


Where do you want 
to go tomorrow? 

,•,our hardware vendor thinks Linux is a rare tropical 

disease. Your software vendor thinks you like rebooting 

every time you encounter a "General Protection Fault." 

Been there, done that. Maybe that's where you are today, 

but it's not where you want to go tomorrow. 

You want a different kind of company-

one that speaks your language, understands 

your OS, and sells your kind of systems. The 

first and best Linux hardware company 

VA Research. Since 1993 we've been 

designing systems from the ground up to 

support Linux. No need to spend your time 

testing, benchmarking, and debugging. 

We 've done that for you. Check out the 

benchmarks on our Web page. You have 

work to do, and VA Research can get you 

there better and faster. 

From laptops to workstations to multi

processor servers our Linux systems give 

you the performance and reliability you 

demand. Whatever your application, we 

can find a solution that fills your needs. 

Toke your first step toward tomorrow by 

calling VA Research today at 1.888.LINUX.4U 

or visiting www.varesearch.com. 

Let VA Research take you there faster. 



Linux on the NEC LX laptop. 

• 266 MHz Pentium II CPU 
• 96MB RAM 
• 14" 1024x768 active screen 
• Up to 6GB disk 
• Modem , floppy , and CD - ROM 
• Ethernet 
• Carrying case 

Superior integer, floating point, 

and multimedia performance. 

• One or Two Pentium II CPUs 
Speeds up to 450 MHz 

• Up to 512MB SDRAM 
• 4.5GB Ul tra Wide SCSI Disk 
• Ul tra 2 SCSI Availab l e 
• BMB Matrox Millenium I I Video 
• 100Mb/s Ethernet 
• 32X CD - ROM Drive 

VArServer 3100 

Rackmount system. 

• Two 450 MHz Pentium II CP Us 
• Up to 512MB SDRAM 
• Up to 45GB RAID - 5 Storage 
• 12GB 4mm SCSI Tape 
• 32X CD - ROM Dr i ve 
• 100Mb/s Ethernet 
• Watchdog System Monitor 
• UPS 

----Mission-critical RAID serving. 

• Four Pentium Pro 200 MHz CPUs 
• Up to 4GB ECC RAM 
• Up to 200GB RAID - 5 storage 
• DPT Raid Controller 

20GB native DLT tape 
• 100Mbps Ethernet 

Watchdog System Monitor 
• 2GB Boot Disk 
• Redundant Power Supplies 
• UPS 

"A truly robust Unix 
clone ... all the f ea tu res 
of commercial versions ... 
I pulled out my credit 
card and ordered a 
(VA Research) system 
for my personal use." 

Byte Magazine 

"This is an excellent 
combination of hardware 
for Linux. It is probably 
the fastest single-processor 
x86-based system available 
(VA Research has some 
multi-processor server 
systems, too) , and all of 
the equipment works 
with Linux and is pre
configured for it." 

Linux journal 

Model 

VA Re5earch VArServer 4000 

VA Re5earch VArStation YMP 

"VA Research~ VArStation 
... is the enterprise
computing equivalent 
of speaking softly and 
carrying a big stick ... " 

Info World 

"The VarStation has been 
built from the ground up to 
run Linux and run it well . 
VA Research didn't scrimp 
on hardware and devoted a 
great deal of effort to ensure 
that the system is tuned to 
work as configured." 

Info World 
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Sun Ultra 2 Creator (3D) Model 2200 133 

Digital AlphaStation 500/500 113 

Model 5PEC1n1'95 _base 

VA Re5earch VArStation 28 13.1 
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IBM RS/6000 43P 

SGI 02 R5000SC 
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Alpha workstations, 

Beowulf clusters, 

dual-boot systems, 
rackmount cases, 

OEM products, and 
full custom systems. 

-VA-
RESEARCH 

VA Research, Inc . 
1235 Pear Ave., Suite 109 
Mountain View, CA 94043 

l .888.LINUX.4U 
Tel: +1.650.934.3666 
Fax: +1.650.964.7668 

1.888.LINUX.4U 
email: sales@varesearch .com 
web: http://www.varesearch.com 



President* Declares FeBRUary 
International BRU™ Month! 

In recognition of BRU being chosen "Best Backup 
Utility" by the readers of Linux Journal tor the third 
year in a row, Ted Cook, the President of EST has 
declared FeBRUary as international BRU month. 

When asked to further explain this decree, Mr. Cook 
stated "Well, with the Readers' Choice Award 
announcement and the fact that the name 'February' 
already contained the word 'BRU,' it was a simple 
decision to make. In fact, it seems that even the 
inventors of the calendar had pre-ordained that this 
declaration should be made. I invite all Linux users 
to examine their current backup strategies and 
ensure that they have verifiable backups that they 
can actually recover with." 

EST has provided BRU for the Linux world since the 
operating system was still in its infancy. Since July 
of 1994, Linux users have had a truly reliable and 
easy to use backup and restore application 
available to safeguard their data. 

With this, the third Readers' Choice Award for BRU 
as the "Best Backup Utility," the Linux user 
community has once again proven that reliable 
backup is an essential part of a Linux user's 
administration toolkit. 

Thank You For Making 
BRU # 1 ... Again! 

In Celebration of Official BRU month, any new purchases of the 

full release of BRU for Linux made prior to February 28th get a 25°/o 
discount off of the normal price of $299. 

Order BRU for Linux Today 
and Save 25°/o! 

Order Must Be Placed Between Jan 15th and February 28th, 1998. New Orders Only. 

Enhanced Software 
Technologies, Inc. 

So£h,vare You: Can. Trust:-

Enhanced Software Technologies, Inc. 
"The BRU Guys" 

4014 East Broadway Rd. , Suite 405 Phoenix, AZ 85040 
Sales: (800) 998-8649 Tel: (602) 470-1115 Fax: (602) 470-1116 

Email : ljinfo@estinc.com Web: www.estinc.com 
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.. . a shame for our competitors, that is . Because different people 
have different needs. Some hardware vendors get their boxes working 
with one Linux version and call themselves Unux specialists. Specialists, 
that is, until you call wanting the newest kernel or the latest driver 
- the fast talk and confusion on the other end of the line makes you 
wonder whether they're really as special as advertised. Truth is, most 
vendors just don't get that "Linux user" is an adjective to describe 
a person with advanced computing requirements , not a noun to 
describe their ideal customer. 

At Aspen Systems, we are different! While our systems are as 
competitively priced as those other guys, we have literally years of 
experience in building, testing, and debugging Linux systems. 

We keep pace with the latest in Linux 
development and create systems that address 
your individual applications. Which makes our 
custom systems true performance boosters that 
will help you get your work done better and faster. 

From rackmounts to servers to multi-boot systems to RAID to 
custom and OEM motherboards , we'll put together the perfect 
performance fit at a price that's right. 

Aspen Systems Workstations and Servers: 

Get UnCloned™ 

Give us a call or check out our website and discover how we can help you meet your individual needs . 

• 1 .. itjrim ... 1 .. m ... k.'111J? .. i:1illlit .. klill''--- w w w. a s p s y s . c 0 m I -800-992-9242 

3900 Youngfield Street •Wheat Ridge , Colorado 80033-3865 USA email aspen@aspsys .com Tel +O I (303)431-4606 Fax +O I (303)431-7196 



> Letters to the Editor 

Applixware 4.4.1 
I recently purchased Applixware 4.4.1. 
My reason for purchasing it was so 
that I could interoperate with co
workers who run MS Office. 
Applixware has the best MS Office 
import filters I have seen, but they are 
not quite perfect. I found that while 
text and tables seem to import well, 
figures are another story. So far, I have 
only tried importing a few MS Word 
7 .0 documents, but in general, the fig
ures fail to convert. I recogn ize the 
complexity of the conversion task, and 
I applaud Applix for doing as well as it 
does. I hope the filters continue to 
mature, so that I can finally dump 
Windows 95 off my machine and use 
Linux exclusively. 

Steve Falco 
sfalco@worldnet.att.net 

Erratum in U February 1998 
I know that it is late to correct an erra
tum in the February issue; neverthe
less, I think Linux Journal is a maga
zine to read and save for later use, so 
even such a late correction could be of 
some benefit. 

The error is in Listing 5 of the article 
"Attach ing Files to Forms", in the col
umn "At the Forge" on page 93. This 
listing should contain the following 
line between lines 2 and 3: 

no strict "refs"; 

If th is line is not present, the Perl inter
preter will abort the script as soon as 
the variable reference $userfile is 
used for write. The uploaded file will 
be created but not written, i.e., it will 
have zero length . 

Aldo Mozzi 
medico.red@interbusiness.it 

Answer to User's Question 
In the November U, "Best of Technical 
Support" had a question regarding 
installing Linux (specifically X) on an 
IBM Thinkpad 365 . There is an excel
lent article regarding this in Linux 
Gazette, http://www.ssc.com/lg/ 
issue21 /notebook.html. 

I was able to get X working on 
Thinkpad using this guide, and the 
author, Sam Trenholme, was extremely 
helpful in getting me over a few prob
lems when I contacted him via 
e-ma il. 
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Nate Dutra 
nate@the-wa 11 . net 

Eiffel, Design by Contract 
Your fine web site, http:// 
www.linuxresources.com/, is usually 
the first thing I check on weekdays 
when I boot up. You have helped me 
greatly in learning about Linux. 

Thank you very much for reporting on 
Dr. Meyer, Eiffel and Design by 
Contract. Here are three open-source 
Eiffel and Design by Contract 
resources: 

SmallEiffel, the official GNU Eiffel : 
http://www.loria .fr/projets/SmallEiffel/ 

TOM, a new GPl../LGPL 00 language 
with multiple inheritance and Design 
by Contract traits : http://gerbil.org/tom/ 

A page I edit http://www.newhoo.com/ 
Computers/Programming_ Languages/ 
Eiffel/ 

Jerry Fass 
fass@pitnet.net 

Linux Installation and the Open 
Source Process 
Last week I decided to totally change 
over to Linux after reading the latest 
horror story about Windows. 
Apparently, people connected to the 
Internet on W-95-98 can be snooped 
on simply by typing their IP number 
and a few backslashes. Suddenly, their 
whole system appears in the other 
person 's MS Explorer window. 

So here I am, scurrying to get a faster 
motherboard and a bigger hard drive. 
I am all enthusiastic about the new 
KDE and GNOME projects, yet when I 
read the installation manuals- S.u.S .E. 
or Red Hat-I am horrified by how 
much totally new and alien system 
configuration is needed for a new 
Linux user. The problem is exemplified 
by the marvelous advertising flyer sent 
out by S.u.S.E. for its 5.2 release. It 
seduces the user with a DOS-Windows 
box packed with a lifetime accumula
tion of precious utilities. It implies that 
UNIX clones for these treasures (and 
more) effortlessly await on the new 
Linux user's desktop. The actual case is 
that this happens only after endless 
installations and configurations. 

The open-source concept has been 
much in the news lately, yet it seems 
that these installation processes are 
the one place where the open-source 
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environment is not used to evolve 
solutions to these problems. Rather, it 
is the special province of the private 
bundling companies. Regardless of 
whether they put their products in the 
public domain, they are not developed 
in the open . People seem to believe 
that the greed of these companies will 
produce the fastest results, but I have 
not seen any miracles yet. Perhaps 
there are installation projects under
way in the open-source community. If 
so, nothing could be more critical to 
the advancement of Linux. 

We often hear people crowing in U 
that some huge corporation or the 
defense department is now more effi
cient because of Linux. I am much 
more impressed by ease of use by the 
ordinary person. If U were to make 
open-source installation projects a 
continuing focus of articles, it could 
do an incredible service to the evolu
tion and spread of Linux. 

David Briars 
dbriars@sover.net 

Easier installation seems to be what everyone 
is asking for these days. Red Hat is working on 
it with LinuxConf, and Caldera with COAS 
(see article in this issue). 
--Editor 

Happy Hacking Keyboard Price 
The correct price for the Happy 
Hacking Keyboard at the time of the 
article was $159, not $189. Today I 
cut the price again from $159 to $139 
as a standard price. Please let your 
readers know. 

Ted Abe, PFU America, Inc. 
tetsu@pfuca.com 

BTS Correction 
In the November 1998 "Best of 
Technical Support", weird things have 
been happening to Eric Benoit's sys
tem. su misbehaves, as do man and 
less. Scott Maxwell thinks it may be 
terminal options, but the answer lies 
with /dev/tty. My bet is that somehow, 
something has changed the permis
sions on it and it is no longer read
able. Just type: 

chmod u+rw / dev / tty 

and all will be well . You should 
probably make sure it is writable 

Letters continued on page 94 



This means you can run PYM and MPI Beowulf applications on the same 
hardware that runs Microsoft Excel or Word, Oracle, Fortran, C/C++ 
and Visual Basic. Also supported are Pro/Engineer, MicroStation, 
ANSYS, LAPACK, Gaussian, Softimage and Lightwave. Over 
the last 1 7 years we have designed systems for thousands 
of satisfied customers worldwide, including major 
universities, Fidelity Investments, Lucent Technologies 
and NASA. Our technicians are expert at configuring all 
Alpha operating systems, and you will not find more technically 
competent sales people anywhere. 

Custom Screamer Workstations 
Microway systems include 1 to 4 CPUs 
with fast caches, up to 4GB of high-speed 
memory, 6 PCI slots, SCSI hard drives, 3D 
graphics cards, DLT drives and libraries, 
and RAID subsystems. Microway's exclu
sive 8MB SSRAM cache, fed by a 288-bit 
wide memory system, boosts performance 
by up to 100%. Screamer'" workstations 
range in price from $2, 795 to over $80,000. 

Microway also produces one of the fin
est numeric optimized compilers - NDP 
Fortran. Since 1986, hundreds of applica
tions have been ported to the x86 and Al
pha with it. Using hand-coded BLA's and 
FFT's, our NDP VDSP Alpha Library hits 
560 megaflops triangularizing dense arrays 
and performs a 1024 complex FIT in 146 
microseconds. This library also includes all 
LAPACK subroutines. 

I A/phoPowered 
Press Accolades for Microway's Screamer 
Windows NT Magazine Lab R eport - August, 1998 
"On the AIM WNT Peak Performance metric . . . Microway scored 
643.7. It scored higher on the AIM WNT Sustained Performance 
metric-219 .4 than any other Alpha NT System I've tested." 

LINUX Journal - January, 1998 
"Literally everything runs profoundly faster on the Screamer ." 

Windows Sources ·February, 1998 
"the Microway system blew away the best Intel-based workstations 
we've tested . .. on our number-crunching Lightwave 30 test." 

PC Computing - July, 1997 .,,~ ,.( .,,( ( 
Microway's Screamer ... "is, quite simply, the fastest Windows 
NT machine on the planet. .. The performance leader." 

Computers in Physics· September, 1997 Product of the Month 

Visit www.microway.com for complete product 
information or call technical sales at 508-746-7341. 

Digital, Alpha, and Digital UNIX TM Digital. 

M 
Visual Bas ic, NT, Excel and \Vord TM Microsoft. rcrowaY-_® __________ Ji_e_c_h_n_:_,;~_mg_er,._;_D~-FO_or_:_n~-nd-aM-~-'~-wa-~T-~_:_~c-r~-wa-~ 

Corporate Headquarters: Research Park, Box 79, Kingston, MA 02364 USA• TEL 508-746-7341 •FAX 508-746-4678 • www.microway.com 
info@microway.com •Australia 61 292094580 •Denmark 45 39624156 •Germany 49 6976752384 •India 91 806637770 •Italy 39 290782776 
Japan 81 64593113 •Korea 82 25561257 •New Zealand 64 33595556 •Poland 48 22487172 •Spain 34 35809444 • UAE 97 19281081 



> Stop the Presses 

Announcements by Sun and 
Troll Jech 
by Marjorie Richardson 

0 
n December 8, Sun Microsystems made two 
announcements of interest to the Linux communi
ty. One was the completion of the Linux port to 

the UltraSPARC architecture; the other was the new, more 
open licensing of Java. 

Ultra SPARC 
When Sun joined Linux International back in May, it 

was with the expressed intention of joining the Linux com
munity to do the UltraSPARC port. This has now become a 
reality. In addition, they have announced their intention to 
allow vendors to sell the UltraSPARC preloaded with Linux 
as well as Solaris. 

Every machine sold preloaded with Linux is another win 
for Linux. An even bigger win is having yet one more of the 
"big guys" acknowledge that computers with Linux pre
installed are more attractive to potential buyers, especially 
those new to Linux. I for one am happy to see Sun follow
ing in the footsteps of Corel Computer and Cobalt 
Networks in making this decision. 

Java Licensing 
The new, open licensing for Java has been speculated 

about for some time. Will Sun make it open? If so, when? 
Well, they did it with this announcement-another big win 
for the Open Source movement. Source code has always 
been free for non-commercial use and the binaries have 
been freely available for use in tools developed by others. 
Here's how it has become more open, according to the 
press release: 

• Allows commercial entities to use and modify the 
source code for commercial software product devel
opment without charge. 

USER FRIENDLY by Illiad 

Watcha 
doing 
Greg? 

\ 

I have a customer on 
hold. He can't seem to 

log on, and I'm searching 
the Web for an answer. 

I've tried everything. 

Have you tried 
asking him to 
turn off his 
Caps Lock key? 

I 

Oh, please. 
That's the 
first thing 
I tried. 

• Allows innovation of the source code without requir
ing that innovation be returned to Sun. 

• Allows commercial entities to modify and share com
patible source code with other commercial entities 
without charge and without mediation from Sun. 

• Allows licensees to package for resale Sun's Java 
platform class libraries with virtual machines from 
other licensees. 

These are major changes, but not quite the GPL. 
Developers who actually incorporate the code into a com
mercial product will still be required to pay a fee to Sun. 
Still, it's a step in the right direction and others are sure to 
follow suit. 

Troll Tech 
In a similar vein, Troll Tech announced in November 

that it plans to release version 2.0 of the Free Edition of the 
Qt graphical interface under an Open Source license. This 
will eliminate any worries and controversy regarding the 
inclusion of KDE desktop in commercial products. 

Good news, indeed, to everyone who has wished for a 
user-friendly desktop for Linux. KDE has come a long way 
toward providing that option for those who are shy of the 
command line. (See "KDE: The Highway Ahead" by Kalle 
Dalheimer in this issue.)~ 

In our ongoing quest to bring enjoyment to our 
readers, we introduce the Linux-based comic strip 
User Friendly by llliad: http://www.userfriendly.org/. 

I didn't mean to 
insult you. Sorry 
I couldn't help. 

I 
Hi, I'm back. 
Try turning off 
your caps lock. It worked! 

You tech guys 
are so smart! 
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Like Mom always told you, 
teamwork will get you further 
in life ... 

Now it will get you the best preinstalled 
Linux solution on Earth! 

S.u.S.E. and VA Research combine 
the best of the Linux world 

Since 1993, S.u.S.E. has provided Europe 
with cutting edge Linux software solutions 
like S.u.S.E. Linux, long Europe's favorite 
distribution. Known for advanced German
engineered tools like the YaST system 
administration tool, S.u.S.E. Linux exceeds 
the highest of expectations. 

For just as long, VA Research, based in Silicon 
Valley, has been the name synonymous with premier Linux 
hardware solutions. Whether it's servers, workstations or 
laptops, VA Research always delivers top performance, 
reliability, value and service. 

The result is a better solution for you 

At S.u.S.E. and VA Research, we've combined the best 
of our expertise, which results in an even better Linux 

solution. As you certainly know, especially 
when you work with newer, advanced 

1ft hardware, optimizing your Linux system 
can be a challenge. Our mission is to 
eliminate those hassles and surprises and 
deliver top performance right out of the box. 
We can deliver because we've done our 
homework, benchmarked our hardware, and 
realized maximum compatibility. Furthermore, 
we provide solutions like the XSuSE X Servers, 
which support an ever-broader range of 
high-end graphics cards. 

Let our team help your team 

Whether your needs call for Linux solutions for home or 
office, put the S.u.S.E./VA Research Team to work for 
you. Our knowledgeable staffs are standing by, ready to 
assist you . 

S.u.S.E. 
For S.u.S.E. Linux inquiries: 

S.u.S.E., Inc. 

To/I-free 1-888-8 7 5-4689 
1-510-835-7873 
Fox +/ -510-835-7875 
http://www.suse.com 
http://www.suse.de (Germon) 
info@suse.com 
suse@suse.de (in Europe) 

-VA-
"IC•ICA"QH 

For preinstalled S.u.S.E. Linux 
systems: 
VA Research 

Toll-free I .888.LINUX4U 
1-650-934-3666 
Fax+ 1-650-964-7668 
http://www.varesearch.com 
sa/es@varesearch.com 



University of Toronto WearComp 
Linux Pcoject 
Dr. Mann describes his WearComp ("Wearable Computer") invention 
and how it has evolved into the same kind of philosophical basis for self 
determination and mastery over one's own destiny that is characteristic 
of the Linux operating system currently running on WearComp. 

by Dr. Steve Mann 

T 
his paper is part one of a two-part series. In this part 
I will describe a framework for machine intelligence 
that arises from the existence of human intelligence 

in the feedback loop of a computational process. 
I will also describe the apparatus of the invention that 

realizes this form of intelligence, beginning with a historical 
perspective outlining its visual and photographic origins. 
The apparatus of this invention, called "WearComp", 
emphasizes self-determination and personal empowerment. 

I also intend to present the material within a philosophi
cal context I call COSHER (Completely Open Source, 
Headers, Engineering and Research) that also emphasizes 
self-determination and mastery over one's own destiny. 

This "personal empowerment" aspect of my work is 
what I believe to be a fundamental issue in operating sys
tems such as Linux. It is this aspect that WearComp and 
Linux have in common, and it is for this reason that Linux 
is the selected operating system for WearComp. 

An important goal of being COSHER is allowing any
one the option of acquiring, and thus advancing, the 
world's knowledge base. 

I will also introduce a construct called "Humanistic 
Intelligence" (HI). HI is motivated by the philosophy of sci
ence, e.g. , open peer review and the ability to construct 
one's own experimental space. HI provides a new synergy 
between humans and machines that seeks to involve the 
human rather than having computers emulate human 
thought or replace humans. Particular goals of HI are 
human involvement at the individual level and providing 
individuals with tools to challenge society's preconceived 
notions of human-computer relationships. An emphasis in 
this article is on computational frameworks surrounding 
"visual intelligence" devices, such as video cameras inter
faced to computer systems. 

Problem Statement 
I begin with a statement of what I believe to be a funda

mental problem we face in today's society as it pertains to 
computers and, in particular, to computer program source 
code and disclosure. Later, I will suggest what I believe to 
be solutions to this problem. Linux is one solution, together 
with an outlook based on science and on self-determination 
and individual empowerment at the personal level. 

A first, fundamental problem is that of software hege
mony, seamlessness of thought and the building of comput
er science upon a foundation of secrecy. Advanced comput
er systems is an area where a single individual can make a 
tremendous contribution to the advancement of human 

Figure 1. Evolution of the WearComp Invention 

knowledge, but is often prevented from doing so by various 
forms of software fascism. A system that excludes any indi
vidual from exploring it fully may prevent that individual 
from "thinking outside the box" (especially when the box is 
"welded shut"). Such software hegemonies can prevent 
some individuals from participating in the culture of com
puter science and the advancement of the state of the art. 

A second fundamental problem pertains to some of the 
new directions in human-computer interaction (HCI). 
These new directions are characterized by computers every
where, constantly monitoring our activities and responding 
intelligently. This is the ubiquitous surveillance paradigm in 
which keyboards and mice are replaced by cameras and 
microphones watching us at all times. Perpetrators of this 
environmental intelligence claim we are being watched for 
our benefit and that they are making the world a better 
place for us. 

Computers everywhere constantly monitoring our activi
ties and responding intelligently have the potential to make 
matters worse from the software hegemony perspective, 
because of the possibility of excluding the individual user 
from knowledge not only of certain aspects of the computer 
upon his or her desk, but also of the principle of operation 
and the function of everyday things. Moreover, the implica
tions of secrecy within the context of these intelligence
gathering functions puts forth a serious threat to personal 
privacy, solitude and freedom. 

Computer Science or Computer Secrecy 
Science provides us with ever-changing schools of 

thought, opinions, ideas and the like, while building upon a 
foundation of verifiable (and sometimes evolving) truth. 
The foundations, laws and theories of science, although 
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Dear Cisco 2501 users, 
try the Cyclades-PR3000. 

Get performance and 
flexibility, 

The Cyclades-PR3000 is a powerful, midrange router. The 

PR3000 offers three configurable WAN inferfoces for quick 

expansion and flexibility. 

Data Throughput1 

(Mbps) 3.6 

3 

2 

l . 
1.0 

PR3000 2501 

Raw CPU Power2 

(MIPS) 52 
50 

40 

30 

20 

10 ...... .. .... . .. 8 

PR3000 2501 
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true by assumption, may at any time be called into question 
as new experimental results unfold. Thus, when doing an 
experiment, we may begin by making certain assumptions; 
at any time, these assumptions may be verified. 

In particular, a scientific experiment is a form of investi
gation that leads wherever the evidence may take us. In 
many cases, the evidence takes us back to questioning the 
very assumptions and foundations we had previously taken 
as truth. In some cases, instead of making a new discovery 
along the lines anticipated by previous scientists, we learn 
that another previous discovery was false or inaccurate. 
Sometimes these are the biggest and most important dis
coveries-things that are found out by accident. 

Any scientific system that tries to anticipate "what 99% 
of the users of our result will need" may be constructing a 
thought prison for the other 1 % of users who are the very 
people most likely to advance human knowledge. In many 
ways, the entire user base is in this thought prison, but 
many would never know it since their own explorations do 
not take them to the outermost walls of this thought prison. 

Thus, a situation in which one 
or more of the foundation ele
ments are held in secret is con
trary to the principles of science. 
Although many results in science 
are treated as a "black box", for 
operational simplicity there is 
always the possibility that the evi
dence may want to lead us inside 
that box. 

Imagine, for example, con
ducting an experiment on a 
chemical reaction between a 
proprietary solution ''N.', mixed 
with a secret powder "B", 
brought to a temperature of 212 
degrees T. (Top-secret tempera
ture scale which you are not 
allowed to convert to other 
units.) It is hard to imagine 
where one might publish results 
of such an experiment, except 
perhaps in the Journal of Non
Reproducible Results. 

ence would result if all the foundations upon which it was 
built were subject to full examination by any scientist who 
might, at some time in the future, wish to build upon a 
given discovery. 

Thus, although many computer scientists may work at a 
high level, there would be great merit in a computational 
foundation open to examination by others, even if the par
ticular scientist using the computational foundation does 
not wish to examine it. For example, the designer of a high
Jevel numerical algorithm who uses a computer with a fully 
disclosed operating system (such as Linux) does other sci
entists a great service, even if he uses it only at the API 
level and never intends to look at its source code or that of 
the Linux operating system underneath it. 

Obvious or Obfuscated 
Imagine a clock designed so that when the cover was 

lifted off, all the gears would fly out in different directions, 
such that a young child could not open up his or her par
ents' clock and determine how it works. Devices made in 

this manner would not be good 
for society, in particular for the 
growth and development of 
young engineers and scientists 
with a natural curiosity about the 
world around them. 

Now, it is quite likely that one 
could make some new discover
ies about the chemical reaction 
between A and B without know
ing what A and B are. One might 

Figure 2. ECE1766 Class Pictures 

As the boundary between 
software and hardware blurs, 
devices are becoming more and 
more difficult to understand. 
This difficulty arises in part as a 
result of deliberate obfuscation 
by product manufacturers. More 
and more devices contain gener
al-purpose microprocessors, so 
that their function depends on 
software. Specificity of function 
is achieved through specificity of 
software rather than specificity 
of physical form. By manufac
turing everyday devices in which 
only executable code is provid
ed, manufacturers have provided 
a first level of obfuscation. 
Furthermore, additional obfus
cation tools are often used in 
order to make the executable 
task image more difficult to 

even be able to complete a doctoral dissertation and obtain 
a Ph.D. for the study of the reaction between A and B 
(assuming large enough quantities of A and B were avail
able). 

Results in computer science that are based, in part, on 
undisclosed matters inhibit the ability of the scientist to 
follow the evidence wherever it may lead. Even in a situa
tion where the evidence does not lead inside one of the 
secret "black boxes", science conducted in this manner is 
irresponsible in the sense that another scientist in the 
future may wish to build upon the result and may, in fact, 
conduct an experiment that leads backwards as well as for
wards. Should the new scientist follow evidence that leads 
backwards, inside one of these secret black boxes, then the 
first scientist will have created a foundation contaminated 
by secrecy. In the interest of academic integrity, better sci-

understand. These tools include 
strippers that remove things such as object link names and 
even tools for building encrypted executables which con
tain a dynamic decryption function that generates a narrow 
sliding window of unencrypted executable, so that only a 
small fragment of the executable is decrypted at any given 
time. In this way, not only is the end user deprived of 
source code, but the executable code itself is encrypted, 
making it difficult or impossible to look at the code even at 
the machine-code level. 

Moreover, complex programmable logic devices 
(CPLDs), such as the Alterra 7000 series, often have provi
sions to permanently destroy the data and address lines 
leading into a device, so that a single chip device can oper
ate as a finite-state machine yet conceal even its machine
level contents from examination. (See Resources 1 for an 
excellent tutorial on FPGAs and CPLDs.) Devices such as 
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Clipper chips go a step further by incorporating fluorine 
atoms, so that if the user attempts to put the device into a 
milling machine to mill it off layer by layer for examination 
under an electron microscope, the device will self-destruct 
in a quite drastic manner. Thus, the Clipper phones could 
contain a "Trojan horse" or some other kind of back door 
and we might never be able to determine whether or not 
this is the case-yet another example of deliberate obfus
cation of the operational principles of everyday things. 

We have a growing number of general-purpose 
devices in which the function or purpose depends on 
software, downloaded code or microcode. Because this 
code is intellectually encrypted, so is the purpose and 
function of the device. In this way, manufacturers may 
provide us with a stated function or purpose, but the 
actual function or purpose may differ or include extra 
features of which we are not aware. 

Environmental Intelligence Gathering 
Systems 

A number of researchers have been proposing new 
computer user interfaces based on environmental sensors. 
Buxton, who did much of the early pioneering research 
into intelligent environments (smart rooms, etc.), was 
inspired by automatic flush urinals (as described, for exam
ple, in U.S. Pat. 4309781, 5170514, etc.) and formulated, 
designed and built a human-computer interaction system 
called the "Reactive Room" (see Resources 2 and 3). This 
system consisted of vario~s sensors, including optical sen
sors (such as video cameras) and processing, so that the 
room would respond to the user's movement and activity. 

Increasingly, we are witnessing the emergence of 
intelligent highways, smart rooms, smart floors, smart 
ceilings, smart toilets, smart elevators, smart light switch
es, etc. However, a typical attribute of these "smart 
spaces" is that they were designed by someone other than 
the occupant. Thus, the end user of the space often does 
not have a full disclosure of the operational characteris
tics of the sensory apparatus and the flow of intelligence 
data from the sensory apparatus. 

In addition to the intellectual encryption described in 
the previous section, where manufacturers could make it 
difficult, or perhaps impossible, for the end user to disas
semble such sensory units in order to determine their actu
al function. There is also the growth of hidden intelligence, 
in which the user may not even be aware of the sensory 
apparatus. For example, U.S. Pat. 4309781 (for a urinal 
flushing device) describes: 

... sensor ... hidden from view and thus discourage 
tampering with the sensor ... when the body moves 
away from the viewing area ... located such that an 
adult user of average height will not see it... sensing 
means, will be behind other components ... positioned 
below the solenoid to allow light in and out. But the 
solenoid acts in the nature of a hood or canopy to 
shield the sensing means from the normal line of sight 
of most users .... Thus most users will not be aware of 
the sensing means. This will aid in discouraging tam
pering with the sensing means. A possible alternate 
arrangement would be to place the sensing means 
below and behind the inlet pipe. 

U.S. Pat. 4998673 describes a viewing window con
cealed inside the nozzle of a shower head, where a fiber 

optics system is dis
closed as a means of 
making the sensor 
remote. The conceal
ment is to prevent 
users from being 
aware of its presence. 
U.S. Pat. 5199639 
describes a more 
advanced system 
where the beam pat
tern of the nozzle is 
adapted to one or 
more characteristics 
of the user, while U.S. 
Pat. 3576277 discloses 
a similar system based 
on an array of sensing 
elements. 

A method of creating viewing windows to observe the 
occupants of a space while at the same time making it diffi
cult for the occupants to know if and when they are 
observed is proposed in U.S. Pat. 4225881 and U.S. Pat. 
5726706. 

In addition to concealing the sensory apparatus, a goal 
of many visual observation systems is to serve the needs of 
the system architect rather than the occupants. For example, 
U.S. Pat. 5202666 discloses a system for monitoring employ
ees within a restroom environment, in order to enforce 
hygiene (washing of hands after using the toilet). 

Other forms of intelligence, such as intelligent highways, 
often have additional unfortunate uses beyond those pur
ported by the installers of the systems. For example, traffic
monitoring cameras were used to round up, detain and exe
cute peaceful protesters in China's Tiananmen Square. 

U.S. Pat. 4614968 discloses a system where a video cam
era is used to detect smoke by virtue of the fact that smoke 
reduces the contrast of a fixed pattern opposite the video 
camera. However, the patent notes that the camera can 
also be used for other functions such as visual surveillance 
of an area, since only one segment or line of the camera is 
needed for smoke detection. Again, the camera may thus 
be justified for one use; additional uses, not disclosed to 
occupants of the space, may then evolve. U.S. Pat. 5061977 
and 4924416 disclose the use of video cameras to monitor 
crowds and automatically control lighting in response to the 
absorption of light by the crowds. While this form of envi
ronmental intelligence is purportedly for the benefit of the 
occupants (to provide them with improved lighting), there 
are obvious other uses . 

U.S. Pat. 5387768 discloses the use of visual inspection of 
users in and around an automated elevator. Again, these 
provide simple examples of environmental intelligence in 
which there are other uses, such as security and surveillance. 
Although even those other uses (security and surveillance) 
are purportedly for the benefits of the occupants, and it is 
often even argued that concealing operational aspects of the 
system from the occupants is also for their benefit, it is an 
object of this paper to challenge these assumptions and pro
vide an alternate form of intelligence. 

When the operational characteristics, function, data 
flow and even the very existence of sensory apparatus is 
concealed from the end user, such as behind the grille of 
a smoke detector, environmental intelligence does not 
necessarily represent the best form of human-machine 
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relationship for all concerned. Even when the sensors are 
visible, there must be the constant question as to whether or 
not the interests of the occupant are identical to those who 
control the intelligence-gathering infrastructure. 

The need for personal space, free from monitoring, has 
also been recognized (see Resources 4) as essential to a 
healthy life. As more and more personal space is stolen 
from us, we may need to be the architects of alternate 
spaces of our own. 

Solution to Software Fascism 
The firs t solution to these problems is a framework called 

Completely Open Source, Headers, Engineering, and 
Research (COSHER). Before investing considerable time in 
learning how to use new software and in developing works 
for that new software, which may then become locked into a 
particular file format, we ask ourselves a very simple ques
tion: is the software in question COSHER? 

This means that there has been no deliberate attempt at 
obfuscation of the underlying principles of the operation of 
this software or in preventing us from freely distributing the 
intellectual foundations upon which we may invest many 
years of our lives. Deliberate attempts at obfuscation 
include such practices as eliminating 
source code and stripping executable 
task images. 

By using COSHER software, we 
are making a statement that we pre
fer Computer Science to Computer 
Secrecy. Science supports the basic 
principles of peer review, a continued 
development and advancement of 
software principles and principles 
that we build on top of the software. 

Moreover, the time we invest in 
learning the software as well as creat
ing works in the software will be less 
likely to go to waste if we have a copy of the complete source 
code of the software. In this manner, should the software ever 
become discontinued or unsupported, we will be able to 
become our own software support group and migrate the soft
ware forward to new architectures as our old computers 
become obsolete. If it is COSHER, chances are we will be less 
likely to lose the many hours or years we invest in producing 
works within the software. Furthermore, if we make new dis
coveries that are built on a foundation of COSHER software, 
they are easier to distribute. 

In science, it is important that others be able to repro
duce our results. Imagine what it would be like if we had 
built our results on top of DOS 3.1. Others would have to 
either rewrite our software to exactly reproduce our results, 
or find an old version of DOS 3.1. Since this is proprietary 
software, we are not at liberty to freely distribute it with our 
research, but it is also no longer available for purchase. 
However, if we had built our work on COSHER software 
such as Linux 1.13, we can include a full distribution of 
Linux 1.13 in an archive together with our results. Many 
years in the future, a scientist wishing to reproduce our 
results could then obtain a virtual machine (emulator for our 
specific architecture which will no doubt be obsolete by 
then) and install the COSHER operating system (Linux 
1.13) that came with our archive, then compile and run our 
programs. 

The Linux operating system is a good example of a 
COSHER operating system. GNU software is also COSH-

ER. Many COSHER software packages are available, 
including GIMP (Gnu Image Manipulation Program) and 
the VideoOrbits software package (described in http:// 
wearcam.org/orbits/index.html). 

Solution to Environmental Intelligence 
Gathering 

I propose a computational framework for individual 
personal empowerment. This framework is based on my 
"WearComp" invention-an apparatus for (embodiment 
of) realization of HI. 

This framework involves designing a new kind of per
sonal space. An embodiment of the "WearComp" invention 
is an apparatus that is owned, operated and controlled by 
the occupant of that space. In one sense, the apparatus of 
this invention is like a building built for one occupant and 
collapsed down around that one occupant. 

WearComp as a Basis for HI 
I invented WearComp in Canada in the 1970s as a photo

graphic tool for the visual arts (see Resources 5), in particu
lar, something I called "mediated reality" (altered percep
tion of visual reality) . The goal of mediated reality, unlike 

related concepts such as virtual (or 
augmented) reality, was to reconfig
ure (augment, deliberately diminish 
or otherwise alter) the perception of 
reality in order to attain a heightened 
awareness of how ordinary, everyday 
objects respond to light. 

HI is a new form of human-com
puter interaction comprising a com
puter that is subsumed into the per
sonal space of the user (e.g. , the com
puter may be worn, hence the term 
"user" and "wearer" of the computer 
are interchangeable), controlled by 

the wearer, with both operational and interactional constancy 
(e.g. , it is always on and always ready and accessible [see 
Resources 6]). 

The WearComp invention, described in IEEE 
Computer, Vol. 30, No. 2 at http://wearcomp.org/ 
ieeecomputer.htm (a historical account was given in IEEE 
ISWC-97, October 1997 and is also on-line at http:// 
wearcomp.org/historical/index.html) forms the basis for HI. 
The evolution of the apparatus of this invention is depicted 
in Figure 1. 

Definition of WearComp 
A wearable computer is a computer that is subsumed 

into the personal space of the user, controlled by the user 
and has both operational and interactional constancy. 

Most notably, it is a device that is always with the user 
and into which the user can always enter commands and 
execute a set of entered commands while walking around 
or doing other activities. 

The most salient aspect of computers in general 
(whether wearable or not) is their reconfigurability and their 
generality, e.g., their function can be made to vary widely, 
depending on the instructions provided for program execu
tion. This is true for the wearable computer (WearComp ). 
For example, the wearable computer is more than just a 
wristwatch or regular eyeglasses; it has the full functionality 
of a computer system and, in addition, is inextricably inter
twined with the wearer. 
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This is what sets the wearable computer apart from 
other wearable devices such as wristwatches, regular eye
glasses, wearable radios, etc. Unlike these other wearable 
devices that are not programmable (reconfigurable), the 
wearable computer is as reconfigurable as the familiar 
desktop or mainframe computer. 

The formal definition of wearable computing defined in 
terms of its three basic modes of operation and its six fun
damental attributes is provided elsewhere in the literature. 
(See Resources 7.) 

WearComp, as Universal Interface to Reality 
Such a computational framework allows one to sub

sume all of the personal electronics devices one might 
normally carry, such as cellular phone, pager, wrist 
watch, heart monitor, camera and video camera into a 
single device. Obviously, since it is a fully featured com
puter, it is possible to respond to 
e-mail, plan events on a calendar, 
type a report, etc., while walking, 
standing in line at the bank or 
anywhere. In this way, 
WearComp anticipated the later 
arrival of the so-called "laptop 
computer'', but has advantages 
over the laptop in the sense that 
it can be used while walking 
around doing other things. 
However, the real power of 
WearComp is in its ability to 
serve as a basis for personal imag
ing and humanistic intelligence. 

ing from 5 minutes ago". Photo albums, in addition to 
being generated automatically, may also be exhibited while 
they are being generated. Rather than sending postcards to 
friends and relatives or showing them an album after you 
come back from vacation, you may just put on your sun
glasses and have the album sent to them automatically, as 
was done with the Wearable Wireless Webcam experiment 
in which video was transmitted and still images automati
cally selected from the video. 

Personal Intelligence Arms Race 
While there will no doubt be more environmental intelli

gence than personal intelligence, there is at least the hope 
that there might be an end to the drastic imbalance between 
the two. The individual making a purchase in a department 
store may have several cameras pointing at him to make sure 
that if he removed merchandise without payment, there 

would be evidence of the theft. 
However, in the future, he will have 
a means of collecting evidence that 
he did pay for the item, or a record
ed statement from a clerk about the 
refund policy. More extreme exam
ples such as the case of Latasha 
Harlins, a customer falsely accused 
of shoplifting and fatally shot in the 
back by a shopkeeper as she 
attempted to walk out of the shop, 
come to mind. 

Personal Safety Device 
WearComp not only subsumes 

the function of the laptop computer, 
but goes beyond it. Another area in 
which WearComp provides a truly 
new form of user interface not 

Fo~ your protection 
a video record of you 
and your establishment 
'11ay be transmitted ar 
·e 

In this sense, the camera-based 
reality mediator becomes an equal
izer much like the Colt 45 in the 
"Wild West". In the WearCam 
case, it is simply a matter of mutu
ally assured accountability. 

Future Directions 

found on laptops and PDAs (person
al digital assistants) is in its constan
cy of user interface and operation. 

1 
corded at remote 

1~ations 

Much work remains to be done 
in development of this project. 
Currently, I teach Electrical and 
Computer Engineering (ECEl 766) 
at the University of Toronto. To 

This characteristic may become most evident in its use as a 
personal security camera. Imagine, perhaps as you walk down 
some quiet street at night, an assailant appears, demanding 
cash from you. You would not likely have the time or oppor
tunity to pull out a camcorder to record the experience, but 
since the eyeglasses are worn constantly, you would have a 
video record of the experience to aid investigation. 

Camera of the Future 
Less extreme examples of WearComp as a new user

interface include the ability to construct a personal docu
mentary video without conscious thought or effort. For 
example, in a fully mediated reality, all light entering the 
eyes, in effect, passes through the computer and may there
fore be recorded (and possibly transmitted to remote loca
tions). Wearable Wireless Webcam (see Resources 8) is an 
example of a personal documentary video recorded using a 
reality mediator. 

In the future, we may very well have the capability to 
capture and recall our own personal experiences and to 
have photo albums generated automatically for us. We will 
never miss baby's first steps, because we will have a retroac
tive record feature that lets us, for example, "begin record-

the best of my knowledge, this is the world's first course on 
how to be a "cyborg" entity. Students learn not only by 
doing, but by being. I call this form of learning existential 
learning. Each student creates a "reconfigured self"-a 
new form of personal space. Thus, students learn about the 
concept of personal empowerment from a first-person per
spective through personal involvement. 

We are writing new protocols for the altered perception 
of reality (mediated reality) that the WearComp provides. 
One example is picture-transfer protocol (PTP), in which 
packets of variable length are transmitted. Each packet is a 
JPEG compressed picture. Because of image compression, 
the amount of data varies depending on image content, 
hence the packet length depends on image content. 

The reason for one packet per picture is that pictures 
are taken 60 times per second, which is much faster than 
they can be sent. Thus, whenever there is a lost packet and 
a re-transmission is needed, a newer picture will most like
ly be available to be sent instead. With PTP, retransmis
sions are always current. 

Next month I will describe a mathematical (computa
tional) framework called "Mediated Reality", in which we 
will see that picture data is of greatest value only if it is 
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up-to-date. Old pictures are of less value when trying to 
construct a computer-mediated reality. Thus, packet 
resends should always be of the most current image; hence 
the design of PTP is based on variable packet lengths, in 
which the packet length is the length of a picture. 

Further information about the WearComp Linux pro
ject may be found in http://wearcam.org/ecel 766.html. ~ 

Steve Mann, inventor of WearComp (wearable com
puter) and WearCam (eye-tap camera and reality 
mediator), is a faculty member at the University of 
Toronto, Department of Electrical and Computer 
Engineering . Dr. Mann has been working on his 
WearComp invention for more than 20 years, dat
ing back to his high school days in the 1970s. He 
brought his inventions and ideas to the 
Massachusetts Institute of Technology in 1991, 
founding what later became the MIT Wearable 
Computing Project, and received his Ph .D. from MIT 
in 1997 in this new field he had established . 
Anyone interested in joining or helping out with the 
" community of cyborgs" project or the WearComp 
Linux project may contact the author by e-mail at 
mann@eecg.toronto.edu. 

Thanks to Kodak and Digital Equipment Corporation 
(DEC) for assistance with the Personal Imaging and 
Humanistic Intelligence projects. 
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Computing, Cambridge, Massachusetts, October 13-
14, 1997, IEEE. 
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wearcam", Steve Mann, Personal Technologies, March 
1997, Volume 1, Issue 1. 

7. "Humanistic intelligence: wearcomp as a new 
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2151 +cover, November 1998, 
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Hunting Hurricanes 
The authors tell us about hunting hurricanes using the 
Scanning Radar Altimeter running on Linux and analyzing 
data with Yorick. 

by C. Wayne Wright and Edward J. Walsh 

I
n March 1998, we started development of a new Linux
based data system for the NASA Goddard Space Flight 
Center scanning radar altimeter (SRA). The goal was to 

significantly reduce the system weight and volume to enable 
its installation on one of the NOAA hurricane hunter 
WP3D aircraft (see Figure 1) for the 1998 hurricane season. 
The SRA measures hurricane directional wave spectra and 
storm surge. The data will ultimately be used to help refine 
and improve hurricane models and improve forecasting and 
understanding. 

The 1998 hurricane season was quite active and the SRA 
successfully flew in hurricanes Bonnie, Earl and Georges, 
collecting almost 50 hours of actual mission data. 

Our principal obstacle was the short time frame until we 
needed to be operational onboard the hurricane hunter. 
The size, weight, complexity and power consumption of the 
SRA were also critical design items because of floor loading 
considerations and the limited payload capacity of the P3 
aircraft when operating on long (10-hour) missions in turbu
lent weather conditions (hurricane-eye wall penetrations). 
Interrupt response time, crash-proofness and freedom from 
"lock-ups" were all important considerations when choosing 
the operating system for the SRA. 

The new SRA data system, built on top of a Red Hat 4.2 
system and Linux kernel 2.0.29, occupies eight inches of ver
tical rack space, weighs about 40 lbs, runs totally from an 
internal 12-volt aircraft battery and requires about 120 watts 
of total input power. It includes a custom ISA board with 
several PIC microchips which perform dedicated functions 

Linux Data Sytem 

Transmitter Receiver 

Figure 2. Block Diagram of the SRA Sensor 

for the radar. It also 
includes the entire 
radar IF (intermedi
ate frequency) strip, 
detectors and a 
2ns/point waveform 
digitizer. No monitor 
or keyboard is direct
ly connected to the 
SRA; instead, Linux 
laptops are used for 
all control and dis
play. Those laptops 
run Red Hat 5.1 and 
2.0 Linux. 

Figure 1. Front View of NOAA-43, 
One of Two WP3Ds 

The RT-Linux (Real-time Linux) software does the fol
lowing: 

• Drives the waveform digitizer. 

• Computes the centroid-based range measurement 
between the transmit and return pulses. 

• Manages 96 automatic gain control loops. 

• Corrects for aircraft attitude and off-nadir angle. 

• Deposits formatted data in a shared memory block 
from which a normal Linux program extracts and 
records it to a disk file. 

The SRA makes extensive use of Tcl!Tk and the Bit graphics 
library for real-time display. 

Post-processing of SRA data is done with Yorick, a 
free and very powerful programming language that runs 
on Linux, a wide variety of other UNIX platforms and 
MS Windows. 

Background 
The previous implementation of the SRA was devel

oped in 1988 using an array of 68020s on a Multi-bus-I 
backplane, a CAMAC crate full of nuclear physics instru
mentation and a combination of UNIX and VRTX (VRTX 
is a real-time kernel) . VRTX ran on real-time processors 
and UNIX ran on the system host. The CAMAC crate was 
quite heavy, consumed considerable power, occupied sub
stantial rack space and was expensive. It used hardware 
time-interval units (TIUs) to measure the time for a radar 
pulse to travel from the aircraft to the ocean and back. It 
used "threshold detection" which caused the TIU to stop 
and a CAMAC-based waveform digitizer to acquire the 
return waveform. The waveform data required its own 
68020 processor to "process" each waveform and extract 
certain data. The data were used to refine (post-flight) the 
range measurement made by the TIU. Threshold TIUs suf
fer from an effect known as "range walk'', which causes the 
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measured range to vary as a function of the strength of the 
return pulse. The array of processors communicated with 
each other via a 4MB memory card which resided on the 
multi-bus. Control of the system was via a character-based 
terminal and real-time display was done on an SBX Matrox 
graphics module which was managed by its own 68020 pro
cessor. One of the 68020 processors ran UNIX; that proces
sor ran programs which extracted radar data from the 4MB 
card and stored it on a 9-track magnetic tape or a disk file. 
The UNIX processor hosted all software development and 
managed the operator control terminal. 

Due to its volume, weight and power consumption, we 
were unable to install this version of the SRA on the hurri
cane hunter. Limitations in the hardware signal-tracking 
circuits would frequently falsely trigger the system on a side 
lobe and effectively eliminate the true range measurement. 

SRA System Description 
The SRA is an airborne, 36GHz, down-looking, raster

scanning pulsed radar. A simple schematic block diagram 
of the sensor is shown in Figure 2. Its one-degree beam 
(two-way) is scanned across the aircraft flight track and a 
precise time-of-flight measurement is made for each of 64 
pulses transmitted at 0.7 degree intervals across the scan. 
As the aircraft proceeds, a topographic image of the sur
face (normally ocean waves) is developed, recorded and 
displayed. The nominal ranging accuracy of the SRA is 
lOcm. Three differential carrier-phase GPS receivers are 
used to measure the exact location of three GPS antennas 
mounted in an array on top of the aircraft. A ground-refer
ence GPS is set up where the flight originates and the 
ground and aircraft GPS data are processed post-flight to 
produce an aircraft trajectory, typically accurate to about 
30cm in our application. Higher accuracies are possible 
when operating under less stressful flight conditions. 

The Radar Components 
The SRA radar consists of a 20-inch Rexalite lens, a 

feed horn on the lens axis which looks up into a mechanical 
scanning mirror that mirror-images the feed horn to the 
focal point of the lens, a pulse modulator and RF exciter, 
receiver, l.7KW Extended Interaction Amplifier (EIK) and 
the RT-Linux data system. The data system is the topic we 
will discuss here. Figure 
3 is a photograph of the 
SRA scanner installed 
on the NOAA hurricane 
hunter. The fairing is 
removed in this photo. 

Figure 4 is a block 
diagram of the SRA 
power system. The SRA 
requires an uninterrupt
ible power source for 
Linux and the three dif
ferential GPS receivers 
and computers. Instead 
of an off-the-shelf UPS, 

Figure 3. The SRA Scanner 
Assembly Mount ed on the 
NOAA P3 

we went with a 12-volt 25 AH "RG" (recombinant-gas) 
sealed aircraft battery as the prime power source for the 
system. This was chosen for two reasons: 

• We needed an uninterruptible power source, because 
aircraft are notorious for power dropouts during 
engine start and shutdown. 

GPS 
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SRA Linux 
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Figure 4 . SRA Data Power System 
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Figure 5. Block Diagram of the SRA Data System 

• We needed to power our 12-volt GPS receivers for up 
to an hour before and after each mission without air
craft power applied. 

We purchased a 12-volt input 150W PC power supply to 
power the data system. The battery can power the data sys
tem and the three GPS receivers for about two hours, or 
the GPS receivers alone for five hours. We located the bat
tery in the rear of the custom data system housing. 
Figure 4 depicts the wiring of our power system. 

Figure 5 is a block diagram depicting the internals of 
the SRA data system. The computer is a single-board 200 
MHz Pentium which plugs into a passive backplane with 
ISA and PCI slots. The CPU card contains PCI-VGA video, 
PCI-IDE controller, PCI fast-wide SCSI controller, 64MB 
of RAM, 512MB of cache, two serial ports, a parallel port 
and the CPU. A PCI 3c595 network card provides network
ing and a special-purpose ISA card loaded with PIC micro
controllers provides an interface to the radar systems. A 
6.4GB EIDE disk drive is used as /dev/hda to hold Linux 
and for data storage. A backup SparQ l.OGB removable 
drive is installed as /dev/hdb. The system has no floppy or 
CD-ROM drive. If a CD or floppy is needed, they are sim
ply remotely mounted with NFS from one of the Linux lap
tops which have both. No keyboard or monitor is used for 
normal operations, though they can be plugged in if the 
need arises. 
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Initially, we used a 
4.2GB SCSI drive, but that 
used too much electrical 
power. Early development 
was done using a 250W 
117vac PC power supply. 
When we switched to the 
12-volt input 150W power 
supply, we discovered we 
were over our power budget 
by 25 watts or so. During 
the boot process, the power 
consumed by the combina
tion of the SCSI drive and 
the waveform digitizer 
would cause the power sup
ply to "spike" the 5-volt 
source and cause a reboot. 
It took us several hours to 
find this problem. It would 
generally happen just as 
Linux began loading, due to 
the digitizer being powered 
up and the drive being 
accessed. During the DOS 
boot, the digitizer was not 
powered until after DOS 
booted and after the digitiz
er configuration program 
loaded and ran. 
Consequently, the loading 
of Linux was the straw that 
broke the camel's back. We 
finally settled on a 6.4GB 
EIDE disk drive for Linux 
and for data storage. The 

Figure 6. The SRA Data 
System during Development 

Figure 7. View of SRA Data 
System Internals 

Figure 8. Data System after 
Packaging 

power consumption of the EIDE drive is substantially less 
than the SCSI and no perceptible difference is seen in per
formance of the data system. 

Figure 6 is a photo of the SRA data system during devel
opment. It was in this "state" until just a few days before our 
first test flight on the NASA C-130. Figure 8 is a photo of 
the data system after packaging. Figure 7 shows the internal 
organization of the data system as viewed from the top rear. 
The enclosure is reversed from most rack mounts. We want
ed to have ready access to the computer card connections 
without having to remove the rear rack cover. The only con
nections on the rear are for the GPS receivers and the bat
tery charger. The black power supply under the data system 
in Figure 8 is our prime power supply/battery charger. 

2ns PCI Waveform Digitizer, DOS, GageScope 
The core data acquisition device in the SRA is the 

GageScope 8500-PCI waveform digitizer. It provides for up 
to 128KB of sequential samples taken every 2ns (nanosec
onds) . This permits us to digitize a 256-microsecond wave
form. We actually digitize for 60µ,s , beginning a few hundred 
nanoseconds before the radar pulse is transmitted and end
ing after enough time has expired to accommodate a signal 
return from our highest possible altitude. The pulse takes 
2µ,s to travel 1000 feet and return, so to accommodate a 
maximum altitude of 30,000 feet, we need to digitize at least 
60µ,s. Since a point is digitized every 2ns, there will be 30,000 
points in each waveform. We don't read all 30,000 points out 
of the digitizer. We "track" the position of the returns and 
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read out only 256 points centered around where we expect 
the return to come from. Since the ocean is basically flat , 
this technique works well. 

The driver code provided by Gage for the 8500 supports 
DOS, Windows and Windows NT. It is extensive, to say the 
least. It contains several thousand lines of code solely to ini
tialize most of the cards that Gage makes to an operational 
state. Apparently, much of the functionality of the card is 
loaded into programmable Logic Arrays from the DOS driv
er. The Gage driver code supports virtually every waveform 
digitizer made on several different OS platforms. They make 
extensive use of conditional compilation to select both the 
desired digitizer board and the desired operating system. 
They attempt to establish an isolating layer of driver code, so 
that a common set of driver calls appears to the users of 
their supplied library. 

After looking at the driver start-up code, we though it 
might take more time to port the start-up code to Linux than 
we could afford. In order to avoid porting the long and com
plex start-up code, we elected to make the system dual boot 
Linux and DOS. This scenario has worked well, permitting 
us to get a DOS program going quickly which would config
ure the digitizer. After the digitizer is configured, the 
autoexec.bat DOS script loads Linux using loadlin, a DOS 
program which can load a Linux kernel from DOS. The 
DOS digitizer start-up code leaves the digitizer in a known 
functional state. The code required to use the digitizer is 
actually not very extensive and only requires accessing a few 
registers and memory locations on the Gage card. The folks 
at Gage were very helpful in getting it working. 

Hardware Interrupts 
Waveform data are extracted from the digitizer after a 

radar pulse event has occurred. One of the 16C65A micro
controllers controls all aspects of triggering the transmit
ter, actuating various gates, triggering the waveform digi
tizer and finally interrupting the Linux waveform digitizer 
interrupt handler. 

The RT-Linux interrupt typically responds in 2µ,s (on our 
200MHz Pentium) with occasional jitter to several microsec
onds. When we did this same test with MS Windows a cou
ple of years ago, we found the fastest response to be on the 
order of 50µ,s ( 486-dx2 66MHz) with jitter well into tens of 
milliseconds. It is incredible just how responsive Linux is to 
interrupts. Figure 9 is a digital scope capture, where the top 
trace rising edge is the actual hardware interrupt signal on 
the ISA backplane. The bottom trace is a hardware signal 
generated by the interrupt code. It simply wrote a "1", wait
ed awhile, then wrote a "O" to the printer port. Each hori
zontal division 
is 2µ,s. This "'"'" 
demonstrates 
the typical 
latency of our 
RT-Linux sys
tem. 
Concurrent 
with this test, 
we ran a find 
command in 
another xterm 
so the system 
had something 
to do. 
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Figure 9. RT-Linux Interrupt Jitter 

Microcontroller Board, 16C65A 
Microcontrollers permit very hard and reliable real-time 

capabilities. They are well-suited to replacing arrays of 
chips and digital logic in many applications such as the 
SRA. We designed a special ISA interface board for the 
SRA which encompasses most of the special requirements 
of the radar and special interfaces. 

The board is presently populated with four Microchip 
16C65A microcontrollers. One microcontroller implements 
a real-time clock which automatically maintains time-of-day 
synchronization with our GPS receivers. It has a least sig
nificant fractional time bit of 200 nanoseconds and provides 
the SRA with up to 64 bits of accurate time information. 
This chip automatically captures the trigger time for each 
radar pulse. It and its neighbors can all be read and written 
by Linux. 

A pair of microchips function together to convert the 
scan encoder pulse trains into radar trigger events. As our 
scan mirror rotates, a scan encoder measures the scan 
angle. At our scan rates, it produces a pair of 40KHz 
square-wave signals which are 90 degrees out of phase. One 
microchip is programmed to combine these two signals 
together and produce a single 80KHz signal, which is then 
counted to determine the position of the scanner. The sec
ond microchip is programmed to count the 80KHz signal 
and initiate a radar pulse at predefined angles. With its 
200ns instruction time, this microchip directly controls all 
aspects of the transmitter and receiver electronics and also 
generates an interrupt to Linux once a waveform has been 
acquired by the waveform digitizer. For each SRA pulse, 
this microchip: 

• Protects the receiver front-end from damage. 

• Verifies that the receiver is protected. 

• Gates the digitizer on. 

• Gates the EIK amplifier on. 

• Delays exactly 200ns. 

• Triggers the transmitter modulator to generate an 8ns 
pulse and causes the real-time clock microchip to 
capture the present time. 

• Delays 200ns for the transmit pulse to be well clear. 

• Enables the receiver to receive return signals. 

• Interrupts the RT-Linux SRA module to extract the 
waveform data from the digitizer. 

RT-Linux 
RT-Linux is a patch which gives Linux many of the 

most important features needed by real-time programmers 
and embedded-system designers. It is implemented as a 
set of modules which can be installed and removed using 
insmod and company. You also use insmod to install any 
real-time code you write. RT-Linux programs execute in 
the kernel space and have full access to the system hard
ware and kernel code as well. 

We've done a considerable amount of development 
using Turbo-C and DOS in the past, and it is truly amaz
ing how infrequently we had to reboot Linux during 
development of the SRA. Back under DOS, we usually 
had to reboot several times per day. With Linux, we had 
to reboot only three or four times during the entire devel
opment period. 
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Shared Memory 
Once the RT-Linux 

programs/modules cap
ture the data, they 
must be written to 
storage and displayed 
for the system opera-
tor. We accomplish this 
by using shared memo-
ry. The SRA has 64MB 
of RAM and we con
figured the kernel to 
boot using mem= 6 lm 
which causes the ker-
nel to manage only the 
lower 61MB, leaving 
3MB untouched. It is 
this 3MB that we use 
for real-time data cap
ture and as a common 
communication buffer 
area between RT-Linux 
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Figure 10. SRA Memory Usage 

modules and normal user-space programs. Figure 10 
depicts the SRA memory usage. 

We wrote a single C program (rgc.c) which provides 
most of the interface between Linux user mode and RT
Linux. This program is a simple command-line style pro
gram with tons of commands to read and write data space 
in common between RT-Linux and user space. Most of our 
Tcl{fk scripts merely open a pipe to this program and use it 
to pass commands and extract data from the system. The 

program can also be used directly from the command line. 
This makes development and debugging simpler. 

One of the run-line options to rgc causes it to loop, test
ing for data to be written to disk. If no data are ready, the 
program sleeps for one second. If data are ready, they are 
extracted and written to the specified disk file. 

Linux Laptops 
We use up to five laptops on the SRA at once: three for 

collecting GPS data (one laptop for each GPS receiver) and 
two for control and display of real- time SRA data. A per
sonal laptop is used for control, and if we're both on the 
flight, we can both run several instances of the same display 
programs using another personal laptop. We each have our 
favorite color-bar for the image of the sea. We'll frequently 
use one machine to control the SRA and the other to write 
or modify display or system software as we're flying. The 
laptops are Chembook 9780s. Each has a 4GB internal 
hard drive and a modular 6.4GB drive (in place of the flop
py) , a 14.2" XGA LCD display, PCMCIA Ethernet card 
and a 233MHz Pentium-Pro CPU. 

Each of these machines dual boots either Red Hat 
Linux 5.1 or MS Windows 95. To use the laptops as X ter
minals, we boot Linux, then run the Xfree86 server. We run 
the X server such that the laptop becomes an X terminal 
for the SRA data system. This puts most of the burdensome 
display processing on the laptop processor, since the X 
server seems to be where the CPU cycles go. There are two 
ways to cause X to act as an X terminal. The first is: 
X -query s omemachine 
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and the second: 

X -indirect somemachine 

The target machine must be running XDM (X display 
manager) for this to work. The first method will link 
directly to the target machine, where you see a typical 
XDM login prompt. This first method is what we use 
when controlling the SRA data system. The second 
method will give you a list of all the machines known on 
the network to support XDM or X terminals. It is useful 
back at the lab where many potential hosts are available to 
pick from. 

You can even have two or more X servers running at 
once. Here's an example: 

X -query first-machine 
X :1 -query second-machine 
X : 2 -query third-machine 
X :3 -query fourth-machine 

You can get a local X server going with the command: 

startx -- :4 

The SRA system configured for storm-surge measure
ments consists of three Chembook Pentium laptops which 
dual boot Linux and DOS. The GPS data acquisition pro
gram was written for DOS, so each laptop runs this DOS 
program when collecting the GPS data. After the mission, 
we reboot the machines to Linux and transfer the data to 
the SRA data system where it is archived with the other 
mission data. Once it is all together, we transfer it to the 
two laptops. In this way, we have triplicated the data. We 
then take the laptops with us back to the hotel and begin 
analyzing the data. All five laptops and the SRA data sys
tem are on a lObaseT Ethernet network. 

GPS and RS-232 Aircraft Data 
Some aircraft data are read via RS-232. For this, we 

are using the standard /dev/ttySxx ports and drivers. The 
aircraft data are in a 9600 baud stream occurring once per 
second and the GPS produces a position message twice 
per second. We use our GPS message to drive a simple Blt 
plot of the latitude versus longitude, so we can track the 
progress of the flight. 

The RS-232 data are actually captured by the rgc pro
gram, since the RT-Linux modules can't make use of the 
native Linux drivers and we didn't need to rewrite drivers 
that were working perfectly. Once the data are read, they 
are copied to the shared memory area above 61MB where 
any of the programs can access it. Normally, it is accessed 
by another invocation of rgc and read. 

Pitch, Roll, Heading and Track Angle 
Accurate aircraft attitude, heading and track angle 

data are critically important to the SRA in real time. The 
pitch-and-roll attitude of the aircraft is taken from the on
board Inertial Navigation Units (INU), using Synchro-to
digital converters-one for each parameter. These are 
read by the RT-Linux module during each scan line. The 
heading and track information is presently provided via 
RS-232 from the on-board aircraft data system, which has 
a direct interface to the INU's digital data stream. 

Resulting Data (Radar, GPS, Aircraft) 
The SRA radar data are written to disk files by the rgc 

program. The aircraft data are captured by a separate pro-

gram and written to a separate disk file. This data is nor
mally captured for the entire duration of the flight, provid
ing a complete flight record in a single file. The carrier
phase GPS data are captured continuously from 45 min
utes before the flight until 45 minutes after the flight. The 
pre- and post-mission data are necessary to resolve the 
aircraft position to the centimeter level. 

System Software Development 
Before any Linux development was carried out, we felt 

it necessary to write some DOS code to work with the 
Gage digitizer board. Turbo-C version 5.0 was required to 
compile and use the Gage-supplied library. Once we were 
successful in getting a Gage example program to work on 
DOS, we worked with Gage Engineers to communicate 
directly with the digitizer using a normal user-mode pro
gram. The main trick was to make the DOS program con
figure the digitizer and then exit without powering it 
down. The second trick was to boot from DOS into Linux; 
this turned out to be quite easy with loadlin. 

We determined the PCI board settings for the digitizer 
by reading /proc/pci and then hard-coding various test 
programs with the values. We wrote various normal user
mode programs to become familiar with the digitizer. We 
were able to manipulate the digitizer card in every way 
except handling interrupts. The gdb debugger was a big 
help throughout the development. 

Microcontroller Software Development 
A substantial part of the SRA software is actually 

firmware resident on various microchips. 
Microchip provides, at no cost, a very complete and 

easy-to-use development package for their 16C65A (and 
other) microcontrollers. It sports a comprehensive simula
tor, making it possible to watch simulated execution of 
quite extensive programs. The only downside is the system 
runs only on MS Windows. 

RT-Linux 
The RT-Linux extensions provide just the right features 

for a real-time data system such as the SRA. The exten
sions provide much more capability than we actually use in 
the SRA. We use it to start an RT task at the end of each 
raster scan. The task processes all the data captured dur
ing the previous scan and makes a number of calculations 
necessary to configure the system for the next raster. 

Linux User to RT-Linux Interface 
We wrote rgc.c to be a liaison between normal user 

processes under Linux and the RT-Linux SRA module. 
Quite simply, rgc sets up a pointer to the shared memory 
space that the SRA RT module uses for data storage. 
They understand each other because they share a com
mon .h file defining the data organization in the shared 
memory space. Figure 11 depicts how the various SRA 
real-time programs communicate with each other. rgc 
usually reads commands from stdin and writes to stdout. 
If it is invoked with certain switches, it forks and polls for 
RS-232 data and/or writes captured data from the shared 
memory to disk, all the while taking its commands from 
stdin. The command set is simple ASCII strings such as 
set thresh 24 or get roll. The Tcl/Tk programs 
each open a pipe to their own private rgc, then send com
mands and receive data back. Everything is done this way 
except the topographical image display. That program, 
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creep.c (because it 
creeps up the screen), 
accesses the shared 
memory directly. The 
main reason for con
centrating everything 
into rgc is that it gen
erally means we need 
only recompile rgc, 
creep and the SRA 
module when some
thing is added or 
removed in the 
shared memory area. 
In short, it makes for 
quicker development. 
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Figure 11 . SRA Progam Block 
Diagram 

Linux X Terminal-System Display and Control 
Figure 12 is a screen shot of the SRA control laptop dur

ing hurricane Bonnie's landfall. The image on the left side 
of the screen is the real-time topographic display. It is gray
scale encoded so that the higher things are, the more white 
they appear; the lower, the darker. This image clearly shows 
waves on the left side of the image, the beach in the center 
and a very distinct dune line. We also have a color-encoded 
version of this program, but its interpretation is not as intu
itive. The blue/brown display represents the attitude of the 
aircraft. It is a short Tcl(Tk script which reads aircraft atti
tude data captured by the SRA RT-Linux module. 

The bright green display shows how we control and 
designate the operating conditions for the SRA. At this 
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time, we manually find the return signal using the slider. 
Once found, we click the "auto" button and the system 
will keep the ground in the center of our digitizer win
dow, regardless of aircraft altitude variations. The flight 
map is yet another short Tcl(Tk program. It extracts GPS 
position data from the shared memory area and uses it to 
map our position. 

TK, Bit, Xview 
Tel 7.6 and Tk 4.2 with Bit 2.3 are used extensively in the 

SRA. Initially, we thought it might be useful only for proto
typing, but it soon became obvious that the X server would 
be the display bottleneck and not Tcl!Tk. 

During development and before we purchased the lap
tops for control, we used a monitor connected directly to 
the SRA system. This meant that the X server would run 
there too. When we began experimenting with using a 
remote X server, we quickly discovered that the burden of 
the X server had also moved to the remote system. This was 
a no-effort way to automatically distribute the load across 
one or more computers in the system. 

We wrote the image display in C using the Xview library. 
We used this library because we already had a book about it, 
and it didn't look too difficult to use. It writes each scan line 
directly to the display and simultaneously to a "pix-map". 
When a "repaint" event occurs, the pix-map is used to 
repaint the whole image. A great way to put a load on the 
display computer X server is to grab the image map and 
move it around the screen. The load on the displaying com
puter will go through the roof, but the data system will 
remain unaffected. 

Data Analysis-Yorick 
Once we had some SRA data, we obviously needed to 

build some software to review it. We wanted to have SRA 
processing software on several machines and without licens
ing hassles. That way, we would be able to develop pro
grams at home, on an office laptop (which is also used to 
control the SRA), on the SRA data system computer and on 
office Linux and Windows PCs. In total, we needed process
ing on at least five to ten different systems. We considered 
IDL, Matlab and Yorick. Our tool of choice for processing 
was Yorick. It is free, very powerful and will run on a wide 
variety of platforms including almost every UNIX machine 
known, Linux and Windows. It has the ability to save data so 

Figure 12. SRA Screen in Operation during Bonnie. 
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it can be read on a big-endian or little
endian machine. 

We first heard of Yorick from an 
article in Linux Journal ("The Yorick 
Programming Language", Cary 
O'Brien, July 1998). We downloaded 
it and gave it a try. We like its C-like 
syntax and ability to load (and 
reload) individual functions of a pro
gram. This makes for a very power
ful and flexible development envi
ronment. One of its best features is 
its cost-free! To put either Matlab 
or IDL on all the machines would 
have been prohibitively expensive. 
Since we have Yorick on the SRA 
data system and on the controlling 
laptop, we can easily analyze data in 
the field with minimal effort using 
the Linux laptop. Figure 13 shows 
topographic images from the SRA 
overlaid on a wind field plot from 
the August 24th flight. The sea state 
was above 18 meters (60 feet) on the 
northern flight line. 

Results 
We had two or three short test 

flights on the NASA C-130 aircraft 
before we had to pack everything up 
and ship it to MacDill Air Force Base 
in Tampa, Florida, for installation on 
the NOAA hurricane hunter. We 
removed a number of bugs during 
these test flights, but not all. When we 
shipped the system, it still would not 
track properly. 

Once we were all installed on the 
hurricane hunter, we had a 6-hour 
test flight. This permitted us to work 
out almost all of the bugs we had seen 
earlier and a few new ones. We still 
had a few problems with the tracking 
code, which would not track reliably. 

Figure 13. Initial Data Product from 
Yorick Showing Surface 
Topographic Images Superimposed 
on NOAA Wind Plots 
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Bonnie 
We flew two missions in hurricane 

Bonnie: the first on August 24 and the 
second during landfall on August 26, 
1998. During our first transit flight 
from Tampa to the storm, we were 
able to isolate and correct the tracker 
bug and everything started working 
better than expected. Soon after leav
ing the east coast of Florida, our topo
graphic display of the sea came alive 

Figure 14. Flight 
Track during 
Bonnie's Landfall 

for the first time, showing real sea state. Ocean waves as 
high as 63 feet were observed in the northeast quadrant of 
the hurricane on the 24th. Figure 14 shows our August 26 
flight track during landfall overlaid on the aircraft weather 
radar image and a contour plot of the wind field data. The 
base image includes the weather radar, the wind field and 
the coastline and was provided by the Hurricane Research 
Division (HRD) of the NOAA Atlantic Oceanographic and 
Meteorological Laboratory (AOML) in Miami. We pro
duced this overlay using Yorick. 

In addition to hurricane Bonnie, we also flew in Earl 
and Georges. 

Conclusion 
Thanks to the reliability of Linux and all of the off-the

shelf real-time data processing programs available in that 
domain, we were able to put together a state-of-the-art data 
system on a very tight schedule with a great variety of real
time displays. The displays proved to be of great value both 
in troubleshooting during development and in real-time 

geophysical assessment and interpretation during data 
acquisition. As a result, we were able to document for the 
first time the spatial variation of the wave field in the vicini
ty of a hurricane and the spatial and temporal variation of 
the storm surge associated with hurricanes on landfall.~ 
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You've been there before. Trying to compile 
complex code with less than satisfactory tools. You need 
a professional compiler and debugger that you can trust. 
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COAS: A Flexible Approach to 
System Administ[ation Tools 
Caldera is working on a new easy-to-use configuration 

tool for Linux. Mr. Kirch gives us the details. 

by Olaf Kirch 

C OAS stands for Caldera Open Administration 
System. It will be incorporated as the main config
uration tool in future versions of the OpenLinux 

distribution. 
For those who have never used OpenLinux, the tool we 

have been using for quite a while is called LISA (Linux 
Installation and System Administration) , which is basically 
one huge shell script using a modified version of the dialog 
tool to interact with the user. When we felt it was time to 
move on to something new, we of course looked at what 
was already available. The only viable option at that time 
seemed to be LinuxConf, which had quite a ways to go 
before it would become useful. Since that time it has 
become much better, but because we had already started 
work on COAS, we decided to stick with it. Of course, we 
believe our concept is better. 

The source code to COAS is released under the GNU 
General Public License. We feel our work might be useful 
to the Linux community as a whole and we want to invite 
interested programmers, administrators and users to partic
ipate in its development by offering comments contributing 
patches or even modules. 

Vertical Modularity 
The main idea behind COAS is not to provide just 

another administration tool, but an entire framework for 
writing one. From the start, we wanted it to be a modular 
application where assumptions about such things as sys
tem data representation, file locations and dependencies 
are separated as much as possible from user dialogs and 
vice versa. Ambitious as this goal may appear, our main 
interest was the ability to easily adapt the tool to changes 
in the underlying platform and in porting it to other Linux 
platforms. 

I like to call this vertical modularity, because it breaks 
up the task of system administration into three layers. At 
the lowest level are native system data files, such as 
/etc/passwd, /etc/hosts or files that define the IP address for 
a particular network interface. 

On top of that, COAS implements an internal represen
tation as a kind of database. If this term made you jump in 
your seat and shout, "Oh no, Mr. Bill, not a Linux 
Registry!", please be assured that this is definitely not what 
we want it to be. COAS is supposed to be vi-administrator 
friendly. We want users to be able to switch between COAS 
and vi (or Emacs) administration, because even though we 
hope COAS will be useful for everyday tasks, it cannot 
cover each and every feature of a system component. 
(Consider the configuration monster incarnate, sendmail
you can spend as much time writing configuration software 
for it as Eric Allman keeps churning out new features .) 

The native system files will remain the primary source 
of information. The COAS data model is strictly a run-time 
representation of system data that attempts to hide the on
disk representation from the upper layers. For instance, an 
administration module for the BIND server should not 
have to bother about where DNS zone files are located and 
how they are to be parsed; all it needs is the list of DNS 
zones this server is a primary or secondary name server for 
and the records they contain. 

Having an abstract data representation also allows for 
alternate data access mechanisms. For example, our 
database engine can store a change log of an administration 
session to a file , which could then be distributed to other 
machines, thus allowing for bulk updates. Also, there's the 
vague idea that COAS might one day support remote 
access via LDAP or SNMP. 

The top-most layer is the user interaction code. This 
code drives the dialog with the user and controls what 
information is displayed to the user at what time. It uses a 
standard set of dialogs, provides on-line help, etc. We 
decided to use a scripting language, Python, at this layer in 
order to allow for rapid prototyping. In addition to this, 
wrapping all lower-level functionality in Python classes and 
functions provides an additional level of insulation that 
restricts the number of tricks a programmer can pull. This 
may seem like a disadvantage to the hackers among you, 
but it is truly a big plus when it comes to code maintenance. 

Horizontal Modularity 
You may have guessed from my choice of the term "ver

tical modularity" that there is also a horizontal one, and so 
there is. Consider the following scenario: a security prob
lem or other misfeature requires you to update a compo
nent of your system, such as the BIND name server. Alas, 
the update is from version 4.9 to version 8.2, which uses an 
entirely different configuration file format. We could now 
ask you to install an all-new version of our administration 
tool in order to accommodate the new configuration file 
format. On one hand, that is costly in terms of bandwidth. 
On the other hand, making sure the tool operates properly 
with all possible combinations of updates applied or not 
applied would be rather time-consuming for us. The ideal 
solution would be to package the DNS server administra
tion module alongside our BIND update. 

We are attempting to accomplish the following: COAS 
lets you rip out an entire module, including the data model 
definition, Python code, message catalogs and so on, and 
replace it with a different version. We have nicknamed 
these CLAMs, which is short for Caldera Linux 
Administration Module (we invented the acronym first and 
then decided on its meaning, in case you were wondering). 
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Data Model 
Let's take a closer look at the internal data representa

tion. All information is stored in a tree, with each node 
having an individual name. For instance, the node contain
ing the password of the root user is named 
system.accounts.users.O.password. If you're familiar with 
SNMP, think of the way SNMP variables are named. 

Nodes can have different types; e.g., system is a direc
tory, u s ers is a list and password is a scalar. Scalar 
nodes can have various constraints attached to them; for 
instance, a string may be required to match a regular 
expression or contain only values from a predefined set of 
choices. You can also attach your own parsing and repre
sentation functions (written in C) to a scalar type, creating 
custom types that do such things as convert date strings, 
e.g., Jun 12 or tomorrow, to UNIX time. 

All this information is provided by the so-called schema. 
The schema acts as a sort of blueprint for the data model in 
much the same way an SNMP MIB definition describes the 
types and organization of entities for SNMP. 

For instance, the definition of the mouse parameters 
might look like this: 

MODULE "PERI PHERALS/MOUSE" 
MSGCATALOG "peripheral s/mouse" 
TYPEDEF Devi cePat hNameSTRI NG MATCHES 

"/ dev/[a-z0 - 9 ] * " 
TYPEDEF Mou seProtoco l STRI NG IN CHOICE 

"Busmouse", "MouseSystems " , 

"Mou seman 11
, "Mi crosoft " 

device 
mode l 
protocol 

RECORD { 
STRING 
Mouse Protocol 

deviceFile DevicePathName DEFAULT 
" /dev/mou se " 

emulate3btn BOOLEAN DEFAULT "false" 

This creates a record named mou s e containing five 
scalar nodes. For instance, model is a plain string variable, 
while d eviceFile is a special string type whose definition 
is shown above the record. The first two lines contain some 
syntactic sugar that need not concern us at the moment. 

%Those funky strings ( I " :MOUSE_EMULATE_NONE:" I) 
%are tags f or the COAS message catalogs . 

This definition would be stored in a file named periph
erals/mouse.schema (usually below /usr/lib/coas/schema) so 
that the mouse configuration would be accessible by the 
name peripherals. mouse. dev ice. 

When accessing data items, COAS instantiates the por
tions of the instance tree from the schema definition and 
populates the data by invoking so-called "mappers". These 
mappers are responsible for parsing and writing back sys
tem files, locking them if necessary. Usually, they are writ
ten inc++ and kept in shared libraries loaded on demand. 
The most recent release also supports mappers written in 
Python. 

In the case of the mouse device, there is no standard 
location where this information is stored. On a Red Hat 
box, for example, it is kept in /etc/sysconfig/mouse, a file 
which contains a list of shell variable assignments. COAS 
already has a general-purpose mapper for this type of file 
(it turns out that about 80% of all system files are quite 
close to four or five standard formats) , so all that is left is 

defining the mapping. This is done by the so-called plat
form repository, where we might enter code like this: 

peripherals.mouse . device { 
mapper b u iltin . syscon fi g 
pa th /etc/sysconfig / mous e 

relation MOUSETYPE: model: \ 
PROTO :p r otocol:\ 
DEVICE:deviceFile : \ 

XEMU3 : emulate3btn (map=/ n o =fa l se ,yes =true/ ) 
} 

The mapper keyword associates the mapper specified 
with the mouse device node. When accessing the device 
node for the first time, COAS detects this and invokes the 
mapper in order to populate the tree below the mouse 
device node. The mapper retrieves the pa th parameter 
and reads the file specified. The relation parameter tells 
the mapper which shell variables within the file correspond 
to which data model nodes. 

The same thing happens when you have modified a pro
tocol (e.g., the mouse) and invoke the device node's commit 
function. The data engine will invoke the mapper in order 
to write the data back to the file. Again, the mapper will use 
the specified relation to determine which data model 
values will be assigned to which shell variables. Note that in 
an act of vi-administrator friendliness, the mapper does not 
touch shell variables it does not know about and tries to 
preserve comments as well as it can. 

The platform information is usually installed by merging 
it with the main COAS platform definition, which resides in 
/usr/lib/coas/repository. 

User Interaction 
Having written and installed the above files, you can 

already display and modify the mouse configuration using 
COAS. For example, COAS comes with small utilities such 

listing 1. Mouse Configuration Module 

class Mouse(clam . CLAM): 
def ~init~(self, ui, name): 

# Base initialization - UI handle, 
# dialog name, NLS name 
clam.CLAM.~init~(self, ui, name, 

"peripherals / mouse") 
def run(self): 

self.mouse = drn.InstanceLookup( 
"peripherals.mouse.device"); 

# Create prompt dialog 
d = self.promptDialog("mouse"); 
# Add edit fields : 
d.addinstancePrompt(self .mouse, 

"model<l5>") 
d.addinstancePrompt(self.mouse, 

"protocol<l5>") 
d . addinstancePrompt(self .mouse, 

"deviceFile<l5>") 
# Get marker for change log 
marker= self.mouse.getMarker(); 
done = O; 
while not done: 

# Execute dialog 
result= a.execute(); 
if result = "true": 

done self.commit(self.mouse, marker); 

else 
done self.cancel(self.mouse, marker); 
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as coas dump and coas change 
that let you dump portions of the data 
tree or modify individual nodes. You 
can even write Python scripts that 
perform more complex operations on 
your data. 

However, the ultimate goal (at 
least for us) is a Python module that 
interacts with the user, guiding him 
through the administration task. The 
module sits on top of the database 
engine and operates exclusively on the 
abstract data representation. It dis
plays data to the user, selects which 
items are to be edited, provides on
line help, etc. 

Why Python? Well, a very early 
prototype used Tel as the scripting 
language, but for various reasons it 
didn't work too well. In contrast to 
Tel, Python has fair ly good object sup
port and at least as good an extension 
mechanism. The other candidate was 
Perl, but we decided against it 
because it is so easy to write horrible 
code in Perl. 

Communication with the user hap
pens via an abstract user interface API 
written in C+ + ,which currently sup
ports a curses and a Qt front-end. 
Work on an extended Qt fro nt-end 
that takes advantage of features pro
vided by KDE is in progress. Of 
course, in order to be able to use this 
API from Python, a Python wrapper is 
provided. 

The user interface provides a limit
ed but useful set of dialogs: 
notice/question dialogs consisting of a 
text and a few buttons; list dialogs 
(single- and multi-selection, with or 
without check boxes, etc); prompt 
dialogs (containing edit fields for one 
or more scalar values); and table 
dialogs (which display data in a table, 
allowing in-place editing). 

For instance, a minimal module for 
editing the mouse configuration would 
look like Listing 1 (some of the 
Python fluff, such as import state
ments, is not shown). For those not 
familiar with Python, this code defines 
the class Mouse, derived from the 
CLAM class defined in module clam. 
The {_ini t_} method is Python 's 
way of declaring a constructor. 

The method run is invoked by 
COAS. The first thing it does is look 
up the data model node for the 
mouse device. As described above, 
this step will trigger the parsing of the 
configuration file into the internal 
data representation. 

Next, a prompt dialog is created 
and three edit fie lds are added for 

the mouse's model, protocol and 
device file . The last few lines are the 
somewhat standard dialog loop. 
Depending on whether the user ter
minates the dialog by pressing the 
Okay or Cancel button, either the 
commit or cancel method (inherit
ed from the CLAM base class) is 
invoked, which displays a small ques
tion dia log along the lines of "Do 
you really want to save/cancel?" 

What about Labels? 
The first thing that will probably 

strike you as odd about this example is 
that it has no label strings anywhere. 
Nevertheless, the dialog is supposed 
to have a title, edit fields are supposed 
to have a label to their left, etc. 

The answer is that COAS gener
ates NLS strings for you out of the 
information it has. For instance, when 
creating the prompt dialog, we incon
spicuously passed the string mouse 
into the function. As a consequence, 
COAS will create tags such as 
I " : MOUSE_ TITLE: " I for the dia
log's title and attempt to look it up in 
the module's message catalog. (The 
message catalog name was specified 
in the class constructor.) Likewise, for 
the protocol edit field, it will gen-

erate the tag I " : MOUSE_PROTO
COL_LABEL : " 1. All you need to do 
is write the message catalog, mapping 
these funky strings to intelligible 
English (or French, German, etc.) and 
install the file. 

Editing Data 
Looking at the sample code 

above, you may also have thought: I 
understand where they put the data 
in the dialog, but how do they put it 
back into the data model? 

This is the interesting part about 
the data editing process. If you have 
ever programmed Motif, you know 
how tedious it can be to extract the 
value to be edited from the data 
model, put it into the dialog and 
write the resulting value back to the 
data model when the user hits the 
OK button. 

The approach taken by COAS is 
to tie data model nodes into the dia
log directly and let the dialog select 
an appropriate widget type (string, 
combo box, toggle button, spin but
ton, etc.). When the user provides a 
new value, the dialog will automati
cally check the value's syntax against 
data model constraints and write it 
back into the data model. 
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Dependency Model 

When operating on system data , constraints and/or 
dependencies present are: 

• When enabling NIS, nis client must be enabled . 

• Package XYZ requires user. 

• When configuring PPP. select from list of config-
ured modems. 

Some of these dependencies can be coded into the 
CLAM; some cannot. COAS supports different mecha
nisms by which these can be implemented: 

• Calling other CLAMs, e.g., 
call hardware.modem . selectModem(). 

• Action routines: these action routines can be tied 
to individual data nodes and are invoked when 
committing data back to system files. 

• Pre-commit verify (e.g ., really delete this user 
abc?) 

• Pre-commit actions (e.g ., take removed IP inter
face down now?) 

• Post-commit actions (e.g., populate home direc
tory of new user) 
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In our example, the dialog would create a simple string 
edit field for deviceName, a pop-up list for protocol 
(since it is limited to a set of choices) and a toggle button 
for emulation. 

What's more, this mechanism offers you easy-to-use 
context help for each input field, bound to the F2 key. 
Adding this type of help to a data item is as easy as adding 
the HELP attribute to the data definition in the schema file: 

device RECORD { 
model STRING HELP "HELP_MODEL" 
protocol MouseProtoco l HELP "HELP_PROTOCOL" 

These help messages will be looked up in the message 
catalog associated with the schema file (remember the 
MSGCATALOG keyword in the schema file?) and displayed 
in a pop-up dialog whenever the user presses F2. 

Of course, every scheme you devise has a drawback. In 
this case, it is how to cancel changes made during the exe
cution of the dialog. When the user presses the Cancel 
button, he wants all changes to go away. 

This is where the marker object comes into play. The 
data node's getMarker method obtains a marker for the 
node's change log (called a journal in COAS lingo). When 
the user requests a discard of all changes, the CLAM base 
class invokes self .mouse . cancel (marker), which 
reverts all changes made after the marker object was 
obtained. 

Where's the Beer? er, Beef? 
I have to admit that the above example, in its simplici

ty, is a bit deceptive. What I'm showing here is the sim
plest version of a dialog. In fact, what you see here is just 
a glorious interface to the configuration file because it 
does not offer the user any help or guidance. A good dia
log would automatically choose the appropriate device file 
when a selection is made (e.g., a bus mouse) and keep the 
user from enabling three-button emulation for mice that 
already have three buttons. As a consequence, your aver
age COAS module will have a lot more than those 20-odd 
lines in the example above. 

However, the greatest advantage COAS offers in this 
context is that it relieves you of the usual hassle when 
working with a GUI and lets you concentrate on the data 
flow instead. 

Are You Curious? 
If this art icle has piqued your interest and you would 

like to take a closer look at COAS, you can find out more 
about it on http://www.coas.org/ and http:// 
developer.coas.org/. If you want to participate in the 
development of COAS, don't hesitate to contact me.~ 

Olaf Kirch has been a Linux enthusiast 
since the MCC Interim days and has 
authored the Linux Network 
Administrator's Guide as well as various 
pieces of software for Linux. He has been 
the principal maintainer of the Linux NFS 

code for several years and has been working for 
Caldera since 1997. He can be contacted at 
okir@caldera.de. 
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Csound for Linux 
Mr. Phillips discusses some history as well as what's 

happening now in the Linux Csound world. 

by David Phillips 

C sound is a music composition and sound program
ming language originally written by Barry Vercoe at 
MIT. As Nick Bailey pointed out in his October 

1998 LJ article "Sculptor: A Real Time Phase Vocoder", 
Barry's original MUSICH program was eventually ported 
from PDP-H assembler to UNIX C, where it became 
Csound. MUSICH was derived from the pioneering 
MusicV program by Max Mathews, perhaps the most 
revered "Founding Father" of computer music technology. 

One of Music V's major innovations was the implementa
tion of the unit generator, a "black box" concept that allowed 
great extensibility to the language. A unit generator can be a 
signal generator or modifier, a patching opcode, a sensor, or 
it can provide sound file 1/0 and signal display types. Csound 
has evolved into a notable successor to Music V, quickly 
accommodating new synthesis methods and DSP algorithms. 
It is now at the cutting edge of modern computer music 

Each of these applications was 
built using freely available tools. 

Csound in a Nutshell 

(sound is sometimes referred to as a waveform com
piler, so it requires two types of source files, ore and 
sco. An ore file designs a Csound instrument, which 
might be anything from an FM oscillator (foscil) to a 
sample playback engine (loscil or soundin). The ore file 
may internally hard-wire its necessary parameter val
ues, or it may receive them from the sco file. An sco 
file specifies event start times and durations and any 
required stored-function tables. The finished orc/sco 
files are then compiled by the csound command. In 
the following example, they are compiled to a WAV 
format sound file: 

csound -o foo . wav -W foo.orc foo.sco 

When running Csound in an X session, a small window 
will pop up with a graphic display of the function 
tables in the sco file. Clicking over the window will 
allow compilation to begin and a series of messages 
will appear in the starting xterm. If no errors are 
reported, a new sound file was created and it is now 
available for further processing in Csound or one of 
the many Csound utilities. 

By the way, beginners are often surprised to learn that 
despite its name, Csound presents itself in an archaic 
syntax more like assembler or FORTRAN than C. The 
"C'' part of the name refers to the fact that the 
Csound source code is written in C. 

software. Linux Csound has done more than simply kept 
pace with that evolution-it offers capabilities not found 
with versions available on other platforms. 

Enter Linux 
In 1996, I wanted to try out the Linux OS. I knew cer

tain software synthesis languages would run under it, and 
those languages were not available for DOS/Windows 
machines. Although Csound does indeed run under 
Microsoft operating systems (and many others), I was inter
ested in seeing how well it would run under Linux. 
Jonathan Mohr had already added the real-time audio sup
port for Linux, but I immediately discovered I had stum
bled upon another big "DIY" (do it yourself) project. The 
source code available from the Bath, UK FTP site (the pri
mary repository for the "canonical" packages) was a gener
al UNIX package, without Linux-specific Makefiles or any 
other compilation amenities. Although I was a novice at 
both Linux and the C programming language, I jumped in 
and started thrashing. With good assistance from John 
Fitch (maintainer of the Bath site and the canonical 
sources) and the helpful members of the Csound mail list, I 
finally produced a working set of Makefiles for the entire 
source tree. I soon had a fast Linux Csound with full sup
port for X displays, real-time audio output and all the cur
rent opcodes. Professor Burton Beerman kindly provided 
an FTP site for my Linux Csound packages on his MusTec 
server at Bowling Green State University, and for two years 
I maintained the public version on that site and at Bath. 

Linux Csound: the Plot Thickens 
Early in 1998, I received a message from Professor 

Nicola Bernardini at AIMI (Associazione di Informatica 
Musicale ltaliana). He had thoroughly rewritten the Linux 
Csound Makefiles and wondered if I might be interested in 
adding them to the source package. His offer came at a 
good time, as I knew the code maintenance needed a more 
solid structure. Nicola's expertise was just the right factor 
appearing at just the right moment. His Makefiles enabled 
me to quickly prepare a variety of distribution packages 
(with or without X support, static build or shared lib, real
time audio enabled/disabled, etc.) and compile a more 
complete build of the source tree. Most importantly, the 
Makefiles created libcsound.so, a shared library which dras
tically reduced the binary's memory footprint (from about 
450KB to less than 20KB). 

Around the same time, developer Gabriel Maldonado 
wrote a set of MIDI output opcodes, allowing Csound to be 
used as a MIDI composition/control instrument. Csound 
already accommodated MIDI input, directly from /dev/midi 
or from a Type 0 Standard MIDI File (see "Real-time 
MIDI Input"). Gabriel 's opcodes are different: they permit 
exploration into MIDI composition algorithms simultane
ously with the rest of Csound's real-time 1/0. 
Hypothetically, it would be possible to have a MIDI device 
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Real-time Linux Csound 

A simple introduction to Linux (sound's real-time usage 
can be presented by defining an instrument (a simple 
oscillator), creating it in a text editor and saving it as 
my.ore: 

sr=22050 ; sets sampling rate 
kr=441 ; sets control rate for k-rate components 
ksmps =SO ; sr / kr, number of samples per control 

; period 
nchnls=l ; monaural output 

instr 1 
kamp = 10000 ; raw amplitude 
kfreq = 440 ; an A at 440 cps 
ifn = 1 ; stored function table 1 
as i g oscil kamp, kfreq, ifn ; an audio signal is 

created by an oscillator playing 
; a stored sine wave at kamp and kfreq out asig 
; the audio signal is sent out endin 

Next, we write another file called my.sea. When com
piled, the score will be played by the instrument: 

fl 0 8192 10 1 ; stored sine wave 
il 0 3 instrument 1 plays for 3 seconds, 

; start time 
at 0 
e 

We then compile our orcjsco files into a sound file: 

csound - omy.wav -W my.ore my.sco 
; creates a WAV format sound file 
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Csound will create the sound file, the user can play it 
with vplay or any other WAV player and it can be edit
ed by MiXViews, OAP, Snd or any other Linux sound file 
editor. 

If we wish to send the sound output directly to the 
sound card DAC, we use this command: 

csound -o devaudio - W -dm6 my.ore my.sco 

where: 

• -o devau d io sends output to audio device in 
real time 

• -w creates WAV format (uses /dev/dsp for audio 
device) 

• -dm6 turns down messaging for better real-time 
response 

With a full-duplex sound card, it is possible to have 
simultaneous audio input and output, allowing real
time signal processing. A command for such a setup 
(using the ALSA driver) would look like this: 

csound -iADC -oDAC - W -dm6 inout.orc inout.sco 

where: 

• - i ADC input to sound card analog-to-digital con
verters 

• - o DAC output to sound card digital-to-analog 
converters 
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controlling one Csound instrument while another instru
ment sends its output to devaudio. Given support for a 
full-duplex sound card, it should even be possible to have 
asynchronous 1/0 for both the MIDI and the audio ports. 

Alas, no routines had been written for Linux Csound 
that would accept the data from Gabriel's opcodes and 
send it out to the MIDI port. After studying John Fitch's 
code for the Windows Csound MIDI output handler, I 
decided to try writing the appropriate calls for Linux. I 
fumbled around with the OSS/Free API and eventually 
wrote the code needed to activate the requested MIDI 
interface and accept the control data sent to it from the 
Maldonado opcodes. Linux Csound was as up-to-date as 
any other version, and the-necessary code for MIDI output 
had been trivial to write, consisting primarily of a few calls 
to the sound card API macros. 

The CVS Repository 
The next major step taken for Linux Csound was the 

establishment of a CVS repository. I had been complaining 
to Nicola that I found myself constantly checking everything 
coming to me in the canonical UNIX package, when he sug
gested the need for a revision control system. He volun
teered to set it up at AIMI and after some trial-and-error 
hacking, he established the system we work with today. The 

CVS repository maintains separate directories fo r the 
canonical sources and the Linux-specific code. In this way, 
we can avoid rewriting sources just for Linux and we are 
always able to refer back to the "untouched" originals. 
Anonymous access to the CVS is permitted, but submissions 
for changes are carefully screened by the maintainer. 

The Csound UNIX/Linux Development Group 
Of course, a CVS development reposi tory isn't of much 

use unless it has developers contributing, so a logical next 
step was the formation of the Csound UNIX Development 
group. Programmers Robin Whittle and Damien Miller 
joined in immediately, and Damien kindly provided a web 
page with all pertinent information for anyone interested in 
joining the group. It is worth noting that the group is for 
development, not just developers. We welcome anyone 
interested in seeing Linux Csound grow into the finest lan
guage of its kind. Programmers are certainly welcome, but 
so are musicians, audiophiles, DSP engineers and anyone 
else with an interest in Csound and its possibilities. 

In October 1998, two new members made significant 
contributions to the group's activities. Gabriel Maldonado 
donated his entire source tree to the CVS repository, which 
enables Linux Csound to keep up with the developments for 
his Windows versions. (This generosity is quite typical of the 

Real-time MIDI Input 

Now, assuming you have a MIDI interface properly 
installed, you can play your first instrument by changing 
the sco file like this: 

fl 0 8192 10 1 
fO 10000 ; dununy table, keeps the instrument 

; act i ve for 10000 seconds 

e 

and compiling your orc/sco files so: 

csound - o devaudio - W -drn6 -M / dev / midi my.ore 
my.sco 

where - M / dev/midi tells Csound to look for MIDI 
input instead of score sound events. 

Another way of triggering my.ore is to use a Standard 
MIDI File. The orc/sco can be used as in the last exam
ple, but the command line changes to: 

csound -o devaudio -W -drn6 -F my . mid my . ore my . sco 

where -F my .mid tells Csound to expect input from 
the MIDI file. 

If we want to make our sounds more interesting, we 
can map MIDI values into the ore file and arbitrarily uti
lize that data as shown in Listing 1. 

Our score file (sco) is as before, but with an added func
tion table: 

fl 0 8192 10 1 sine wave 

f2 0 8192 10 1 . 9 . 8 . 7 . 6 . 5 . 4 . 3 . 2 . 1 
; ramp wave 
fO 10000 
e 

Once again, these files can be compiled for control by 
either a MIDI input device or a MIDI file. They demon
strate that simple Csound components can easily be 

built into elaborate sounds and control structures. I 
have used the simplest instrument here, but already it is 
quickly evolving toward greater complexity. 

Real-time MIDI Output 
Using Gabriel Maldonado's MIDI output opcodes is a lit
tle different. The following example demonstrates a 
more complex control system as shown in Listing 2. The 
sco file for this instrument is as follows: 

MIDI OUT opcodes 
mussle.sco 

t 0 60 ; tempo indicator 
il 1.0 1.0 ; the different p3 duration s will 
; stretch out 
il 2.0 7.0 ; the play of the notes indicat ed by 

; knum 
il 9.0 18.0 
il 18.0 17 . 0 
ill 0.0 1 
ilOO 0 1 
e 

The command line for compiling these files looks like 
this: 

csound -QO -n -drn6 mussle . orc mussle . sco 

where -QO selects the first MIDI device and -n sup
presses write to disk (for performance enhancement). 

Given a fast enough CPU and disk, it is possible to com
bine the various real-time 1/0 options. I have tested 
simultaneous real-time audio with MIDI output opcodes; 
it works, but with a big performance hit. Considering 
that my machine is a lowly AMO 486/120, it is to be 
hoped that a fast Pentium would lessen that hit. 
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Listing 1. Mapping MIDI values-ore File 

instr 1 
inum notnum ; note number 
kfreq cpsmidib ; MIDI to frequency 
iamp ampmidi inum*lOO ; MIDI to amplitude 

if inum > 60 goto funl 

if inum < 61 goto fun2 

funl: 
ifn = 1 
goto cont in 

fun2: 
ifn = 2 
goto cont in 

cont in: 
asig oscil iamp,kfreq,ifn 

out asig 
endin 

(scaled within range) 
if the MIDI note number 
is over 60 ... 
if the note number is 
less than 61 . . . 

Csound community. Much code sharing occurs on the 
Csound mail list, with new instrument designs freely offered, 
along with much healthy debate over various computer 
music issues.) The other signal addition has been Fred 
Floberg, whose contributions require special description. 

Csound's internal support for real-time audio has been 
dependent on calls to the API for the OSS sound-card 
drivers. While certainly sufficient for casual use, many sonic 
notions such as full-duplex and multiplexed real-time audio 
I/0 are not realizable by the OSS/Free driver. However, the 
ALSA driver does indeed support those uses; thanks to 
code from Fred Floberg, Linux Csound now explicitly sup
ports the ALSA interface. (The ALSA project, led by 
Jaroslav Kycela, is forming a new extended sound system 
API compatible with OSS/Free, but permitting much more 
advanced uses for sound-card features not supported by 
OSS/Free.) Fred is currently working on expanding MIDI 
file support. Csound now supports only Type 0 MIDI files, 
but Linux Csound should soon support the Type 1 and per
haps even the Type 2 Standard MIDI File formats. 

Also, thanks to Robin and Damien, the Linux Csound 
distribution now supports the popular RPM packaging and 
can be built for glibc (libc6) systems. Debian users will be 
pleased to note that developer Gunter Geiger has pre
pared a package in the DEB format. Finally, Nicola 
Bernardini has written a Csound orchestra (instrument 
design) parser, which we hope will eventually be absorbed 
into the package. Such a utility is most helpful to a GUI 
designer, which brings me to my next topic: the power of 
Linux Csound and X. 

The X Picture 
My Linux soundapps web page shows more than twenty 

entries in the "Csound Helpers" section. The brief descrip
tions which follow are just that-brief descriptions which in 
no way indicate the full power of these applications. The 
examples shown here are for Linux systems running X; some 
excellent command-line utilities exist too and are included 
on the Linux soundapps page for those tools. All of these 
utilities work with the current versions of Linux Csound 
(3.47 or higher) . 

Note that each of these applications was built using freely 
available tools. The GNU C and C+ + compilers, Tcl/Tk, 
Java, LessTif and WINE are powerful allies in the advance-

Listing 2. MIDI Output Opcodes-ore File 

MIDI OUT opcodes 
mussle.orc 

sr 44100 ; also experiment with other sr and 
; kr rates 

kr 44100 
ksmps = 1 
nchnls = 1 
This instrument shows how the moscil opcode 
can be used for a sort of 
"indeterminancy" aspect in composition. knum 
and kvel control the output 
of MIDI notes and their velocities over p3 
(note-stream duration as specified 
in the score) . kran output is used for kdur 
(actual duration) and kpause 
(pause between notes). 

The moscil (MIDI oscillator) opcode permits 
control of MIDI channel, note-number, 
velocity, duration, and time between notes. 

instr 1 
kchan = 0 
knum linseg 
40,p3/7,60,p3 / 7,46,p3 / 7,54,p3 / 7,24,p3 / 7,58,p3 / 
7,48,p3/7,80 
kvel linseg 20,p3/2,39,p3/2,33 
kran pcauchy 23 
kdur = int(kran)+.46 
kpause = frac(kran) 
moscil kchan, knum, kvel, kdur, kpause 
endin 

The next two instruments control Program 
Change messages sent to my external synth 
and my MIDI-controlled mixer. 

instr 11 
kchan = O 
kprog = 2. 
kmin = 1. 
kmax = 128. 

koutpc kchan, kprog, kmin, kmax 
endin 

instr 100 
kchan = 8 
kprog = 6. 
kmin = 1. 
kmax = 128. 

koutpc kchan, kprog, kmin, kmax 
endin 

ment of Linux sound and MIDI software. Their developers 
are to be commended for the wonderful work they have 
done for the good of the Linux community. 

Cecilia 
Cecilia (by Jean Piche and Alexandre Burton at the 

University of Montreal) is a fully-developed Csound com
position and sound-processing environment. Written 
entirely in Tcl/Tk, Cecilia utilizes the entire range of possi
bilities afforded by Linux Csound, presenting a beautiful 
graphic interface (customizable, of course) and a powerful 
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Figure 1. Cecilia 

composition language (Cybil). Numerous real-time con
trols are supported, nearly all aspects of the program are 
user-definable, excellent on-line help is available and the 
GUI fully exploits Tk in the X environment. Cecilia won 
first place in the awards for computer-aided composition 
and realization software at the 1997 Second International 
Music Software Competition in Bourges. (See Figure 1.) 

Rain 
At the other end of the scale is developer Matti 

Koskinen's rain, a GIF-to-Csound score converter. A 
Csound score is the control file for a Csound instrument, 
providing it with such values as event start times, durations, 
amplitudes and frequencies, waveform selection and so 
forth. Matti 's utility simply takes a GIF image, applies some 
user-defined values and magically translates it into a 
Csound score. The score can then be synthesized and played 
from within the application, or it can be saved to disk for 
later processing (perhaps in Cecilia). (See Figure 2.) 

Ad syn 
Adsyn is a graphic editor for Csound "hetro" analysis 

data files. hetro is one of the Csound sound file utility pro
grams and its operation is quite simple. Using a heterodyne 
filter bank, it analyzes a sound file and creates a data file of 
separated frequency and amplitude values. That data file 
can be read and graphically represented by Adsyn and the 
frequency and amplitude components can be freely altered 
using the mouse. Csound's resynthesis opcode (adsyn) can 
be called; the edited file can then be synthesized and played 
from within Adsyn. Professor Oyvind Hammer originally 
wrote Adsyn for SGI machines at NoTAM, a Norwegian 
center for music and acoustics research. With his good 
graces, I began the port to Linux. It was finished with much 
assistance from Nicola Bernardini. (See Figure 3.) 

Ceres2 
Ceres2 is Johnathan Lee's enhanced version of Oyvind 

Hammer's Ceres, described in my September 1998 LI arti
cle "Porting SGI Audio Applications to Linux". Johnathan 
greatly extended the editing capabilities of the original soft
ware engine, which essentially performs a Fast Fourier 
Transform (FFT) on a sound file and renders a graphic rep
resentation of its frequency content and activity. The graph
ic display can be edited in various ways, a large number of 
transforms (spectral mutations) are available, up to three 
graphic linear control funct ions may be specified and a 
variety of output formats are supported, including two 
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Figure 2. Rain 

... 

Figure 3. Adsyn 

types of Csound scores. Ceres2 also extends some of the 
command-line analysis variables such as FFr size, analysis 
window size and window overlap. The Linux port was done 
by me, but it was dependent on work already done on the 
original Ceres with great help from Richard Kent, who also 
supplied the invaluable tichstuff libraries which replace the 
SGI libs. (See Figure 4.) 

Rosegarden 
The Rosegarden suite includes a MIDI sequencer, a com

mon-practice music notation display and the very nice feature 
of being able to save your work as a Csound score file. Such a 
tool is especially helpful for users most comfortable with 
standard notation conventions, allowing them to compose 
with their familiar symbols and then easily convert their cre
ations for use with Csound instruments. (See Figure 5.) 

HPKComposer 
The Java programming language lends itself to the easy 

creation of platform-neutral user interfaces. Jean-Pierre 
Lemoine's HPKComposer is an excellent example of a 
"pure Java" application, running under Windows, Mac OS 
and UNIX variants. Preparation for Linux is straightfor
ward, depending upon successful installation of the Java 
development environment (JDK) in version 1.1.6 or higher, 
the Swing class libraries (version 1.1 beta3) from Sun 
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Figure 4. Ceres2 

Figure 5. Rosegarden 

Figure 6. HPKComposer 

Microsystems and Csound. HPKComposer blends aspects 
of the CMask program with the synthesis and DSP methods 
of Csound: tendency masks are used to create composition 
algorithms, which are realized by the synthesis engines 
(opcodes) of Csound. VRML displays are supported, the 
program is user-extensible, and although Java's current 
sound support is limited to 8-bit 8 kHz audio, when JDK 
1.2 arrives it will support 16-bit 44.1 kHz CD-quality sound. 
(See Figure 6.) 
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Patch Work 
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Russell Pinkston's Patch Work for Win95 is a graphic 
"patcher" for the design of Csound instruments. Although 
a UNIX/Linux version of this program exists 
(XPatchWork), it has not been maintained and is in need of 
some serious debugging. However, the Linux WINE 
Windows emulator can run the Win95 version, proving 
once again that Linux always finds a way. (See Figure 7.) 

SoundSpace 
Developer Richard Karpen has generously shared many 

of his opcodes with the general Csound community, one of 
which is called "space". In the Csound manual entry for 
space is a mention of a GUI for creating the values needed 
by the GEN28 stored-function table, and SoundSpace is 
that GUI. Written in core Java, this unique utility provides 
a visual interface for determining the placement and sonic 
trajectories of up to 8 sound files in the auditory space, with 
support for stereo and 4-channel output. (See Figure 8.) 

Into the Future 
What is still to come? By the time this article is pub

lished, I hope to have some more Csound/Java applications 
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running. Developer Michael Gogins has expressed great 
interest in seeing his "Silence" Csound environment run
ning under Linux Java, and the prestigious IR CAM Music 
and Sound Research Center announced that a Linux ver
sion of their MAX for Java will be available at the end of 
1998. Who knows; maybe someday I'll get around to com
pleting my Tcl(fk clone of Csounder, the popular Csound 
"launcher" for Windows (or at least get it working better 
under WINE). 

The most recent versions of Linux Csound (3.49.xx 
and up) can be built for use on the 64-bit DEC Alpha. 
Thanks to developer Ed Hall, Linux Csound can claim to 
be the first 64-bit music and sound composition language 
widely and freely available to the public. 

Nicola Bernardini continues to improve the distribu
tion packaging: building Linux Csound is easier than ever, 
thanks to his incorporation of the configure utility. Work 
proceeds on accommodating autoconf and automake, 
since it is a primary objective to use the best tools avail
able for creating the best possible distribution. 

One of the intriguing problems facing the develop
ment group is how to make Csound re-entrant, enabling a 
plug-in architecture for Csound. To many of us, such an 
undertaking would mean a complete rewrite of Csound, 
and who knows where that might lead-" Son of Linux 
Csound", perhaps? If you would like to join a very inter
esting distributed development project, take a look at the 
links listed in Resources and feel free to join the develop
ment group mail lists. 

Richard Boulanger is a professor at the Music 
Synthesis Department of the Berklee College of Music. In 
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the spring of 1999, his Csound book will at last be pub
lished by MIT Press. On one of the included CDs, you will 
find an article (which will, of course, be out of date by 
then) about running Csound under Linux. Yes, it was writ
ten by me, but I don't mention it to blow my own horn. 
This book is a massive tome and it includes contributions 
from all the major (and some not-so-major) members of 
the international Csound community. It should inspire 
many new users, several of whom will discover for the first 
time that Csound is available on the Linux platform. 

Final Words 
Linux Csound offers terrific possibilities for real-time 

computer music performance. Along with advances in 
real-time support, Linux Csound can be expected to stay 
at the cutting edge of synthesis methodologies, interface 
design, DSP algorithms and composition strategies. It is 
an ideal tool for contemporary sonic exploration and it 
demonstrates once again the flexibility and power of 
Linux, the cutting edge OS for the modern musician . ~ 

David Phillips (dlphilp@bright.net) is a 
composer/performer living in Ohio. Recent comput
er-music activities include an ambient composition 
for the artist Phil Sugden, lecturing on computer
music programming languages at Bowling Green 
State University, and maintaining the "official" ver
sion of Csound for Linux. Dave also enjoys reading 
Latin poetry, practicing t'ai-chi-ch'uan, and any time 
spent with his lovely partner Ivy Maria. 

Resources 

Nicola Bernardini's Csound site at AIMI. The most 
recent versions should always be available here and at 
the MusTec site: http://AIMl.dist.unige.it/ 
AIMICSOUND/AIMICSOUND_home.html. 

FTP server for the Music Technology Department at 
Bowling Green State University. Many Linux sound 
applications are available from this site: 
ftp://mustec.bgsu.edu/pub/linux/. 

Not just for Linux Csounders, my own page includes 
pointers to orc/sco collections, on-line tutorials, web 
interfaces, sites with RealAudio clips and other good 
stuff: http://www.bright.net/-dlphilp/ 
linux_csound.html. 

Home of the canonical sources, maintained by John 
Fitch: ftp://ftp.maths.bath.ac.uk/pub/dream/. 

My collection of links to everything MIDI and audio for 
Linux: http://www.bright.net/-dlphilp/ 
linux_soundapps.html. 

Information on joining the Csound UNIX/Linux 
Development mail-list, also information regarding the 
anonymous CVS: http://www.ilogic.com.au/csound/. 

Information page regarding the Linux Audio 
Development mail-list: 
http://www.bright.net/-dlphilp/lad.html. 
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> Guest Editorial 

Software Libre and Commercial 
Viabilit¥ 
Mr. Rubini gives us his opinion of the Open 
Source movement. 

by Alessandro Rubin i 

F ortunately, Linus' project of world domination is 
going to come true fairly soon. The trend toward this 
goal can be verified by checking how the press is 

behaving towards GNU/Linux solutions, looking at how sev
eral educational entities are going to introduce free soft
ware in the schools and verifying Linux's usual technical 
excellence. 

Today in 1998 (yes, it is still 1998 as I write), the most 
important job remaining, in my opinion, is propagating the 
social and commercial implications of free software. While I 
greatly appreciated Russell Nelson's article "Open Source 
Software Model" in the July issue of LJ, I feel the need to 
expand on the points he briefly touched. 

Please note that I'm not an expert in economics or poli
tics. I'm just a build-it-yourself kind of technical guy who is 
reporting his own experience in the battle for survival, in the 
hopes of helping someone else adapt to new environmental 
conditions. Some of these ideas have already been discussed 
with friends or on the Free Software Business mailing list 
(fsb-subscribe@crynwr.com), which I joined after reading 
Russell 's article. 

Viability for Individual Consultants 
The best feature of any computer system is flexibility

allowing users to tailor its behaviour to their own needs. 
This flexibility is often completely unknown to the general 
computer user, because proprietary software solutions tend 
to hide functionality behind a rigid external interface which 
denies any divergence from the expected behaviour-a 
user's behaviour. 

When adopting free software, users are able to discover 
the real power of computer systems. Today I talked with a 
commercial consultant who never thought that programs 
could be adapted to one's needs. He confessed his company 
has always acted the other way around-they adapted their 
needs to the software they use. Most users are victims of 
their software and don't even realize it. 

Educating the user base about the extendibility of soft
ware will open new markets to independent consultants, 
creating new employment opportunities. Every user has dif
ferent needs and solving these needs often means calling for 
technical support from people who tailor or enhance the 
relevant software. While this is not even imaginable with 
proprietary programs, source availability allows any problem 
that might arise to be quickly solved and new features to be 
easily added. While you may think this would quickly lead to 
a perfect software package, individual needs are so diverse 
and specialized that the perfect package will never exist. 

For example, I and others wrote a program for a local 
physiology center to analyze data for a typical kind of exper
iment. During two years of use, the physicians found so 
many ways to enhance the program that it is now reported 
as better than the commercial solutions. The total of all fees 
they paid during these years reveals the program to be more 
expensive in the end than some of the commercial alterna
tives. This fact is not relevant to my clients, as they have 
exactly what they want and they know they can have more 
should the need arise. The program is obviously GPL and 
other centers expressed interest in getting a copy. 

As more and more people are choosing free software to 
address their needs, I'm sure some software companies will 
try to demonize Linux and the open-source movement 
because they are losing market share. Such companies will 
probably try to demonstrate that IT employment is decreas
ing and that humankind is being damaged by the general 
adoption of free software. This whole argument is bogus; 
computers exist to be programmed, and the more you allow 
programming them, the more you build employment oppor
tunities. If you count the number of people who offer free 
software consulting, you will greatly exceed any shrinkage of 
proprietary companies. Sticking to my previous example, the 
physiology lab hired my company to write the program, and 
other centers interested in the product are willing to hire a 
local consultant for installing, maintaining and enhancing 
our package. Did I say "enhance"? Isn't the program work
ing? Yes, the program is working well, but there is room for 
enhancement of the product. The local lab decided to stop 
development "because we must run our experiment rather 
than invent new software features". As anyone knows, every 
program has a bug and a missing feature, and this is where 
we build our credibility-bugs can be fixed and features can 
be implemented. As I suggested before, the more you make 
things programmable, the more they will be programmed. 

Why should there be more employment opportunities in 
IT than there are now? First of all, because free software 
users have more requests for new features than users of 
proprietary products do, as explained above. Next, because 
anyone can build her own professionalism without paying to 
access the sources of information. I built my Linux expertise 
by studying source code and trying things out on my own 
low-end PC. Now I am confident I can solve any problem 
my clients might have, and my clients know I can (provided 
I am given enough time to deal with the problem). 

Another critical point in addition to source availability 
is standardization on file formats, a field where proprietary 
products are revealing their worst features. Let's imagine 
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an environment where every file for
mat in the system was known: you 
could, for example, create indexes 
from any document that is produced, 
thus easing later retrieval. This can 
be accomplished off-line without any 
load on non-technical personnel. 

Asynchronous reuse of data is 
"rocket science" for many users, 
because they are accustomed to pro
grams that use proprietary file for
mats (and operating systems with no 
real multi-tasking or cron capabili
ties). As soon as free standards are 
adopted, users begin asking for cus
tomizations and are willing to pay for 
anything that will increase their pro
ductivity. Moreover, free standards 
guarantee that customers are not 
making the wrong bet, as they won't 
ever be stuck with unusable data if 
the software market changes. 

While the conventional model of 
software distribution concentrates all 
knowledge in a few companies (or 
one of them), open standards lever
age technical knowledge to anyone 
willing to learn. Whereas a propri
etary product can be supported only 
by a limited number of qualified con
sultants (whose number and quality 
is centrally managed), the number of 
consultants supporting a free soft
ware solution is virtually unlimited 
and the offer can quickly adapt to 
the request. 

In a world where computers are 
just tools to accomplish some other 
goals, easy customization and quick 
maintenance are basic requirements 
of power users. In my opinion, free 
software will quickly gain the trust it 
needs to be a real market phe
nomenon. As soon as you start to 
trust some open-source products, you 
learn that they deserve more. 
GNU/Linux fans must be ready to 
offer support in order to fulfill the 
upcoming need for consultants. 

Viability for Support 
Companies 

Obviously, independent consul
tants don't cover all the needs of 
computer users. Several activities 
can't be handled by individuals. Red 
Hat and S.u.S.E. are demonstrating 
that creating and maintaining a dis
tribution can be a good source of 
revenue even when the product is 
freely redistributable. Debian-based 
efforts are on the way, although less 
advanced-mainly because both Red 
Hat and S.u.S.E. bundled propri
etary products with Linux in order to 
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survive while the market share was low, while Debian is 
completely detached from proprietary products. 

In addition to "creating and packaging" jobs, open
source companies can specialize in technical support, cov
ering the situations where computer systems are of critical 
importance. Big business realities using computer systems 
in their productive environment won't be satisfied with 
either the external consultant or the in-house technician. 
They need to rely on an external structure that guarantees 
round-the-clock operation of their technological aids. 

Even if GNU/Linux or any other operating system is 
demonstrated to be completely reliable, power users will 
need to rely on a support company as a form of insurance. 
The more important computers are for a production envi
ronment, the more people are willing to pay to be reassured 
that everything will go on working and to have someone 
"responsible" to call in case of any failure. Such a "power 
user" support contract could also include a provision for 
refunds in case of down time. Big support companies will be 
able to efficiently deal with it, and clients will be happy to 
pay high rates if they never need to call for assistance. 

In short, I see no need for software companies to sell 
any product; the support environment is big enough to 
offer good business positions in Information Technologies. 
Those at the top could use some of the revenue to pay for 
free software development, thus gaining access to the best 
software before anyone else and associating their name 
with software products. As a matter of fact, this practice is 
already pursued by the big distributions. 

Viability for Education Centers 
Needless to say, schools and universities have the best 

interest in teaching information technologies using free 
software tools. Due to its technical superiority, free soft
ware environments have more to offer to the students, but 
also need more technical knowledge to be proficiently 
administered. I see no money saved here in choosing free 
operating systems over proprietary ones, but educational 
entities could better spend their money on hiring system 
administrators than on subsidizing some already-too-big 
commercial software company. While my country, Italy, is 
stuck with a few rules that offer more support for buying 
things rather than for increasing human resources, other 
countries are already moving in the right direction
Mexico and France, for example, have announced plans to 
use Linux in their public schools. 

One more point leads toward free software in educa
tion: when students get jobs, they prefer to use tools they 
learned at school in order to minimize extra learning 
efforts. This fact should lead colleges to teach only those 
tools not owned by anyone-those that are libre. Schools 
should teach proprietary software only if two conditions 
apply: no viable alternative is available, and the company 
that distributes such software pays the school for teaching 
its product. Paying someone for a product and then freely 
advertising it for him is definitely nonsense. 

Social Issues 
A few social issues relate to choosing one software 

model over another one. Although I mark them as social, 
they have economic implications as well. 

While free software is not cheaper than proprietary 
software if you bill for your own time, some environments 
use different rates in converting time to money. Most 
emerging countries have good intellectual resources but lit-

tie money, and they usually have many not-so-new comput
ers as well. Proprietary operating systems are unaffordable 
for them, but free solutions are viable and productive. 
Actually, the "Halloween" document from Microsoft 
underlines that Linux is growing very fast in the Far East. 
Charity organizations usually have this same environ
ment-little money and a good amount of human 
resources. This leads straight to the free software model 
for any IT requirement. 

These ideas will probably suggest that free availability 
of information looks fairly leftist in spirit, as "information 
to the masses" looks quite similar to the old adage "power 
to the masses". What is usually ignored is the strong right
ist flavour of the Open Source movement. The free soft
ware arena is fiercely meritocratic and a perfect environ
ment for free competition, where the laws of the market 
ensure that only the best ideas and the best players survive. 
Proprietary standards, on the other hand, tend to diminish 
competition by decreasing innovation and consolidating 
previous results. 

Limits of the Free Software Model 
Naturally, I'm aware that not every software package 

can easily be turned into free software. I'm not talking 
about office products-I'm confident some good projects 
will supply this need, sooner or later. Rather, I'm talking 
about all environments where a strong competition exists 
for a product only loosely based on its software component. 
For example, industrial equipment might include a comput
er and some commodity hardware (a robot, custom 1/0 
peripherals, PLCs, etc.); the software application hosted in 
the computer is a minor part of the whole, but its features 
greatly affect the overall value of the equipment. Producing 
and debugging such applications usually require huge 
investments (preventing free redistribution of the source 
code), as a form of protection against competitors. 

Another meaningful example is cell telephones. They 
include a lot of software and such software is the compo
nent that defines the overall capabilities of the device. 
However, this software is almost invisible to the end user, 
who perceives the device as a telephone and not a comput
er. Such software is strictly proprietary because of its major 
functional role in the device. 

Unfortunately, I see no easy way to liberalize this type 
of code. Although I don't care too much about cell phones 
(I don't use them), I would prefer to see free industrial 
applications because their technological content is usually 
worth reusing and adapting to new problems.Ill 

Alessandro lives in one of the least Linux-aware 
towns in the least Linux-aware country in the world. 
He writes free software for a living and advocates 
free software for a mission. He hopes his upcoming 
child will keep off computers, recalling the good old 
times when such beasts where confined to their tech
nical zoos. He reads e-mail as rubini@prosa .it, delet
ing spam and replying to everyone else. 

Linux Projects Forum: 
http://www.linuxresources.com/apps/projects.html 
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Reviewer: Tim Parker 

0 ne of the annoyances of administering networks is 
the need to change passwords regularly. We 
change passwords often for security reasons and 

that's fine. What bothers me is the need to log in to each 
machine individually and run the password changing pro
gram on each one, then log into each individual applica
tion that has its own user and password lists independent 
of the host machine and change the passwords there. My 
office network requires over thirty such changes; my home 
network, eight. 

If I were running only UNIX, then I could use NIS and 
let that service change my machine passwords for me. 
However, NIS doesn't change non-UNIX passwords and 
doesn't do anything for application passwords. The same 
applies to Windows NT-based domains, where a central 
user list is maintained. Domain users don't extend to UNIX 
or applications. Utilities exist to provide some cross-plat
form support for NIS and NT domains, but I haven't found 
one that works well across my mixed network platforms. 

Obviously, this is a problem that has plagued users for 
years. The folks at M-Tech (Calgary, Alberta) have done 
something about it. M-Tech's solution is called P-Synch (for 
password synchronization). It uses a number of scripts and 
API routines to perform all the password changes on your 
network from a single location. (It is an obvious solution, 
once you've seen it work.) I first encountered P-Synch two 
years ago in an earlier version and have used it religiously 
on my own networks, recommended it to many clients and 
written about it extensively since. A Linux implementation 
of P-Synch was an obvious spinoff of the UNIX version. 
Even better, M-Tech has released a new version of P-Synch 
which adds several new features that make it more func
tional and easier to manage. 

As you may have gathered from the comments above, P
Synch uses scripts to change passwords on all applications 
and machines you tell it to access. P-Synch accomplishes 
this by using either a native API or TELNET to log in to 
each machine or application one at a time, running whatev
er commands are necessary to modify the passwords. You 
specify only the password to change to (or to reset) and P
Synch runs through its list of targets in the background. 
Since only a single copy of P-Synch is required anywhere on 
the network, no client programs need to be installed on 
each machine. The user interface can be character-based, 
GUI or HTML. An administrator defines which machines 

and applications a user can modify passwords on, as well as 
more advanced options such as password aging. 

Since P-Synch is script-based, it can change passwords 
on any machine or application that can be logged in to 
using TELNET or for which an API can be written. The list 
of M-Tech-provided scripts for operating systems is lengthy: 
Linux, many versions of UNIX, NetWare, Windows 95/98 
and NT, LAN Manager, Path Works, MYS and VMS. 
Application scripts available from M-Tech include Oracle, 
Sybase, SOL-Server, cc:Mail, MS-Mail, Exchange, 
Group Wise and Group Ware (including Lotus Notes). 
Scripts for other targets are starting to appear in Usenet 
newsgroups and on web pages, mostly written by P-Synch 
administrators. 

P-Synch is fast, clean, easy to use 
and worth every penny. 

The documentation for P-Synch may be downloaded 
from the M-Tech web site in PDF, PS or HTML formats. 
You can download uncompressed, ZIP or GZIP versions. 
The installation and configuration guide is about 260 pages 
long, but you will likely need to examine only a few pages 
to install P-Synch properly. Instead of printing the entire 
document, an Acrobat or PostScript viewer is best used to 
find those sections of interest. (Viewing on-line saves both 
time and paper.) 

If you are running NIS (or a Windows-based alterna
tive) , P-Synch needs to run on the master. P-Synch will not 
function properly if installed on a client of an NIS master. 
(NIS does not allow administrative password changes from 
clients.) If you are not running NIS or a similar network
wide user management system, P-Synch can reside on any 
machine on the network. All machines must be running 
TCP/IP. P-Synch can coexist quite happily with NIS, han
dling the non-NIS targets only, if you prefer. 

Prior to installing P-Synch, you must gather a list of the 
IP addresses of each machine on which P-Synch will change 
passwords. P-Synch requires root (or equivalent) access on 
each of these machines. It is handy to create a test account 
or two on the server and a few clients to make sure P-Synch 
is performing its tasks properly before trusting it to handle 
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your network-wide password management. These test 
accounts can be deleted after testing or saved for other pur
poses. A complete installation takes about 4MB of disk 
space (noticeably down from the last version's requirement 
of9MB). 

Installing P-Synch takes only a few minutes; however, con
figuring for a network with several applications and operating 
systems can take a while longer. The usual installation proce
dure is to copy or download the files to your Linux machine 
and extract the files in the library (tar, gzip or zip). One such 
library file is called unix _srv.tar and contains binaries for all 
supported UNIX and Linux platforms. After extracting this 
tar file, an installation shell script is run which handles the 
file setup procedure. A manual check of a configuration file 
to ensure it has the proper location for the passwd file (by 
default, it assumes /etc/passwd) completes the file setup. 
P-Synch normally uses TCP port 106, but this can be 
changed if port 106 is in use by another service. To test the 
installation, a TELNET session to the TCP port should pro
duce a password prompt, at which point the installation is 
finished. The installation guide contains a list of common 
problems encountered when setting up P-Synch and they 
should account for most Linux system configurations. 

P-Synch uses a script called psynch.conf to manage 
password changes. Separate parts of the program control 
users changing their own passwords, as well as root chang
ing any password. On Linux and UNIX systems, P-Synch 
modifies passwords directly by interaction with the passwd 
program, not through a script (which would provide a 
potential security hole). The psynch.conf script can be edit
ed if necessary, which makes it easy to handle special 
requirements such as firewalls and proxies as well as 
encryption schemes that manage password files. For non
UNIX passwords, P-Synch's psynch.conf file must be modi
fied to use a script for password changes. M-Tech provides 
a number of prewritten scripts for different operating sys
tems as well as applications that reside on UNIX or 
Windows machines (such as Oracle, Lotus Notes and so 
on). Non-UNIX systems require changes to the inetd file, 
but these can be cut-and-pasted from M-Tech's documenta
tion or scripts. Linux and UNIX versions of P-Synch 
require a login called psadmin, which is used by the server 
to verify that P-Synch agents on other machines are 
allowed to change passwords. The psadmin login should be 
set up so that it has no access privileges. 

Our test network consisted of three Linux machines 
(two Red Hat and one Slackware), four that were SCO 
OpenServer or UnixWare and three Windows NT servers, 
along with twelve Windows 95/98 machines. The server 
applications were Oracle 8, Lotus Notes, Exchange, Novell 
GroupWise and SQL-Server (all on the Windows NT 
servers). On this network, installation and configuration of 
P-Synch took about two hours. Most of that time was spent 
setting up the non-Linux/non-UNIX password change rou
tines, with about half an hour required to debug the various 
scripts. If you are working on a Linux-only network, the 
process will take less than ten minutes. 

Once properly configured, users anywhere on the net
work could run the P-Synch routines to modify their own 
passwords. The HTML interface in particular is friendly 
and attractive. Users can specify which machines or appli
cations the change affects, or accept all (the usual case). 
Administrators can change passwords from any client. The 
amount of time required for a password change depends on 
the network load, the number of targets and the nature of 

the operating systems. On our test network, the password 
changes went quickly, completing in under two minutes. 

To test P-Synch with NIS, we set up one of the SCO 
machines as an NIS master and a Red Hat Linux system as 
the slave. We let NIS handle the password changes on half 
of the UNIX and Linux machines while P-Synch handled 
the rest of those types as well as the Windows machines. 
Propagation time for password changes didn't drop notice
ably, which was expected since the Windows and applica
tion scripts are the major time consumers. 

P-Synch is usually licensed to networks based on the 
number of users. M-Tech will customize the pricing plan to 
suit your requirements. Earlier versions of P-Synch cost 
about $10 per user; the latest version is likely to be similarly 
priced. If you don't want to worry about the password-chang
ing hassle anymore, you'll find P-Synch to be a wonderful 
utility. It is fast, clean, easy to use and worth every penny. 
The benefits are multiplied many-fold on heterogenous net
works. If you want more information about P-Synch, or want 
to download the application itself for evaluation, check out 
the M-Tech Web site at http://www.m-tech.ab.ca/. For the 
curious, a white paper describing P-Synch is available in 
Acrobat PDF and PostScript formats.~ 

Tim Parker lives in Ontario, Canada, and can be 
reached via e-mail at tparker@tpci.com. He is a wide
ly published UNIX author with over 1,000 articles and 
40 books on the subject. Dr. Parker's latest book is 
Linux Unleashed, Third Edition published by Sams. 
When not writing, Tim flies planes, scuba dives and 
argues with his temperamental network of thirty PCs 
and workstations. He often loses the arguments. 
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> Focus on Software 

by David A. Bandel 

W
elcome to the second installment of my look at 
software packages worth downloading. I always 
find something good on the Internet. A lot of 

developers have been quite busy and are turning out some 
excellent software. The hot development library seems to 
be GTK +, and with so many novice Linux users who are 
not command-line oriented, it is a good thing. 

gtkcookie: 
http://www.11O.net/-pq1036/ 

Do a lot of web surfing? Notice how many sites want to 
leave little droppings called "cookies" on your system? So 
many, in fact, I added a hard drive to store them all. Okay, 
I actually needed more space to download and compile 
programs like this one. It is a slick, easy way to view, edit 
and delete cookies. Frankly, I would rather eat them. 
Required libraries are gtk-1.0.6, Xi, Xext, Xll , m and glibc. 

guitar: 
http://disq.bir.net. tr/guitar/ 

guitar is another of those uti lities you love to have. I 
like this wrapper for tar despite the fact that I am quite 
comfortable on a command line. guitar lets you see what is 
inside a tar or gzipped tar file, read the text files inside, and 
extract the one you want. It also lets you create a directory 
for storing the files. This version does not create tar files, 
but I'll bet future versions will. Required libraries are gtk-
1.0.6, Xi, Xext, Xll, m and glibc. 

gentoo: 
http://www.obsession.se/gentoo/ 

gentoo is yet another file manager. It looks simple, but 
hides a lot of complexity. It will copy, move, and do other 
things as well. A three-row button bar on the bottom can 
be configured as you see fit. In fact, the most complicated 
part of this program seems to be figuring out how to fi ll up 
all the empty buttons rather then actually doing it. The con
figuration box takes a cue from other recent systems that 
use tabs across the top of the box to change to various con
figuration pages. Once it is configured (the default configu
ration is actually quite good), it is easy to use. Required 
libraries are gtk-1.0.6, Xext, Xll, m and glibc. 

slashes.pl: 
http://members.xoom.com/alexsh/slashes/ 

slashes.pl is a small Perl script that all the "dotheads" in 
the audience will like. It is a way to keep the Slashdot.org 
headlines on your screen while having your web browser 
open to it all day long, just so you can press reload. This 
program allows you to see the headlines whenever you 
wish, just in case a news article appears that you would like 
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to read. While I had trouble with the "Read" button even 
after setting the line to point to my Netscape binary (it 
would crash), I suspect I just need to reread the script and 
find out what I am doing wrong for my setup. Required 
libraries are Perl, gtk-1.0.6 and the libgtk-perl module. 

The Gaby Address Book of Yesterday: 
http://www.multimania.com/fpeters/gaby/ 

Gaby is a deceptively simple address book. It carries all 
the latest fields for those needing to keep up with more 
than just phone and fax numbers. Space is reserved for 
URL, e-mail address and more. What it lacks is a way to 
connect to a database engine like MySQL. The flat-file 
method works well for individuals, but is not practical for a 
site where multiple users may have years of contacts listed. 
This one is great for single users and has the potential for 
larger sites if it can connect to a database engine. Required 
libraries are gtk-1.0.6, Xext, Xll , m and glibc. 

The Amazing Anagram Thingie: 
http://www.vis.colostat.edu/-scriven/ 
anagrammer.php3/ 

This is a command-line "game" to help you with those 
pesky anagram puzzles-very fast, very simple and easy to 
use. A phrase of any length will have this one scrolling ana
gram solutions off the screen for a long time. It is a great 
game for those puzzled by anagrams. Required library is 
glibc. 

Ministry of Truth: 
http://tomato.nvgc.vt.edu/-hroberts/mot/ 

This particular package has been out for a few months, 
has earned a place in my own system and will soon occupy 
an internal web site where I regularly work. Sometimes 
keeping track of jobs is difficult. This program makes it a 
breeze. It can track most users, software, equipment, jobs 
and people associated with them. While it requires MySQL, 
it handles everything once MySQL is installed and config
ured. For those requiring assistance, a (very low volume) 
user mail list has been set up. Required libraries are 
Apache with the php3 module compiled with MySQL, and 
MySQL. 

Still lots more good packages out there. See you next 
month.~ 

David A. Bandel (dbandel@ix.netcom.com) 
is a Computer Network Consultant spe
cializi ng in Linux. When he's not work
ing, he can be found hacking his own 
system or enjoyi ng the view of Seattle 
from an airplane. 

L1Nux CONSULTANTS HOWTO: http://consult.cyrius.com/lj.html 
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> System Administration 

Caching the Web, Part 2 
This month Mr. Guerrero tell us about the definitive 

proxy-cache server, Squid. 

by David Guerrero 

L
ast month we discussed the basic concepts of proxy 
servers and caching. Now, let's see how to imple
ment this technology in your organization. A few 

proxy-server programs are on the market, such as MS
PROXY, aka Catapult, available only for Windows NT, 
and Netscape Proxy Server, available for different UNIX 
platforms and Windows NT. Both have two main draw
backs: they are commercial software and they don't sup
port ICP. The excellent Apache web server has included a 
proxy-cache module since its 1.2 version. This module is a 
very interesting option: it's free, and works with the most 
popular web server on the Net. However, it doesn't use 
ICP, and its robustness is not comparable to the best 
choice for a proxy-cache server-Squid. 

Squid is a high-performance proxy-cache server derived 
from the cache module of the Harvest Research Project, 
maintained by Duane Wessels. It supports FTP, gopher, 
WAIS and HTTP objects. It stores hot objects in RAM and 
maintains a robust database of objects in disk directories. 
Squid also supports the SSL protocol for proxying secure 
connections and has a complex access control mechanism. 
Another interesting feature of Squid is negative caching, 
which saves "connection refused" and "404 Not Found" 
replies for a short period of time (usually five minutes). 

Squid consists of four programs: 

• squid: the main proxy server 

• dnsserver: a DNS lookup program that performs sin
gle, blocking DNS operations 

• unlinkd: a program to delete files in the background 
from the cache directory 

It also provides a CGI program, designed to be run through 
a web interface, that outputs statistics about its configuration 
and performance and allows some management capabilities. 

Squid Installation 
Installing Squid is easy. Just download the source 

archive from http://squid.nlanr.net/ and, in a temporal 
directory, type: 

gzip - de squid- x.y . z - src.tar . gz I tar xvf -

Next, compile and install the software by typing: 

cd squi d-x . y . z 
./configure 
make all 
make i nstall 

These commands install all needed programs and configu
ration files to /usr/local/squid. The binary programs are 
installed in the /bin directory, the configuration files in 

/conf. Log files are located in the /logs directory, and the 
object database in the cache directory and its subdirecto
ries. A shell script called RunCache is in the bin directory 
used to run the squid binary, and assures that if the process 
dies for any reason, it is restarted automatically. So, put the 
following line in your re.local file: 

/ usr / local / squid / bin / RunCache & 

Squid is a high-performance 
proxy-cache server that supports 
FTP, gopher, WAIS and HTTP 
objects. 

This will generate an error log in /usr/local/squid/squid.out, 
if Squid could not start because of some configuration 
problem. 

Of course you can choose to install an RPM version of 
Squid if you use RedHat Linux or another distribution that 
supports RPM packages. 

Squid installs a sample configuration file called 
squid.conf with many comments for each option. Here you 
can change the ICP and HTTP ports (3128 by default) and 
define how much memory and disk space to reserve for 
caching objects and other parameters such as refresh pat
terns and access control restrictions. Of course, you need 
an ICP port only if your cache is going to be the sibling or 
parent of other caches. The directives for changing these 
values are http_port, i cp_port, cache_dir and 
cache_ s wap. Additionally, you can set the maximum 
object size to be stored in the database; the default is 4MB. 
Also, you should uncomment the following lines in this file: 

cache_ effective_user nobody 
cache_effective_ group nobody 

This avoids running Squid as root, a dangerous habit for 
anyone who runs servers like httpd or gopherd. If you are 
using a recent version of Squid (at the time of this writing, 
the current version is 1.1.16), it will not start running as 
root, but will write an error message to the squid.out file. 

To let Squid use 100 MB of your HD, the directive 
cache_di r should be something like this: 

cache_dir / usr / local / squid / cach e 100 1 6 256 

Before starting Squid for the first time, create the cache 
and logs directories. To build the cache and hashed subdi
rectories, you should execute the commands: 
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cd / us r / l ocal / squid 
mkdi r cache 
c h own - R nobody cac h e 
cd / usr / local / s q u id /bi n 
. / squid - z 

Finally, to create and change the owner of the logs directory: 

cd / u s r / local / squid 
mkdir log s 
chown n obody logs 

Now Squid can be run safely for the first time, with the 
above RunCache invocation. It will spawn several dnsserver 
processes and write its PID in the file logs/squid.pid. 
Important warning or error messages can be found in the 
squid.out and logs/cache.log files. Remember, if you want 
to shut down the cache, you must first kill the RunCache 
process to avoid an immediate restart and then type: 

/ usr / l ocal / squid/ bin / squid - k s hutdown 

Never use ki 11 -9 to shut down the cache, because it 
doesn't close the object database in such a way that it can 
be recovered-you'll probably lose part of it. 

Restricting Access to Your Cache 
In order to enable only those users who are in your orga

nization to access your cache, you must set up some access 
control lists (ACLs). Defining access lists in Squid is quite 
easy; all access lists are defined with a name and are used to 
define a subset of elements. You can make a subset of IP 
addresses, protocols, destination URLs and even browser 
brands. The directive to define an ACL or subset is: 

acl name t ype data 

You can learn more about ACL types in the example 
squid.conf. In the case of restricting access to only our users, 
the type needed is s rc. For example, suppose you want to 
allow access to the cache to all browsers in the 172.16.236.0 
class C, the first 32 addresses of the next class C and your 
PC, 172.16.237.180. You can define an ACL like this: 

acl my_users src 172 . 16 . 236.0 / 2 55. 255 . 255 . 0 
ac l my_users s r c\ 
172 . 16.237 . 1-172. 16.2 37 . 32/25 5. 2 55 .2 55.255 
acl my_ users src\ 
172 . 16 . 237 . 180 / 255 . 255 . 255 . 255 

Next, define an ACL for the rest of the addresses. This line 
is included in the squid.conf example file: 

acl all src 0 . 0 . 0 . 0 / 0.0.0 . 0 

Apply these ACLs in an ordered way with the 
ht tp_access directive. The syntax is: 

http_ acc ess allow/deny [!Jacl .. [!Jacl 

For example: 

ht tp_access allow my_user s 
http_access deny all 

More than one ACL can be combined in the same 
http_access directive and can be used in its negative form 
(i.e., preceded by !). The example shown is the most simple 
use of ACLs, but more complex forms will allow connections 
only in designated hours and days, allow only defined URLs 
or domains to be fetched and restrict some protocols such as 
FTP. This powerful feature of Squid can help you enforce 
and implement your security policy, whether you use Squid 

TECHNOLOGY 
Up to 600MHz Linux/Alpha boxes 
Single and Multi-processor 
Linux/Spare stations 

Dual and Quad Pentium Pro Processor 
Servers Running SMP Linux 
Up to 1000MB RAM and 512k on-chip L2 cache 

Linux Laptop computers with 800x600 or higher 
X resolution on the LCD 
Linux PCMCIA support 
Linux and Windows 95 dual boot and worldwide 
warranty services 

NCR 53C810 PCI fast SCSI II controller for $53.00 
(No, that is not a misprint) 
Other NCR controllers also available 

Pentium/Pentium Pro Linux Machines 
customized to any flavor you like 
Best available components and prices 

You will find all of the above by pointing 
your web browser to 

http://www.swt.com 
where you can also find how Java does 
real work-to provide you dynamic pric
ing and configuration information as you 
browse 

SW TECHNOLOGY 
1701 N. Greenville Avenue Suite 1104 

Richardson, TX 75081, USA 
phone:972-907-0871 

fax:972-907-9339 
info@swt.com 
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in your firewall or the Squid machine is the only one 
allowed to cross your firewall. Just look for examples in 
squid.conf. 

There is also an ACL to permit setting the desired web 
ports you allow your users to use. This is the Safe_po r ts 
ACL. You should uncomment this line and add the 44 3 

port to this ACL in order to allow the use of secure web 
servers through your Squid server. 

A Look at the Logs 
Squid can generate huge logs of your proxy-cache usage. 

With this information and the help of some scripts, we can 
generate complete access statistics, like the ones generated 
from web servers. Squid maintains three main log files : 

• cache_log includes warnings and information about 
the status and operational issues of the cache. 

• store_log includes information about database opera
tions, such as inserts of new items and releases of 
expired objects. 

• access_log contains an entry for each object fetched 
from the cache and information on how it was served. 
It also includes information about each ICP query 
received by the cache from other servers using this 
server as a neighbor. 

Many utilities are avail able for generating statistics from 
the access_]og fi le (see Resources). 

Remember, it is not considered ethical to surf your 
access_log to see which places your users visit. Some sites 
have chosen not to publish processed statistics in any form 
to guard their users' privacy, which is an important concern 
for all of us involved in the Internet community. 

The logs grow very quickly and in a few days can eat up 
your remaining disk space. To safely clean your log files , 
you should rotate them with the SIGUSRl signal. A single 
line can be added to your crontab to begin new log files 
each night: 

/ usr / loca l / squ i d / b in / squid - k rotate 

This command will create the fi les access_Iog.O, 
store_log.O and cache_]og.O and begin logging to new 
empty files. Now you can safely remove these files or pro
cess them for statistical purposes. The next time you rotate 
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Figure 1. Proxy Preferences Screen 

the logs, files . 0 wi ll be moved to files .1 and so on. 
You can configure how many extensions Squid will use for 
these rotations to save disk space with the 
l ogfil e _ro tate n directive in the squid.conf file. 

Configuring Browsers to Use Cache 
To begin using your new proxy-cache server, you must 

first instruct your user's browsers to fetch objects from 
your server instead of retrieving them directly. In most 
modern web browsers, one of the configuration options is 
the specification of the proxy setup. Another option is to 
specify a list of domains or URL patterns which must be 
fetched through the proxy. 

In Netscape Navigator or Communicator, you can 
include a proxy server and its port for each service to be 
proxied. With Squid, you can use these settings for the 
HTTP, Security (SSL), FTP and WAIS services, all with the 
same port 
(3128, by 
default). First, 
select the 
"Manual proxy 
configuration" 
radio button 
and then the 
"View" button 
to type in your 
settings. Figures 
1 and 2 show 
examples of 
these screens. 

Another 
solution is the 
Automatic 
Proxy 
Configuration, 
introduced in 
Netscape 

Figure 2. Manual Proxy Configuration 
Screen 

Navigator 3.0, that allows multiple proxy servers, backup 
servers and different servers by domains. This configura
tion sits in a Javascript-like file that must be retrieved from 
a server. Using it, you can change the topology of your 
cache mesh or introduce new servers that must be treated 
as "No proxy for" servers. Without telling your users to 
change their configurations, the new configuration script is 
reloaded each time the browser is launched. MS Internet 
Explorer has also supported the automatic proxy configu
ration feature since version 3.02. 

An example of this kind of configuration for Netscape 
Navigator and Communicator is shown in Figure 3. In this 
example, each time the browser is started, it loads the file 
proxy.pac from the server intranet.mec.es. This file must 
be returned with MIME-type application/x-ns-proxy-auto
config which can be accomplished in two ways: 

1. Add the following line to your mime.types file: 

appl i cation /x- ns-proxy - autoc onfig pac 

2. Or add the following line to your Apache srm.conf file: 

AddType appl ication /x- ns-proxy-autoc onf ig pac 

For the changes to take effect, you must name your proxy 
auto-configuration file with the .pac extension and restart 
your web server. The Netscape documentation will tell you 
about the syntax of the .pac file (see Resources). 
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Figure 3. Automatic Proxy Configuration Screen 

Nevertheless, we'll look at a couple basic examples of how 
to write them. 

No HTML tags should be embedded in the Javascript 
file, just the function FindProxyForURL with arguments 
URL and host. This function should return a single string 
containing DIRECT (get the object directly from the 
source) , or PROXY h ost: port (get the object through 
this server and port) . The string can contain more than 
one of these directives, separated by semicolons. For 
example: 

function FindProxyForURL (url, host) 
{ 

return "PROXY p r oxyl . mec .es:3128; 
PROXY proxy2.mec . es:80; DIRECT " · 
} 

will instruct the browser to use the first proxy to fetch the 
object. If it can't contact the first (proxyl), then it will try 
the second (proxy2); in the case that both are down, it will 
fetch the object from the source. This gives a fault toler
ance level to our cache system. 

One interesting feature is using different proxies for dif
ferent domains and including support for internal servers 
where we don't want to use the cache. For example: 
function FindProxyForURL(url, host) 
{ 

if ( i s PlainHos t Name (host) 11 dnsDomainis (host, 
" intran et.mec.es")) 

return "DIRECT"; 
else i f (shExpMa t ch(host, "* . com")) 
return "PROXY p r oxyl.mec.es : 3128 "; 
else 
return "PROXY p roxy2 . mec.es:80 " ; 

This function wi ll directly fetch all objects whose URL is 
only a word with no dots or the Intranet server, all .COM 
objects from proxyl and the rest from proxy2. 

As a tip, the .pac file can be generated "on the fly" by a 
CGI script, giving different proxy configurations for different 
browsers, e.g., depending on the REMOTE_HOST environ
ment variable provided by the CGI interface. In this way, 
load balancing between different networks can be achieved. 
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Resources 

Squid Home Page: http://squid.nlanr.net 

Squid FAQ: http://squid.nlanr.net/Squid/FAQ/ 
FAQ.html 

ICP Draft: http://ircache.nlanr.net/Cache/ICP/ 
ICP-id.txt 

Squid users mailing list: squid-users-request@nlanr.net 
with 
" subscribe squid-users" in the body. 

Squid announce mail ing list: squid-announce
request@nlanr.net with "subscribe squid-announce" in 
the body. 

Automatic Proxy Configuration File Format: 
http://home.netscape.com/eng/mozilla/2.0/relnotes/demo/ 
proxy-live. html 

Squid Log File Analysis Tools 

Cache Stats, by lain Lea : 
ftp://ftp.ecrc.de/pub/www/cache/squid/contrib/ 
cache-stats/ 

Squid Clients, by Nico Tranquilli : 
http://www.cineca.it/-nico/squidclients.html 

Squid Times, by Nico Tranquilli: 
http://www.cineca .it/-nico/squidtimes.html 

Calamaris, by Cord Beerman: 
http://www.hoexter.netsurf.de/homepages/cord/tools/ 
squid/ 

~Information Systems, Inc. 

This train flies! 
The Locomotive Web Application Server from Leverage. 

Since 1996 we've been building the Locomotive 

to deliver unsurpassed speed, power and 

scalability for the consumer market. 

Version 4.0 is 

tuned to fly 
on Linux. 

Next stop, Open Source! 
Find it at http:/ /www.locomotive.org 

Leverage Information Systems 
www.leverage.com 
220 Sansome St., Suite 1090 
San Francisco, CA 10904 
ph: 415 512 9700 fax: 415 512 9701 
e ·mail: info@leverage.com 

Always remember that the MIME-type returned by the CGI 
must be applica t i on / x -ns-proxy - autoconfig. 

Joining a Hierarchy 
If your cache is to be part of a cache mesh or your proxy 

server is to be connected to another proxy that will be its 
parent, you must use the ca che_host directive. You must 
include one line for each of your neighbors. The syntax for 
this line is: 

cache_peer hostname type http_port icp_port options 

where: 

• hostname is the name of your neighbor. 

• type is one of parent or sibling. 

• http _port is the neighbor's port from which to fetch 
objects. 

• icp _port is the port to which ICP queries are sent. 
Use a value of 0 if your neighbor does not run ICP, or 
7 if your neighbor runs the UDP echo service. This 
can help Squid to detect if the host is alive. 

Squid includes a simple, web-based 
interface to monitor the cache perfor
mance and provide useful statistics. 

You can specify the option defaul t to use this host 
as a last resort in case you can't speak ICP with your par
ent cache. Another option is the weight=Nto favor a 
specific parent or sibling in the neighbor selection algo
rithm. Larger values give higher weights. 

If you have a stand-alone cache, you should not 
include any of these directives. If you have one parent 
that runs its HTIP port on 3128 and its ICP port on 3130, 
the line to include in the squid.conf file is: 

c ache_peer your.parent.cache parent 3128 31 30 

With the cache_peer_domain directive, you can limit 
which neighbors are queried for specific domains. For 
example: 

cache_peer_domain first.parent . cache .com . e du 

cache_peer_domain second.parent.cache .es . i t .uk .fr 

will query the first cache only for the .COM and .EDU 
domains, and the second for some of the European 
domains. 

If you have only one parent cache, the overhead of the 
ICP protocol is unnecessary. Since you are going to fetch 
all objects (HITs and MISSes) from the parent, you can 
use the n o_query option in the cac h e_peer directive 
to send HTIP queries to only that cache. 

Also, there are some domains you will always want to 
fetch directly rather than from your neighbors. Your own 
domain is a good example. Fetching objects belonging to 
your local web servers from a faraway cache is not effi
cient. In this case, use the always_direct acl com
mand. For example, in our organization we use: 
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acl int ranet dstdomain mec . es 
always_ direct allow i ntranet 

to avoid getting our own objects 
from the national cache server. 

The Cache Manager 
Squid includes a simple, web

based interface called cachemgr.cgi to 
monitor the cache performance and 
provide useful statistics, such as: 

• The amount of memory being 
used and how it is distributed 

• The number of file descriptors 

• The contents of the distinct 
caches it maintains (objects, 
DNS lookups, etc.) 

• Traffic statistics with each client 
and neighbors 

• The "Utilization" page, where 
you can check the percentage of 
hits your cache is registering 
(and thus bandwidth you are 
saving). 

Be sure to copy the cachemgr.cgi 
program installed in your 
/usr/local/squid/bin (or wherever you 
chose) to your standard CGI directo
ry, and point your browser to 
http://your.cache.host/cgi-bin/cachem
gr.cgi. There, you should type your 
cache host name, usually "localhost" 
or the name of your system, and the 
port your cache is running, usually 
3128, and check all the options. 

Conclusions and Tips 
A proxy-cache server is a necessary 

service for almost any organization 
connected to the Internet. In this arti
cle, we have tried to show the whys 
and hows to implement this technolo
gy, and a brief tutorial on Squid, the 
most advanced and powerful tool for 
this purpose. Don 't forget to read all 
the comments in the example configu
ration file . They are complete and 
useful and show a lot of features not 
mentioned in this article. 

Perhaps in a few years, with the 
growth of PUSH technology and the 
use of dynamic content on the Web, 
caching won't be a solution to the 
bandwidth crisis. Today, it's the best 
we have. 

One problem proxy caches don 't 
solve is making certain your users 
configure their browsers to use the 
caches. Users can always choose to 
bypass your proxy server by not con
figuring their browsers. Some organi
zations have chosen to block port 80 
in their routers except for the system 

running the proxy-cache server. It's a 
radical solution, but very effective. 

Another thing you can do to 
improve the speed of your users' 
browsers is pre-fetching the most 
accessed web sites from your cache. 
Recursive web-fetching tools which 
support proxy connections can help 
do this task in non-peak hours, e.g., 
url_get, webcopy. Launching one of 
these retrieval tools with the standard 
output redirected to /dev/null updates 
the cache with fresh objects. ~ 

David Guerrero is a 
system and net
work manager for 
the Boletin Oficial 
del Estado. He has 
been using Linux 

since the .98plNN days and now 
is playing with some Alpha
Linux boxes. When not working 
or studying, he likes to spend 
time with his love Yolanda, trav
el , play guitar and synths, or go 
out with his "colegas". He can 
be reached at david@boe.es. 

www.linuxiournal.com ~ 

performance 

reliability 

service 

everything you expect ... and a little more 

LINUX 
U>:C 

l2~ 
g~ 
z::a 
U>m . 

hat. 

Visit us in the Linux Pavilion at Comdex 1998 

http://www.linux-hw.com 
1-888-linux-hw 

Llf'lwi fWc!wJre SoM10!1$ and the l•llUl Hfr~e Soh11oos LQV<1111 trademlrk1olLITTw1Rrdwir1 Sohmcr11, loc Red Ha1 iOd !he Red Hft LOQe 111 rega1ered trtden111rk1 ol ReO Hat So~. Inc "lmw· 111 r1111ste1ed trllleml!I; of lum To.rvalds 

FEBRUARY 1999 ~ LlNUX JOURNAL 59 



KDE: The Highway Ahead 
Mr. Dalheimer describes some of the plans being made 

for future versions of KDE. 

by Ka lle Dalheimer 

T
he K Desktop Environment 
(KDE, see http://www.kde.org/) 
has already generated a lot of 

interest, and many individual users and institutions alike are 
using it as their desktop environment of choice. However, 
nothing is so good that it doesn't have room for improve
ment. Since the beginning, we have considered stability 
more important than sticking to announced dates, so there 
have been occasional delays when we considered KDE not 
stable enough for a release. That said, we hope to release 
KDE 1.1 after one or two beta versions by the end of 1998. 
This version will contain a number of bug fixes, the much 
sought-after support for ICQJava, more robustness in the 
HTML display code and a few new features such as config
urable key bindings for the whole desktop. Originally, we 
had planned to release only bug fixes as version 1.0.1. 
However, the completed new features have been requested 
many times and we don't expect to have 2.0 stable for some 
time, so we want to include everything that is ready. This 
way, we can move on at full steam after 1.1 is released. 

KDE 2.0, the next "official" version, will probably be out 
in late summer 1999, but this is still uncertain. In the mean
time, we will also release a first alpha version of KOffice 
(discussed below). 

Planned Features for KDE 2.0 
We plan substantial rewrites and reorganizations of KDE 

for version 2.0. This will probably lead to snapshots that are 
unstable or don't compile, but as always, KDE follows the 
open-source model closely and makes daily snapshots avail
able via the FTP site and the CVSup server. (CVSup is a 
software package for distributing and updating source trees 
from a master repository on a remote server host.) 

Some of the new code that will go into KDE 2.0 belongs 
to the area file manager/web browser/networking code. 
Most of the new code is already written and just waiting to 
be committed to the CVS after the release of KDE 1.1. 
Changes include a complete rewrite of the file manager and 
the networking code which provides a great improvement 
over the current version, the ability to browse compressed 
archives and a complete overhaul of the user interface of 
the file manager. Related to this is the HTML widget cur
rently in the process of being reorganized to make it more 
adaptable to new HTML standards and to provide better 
support for JavaScript and a free Java virtual machine. 
(kaffe, http://www.kaffe.org/, is a candidate if it supports 
standard AWT, Abstract Window Toolkit, programs by 
then.) Most of this is not just vaporware or simply plans for 
the future , but existing code, part of which is also available 
via the CVSup server with anonymous access. 

Another program to be completely rewritten is the mail 
program KMail. The new version, dubbed KMail 2, will be 
more robust and flexible with respect to various attach
ments and feature IMAP support. 

--""!~ .. ---· 
=::==~==-

... -..:==:.:=.:-..::..- --

.... 
KDE 1 . 1 Desktop 

KDE 1.0 Desktop 

Of course, there is not only revolution such as complete 
rewrites, but also evolution as seen in the continuous 
development of existing features. More and more configu
ration modules are being added to the control center and 
we plan to provide more modules geared specifically 
toward system administrators. We hope to be able to sup
port both LinuxConf and COAS (Caldera Open 
Administration System), but are definitely in need of more 
skilled developers to help in this area. 

Another area of improvement is the drag-and-drop pro
tocol where we will switch from our "homegrown" protocol 
to the XDND protocol, since it will likely become the 
future drag-and-drop standard on (at least free) UNIX sys
tems and is currently supported by programs written with 
the JX toolkit. The GNOME developers have indicated 
that they will also support this protocol, possibly leading to 
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a first point of interoperability between the KDE and 
GNOME programs. 

We will also make use of some new features provided 
by version 2.0 of Qt, the toolkit used with KDE. Among 
these are themes and Unicode support. Themes are some
thing I personally consider less important for a desktop 
aimed at improving productivity, but I know a lot of users 
want it and we aim to please. Note that some theme ability 
is currently in KDE (see e.g., http://kde.themes.org/), but 
the new code will extend this to single widgets within the 
application windows. 

Plans have been made to tear the window manager 
engine out of the window manager KWM and put it into 
the library, so that there can be different window managers 
to implement a different look-and-feel and still provide the 
window manager functionality needed by a full-featured 
KDE desktop. 

This version will contain the much 
sought-after support for ICQJava, 
more robustness in the HTML dis
play code and a few new 
features. 

Unicode (see http://www.unicode.org/) is very impor
tant to gain acceptance in the Far East and other areas of 
the world with scripts containing more than 256 characters. 
Two Chinese localizations of KDE already exist, but these 
require a patched X server that combines two character 
codes transmitted for display into one. With Unicode sup
port, such tricks will not be necessary, as the KDE message 
files can then contain 16-bit characters directly. 

The usability of Unicode support is based heavily on 
availability of decent fonts for the script in question, some
thing UNIX systems have traditionally been lacking. I have 
been looking at integrating the free True Type engine 
Freetype into KDE, but this is still in the beginning stages. 
(Contributions are welcome.) Another option is using a 
font server that supports True Type fonts. 

Another area where work is being done is making KDE 
accessible for handicapped users. It is already possible to 
use very large fonts with KDE programs and especially to 
set such a large font once and for all for all KDE applica
tions, so that people with slight vision impairment can use 
KDE programs, but this is not enough. We have had some 
success with voice-type software, i.e., software that allows 
users to navigate and operate the desktop and applications 
by speaking commands into a microphone. We are working 
with universities on leveraging their research results and 
making usable programs out of them. Another feature that 
falls into this category but has not been addressed yet is 
screen readers, i.e., software that reads out whatever is vis
ible on your screen via your sound card and the speakers. 
While the necessary text-to-speech synthesis is a non-trivial 
problem (even though programs such as emacs peak show 
that it can be done in free software), screen readers 
become even more difficult to write when graphical user 
interfaces are involved, because a single text flow is no 
longer available as on terminal screens. 

Figure 1 
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Figure 2 

KOffice 
The topic most interesting to readers is the develop

ment of KOffice. KOffice (see http://koffice.kde.org/) is 
intended to be a complete office productivity 

suite like Microsoft Office or Lotus 
SmartSuite. It is CORBA-based (using 
the high-quality, freely available ORB 

- ~ Mico that makes good use of today's 
......- .-,..~ , compiler technology) and uses the Open 

'!4"'. Parts as its object model. Open Parts is 
''--"-- the master's thesis topic of one of our 

developers and provides a rich object 
model on top of the rather bare-bones 

CORBA standard, including addition of event services and 
event filtering to CORBA. Open Parts can even be used 
with non-KDE applications. 

Not only the large KOffice applications will use 
CORBA, but this technology will also be used in other 
areas, including the panel which would then be better able 
to swallow other programs. On the other hand, adding 
CORBA compliance to a relatively small program like the 
panel means bloating it, and we still have to investigate 
whether this is truly worth it. 
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Figure 4 

Currently, KOffice consists of the following applications 
which, as I write, have different levels of usefulness. First, 
there is KPresenter (see Figure 1), a presentation program 
in the spirit of MS PowerPoint that has already been used 
for "real work" (like my KDE presentation at the last 
International Linux Congress in Cologne) and features a 
large number of blending effects. Then, there is KSpread 
(see Figure 2), a spreadsheet that already contains about 
20% of the functionality of MS Excel and is easily extensible 
via scripts written in Python. 

A recent addition to KOffice is KWord, a word processor 
aimed at smaller size documents like personal letters, as well 
as complete books. Besides normal word processing features, 
it also has some features known from DTP programs, such 
as Adobe FrameMaker. For large documents or those con
taining many formulas, it might be better still to use KLyX, a 
WYSIAWYG (what-you-see-is-almost-what-you-get) docu
ment processor that uses LaTeX as its formatting engine and 
is based on its older brother, LyX. KLyX is not yet as fully 
integrated into the KOffice concept as the other applica
tions, but hopefully it will be in the near future. 

The KOffice application that is probably most 
advanced at the moment is Klllustrator (see Figure 3), a 
vector-based drawing package. It features a lot of drawing 
tools and is very usable. Two other applications of 
KOffice are KFormula (see Figure 4), a mathematical for
mula typesetter; and Klmage, a smaller image-manipula
tion program. Finally, there is KChart, a component for 
drawing business graphs such as bar charts and pie charts; 
and KOrganizer, an organizer program in the spirit of 
Lotus Organizer that is quite usable and sports many fea
tures and different views. 

Since all KOffice programs are based on the Open 
Parts framework, they can all be embedded into each 
other. You can nicely embed a spreadsheet document into 
your word processor document and beef the whole thing 
up with a vector drawing done with Klllustrator. This 
embedding also features in-place activation with dynamic 
menu bars, and unlike other embedding technologies on 
some platforms we like to hate, it is quite stable. 

We are very aware that for Linux to become a viable 
alternative to Windows or the Macintosh, it must feature 
a consistent easy-to-use desktop and also have an office 
productivity suite that need not (or should not) be as 
bloated as Microsoft Office, but definitely needs the fea
tures used on a daily basis and must be able to read com
mon document formats. Unfortunately, Microsoft Office 
formats are not well-documented. Still, with the help of 
the work done in LAOLA (library for Microsoft struc
tured storage files), we hope to be able to support at least 
some of them. Even though I think this is a boring task (if 
somebody thinks I am wrong here, you are welcome to 
help with this project), we will also write an RTF reader 
and writer, and I have already successfully imported some 
FrameMaker documents via my homegrown filter into 
KWord. Whether other formats (such as WordPerfect, 
StarOffice or the Lotus SmartSuite) will be supported 
depends on two things: whether the respective manufac
turers will make their format documentation available 
and whether someone volunteers to do the work. 

Summary 
As you can see, many things are happening in the 

KDE world and development is occurring faster than 
ever. As with all free software projects, we can be only as 
good as the people who support us, so if you are interest
ed in GUI hacking, writing file-format filters or any of the 
other topics I have mentioned (or something completely 
different that fits into the overall KDE concept), don't 
hesitate to contact us (see http://www.kde.org/ for contact 
information). This is truly an exciting project to be in.~ 

Kalle Dalheimer is a freelance software consultant 
and a technica l writer/technical editor for O'Reilly. 
He is a member of the KDE core team, where he is 
in charge of the libraries and some of t he applica
tions. When not hacking or writing, he plays with 
his two-year-old son, setting up wooden miniature 
railway systems. He can be reached via e-mail at 
kalle@dalheimer.de. 
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Ibe GNOME Project 
What is GNOME and where is it heading? Miguel tells us all. 

by Miguel de lcaza 

G
NOME is an acronym for GNU's Network Object 
Model Environment. GNOME addresses a number 
of issues that have not previously been addressed in 

the UNIX world, such as: 

• Providing a consistent user interface. 

• Providing user-friendly tools and making them power
ful by leveraging the UNIX foundation. 

• Creating a UNIX standard for component program
ming and component reuse. 

• Providing a consistent mechanism for printing. 

GNOME's main objective is to provide a user-friendly 
suite of applications and an easy-to-use desktop. As with 
most GNU programs, GNOME has been designed to run on 
almost all strains of UNIX-like operating systems. 

History of GNOME 
The GNU GNOME project was initially announced in 

August 1997. After just one year of development, approxi
mately two hundred programmers worldwide are now 
involved in the project. 

The original announcement called for developers to 
shape the GNOME project in a number of forums: the GNU 
announce mailing lists; the Guile mailing list; and the GTK + 
and GIMP mailing lists. The programmers and other people 
who influenced the project were mainly free software enthu
siasts with diverse areas of expertise, including graphics pro
gramming and language design. 

The GNOME team has been working steadily toward 
creating a foundation for future free software development. 
GNOME provides the toolkit and reusable component set to 
build the free software end users are eager for. 

Our recent releases of the GNU Network Object Model 
Environment have been GNOME 0.20, the first version of 
GNOME that showed signs of integrations, released in May 
1998; the Drooling Macaque 0.25 release, with more fea
tures; and finally, our latest public release, GNOME 0.30, 
code named Bouncing Bonobo. 

The GNOME 0.20 release was the first release included in 
a CD-ROM distribution. Red Hat 5.1 shipped with a technol
ogy preview of the GNOME desktop environment and it was 
first demonstrated at the 1998 Linux Expo in North Carolina. 

Before the Drooling Macaque release, GNOME software 
releases were coordinated by two or three people on the 
team. This became a significant burden, as precious time was 
being used coordinating each release. We have been trying 
to make the release process more modular and have 
assigned different modules to package maintainers. Each 
package maintainer is responsible for packing, testing and 
releasing their packages independently of the main distribu
tion, which we consider to be the core libraries and the core 
desktop applications. So far we have had some success, but 
there is still room for improvement. We will continue to pol
ish the release process to make it simpler. 
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The most recent GNOME release, Bouncing Bonobo, is 
the first to feature the GNOME spreadsheet Gnumeric. 

Red Hat Advanced Development Labs 
In January 1998, Red Hat announced the creation of the 

Red Hat Advanced Development Laboratories (RHAD). 
The initial objective of Red Hat Labs was to help the 
GNOME effort by providing code and programmers and by 
helping us manage the project resources. 

All code contributed to GNOME by Red Hat Advanced 
Laboratories has been provided under the terms of the 
GNU GPL and the GNU LGPL licenses. Several GTK + 
and GNOME developers have been hired by Red Hat and 
they have rapidly provided the GNOME project with a num
ber of important features. 

For example, Rasterman has implemented themes for 
GTK+ ; the GTK+ themes allow a user to change the appear
ance of the widgets. This is done by abstracting the widget 
drawing routines from the toolkit and putting those drawing 
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routines in modules that can be loaded at runtime. Thus, the 
user can change the appearance of applications without shut
ting them down or restarting the desktop. 

GTK+ themes are fully working. So far, a number of 
theme front-ends have been written. At the time of this 
writing, available themes include Motif, Windows95, Metal, 
native-GTK + and a general purpose Bitmap-based engine 
(see Resources). The web site http://gtk.themes.org/ keeps 
an up-to-date list with many contributed themes from which 
to choose. 

Various important changes to the GTK + toolkit required 
for the GNOME project, such as the menu keyboard naviga
tion code and the enhanced "Drag and Drop" protocols 
(XDND and Motif DND), were written by Owen Taylor, a 
famous GTK + hacker now working for Red Hat Labs. 

Assorted applications were created or are maintained 
nowadays by the GNOME team at RHAD as well: the 
Ghostscript front end (by Jonathan Blandford), the GNOME 
Help Browser and the GNOME RPM interface (Marc Ewing 
and Michael Fullbright), the GNOME Calendar and 
GNOME Canvas (Federico Mena) and the ORBit CORBA 
2.2 implementation (Elliot Lee). 

Other Donations 
The GNOME project received a monetary donation 

from the GNU/Linux Debian team in the early stages of 
the project, as well as an Alpha board from Quant-X 
Service and Consulting GmbH. We are very grateful for 
their contributions. 

Some Key GNOME Features 
The GNOME libraries provide a framework to create 

consistent applications and to simplify the programmer's 
task. More features of the GNOME libraries will be 
described later. Some of the most important current devel
opments in the GNOME libraries are discussed here. 

Metadata 
One problem faced in a desktop environment is the fact 

that it is usually necessary to have a mechanism for storing 
information about a file 's properties. For example, applica
tions might want to bind an icon for a specific executable 
file, or bind a small thumbnail image for a graphic produced 
by a graphics program. These icons should be semantically 
attached to the main file. 

The Macintosh OS, for example, provides a way to store 
this information in the file as its "resource fork". This mecha
nism would be awkward at best to implement in a UNIX envi-

ronment. The main problem is that a non-metadata-aware 
application can cause the metadata information to get out of 

sync. 
The GNOME metadata was implemented by Tom Tromey 

at Cygnus, given a number of design constraints and tradeoffs 
(described in detail on their web site). The following is a list 
of the GNOME metadata features: 

1. Binding the information on a per-file basis in a per
user setting, and each user keeps track of his own 
bindings. System defaults apply on top of these. 

2. Binding information by file content is done according 
to the file type using file signatures, similar to the 
UNIX file command. 

3. Binding information by a regular expression: for exam
ple, a default icon for gif files would be provided by 
the regular expression . * \ . g if$. 

4. The metadata system is optimized to provide a coher
ent GUI solution, rather than as a compromise or 
kludge to existing command-line tools. 

5. Most ordinary uses of files will continue to work with
out metadata, just as they do now. 

A number of standard properties for file metadata are 
available in GNOME. For example, "View" stores the action 
for viewing the file contents; "Open" stores analogous action 
for editing; "Icon", which contains the icon, is used for dis
playing the file on the desktop. 

Metadata types are MIME types. 

Canvas 
GNOME provides a Canvas widget, patterned after Tk's 

excellent canvas. This widget simplifies the programming of 
applications that need control over graphical components. 
The most noticeable feature of GNOME Canvas is that it pro
vides a flicker-free drawing area where high-level objects can 
be inserted and manipulated. Basic zoom and scroll facilities 
are also a part of the canvas. 

The high-level objects 
inserted into the canvas • , '-, o o 
behave like regular widgets. 
They can receive X events, 
grab the focus and grab the 
mouse just like a regular wid
get. As with their Tk coun
terparts, GNOME Canvas 
items can have their proper
ties changed at runtime with 
a Tk-like configuration 
mechanism. 

The GNOME Canvas 
ships with a number of items 
derived from the 
GnomeCanvasitem object: lines, rectangles, ellipses, arrows, 
polylines and a generic widget container to embed GTK + 
widgets within a canvas. The Canvas framework is designed to 
be very extensible. As proof of this extensibility, the GNOME 
spreadsheet is implemented on top of the base canvas engine, 
with additional functionality provided by spreadsheet-specific 
Canvas Items. 

Note that the current Canvas uses Gdk primitives (a thin 
wrapper over Xlib primitives) to draw, so it is limited in the 
quality and range of special effects that can be provided with 
it, which bring us to the next step in Canvas technology. 
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Raph Levien is working on an 
advanced rendering engine for the 
Canvas. It was originally developed as a 
stand-alone widget within his Typel 
outline font editor, gfonted. At the time 
of this writing, work on integrating the 
engine into the Canvas was getting 
underway. 

Features of this engine include: 

• Anti-aliased rendering of all 
items 

• Alpha transparency 

• Items for vector and bezier paths 

• Items for RGB and RGB plus 
alpha images 

• Vector operations, including clip 
(intersect) , union, difference and 
stroke layout 

• PostScript Typel font loading 
and rendering 

The engine's design goal is to sup
port almost all of the PostScript imag
ing model with the addition of alpha 
transparency. As such, it is expected to 
be an excellent starting point for high
powered graphics applications. 

In spite of the ambitious goal of 
keeping the display up to date with 
entirely anti-aliased and alpha-compos
ited items, performance is surprisingly 
good-comparable, in fact , to the Xlib
primitive-based canvas engine. 

His code is expected to be merged 
into the main Canvas sometime soon. 

Window Manager Independence 
GNOME does not depend on a spe

cial window manager-any existing win
dow manager will do. GNOME speci
fies window manager hints that can be 
implemented by the window manager 
to give the user better desktop integra
tion, but they are optional. The E win
dow manager implements all of the 
GNOME window manager hints and 
can be used as a reference implementa
tion for people wishing to extend their 
window managers to be GNOME-com
pliant. The ICEWM manager is track
ing those developments and is also con
sidered to be a GNOME-compliant 
window manager, although at this time, 
it is lagging a bit behind. A few people 
have shown interest in providing the 
WindowMaker and FVWM2 maintain
ers with patches to make those window 
managers GNOME-aware. 

Component Programming 
Historically, one of the attractions 

of UNIX has been the philosophy of 

small tools that each do one thing well 
and combining these tools, using pipes 
and simple shell scripts, to perform 
more complex tasks. This philosophy 
works very well when data objects are 
represented as plaintext and operations 
are effectively filters. However, this 
UNIX command-line philosophy does 
not scale well to today's world of multi
media objects. 

Thus, it would be nice to have a 
framework in GNOME that would pro
vide software reuse and component 
plugging and interaction, i.e., connect
ing small specialized tools to carry out 
complex tasks. With this infrastructure 
in place, GNOME applications can 
once again return to the UNIX roots of 
simple, well-specialized tools. 

An RPC system was then required 
for providing this sort of functionality, 
so we decided to use CORBA (the 
Common Object Request Broker 
Architecture) from the Object 
Management Group (OMG). CORBA 
can be thought of as an object-oriented 
RPC system, which happens to have 
standardized bindings for different lan
guages. 

CORBA opened a range of applica
tions for us. Component programming 
allowed us to package programs and 
shared libraries as program servers that 
each implement a specific interface. 

For example, the GNOME mail 
program, Balsa, implements the 
GNOME: : MailMessage interface 
that enables any CORBA-aware pro-
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gram to remotely compose and customize the contents of a 
mail message and send it. Thus, it is possible to replace the 
mail program with any program that implements the 
GNOME : : Mai lMessage interface. As far as the GNOME 
desktop is concerned, the process just implements the 
GNOME: : MailMessage interface. This means, for exam
ple, that I will be able to continue using GNUS to read my 
mail and have GNUS completely integrated with the rest of 
my desktop. This also applies to the other components in 
the GNOME system: the address book, file manager, termi
nal emulation program, help browser, office applications 
and more. 

Beside providing the basic GNOME interfaces, applica
tions can provide an interface to their implementation-specif
ic features. This is done by using CORBA'.s interface inheri
tance. A specific interface would be derived from the more 
general interface. For example, GNUS would implement the 
GNOME: : MailMe ssage interface and extend it with GNUS
specific features in the GNOME: : GnusMailMessage inter
face. This interface would hypothetically allow the user to 
customize GNUS at the Lisp level, something other mailers 
may not do. Another example would be a 
GNOME : : MozillaMailMessage interface that would let a 
user configure the HTML rendering engine in Mozilla mail. 

Not only does CORBA address these issues, but it can 
also be used as a general interprocess communication 
engine. Instead of inventing a new ad-hoc interprocess com
munication system each time two programs need to commu
nicate, a CORBA interface can be used. 

Embedding documents into other documents has been 
popularized by Microsoft with their Object Linking and 
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Embedding architecture. A document-embedding model simi
lar in spirit is being designed for GNOME (the Baboon 
model), and all of the interprocess communication in this 
model is defined in terms of CORBA interfaces. 

Initially, we were very excited by the possibilities pre
sented by CORBA, but we soon realized that using 
CORBA in the GNOME desktop was going to be more 
difficult than we expected. 

We tried using Xerox's ILU for our COREA needs. The 
license at the time did not permit us to make modifications 
to the code and redistribute them, an important thing for 
the free software community, so we had to look for alterna
tives. Xerox has since changed the licensing policy. 

After evaluating various free CORBA implementations, 
we settled on MICO, as it was the most feature-full free 
implementation. MICO was designed as a teaching tool for 
CORBA, with a primary focus on code clarity. 

Unfortunately, we soon found that MICO was not a pro
duction-quality tool suitable for the needs of GNOME. For 
one, we found that the rather indiscriminate use of C+ + tem
plates (both in MICO and in MICO-generated stubs) proved 
to be a resource hog. Compiling bits of GNOME required as 
much as 48MB of RAM for even the simplest uses of 
CORBA, and this was slowing down our development. 
Another problem was that MICO supported only the C+ + 
CORBA bindings. Even though an initial attempt had been 
made at providing C bindings, they were incomplete and not 
well-maintained. 

To address these problems, Dick Porter at i2it and Elliot 
Lee at Red Hat Labs wrote a C-based, thin and fast CORBA 
2.2 implementation called ORBit. As soon as ORBit became 
stable, the use of CORBA throughout GNOME began, after 
a delay of almost eight months. 

With an efficient, production quality CORBA implemen
tation under our control, we can ensure that COREA-enabled 
interprocess communication is a valuable service for applica
tion programmers, rather than a source of overhead and bulk. 

Dissecting a GNOME Desktop Application 

The toolkit 
GNOME desktop applications have been built on top of 

the object-oriented GTK+ toolkit originally designed as a 
GUI toolkit for the GNU Image Manipulation Program 
(GIMP). 

GTK + has been implemented on top of a simple window 
and drawing API called Gdk (GTK Drawing Kit) . The initial 
version of Gdk was a fair ly thin wrapper around the Xlib 
libraries, but a port to Win32 and a port to the Y windowing 
system are presently in alpha stages. 

GTK + implements an object system entirely in C. This 
object system is quite rich in functionality, including classical 
single inheritance, dynamic creation of new methods and 
classes, and a "signal" mechanism for dynamically attaching 
handlers to the various events that occur in the user interface. 
One of GTK's great strengths is the availability of a wide 
range of language bindings, including C + + , Objective-C, 
Perl, Python, Scheme and Tom. These language bindings pro
vide access both to GTK + objects and to new objects pro
grammed in the language of choice. 

An additional feature of GNOME is Rasterman's Imlib 
library. This library is implemented alongside Gdk and pro
vides a fast yet flexible interface for loading and saving images 
and rendering them on the screen. Applications using Imlib 
have quick and direct access to PNG, GIF, TIFF, JPEG and 
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XPM files as well as other formats avai lab le through external 
conversion filters. 

The Support Libraries 
C-based GNOME applications use the glib utility library. 

glib provides the C programmer with a set of useful data 
structures: linked lists, doubly linked lists, hash tables (one-to
one maps) , trees, string manipulation, memory-chunk reuse, 
debugging macros, assertion and logging facilities . glib also 
includes a portable interface for a dynamic module facility. 

The GNOME libraries 
The GNOME libraries add the missing pieces to the tool

kit to create full applications, dictate some policy, and help in 
the process of providing consistent user interfaces as well as 
localizing the GNOME applications so they can be used in 
various countries. 

The current GNOME libraries are GTK+-Xmhtml, 
gnome-print, libgnome, libgnomeui, libgnorba, libgtop, 
gnome-dom and gnome-xml. Other libraries are used for spe
cific applications: libPropList (soon to be replaced by a new 
configuration engine) and audiofile. 

The main non-graphical library is called libgnome. This 
provides functions to keep track of recently used docu
ments, configuration information, metadata handling (see 
below), game score functions and command-line argument 
handling. This library does not depend on the use of a win
dowing system. 

As we use CORBA to achieve parts of our desktop inte
gration, we have a special library called the libgnorba library 
to deal with various CORBA issues. It provides 
GUl/CORBA integration (to let our GUI applications act as 
servers), authentication within the GNOME framework and 
service activation. 

The gnomeui library, on the other hand, has the code that 
requires a window system to run. It contains the following 
components: 

• The GNOME session management support 

• Widgets, both as straightforward extensions of GTK + 
and designed to be dependent on libgnome features 

• A set of standard dialog boxes otherwise not avai lable 
on GTK + , well-integrated with other GNOME libraries 

• Standard property configuration dialog boxes 

• Standard top-level window handling 

• A multi-document interface (gnome-mdi) 

• Windowing hints 

• CORBA integration where required 

GTK+-XmHTML is a port of the Koen D'Hondt's 
XmHTML widget for Motif and is used for our HTML dis
play needs. Our changes are being folded back into the 
main distribution. 

The libgtop library allows system applications to be easi
ly ported to various operating systems; it provides system, 
process and file system information. 

gnome-xml provides XML file loading, parsing and saving 
for GNOME applications and is being used in the GNOME 
spreadsheet (Gnumeric) and in the GNOME word processor 
program. gnome-dom provides an implementation of the 
World Wide Web Consortium's Document Object Model for 
GNOME applications. By the time you read this article, 

gnome-dom will have 
been deployed widely in 
the GNOME office appli
cations. Both gnome-xml 
and gnome-dom were 
developed by Daniel 
Veillard from the World 
Wide Web Consortium. 

gnome-print imple
ments GNOME's print
ing architecture. It con
sists of a pluggable ren
dering engine as well as a 
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set of widgets and standard dialog boxes for selecting and 
configuring printers. In addition, gnome-print is responsible 
for managing outline fonts and contains scripts that automati
cally find fonts already installed on the system. 

The GNOME print imaging model is modeled after 
PostScript. Basic operations include vector and bezier path 
construction, stroking, filling, clipping, text (using Typel fonts, 
with TrueType to follow shortly) and images. 

Currently, gnome-print generates only PostScript output. 
However, the design of the imaging model is closely synchro
nized with the anti-aliased rendering engine for the Canvas 
and it is expected that these two modules will be interoperat
ing soon. In particular, it will be possible to "print" into a can
vas (useful for providing a high-quality screen preview) and to 
print the contents of a canvas. This feature should simplify the 
design of applications which use the Canvas, as very little 
extra code will be needed to support printing. 

The same rendering engine will be used to render print
ed pages directly without going through a PostScript step. 
This path is especially exciting for providing high-quality, 
high-performance printing to color ink-jet printers, even of 
complex pages containing transparency, gradients and other 
elements considered "tricky" in the traditional PostScript 
imaging model. 

Bindings 
One explicit goal of GNOME was to support development 

in a wide range of languages, because no single language is 
ideal for every application. To this end, bindings for both 
GTK + and the GNOME libraries exist for many popular pro
gramming languages, currently C, C+ + , Objective-C, Perl, 
Python, Scheme and Tom. 

The early involvement of Scheme, Tom and Perl hackers 
in both the GTK+ and GNOME projects has helped in mak
ing the GTK+ and GNOME APis easy to wrap up for vari
ous languages. Multi-language support is "baked in" to the 
design of GTK+ and GNOME, rather than being added on 
as an afterthought. 

Development model 
GNOME is developed by a loosely coupled team of pro

grammers around the world. Project coordination is done on 
the various GNOME mailing lists. 

The GNOME source code is kept on the GNOME CVS 
server ( cvs:cvs.gnome.org:/cvs/gnome/). Access to the source 
code through Netscape's Bonsai and LXR tools is provided at 
http://cvs.gnome.org/, to help programmers get acquainted 
with the GNOME source code base. 

Most developers who have contributed code, major bug 
fixes and documentation to GNOME have CVS write access, 
fostering a very open atmosphere. GNOME developers come 
from a wide range of backgrounds and have diverse levels of 
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ski ll and experience. Contributions from less experienced peo
ple have been surprisingly helpful, while the older, wiser 
coders have been happy to mentor younger contributors on 
the team. The GNOME developer community values clean, 
maintainable code. Even programmers with many years of 
coding experience have noted how involvement with the 
GNOME project has helped them write better code. 

The GNOME Office Suite Applications 
As the GNOME foundation libraries become more sta

ble, the development of larger programming projects has 
become possible and has allowed small teams of developers 
to put together the applications which will make up the 
GNOME office sui te. 

As with other GNOME components, the GNOME office 
suite is currently catching up with commercial offerings. By 
providing an office suite which is solid, fast and component
based, the code written for the GNOME project might 
become the foundation for a new era of free software pro
gram development. 

The office suite leverages a lot of knowledge many of us 
have acquired during the past year while developing various 
GNOME components. Our coding standards are higher, the 
quality is better and the code is more clean and more robust. 

The availability of these applications has provided us with 
the test bed we required to complete our document embed
ding interfaces (the Baboon model). 
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Resources 

bonobo: The GNOME team has learned that the 
Bonobo, the primate closest to humans, is an endan
gered species. If you want to know more about how 
you can help save the Bonobos, check this web page: 
http://www.gsu.edu/-wwwbpf/bpf/ 
GIMP: http://www.gimp.org/ 
GNU: http://www.gnu .org/ 
GTK+: http://www.gtk.org/ 
GNOME: http://www.gnome.org/ 
Gnumeric: http://www.gnome.org/gnumeric/ 
gnome-print: http://www.levien.com/gnome/ 
print-arch.html 

GWP: http://www.hungry.com/products/gwp/ 
OMG: http://www.omg.org/ 
ORBit: http://www.labs.redhat.com/orbit/ 
RHAD: http://www.labs.redhat.com/ 
Themes: http://www. labs. red hat.com/themes/ 
Tom Tromey: 
http://www.cygnus.com/-tromey/gnome/ 
metadata.html 

Y: http://www.hungry.com/ 

Two word processing projects are going on for GNOME: 
one of them is GWP by Seth Alves at the Hungry 
Programmers and the other one is Go from Chris Lahey. 
GWP is currently more advanced and has printing working 
with the GNOME printing architecture. 

Gnumeric, the GNOME spreadsheet project, is aimed at 
providing a commercial-quality spreadsheet with advanced 
features. It provides a comfortable and powerful user inter
face. As with other components in GNOME, we have worked 
toward providing a solid and extensible framework for future 
development. 

Recently, work has begun on Achtung, the GNOME 
presentations program. It is still in the early stages of 
development. 

Getting GNOME 
Tested source code releases of GNOME are available 

from GNOME's ftp site: ftp: //ftp.gnome.org/. 
It is also possible to get the very latest GNOME develop

ments from the anonymous CVS servers. Check the GNOME 
web page for details on how to pull the latest version straight 
from the CVS servers. 

Breaking news about GNOME is posted to the GNOME 
web site in http://www.gnome.org/, along with documents to 
get you started on GNOME and developing GNOME appli
cations.~ 

Miguel de lcaza is one of the GNU Midnight 
Commander authors as well as a developer of GNOME. 
He also worked on the Linux/SPARC kernel port. He can 
be reached via e-mail at miguel@gnu.ai.mit.edu. 
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Victual Netwock Computing 
Mr. Harvey tells us about the VNC software package 

and how to set it up to control MS Windows servers 

from Linux. 

by Bria n Harvey 

I 
n today's changing world, an increasing 
number of UNIX system administrators are 
finding they need to support Windows NT 

servers in their work environments. Whether 
Exchange or application servers, NT servers are 
starting to creep into what were once UNIX-only shops. 
The responsibility of managing an NT server can be dis
couraging to any UNIX guru. UNIX users are used to the 
flexibility of the X Window System-the ability to run 
applications easily on any UNIX server and have remote X 
applications display on the local desktop. It is much more 
difficult to manage NT servers remotely and the adminis
trator usually needs to be at the system's console to run 
most NT applications. 

Several commercial products allow MS Windows appli
cations to be controlled remotely from an X desktop. In 
addition, there are several commercial X servers for MS 
Windows which allow the opposite. However, until recently 
an equivalent free software package was not available. 

VNC 
Researchers at the Olivetti & Oracle Research 

Laboratory (ORL) have released the VNC software pack
age under the GNU general public license. VNC, which 
stands for Virtual Network Computing, is a client/server
based, stateless, platform-independent protocol developed 
at ORL. This protocol implements a remote display system 
in which a user is allowed to control a computing "desktop" 
managed by a VNC server, by connecting to it from a VNC 
client application called a "viewer". VNC servers currently 
exist for Windows 95/NT, Macintosh and UNIX. A variety 
of VNC clients exist as well for a number of operating sys
tems. Figure 1 shows all the connections currently possible 
with the VNC protocol. Many of the VNC viewers are port
ed by users on the Net. ORL supplies precompiled server 
and client binaries for Windows 95/NT, Macintosh, Linux, 
Digital UNIX and Solaris. In addition, ORL provides a 
Windows CE client. 

In this article, I will discuss how to set up the VNC soft
ware, allowing you to control a Windows desktop from 
Linux running the X Window System (probably the most 
common use of VNC for Linux users). 

Installation 

Linux (VNC Viewer) 
ORL provides an x86 Linux 2.0 binary that works great 

with Red Hat 5.1 and can be retrieved from their download 
page (see Resources). Once you have the package, unar
chive it using gunzip and tar. The binary distribution pro
vides no installation script, but for our purposes we simply 
need to have root copy the viewer binary, vncviewer, into a 

VNC SERVERS VNCVIEWERS 

Unix (X..Wlndows) 

suitable loca
tion accessible 
by others, 
such as 
/usr/local/bin. 

Windows (951NT) ~>-;;;:::::-<:S:=---- Jave 
Macintosh 

Windows 
95/NT (VNC 

Macintosh BeOS 

OS/2 

Server) Figure 1. VNC Protocol Connections 
ORLpro

vides a pre-
compiled Windows 95/NT binary supplied as a package that 
can also be downloaded from their download page. The 
package installs like most other Windows software pack
ages, i.e., using InstallShield. The VNC server (Win VNC) 
can be installed as a regular application (started/stopped by 
the user currently logged on to the console) or as an NT 
service (starts 
automatically 
when NT boots; 
does not exit when 
user logs out). 
Installation as a 
service is a new 
feature in recent 
versions of 
WinVNC. The lat
est version at the 
time of writing, is 
3.3.2R5. VNC is 
actively developed, 
so a newer version 
of the software 
will most likely be 
ready to download 
by the time you 

Figure 2. Windows VNC 
Configuration Window 

read this. I recommend installing Win VNC as a service so 
that the VNC server is always running and you do not have 
to remain logged in on the Windows console at all times. 

To install Win VNC as a service, simply install the pack
age as you would normally install any other Windows appli
cation, then type in a command window: 

cd PATH_ to_ installed_WinVNC 

WinVNC . exe -install 
WinVNC . exe -run # or reboot NT to have t h e 

# service start automa tically 

Configuration 
The Linux VNC viewer requires no configuration to 

use. However, the Windows VNC server does require some 
minor configuration. To bring up the configuration window 
either right-click on the WinVNC icon in the Windows 
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NT/95 system tray and select Properties, or 
open a DOS command window and type: 

cd PATH_to_ins tall e d_ WinVNC 

Wi nVNC. exe - s ettings 

In the configuration window, shown in 
Figure 2, the following options can be set: 

• Make sure Accept Socket 
Connections is selected. If this option 
is not checked, all incoming connections 
will be disabled. 

• The Display Number can be left at 0. 
This value is specified when using a 
VNC viewer to connect to this server. 

• Set a Password to secure access to this 
VNC desktop (a good idea). When con
necting to this VNC server via a viewer, 
you will be prompted for the same pass
word. 

• If Disable Remote Keyboard & 

Pointer is selected, all incoming viewer 
connections will be able to see the desk-
top but will not be able to move the 
mouse or type anything (a read-only connection). 

• In the Update Handling section, various options 
can be turned on/off to control how the VNC server 
sends "desktop changes" to a VNC viewer. See 
http://www.orl.co.uk/vnc/winvnc.html for in-depth 
explanations on the pros and cons of each option. 

Press the Ok or Apply button to apply your configuration 
changes. 

Using the Linux VNC viewer 
Once you have WinVNC running on a Windows server, 

try connecting to it from your Linux desktop by typing 
(within X) the following command, followed by the pass
word you gave when configuring WinVNC (if any): 

> vncviewer windows_ server: O 

vncviewer : VNC server supports protocol vers i on 3.3 
(viewer 3. 3) 
Password: your_password 

vncviewer: VNC authentication succeeded 
vncviewe r: Desktop name "boxs ter " 
vncviewer: Connected to VNC server, us i ng protocol 
version 3.3 
vncv iewer: VNC ser ver defau l t format : 
16 bits per pixel . 
Leas t s igni fi cant byte firs t in each pixel. 
Tr ue color: max r ed 31 green 63 blue 31 

s hif t red 11 green 5 blue 0 
Using defaul t co l or map and translat i ng to BGR233 
Crea t i ng window dept h 8, visualid Ox22 colormap Ox21 

If you typed the password correctly, several lines of 
information will appear and a new large window will pop 
up showing the entire remote Windows desktop. When 
you are finished using the VNC viewer, simply close the 
viewer's window to close the connection. The remote 
Windows desktop will be left in the last state the viewer 
left it in. 

Figure 3 shows a sample Linux desktop with a newly 
opened VNC viewer connection "viewing" a Windows NT 
desktop. 

Figure 3. Linux Desktop Viewing Windows NT 

A nice feature available in recent VNC releases is the 
ability to send the infamous cTRL - ALT- DEL key sequence to 
the Windows desktop shown in a VNC viewer. This feature 
has distinct advantages when the VNC server is installed as 
a service: 

• If the VNC server is installed as a service under 
Windows NT, you don't need to have a user logged on 
all the time with the VNC server running as a 
Windows application. When it comes time to use that 
server remotely, simply connect to it with a VNC 
viewer, press cTRL - ALT - DEL to get the NT login 
Window, and log on as you normally would to the NT 
box. 

• If you need to stay logged on to the NT server but 
want to exit your local X session, you can type 
CTRL-ALT-DEL to get the "Windows NT Security" pop
up window, click on "Lock Workstation" to lock the 
console, close the VNC viewer connection, then exit 
your X session. You will still remain logged on to the 
NT server; its screen is now locked. 

Advantages 
The VNC protocol has several advantages. The main 

one is that it is stateless. A user can close a connection to a 
remote desktop from one VNC viewer and later reconnect 
to that same remote desktop from the same or different 
VNC viewer, and it will be in the same state. 

When using the Java VNC viewer, a system administra
tor can control a Windows 95/NT, Macintosh, or UNIX 
desktop from anywhere in the world using a Java-enabled 
browser. The VNC server can be configured so that all 
incoming viewer connections will be able to see the desktop 
but will not be able to move the mouse or type anything (a 
read-only connection). This option comes in handy in a 
teaching environment, where each student in a class con
nects to the instructor's "desktop" and watches a demon
stration on his own computer rather than on an overhead 
connected to the instructor's computer. 
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How I Use VNC 
At work, I have an 

Alpha running Digital 
UNIX and a P133 running 
Windows NT 4.0. 
Although I am strictly a 
UNIX systems administra
tor, my company's e-mail 
standard is based on 
Microsoft Exchange. 
Therefore, I am required 
to have a Windows desk
top on my desk in order to 
read Exchange e-mail. 
However, at home I run 
only Linux. I was looking 
for a way to read my 
Exchange e-mail from 
home. After reading about 
VNC, I knew I had found 
what I was looking for. 

I use the Linux VNC 
viewer at home to connect 
to the Windows NT box 
on my desk at work over a 
PPP connection. Figure 4 
shows me reading my 
Exchange e-mail with 

10. You .see • b~r sticUr tbat says "O••r• are Loser•" and you 
have no idea 1t 1• reterrinq to c1rUQ• . 

~Stew 9. Toi.tr sl<HP •chedule is -1.J11Uar «:i that ot the crr••t horned 
((utneylahif' ow l . 

""'""' e. You -.Jee 1110re than all ot th.It 11U.s Y'Oll Ji::nov vho actually 
tint111bed c:olleqe. 

? , You uv. enouvh c:C1111putin; po-c: in your ho~• or aparuien.t. to 
render ob•cene pict\l.Cl!S ot upper •n.gienient people. 

'· Tou.z.- 1c1e.• ot • •octa l event 1• ootng to a Non-Oisc:loaure 
Di111cu.a111on. 

such a setup. While VNC Figure 4. Reading MS Exchange from Linux 
performance over a PPP 
line isn't spectacular, it is 
very usable and solves my problem of not being able to 
read Exchange e-mail from home.~ 

Brian Harvey is currently a UNIX Systems 
Administrator for U.S. Technical Services 
in Huntington Beach, CA. He is a gradu
ate of UC Riverside with a BS and MS in 
Computer Science. He can be reached via 
email at brian .harvey@ustsvs.com 

/A)ww. wk re,ea.r"" . 1.dt.t.~ttt/vri c./ 
Resources 

~ain VNC home page at ORL: 
Rt.tp·t,Lww:io1 orl ~ .uk/•11'lef 
On-line documentation page for VNC servers and 
viewers: http://www.orl .eo.uk/vnc/docs.html 
VNC download page for precompiled binaries, source 
and documentation: 
http://www.orl.co. u k/vnc/download. htm 
Various contributed VNC viewer ports plus hints on 
how to get the viewer compiled and working on your 
favorite OS for which ORL does not supply a binary: 
http://www.orl.co.uk/vnc/contribs.html 
To subscribe to the VNC mailing list, send e-mail to 
vnc-list-request@orl.co.uk with the text "subscribe 
vnc-list" in the body of the message. 

Searchable Linux manual pages: 
http://www.linuxjournal.com/man.html 
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Configuciag AIM Netwocks 
This article describes how to configure Linux-based PCs 

and an asynchronous transfer mode (ATM) switch to 

build an ATM network. 

by Wayne J. Salamon 

The Linux ATM software (device driver and utilities) 
is developed and supported by Werner Almsberger 
in Switzerland as part of the Linux-ATM API soft

ware set (see Resources). This software contains device 
drivers for the following ATM adapters: Efficient ENI-
155P, SMC ATM Power 155, Rolf Fiedler's TNETA1570 
board, Zeitnet ZN1221/ZN1225 and the IDT 77901/77903 
155 and 25 Mbps adapters. Also, a driver for the Fore 
PCA-200E ATM adapter is available separately (see 
Resources). The two adapters I have experience with are 
the Efficient ENI-155p and the Fore PCA-200E. 

The National Institute of Standards and Technology 
(NIST) uses ATM and Fast-Ethernet networks as intercon
nects in its scalable cluster computing initiative. One 
research area is evaluating the benefits of ATM and Fast
Ethernet networks in this cluster environment. 

In this article, I will tell you how to obtain and install 
the ATM support software and device drivers. I will also 
describe how to configure the ATM connections on the PCs 
and the switch to be used for IP network traffic. 

The ATM interface cards I use are ENI-155P ATM 
adapters produced by Efficient Networks and PCA-
200EPC adapters from Fore Systems. These cards are 
installed in standard Pentium or Pentium-Pro-based PCs 
running Linux. The ATM switch I used for this article is a 
Fore ASX-1000, although the information I give applies 
to all of the Fore ATM switches. This switch can be set up 
to allow the Linux workstations to use IP over both 
Switched Virtual Circuits (SVC) and Permanent Virtual 
Circuits (PVC). 

Obtaining and Installing the Linux-ATM 
Software 

The ATM software is available from http:// 
lrcwww.epfl.ch/linux-atm/. The software is packaged as a 
compressed, gzipped tar file. Each version of the software 
is tied to a specific version of the Linux kernel. For this 
article, I used version 0.35 running on Linux kernel 
2.1.90. The size of the ATM software distribution is 
roughly 500KB. The device driver for the Fore PCA-200E 
adapter can be obtained by anonymous FTP from ftp: // 
os.inf.tu-dresden.de/pub/pca200e/. Refer to the README 
file in the PCA200 distribution for further information. 

The driver portion of the Linux-ATM software, as well 
as the changes to the Linux kernel, are shipped as one large 
patch file. Therefore, adding support to the Linux kernel 
for ATM is straightforward: apply the kernel patch, config
ure and rebuild the kernel in the usual way. The ATM con
figuration items you must have are: 

• Asynchronous Transfer Mode (ATM) 
(CONFIG_ATM) 

• Classical IP over ATM with ATMARP 
(CONFIG_ATM_ATMARP) 

• Device driver, one of the following: 
Efficient Networks ENI155P (CONFIG_ATM_ENI) 
ZeitNet ZN1221/ZN1225 (CONFIG_ATM_ZATM) 
Rolfs TI TNETA1570 (CONFIG_ATM_TNETA1570) 
IDT 77201 (NICStAR) (CONFIG_ATM_NICSTAR) 

I recommend starting with a fresh Linux kernel source 
tree before applying the ATM patch. Refer to the USAGE 
file that is part of the Linux-ATM software, as things may 
change. All of the device drivers in the distribution can be 
built as kernel modules or as part of the kernel object itself. 
If you are using a Fore PCA-200E adapter, you do not select 
a driver during the kernel configuration. The PCA-200E 
device driver is built as a module separately, as specified in 
the README file included in the PCA200 distribution. 

ATM is a point-to-point, switched 
technology. 

After the kernel is patched, rebuilt and installed, you are 
ready to build the ATM support software. Again, refer to the 
instructions in the USAGE file. One change I recommend is 
installing the support files in /usr/local/atm-version/bin and 
creating a soft link from /usr/local/atm to the actual install 
directory. By using the soft link, you can change ATM soft
ware levels and back them out, if needed, without changing 
the configuration scripts. 

Configuring the ATM Device Interface 
You are now ready to configure the IP over ATM. First, 

you must decide what type of "virtual circuits" to use to 
connect the machines. ATM is a point-to-point, switched 
technology; in order for two hosts to communicate, a virtu
al circuit must be established between them. 

Switched Virtual Circuits (SVCs) are connections that 
are established dynamically and torn down when the con
nection is no longer needed. However, a high latency is 
associated with establishing a connection. Also, SVCs are 
deleted after a timeout period if no traffic is sent over the 
connection. Therefore, the latency associated with SVCs is 
not always predictable. I encountered several problems 
when using SVCs, such as connections not being estab
lished or sometimes failing to remain open. 

Permanent Virtual Circuits (PVCs) are established and 
kept open. Thus, no latency is associated with establishing 
the connection, as there is when using SVCs. The disad
vantage of PVCs is that the switch must be configured to 
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establish all the connections between the hosts. When you 
have several hosts and each host needs to communicate 
with all the others, the number of PVCs required within 
the ATM switch grows rapidly. Specific configuration 
information for SVCs and PVCs is discussed later, but I 
will jump ahead a bit in order to complete the IP configu
ration now. The steps to configure the ATM interface are 
as follows: 

• Start the ATM software daemons with these com
mands: 

atmsigd -b 
ilmid - b 
atmarpd -b 

• Create the ATM device name: 

atmarp -c atmO 

• Configure the ATM interface for IP: 

ifconfig atmO ipaddr netmask netmask mtu mtu 

• Add the route for the ATM subnet: 

route add -net network netmask netmask atmO 

• Create a permanent ATM ARP (address resolution 
protocol) cache entry for the ARP server: 

atmarp -s arpserver arpsrvnsap arpsrv 

ipaddr is the IP address of the ATM interface, netmask 
is the network mask and network is the IP address of the 
network to which we are connecting. arpserver is the IP 
address of the ATM ARP server and arpsrvnsap is the 
ATM address of the ARP server. The ATM ARP server is 
used to convert an IP address to an ATM network service 
access point (NSAP) address. (The NSAP address is simi
lar to a media access control (MAC) address and is 20 
octets long.) The NSAP address is needed to establish 
SVCs between nodes. You can also create an /etc/hosts.atm 
file to contain the IP to NSAP mapping, allowing for 
quicker IP to NSAP translations. For my network, I use the 
Fore switch as the ARP server. The atmarpd daemon 
maintains a cache of IP to NSAP mappings. The atmarp 
command makes the ARP cache entry permanent when 
the arpsrv option is used. 

One final note: if you are going to use PVCs only, you 
do not need to start the atmsigd and ilmid daemons. 
Listing 1 contains a complete example of configuration 
commands. 

Configuration of Switched Virtual Circuits 
The ATM switch configuration commands I use apply to 

the entire family of Fore ATM switches, because they all 
have a similar command interface. 

When using SVCs, a host must pass information to the 
ATM switch, declaring its intent to set up a connection with 
another host. The term for connection setup is "signaling". 
The ATM protocol used between a host and a switch is the 
user-network-interface (UNI) signaling standard. There are 
several revisions of the UNI standard. The Fore ATM 
switch supports UNI 3.0, 3.1 and 4.0. The Linux-ATM soft
ware also supports these versions. 

However, there are standards and there are implementa
tions. In setting up our SVCs, I encountered several prob
lems with UNI 3.0 signaling. The UNI 3.1 signaling was more 

Listing 1: Script to Configure the ATM Interface 
#! / bin / sh 
# 
# Initializes the atm interfaces on 
# your system 
IPADDR=" 192 . 168 .1.10" 
NETMASK="255 .2 55.255.0" 
NETWORK="l92.168.l.0" 
BROADCAST="l92.168.l.255" 
ARPSERVER="l92.168.l .l" 
ARPSRVNSAP="47.0005.80.ffel00 . 0000.f2lc.Od9f.0020 
48lc0d9f . 00" 
# 
# NOTE : We change the SOU size below when 
# using the Efficient ENI-1* *55P 
# adapter cards . 
# 

SDU_SIZE="4352" 
MTU_SIZE="4344" 
# 
# start up the daemons needed for UNI 
# signaling and ATMARP 
# (If you are using PVCs only, you don't 
# need atmsigd and ilmid, but 
#you still need atmarpd for PVCs!) 
/ usr / local / atm/bin / atmsigd -b 
/ usr / local / atm/ bin / ilmid -b 
/ usr / local / atm/bin/ atmarpd -b 
# 
# create the atm interface 
/ usr / local / atm/bin / atmarp -c atmO 
# configure the atm interface 
/ sbin / ifconfig atmO ${IPADDR} broadcast 

i${BROADCAST} netmask ${NETMASK} * \ 
*mtu ${MTU_SIZE} /shin/route add -net 

{NETWORK} netmask ${NETMASK} atmO 
# 
# set the atmarp server nsap address 
/ usr / local / atm/ bin / atmarp -s ${ARPSERVER} \ 

${ARPSRVNSAP} qos ubr:sdu=9188 * *arpsrv 
# 
# tell atmarp the max sdu for the network 
# interface 
/ usr / local / atm/ bin / atmarp -q ${NETWORK} \ 

ubr:sdu=${SDU_SIZE} 
# 
# The next line creates a PVC from this 
# node to node2 over 
# VPI 0, with VCI 70 . Note that you can 
# use the host name from the / etc / hosts file. 
# 
/ usr /local / atm/ bin/ atmarp -s node2 0.0.70 

stable and reliable. To change the signaling on the Fore ATM 
switch, each port must be changed individually, using the 
switch control processor (SCP) command interface. 

First, log on to the SCP via a TELNET session or by 
using a terminal attached to the serial port on the Fore 
switch. The command syntax used here is the same as 
Fare's. Required parameters are shown between "<" and 
" > "; options are enclosed in brackets ("[" and "]"); modi
fiers to options are enclosed in parentheses. One of the 
modifiers must be chosen. 

Change to the UNI configuration menu: 
localhost::> conf uni 

The switch prompt is shown in italics, while the command is 
shown in normal text. 
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The command show will list the current UNI status for 
each port. If the port is already configured for UNI 3.1, no 
change needs to be made. Otherwise, you must first delete 
the current configuration. The syntax for the delete com
mand is del port vpi, where port is the switch port and 
vpi is the virtual path identifier (usually 0). To delete the sig
naling on port lAl for VPI 0, you would enter this command: 

localhost :: confi gura tion uni> del l a l 0 

Now you are ready to configure the port for UNI 3.1. 
The syntax for the new command is: 

new<port><vpi > [auto I uni30 I uni31] [-ilmi (up I down)] 

The i lmi option is used when you want the port to 
respond to integrated local management interface (ILMI) 
requests. ILMI is used by the hosts to obtain the ATM 
NSAP address assigned to the host. You usually want to 
have ILMI active for the port, so the command for port 
lAl, VPI 0 is: 

localhost: :configura tion uni> new lal 0 uni3 1 - ilmi up 

Now that the ATM switch ports have been configured, 
the software on the workstation must be set up. The key 
portions of the Linux-ATM software are three daemons: 
atmsigd to handle signaling (UNI) , ilmid to handle ATM 
address registration and atmarpd to map ATM addresses to 
IP addresses. Listing 1 is the startup script I use to start the 
ATM daemons and to configure the ATM interface on a 
host. This script can be called from a system startup script 
(letc/rc.d/rc.local, for example) to configure the ATM inter
face at boot time. 

NIST is using ATM and Fast
Ethernet networks as intercon
nects in its scalable cluster com
puting initiative. 

The ATM signaling daemon, atmsigd, must be compiled 
specifically for the version of signaling you wish to use and 
must be compatible with the signaling version the ATM 
switch port has been configured to use. The default version 
used in the ATM software is UNI 3.0. If you've configured 
the switch to use UNI 3.1, having the hosts use UNI 3.0 will 
most likely work, due to backward compatibility. However, 
I recommend you configure the Linux-ATM software to use 
the same version as the switch, UNI 3.1. 

To have the signaling daemon use UNI 3.1, edit the 
Rules.make file in the ATM source directory ( /usr/src/ 
atm if you follow the steps in the USAGE file). You need 
to change the STANDARDS line to specify the version of 
signaling to support. For UNI 3.1, this line should be: 
STANDARDS=-DUNI31. 

Special Configuration for ENl-1 SSp ATM 
Cards 

If you are using Efficient ENI-155p ATM cards, the 
number of simultaneous virtual channels available is limit
ed. The ENI card performs the segmentation and reassem
bly (SAR) of ATM cells by using memory on the adapter 
card as a buffer. The host ATM software allocates buffer 
space for each virtual channel. If you attempt to open 

more SVCs than are supported by the available buffer 
space, you will receive this error message from the ATM 
ARP daemon: 

atmarpd :IO: [2]connect : No bu f f e r space available 

When IP over ATM is used, the device driver sends 
packets to the ATM card using an ATM Adaptation Layer 
(AAL). While several adaptation layers are available, 
AAL-5 is used for IP. The AAL-5 packet is a type of ser
vice data unit (SDU) and is somewhat analogous to an 
Ethernet frame. The AAL-5 packets are divided into indi
vidual ATM cells by the Efficient ATM adapter. 

The MTU (maximum transmission unit) size for the 
ATM interface depends on the SDU size. The IP over 
ATM (Classical IP) specification says that the MTU should 
be no larger than 9180 bytes. There are also 8 bytes for an 
AAL-5 trailer, so the SDU for IP over ATM is 9188 bytes 
in the default configuration. The amount of buffer space 
needed on the card depends on the maximum SDU size. 

The Linux-ATM software allocates three times the 
maximum SDU size, rounded up to the nearest power of 
two. In the default configuration, this allocation results in 
32KB of buffer space being reserved for each ATM con
nection (9180 x 3 = 27540, rounded to 32768 bytes). Also, 
using classical IP causes two SVCs to be made: the initiat
ing machine opens an active connection to the target 
machine and the target machine opens an active connec
tion back, that is, a passive connection on the initiator. 
Therefore, these two connections result in the allocation 
of two buffers on the ATM card, for a total of 64KB. 

The default configuration allows a host to have a maxi
mum of fourteen simultaneous connections when using 
the "client" version of the ENI-155p ATM card, which has 
512KB of memory and 504KB of memory available for the 
SAR buffers. These fourteen connections allow communi
cation using IP over ATM to seven other hosts when using 
SVCs. If you set up PVCs, you can communicate with 
fourteen other hosts. When using an ARP server, you 
have one less connection available, reducing the host 
count by one as well. The "server" version of the ENI 
155p card has 2MB of memory, with 2040KB for SAR 
buffers, allowing for more simultaneous connections. 

To increase the number of simultaneous connections 
for classical IP, you need to change the size of the maxi
mum SDU set on the ATM interface. By using the alloca
tion rule given above, you can estimate the amount of 
memory needed for the connections. For example, if you 
want to use 16KB for each connection, the maximum SDU 
would be 16384-:-3, which is 5461 bytes. I'll use an SDU 
of 4352 bytes for my example in this article. 

The maximum SDU is specified as an option to the 
ATM ARP daemon. However, when the SDU is changed, 
the IP interface must also be configured to have an MTU 
of the same size as the SDU, minus 8 bytes for the AAL-5 
trailer. Therefore, in my example the MTU is 4344 bytes. 

A potential problem occurs when changing the maxi
mum SDU for the interface: the ATM ARP daemon 
(atmarpd) may not communicate with the ARP server on 
the Fore switch. Our switch would accept only connections 
with an SDU of 9188 bytes. The fix for this problem is to 
create a permanent ARP cache entry on the host, specify
ing the maximum SDU of 9188 bytes, for the connection 
to the ARP server. The steps for configuring the ATM 
software on the workstation are as follows: 

78 LINUX JOURNAL ~ FEBRUARY 1999 



• Configure the IP interface for your MTU size, 4344 
bytes in my example: 

ifconfig atmO i p addr netma s k ne t mask mtu 4 344 

• Create a permanent ATM ARP cache entry for the 
ARP server with SDU size of 9188: 

a t marp - s arpserver arpsrvnsap qos \ 
ubr : sdu=9188 arpsrv 

• Configure the SDU (MTU plus 8 bytes) on the ATM 
interface: 

atmarp -q network ubr:sdu=4352 

Refer to Listing 1 for a complete example of configuring 
the ATM software for the Efficient adapter. 

The configuration steps given 
are specific to IP over ATM con
nections using the Classical IP 
standard. 

Using IP over Permanent Virtual Circuits 
To establish a PVC, the following steps must be per

formed. 

• On the workstation, add an ATM ARP entry on each 
node specifying the PVC (vpi.vci pair) used to con
nect to each of the other hosts. 

• Create the PVC on the switch. 

As an example, the following commands executed on 
the appropriate host will set up a PVC between nodes 
named nodel and node2, on interface 0, using a vpi of 0 
and a vci of 70: 

• nodel : atrna rp - s node 2 0. 0 . 70 

• n ode2 : a t rnarp - s nodel 0. 0 . 70 

The PVC is identified by three numbers, separated by 
two periods. The numbering scheme is inteiface.vpi.vci, 
where interface is 0 for the first ATM adapter, 1 for the 
next, etc. The default interface for the atmarp command is 
0. The vpi (virtual path identifier) and vci (virtual channel 
identifier) are the standard ATM PVC identifiers. The 
host name (nodel and node2) can be used if there is an 
entry for it in the /etc/hosts file ; otherwise, use the IP 
address of the host. 

The commands above tell nodel to communicate with 
node2 over PVC O . O • 7 O and for node2 to communicate 
with nodel over PVC 0. 0 . 70 . The atmarp command 
links the IP address of the target host to the PVC. You 
could choose a different PVC for each connection, but it 
is simpler to think in terms of one PVC connecting two 
machines. 

The vpi.vci pair must not be in use on the host. Also, 
any ATM ARP cache entries must be deleted for the target 
host before creating the PVC. (These cache entries are cre
ated when SVCs are opened to the destination host.) To 
delete an ARP cache entry on nodel for node2, you would 
use this command: 

nodel: atmarp -d node2 

Next, the switch must be configured to complete the 
PVC between the hosts. It is helpful to understand the port 
naming convention used by the Fore switch. The port 
names consist of three identifiers: 

• Board: the number of the switch board (same as the 
SCP number); each SCP controls one switch board. 

• Network Module: the slot (A, B, C, or D) in the 
switch board containing the port. 

• Port: the physical port number on the network module. 

For example, port lb3 refers to the first switch board, 
the second network module (module b) on board 1 and the 
third physical port on the second network module. The 
Fore ASX-200 switch has only one switch board, while the 
ASX-1000 switch has four. There is a maximum of four net
work modules per switch board and a maximum of six phys
ical ports per module. 

You must now create the virtual channels on the ATM 
switch. In our example, you would enter these commands 
on SCP 1: 

localhost::> conf vcc 
localhost :: configur ation vcc> new lal 0 70 la2 0 70 
localhost: :configur a t i on vcc> new la2 0 70 lal 0 70 

lal is the switch port for nodel and la2 is the switch port 
for node2. 

The switch completes the PVC based on the input port 
to output port virtual channel connection (VCC) mapping. 
Note that the PVC vpi.vci (0. 70) matches the vpi.vci given 
to the atmarp commands on the hosts. 

The above commands will connect two ports on the 
same ATM switch board. The Fore ASX-1000 switch has up 
to four switch boards. If you are connecting machines on 
different switch boards, the procedure is more complicated, 
as you must connect each port to the switch fabric and con
nect the fabric to each port. Thus, if you wish to connect a 
machine on port lal to a machine on port 3al , the follow
ing commands are required: 
On SCP 1: 

localhost::> conf vcc 
localhost : :configuration vcc> new lal 0 70 le3 0 70 
localhost::configuration vcc> new le3 0 70 lal 0 70 

On SCP 3: 

localhost::> conf vcc 
localhost:: >configuration vcc> new 3al 0 70 3el 0 70 
localhost::>confi guration vcc> new 3el 0 70 3al 0 70 

On the Fore switch, the fabric connections are slot e. 
Therefore, port le3 refers to a connection from switch 
board 1 to switch board 3. Likewise, 3el refers to a con
nection from switch board 3 to switch board 1. Fore refers 
to these ports as "intra-fabric" ports. 

Testing the Connections 
Once the Classical IP setup is complete, all of the stan

dard network tests can be performed. The simplest test is 
done by using the ping command to test the connection. 
One difference between SVC and PVC connections is a 
large latency for the first ping response when using SVCs. 
The reason for the latency is the setup time needed to 
establish the SVC. After the SVC is established, the latency 
for SVC and PVC connections should be the same. 

FEBRUARY 1999 ~ LINUX JOURNAL 79 



After verifying the basic connec
tivity, you can run some network per
formance tests over the ATM con
nection. I have used the Netperf tool 
(see Resources) as well as some 
benchmarks developed locally. The 
maximum throughput performance is 
very good, around 132Mbps. This 
number is close to the maximum 
payload data rate for an OC-3 ATM 
network. 

Emulation (LANE) can be used to 
carry IP over ATM. LANE is support
ed by the Linux-ATM software as well, 
but configuration of LANE is beyond 
the scope of this article. For more 
information, refer to the documenta
tion in the Linux-ATM distribution. 

Hosts can communicate in several 
other ways using an ATM interface 
without relying on Classical IP. The 
ATM software supports "native" ATM 
sockets, where applications can com
municate directly over an ATM con
nection, bypassing the IP software 
completely. 

Conclusion 
I have given instructions needed to 

set up the switch and hosts on an ATM 
network with Linux. The configuration 
steps given are specific to IP over ATM 
connections using the Classical IP stan
dard. In addition to Classical IP, LAN 

If you are interested in learning 
about ATM technology but don't have 
ATM hardware, the Linux-ATM soft
ware can be of help. The software has 
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the capability to emulate an ATM 
device using TCP/IP to make the actual 
connection. By taking advantage of this 
support, you can get a head start on 
configuring ATM for Linux and learn
ing the ATM programming interface. ~ 

Wayne J. Salamon is a Computer 
Scientist in the High 
Performance Systems and 
Services Division at the National 
Institute of Standards and 
Technology in Gaithersburg, MD. 
He has worked on system soft
ware for PCs, UNIX workstations 
and IBM mainframes for the past 
12 years. When not doing com
puter stuff, he appears to play 
guitar, though only when con
nected to vacuum tube ampli
fiers. Wayne can be reached at 
wsalamon@nist.gov. 

National Institute of 
Standards and Technology 

Contributions by the National 
Institute of Standards and 
Technology (NIST) are not subject 
to copyright. Certain commercial 
products are identified here in 
order to document our experi
ments. Identification of such prod
ucts does not imply endorsement 
by NIST. 

Resources 

"ATM on Linux, User's Guide", W. 
Almsberger, available at http:/ 
/lrcwww.epfl.ch/linux-atm/. 

"Netperf: A Network Performance 
Benchmark (Revision 2.0)", 
available at http:// 
www.cup.hp.com/netperf/ 
NetperfPage.html. 

The device driver for the Fore PCA-
200E ATM adapter is available at 
ftp ://os.inf.tu-dresden.de/ 
pub/pca200e/. 

ForeRunner ATM Switch 
Configuration Manual, FORE 
Systems, Inc., March 1996. 

ATM Theory and Application, 
McDysan, David E. and Darren L. 
Spohn, McGraw-Hill, 1995. 
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>At the Forge 

Creating a Web-based 
BBS, eart 2 
Mr. Lerner continues to look at the bulletin 

board system, examining the code that works 

w ith individual messages. 

by Reuven M. Lerner 

L
ast month, I demonstrated how to build a small bul
letin-board system (BBS) on the Web using Perl and 
a relational database. Such a bulletin board is anoth

er useful tool for bringing people together on a web site. 
This month, I will show you how to write several different 
programs, including ones that create and list the current 
messages. 

Before continuing, let's review the two tables that con
tain the information in our BBS. I used SQL to define the 
tables, which means that while I wrote the database using 
MySQL, most of these definitions should work with other 
relational databases as well. The code to create these two 
tables is shown in Listing 1. 

These two tables will enable a number of tricks to be 
performed with threads (i.e., message groups) and mes
sages. Each message belongs to one thread. Each message 
(and thread) is contained in a single database row that 
includes the author's name, her e-mail address, a subject 
heading and the text of the message. 

Pointers to additional information about relational 
databases in general or MySQL in particular can be found 
in "Resources", which also includes information about 
Perl's vendor-independent database interface (DBI). 

Creating a Thread with Cookies 
Last month I wrote a program, list-threads.pl, to list the 

threads (discussion topics) currently defined, and one to 
create a new thread, add-thread.pl. However, I didn't pro
vide an HTML form for use with add-thread.pl, because 
that form must be produced within a CGI program. The 
program that performs this function is add-thread-form.pl 
in Listing 2 in the archive file . Listings 2 through 5 are not 
printed here due to space considerations, but are available 
by anonymous download in the file 
ftp: //ftp.ssc.com/pub/lj/listings/issue58/3252.tgz. 

Why use a CGI program rather than a static form? To 
be honest, the only reason is to provide a bit of functionali
ty I particularly like. I order many items on the Web, often 
returning to the same vendor multiple times. I dislike hav
ing to enter my name and e-mail address every time I fill 
out an HTML form on the Web. I decided to make life a 
bit easier for people using our bulletin board system by 
automatically filling in the "name" and "email" fields with 
information the user had posted in a previous transaction. 

If I were to use a templating system such as Embperl or 
ePerl, I could use a file that looks closer to standard HTML 

without burying the HTML inside of a CGI program. For a 
variety of reasons, including the fact that my web-space 
provider had not made mod_perl available as of this writ
ing, I decided to use CGI programs rather than templates. 

Regardless of whether CGI programs or templates are 
used, inserting a value from a previous form submission 
requires keeping track of state across HTTP transactions. 
HTTP is a stateless protocol; that is, each connection 
occurs without any memory from previous ones. How, then, 
can data be retrieved from a previous form submission? 

The answer is HTTP cookies, a clever hack that has 
become a cornerstone of commerce and transaction on the 
Web. A cookie is a name,value pair, somewhat like a vari
able or an entry in a hash table. The cookie is stored by the 
user's browser, however, meaning that it is available across 
multiple transactions. 

A site can set a cookie as part of an HTTP response, 
with a "Set-cookie" header. Whenever the user visits a site 
that previously set a cookie, it includes a "Cookie" header 
in its HTTP request. Thus, the cookie's value can be used 
to automatically fill in the "value" attribute of the "name" 
and "email" fields in the HTML form. When the user sub
mits the form to create a new thread, the program sends 

Listing 1. Table Creation Code 

CREATE TABLE ATFThreads ( 
id SMALLINT UNSIGNED AUTO_INCREMENT PRIMARY KEY, 

subject VARCHAR(255) NOT NULL, 

author VARCHAR(60) NOT NULL , 

email VARCHAR(60) NOT NULL, 

text TEXT NOT NULL, 

date DATETIME NOT NULL, 
UNIQUE(subject) 
) ; 

CREATE TABLE ATFMessages ( 

id MEDIUMINT UNSIGNED AUTO_INCREMENT PRIMARY KEY, 

thread SMALLINT UNSIGNED NOT NULL, 

subject VARCHAR(60) NOT NULL DEFAULT "No subject", 

date DATETIME NOT NULL, 
author VARCHAR ( 6 0) NOT NULL DEFAULT "Mr. Nobody" , 

email VARCHAR(60) NOT NULL DEFAULT 

"atf@lerner.co.il", 

text TEXT NOT NULL ) ; 
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headers that set the "name" and "email" cookies on the 
user's browser. The next time the user visits the site, those 
values are sent as part of the HTTP headers and can be 
retrieved and used within our program. 

Perl's CGI.pm module allows us to easily work with 
cookies, using the "cookie" method. The following code is 
put in the form-creation program: 

my $emai l = $que r y->cookie(-name => "ema i l " ) I I 
II II j 

print "<TR>\n"; 

print "<TD>Your e - mail address</TD>\n"; 

print "<TD>< input t ype= \ "tex t \ " s i ze= \ "50\ " "; 

p r i n t "v alue=\ "$email \ " n ame= \ "e ma i l\ "></ TD>\n"; 

print "</TR>\ n \ n" ; 

which assigns $email the value of the "email" cookie or 
the empty string. The empty string could be ignored, since 
Perl automatically assigns the empty string to a variable the 
first time its value is retrieved. However, this would pro
duce a warning message, since the program would be using 
the value of an undefined variable. It is safest to assign the 
empty string when possible. 

Each message (and thread) is con
tained in a single database row 
that includes the author's name, 
her e-mail address, a subject head
ing and the text of the message. 

The value of the text field is set to the current value of 
the cookie or the empty string; that is, either the user's e
mail address or nothing at all. A similar method is used for 
the user's name, so that she doesn't have to enter her name 
multiple times. 

The form is submitted to add-thread.pl, which we exam
ined last month. That program uses the elements of the 
submitted HTML form to create an SQL query that inserts 
an appropriate row into the ATFThreads table. Because we 
have defined the ID column of ATFThreads with the 
AUTO_INCREMENT attribute, we can be sure every 
thread will have its own automatically generated ID num
ber that we can reference in our programs. 

When the form is submitted, our CGI program creates 
two new cookies, one named "email" and another named 
"name". We can then retrieve the values with CGl.pm's 
"cookie" method, as demonstrated above. Creating the 
cookies is almost as easy as retrieving them: 

my $na me c ook ie = $query- >cooki e( - n ame => "name ", 

-value => $query- >param( "name") , 

-expires => "+ ly " ); 

my $ema i lcook ie = $query- >cookie( - name => "email " , 

- value => $quer y - >param ( "email " ) , 

- expires=> "+ly " ) ; 

Once we create $narnecookie and $ernailcookie, 
we can send them to the user's browser, thus setting the 
cookie values, by incorporating them into the HTTP header: 

p rint $query->header ( - type => "text/h tml " , 

- cookie => [ $namecook ie, $email cooki e ] ) ; 

Since both cookies are set to expire one year ( + ly) after 
they are created, the user's browser should continue to 
send the name and e-mail address whenever visiting the site 
in the future. 

Working with Messages 
Now that we have seen how the underlying database sys

tem will work for threads, we need to begin working with 
the actual messages. Because this is a simple system, we'll 
look only at posting a new message to a thread and viewing 
the contents of a thread. 

In many ways, posting a new message to a thread is sim
ilar to creating a new thread. In both cases, the user's name 
and e-mail address are requested. In both cases, the date 
and time at which the thread was created is recorded, and 
the user can enter a title and a message body. 

The major difference between messages and threads is 
that each message must be associated with a thread. This 
association is used to create the illusion that the messages 
are stored separately, when in fact they are all stored in the 
same table (ATFMessages). Users, however, will be able to 
see only a single "thread-wise slice" at a time. 

Just as I used a program to create the thread-adding 
form, I will use a CGI program to create the message
posting form, called post-comment-form.pl (Listing 3 in 
the archive file). This form will submit its contents to 
post-comment.pl (Listing 4 in the archive file). 

I will ensure that each message is associated with a 
thread by putting a selection list inside of the form. Each 
option in the selection list will be identified internally with 
the ID code for the thread in question and will display the 
subject line. 

In order for this list to reflect the current status of the 
database, a database query is done and the results are dis
played in the form. The query is set by: 

my $sql = 
"SELECT id, subject FROM ATFThreads ORDER BY subject "; 

and then executed, iterating through each id, subject pair. 
Each pair is inserted into an <option> tag, as we can see: 

wh ile (my @row = $sth->fetchrow) 

p r int "<option va lue=\ " $r ow [ O] \ " " ; 

pr i nt " selec t ed" if ($th read_id == $r ow[O]); 

print ">$row [l] \n"; 

The standard DBI $sth->fetchrow method is used to 
return the next row from the SELECT query. When no 
more rows remain to be retrieved, $sth->fetchrow 
returns false, which ends the while loop. 

Also notice how a particular thread's subject can be 
selected by comparing its $ thread_id with $row [ 0]. 
$ thread_id is set to the value of the query string, which 
can be loosely defined as "anything following the question 
mark in a URI.;'. The line: 

my $th read_ id = $query- >par am ( "keywords") 11 O; 

causes CGI.pm to automatically assign the parameter 
keywords to the value of the query string. If the user 
invokes the program with http://www.lerner.co.il/ 
cgi-bin/post-comment-form.pl?5, then $ thread_id will be 
assigned the value 5. If the query string is not assigned, the 
value is left at 0, in which case no default thread is selected. 
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Posting the Message 
When the HTML form is submitted to post-message.pl 

(Listing 4 in the archive file) , the form elements are used to 
insert a new row into ATFMessages. As I indicated above, 
post-message.pl is not very different from add-thread.pl, 
except that it stores a thread ID number along with all the 
other information: 

my $sql 
$s ql 
$sql . = 
$sql . = 

= "INSERT INTO ATFMessages " ; 
" (thread,date,author,email,subject,tex t) " ; 
"VALUES " ; 

" ($thread_id,NOW() , $name ,$ email,$subject,$tex t ) " ; 

The variable values can be inserted without surrounding 
them by quotes, because the standard $dbh->quote 
method was used. I discovered this method only recently and 
continue to be amazed that I was ever able to survive with
out it. Simultaneously, the form elements are retrieved and 
quoted appropriately in the following lines of code: 

my $name = $dbh->quote ( $query->param ("name " ) ) ; 

my $email = $dbh->quote($query->param("email")); 
my $ thread_id = $dbh->quote ( $query->param ("thread") ) ; 

my $subject = $dbh->quote ( $query->param ("subject") ) ; 

my $text = $dbh->quote ( $query->param ( "text" ) ) ; 

Once this is done, the above SQL query will INSERT a 
new row. We tell the user that the new message has been 
added and produce a menu bar with a number of options. 

Believe it or not, these two short programs are all that is 
needed to insert a message into the database and thus into 
our BBS. 

~) 

JJle Artists' Gulde to 

·~ J. Hammel 
1-011..J, $39.95 

+CD-ROM 

Viewing a Thread 
At this point, the functionality is close to complete. All 

that remains to be done is to create view-thread.pl (Listing 5 
in the archive file), which allows us to look at the current 
contents of a thread. 

For this program to work, a single argument must be 
passed in the query string to identify the thread. To retrieve 
this value, use the keywords HTML form element that 
CGl.pm creates: 

my $thread_ id = $query- >pa ram( "keywor ds ") ; 

Once $ thread_id is assigned, I can retrieve the appro
priate information from the tables about that thread. Indeed, 
two separate queries are done: one from ATFfhreads and a 
second from ATFMessages. (I could have combined the 
queries into a single large SELECT statement, but I chose to 
keep them separate.) 

Early on, I decided to print the date and time of the 
user's posting along with the text of the posting. Given the 
DATETIME data type, how can we retrieve the date and 
time in an intelligent way? MySQL provides a DATE_ 
FORMAT function which takes the value from a column and 
writes the contents using a specified format. 

To make life easier, I actually retrieve the same "date" 
column twice, once for the date and again for the time. 
This allows literal characters to be inserted between the 
date and time without having to worry about possible mis
interpretation: 

$sql = "SELECT id, DATE_FORMAT( dat e , 
\ "%W, %d %b %Y\ " ) , " ; 

$sql .= "DATE_FORMAT (date, \ "%h: %i %p \ " ), " ; 

$sql "author, email, subject, text FROM ATFMessages " ; 

$sql .= "WHERE thread = $thread_id ORDER BY da t e desc "; 

DATE_FORMAT takes two arguments: the name of the 
column to retrieve and a set of codes (in the style of C's 
printf statement) indicating the values to use. 

Once this query is executed, the code iterates through the 
results, printing the messages as they come-from newest to 
oldest. They will come in that order because of the ORDER 
BY clause in the SELECT statement. Allowing the database 
to do our dirty work for us means we can print all of the 
messages in a thread with just the following short loop: 

whi le (my @row = $s th- >fetchrow) 
{ 

my ($ i d, $date , $time, $author, $emai l, $sub j ec t , 
$text) = @row; 

prin t "<a name=\" $id\" ><B>$ subj ect</ B>, "; 
p r int "by <a hre f =\"ma i lto : $email \ ">$ au thor</ a > "; 

print "on $date at $t ime </P>\n "; 
print "<blockquote >$text</bl ockquote>\n\n "; 
} 

Summary 
The basic BBS software is now finished. It can create 

threads, add a message to a thread and view the messages 
within a thread. If nothing else, this project shows how pow
erful a set of database tables can be when paired with some 
CGI programs. 

Perhaps this system is too basic; it is lacking some func
tions that any good bulletin board (or any good web appli
cation) should handle. For instance, it would be nice to 
include the ability to search through the posted messages 
for a text string or regular expression to find messages rele
vant to a particular topic. 
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It would also be useful to provide some administrative 
functions, unavailable to the public at large, for handling 
things at a relatively high level. For example, we might want 
to reserve the ability to delete messages that are offensive 
or unrelated to the topic. We might even want to give this 
ability to certain other users, giving them "deputy modera
tor" status. 

Next month, we will see how to provide these functions 
by adding just one or two new CGI programs. Meanwhile, 
you can see these programs in action at 
http://www.lerner.co.il/atf/, where the '~t the Forge" BBS is 
already in use . ~ 

Reuven M. Lerner is an Internet and Web 
consultant living in Haifa, Israel, who has 
been using the Web since early 1993. In 
his spare time, he cooks, reads and volun
teers with educational projects in his 
community. You can reach him at 
reuven@netvision .net.il. 

Resources 

Perl: The Perl home page is at http://www.perl.com/ 
and includes links to distributions, tutorials, documen
tation, frequently asked questions and more. This is a 
good launching pad for information about Perl and for 
keeping up to date on the latest versions of Perl and 
its modules. 

DBI: The Perl "Database Interface", a set of modules to 
provide a generic API (DBI) and drivers to specific 
databases (DBD), allows for portable access to a large 
number of databases. Information about DBI is avail
able from the Perl home page, as well as from 
http://www.hermetica.com/technologia/perl/DBI. 

Apache: The Apache web server, used on a majority of 
web sites, is freely available from http://www.apache.org/ 
in source format. Documentation for Apache, as well as 
tutorials on how to use and administer it, can be found 
at that web site or http://www.apacheweek.com/, a 
weekly newsletter for Apache users. 

MySQL: The MySQL home page is at http:// 
www.mysql.com/, although there are numerous mir
rors around the world. Some additional MySQL docu
mentation can be found at http://www.turbolift.com/. 
Database-Backed Web Sites, a book by Phil Greenspun 
on the creation and maintenance of databases and 
web sites, is a classic that should be read by anyone 
using these tools. See http://photo.net/wtr/ for a full 
copy of the book (as well as a draft of the coming 
sequel), along with many other useful tidbits. While I 
did not use his code when designing this system, I did 
use some of his ideas about formatting and presenta
tion. So while the systems don't share any code, they 
do have a similar "look and feel" . 

G.L.U.E. = Groups of Linux Users Everywhere: 
htt :/ /www.ssc.com/ lue/ 

WE'RE PLAYING 
WllHA 

FUllDECI. 

High-Performance, High-Reliability 

WAN CARDS FOR LINUX 
Comprehensive, Scalable Solutions from 
lmageStream & SOL Communications 

56/64 Kbps • Fractional & Full T1/E1 
Fractional & Full T3/E3 up to 52 Mbps 
PPP • HDLC • Frame Relay • Raw IP 
155 Mb ATM over OC3 Coming Soon! 

ISA 
RISCom/N2s 
RISCom/N2d 

RISCom/N2dds 
RISCom/N2csu 

PCI 
WANic400 
WANic405 
WANic600 
WANic 650 
WANic 800 
WANic805 

CompactPCI 
Aries 600 
Aries 650 
Aries 800 
Aries 805 

~ lmageStream™ 
~ Internet Solutions 
Phone: (219) 935-8484 
Sales: (800) 813-5123 
Fax: (219) 935-8488 

sales@imagestream-is.com 
www.imagestream-is.com 
ftp.imagestream-is.com 

Ask about our reseller program. 
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iHTML Merchant 2.0 
Inline Internet Systems, Inc. announced 

the availability of the iHTML Merchant 2.0 
software solution for electronic commerce 
on the Internet. iHTML Merchant 2.0 
enables business owners, web developers and ISPs to 
deploy sophisticated on-line storefronts. Upgrades of the 
software from 1.0 are $149US. Version 2.0 is $739US per 
web server, which includes iHTML Pro 2.16 (available 
separately at $590US). 

Contact: Inline Internet Systems, Inc., 7305 Rapistan 
Court, Mississauga, ON L5N 5Z4, Canada, Phone: 
905-813-8800, Fax: 905-813-8286, E-mail: info@inline.net, 
URL: http://www.ihtmlmerchant.com/. 

Auto-Changer 
UniTrends Software has released Auto-Changer, tape 

library software for Linux. Auto-Changer allows Linux 
users to back up and work with tape libraries. CTAR sells 
for $195 on Linux (Intel) and Auto-Changer is $149 for 
Linux, but must be used with CTAR, the Business Critical 
Backup Solution. 

Contact: UniTrends Software Corporation, 1601 Oak 
St., Suite 201, Myrtle Beach, SC 29577, Phone: 
800-648-2827 (or 843-626-2878 outside the US), 
Fax: 843-626-5202, E-mail: sales@unitrends.com, 
URL: http://www.unitrends.com. 

JetStor RAID 
AC&NC announced the JetStor RAID desktop-sized 

SCSI disk array system which includes a new high-perfor
mance RAID controller as well as functional improve
ments. Complete information including technical specifi
cations can be found on Advanced Computer and 
Network Corporation's web site. Sample pricing: 32GB 
for $6,500, 63GB for $7,999 and 126GB for $12,250. 

Contact: AC&NC, 5001 Baum Blvd., Suite 770, 
Pittsburgh, PA 15213, Phone: 412-683-9010, 
Fax: 412-683-9070, E-mail info@acnc.com, 
URL: http://www.acnc.com/productjetstor.html. 

VariCAD 7 .0-1.0 
VariCAD has released a new version of its profession

al CAD system for mechanical engineering-VariCAD 
7.0-1.0. VariCAD 7.0-1.0 is able to communicate with ren
dering software and FEM software (Cosmos, NuGraf, 
etc.). Free trial and demo versions are available at 
VariCAD's web site. The prices of the Vari CAD system 
remain unchanged-VariCAD for Linux is $299-$499. 

Contact: VariCAD, 931 Greenbriar Avenue, Ottawa, 
ON K2C OJ8, Canada, Phone: 613-723-0953, E-mail: 
info@varicad.com, URL: http://www.varicad.com/. 

MetaCard 2.2 
MetaCard Corporation announced the release of 

MetaCard 2.2. New features include support for new 
image formats including PNG and animated GIFs, the 
ability to resize images on all platforms, and many new 
properties, commands and functions to make application 
development faster and easier. The free MetaCard 2.2 
Starter Kit is available from the MetaCard web site. 

Contact: MetaCard Corporation, 4710 Shoup Pl. , 

Boulder, CO 80303, Phone: 303-447-3936, Fax: 
303-499-9855, E-mail: info@metacard.com, 
URL: http://www.metacard.com/. 

Macsyma 421 for Linux 
Macsyma Inc. announced the release of Macsyma 421 

math software for Linux. Macsyma offers mathematical 
power in symbolic, numerical and graphical mathematics. 
The PC interface offers Macsyma's MathTips Advisor, 
which allows users to type questions in their own words 
and receive executable "tips". The U.S. commercial price 
for Macsyma 421 for Linux workstations is $249 (or $199 
without paper manuals). 

Contact: Macsyma Inc., 20 Academy Street, Arlington, 
MA 02476, Phone: 781-646-4550, Fax: 781-646-3161, 
E-mail: info@macsyma.com, 
URL: http://www.macsyma.com/. 

HP Firehunter Supports Linux 
Hewlett-Packard Company announced that its HP 

Firehunter family of Internet service-management solu
tions, targeted for the Internet service provider (ISP) 
community, now supports Red Hat Linux. HP Firehunter 
is a family of measurement and monitoring solutions 
designed specifically to help ISPs proactively manage 
Internet services such as mail, news and web functions. 
The product family includes Firehunter/L ($1,450) for 
small ISPs running up to 20 Internet servers and 
Firehunter 1.5 for mid-sized providers with up to 60 
servers. See web site for pricing. 

Contact: Hewlett-Packard Company, 3000 Hanover 
Street, Palo Alto, CA 94304, Phone: 650-857-1501, 
URL: http://www.firehunter.com/. 

PlanetUplink 
Planet Computer's newest business solution, 

PlanetUplink, has been expanded to support Linux (serv
er and client). PlanetUplink IBN (Internet Based 
Network) allows businesses to gain access to and share 
virtually any application or database simultaneously (real 
time) on almost any computer from their remote and 
multiple offices, globally, via the Internet. IBN is avail
able in 2 versions: Internet Office Hosting (IOH) and 
Internet Application Hosting (IAH) . IAH/IOH user costs 
vary from $45 to $75 per month, in addition to setup fees 
depending upon the application(s). 

Contact: Planet Computer, 910 16th St., Suite 624, 
Denver, CO 80202, Phone: 303-825-1778, Fax: 
303-825-1773, E-mail: planet@planet-computer.com, 
URL: http://planetuplink.com/. 

NetTracker 3.5 and Webmaster 3.0 
Sane Solutions, LLC and COAST Software Inc. 

announced the offer of a package combining the 
NetTracker 3.5 Professional web-based usage tracking 
software and the COAST Webmaster 3.0 web site man
agement software. The NetTracker 3.5 product is 
designed to provide a simplified solution for web site traf
fic analysis. COAST WebMaster 3.0 is used to monitor 
and maintain the content of Internet and Intranet web 
sites. The NetTracker 3.5 Professional/COAST 
WebMaster 3.0 bundle is available for $750US. 
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Contact: Sane Solutions, LLC, 35 Belver Ave., Suite 
230, North Kingstown, RI 02852, Phone: 800-407-3570, 
E-mail: info@sane.com, URL: http://www.sane.com/. 

COAST Software Inc., 60 Queen Street, 14th Floor, 
Ottawa, ON KlP 5Y7, Canada, Phone: 613-567-3201, 
E-mail: info@coast.com, URL: http://www.coast.com. 

ICE.PPN 
J. River has released ICE.PPN (Portable Private 

Networking) to provide secure, end-to-end transmission 
of data between a Windows client and a corporate UNIX 
server, regardless of whether a firewall is in place. A full
featured 30-day trialware version of ICE.PPN can be 
downloaded from I.River's web site. Suggested list price 
for a server license with 5 clients is $1195. Reseller pric
ing is available. 

Contact: J. River, Inc., 125 North First Street, 
Minneapolis, MN 55401, Phone: 612-677-8200, 
E-mail: info@jriver.com, URL: http://www.jriver.com/. 

02 Object Database Management System 
Ardent Software, Inc. announced the availability of 

the 02 Object Database Management System (ODBMS) 
for the Linux operating system. Ardent's 02 System, an 
ODMG-compliant ODBMS available on Linux, gives 
developers access to language bindings, OQL (Object 
Query Language) and 02Web, an integrated set of tools 
for simple and rapid development of web applications. 

Contact: Ardent Software, Inc., 50 Washington Street, 
Westboro, MA 01581-1021, Phone: 508-366-3888, 
Fax: 508-366-3669, E-mail: info@ardentsoftware.com, 
URL: http://www.ardentsoftware.com/. 

Quant·X and Altera SQL Server version 2.0 
The Altera SQL Server is a complete transactional data 

storage and retrieval system based on the relational 
database model and also a programmable web server. It is 
a multi-user, relational database with ODBC and JDBC 
connectivity, demanding relatively few resources. Quant-X 
has provided Altera with the appropriate hardware in 
order to port the Altera SQL Server on the above-men
tioned platform. Quant-X and Altera came to an agree
ment regarding the bundling of Altera SQL Server Version 
2.0 with Quant-X hardware. See web site for pricing. 

Contact: Altera Ltd., E-mail: webmaster@altera.gr, 
URL: http://www.altera.gr/. 

Linux Edition of Ingres II 
Computer Associates International, Inc. announced 

the activation of its Ingres II Linux Edition Open Beta 
program. This program enables customers to leverage the 
Linux platform in building core business applications in 
an n-tier environment, as well as preview the new version 
of CAi's RDBMS. The beta version of Ingres II Linux 
Edition can be downloaded for free from 
http://www.cai .com/products/betas/. When the generally 

LOOKING FOR AN EMPLOYEE WITH LINUX 

EXPERIENCE? LOOKING FOR A JOB OPPORTUNITY 

WHICH UTILIZES YOUR LINUX EXPERIENCE? 
http://www.linuxresources.com/employ/index.html 

available version is released, it will also be offered as a 
free download. 

Contact: Computer Associates International, Inc., One 
Computer Associates Plaza, Islandia, NY 11788, Phone: 
l-888-71NGRES (888-746-4737), E-mail: info@cai.com, 
URL: http://www.cai.com/. 

Thin Client PC X Server 
GraphOn announced the world's first thin-client PC X 

server solution, providing high performance access to the 
X Window System and UNIX-based applications any
where on an organization's Intranet, the public Internet 
or over dial-up. Visit the web site for pricing and further 
information. 

Contact: GraphOn Corporation, 150 Harrison 
Avenue, Campbell, CA 95008, Phone: 408-370-4080, 
Fax: 408-370-5047, E-mail: sales@graphon.com, 
URL: http://www.graphon.com/. ~ 

Please send informat ion about releases of Linux-relat
ed products to Ellen Dahl at newproducts@ssc.com or 
New Products c/o Linux Journal, P.O. Box 85867, 
Seattle, WA98145-1876, or fax to 206-782-7191 . 
Submissions are edited for length and content. Press 
releases are acceptable, but for fastest processing send 
a one-paragraph product description with contact 
information. Submissions can also be made on our 
web site (see http://www.linuxresources.com/news/ 
cool.html) where they will also be posted. 

Do you want to learn 
Linux? 

~fLinuxCourse! 
Available Now! 

FTLinuxCourse is a Course for Linux based on Caldera 
Openlinux, written in HTML available on a CD-ROM, in 
your favourite language: English, Spanish, German, 
French and Italian. 

It covers: 

• Openlinux Installation Step-by-Step. 
• StarOffice, Communicator and KDE tutorials. 
• 20 Chapters to introduce you to all Linux topics. 
• Complete Linux Command References with 

examples On-Line. 
• More than 500 questions with answers including 

50 tests for Linux. 
• All examples from the O'Reilly & Associates 

books. 
• .. .it also includes commercial demos from Xi 

Graphics, Helius, the KDE, all Openlinux 
updates and more! 

Browse the BASE course, at 
http ://www.futuretg .com/FTLin uxCourse/ 
For orders & information contact us:sales@futuretg .com 
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> Best of Technical Support 

Pre-installed Slackware 

I picked up a used laptop that has Slackware partitioned 
on the hard drive. Is there anyway to log in to it without 
the password? I have a UNIX book but it does not address 
this problem. Do I have to re-install? I have no idea who 
the previous owner was. 

Mike 
shbecke@ibm.net 

Try to boot the computer in single user mode (type linux single 

at the LILO prompt). If this does not work, you should get boot flop
pies in order to start a minimum LINUX in a RAM disk. Such flop
pies should be available in a Slackware distribution. Then you could 
mount the root partition by typing: 

mount -t ext2 / dev/hdal / mnt 

and edit /mnt/etc/passwd in order to suppress the root password. 

Pierre Ficheu.x, pficheux@coml.fr 

One of the simplest ways to do this is to obtain a boot and root disk 
pair from the Slackware distribution. Boot using both and use 
mount(8) to mount the root file system from your laptop. You can then 
edit the mount_ dir/etc/passwd (or mount_ dir/etc/shadow) file to 
remove the password. 

For system administrators concerned with this potential security prob
lem, the only way to prevent it is through the use of BIOS features that 
prevent access to the floppy drive without a password. This is not a 
Linux security flaw-any UNIX platform that may be booted from a 
set of floppies or from a CD-ROM that allows access to the hard drive 
has the potential to be "hacked" in this way. Notable exceptions are 
systems that use encrypted file systems, but those are rare and often 
much slower during normal operation. 

Chad Robinson 
chadr@brt.com 

Software in RPMs 

I have Slackware Linux. Wherever I look, I find software 
that is in RPMs. Is there no option other than shifting to 
Red Hat? Any conversion utilities? 

Aseem Asthana 
asthana@bom4.vsnl .net.in 

Try the package http://www.chez.com/imil/stuff/rpm4everyone.tar.gz; I 
use it every day on an old Slackware 3. 0 distribution. 

Pierre Ficheux 
pficheux@coml.fr 

Try alien, a package that converts packages from one format to anoth
er. Otherwise, compile rpm on your system so you can do the fallow
ing: 

rpm2cpio package.rpm I cpio -list 

rpm2cpio package.rpm I cpio -make-dirs -extract 

It is quite handy. Note, however, that you might find incompatibilities 
between your system and the Red Hat packages. I always prefer com
piling programs from source when I am on Slackware (but I might be 
overly cautious). 

Alessandro Rubini 
rubini@prosa.it 

a.out 

I just installed Red Hat's Linux 5.0. I used the C compiler to 
compile a simple C program, test.c, using the command : 

gee test.c 

The program compiled and produced an executable called 
a.out. When I try to run a.out by typing: 

a.out 

I get a message that says a.out is not a recognized com
mand. What am I doing wrong? 

Jeff Miller 
jeff_miller@msn.com 

First confirm that the a.out file has the correct permissions. Use ls 
-al a. out to confirm that the executable (x) bit is set. If it isn 't, use 
the chmod +x command to set this flag. If the permissions are correct, 
specify the full path to the file, as the current directory usually isn 't in 
your default path. Use . I a . out to ensure you are attempting to exe
cute the comet program. Change your path by editing the /etc/profile 
file or the profile file in your home directory. 

Vince Waldon 
vince.waldon@cnpl.enbridge.com 

Disk Space 

How do I find out how much free space is left on my disk? 

Kirk 
sci@wadi -petro.com 

Use the df command. Briefly, running df without arguments will show 
the free space (in KB) on all your disks; df I some_directory will 
show the space left on the disk that I some_directory is on. Also 
note that df has an undocumented -h option that shows sizes in GB or 
MB as appropriate-convenient for today's large disks. See the man 
pages for information on other options. 

Scott Maxwell 
s-max@pacbell.net 

Relaying E-mail 

The problem is the following. Each time I try to send an e
mail using a program that manages pop3 accounts such as 
Eudora or Netscape Mail, I receive the following message: 
"The recipient user@domain .com is not acceptable to your 
SMTP server. The message is not sendable until the rec ipi
ent has been changed ." 

This problem appeared after we upgraded from the previ
ous version of Linux to version 5.0. No problem occurs 
when receiving e-mail using these programs or when send
ing e-mail through Pine-only when using Eudora or any 
other similar program. How can we solve this? 

Ricardo A. Williams L. 
rick@corotu .stri .si .edu 

The problem is in the new security policies of Red Hat 5. Your mail gets 
refused with a message of "551 we do not relay". The solution here is 
authorizing your client machine to relay mail through the Linux server. 
Thur /etc/sendmail.cf is quite clear about the options: 

# file containing IP numbers of machines which 

# can use our relay 

F{LocalIP} / etc / rnail /ip_allow 
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# file containing names of machines which can 
# use our relay 
F{LocalNames} / etc / mail / name_allow 
# f ile containing names we relay to 
F{RelayTo } / etc / mail / relay_allow 

Add lines to the proper file describing either the client's IP, the client 's 
name or the recipient's name. 

Alessandro Rubini 
rubini@prosa. it 

Digital UNIX Gateway? 
I currently have a TCP/ IP (via modem) connection between 
my Linux box at home and my office workstation (DEC sta
t ion running Digital UNIX). The problem is that the DEC 
machine is not a gateway, so I cannot reach the rest of the 
subnet or the rest of the world, for that matter. Is there a 
way my Linux box can reach the subnet gateway which is 
two hops away? The route command in my current version 
of Linux (Slackware, kernel 2.0.0) does not support the 
-hobcount flag, which is supported by Digital UNIX and 
would do the trick. 

Martin Ol ivera 
martin@pantano.ucsd.edu 

If your PPP IP address is one from the subnet your DEC station is sitting 
on, you just need to make sure it does ARP proxying for your Linux 
machine (in other words, it has to accept packets for your Linux 
machine's JP on its local Ethernet). If this is not the case, then it is more 
difficult. The options you have are: 

• Find out if Digital UNIX can do IP masquerading like 
Linux can. 

• Configure routed on your DEC server and advertise a route 
pointing to your Linux machine. Note that this will not work if 
your default gateway ignores RIP information, and it may upset 
your network administrator and/or be against company policies. 

Marc Merlin 
marc@merlins.org 

Typing Spanish Characters 
As a Spanish speaker, I want to use a keyboard with a 
complete set of Latin characters. I succeeded in imple
menting it for almost all applications, except Netscape. I 
installed the XKeysymDB file in the correct place, and this 
file works properly for Sun machines (I tested), but not for 
PCs with Linux. I tried to f ind the answer at Netscape's 
home page, but I couldn 't. Perhaps I did the wrong 
search . Does anyone know how to set Netscape in order 
to have a "compose" key which produces accents, tildes 
and all that sort of th ing? 

Guigue 
guigue@nucate.unicamp.br 

If I'm not mistaken, the XKeysymDB file works only for a particular key
board, so the one that works for your Sun keyboard is unlikely to work 
for your Linux machine 's keyboard. Jamie Zawinski 's xkeycaps found at 
http://www.jwz.org/xkeycaps/ may help; it is a graphical editor for editing 
keyboard setups under X 

Scott Maxwell 
s-max@pacbell.net 

I 
Linux Digital Unix 

Support . 
Solans Open VMS 

T•/:603-f:lf·fBOO Fu:603-f:lf.Olf f 
For a complete list of Linux Solutions visit us at www.dcginc.com 
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Migrating from 
Windows 
I got interested in Linux 
through a programme on 
BBC World. However, after 
an afternoon roaming the 
Internet, I couldn't get an 
answer to two questions 
most laymen probably have 
on the subject: does Linux 
replace Windows on my 
computer and is the process irreversible; will I be able to 
use my Windows-based programmes on Linux? 

Philippe Humble 
humble@mbox1.ufsc.br 

Linux can replace Windows on your computer, or the two can coexist. 
If you buy a commercial distribution or a Linux book, it should help 
explain how to do this. The process is irreversible only in the sense that 
you 'II never want to go back. 

There are different ways to use your Windows-based software under 
Linux. A couple of emulators-Wine and Wabi-enable you to run 
some Windows software directly under Linux. (Similarly, DOSEMU 
lets you run DOS software under Linux.) Other Windows software 
can be run by rebooting the machine into Windows, using the soft
ware, and then rebooting into Linux again as soon as possible. 

As time goes on, you 'II discover Linux software that can partially or 
entirely eliminate your need for Windows-Linux-native word proces
sors, spreadsheets and such. 

Scott Maxwell 
s-max@pacbell.net 

Move Money with U 
Select a pll)'Jnlnl option: 

§ Credit cam 
Check 
A utt>me.tic Withdre:wal 

You've been accepti ng credi t 
cards with Credit Card Verification 
System. Now you can accept 
checks with CCVS. or even take 
direct withdrawal from your 
customers· bank accounts. It's 
never been easier for your 
customers to give you money! 

Questions? Visit our b site 
http:/ / www.hks.net/ 
or email sales@hks.net 
2712 Murray Avenue 
Pittsburgh. PA l 5 2 17 
1-888-HKS-7816 voice 
1-412-521-2994 fax 

power of direct withdrawal, so 
you can move money directly 
fro m your customers' bank 
accounts without a paper check. 

Oear credit cards with Unix: No 
hidden costs. No per-transaction 
fees. Free upgrades and free 
support for 6 months. Free 
developer's toolkit with APis in 
C. T cl. Perl. Java. Python. and 
PH for eaSY integration. 

CVS: the ultimate E{ ommerce 

HKS 
inc. 

Let's do business." 

Alternatives to X 
I am new to Linux and have heard much about the X 
Window System when word processing using Applixware 
Office or Corel 's Word Perfect for Linux. What if I don't 
want to use X? Are there quality office applications that 
w ill run without X? 

John Tam 
johta@mailexcite.com 

There is not, as far as I know, a non-X integrated office suite, but 
many of the pieces exist. For document processing, you can use TeX 
Whether you 'II like TeX or not depends on your needs-it is rock
solid and extremely powerful, but it is not WYSIWYG. 

Scott Maxwell 
s-max@pacbell.net 

Most people associate "quality office applications" with "graphical 
user interface", a "what you see is what you get" environment like the 
current flock of office applications shipping for Windows machines. 
On UNIX systems, the standard GUI environment is the X Window 
System, so all of the current office suites for L inux run on top of X 
This makes life much easier for the programmer-she can concen
trate on writing a good word processor and leave the details of mak
ing it "graphical" to X Early versions of X were somewhat tricky to 
set up and supported only a small subset of available graphics cards, 
but the configuration programs have come a long way as has driver 
support-a quick read of the X HOWTO should leave you with noth
ing to fear from "getting graphical" on your Linux machine. 

Vince Waldon 
vince. waldon @cnpl. enbridge. com~ 

Many of the on-line resources referred to in this col
umn are available on the SSC web pages. Sunsite mir
ror sites, FAQs and HOWTOs can all be found at 
http://www.linuxresources.com/. Answers published in 
Best of Technical Support are provided by a team of 
Linux experts. 

If you would like to submit a question for considera
tion for use in this column, please fill out the web 
form at http://www.linuxjournal.com/techsup.html or 
send e-mail with the subject line "BTS" to Ellen Dahl at 
bts@ssc.com. 

Occasionally Linux Journal makes its mailing 

list available to vendors who have products or 

announcements relevant to the Linux comm

nunity. If you prefer that your name not be 

included in vendor mailings, please let us know. 

Write to: Linux Journal, P.O. Box 500~ Missouri 

City. TX 77459-9903 with the information from your 

mailing label. 
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> Linux Apprentice 

The login Process 
The beginning of it all. .. 

by Andy Vaught 

V
irtually all Linux sessions begin with the user typing 
his user name at a prompt that looks like this: 
login : 

In this article, I will explain a little about what really hap
pens behind the scenes and what contortions the system goes 
through to get a user going. 

A Bit about the Shell 
First, a quick look at the shell. The shell, which is just a 

program like any other, reads the characters you type and 
looks for a program with the same name. Program names are 
typed at the prompt and executed by the shell. Ending a com
mand line with the & character causes the command to be 
run in the background. 

The shell runs a program in two steps. First, the shell does 
an operation called a "fork". Forking creates a new process 
that looks just like the original process, inheriting many 
attributes of its parent such as any open files and user ID. 
Although it is an exact copy of the shell program, the "child" 
process does not read user commands. The child shell imme
diately does an operation called an "exec", short for "exe
cute", in which it causes the Linux kernel to load the new 
program over the top of the child shell and run that program 
in its place. 

At this point, the original shell simply waits for the child 
program to finish. Once done, it gets the next line of input 
from the user, then the whole procedure is repeated. In an 
active UNIX system, this sort of thing is happening all the 
time. Even on fairly inactive systems, processes are still run 
to do housekeeping chores, while others are simply sleeping 
and waiting for something to happen. 

From the bash shell, you can see how exec works by typing 

e x e c ls -1 

The Is command runs as usual, but when it is done, you are 
no longer logged in. The shell is replaced by ls, and when it 
finishes, it is as if your shell had finished. 

How Does it All Get Started? 
When the kernel is first loaded into memory, it initializes 

itself and any hardware that may be attached to the comput
er. Once the kernel is established enough to be able to run 
programs, it does. The first program is called "init"; its job is 
to function as the ancestor of all processes. 

When init starts, it reads a file called inittab, usually 
located in /etc. This file tells init which programs should be 
run under which conditions. Not only does init run the start
up scripts that bring the rest of the system up, but init also 
takes care of shutting the system down. 

One of the responsibilities of init is running the programs 
that let users log into the system. For a terminal (or virtual 
console), the two programs used are getty and login. getty is 
short for "get terminal". A basic getty program opens the ter
minal device, initializes it, prints login: and waits for a user 

Listing 1. autologin 

# ! / bin/ bash 
exec 0< / dev/ $1 l> / dev / $1 2>&1 
cat / etc / issue 
shift 
exec $* 

name to be entered. Modern getty programs (several are 
available for Linux) can do other things as well-if the termi
nal device is a (recent) modem, they can read status codes 
sent by the modem to tell if the call is voice or fax and handle 
the call appropriately. Most of the time, though, someone 
just wants to log in, so getty executes the login program, giv
ing the user name to log in via the command line. 

The login program then prompts the user for a password. 
If the password is wrong, login simply exits. The init process 
then notices that one of its children has exited and spawns 
another getty process on the terminal in question. If the pass
word is good, login changes its process user ID to that of the 
user and executes the user's shell. At this point, the user can 
type commands. When the user exits by typing the shell 's 
built-in logout command, the shell exits and init notices that 
its child has exited and spawns another getty on the terminal. 

Why are two separate programs used to log in instead of 
just one? The answer is that doing it this way provides more 
flexibility. For example, getty doesn't have to execute login
it can execute a program to receive (or send) faxes, a PPP 
daemon to emulate a network connection over a serial line, 
or if you have a modem with "voicemail", one of those phone 
tree programs that people hate so much ("press five to hear 
these options again") . 

Similarly, login is sometimes needed without getty; for 
example, when a user logs in over a network, no terminal 
device is waiting. Instead, each new connection is handled by 
a program called telnetd that forks and executes a login pro
cess. telnetd remains to pass characters between the network 
and the new shell. 

As a partial example of how the process works, Listing 1 
shows an autologin replacement for getty. This replacement 
is meant for people who are tired of typing their user ID and 
password for the bazillionth time. You can boot Linux and 
have it drop straight into a couple of shells-sort of like 
DOS, but with virtual consoles. 

To install autologin, copy it to the /sbin (system binaries) 
directory and type: 

chmod +x /sbin/autologin 

as root. Still as root, edit the /etc/inittab file and change the 
lines that look like this: 

cl:l2345:respawn:/sbin/getty 38400 ttyl 

to: 

Linux Apprentice continued on page 95 

FEBRUARY 1999 ~ LINUX JOURNAL 93 



Letters 
continued from page 6 

while you are at it . 

I guess most programs that decide to access /dev/tty to talk 
to a real user never consider the possibility that they do not 
have permission to do so. 

In general, processes inherit an open file handle to 
/dev/tty from their parent as stdin, stdout and stderr. The 
process that opens them in the first place is login which 
is running as root, so it has no problems. Either that or 
the top-level program opens a particular real or virtual 
terminal using a device name which will have the permis
sion bits set differently. 

Adrian Pronk 
a pron k@sangacorp.com 

Linux Journal and Red Hat 

I have been a subscriber for about one year and I really like 
the articles. I am happy to see that Linux is stealing the 
spotlight from Microsoft. 

I first got into Linux in 1996 after working with the HP-UX 
workstation on a job and realizing that you can connect to 
the Net with any OS, not just Macintosh, Windows 95 or 
Windows 3.x. 

Red Hat is a good distribution and I have been running 5.0 
for a year without any problems. I plan to get 5.2 soon. 

For all you newbies, I recommend Linux for Dummies, UNIX 
for Dummies and Teach Yourself Linux in 24 Hours. These 
books include the operating system and some applications. I 
would recommend Red Hat to anyone. 

Fred Nance 
fnance@eclaim.com 

VFS Error Messages 

Regarding December's "Best of Technical Support", "VFS 
Error Messages": another reason for the failure to mount 
the root partition during boot is that the root file system 
was compiled as a module when the kernel was built, rather 
than compiled into the kernel itself. When the root file sys
tem is first mounted during the boot process, no modules 
are loaded, and modules cannot be loaded until the root file 
system is mounted. If the file system driver is a module, 
then the kernel cannot mount it- so it panics. 

Rob Singleton 
single@nortelnetworks.com 

Real Life Business Story 

As a system integration tool, Linux has allowed us to prepare 
custom network file servers which can do the following : 

• Provide complete web-server services (Apache) . 

• Provide Internet connectivity for many users on the 
local LAN (IP-Masquerade). 

• Provide file and printer services for Windows/ DOS 
users (Samba) . 

• Provide file and printer services for Netware users 
(MARS_NWE, NCPFS) . 

• Provide complete internal/external e-mail services 
(Sendmail) . 

• Provide inexpensive terminals in both graphical and 
text-based platforms with the X Window System 
which can be connected in a variety of ways 
(Ethernet, serial, etc.) . 

• Provide complete point-to-point protocol (PPP) 
implementation for routing and other remote-ori
ented operations. 

• Provide a fully scalable system that can grow with 
the company. 

All of the above have been thoroughly tested and imple
mented. We could not be happier with the performance and 
continued development of this OS. 

Larry Rivera 
larrydog@coqui .net 

Review of Learning the Bash Shell 

In the review of Learning the Bash Shell, Second Edition 
(December 1998), Bob van der Poel points out that the book 
examples available by FTP are from the first edition and that 
the correct ones might be available by the time the review 
was printed. That should now be true, as I asked the pub
lisher to correct this mistake in October. 

Cameron Newham, Author 
cam@sspl .demon.co.uk 

Re: CIDR 

In the December issue, there is a misprint in David A. 
Bandel's article "CIDR: A Prescription for Shortness of 
Address Space" . On page 26, under the CIDR heading, sec
ond paragraph, it states: 

For a Class C address, this default subnet is 24 bytes 
long, so putting all ones in the first 24 bytes and 
zeroes in the rest, we have 255.255.255.0. 

I think this should instead read 24 bits, rather than bytes, 
since each octet is composed of 8 bits, which gives 4 total 
bytes. Just wanted to bring this to your attention . Great 
article! 

Bob Cummings 
bob@cter.eng .uab.edu 

Mea culpa-you are 100% CO/Teet. Thank you for pointing out that little 
lapse of attention on my part. Guess I need to re-read everything thrice, 
because I read it twice and missed it both times. 

David A . Bandel 
dbandel@i.x.netcom.com~ 

Write us at ljeditor@ssc.com or send snail mail to 
Marjorie Richardson, Managing Editor, Linux Journal, 
P.O. Box 85867, Seattle, WA 98145-1876. All pub
lished letters are subject to editing. More Letters to 
the Editor can be found on our web site at http:// 
www.linuxjournal.com/issue##/, where ## is the 
issue number of interest. 
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Prices start 
at$995 

Developer 
and $125 

per 
Runtime. 

cl : l2345 : respawn : / sbin / autologin ttyl l ogin -f myid 

replacing my id with your own user ID. Red Hat installations 
typically do not have the letter c at the beginning of the line. 

Be sure to leave some of the lines containing getty exactly 
as they are-if you do something wrong, you are going to 
need a way to log in to your system. On my own system, I 
change c l through c3 and run three initial shells. Once the 
file is edited, reboot the system and all should work. 

The first argument to autologin is the name of the termi
nal. The rest of the command line is used as the login com
mand that does the work. 

A Synopsis of autologin 
The first line tells the kernel how to run this program, 

in this case by letting the bash shell interpret it. The first 
exec line is a Bourne shell trick that lets a shell script 

LinuxCAD 30 v2.0 
WWW.LINUXCAD.COM 

New version of popular Computer Aided 
Design and Drafting package. Includes 2D 
and 3D, line types, SHX text fonts , blocks 
and attributes. All major features of 
AutoCAD are implemented in LinuxCAD in a 
very compatible, user friendly way. Print and 
plot. Scripting language for parametrics. 

Pricing: 
for Linux Intel - only $99 

for LinuxPPC on PowerMac - only $120 
(847)8915971, (719)5229170, 

(847)8917190 
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O' Reilly • Prentice Hall• QUE • SAMS 
SSC • Waite Group • Wiley • Wrox 

888-755-2665 or 732-249-6492 
books@davison.net www.briansbooks.com 
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change the source/destination of its standard input, stan
dard output and standard error. We want to set file 
descriptors 0, 1 and 2 to refer to the terminal device as 
expected by login (and many other programs) when they 
run. The cat command displays the system's standard logon 
message. The shift command shifts the positional parame
ters to the shell script. Argument $1 is deleted, argument 
$2 becomes $1, argument $3 becomes $2 and so on. The 
last line executes the rest of the command line as a pro
gram. In this case, the login -f option performs the nor
mal login procedure, with the -f option telling login not to 
bother with passwords.~ 

Andy Vaught is cu rrently a Ph .D. candidate 
in computational physics at Arizona State 
University and has been running Linux 
since 1.1. He enjoys flying with t he Civil Air 
Patrol as well as skiing. He can be reached 
at andy@maxwell.la.asu.edu. 
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HI-TECH RS2002 

$4,318 
. Dual Pentium II Motherboard 
.W/lntel 440GX cbipset AGP, W/RAID 
. lX Pentiun II 450 MHz CPU 

. 512MB DIMM SDRAM . 

. Adaptec AAA-131 RAID Single Channel 
(Level 0 - Level 5) 

. Teac l.44MB FOO 

. 10/ lOOMBPS PCI Ethernet Card 

. 20GB(5x4.3 GB) ULW SCSI RM HD 

. 24X SCSI Int. CDROM 

. PC! W/2MB VGA CARD 

. ATX ServerTower W/ Dual 300W 
Hot Swap Power Supply 

. Logitech PS/2 Mouse 

. Keytronic Enhanced Keyboard 
OPTIONS: Linux/Solaris/SCO/NT 
400MHZ .. .. . $4,218 $152 /MO 
350MHZ .. ... $3,928 $138 /MO 
333MHZ .... $3,828 $134 /MO 
300MHZ ..... $3,798 $133 /MO 

HITECH LS2001 
Linux Workstation 

$888 
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.Intel Chipset M/B 
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.32XEIDE CDROM 
.Diamond 4MB Video Card 
.4.3GB Ultra EIDE HD 
.56.6KBPS INT. Fax/Modem 
.Keyboard, Mouse, l .44MB FDD 
.MidTower Case w/230W PS 
.Win 98 w/CD, Manual 
.15" SVGA NI .28mm Monitor 
.RedHat Linux (pre-loaded) 
.Call for the other Models and 
OSs (Solaris/SCO/NT) 

Warranty: 
One Year Parts & 5 Year Labor 

[I 
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HI-TECH USA 
1562 Centre Pointe DR. 
Milpitas, CA 95035 

Since 1990 
LJNVX/SOLARISISCO/NT SERVER SOLUTIONS 

HIGH 

c;ustom Configurat;011 

Since the Ads's price is always 
behind of the marketing price, please 
call our Sales Rep. or check our Web 
Site for latest price. 

Software: 
.Solaris V.2.6 Desktop(Int/SP) .. . ..... $295 
.Solaris V.2.6 Server W/5 user . . . .. . ... $495 
.Solaris V.2.6 Server( unlimited) ....... $1525 
.SCO OpenServerDT ................... $615 
.SCO Host Server w/5 user ............. $554 
.SCO Enterprise w/5 user .............. $1065 
.Slaclcware Linux .................... .... $25 
.RedHat Linux V.5.1 . .. ...... . .. . .. ...... $45 
.PC to UNIX for Win 95/NT ........... $195 
.Novell Netware 4.11 5/ 10 ...... $695/$1295 

.PC Anywhere Remote&Host 8.0 ...... $135 

.WinFax Pro 4.1 Net. W /25 user .. $1355 

And more ..... 

Tel : (888)868-8778 
( 408)946-6886 

Fax: ( 408)262- 8868 
Email: sales@hitech-usa.com 

HI-TECH RMS3002 
RACKMOUNT SERVER 

$2,328 
. SBC Board W/Pentium Il/333MHz , 
Intel 440LX cbipset 

. Puslve Back Plane 9XPCI, 4XISA 

. 128MB DIMMSDRAM . 

. Ultra Wide SCSI Controller 

. Teac 1.44MB FDD 

. 10/ lOOMBPS PCI Ethernet Card 

. 9 GB ULTRA Wide SCSI HD 

. 32X SCSI Int. CD ROM 

. AT! PCI W/2MB 

. ATX Rackmount Case W/ 300W P/S 

. Logitech PS/2 Mouse 

. Keytronic Enahnced Keyboard 

OPTIONS: Linux/Solaris/SCO/NT 

300MHZ .... $2,288 
266MHZ .... $2,268 

$ 81/MO 
$ 80/MO 

HI-TECH WINSOOAX 
Sun AXI PCI SERVER 

$3,798 
BUSINESS LEASE $139/MO 

.Sun SP ARCengine Ulta Axi w/300/MO 

.64MB EDO DIMM .Ultra Wide SCSI Controller 

.l.44MB FDD .4.3GB .Ultra Wide SCSI Int. HD 

.24X SCSI INT. CDROM .AT! PCI VGA w/4MB 

.Built-in 10/100 MHz Ethernet .Mouse .Keyboard 

.Solaris V.2.6 Server 

Hardware: 
Cyclade: 
.4 Ports, DB25 Ext. Card ............... $228 
.8 Ports, RJ45/DB25, Int./Ext .... $238/$448 
.16 Ports, DB25, ISA Ext.. .. ...... . $588 
.PR3000W/2SatTl/ I : I SP ..... .... $1878 
.PR3000 Term. Server 16 Port ......... $2458 
.Router+DSU/CSU Link-56K. ......... $998 

Ascend: 
.Pipeline 50 Base w/NTJ ... ..... . .. ...... $618 
.Pipeline 50 Router, S/W 56/CSU/DSU ...... $1238 

.Pipeline 75 ISDN Bri/Rout w/Comp .... .. .... $698 

.Pipeline 85 ISDN Bri/rout w/Sec. F/W ....... $1238 

CORPORATE/GOVERNMENTAL/EDUCATIONAL 

INSTITUTIONS WELCOME 
LEASING & FINANCING AVAILABLE 

Web: http: //www.hitech-usa.com We do sell relative components and software. 

Business Hours: Mon. - Fri. 8AM to 6PM(PST) Price subject to change, not responsible for typographical errors. 

Solaris is a trademark of Sun Microsystems, Inc. SPARC is a trademark of SPARC international. All other trademarks are property of their respective owners. 



Current releases 

• Slackware"' 

Also includes a "QuickStart" guide that describes the 
installation and configuration process for the lnfoMagic release, not the 
"generic" installation guide. In addition, it comes with complete online 
documentation from tlie Linux Documentation Project! 
lnfoMagic makes contributions to the Free Software Foundation, XFree86 
Project, Linux Documentation Project and the Linux Grant Program. 

LINUX Developer's Resource CD Subscription Service 
Purchase the first release of our Linux Developers Resource CD set at the 
full price and request the subscription service to automatically receive all 
future updates at a discounted price plus shipP.ing. Subscribers are always 
the first ones to receive new CD releases hot off the press! The newest 
release will be billed to your credit card at the time each update ships. 
Updates will ship automatically until you cancel. 

LINUX Archives 

• 

Linux Archives is the complete mirror from the most 
poP.ular archive sites! Includes thousands of files for 
adding on and extending the power of whatever linux 
distribution you are running. The following archives 
contain a tremendous wealth of peripheral software for 
Linux such as internet utilities, multimedia tools, network
ing software, development tools, compilers, drivers, 

communication tools and more! The following sites are included: 
• SUNSITE Archive (sunsite. unc.edu) • TSX-11 Archive (tsx· 11 .mit.edu) 
• GNU Archive (prep.ai.mit.edu) • KERNEL Archive (ftp .kernel.erg) 
• KDE Archive (ftp.kde.arg) • XFree86 (ftp.xfree86.org)(lntel binaries 

and full source) 
• XFree86 contrib (ftp.xfree86.org) • Less Tif (ftp .lesstif.org) 
• Apache (ftp.apache.org) • GNOME (ftp .gnome.erg) 
The Linux Archive subscription service is also available! Purchase the first 
version at full price and we will automatically ship you the new releases. 
A subscription requires a credit card and will continue until you cancel. 

LINUX lnstollotion & Getting Start Guide by Mott Welsh 
This 245 pg manual is the complete guide to installing 
and using the Linux operating system. The purpose 

LINUX T-SHIRTS! 

of this book is to get users up & running with ease 
by providing the basics needed in order to run Linux 
& UNIX implementations. Chapters include an 
introduction to Linux, history, software features, 
design P.hilosophy, hardware requirements & 
sources for other documentation . 

Top quality 100% Cotton T-shirts. Front has 
the lnfoMagic "ELFOS" character with 
LINUX in big bold letters. On the back: 
"LINUX: The Operating System with an Attitude". 
Pre-shrunk sizes: M, L, XL, XXL. 

Call, Fax or send e-mail 
MC, VISA and AMEX. accepted 

LINUX TOOLBOX 
The perfect package for beginners! lnfoMagic has 
bundled our best Linux CD with the most in depth 
manual available for Linux in one complete package! 
The LINUX DEVELOPERS RESOURCE 6 CD-ROM Set 
includes complete materials to install and run LINUX. 
Current releases of the following distributions and help

.___.- ful programs are included: 
• RedHat • Slackware 
• SuSE • Debian 
• XFree86 • Apache 
The CD Set includes a simple "QuickStart" install booklet with basic setup 
instructions. Complete on-line documentation from the Linux 
Documentation Project along with the "Installation & Getting Started 
Guide" and the "Network Administrators Guide". 
"RUNNING LINUX" by Matt Welsh & Lor Kaufmann - This book 
published by O'Reilly & Associates covers everything you need to know 
in order to understand, install and run Linux. Includes chapters on UNIX 
basics for Linux users, system administration and maintenance, tools 
available for the system, tools for interfacing with MS-DOS, and Network 
configuration and admin istration . This is the most comprehensive LINUX 
package available! 

MOO-TIFF (for Linux) 2 CD Set 
, Finally! An affordable version of the popular 100% 

~ OSF/ MOTIF·compatible Graphical User Interface for 
PC's running LINUX! Includes complete runtime and 
development environment, provides everything needed 
to run mwm and develop 100% OSF/ Motif-compatible u•••u applications. Derived & built from the original Motif 2.0 
sources from the Open Software Foundation. Requires 

Linux 1.0 (or higher) & XFree86 2.x (or higher). Packages include: Static 
Libraries (l ibXm, LibMrm & libUil), Header & Include Files, Shared Library 
(libXm, LibMrm) . On-line user's guide! Chapters include: Introduction to 
OSF/ Motif, Using the Motif Window Manager, Using Customization Features, 
Interacting with Motif Aps, Customizing the Window Manager, Customizing 
Window Apps. Demos include: Clipboard-cut & paster between ops, hel
lomotif · button-press demo, periodic-a table of Motif Widgets, textedit-a 
text editor, xmpiano·a music editor example, xmsamplers· Motif demos, 
DragAndDrop - sample Drag & Drop ops (requires color sc reen). 

INFOMAGIC WORKGROUP SERVER 
Using proven software this package provides high-performance network
ing, file , printing and (ax services to PC and Mac clients using the Linux 
operating system. Already in use worldwide, the lnfoMagic Workgroup 
Server provides simple graphical tools for system administration and set· 
up. Features include: 
liii~~~N PC Services: works with Windows for Workgroups, 

' Windows 95 & NT, OS/ 2 or DOS no server-specific 
software on the client machine and no license charges, 
mounts server file directories using the usual mecha
nisms, connects to server print queues and print as if 
printing to a local printer, allows easy sending of faxes 
to the fax printer 
Macintosh Services: works with Apple Talk client soft

ware, mounts server disk volumes using the Chooser, prints as if printing 
to any other printer, faxes simply by printing to the appropriate printer 
Firewalling capability: allows PCs onto the internet, without fees for extra 
ISP connections, allows everyone access via a single PPP modem or ISDN 
connection, allows PCs on the internet, while restricting employee brows· 
ing, outside sites for email, ftp datai WWW data, and more, access on 
the Server can be enabled or disab ed 
WWW services: saves PC or Mac files into a shared drive or network 
folder, combine the WWW server, Macintosh and PC services, high per· 
formance apache WWW server. 




