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Maxwell, 2(011; MeKusick and Neville-Neil, 2004; Pate. 2003: Stev, I i, I,
2008: and Vahalia, 2007) and p
10.1 HISTORY OF UNIX AND LINUX

uNIX and Linux have a long and interesting history, so we will ¢
study there. What started out as the pet project of one young resear
. =EEENET (R

[hompson) has become & billion-dollar mdustry imvolving univer itie
: MLIES, n

tional corporations, goby ernments, and international "["”'|-”'L||-"-I:H'-Jl bodia
following pages we will tell how this story has untolded

10.1.1 UNICS

Back in the 1940s and 19505, all computers were personal COmMputers. a1 1
in the sense that the 1|-|¢-”.nurrn:|i way o use a « Ompuler was [o sjen up for I
of time and take over the entire machine for that period. Of course, fhee -
chines were ph}'*-u:ll.".l”} mmense, bul r'r]|j- one person (the programmer) eo

them at any given lime. When batch systems took over, in the 1960 the o
grammer submitted a job on punched cards by bringing it to the mg hing r v
When enough jobs had been assembled, the operator read them all in ac
hatch. Tt HHH.’I”". tonk an hour or more atter Huhruirlmj_' i ||:|1. until the oulput y
returned, Under these circumstances, debugging was a time -CONSUMING proc -

hecause a .|||;__-IL rruqumul comma |ruyhl result n wasting several hours of 1

o 5o

programmer s hme

To get around what almost everyone viewed as an unsatisfactory and Liripy
ductive arrangement, 1|l1|:'xh.|rll1.|_' was invented at Dartmouth fl“”k‘;,'r.‘ and M7
The Dartmouth system ran only BASIC and enjoyed a short-term commerciy) i
cess before vamishing. The MLLT. system, CTSS, was general purpose and wi g
enormous success in the scientific communmity, Within a short time, resear oy
M.LT. joned forces with Bell Labs and General Electric (then a commit i
dor) and began desigming a second-generation system, MULTICS (MULT:
plexed Information and Computing Service ), as we discussed in Chap. |

Although Bell Labs was one of the founding partners in the MULTICS -
ject, 1t later pulled out, which left one of the Bell Labs researchers, Ken Thomp
son, looking around for something interesting to work on. He eventually decided

 wrile @ w.,|;||[1.|:|1-|,-.J. down ML I “‘"l h\. h||'||_u:
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£ If {in assembler this time)
e ded P[]lti j n||rr|'1I-._.1iJ'|l|!!l'll1]1-:.T |t:l|-;_~.1‘||[L the tiny size of the PDP- 7. on :iﬁiﬂ
actud YV OWOTRCU AN Coujg HUP[‘HF“ 1-']11."1_[]-“3“ 5 '-k-"l
clopment effort. Conse-

Labs, Br: ghan, somcwhat
Lm*“ called 1t UNICS (UNiplexed Information Iﬁ Eﬁm Service). r

s about "EUNUCHS™ be :
yespite puns 4 ing a castrated MU name stuck 1l
l”rl",'!l I'I"l [h'- \,i‘ll_l]ll]l" Wils .|:'\.I1.LT ‘1Id!'l|,l‘: Iil t ‘\l"b‘ LHCS. h |

ently, one of the other researchers w Bell

10.1.2 PDP-11 UNIX

‘hompson’s wWork: so impressed many of his colleagues st Bell Labs that he

<0 }HI['ILLI ’rH. Denmis T"t:ll'-.hh_ and later h} his entire dﬂwmﬂﬂﬂ T
WS Wﬂﬂ“#
velopments occurred around this time, First, UNIX was moved from the

thmlnh PDP-7 to the much more modern PDP-11/20 and then later 1 the PDP-
1/45 and PDP-1V/70. The latter two machines dominated the minicompuler '
-..-r]d for much of the 1970s. The PDP- 11745 and PDP-1 /70 “mw ma- g ¥
chines with large physical memories for their era (256 KB and 2 MB. respective-
). Also, they had memory protection hardware, making it possible 10 suppon
-’1'I|.l|'||l"l|'i. users at the same time. However. m.:»., were both 16-bit machines that .

imited individual processes to 64 KB of mstruction space and 64 KB of h
space, even though the machine may have had far more physical 3
z -~

e second development concerned the language in which UNIX was written.
By now 1t was becoming painfully obvious that having to rewrite the entire system
for each new machine was no fun at all, so Thompson decided to rewrite LINIX in
s high-level language of his own design. called B. B was a simplified form of -
HE PL (which tsell was a simplified form of CPL, which. like PLA. never work-
edl. Due to weaknesses in B, pnmanly lack of structures, this attempt was Bt
wecessful. Ritchie then designed a successor to B, (naturally) called €. and wrote
an excellent anrnli.r for it. Working together, Thompson and Ritchie rewrote
unIX in €. © was the right language at the right time, HMM“ P
FHIL'M"'“""E ever since. .
In 1974, Ritchie and Thompson published a landmark paper M‘“ﬂ
(Ritchie and Thompson, 1974). For the work described in this paper they
later given the prestigious ACM Tunng Award (Ritchie, lmm
The publication of this paper stimulated many universities to ask Hmm
copy of UNIX. Since Bell Labs® parent company, AT&T, was & re :
poly at the time and was not permitted to be in the mm
ohjection to licensing UNIX to universities for a modest fee.
In one of those coincidences that often shape history, ﬂm
computer of choice at nearly all university computer m |
operating systems that came with the PDP-11 were -
by professors and students alike. UNIX quickly filled the \‘H,
cause it was supplied with the complete source code, so that

by
Jl.il w1

g
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did, tinker EldMzeg
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kernel bug they had found and fixed, An \ustralian N
= - L i
q commentary on the UNIXN source code of the tvp

A o speakers eetng up n front of the
UNIX. with distinguished spe | th 0 el 8

e
sme obscure "I'.'ul.l | '
(4",

Lions, wirole

1 L :|||I|||- i !
ar the works of Chaucer or Shakespeare (reprinted g | B

served | 10ns, 19gg, "
3 w P . . | ¢

hook described Version 6, so named because 1t was de sCribed in the sixd I
|

Of |

.
ang g,

o, P N ; o 1 ed:
of the UNIX Programmer's Manuval. The source code was 8200 lines (

- , his activit .
, wmhlv code As a result of all t ac Iy, new ide
lines of assembli Cas and M

ments o the system '--|"1'='=|'-j L'!"]"”"‘

Within a couple of years, Version 6 wis replaced by Version 7. the fire
ahle version of UNIX (it ran on the PDP-11 and the Interdata 8/32). by n”uh‘ L
lines of C and 2100 lines of assembler, A whole svlicration of lkr“llt__Fllt""l'
brought up on Version iy

7. which contributed 1o its spread afier (hey o
went o work mn ||'|dl.|"~”'}. H". the mad-= 14808, UNIX was in w |'||L"'-F'1|'|_-

.1l.||.J-.||L.I|

il USe o : ..

icomputers and engineering workstations Irom a variety of vendors \ g iig

i e IBEr o

companies even licensed the source code to make their own versjoy f UNy

'ilr II|I

F=ion 7
name XENIX for a number of years until its mnterest turned elsew here

One of these was a small startup called Microsoft, which sold Ve :
|.|P|_=|_| I'_

10.1.3 Portable UNIX

Now that UNIX was written n C, moving it to a new machine, |'~I'HI'M| a
i r...--.

ing it, was much casier than in the early days. A port requires firs Wil 'r
compiler for the new machine. Then it requires writing device drivers for the n-
' : et LW
machine's /O devices, such as momtors, printers, and disks Although the dry
£ Ve

code is in C, it cannot be moved to another machine, compiled, and run there k

nachine.
1] TOUtings

cause no two disks work the same way. Finally, a small amoun; of 1
dependent code, such as the mterrupt handlers and MEemory manageme
must be rewritten, usually in assembly language.

The first port beyond the PDP-11 was to the Interdata 8/32 minicomp
This exercise revealed a large number of assumptions that UNIX implicitly Mak
about the machine it was running on, such as the unspoken supposition that inte.
gers held 16 bits, pointers also held 16 bits (implying a maximum Program size of
4 KB), and that the machine had exactly three registers available for holding im.
portant variables. None of these were true on the Interdata, so considerghle «
was needed to clean UNIX up .

Another problem was that although Ritchie’s compiler was fast and produced
good object code, 1t produced only PDP-11 object code. Rather than write § ey
compiler specifically for the Interdata, Steve Johnson of Bell Labs designed an
implemented the portable C compiler, which could be retargeted to produ
code for any reasonable machine with a only a moderate amount of effort, Fu

years, nearly all C compilers for machines other than the PDP-11 were based o
Johnson's compiler, which greatly aided the spread of UNIX to new computers

work
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The port o the Interdata mitially went slowly

work had 1o be dnl‘:c_ on the anly working UNIX machine. a PDP-11, which hap-
ned to be on the fifth floor at Bell Labs. The Interdata was on the first floor.

Generating @ new VETSIon meant compiling it on the fifth floor and then physically . L

carrying a magnetic l.u]'H: down to the first floor to see if it worked. After svEis)

months of tape Carrying, an unknown person said: *You know, we're the phone

company. Can  we run a wire between these two machines?™ Thus was UNIX )
setworking born. After the Interdata port, UNIX was ported to the VAX and other

compuics.
after AT&T was broke

because all the development

_ N up in 1984 by the U.S. government, the company
was legally free to :-:L*I up a computer subsidiary, and soon did. Shortly thereafter.
AT&T released its hirst commercial UNIX product, System I1L. Tt was not well re-
ceived, so it was replaced by an improved version, System V, a year later. What-
ever happened to System IV is one of the great unsolved mysteries of computer
science. The original System V has since been replaced by System V., releases 2. -
3, and 4, each one bigger and more complicated than its predecessor. In the proc- 1
oss, the original idea behind UNIX, of having a simple, elegant system, has gradu-

ally diminished. Although Ritchie and Thompson's group later produced an 8th,

gth, and 10th edition of UNIX, these were never widely circulated, as AT&T put

all its marketing muscle behind System V. However, some of the ideas from the .
gth, 9th, and 10th editions were eventually incorporated into System V. AT&T -
eventually decided that it wanted to be a telephone company, not a computer com- [
pany, after all, and sold its UNIX business to Novell in 1993. Novell subsequently 5
sold it to the Santa Cruz Operation in 1995, By then it was almost irrelevant who
owned it, since all the major computer companies already had licenses.

10.1.4 Berkeley UNIX A o ;

One of the many umversities that acquired UNIX Version 6 early on was the
University of California at Berkeley, Because the full source code was available,
Berkeley was able to modify the system substantially. Aided by grants from
ARPA, the LS. Dept. of Defense’s Advanced Research Projects w.m
ley produced and released an improved version for the PDP-11 called 1BSD

(First Berkeley Software Distribution). This tape was fullnwﬂmﬁ;w :; e

other one, called 2BSD, also for the PDP-11. S p-i| -
More important were 3BSD and especially its successor. msnm "y
J'!'l“hﬂll.lgh AT&T had a VAX version of UNIX. Cﬂ“:d m. il“w-ﬂ 5 14!';|?'|-'|1 ‘i }

sion 7. In contrast, 4BSD contained a large number of im ments. Forel
among these was the use of virtual memory and paging. allowing programs i«
larger than physical memory by paging parts of them in and out as needed. Aj
er change allowed file names to be longer than 14 characters. The im
mentation of the file system was also changed, making it considerably faster

H

nal handling was made more reliable. Networking was intmﬂ:&ﬂ'. !
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network protocol that was used, TCP/P, to become g e Facto sian I:
UNIX world, and later 1n the Internet, which 1s dominated by UNIX h‘l I.Imj in g
Berkeley also added a substantal number ol utility pPrograms tn II ':l| Seryen
o a new editor (vid, @ new shell (esh), Pascal and | isp compilers | +inclyy
||1.;|,.L-_ All these improvements caused Sun Microsystems. DEC .:n,I- ang Man:
puter vendors to base their versions of UNIX on Berkeley | NIX. |-.III:IF|I;.r Ll
AT&T's “official™ version, System V. As & consequence. H'JILL_*I.‘--., ill thap .
came well established in the academic, research, and defense worlde Iw'" by
snformation about Berkeley UNIN, see Mckusick et al. (1994 "0 Mo

10.1.5 Standard UNIX

By the late 1980s, two ditferent, and somewhat Incompatible .
UNIX were in widespread use: 4.3BSD and System V Release 3 ]”'Iuj‘tr*ll-n 0
tually every vendor added i1ts own nonstandard enhancements. This ::r“”"i Vir-
UNIX world, together with the fact that there were no standards fip 1'\!”:” N the
aram [ormats, areatly inhibited the commercial success of UNIX ht'L.mh:r-:l .
Wag

impossible for software vendors to write and package UNIX Programs « |
expectation that they would run on any UNIX system (as was I""||;f'|L'|1,. I the
MS-DOS). Various attempts at standardizing UNIX initially failed, A ]-'c.t,!_ :
ample, issued the SVID (System V Interface Definition), which Lh.”m.,;i I;r“'
system calls, file formats. and so on, I'his document was an attempt 1o keg Al the
System V vendors in Line, but 1t had no effect on the enemy (BSD) camp
just ignored it

The first serious attempt to reconcile the two flavors of UNIX w

il 1114 With

) all the

» Whigh

45 Mitiated
| cted and. Mos i
portant, neutral body. Hundreds of people from industry, academia and goy

) " EUVEm-

ment took part in this work. The collective name for this project was POSIX_ T,
first three letters refer to Portable Operating System. The X was added 1 m I\L

, Ak
the name UNIXish. :

under the auspices of the IEEE Standards Board, a highly respe

After a great deal of argument and counterargument, rebuttal ang cOUL:
errebuttal, the POSIX committee produced a standard known as 1003.1. defines
a set of hbrary procedures that every conformant UNIX system must supply. Mog
of these procedures invoke a system call, but a few can be implemented ‘u|,||'..|-;f,:
the kernel. Typical procedures are open, read. and fork. The idea of POSIX i«
that a software vendor who writes a program that uses only the procedures definad
by 1003.1 knows that this program will run on every conformant UNIX system

While it is true that most standards bodies tend to produce a horrible
compromise with a few of everyone's pet features in it, 1003.1 is remarkably
gnnl.] considering the large number of parties involved and their respective vested
interests. Rather than take the umion of all features in System V and BSD a5 the
starting point (the norm for most standards bodies), the IEEE committee took the
intersection. Very roughly, if a feature was present in both System V and BSD, u

HIST FOF LINDY. AR
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s included 1n the standard; otherwise it was not. As a consequence of this algo-
Sthim. |“[].3._| bears I.l .‘-:.[rl.'llf]._'__' I'l._'h.l..‘l'lﬂ‘lhil'll;.‘f_' to the direct ancestor of both EjI'EIEI.'I.'I v
o BSD. namely ‘5.-1.‘!*11.'.}“ 7. The 1003.] document is written in such a way that
hoth operating SySteim implementers and software writers can understand it, an-

ather povelty in the standards warld, although work is already underway to

medy this
emed]

Although the 1003.1 standard addresses only the system calls, related docu-
qents standardize threads, the utility programs, networking, and many other fea- by
wres of UNIX.. In addition, the C language has also been standardized by ANSI -
and 150. E

10.1.6 MINIX

(ne FTI'!I]_'H..'"}' that all modern UNIX systems have is that thE:f are la.rg: and
complicated, in a sense, the antithesis of the original idea behind UNIX, Even if
the source code were freely available, which it is not in most cases, it is out of the
question that a single person could understand it all any more. This situation led

the author of this book to write a new UNIX-like system that was small enough to 9
understand, was available with all the source code, and could be used for educa- '}
ijonal purposes. That system consisted of 11,800 lines of € and 800 lines of as- -
«embly code. It was released in 1987, and was functionally almost equivalent to 3

yersion 7 UNIX, the mainstay of most computer science departments during the .
pP-11 era. |
I MINIX was one of the first UNIX-like systems based on a microkernel design.
The idea behind a microkemnel is to provide mimimal functionality in the kemel o .
make it reliable and efficient. Consequently, memory management and the file
system were ;1u.‘;hrzd out 1Inlo user processes. The kemel handled message m J
hetween the processes and little else. The kernel was 1600 lines of Cmm =
lines of assembler. For technical reasons relating to the 8088 architecture, ﬂm.‘ﬂﬁ. A
device drivers (2900 additional lines of C) were also in the kernel. The file system
(5100 lines of C) and memory manager (2200 lines of C) ran as m‘umm I
pn‘n:r.z.*ihf‘.-'-. i -._h-"l |'_. — h
Microkernels have the advantage over monolithic systems that they are eas
10 understand and maintain due to their highly modular structure. Also, o w-': A ]
code from the kernel to user mode makes them highly reliable because the crash ;\ :
of a user-mode process does less damage than the crash of a kemel-mode com
ponent. Their main disadvantage is a slightly lower performance due to the
switches between user mode and kemel mode. However, performance
everything: all modern UNIX systems run X Windows in user mode ar
accept the performance hit to get the greater modularity (in contrast 10 Winde
where the entire GUI (Graphical User Interface) is in the kermnel). O wel
known microkernel designs of this era were Mach (Accetta et al., 1986)
Chorus (Rozier et al., 1988), ey .
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- B . -.5.-.--. 3 I H"ilu
= - . Within a few months of 1ts appearance, MINIX hL-L-,lFIh,' a bt of .
.-.,'-' == e TR I . saelel newseroup mn . | ._”ll
L 3 _1'. s _' L, Irh 11.\\. i1 I Hi'\] I 1 I {-” L I_\,lln.:l = F s LA rI:'.-_.- '.,_.I_]-_IIII|I|||'.I .”'“] - I
v i - 1
—— -‘;J‘:‘ users. Many users contributed commands and other useg Programe T30 i,
- ' : { e 'l » done by large numbers e v 50 b
i - hecame a collective undertaking done b ‘1 : CIs O users OVer the I lINp
e T It was a prololype of other collaborative etiorts that came later. In 1995 ";III
- - » - =T e . hace , e Ve
- . - nd the base systeém, now ; i
T 1 2.0 of MINIX, was It |Lﬂ_-"“t a2 - '”L|lh|ln_-: Ii-;_'r'-.x.,,rhl_
Y . srown 1o 62,200 lines of code. 'Es by

Around 2004, the direction of MINIX development changed radica]y,

focus becoming building an extremely reliable and dependable System .
automatically repair its own faults and become self healing I"“”'”-milll_' |||LII e
correctly even in the face ol repeated software bugs being triggere As ety
quence, the modularization idea present in Version | was greatly ex B
MINIX 3.0, with nearly all the device drnivers being moved (g user cp

each driver running as a separate process. The size of the entjre errxujllkllw
dropped to under 4000 lines of code, something a single Programme iy
anderstand. Internal mechanisms were changed to enhance fau|y loler

Pandey
COould pae

ance i 'i-|i.'
erols wavh.

In addition, over 500 popular UNIX programs were ported 1 MINY
including the X Window System (sometnimes just called X, various .;nn:" i
(including gce). text-processing software, networking software, Weh hr".p.l:l.
and much more, Unlike previous versions, which were primarily edye (8
nature, starting with MINIX 3.0, the system was quite usable, with the fi
ing toward high dependability. The ultimate goal 1s: No more rese buttons

A third edition of the book appeared, describing the new system apg H|\.\|n-- !
source code in an appendix and describing it in detail (Tanenbaum s Ill‘lf:l_"_,ll'!: :
20006). The system continues (O evolve and has an active user m"mm"m-l}.ul
more details and to gel the current version for free, VOu can visit "““1'-””'?1h_}.-.-rl..l

aliong]
H‘“" 11l |t

10.1.7 Linux

During the early years of MINIX development and discussion on the Lnitermg
many people requested (or in many cases, demanded) more and better features 1
which the author often said “No" (1o keep the system small enough for students
to understand completely in a one-semester university course). This COntinupy
“No' irked many users. At this time, FreeBSD was not available, so tha Wils e
an option. After a number of years went by like this, a Finnish student, Ling
Torvalds, decided 1o write another UNIX clone, named Linux, which would he g
full-blown production system with many features MINIX was initially lacking
The first version of Linux, (L,01, was released in 1991, It was cross-developed
4 MINIX machine and borrowed numerous ideas from MINIX, ranging from i
structure of the source tree to the layout of the file system. However, it wa g
monolithic rather than a microkernel design, with the entire operating system s
the kernel. The code totaled 2300 lines of C and 950 lines of assembler, roughly

cgC. 10.] HISTORY OF UNIX AND LiNux 727 1

milar o MINIX version 1n size and also comparable in functinnaiiw De facto, it

was a rewrite of MINIX. the only system Torvalds had source code for

Linux rapidly grew in size and evolved into g full. production UI:II'.H. clone as
rqpal memory. & more sophisticated file system, and many other features were
yded- Although 1t originally ran only on the 386 (and even had embedded 386 as-
:._-|1||1‘l|_" code 1in the middie l.1| C procedures), it was quickly ported to other plat-
forms -L|.|'|+.l RS ['Llrlh on a 'u.'ld.'..' Hir!i:."[]..' uf nm.,;hme-.ﬁ_ ju“ .1; UNIX dﬂﬁ‘l-. Uﬂt ,ﬁt‘_ y
rerence With UNIX ll"".ﬁ_ stand out, however: Linux makes use of many special :
features Ol the gee compiler and would need a lot of work before it would compile -
with an ANSI standard C compiler,

The néxi Major release of Linux was version 1.0, issued i 1994, It was about
(65,000 lines of code and included a new file system, memory-mapped files, and
gsD-compatible networking with sockets and TCP/AIP. Tt also included many new
Jevice drivers. Several minor revisions followed in the next two years,

By this ime, Linux was sufficiently compatible with UNIX that a vast amount
+f UNIX software was ported to Linux, making it far more useful than it would
have otherwise been. In addition, a large number of people were attracted o

Linux and began working on the code and extending it in many ways under Tor-
general supervision.

yalds’ '
The next major release, 2.0, was made in 1996, It consisted of about 470,000 *
fines of C and 8000 lines of assembly code. It included support for 64-bit archi- 3
ectures. Sy mmetric multiprogramming, new networking protocols, and numerous ]
other features. A large fraction of the total code mass was taken up by an exten- -5
sive collection of device drivers. Additional releases followed frequently.

The version numbers of the Linux kemel consist of four numbers. A.B.C.D, N
uch as 2.6.9.1 1. The first number denotes the kernel version. The second number
denotes the major revision. Prior to the 2.6 kemnel, even revision numbers
corresponded to stable kernel releases, whereas odd ones corresponded 10 unstable
revisions, under development. With the 2.6 kernel that is no longer the case. Qh
third number corresponds to minor revisions, such as support for mﬁiﬂam‘ . [
fourth number corresponds to minor bug fixes or secunity patches. ¥l .

A large array of standard UNIX software has been ported to Linux.
the X Window System and a great deal of networking software. Two

GUIs (GNOME and KDE) have also been written for Linux. In short -ﬁﬂ
grown 10 a full-blown UNIX clone with all the bells and whistles a UNIX lover

might want. L ]

One unusual feature of Linux is its business model: it 1s free M
be downloaded from various sites on the Internet, for example: wiww Kernelorg,.
Linux comes with a license devised by Richard Stallman, founder of -:' Free
Software Foundation. Despite the fact that Linux is free, this license. “g—::r
(GNU Public License), is longer than Microsoft's Windows license and specifies
what you can and cannot do with the code. Users may use, copy, modify, ar

L
BNy T
P R
* 3 .

redistribute the source and binary code freely. The main restriction

- .
e, i y o 2
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works derived from the Linux Kernel may not be sold o redis

rllmh. |
{ .
form only: the source code must either be "hrHF"[‘-i.'il with the

|1d”"J|J'i.| oF L YN,
.

available on request .

Although Torvalds still controls the Kernel fairly closely. 4 large

: : = '”|I||III

I.'I1|||:||L,H i L]

-:Ir1|||,,l.

user-level software has been writtén |"_"- numerous othey Prog

them originally migrated over from the MINIX, BSD, and GN1 Mgy

. - 5 L :.-
nes Ji“'l-‘l EVEer. a% [ INux &y L'l". ek \[k".l‘l.[tl". Hll]nlllki r|||{ rHT” il rhu 1 I““\' ||.|| "

""'hi

ity want to hack source code (witness the hundreds of books telline havl m
- : = rI'Ir .

and wse Linux and irl]]_\. a handiul LIIM'H"-"-H]Q the code or how
many Linux users now forgo the free distribution on the Interpe ¢, by
many CD-ROM distnbutions available from numerous Competinp 'L_L
companies. A popular Website listing the current top- 100 | Inu ;
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wiare 15 beginning to blur substantially.
As 4 1':1111r1nl:; to the Linux story, 1t 1s interesting to note thy
bandwagon was gaining steam, 1t got a big !’muhl.lrwrn 4l unexpecied o
AT&T. In 1992, Berkeley, by now running out of funding, decide
BSD development with one final release, 4.4BSD, (which later formey
of FreeBSD). Since this version contained essentially no AT&T code, Ber,
1ssued the software under an open source license (not GPL) that ey f\t'r\h|u,r:ll:l
whatever they wanted with it except one thing—sue the l'|m'ur~;u3 of (_-'dhh_:r' s
The AT&T subsidiary controlling UNIX promptly reacted by—vyoy 2uesseg :LI
suing the University of California. It also sued a company, BSDI, s up hy r
BSD developers to package the system and sell support, much i
other companies now do for Linux. Since virtually no AT&T code
the lawsuit was based on copyright and trademark infringement,
such as BSDI's 1-800-ITS-UNIX telephone number. Although the
tually settled out of court, it kept FreeBSD off the market long
to gel well established. Had the lawsuit not happened, starting
would have been serious competition between two free. Open source UNIX .
tems: the reigning champion, BSD, a mature and stable system with
academic following dating back to 1977, versus the vig
Linux, just two years old but with a growing follow
Who knows how this battle of the free UNICES wou
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10.2 OVERVIEW OF LINUX

In this section we will provide a general introduction to Linux and how 1
used, for the benefit of readers not already familiar with it. Nearly all of thi
matenal applies to just about all UNIX variants with only small deviations. Al

dlIes start ?'.l'.'“|[||| -.; 7
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qough Linux has several graphical interfaces, the focus here is on how Linux

\ppears 0 &4 Programmer Working in a shell window on X Suhstquam sections
.II” focus on system calls and how i works inside.
(4

(0.2.1 Linux (Goals

UNIX was always an interactive system des;

ind multiple users at the same time. [t was designed by programmers, for pro-
crammers, 10 use in an environment in which the majority of the users are rela-
ively sophisticated and are engaged in (often quite complex) software develop- v
ment projects. In many cases, a large number of programmers are actively coop-

erating to produce a single system, so UNIX has extensive facilities to allow peo-

ole to work together and share information in controlled ways. The model of a

sroup of experienced proErammers working together closely to produce advanced

software is obviously very different from the personal computer model of a single
heginner working _ill“m’ with a "'f"”"j processor, and this difference is reflected
throughout UNIX from start to ﬂhﬂlﬁh. l't_i:»: only natural that Linux inherited many
+f these goals, even though the first version was for a personal computer,

What is it that good programmers want in a system? To start with, most like
their systems to be simple, elegant, and consistent. For example, at the lowest y!
level, a file should just be a collection of bytes. Having different classes of files .
for sequential access, random access, keyed access, remote access, and so on, (as
mainframes do) just gets in the way. Similarly, if the command

gned to handle multiple processes

aran

|5 A¥
means list all the files beginning with “A™ then the command
rm A*

should mean remove all the files beginning with “A™ and not remove Ib:m.ﬁlﬁ -
whose name consists of an “A™ and an asterisk. This characteristic is sometimes y
called the principle of least surprise. s

Another thing that experienced programmers generally want is power and
flexibility. This means that a system should have a small number of hmcﬂ]ﬂ- -
ments that can be combined i an infinite variety of ways to suit the applicatis B, S
One of the basic guidelines behind Linux is that every program should dujmw i
thing and do it well. Thus compilers do not produce listings, mﬂlﬁw x =i
grams can do that better. ¢ Ay SRl

Finally, most programmers have a strong dislike for uul;u:mmm_ =
type copy when cp is enough? To extract all the lines containing the string “an )""u
from the file [, the Linux programmer types N i M

‘ ¥
i i
-

grep ard |




