n in g  tim e) .

A lg o r ith m  1:
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I n  e q u a t io n  ( 3 ) ,  th e  q u a d r a t i c  t e r m  o f  th e  a c t iv i ty  is  u s e d  to  c o m p e n s a te  th e  
in c r e a s e  o f  th e  q u e u e  le n g th  w ith  a  h ig h e r  s y s te m  lo a d .  I f  a  l in e a r  f u n c t io n  
(wt =  A(t,) x  (w tmax — w tmin) +  w tmin) w e re  u s e d , th e  w a i t  t im e  w o u ld  in c re a s e  
t o o  m u c h  e v e n  w i th  a  m o d e r a t e  d is k  lo a d  (0 .2 5  < p < 0 .7 5 )  a n d  a  s ig n i f ic a n t  
p a r t  o f  th e  s c a n n in g  c a p a c i ty  is  w a s te d .

A n  i m p o r t a n t  f e a tu r e  o f  th e  p r o p o s e d  m e th o d s  is  t o  r e a c t  m o r e  q u ic k ly  fo r  
a n  in c re a s e  in  lo a d  t h a n  fo r  a  d e c re a s e .  I f  i t  is  s lo w  to  r e a c t  t o  a  d e c re a s e  
in  lo a d ,  th e  o n ly  e ffec t is  t h a t  s o m e  id le  t im e  is  lo s t  ( t h a t  c o u ld  h a v e  b e e n  
u t i l iz e d  b e t t e r  in  s c a n n in g  th e  d isk ) . T h is  in c re a s e s  s l ig h tly  th e  t im e  to  s c a n  
th e  e n t i r e  d is k  w h ile  d e c r e a s in g  th e  c a p a b i l i ty  o f  u t i l iz in g  v e ry  s h o r t  id le  
in te r v a ls  e ff ic ien tly . O n  th e  o th e r  h a n d ,  if  th e  s c a n n in g  a lg o r i th m  is  n o t  fa s t  
e n o u g h  b y  d e c r e a s in g  its  a c t iv i ty  w h e n  th e  d is k  lo a d  in c re a s e s ,  u s e r  d is k  
r e q u e s ts  m a y  b e  s ig n if ic a n t ly  a f fe c te d  (u s e r  d is k  r e q u e s ts  c a n  su ffe r  lo n g e r  
r e s p o n s e  t im e s  t h a n  n e c c e s s a ry ) .  I n  th is  c a se , th e  e ffec t o f  th e  p r o p o s e d  
s c a n n in g  m e th o d  c a n  b e  w o rs e  t h a n  in  [ 7 ] .

5 Effects of the Algorithms

T h e  e ffec ts  o f  th e  a d a p t iv e  s c a n n in g  a lg o r i th m  c a n  b e  m e a s u r e d  u s in g  tw o  
a l t e r n a t iv e  a p p r o a c h e s .  F i r s t ,  th e  e ffec t o n  th e  u s e r  r e q u e s ts  ( in c r e a s e  in  
q u e u e  le n g th )  c a n  b e  s tu d ie d  a s  a  f u n c t io n  o f  th e  a l te r n a t iv e  s c a n n in g  
m e th o d s  a n d  th e i r  p a r a m e te r s .  S e c o n d , th e  le n g th  o f  th e  s c a n n in g  p ro c e s s  
c a n  b e  e s t im a te d  b a s e d  o n  th e  s y s te m  lo a d  a n d  p r o p o s e d  m e th o d s .

T h e  p r o p o s e d  s c a n n in g  m e th o d s  a r e  a n a ly z e d  u s in g  th e  s y s te m  lo a d  i l lu s ­
t r a t e d  in  F ig u r e  1. T h is  r e p r e s e n ts  tw o  s c e n a r io s  o f  s y s te m  b e h a v io r  in  w h ic h  
th e  a c t iv i ty  o f  u s e r  d is k  r e q u e s ts  c h a n g e s  s ig n if ic a n t ly .  T h e  f ir s t  s te p  c o r r e ­
s p o n d s  t o  th e  c a s e  w h e n  th e  s y s te m  lo a d  is  in c r e a s e d  r a d ic a l ly .  T h e  s e c o n d  
s te p  c o r r e s p o n d s  t o  th e  c a s e  w h e n  th e  lo a d  d r o p s  b a c k  to  a  lo w  level.

5 .1 Effect on the queue length

I n  [ 7 ] ,  a  p r e v io u s  s c a n n in g  a lg o r i th m  h a s  s h o w n  to  in c r e a s e  th e  d is k  lo a d  
m o d e r a te ly  e v e n  in  a  h e a v ily  lo a d e d  s y s te m  w h e n  th e  q u e u e  le n g th  o f  a  d is k  
is  s tu d i e d  ( t h e  in c re a s e  in  q u e u e  le n g th  d u e  to  th e  s c a n n in g  a lg o r i th m  is  le ss  
t h a n  0 .5  e v e n  w h e n  th e  d is k  is  u t i l iz e d  b y  a  u s e r  f o r  9 0 % ) .  H o w e v e r ,  th e  
h ig h e s t  in c r e a s e  is  f o u n d  u n d e r  a  h e a v y  lo a d  w h e n  th e  s y s te m  p e r f o r m a n c e  
is  th e  m o s t  c r i t ic a l .  O n  th e  o t h e r  h a n d ,  w h e n  th e  s y s te m  lo a d  is  lo w  ( a n d  
th e  d is k  c o u ld  p e r f o r m  m o r e  s c a n n in g  a c t iv i ty  w i th o u t  e n d a n g e r in g  th e  
r e s p o n s e  t im e  r e q u ir e m e n ts )  th e  a c t iv i ty  o f  th e  s c a n n in g  a lg o r i th m  is  a l s o  lo w .

A s  p r e s e n te d  in  [ 7 ] ,  th e  a v e r a g e  in c re a s e  in  q u e u e  le n g th  is  g iv e n  b y

n  X ta lg  "F tchk ,  A ,
Pinc = ------------------~ n ^ T ~  (4)n  A  i w a i t

n x t alg +  tchk+ —---------
1 ~P
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w h e r e  p is th e  u t i l iz a t io n  c a u s e d  b y  u s e r  r e q u e s ts ,  talg a n d  tchk a r e  th e  a v e r a g e  
p r o c e s s in g  t im e s  fo r  a  d is k  a n d  a  s ta t is t ic s  r e a d  r e q u e s t  m a d e  b y  A lg o r i th m  
1, r e s p e c tiv e ly ,  n is  th e  n u m b e r  o f  i t e r a t io n s  b e fo re  c h e c k in g  th e  s ta t is t ic s  
i n f o r m a t io n  (e q u a l  to  cr/rs), a n d  fwait is  th e  w a i t  t im e . B e c a u s e  th e  p r o p o s e d  
s c a n n in g  a lg o r i th m  is s u e s  a  n e w  d is k  r e q u e s t  o n ly  w h e n  th e  d is k  is id le , th e  
m a x im u m  in c re a s e  in  q u e u e  le n g th  is o n e . I n  th e s e  c a lc u la t io n s ,  i t  is a s s u m e d  
t h a t  taig =  tchk =  0 .1s. n is 20 . w tmin =  2 s, a n d  w fmax =  64s.

Fig. 1 System load estimate as function of time

F ig u r e  1 d e p ic ts  th e  e s t im a te  o f  s y s te m  lo a d  a c c o r d in g  to  E q u a t io n s  (1 )  a n d  
(2 ) . M e th o d s  1 a n d  2 a r e  a l s o  c o m p a r e d  w i th  th e  a lg o r i th m  p r o p o s e d  in  
[ 7 ]  (w h e re  th e  s c a n n in g  a lg o r i th m  is  a d ju s te d  b a s e d  o n  th e  a v e r a g e  lo a d ) .  
M e th o d  1 s ig n if ic a n t ly  la g s  in  d e te c t in g  th e  in c re a s e  in  s y s te m  lo a d . 
R e sp e c tiv e ly , th e  d e c r e a s e  o f  s y s te m  lo a d  is  n o t  r e c o g n iz e d  v e ry  q u ic k ly .  O n  
th e  c o n t r a r y ,  M e th o d  2  p r o v id e s  a  f a s te r  r e s p o n s e  fo r  th e  c h a n g e  in  d is k  lo a d .

B o th  p r o p o s e d  m e th o d s  a r e  a n a ly z e d  b y  c o m p a r in g  th e  r e s u l t s  w i th  th e  
n o n - a d a p t iv e  s c a n n in g  a lg o r i th m  [ 7 ] ,  M e th o d  1 is  a n a ly z e d  b y  v a r y in g  th e  
n u m b e r  o f  s a m p le s  (IV) w h ile  M e th o d  2  is  a n a ly z e d  b y  v a r y in g  th e  h is to r y  
f a c to r  (p ).

F ig u r e  2  p r e s e n ts  a  c o m p a r i s o n  b e tw e e n  th e  n o n - a d a p t iv e  [ 7 ]  a n d  th e  
a d a p t iv e  ( M e th o d  1 fo r  d if fe re n t  v a lu e s  o f  N) s c a n n in g  a lg o r i th m s  a s  m e a s ­
u r e d  b y  th e  a v e r a g e  in c re a s e  in  q u e u e  le n g th .  I n  g e n e r a l  w i th  M e th o d  1, th e  
in c re a s e  in  q u e u e  le n g th  is  h ig h e r  ( lo w e r )  w h e n  th e  s y s te m  lo a d  is  lo w  (h ig h )  
t h a n  w ith  n o n - a d a p t iv e  s c a n n in g  a lg o r i th m .  A s th e  n u m b e r  o f  s a m p le s  (N ) 
in c re a s e s ,  th e  p e a k  o f  th e  lo n g e r  q u e u e  le n g th  g r o w s  b e c a u s e  th e  c h a n g e  o f  
th e  d is k  lo a d  is  d e te c te d  to o  s lo w ly . S im ila r ly ,  w i th  la r g e r  N, i t  t a k e s  a  
lo n g e r  t im e  b e fo re  th e  s c a n n in g  a lg o r i th m  s t a r t s  t o  e x p e d i te  th e  s c a n n in g  
p ro c e s s  w h e n  th e  s y s te m  lo a d  h a s  d r o p p e d .

F ig u r e  3 p r e s e n ts  a  c o m p a r i s o n  b e tw e e n  th e  n o n - a d a p t iv e  [ 7 ]  a n d  th e  
a d a p t iv e  ( M e th o d  2  f o r  d if fe re n t  v a lu e s  o f  p ) s c a n n in g  a lg o r i th m s  a s  m e a s -
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Fig. 2 Effect of the scanning method 1 

 
Fig. 3 Effect of the scanning method 2

ured by the average increase in queue length. In general with Method 2, the 
increase in queue length is higher (lower) when the system load is low (high) 
than with non-adaptive scanning algorithm. The larger the value of p is, the 
faster the adaptive behavior to the changing system load is. When the system 
load increases rapidly, the peak in queue length is as high as with the non- 
adaptive method but the peak decreases quickly as p increases. When the 
system load drops, the scanning algorithm reactivates itself more quickly 
for a larger value of p.

5.2 Effect on the scanning time

Based on the system load profile of Figure 1, relative and absolute scanning 
times of the alternative scanning methods are presented in Table 1. Both 
proposed methods perform better than the original, non-adaptive scanning 
algorithm presented in [7 ]. More than 37% of the scanning time can be 
saved and in the best case the scanning time can be reduced almost by half.
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Table 1 Relative and absolute scanning times of the alternative scanning algorithms for a 
256 MB disk

Method Non- Method 1 Method 2
adaptive 
method 
(7)

Parameters wt = 10s N  =  S N =  12 IV = 16 p = 0.15 p  =  0.33 p = 0.50
Relative scanning time 100% 57% 60% 63% 62% 56% 54%
Absolute scanning time 40.7 h 23.1 h 24.3 h 25.5 h 25.6 h 22.8 h 22.1 h

6 Conclusions

I n  th is  p a p e r ,  m e th o d s  to  d e te c t  l a t e n t  s e c to r  f a u l t s  a n d  d e t e r io r a te d  s to r a g e  
m e d ia  h a v e  b e e n  s tu d ie d . T h e  b a s ic  p r in c ip le  fo r  b e t t e r  f a u l t  d e te c t io n  
c o n s is ts  o f  s c a n n in g  th e  e n t i r e  d is k  s e q u e n t ia l ly  b y  u s in g  th e  id le  t im e  o f  th e  
d is k  u n it .  T h is  p r o c e s s  u ti l iz e s  th e  s ta t is t ic s  in f o r m a t io n  t h a t  S C S I  d is k s  
g a th e r .  B y  in i t ia t in g  a  d is k  r e q u e s t  o n ly  w h e n  th e  d is k  is o th e rw is e  id le , th e  
e ffec t o n  u s e r  d is k  r e q u e s ts  is m in im iz e d .

W h e n  a  n o n - a d a p t iv e  s c a n n in g  a lg o r i th m  is  u s e d , th e  d is k  is s c a n n e d  u s in g  
th e  s a m e  p a r a m e te r s  r e g a rd le s s  o f  th e  sy s te m  lo a d .  T h is  m a y  le a d  to  a n  
e x te n d e d  r e s p o n s e  t im e  e s p e c ia lly  w h e n  th e  d is k  lo a d  is  h ig h . D e s p i te  o n ly  
a  m in o r  in c re a s e  o f  r e s p o n s e  t im e , th is  m a y  n o t  b e  s u i t a b le  fo r  e n v i r o n m e n ts  
w ith  s t r ic t  r e s p o n s e  t im e  r e q u ir e m e n ts .  A lso , th e  n o n - a d a p t iv e  s c a n n in g  
a lg o r i th m s  a r e  n o t  a b le  t o  fu lly  u t i l iz e  th e  u n e v e n  d is k  u t i l iz a t io n  a n d  
e s p e c ia l ly  lo n g  id le  p e r io d s .

I n  th is  p a p e r ,  th e  s c a n n in g  a lg o r i th m  is  im p r o v e d  b y  a d ju s t in g  th e  s c a n n in g  
p a r a m e te r s  b a s e d  o n  th e  d is k  a c t iv i ty .  T h e  h ig h e r  d is k  a c t iv i ty  is  g e n e r a te d  
b y  a  u s e r ,  th e  lo n g e r  w a i t  t im e  is  u s e d  fo r  th e  s c a n n in g  a lg o r i th m .  T h u s ,  th e  
effec t o f  th e  s c a n n in g  a lg o r i th m  in  a  h e a v ily  lo a d e d  s y s te m  is e v e n  f u r th e r  
d e c r e a s e d  w h ile  a l lo w in g  th e  fu ll u t i l iz a t io n  o f  th e  lo n g e r  id le  p e r io d s  o f  th e  
d is k  ( s u c h  a s  a t  n ig h t  t im e ) .

T w o  d if fe re n t  m e th o d s  f o r  a d ju s t in g  th e  s c a n n in g  p a r a m e te r s  h a v e  b e e n  
d is c u s s e d . T h e y  a r e  b a s e d  o n  c a lc u la t in g  th e  a v e r a g e  lo a d  o f  th e  d is k  f ro m  
th e  r e c e n t  a c t iv i ty .  B o th  p r o p o s e d  m e th o d s  d e c r e a s e  th e  s c a n n in g  t im e  o f  
th e  d is k  ( in  th e  p r e s e n te d  e x a m p le ,  t h e  s c a n n in g  t im e  is  d e c r e a s e d  b y  3 7 %  
to  4 6 % ) .  W h e n  th e  s y s te m  lo a d  r a p id ly  in c re a s e s ,  th e  f irs t p r o p o s e d  s c a n n in g  
m e th o d  r e s u l t s  in  a  h ig h e r  p e a k  fo r  th e  in c re a s e  o f  q u e u e  le n g th  t h a n  th e  
n o n - a d a p t iv e  s c a n n in g  a lg o r i th m .  O n  th e  o th e r  h a n d ,  th e  s e c o n d  m e th o d  
h a s  a  m u c h  s m a l le r  p e a k  a n d ,  b y  s e t t in g  p r o p e r ly  th e  p a r a m e te r s ,  i t  p r o v id e s  
a  lo w e r  p e a k  t h a n  th e  o r ig in a l  n o n - a d a p t iv e  s c a n n in g  a lg o r i th m .

T h e  m a x im u m  n u m b e r  o f  a d d i t io n a l  d is k  r e q u e s ts ,  t h a t  a n y  u s e r  r e q u e s t  
m a y  n e e d  to  w a it ,  is  o n ly  o n e . H e n c e , th e  d e la y  fo r  a  u s e r  r e q u e s t  d o e s  n o t  
in c re a s e  s ig n if ic a n tly .  E s p e c ia lly ,  th e  m a x im u m  r e s p o n s e  t im e  in c re a s e s  o n ly
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s lig h tly . T h u s ,  th is  m e th o d  c a n  b e  u s e d  a l s o  in  s y s te m s  t h a t  h a v e  s t r ic t  
r e s p o n s e  t im e  r e q u i r e m e n ts  (e.g ., in  r e a l - t im e  s y s te m s  o r  w i th  m u l t i - m e d ia  
a p p l ic a t io n s )  to  im p r o v e  r e l ia b i l i ty  a n d  d e c r e a s e  th e  e x te n d e d  r e s p o n s e  t im e s  
d u e  to  s e c to r  fa u lts .
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Book Review

BS 7649. Guide to the Design and Preparation of Documentation for Users 
of Application Software (B S I , 1993 , p p . 104  p r ic e  M e m b e r s  £ 3 2 .4 0  
N o n - m e m b e r s  £ 6 4 .8 0 .)

“ I f  a ll e lse  fa ils , r e a d  th e  in s t r u c t io n s .” W e a l l d o  it. S o m e h o w  w e  e x p e c t  to  
b e  a b le  to  d r iv e  c a rs ,  o r  v id e o  r e c o rd e r s ,  o r  c o m p le x  so f tw a re ,  w i th  m in im a l  
in te l le c tu a l  e ffo rt . A n d  w e  a l l h a t e  m a n u a ls .

N o w  h e r e  to  h e lp  u s  is B r i t i s h  S ta n d a r d  7 6 4 9 , c o m m is s io n e d  b y  B S I f ro m  
I C L  E n te rp r is e s .  P e r h a p s  i t  c o n ta in s  a  c u re ?

W ell, th e r e  is  g o o d  n e w s , n e u t r a l  n e w s , a n d  b a d  n ew s.

T h e  n e u t r a l  n e w s  -  n e i th e r  g o o d  n o r  b a d  -  fa lls  in to  tw o  a re a s .

F ir s t ly ,  s c o p e . T h is  d o c u m e n t  is  n o t  w h a t  I in  m y  in n o c e n c e  w o u ld  h a v e  
e x p e c te d  a  B r i t i s h  S t a n d a r d  to  b e . I t  d o e s  n o t  p re s c r ib e .  I t  d o e s  n o t  la y  
d o w n  te s ts  fo r  c o n f o r m a n c e .  I t  d o e s  n o t  e v e n  s u g g e s t  t h a t  c o n f o r m a n c e  
w o u ld  g u a r a n te e  g o o d  d o c u m e n ta t io n .  I t  is, a s  i ts  t i t le  c le a r ly  sa y s , a  c o m p e n ­
d iu m  o f  a d v ic e , o n  h o w  th e  d o c u m e n ta t io n  p r o c e s s  s h o u ld  b e  c a r r ie d  o u t  
a n d  h o w  th e  p h y s ic a l  a p p e a r a n c e  o f  d o c u m e n ta t io n  c a n  b e  o p t im iz e d .  I t  
h a s  r a t h e r  l i t t le  to  s a y  a b o u t  d o c u m e n ta t io n  c o n te n t .

S e c o n d ly ,  p o in t  o f  v iew . I t  is  v e ry  m u c h  a  d o c u m e n t  b y  a u t h o r s  f o r  a u th o r s .  
T h e  I C L  P re s s  R e le a s e  p r o c la im s  i t  t o  b e  th e  r e s u l t  o f  e x te n s iv e  c o n s u l ta t io n  
w ith  d e v e lo p e r s ,  a u t h o r s  a n d  c o n s u l ta n ts .  I t  d o e s n ’t s a y  a n y th in g  a b o u t  
c o n s u l t a t i o n  w i th  u s e rs .  T h e  G u id e  c o v e r s  p a p e r  d o c u m e n ta t io n  b u t  n o t  o n ­
sc re e n  e x p la n a t io n s  a n d  h e lp , p o s s ib ly  b e c a u s e  th e s e  a r e  u s u a l ly  p r o d u c e d  
b y  d e v e lo p e r s  r a t h e r  t h a n  a u th o r s .  T h e r e  is  e v e n  a n  o c c a s io n a l  n o te  o f  
a u t h o r i a l  p la in t iv e n e s s  (“ a u t h o r s  s h o u ld  b e ...  e q u a l  m e m b e r s  in  th e  (d e v e lo p ­
m e n t )  t e a m ” ).

T h e  g o o d  n e w s  is  t h a t  w i th in  th e s e  l im i ta t io n s  th is  is  a n  a d m ir a b le  d o c u m e n t .  
I ts  p r a is e w o r th y  f e a tu re s  in c lu d e :

-  e m p h a s is  o n  th e  d is t in c t io n  b e tw e e n  a w a re n e s s  d o c u m e n ta t io n ,  t u to r ia l  
d o c u m e n ta t io n ,  a n d  re fe re n c e  d o c u m e n ta t io n  -  th is  is f u n d a m e n ta l ,

-  h e a v y  s tr e s s  o n  c l a r i ty  a s  th e  p r im a r y  v i r tu e  ( a n d  th e  G u id e  i ts e lf  is 
v e ry  c le a r) ,
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-  a  r e c o m m e n d a t io n  t h a t  a u t h o r s  s h o u ld  th e m s e lv e s  b e c o m e  u s e rs  o f  th e  
s o f tw a r e  b e fo re  th e y  s t a r t  w r i t in g ,

-  s o m e  s u g g e s t io n s  o n  h o w  th e  u s a b i l i ty  o f  d o c u m e n ta t io n  m ig h t  b e  
m e a s u r e d .

A n y  d o c u m e n ta t io n  p r o d u c e d  in  th e  s p i r i t  o f  th is  G u id e  ( c o n f o rm in g  to  th e  
le t te r  m a y  b e  t o o  m u c h  to  a s k )  w ill b e  a  th o u g h t f u l ,  p ro fe s s io n a l ,  in f o r m a t io n -  
r ic h  jo b .

T h e  m in o r  b a d  n e w s  is  w h a t  I  w o u ld  r e g a r d  a s  a  n u m b e r  o f  s in s  o f  o m is s io n :

-  a s  im p l ie d  a b o v e ,  th e  m a n u a l - lo v e r s  h a v e  h a d  th e i r  c o m p re h e n s iv e  s a y  
-  a n d  i t  is c o m p re h e n s iv e ,  if  a n y th in g  to  a  f a u l t  -  b u t  th e  m a n u a l  -  
h a t e r s ’ v ie w s  a r e  n o t  a d d r e s s e d ;

-  th e r e  is  j u s t  o n e ,  h a r d ly  v is ib le , s u g g e s t io n  o f  in v o lv in g  r e a l  u s e rs  (as 
d is t in c t  f ro m  a u t h o r s  a s  s u r r o g a te  u se rs )  in  th e  d o c u m e n ta t io n  p ro c e s s .  
T h e  G u id e  d o e s  r e c o m m e n d  u s e r  f e e d b a c k , b u t  t h a t  is a  m u c h  fe e b le r  
in s t r u m e n t ;

-  th e r e  is  l i t t le  d is c u s s io n  o f  th e  d o c u m e n ta t io n  o f  u s e r  o r g a n iz a t io n s ’ in -  
h o u s e  sy s te m s . I t  is  h a r d  to  d e n y  t h a t  th e s e  o u g h t  t o  b e  j u s t  a s  w e ll 
d o c u m e n te d  a s  w id e ly  m a r k e te d  p a c k a g e s ,  b u t  th is  is  a  c o u n s e l  o f  p e r f e c ­
t io n .  O v e r a m b i t io n  is  s e lf-d e fe a tin g . R e a l is t ic  a d v ic e  f o r  th is  im p e r fe c t  
w o r ld  w o u ld  h a v e  b e e n  w e lc o m e ;

-  th e  G u id e  a s s u m e s  th e  s t a n d a r d  s o f tw a r e  life cy c le . I t  h a s  a lm o s t  n o th in g  
to  s a y  a b o u t  d o c u m e n t in g  “ l ig h t  d u t y ” sy s te m s  ( th o s e  w h ic h  fo r  w h a te v e r  
r e a s o n  d o  n o t  ju s t i fy  m a jo r  d o c u m e n ta t io n  e f fo r t )  o r  “ fu z z y  s y s te m s ” 
(w h e re  th e  r e q u i r e m e n t  is  n o t  c le a r - c u t  o r  n o t  s ta b le ,  a n d  th e  s y s te m  
c o n s ta n t ly  e v o lv e s ) . T o  b e  fa ir ,  th e  s o f tw a r e  w o r ld  a s  a  w h o le  h a s  n o t  
r e a l ly  g o t  i ts  m in d  r o u n d  th e s e  tw o  is s u e s  e i th e r .

T h e  m a jo r  b a d  n e w s  is  t h a t  B S  7 6 4 9 , h o w e v e r  w e ll i t  m a y  b e  t a k e n  o n  b o a r d  
b y  a p p l ic a t io n s  s o f tw a re  p r o d u c e r s ,  is n o t  g o in g  to  s o lv e  th e  p r o b le m  o f  o u r  
h a t in g  m a n u a ls .  A t b e s t  i t  w ill im p r o v e  i t  a r o u n d  th e  ed g e s .

W h y  d o  w e  s h y  a w a y  f r o m  m a n u a ls ?  T h e  q u e s t io n  is a  r e a l  a n d  s e r io u s  o n e . 
T h e  w o r d  p r o c e s s in g  p a c k a g e  I u se  c o m e s  w ith  w h a t  s e e m  to  m e  p e r fe c tly  
a d e q u a te  tu to r i a l  a n d  r e fe re n c e  m a n u a l s  -  w h y  th e n  a r e  th e r e  18 d if fe re n t  
b o o k s  a b o u t  th is  p a c k a g e  in  m y  lo c a l  b o o k s h o p ,  c o v e r in g  ( to  ju d g e  b y  th e i r  
ti t le s )  th e  s a m e  g r o u n d  a s  th e  m a n u a ls ,  a t  p r ic e s  u p  to  £ 2 7 .4 5 ?

T h e  a n s w e r  is  t h a t  w e think w e  k n o w  m a n u a l s  a r e  b o r in g .  P e o p le ’s e x p e c ta ­
t io n  o f  b o o k s  is  t h a t  th e y  s h o u ld  c o m p e l  in te r e s t  ( e x c e p t re fe re n c e  b o o k s  -  
b u t  e v e n  th e r e  th e  g r e a t  D r  J o h n s o n ’s D ic t io n a r y  in c lu d e s  s o m e  c e le b r a te d  
jo k e s ) .  M y  w o r d  p r o c e s s in g  p a c k a g e  tu to r i a l  m a n u a l  is  in te r e s t in g  -  p r o v id e d  
t h a t  th e  r e a d e r  h a s  a  g e n u in e  a n d  liv e ly  w ish  to  le a r n  t o  u se  th e  p a c k a g e .

ICL Technical Journal November 1993 665



I t  d o e s  l i t t le  to  m e e t  a n y  o th e r  r e a d e r  h a lf-w a y . F a t  b o o k s  lo o k  b o r in g  ev e n  
w h e n  th e y  a r e  n o t.

C o m p a r e  s c h o o l  te x t- b o o k s :  th e y  u s e d  to  b e  a  b y - w o r d  fo r  b o r e d o m , b u t  in  
r e c e n t  t im e s  m a n y  h a v e  b e e n  l iv e n e d  u p  w i th o u t  lo s s  o f  c o n te n t .  U s e r  
d o c u m e n ta t io n ,  p a r t i c u la r ly  in  th e  a w a re n e s s  a n d  tu to r i a l  c a te g o r ie s ,  n e e d s  
th e  s a m e  t r e a tm e n t .  C la r i ty  is  n o t  e n o u g h .

B S  7 6 4 9  se e m s  n o t  to  r e c o g n iz e  th is . F o r  e x a m p le  i t  a d v is e s  a g a in s t  jo k e s .  
I c a n  se e  w h y  ( jo k e s  m a y  m is c a r r y ,  a r e  h a r d  t o  t r a n s l a te ,  c a n  a n n o y ) ,  b u t  I 
th in k  i t  is w ro n g .  I t  r e c o m m e n d s  w r i t in g  fo r  th e  m o s t  n a iv e  u se r. A g a in  I 
c a n  see  w h y , b u t  th e  r e s u l t  w ill b e  to  b o r e  e v e r y o n e  else. Y es, I  k n o w  th is  
l in e  o f  th o u g h t  le a d s  to  th e  u n w e lc o m e  c o n c lu s io n  t h a t  s e p a r a te  d o c u m e n ta ­
t io n  fo r  d if fe re n t  le v e ls  o f  u s e r  s o p h is t ic a t io n  is n e e d e d  -  b u t  th e  s a m e  is 
a f te r  a ll t r u e  o f  te x t- b o o k s .

M y  a d v ic e , th e n ,  to  s o f tw a re  m a n a g e r s  c o n t r o l l in g  “h e a v y  d u ty ” p r o je c ts  is: 
“ R e a d  B S  7 6 4 9 . M a k e  y o u r  a u t h o r s  r e a d  it  to o .  B u t th e n  te ll th e m  to  r a n k  
r e a d e r  in te r e s t  a lo n g s id e  c la r i ty ;  to  g e t o u t  o f  th e  d e v e lo p e r s ’ p r iv a te  w o r ld  
f ro m  t im e  to  t im e  to  in v o lv e  r e a l  liv e  u s e rs  in  w h a t  th e y  a r e  d o in g ;  a n d ,  
w h e n  fa c e d  w ith  a  c h o ic e  b e tw e e n  c o m p re h e n s iv e n e s s  a n d  e n t e r ta in m e n t  
v a lu e , to  g o  fo r  e n t e r t a in m e n t  e v e ry  t im e  ( le a v in g  th e  c o m p re h e n s iv e n e s s  
fo r  th e  r e fe re n c e  b o o k ) .”

John Aris
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ICL TECHNICAL JOURNAL 

G uidance for A uthors

1. C O N T E N T
T he IC L  Technical Journal h as  a large in tern a tio n a l circulation . It publishes papers o f  high s tan d a rd  having 
som e relevance to  IC L ’s business, a im ed  a t th e  general technical com m unity  and  in particu la r a t ICL 's users 
an d  custom ers. I t is in tended  for readers w ho  have an  in terest in the info rm ation  technology field in general 
b u t w ho  m ay  n o t be inform ed on  the aspect covered by a  particu la r paper. T o  be acceptable, papers on 
m ore  specialised aspects o f  design o r  app lica tions  m ust include som e su itab le  in tro d u c to ry  m aterial o r  
reference.

T he Jo u rn a l w ill u sually  n o t rep rin t papers a lready  published , b u t th is does not necessarily exclude papers 
p resen ted  a t  conferences. I t  is n o t necessary for the m aterial to  be entirely  new o r  original. P apers  will no t 
reveal m a tte r  relating  to  u nannounced  p roducts  o f any  o f the  IC L  G ro u p  com panies.

L e tte rs  to  the  E d ito r an d  reviews m ay also  be published.

2. A U T H O R S
W ith in  th e  fram ew ork  defined by §1 the  E d ito r will be happy  to  consider a  pap e r by any  a u th o r  o r  g roup  
o f  au th o rs, w hether o r  n o t an  em ployee o f a  com pany  in the  1CL G roup . All papers a re  ju d g ed  o n  the ir 
m erit, irrespective o f  origin.

3. L E N G T H
T here  is n o  fixed u p p er o r  low er lim it, b u t a useful w ork ing  range is 4000-6000  w ords; it  m ay  be difficult 
to  accom m odate  a  lo n g  p ap e r in  a particu la r issue. A uthors shou ld  alw ays keep  brev ity  in  m ind  b u t shou ld  
n o t sacrifice necessary fullness o f exp lanation  to  this

4. A BSTRA CTS
All papers shou ld  have an  A bstrac t o f n o t m ore th a n  200 w ords, su itab le  for the various abstrac tin g  jo u rn a ls  
to  use w ith o u t alte ra tion . The E d ito r will arrange for each  A bstrac t to  be tran sla ted  in to  French an d  G erm an , 
for pub lica tion  toge ther w ith  the  English original.

5. P R E S E N T A T IO N
5.1 Printed (typed) copy
Tw o copies of the m anuscrip t, typed 1^/2 spaced on  one side only  o f A4 paper, w ith  right and  left m argins 
o f at least 2.5 cms, an d  the  pages num bered  in sequence, should  be sent to  the E ditor. P a rticu la r care should  
be taken  to  ensure th a t m athem atica l sym bols and  expressions, an d  any special characte rs such as G reek  
letters, are clear. A ny detailed  m athem atica l trea tm en t shou ld  be p u t in an  A ppendix so th a t only essential 
results need be referred to  in the text.

5.2 Disk version
A uthors are  strongly  urged to  subm it a  m agnetic disk version o f the ir copy in ad d ition  to  the m anuscrip t. 
T he E d ito r will be glad to  p rov ide detailed  advice on  the fo rm at o f the tex t on the  disk.

5.3 Diagrams
Line d iagram s will if necessary be red raw n an d  professionally  le tte red  for pub lication , so it is essential th a t 
they are  clear. Axes of g raphs shou ld  be labelled w ith  the  relevan t variables and , w here th is is desirable, 
m arked  off w ith  the ir values. All d iag ram s shou ld  have a  cap tion  and  be num bered  for reference in the  text, 
and  the tex t m arked  to  show  w here each shou ld  be p laced  -  e.g. “F igure 5 here” . A uthors shou ld  check th a t 
all d iag ram s are  ac tually  referred to  in the  text and  th a t all d iag ram s referred to  are  supplied. Since d iagram s 
are  always separa ted  from  the ir tex t in  the  p ro d u c tio n  process these shou ld  be presented  each  on  a  separate  
sheet and , m ost important, each sheet m ust carry  the a u th o r’s nam e an d  the title of the  paper. T he d iagram  
cap tions  an d  num bers shou ld  be listed on  a separate  sheet w hich also shou ld  give the a u th o r’s nam e and 
the  title of the  paper.
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5.4 Tables
As w ith  d iagram s, these shou ld  all be given cap tions  an d  reference num bers; ad eq u a te  row  and  co lum n 
head ings shou ld  be given, a lso  the  relevan t un its  for all th e  quan tities tabu la ted . S ho rt tab les can  be given 
in the  tex t but long  tab les a re  be tte r  subm itted  on  sep ara te  sheets and  these, as  fo r d iag ram s, m ust ca rry  
the  a u th o r’s nam e an d  the  title  o f th e  paper.

5.5 Photographs
B lack-and-w hite pho to g rap h s  can  be rep roduced  p rovided they  a re  o f  good enough  quality; they  shou ld  be 
included only very sparingly. C o lo u r rep roduction  involves an  extra  and expensive process an d  will be 
agreed to  only exceptionally .

5.6 References
A uthors a re  asked  to  use the  A u th o r/D a te  system , in w hich the  au tho r(s) an d  the  d a te  o f the  pub lication  
are  given in the  text, an d  all th e  references a re  listed in  alphabetica l o rd er o f a u th o r  a t  the  end. 
e.g. in the text: “... fu rth e r details a re  given in [H en d erso n , 1986]” 

w ith the co rrespond ing  en try  in the  reference list:

H E N D E R S O N , P . F u nctional P rogram m ing , F orm al Specification an d  R apid  P ro to typ ing . IE E E  Trans, 
on Softw are Engineering  SE+12, 2, 241-250 , 1986.

W here there are  m ore  th a n  tw o  a u th o rs  it is usual to  give the  tex t reference as “ [X  et al . . . ] ”.

A uthors should  check th a t all tex t references a re  listed, an d  only  tex t references: references to  w orks n o t 
quo ted  in the text shou ld  be listed un d er a  head ing  such as  “B ibliography” o r  “F u rth e r reading” .

5.7 Style
A n o te  is availab le  from  th e  E d ito r sum m arising  th e  m a in  p o in ts  o f style -  p u nctuation , spelling, use of 
initials and  acronym s etc. -  p referred  fo r Jo u rn a l papers.

6. R E F E R E E S
The E d ito r m ay  refer papers to  independen t referees fo r com m ent. I f  the  referee recom m ends revisions to  
the  d raft th e  a u th o r  will be  asked  to  m ake those revisions. Referees are  anonym ous. M in o r editoria l 
correc tions, as for exam ple to  conform  to  the Jo u rn a l’s general style for spelling o r  no ta tio n , will be m ade 
by the  E ditor.

7. P R O O F S , O F F P R IN T S
P rin ted  proofs a re  sent to  a u th o rs  for co rrec tion  before pub lication . A uthors receive 25 offprints o f  the ir 
papers, free of charge, and  fu rther copies can  be purchased; an  o rd er form  for copies is sent w ith the proofs.

8. C O P Y R IG H T
C opyrigh t in papers published  in the IC L  Technical Journal rests w ith IC L  unless specifically agreed  o therw ise 
before publication . Pub lications m ay be rep roduced  w ith the E d ito r’s perm ission, w hich will no rm ally  be 
g ran ted , and  w ith due acknow ledgem ent.
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THE ICL COMPUTER 
USERS ASSOCIATION

There are now over 2000 organisations which are members of ICL user groups 
and are affiliated to the ICL Computer Users Association. These range from 
large government departments, local authorities, public utilities, large corporate 
companies through to smaller private companies and individuals.

The Association has over 40 user groups meeting regularly, some on a regional 
basis, others because they have similar professional interests, while other users 
meet because they share a common application or operating system and wish 
to gain maximum benefit from their investment.

The benefits of membership of a user group can be listed as follows:

•  Exchange of views and experiences which help companies to exploit their 
investment in IT systems to the limit of their potential.

•  Regular communication with the supplier to influence the future develop­
ments of products and services.

•  Economical training and up-to-date information on the latest releases of 
software and documentation.

•  Discounts on many of the volume products.
0  A regular news magazine.
•  Personal development of active members and new informal contacts 

through social events.

The CUA holds a major conference and exhibition each year where the latest 
products can be seen. In addition, much technical information is exchanged 
and interesting presentations for a whole range of users are given. This is 
arranged via “streams” ranging from IT management, through to application 
development, service delivery, end users and special interests.

Members join the CUA and any number of individual user groups in which they 
have an interest. In this way they can maximise the value of the investment to
their organisation.

John Gardner, Chairman of ICL (UK) pic, and his staff are fully supportive of 
the CUA, and the user groups that form it value the relationship that exists 
between the CUA and ICL (UK) and strongly recommend that all users seriously 
consider becoming members.

For more information about the ICL Computer Users Association contact: 
National Officer, ICL CUA, 24 Cathedral Road, Cardiff CF1 9LJ. 
Tel: (0222) 786693; Fax: (0222) 786666.

For ICL staff contact: CUA Liaison Department, ICL UK,
Waterside Park, Cain Road, Bracknell, Berkshire RG12 1FA. 
Tel: (0344) 711000; Fax: (0344) 711620.




