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Ten years of BSD history 
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Ken Thompson and Dennis Ritchie presented the first UNIX 
paper at the Symposium on Operating Systems Principles at Pur­
due University in November, 1973. Professor Bob Fabry was in 
attendance and immediately became interested in obtaining a 
copy of the system to experiment with at Berkeley. 

At the time, Berkeley had only large mainframe computer 
systems doing batch processing, so the first order of business was 
to get a PDP-11/45 suitable for running the then current Version 
4 of UNIX. The Computer Science Department, together with the 
Mathematics Department and the Statistics Department were able 
to jointly purchase a PDP-11/45. In January, 1974, a Version 4 
tape was delivered and UNIX was installed by graduate student 
Keith Standiford. 

Although Ken Thompson was not involved in the installation 
— as he had been for most systems up to that time — his exper­
tise was soon needed to determine the cause of several strange 
system crashes. Because Berkeley had only a 300 baud acoustic-
coupled modem without auto answer capability, Thompson would 
call Standiford in the machine room and have him insert the 
phone into the modem; in this way Thompson was able to remote­
ly debug crash dumps from New Jersey. 

£££ 
SK wmmMm 

gist 
&?<%?+•*>' £ ^ -

f -

¥<~ 

mmm 
^ssg® 

SP m^f, 

r^^^m^^S?^^ 
:%%&m. 

':•! '-^SS&^i 





* Jfjfe BERKELEY ODYSSEY 

Many of the crashes were 
caused by the disk controller's 
inability to reliably do overlapped 
seeks, contrary to the documenta­
tion. Berkeley's 11/45 was among 
the first systems that Thompson 
had encountered that had two 
disks on the same controller! 
Thompson 's remote debugging 
was the first example of the 
cooperation that sprang up be­
tween Berkeley and Bell Labs. The 
willingness of the researchers at 
the Labs to share their work with 
Berkeley was instrumental in the 
rapid improvement of the softwrare 
available at Berkeley. 

T h o u g h UNIX was soon 
reliably up and running, the coa­
li t ion of C o m p u t e r Sc ience , 
Mathematics, and Statistics began 
to run into problems: Math and 
Statistics wanted to run DEC's 
RSTS system. After much debate, 
a compromise was reached in 
which each department would get 
an eight-hour shift: UNIX would 
run for eight hours followed by 16 
hours of RSTS. To promote 
fairness, the time slices were 
rotated each day. Thus UNIX ran 
8 am to 4 pm one day, 4 pm to 
midnight the next day, and mid­
night to 8 am the third day. 
Despite the bizarre schedule, 
s tudents taking the Operating 
Systems course preferred to do 
their projects on UNIX rather than 
on the batch machine. 

Professors Eugene Wong and 
Michael Stonebraker were both 
stymied by the confinements of 
the batch environment, so their 
Ingres d a t a b a s e project was 
among the first groups to move 
from the batch machines to the in­
teractive environment provided 
by UNIX. They quickly found the 
shortage of machine time and the 
odd hours on the 11/45 in­
tolerable, so in the Spring of 1974, 
they purchased an 11/40 running 
the newly available Version 5. 
With their first distribution of In­
gres in the Fall of 1974, the Ingres 

project became the first group in 
the Computer Science department 
to distribute its software. Several 
h u n d r e d Ingres t a p e s were 
shipped over the next six years, 
helping to establish Berkeley's 
reputa t ion for designing and 
building real systems. 

Even with the departure of 
the Ingres project from the 11/45, 
there was still insufficient time 

Arriving in the Fall 
of 1975 were two 
unnoticed graduate 

students, Bill Joy 
and Chuck Haley. 

available for the remaining stu­
dents. To alleviate the shortage, 
Professors Michael Stonebraker 
and Bob Fabry set out in June , 
1974. to get two instructional 
1 l/45s for the Computer Science 
depar tment ' s own use. Early in 
1975. the money was obtained. At 
nearly the same time DEC an­
nounced the 11/70, a machine 
that appeared to be much superior 
to the 11/45. Money for the two 
1 l/45s was pooled to buy a single 
11/70 that arrived in the Fall of 
1975. Coincident with the arrival 
of the 11/70, Ken Thompson 
decided to take a one-year sab­
batical as a visiting professor at 
h is a l m a mate r . T h o m p s o n , 
together with Jeff Schriebman 
and Bob Kridle, brought up the 
latest UNIX, Version 6, on the 
newly installed 11/70. 

Also arriving in the Fall of 
1975 , were two unno t i ced 
graduate students. Bill Joy and 
Chuck Haley; they both took an 

immediate interest in the new 
system. Initially they began work­
ing on a Pascal system tha t 
Thompson had hacked together 
while hanging around the 11/70 
machine room. They expanded 
and improved the interpreter 
system to the point that it became 
the p r o g r a m m i n g s y s t e m of 
choice for students because of its 
excellent error recovery scheme 
and fast compile and execute 
time. 

With the r e p l a c e m e n t of 
Model 33 teletypes by ADM-3 
screen terminals, Joy and Haley 
began to feel stymied by the con­
straints of the ed editor. Working 
from an editor named e m that 
they had obtained from Professor 
George Coulouris at Queen Mary's 
College in London, they worked to 
produce the line-at-a-time editor 
ex. 

With Ken Thompson's depar­
ture at the end of the Summer of 
1976, Joy and Haley begin to take 
an interest in exploring the inter­
nals of the UNIX kernel. Under 
Schriebman's watchful eye, they 
first installed the fixes and im­
provements provided on the "fif­
ty changes" tape from Bell Labs. 
Having learned to m a n e u v e r 
through the source code, they sug­
gested several small enhance­
ments to streamline certain kernel 
bottlenecks. 

FIRST DISTRIBUTIOM 
Meanwhile, interest in the er­

ror recovery work in the Pascal 
compiler brought in requests for 
copies of the system. Early in 
1977, J o y pu t toge the r t h e 
"Berkeley Software Distribution". 
This first distribution included the 
Pascal sys tem and — in an 
obscure subdirectory of the Pascal 
source — the editor ex. Over the 
next year, Joy, acting in J .he 
capacity of distributiojijsecretary, 
sent out about 30 free copies of the 
system. 

With the arrival of some 
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ADM-3a terminals offering screen-
addressable cursors, Joy was 
finally able to write vi, bringing 
screen-based editing to Berkeley. 
He soon found himself in a quan­
dary. As is frequently the case in 
universities strapped for money, 
old equipment is never replaced 
all at once. Rather than support 
code for optimizing the updating 
of several different terminals, he 
decided to consolidate the screen 
management by using a small 
interpreter to redraw the screen. 
This interpreter was driven by a 
description of the terminal char­
acteristics, thus spawning the 
now famous termcap. 

By mid-1978, the software 
distribution clearly needed to be 
updated. The Pascal system had 
been made markedly more robjast 
through feedback from its expand­
ing us^_conimjunity, and had 
been split intojtwo passes so that 
IF could be run on PDP"-ll/34s. 
The result of the update was the 
" S e c o n d Berkeley Software 
Distribution" that was quickly 
shortened to 2 BSD. Along with 
the enhanced Pascal system, vi 
and termcap for several terminals 
was included. Once again, Bill Joy 
s ingle-handedly put together 
d i s t r i b u t i o n s , answered the 
phone, and incorporated user 
feedback into the system. Over the 
next year, nearly 75 tapes were 
shipped. Though Joy moved on to 
other projects the following year, 
the 2 BSD distribution continued 
to expand. Today the latest ver­
sion of this distribution, 2.9 BSD, 
is a complete system for PDP-1 Is . 

VAX UNIX 
Early in 1978, Professor 

Richard Fateman began looking 
for a machine with a larger ad­
dress space that he could use to 
continue his work on Macsyma 
that had started on a PDP-10. The 
newly announced VAX-11/780 
seemed to fulfill the requirements 
and was available within budget. 
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Fateman and 13 other faculty 
members put together an NSF 
proposal that they combined with 
some departmental funds to pur­
chase a VAX. 

Initially the VAX ran DEC's 
operating system VMS, but the 
department had gotten used to the 
UNIX environment and wanted to 
continue using it. So, shortly after 

Initially the VAX 
ran DEC'S 

operating system 
VMS, but the 

department had 
gotten used to the 
UNIX environment 

and wanted to 
continue using it. 

the arrival of the VAX, Fateman 
obtained a copy of the 32/V port of 
UNIX to the VAX by John Reiser 
and Tom London of Bell Labs. 

Although 32/V provided a 
Version 7 UNIX environment on 
the VAX, it did not take advantage 
of the virtual memory capability of 
the VAX ha rdware . Like i ts 
predecessors on the PDP-11, it 
was entirely a swap-based system. 
For the Macsyma g roup a t 
Berkeley, the lack of virtual 
memory meant that the process 
address space was limited by the 
size of the physical memory, 
initially 1 MB on the new VAX. 

To alleviate this problem, 
Fateman approached Professor 
Domenico Ferrari, a member of 
the systems faculty at Berkeley, 
to investigate the possibility of 

having his group write a virtual 
memory system for UNIX. Ozalp 
Babaoglu, one of Ferrari 's stu­
dents, set about to find some way 
of implementing a working set 
paging system on the VAX; his 
task was complicated because the 
VAX lacked reference bits. 

As Babaoglu neared the com­
pletion of his first cut at an im­
plementation, he approached Bill 
Joy for some help in understand­
ing the intricacies of the UNIX 
kernel. Intrigued by Babaoglu's 
approach, Joy joined in helping to 
integrate the code into 32/V and 
then with the ensuing debugging. 

Unfortunately, Berkeley had 
only a single VAX for both system 
development and general produc­
tion use. Thus for several weeks, 
the tolerant user community alter­
nately found themselves logging 
into 32/V and "Virtual VAX/ 
UNIX". Often their work on the 
latter system would come to an 
abrup t halt, followed several 
minutes later by a 32/V login 
prompt. By January of 1979, most 
of the bugs had been worked out, 
and 32/V had been relegated to 
history. 

Joy saw that the 32-bit VAX 
would soon obsolete the 16-bit 
PDP-11 and began to port the 2 
BSD software to the VAX. While 
Peter Kessler and I ported the 
Pascal system, Joy ported the 
editors ex and vi, the C shell, and 
the myriad other smaller pro­
grams on 2 BSD. By the end of 
1979, a complete distribution had 
been put together. This distribu­
tion included the virtual memory 
kernel, the standard 32/V utilities, 
and the additions from 2 BSD. In 
December, 1979, Joy shipped the 
first of nearly a hundred copies of 
3 BSD, the first VAX distribution 
from Berkeley. 

DARPA SUPPORT 
Meanwhile, in the offices of 

the planners for the Defense Ad­
vanced Research Projects Agency, 
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DARPA, discussions were being 
held that would have a major in­
fluence on the work at Berkeley. 
One of DARPA's early successes 
had been to set up a nationwide 
computer network to link together 
all its major research centers. At 

that time, DARPA was finding that 
many of the computers at these 
centers were reaching the end of 
their useful lifetime and had to be 
replaced. The heaviest cost of 
replacement was the porting of the 
research software to the new 
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machines. In addition, many sites 
were unable to share their soft­
ware because of the diversity of 
hardware and operating systems. 

Choosing a single hardware 
vendor was impractical because of 
the widely varying computing 
needs of the research groups and 
the undesirability of depending on 
a single manufacturer. Thus , the 
planners at DARPA decided that 
the best solution was to unify at 
the operating systems level. After 
m u c h discuss ion, UNIX w a s 
chosen as a standard because of 
its proven portability. 

In the Fall of 1979, Bob Fabry 
responded to DARPA's interest in 
moving towards UNIX by writing 
a p roposa l s u g g e s t i n g t h a t 
Berkeley develop an enhanced 
version of 3 BSD for the use of the 
DARPA community. Fabry took a 
copy of his proposal to a meeting 
of DARPA image processing and 
VLSI contractors, plus represen­
tatives from Bolt, Beranek, and 
Newman, the developers of the 
ARPAnet. There was some reser­
vation whether Berkeley could 
p roduce a work ing s y s t e m , 
but the release of 3 BSD in Decem­
ber, 1979, assuaged most of the 
doubts. 

With the increasingly good 
reputation of the 3 BSD release to 
validate his claims, Bob Fabry was 
able to land an 18-month contract 
with DARPA beginning in April, 
1980. This contract was to add 
features needed by the DARPA 
contractors. He immediately hired 
Laura Tong to handle the project 
administration. With the negotia­
tions for the contract on track, 
Fabry turned his attention to find­
ing a project leader to manage the 
software development. Fabry had 
assumed that since Joy had jus t 
passed his Ph.D. qualifying ex­
amination, he would rather con­
centrate on completing his degree 
than assume the software develop­
ment position. But Joy had other 
plans. One night in early March he 
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phoned Fabry at home to express 
interest in taking charge of the fur-
t he r d e v e l o p m e n t of UNIX. 
Though surprised by the offer, 
Fabry took little time to agree. 

The project started promptly. 
Tong set up a distribution system 
that could handle a higher volume 
of orders than Joy ' s previous 
distributions. Fabry managed to 
coordinate with Bob Guffy at 
AT&T, and lawyers at the Uni­
versity of California to formally 
release UNIX under terms agree­
able to all. Joy incorporated J im 
Kulp's job control, added auto 
reboot, a IK block file system, and 
s u p p o r t for the la tes t VAX 
machine, the VAX-11/750. By 
October, 1980, a polished distribu­
tion that also included the Pascal 
compiler, the Franz Lisp system, 
and an enhanced mail handling 
system was released as 4 BSD. 
J3uring_its; nine^nonth lifetime, 
nearly 150 copies were shipped. 
The license arrangement wasjon 
ajperinstitution basis rather than 
a per machine basis, thus the 
distribution ran on about 500 
machines. 

With the increasingly wide 
d i s t r ibu t ion and visibility of 
Berkeley UNIX, several critics 
began to emerge. David Kashtan 
at Stanford Research Institute 
wrote a paper describing the 
results of benchmarks he had run 
on both VMS and Berkeley UNIX. 
T h e s e b e n c h m a r k s showed 
several severe performance prob­
lems with the UNIX system for the 
VAX. Setting his future plans 
aside for several months, Joy 
systematically began tuning up 
the kernel. Within weeks he had 
a rebuttal paper written showing 
that Kastan's benchmarks could 
be made to run as well on UNIX as 
they could on VMS. Rather than 
continue shipping 4 BSD, the 
tuned up system with the addition 
of Robert Elz's auto configuration 
code was released as 4.1 BSD in 
June , 1981. Over its two-year 
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lifetime about 400 distributions 
were shipped. 

4.2 BSD 
With the release of 4.1 BSD, 

much of the furor over perfor­
mance died down. DARPA was 
sufficiently satisfied with the 
results of the first contract that a 
new two-year con t r ac t was 
granted to Berkeley with funding 

With the release of 
4.1 BSD, much of 

the furor over 
performance died 

down. 

almost five times that of the 
original. Half of the money went to 
the UNIX project, the rest to other 
researchers in the Computer 
Science department. The contract 
called for major work to be done 
on the system so the DARPA 
research community could better 
do its work. 

Based on the needs of the 
DARPA community, goals were 
set and work began to define the 
modifications to the system. In 
particular, the new system was 
expected to include a faster 
file sys t em tha t would raise 
t h r o u g h p u t to the speed of 
available disk technology, would 
support processes with multi-
gigabyte address space require­
ments , would provide flexible 
i n t e r p r o c e s s c o m m u n i c a t i o n 
facilities that would allow re­
s e a r c h e r s to do work in 
distributed systems, and would 
integrate networking support so 
that machines running the new 

system could easily participate in 
the ARPAnet. 

To assist in defining the new 
system, Duane Adams, Berkeley's 
con t rac t moni tor at DARPA, 
formed a group known as the 
"steering commit tee" to help 
guide the design work and ensure 
that the research communi ty ' s 
needs were addressed. This com­
mittee met twice a year between 
April, 1981 and June , 1983, and 
included Bob Fabry, Bill Joy, 
and Sam Leffler of the University 
of California at Berkeley; Alan 
Nemeth and Rob Gurwitz of Bolt, 
Beranek, and Newman; Dennis 
Ritchie of Bell Labora to r ies ; 
Keith Lantz of Stanford Uni­
versity; Rick Rashid of Carnegie-
Mellon University; Bert Halstead 
of Massachuset ts Ins t i tu te of 
Technology; Dan Lynch of The 
Information Sciences Institute; 
Duane Adams and Bob Baker of 
DARPA; and Jerry Popek of the 
University of California at Los 
Angeles. Beginning in 1984, these 
meetings were supplanted by 
workshops that were expanded to 
include many more people. 

An initial documen t pro­
posing facilities to be included in 
the new system was circulated to 
the steering committee and other 
people outside Berkeley in July, 
1981, sparking many lengthy 
debates. In the Summer of 1981, 
I became involved with the project 
and took on the implementation of 
the new file system. During the 
summer, Joy concentrated on im­
plementing a prototype version of 
the interprocess communication 
facilities. In the Fall of 1981, Sam 
Leffler joined the project as a full-
time staff member to work with 
Bill Joy. 

When Rob Gurwitz released 
an early implementation of the 
TCP/IP protocols to Berkeley, Joy 
integrated it into the system and 
tuned its performance. During this 
work, it became clear to Joy and 
Leffler that the new system would 
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need to provide support for more 
than jus t the DARPA standard 
network protocols. Thus, they 
redesigned the internal structur­
ing of the software, refining the 
interfaces so that multiple net­
work protocols could be used 
simultaneously. 

With the internal restructur­
ing completed and the TCP/IP 
protocols integrated with the 
prototype IPC facilities, several 
simple applications were created 
to provide local users access 
to remote resources. These pro­
grams, rep, rsh, rlogin, and rwho, 
were intended to be temporary 
tools that would eventually be 
replaced by more reasonable 
facilities (hence the use of the 
dis t inguishing r prefix). This 
system, called 4.1a, was first 
distributed in April, 1982 for local 
use; it was never intended that it 
would have wide circulation, 
though bootleg copies of the 
system proliferated as sites grew 
impatient waiting for the 4.2 
release. 

The 4. l a system was obsolete 
long before it was frozen. 
However, its construction and 
feedback from users provided 
valuable information that was us­
ed to create a revised proposal for 
the new system called the "4.2 
BSD System Manual". This docu­
ment was circulated in February, 
1982 and contained a concise 
description of the proposed user 
interface to the system facilities 
that were to be part of 4.2 BSD. 

Concurrent with the 4.1a 
development, I completed the 
implementation of the new file 
system, and by June of 1982 had 
fully integrated it into the 4.1a 
kernel. The resulting system was 
called 4. l b and ran on only a few 
select development machines at 
Berkeley. Joy felt that with signifi­
cant impending changes to the 
system, it was best to avoid even 
a local distribution, particularly 
since it required every machine's 

file systems to be dumped and 
restored to convert from 4.1a to 
4. l b . Once the file system proved 
to be stable, Leffler proceeded to 
add the new file system-related 
system calls, while Joy worked on 
revising the interprocess com­
munication facilities. 

In late Spring 1982, Joy 
announced he was joining Sun 
Microsystems. Over the summer, 
he split his time between Sun and 
Berkeley, spending most of his 
time polishing his revisions to the 
i n t e r p r o c e s s c o m m u n i c a t i o n 
facilities and reorganizing the 
UNIX kernel sources to isolate 
machine dependencies. Pauline 
Schwartz was hired to take over 
the distribution duties. David 
Mosher was hired as a technical 
manager to resolve problems from 
users in the field and to handle 
ordering, installation, and run­
ning of the project's hardware. 

With Joy ' s departure, Leffler 
took over responsibility for com­
p le t ing the project . Cer ta in 
d e a d l i n e s had a l ready been 
established and the release had 
been promised to the DARPA 
community for the Spring of 1983. 
Given the time constraints, the 
work remaining to complete the 
re lease was eva lua t ed a n d 
priorities were set. In particular, 
the virtual memory enhance­
ments and the most sophisticated 
parts of the interprocess com­
munication design were relegated 
to low priority (and later shelved 
completely). Also, with the im­
plementation more than a year old 
and the UNIX community 's ex­
pectat ions heightened, it was 
decided an intermediate release 
should be put together to hold peo­
ple until the final system could be 
completed. This system, called 
4.1c, was distributed in April, 
1983; many vendors used this 
release to prepare for ports of 4.2 
to their hardware. 

In June , 1983, Bob Fabry 
turned over administrative control 

of the project to Professors 
Domenico Ferrari and Susan 
Graham to begin a sabbatical free 
from the frantic pace of the 
previous four years. Leffler con­
t inued the completion of the 
system, implementing the new 
signal facilities, adding to the 
networking support, redoing the 
standalone I/O system to simplify 
the ins ta l l a t ion p roces s , in­
tegrating the disk quota facilities 
from Robert Elz, updating all the 
documentation, and tracking the 
bugs from the 4.1c release. In 
August, 1983, the system was 
released as 4.2 BSD. 

When Leffler left Berkeley for 
Lucasfilm following the comple­
tion of 4.2, he was replaced by 
Mike Karels. Karels's previous 
experience with the 2.9 BSD soft­
ware distribution provided an 
ideal background for his new job. 
The popularity of 4.2 BSD was im­
pressive; within 18 months, more 
copies of 4.2 BSD had been ship­
ped than of all the previous 
Berkeley software distributions 
combined. 

As with 4 BSD, commentary 
of the vociferous critics was quick 
in coming. Most of the complaints 
indicated that the system ran too 
slowly. The problem, not surpris­
ingly, was that the new facilities 
had not been tuned and that many 
of the kernel data structures were 
not well suited to their new uses. 
Karels' first year on the project 
was spent tuning and polishing 
the system. An anticipated release 
of the polished system early in 
1985 is expected to quell many of 
the performance complaints — 
much as the 4.1 BSD release quell­
ed many of the complaints about 
4 BSD. 

After completing my Ph.D. in 
December 1984, I joined Mike 
Karels on the project. We hope 
that other researchers will con­
tinue to share their work with 
Berkeley. By incorporating the 
work of o the r r e s e a r c h e r s 
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uniformly into the UNIX system at 
Berkeley, we can continue to offer 
the UNIX community a widely 
available state-of-the-art UNIX 
system. 
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FEAR AND LOATHING 
ON THE "f 

UNIX TRAIL *76 
It was 2 am and I was lying 

face down on the floor in Cory 
Hall, the EECS building on the UC 
Berkeley campus, waiting for Bob 
to finish installing our bootleg 
copy of the UNIX kernel. If suc­
cessful, new and improved ter­
minal drivers we had written 
would soon be up and running. 

We were enhancing the 
system in the middle of the night 
because we had no official sanc­
tion to do the work. That didn't 
stop us, though, since UNIX had 
just freshly arrived from Bell Labs, 
where computer security had 
never been an issue. The system 
was now facing its first acid test — 
exposure to a group of intelligent, 
determined students — and its 
security provisions were failing 
with regularity. 

I was lying face down because 
I'd gone without sleep for over two 
days, and the prone position 
somehow seemed the most logical 
under the circumstances. Bob was 
still working because he'd napped 
not 30 hours before, giving him 
seniority under the "Hacker-best-
able-to-perform" rule of our infor-

Notes from 
the underground 

by Doug Merrltt 
with Ken Arnold and Bob Toxen 

mal order. We might have called 
our group "Berkeley Undergrade \ 
uate Programmers Sor a Better^ 
UNIX", or* less euphemistically^ 
*TrustratedH2Ktoreffrt)urO :l 

Ideas". B u t to truth, our group 
was never named. It was simply a 
matter of Us versus Them. 

'Them** was the bureaucracy 
— the school administrator, the 
system administrators, most pro- " 
fessors, some grad students, and ^ 
even the legendary Implementors 
themselves at Bell Labs. 

••Us" w a s * smal l , ielf-
selected group o f undergraduates 
with a passion for UNIX. We were 
interested in computers and In 
programming because it fasci­
nated us; we Bved for fee high 
level of intellectual, stimulation 1 
only hac i ln^^couW pr^vfctel | 
Although some In our group never; 
expressed an Interest'in breaking 
computer TOcurttyi^others^Ifr, 
vested thousands of fruitful hours 
to stealing accounts and gaining 
superuser access tb^&iious UNIX 
systems. 0ur^object? -To"read 

'i 

A 

source is 
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