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Unix and Linux are powering modern IT

Android (1 bn shipments / year)

Google, Facebook, Amazon, X technology stacks
macOS

60% of the top one million web servers,

75% of major cloud providers' instances,

97% of embedded systems,

All of the world's top-500 supercomputers
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v of Communication

ANNON

TON

HE recent development of various methods of modulation such as PCM and PPM which e
bandwidth for signal-to-noise ratio h: sified the interest in a general theo mmunication. A
basis for such a theory is contained in the important papers o 1111:,11 and Hmle n this subject. In the
present paper we will extend the theory to include a number of new £ ar the effect of noise
in the channel, and the savings p sible due to the statistical s »f the original mes and due to the
nature of the final destination of the nformation.
The fundamental problem of communication is that of reproducing at one point either exactly or ap-
proximately a message selected at another point. Frequently the 1 s have meaning;
to or are ding ystem w: 1th certain physical or conceptual entities. These semantic
: i ineering problem. The significant is that the actual
sible messages. The system must be designed to operate for each
sible selection, not just the one which will actually be chosen since this 1s unknown at the time of design
If the number of me: ; in the set is finite then this numb any mor c function of this number
rmation produced when one me is chosen from the set. all
A« was pointed out by Hartley the most mrunl choice is the logarithmic
h rlnk definition must be generalized c nsiderably when we consider the influence of the
and when we have a continuous range of messages, we will in all cases use an

re convenient for various reasons:

1. It is practically more useful. Parameters of engineerir nportance such as time, bandwidth. number
of relays. etc.. tend to vary linearly with the loganthm of the number of possibilities. For example,
adding one relay to a 1p doubles the number of possible states of the relays. It adds 1 to the base 2
logarithm of this number. Doubling the time roughly squares the number of possible messages, or
doubles the logarithm., et

It 15 nearer to our intuitive feeling as to the proper measure. This 1s closely related to (1) since we in-
tuitively measures entities by linear comparison with commeon standards. One feels, for

two punched cards should have twice the capacity of one

channels twice the capacity of one for transmitting information.

It is mathematically more suitable. Many of the limiting operations are sumple in terms of the
rithm but would require clumsy restatement 1n terms of the number of possibilities.

The choice of a logarithmic base corresponds © the Lhﬂl e of a unit for measuring information. If the
base 2 1s used the resulting units may be e its, or more briefly
J. W. Tukey. A device with two stable p s, such as v or a flip-flop circuat,
information. N such devices can store N bits. since the total number of possible states is 2

If the base 10 1s used the units be called decimal digits.
















PROGRAMMING
LANGUAGE

Brian W.

Kernig

rh

e Dennis M. Ritchie

PROGRAMMING LANGUAGE

BJARNE
STROUSTRUP

TheAWK

Programmmg
Language

Avrren V. Ao
IRIAN W, KERNIGHAN
PeTer J. WEINBERGER




@ LIVE FREE OR DI =

UNIX

e RADEMARK OF BELL LABS' ouume




GE-645 SYSTEM



............

|
‘ .
_ . LB
: B | | O o

o \ﬂ:f | Lowhews ‘ '?9'
? PERAL) ‘ f
FERSATY e o "o
[ 2y -‘.;._;:1% ‘v ' ‘l
LA, € 1 | l

: 4 |

» :

L | |

o










Faces of Open Source / Peter Adams
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Open source
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386BSD 0.1

FreeBSD 1 CVS
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j FreeBSD

FreeBSD Git

PDP7 f¢f V1 & V3 || V4 (& V5 1« V6 [« V7 github.com/dspinellis/unix-history-repo/
@ Bell Laboratories [oo;71 oo
T
BSD 2
\
BSD 3
A,
BSD SCCS
BSD 4.0 |« BSD 4.1 |« BSD 4.2 |« BSD 4.3 {«{ BSD 4.3-Tahoe [«{ BSD 4.3-Reno («{ BSD 4.4
3
\
BSD 4.3 Net/1 BSD 4.3 Net/2 BSD 4.4 Lite1
/ |\
386BSD 0.0 BSD 4.4 Lite2
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CALDERA

240 West Center Street
Orem, TTtah 84057
B01-765-4999 Fax 801-7654481

January 23, 2002

Dear UND® enthusiasts,

Caldera International, Inc. hereby grants a fee free license that includes the rights use, modify and distribute this named
source code, including creating derived binary products created from the source code. The source code for which Caldera
International, Inc. grants rights are limited to the following UNIX Operating Systems that operate on the 16-Bit PDP-11
CPU and early versions of the 32-Bit UNIX Operating System, with specific exclusion of UNIX System III and UNIX
System V and successor operating systems:

32-bit 32V UNIX
16 bit UNIX Versions1,2,3,4,5,6,7

Caldera International, In¢, makes no guarantees or commitments that any source code is available from Caldera
International, Inc.

The following copyright notice applies to the source code files for which this license is granted.
Copyright(C) Caldera International Inc. 2001-2002. All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

Redistributions of source code and documentation must retain the above copyright notice, this list of conditions and the
following disclaimer. Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentation and/or other materials provided with the distribution,

All advertising material s mentioning features or use of this software must display the following acknowledgement:
This product includes software developed or owned by Caldera International, Inc.

Neither the name of Caldera International, Inc. nor the names of other contributors may be used to endorse or promote
products derived from this software without specific prior written permission.

USE OF THE SOFTWARE PROVIDED FOR UNDER THIS LICENSE BY CALDERA INTERNATIONAL, INC.
AND CONTRIBUTORS “AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL CALDERA INTERNATIONAL, INC. BE LIABLE FOR
ANY DIRECT, INDIRECT INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF
USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Very truly yours,
/signed/ Bill Broderick

Bill Broderick
Director, Licensing Services

* UMLK 15 aregistered trademark of The Open Group in the US and other countries
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/ initialize inodes for special files (inodes 1 to 40.)

mov
jsr
mov
movb
movb

jsr

dec

bt

$40.,r1 / set ri=i-node-number 40,

rO,iget / read i-ncde ‘r1’ from disk into inode area of
/ ccre and write modified inode out (if any)
$100017,i.fl1gs / set flags in core image of inode to indi-
/ cate allocated, read (owner, non-owner),
/ write (owner, non-owner)
$1,i.nlks / set no.. of links = 1
$1,i.uid / set user id of owner = 1
ro,setimod / set imod=1 to indicate i-node modified, also
: / stuff time of modification into i-node
r1 / next i-node no. = present i-node no.-1
1b / has i-node 1 been initialized; no, branch

/ initialize i-nodeg r1.,...,47. and write the root device, binary, etc.,
/ directories onto fixed head disk. user temporary, initialization prog.

Issue D Date 3/17/72 ID IMO.1-1 Section E.0 Page 4



UNIX IMPLEMENTATION

/ u0 = unix

celd = O '

orig = 0 . / orig = 0. relocatable

rkda = 177412 / disk address reg rk03/rk11
rkds = 177400 / driv status reg rk03/rk11
rkee = 177404 / control status reg rk03/rk11
rcsr = 174000 / receiver status reg dc-11
rebr = 174002 / receiver buffer reg de-11
tesr = 174004 / xmtr status reg dc-11
tcbr = 174006 / xmtr buffer reg dc-11
tcst = 177340 / dec tape control status tc11/tusé
tcem = 177342 / dec tape command reg tc11/tusé
toewe = 177344 / word count tc11/tusé
tcba = 177346 / bus addr tc11/tus6
tedt = 177350 / data reg tc11/tus6
des = 177460 / drum control status rf11/rs11
dae = 177470 / drum address extension rf11/rs11
lks = 177546 / clock status reg kwil=l
prs = 177550 / papertape reader status pc1i

prb = 177552 / buffer pc1i

pps = 177554 / punch status pc1i

ppb = 177556 / punch buffer pcii

/lps = 177514 1line printer status (future)
/lpb = 177546 1line printer buffer (future)
tks = 177560 / console read status asr-33
tkd = 177562 / read buffer asr-33
tpe = 177564 / punch status asr-33
tpb = 177566 / punch buffer asr-33
ps = 177776 / processor status

halt = 0

wait = 1

rti = 2

nproc = 16. / number of processes
nfiles = 50.
ntty = 8+1
nbuf = 6

«if cold / ignored if cold = 0O
nbuf = 2

endif

core = orig+40000 / specifies beginning of user’s core

ecore = core+20000 / specifies end of user’s core (4096 wo:

/ £$;{ 434 jnit by copy
; 4%¢ unkni;0 | bus error
0,1 £psym;0 illg in tr
1411+ unkni 50 5 trace and trap (see Sec. B.1 page )
10,31 unkni ;0 trap
Eszanicgo / pwr
%Iﬂ’rtsaymgo / emt
%3 sysent;0 / sys

Issue D Date 3/17/72  ID IMO.1-1 Section E.O

UNIX IMPLEMENTATION

mov ¢idata,r0 / rO=base addr. of assembled directories.
mov su.off,u.fofp / pointer to u.off in u.fofp (holds file
/ offset)
1: :
mov (x0)+,21/r1=41+,.04,47; 0" in the assembled directory

header signals last
beg if assembled directory has been written onto drum
jsr rO,imap / locate the inode map bit for i-node “rt’

bisb mg,(r2) / set the bit to indicate the i-node is not

available

read incde "r1’ from disk into inode area of

core and write modified i-node on drum (if any)

mov (ro)+,i.flgs / set flags in core image of inode from

assgembled directories header

movb (r0)+.i.nlks / set no. of links from header

movb (ro)+,i.uid / set user 14 of owner from header

jsr r0,setimod / set imod=1 to indicate inode modified: also,
/ stuff time of modification into i-node

jsr r0,iget

e

mov (:0)+,u.count / set byte count for write call equal to
/ size of directory
mov ro,u.base / set buffer address for write to top of directory

clr u.off / clear file offset used in ‘seek’ and ‘tell’
ada u.count,r0 / r0 points to the header of the next directory

isr ro,writei / write the directory and i-node onto drum
br 1b / do next directory
endif .

/ next 2 instructions not executed during cold boot.

bis 82000,850 / sb0 I/0 gueue entry for superblock on drum;
/ set bit 10 to 1
jer r0,ppoke / read drum superblock

tstb sbo+1 / has I/O request been honored (for drum)?
bne 1b / no, continue to idle,

decb sysflg / mormally sysflag=0, indicates executing in system

sys exec; 2f; 1f / generates trap interrupt; trap vecter =
sysent; O
br panic / execute file/etc/init 3
12 ; ‘T gq‘(&ﬁu Lo, /0
2£30 A m;t/qﬁ"f’? Lk o EO, )
2z e ) .
{/etc/ini t\0> / UNIX looks for strings term, noted by nul\0
panic:
clr ps
1:
dec $0
bne 1ib
dec 85
bne

ib
jmp #4473700 / rom loader address

Issue D Date 3/17/72 ID IMO.1-1 Section E.0 Page 5
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1974 to 1975

1978

1979

1980
1981
1982
1983
1984

1985
1986
1987
1988
1989

1990
1991
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1993
1994
1995
1996
1997

1998

1999
2000

2001 to 2004
2005

2006 to 2007
2008
2009
2010
2011

2012 to 2015
2016
2017

@amed PDP-7 operating sys@

Unix
Version 5 to 6

BSD
1.0 to 2.0

PWB/Unix

Unix \
Version 7

Unix/32V

Mach
to 3.0 (1994)

~

NexTSTEP/
OPENSTEP
1.0to 4.0

Mac OS X
Server

l

Mac 0OS X,
0s X,
macOS

10.0 to 10.12
(Darwin
1.2.1to 17)

3 DBSD4 1
.0 to 4. Xenix
1.0t02.3 System IIT
Sun0S
ltol.1 System V
| A R1 to R2
Unix Il
Version 8 SCO Xenix
( ATX > V/286 System V
Sun0S 1.0 R3
Unix 1.2 to 3.0
9 and 10 I F\w{ase
(Iastﬁ\_r;:flons BSD 4.3 | System V
Bell Labs) ) Tahoe F— Qtl
BSD 4.3 v/356
Reno
BSD Net/2 0OSF/1, Trub4
1.0 (1992) to
5.1 (2012) 5“205
38eBsD | T b________
‘ NetBSD ‘
0.8to 1.0
BSD 2 SCO UNIX UnixWare
4.4-Lite T 3.2.4 1.x to 2.x
FreeBSD . & (System V
1.0 to Lite Release 2 R4.2)
2.2.x NetBSD
11to 1.2 ?%epﬂgg OpenServer
\/ 0to2. 5.0 to 5.04
| |
NetBSD 1.3 ! I
FreeBSD
3.0to 3.2
OpenServer
AIX 5.0.5to 5.0.7
30t0 7.2
UnixWare
7.x
(System V
OpenBSD R5)
2.3to 6.1
FreeBSD NetBSD °
33to11.x 1.3to 7.1 OpenServer
6.x
DragonFly
BSD
1.0t0 4.8

OpenServer
10.x

Ultrix
-32 to
4.5 (1995)

IRIX
3.0 to
6.5 (2006)
Solaris
2.1t09
Solaris
10
OpenSolaris
& derivatives
(illumos, etc.)
Solaris
11.0to 11.3

HP-UX
10to1.2

HP-UX
6to 11

HP-UX
111+




Research-PDP7

Research-V1

BSD-4.3

FreeBSD 1.0

FreeBSD 2.2.2
FreeBSD 2.2.5

FreeBSD 5.1.0

FreeBSD 4.9.0

FreeBSD 4.0.0 FreeBSD 5.5.0
BSD-4.4_Litel FreeBSD 3.5.0 FreeBSD 6.2.0
Research-V3 BSD-4.4 FreeBSD 4.1.0 FreeBSD 6.3.0
Research-V4 FreeBSD 1.1.5 FreeBSD 4.1.1 FreeBSD 7.0.0
Research-V5 FreeBSD 2.0 FreeBSD 4.2.0 FreeBSD 6.4.0
Research-V6 FreeBSD 2.0.5 FreeBSD 4.3.0 FreeBSD 7.1.0
BSD-1 BSD-4.4_Lite?2 FreeBSD 4.4.0 FreeBSD 7.2.0
Bell-32V FreeBSD 2.1.0 FreeBSD 4.5.0 FreeBSD 8.0.0
BSD-2 FreeBSD 2.1.5 FreeBSD 4.6.0 FreeBSD 7.3.0
Research-V7 FreeBSD 2.1.6.1 | [FreeBSD 4.6.1 FreeBSD 8.1.0
BSD-3 FreeBSD 2.1.6 FreeBSD 4.6.2 FreeBSD 8.2.0
BSD-4 FreeBSD 2.1.7 FreeBSD 4.7.0 FreeBSD 7.4.0
BSD-4.1_snap FreeBSD 2.2.0 FreeBSD 5.0.0 FreeBSD 9.0.0
BSD-4.1c_2 FreeBSD 2.2.1 FreeBSD 4.8.0
BSD-4.2

FreeBSD 8.3.0
FreeBSD 9.1.0

FreeBSD 8.4.0
BSD-4.3_Net_1 FreeBSD 2.2.6 FreeBSD 5.2.0 FreeBSD 9.2.0
BSD-4.3 Tahoe FreeBSD 2.2.7 FreeBSD 5.2.1 FreeBSD 10.0.0
BSD-4.3_Reno FreeBSD 2.2.8 FreeBSD 4.10.0 FreeBSD 9.3.0
BSD-4.3 _Net_2 FreeBSD 3.0.0 FreeBSD 5.3.0 FreeBSD 10.1.0
386BSD-0.0 | FreeBSD 3.1.0 FreeBSD 4.11.0 FreeBSD 10.2.0
386BSD-0.1 FreeBSD 3.2.0 FreeBSD 5.4.0
386BSD patch kit FreeBSD 3 3.0 FreeBSD 6.0.0
il i ow A
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Lines of code (millions)

Code provenance

F9 — FreeBSD 9.0
BlFs —FreeBsD 8.0
| F52—FreeBSD 5.2
| F4 —FreeBSD 4.0

b BF2 —FreeBsD 20
B F1 —FreeBSD 1.0
| |3B1 —386BSD 0.1
B BNz — BSD 4.3 Net2
| B43—BSD 4.3
Bles2—Bsp 42
841 —BsD 41
109 .V7 — Research Version 7
.V6 — Research Version 6
5 -

V6 V7 B41 B42

I
B43

1
BN2  3Bf F1
Unix release

I
F2

[ I I I
F4 F52 F8 F9



$
$

usr/src/1libc/gen/timezone.
usr/src/1libc/gen/timezone.
usr/src/libc/gen/timezone.
usr/src/libc/gen/timezone.
usr/src/1libc/gen/timezone.
1ib/11ibc/gen/timezone.c
[...]

1i6)1ibc/gen/timezone.c

0onNnnon

usr/src/1ib/Tibc/gen/timezone.
usr/src/1ib/1ibc/gen/timezone.
usr/src/1ib/1ibc/gen/timezone.

T1ib/1ibc/gen/timezone.c
1ib/1ibc/gen/timezone.c
T1ib/Tibc/gen/timezone.c
1ib/11ibc/gen/timezone.c

usr/src/1ib/1ibc/gen/timezone.
usr/src/1ib/1ibc/gen/timezone.
static tables *
usr/src/1ib/1ibc/gen/timezone.

-1;++zp) JE

usr/src/libc/gen/timezone.c
usr/src/libc/gen/timezone.c
usr/src/libc/gen/timezone.c
usr/src/libc/gen/timezone.c
usr/src/libc/gen/timezone.c

usr/src/1ib/Tibc/gen/timezone.
usr/src/1ib/1ibc/gen/timezone.

/% create one */

usr/src/1ib/1ibc/gen/timezone.
usr/src/1ib/1ibc/gen/timezone.
usr/src/1ib/1ibc/gen/timezone.
usr/src/1ib/1ibc/gen/timezone.
usr/src/1ib/1ibc/gen/timezone.

1ib/1ibc/gen/timezone.c
sizeof (czone),
T1ib/1ibc/gen/timezone.c
60,zone % 60);
1ib/1ibc/gen/timezone.c
T1ib/Tibc/gen/timezone.c

0 ~~nNn N

0 N

NnononnNn

Ritchie
Ritchie
Ritchie
Ritchie
Ritchie

(Dennis
(Dennis
(Dennis
(Dennis
(Dennis
(Jordan K.

(Jordan K. Hubbard

(Bil11 Joy
(B111 3Joy
(Keith Bostic
(Ed schouten
(Rodney Grimes

(David E. O'Brien
(David E. O'Brien

(B111 3Joy
(Keith Bostic

(Keith Bostic
(Dennis Ritchie
(Dennis Ritchie
(Dennis Ritchie
(Dennis Ritchie
(Dennis Ritchie
(Keith Bostic
(Keith Bostic

(Bi111 3Joy

(Keith Bostic
(Keith Bostic
(Keith Bostic
(Keith Bostic
(Warner Losh

(Warner Losh

(Rodney Grimes
(Rodney Grimes

Hubbard

1979-01-10
1979-01-10
1979-01-10
1979-01-10
1979-01-10
1996-07-12

1996-07-12
1980-12-22
1980-12-22
1987-03-28
2009-12-05
1994-05-27
2002-02-01
2002-02-01
1980-12-22
1987-03-28

1987-03-28
1979-01-10
1979-01-10
1979-01-10
1979-01-10
1979-01-10
1987-03-28
1987-03-28

1980-12-22
1987-03-28
1987-03-28
1987-03-28
1987-03-28
1998-01-21

1998-01-21

1994-05-27
1994-05-27

14:
14:
14:
14:
14:
18:

18:
00:
00:
19:
19:
05:
01:
01:
00:
19:

19:
14:
14:
14:
14:
14:
19:
19:

00:
19:
19:
19:
19:
21:

21:

05:
05:

58:
58:
58:
58:
58:
57:

57:
40:
40:
27:
31:
00:
08:
08:
40:
27:

27:
58:
58:
58:
58:
58:
27:
27:

40:
27:
27:
27:
27:
46:

46

00:
00:

45
45
45
45
45
58

58
25
25
07
38
24
48
48
25
07

07
45
45
45
45
45
07
07

25
07
07
07
07
36

36

24
24

-0500
-0500
-0500
-0500
-0500
+0000

+0000
-0800
-0800
-0800
+0000
+0000
+0000
+0000
-0800
-0800

-0800
-0500
-0500
-0500
-0500
-0500
-0800
-0800

-0800
-0800
-0800
-0800
-0800
+0000

+0000

+0000
+0000

76) static struct zone {

77) int offset;

78) char *stdzone;

79) char *dlzone;

80) } zonetab[] = {

81) {-1%60, "MET", "MET DST"},
96) {-1}

97) };

98)
106) char *
107) _tztab(int zone, int dst)
108) {
109) struct zone *Zp;
110) char sign;
111)
112) for (zp = zonetab; zp->offset !=
113) if (zp->offset == zone) {
114) if (dst && zp->dlzone)
115) return(zp->dlzone);
116) if (!dst &% zp->stdzone)
117) return(zp->stdzone) ;
118) 1
119)
120) it (zone < 0) {
121) zone = -zohe;
122) sign = '+";
123) }
124) else
125) sign = '-";
126) (void)snprintf(czone,
127) "GMT%c%d:%02d" , sign,zone /
128) return(czone) ;
129) %



UNIX PROGRAMMER’S MANUAL

Third Edition

¥. Thompson

D. M. Ritchie

February, 1973

Copyright 8c9 1972
Bell Telephone Laboratories, Inc.

No part of this document may be reproduced,
or distributed cutside the Laboratories, without
the written permission of Bell Telephone Laboratories.

UNIX PROGRAMMER’S MANUAL

Fourth Edition

K. Thompson
D. M. Ritchie

November, 1973

Copyright © 1972, 1973
Bell Telephone Laboratories, Inc.

No part of this document may be reproduced,
or distributed outside the Laboratories, without
the written permission of Bell Telephone Laboratories.
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dspinellis.github.io/unix-history-man

Evolution of Unix Facilities

User commands

[=]

System calls

C library functions

Devices and special files

File formats and conventions

Games et. al.

Miscellanea

System maintenance procedures and commands

© 0Nk WM~

System kernel interfaces



Evolution of Unix section 2: System calls

Facility Appearance Research V1 ResearchV2 | ResearchV3 | Research V4 ResearchV5 | ResearchVé | BSD 1 BSD 2 Bell 32V ResearchVV7 | BSD 3
time Research V1 | eSS A GEEEESSD & CGEEEEESD  GEEEEESD @ GEEEEESS  GEEEEE  GEEEEEED GEEEEEEED | AR | G |7
umount Research V1 TS i GEEEEEED GEEEEEED | G GEEEEEEED | GEEEEEEED | D | G
unlink Research V1 By By By By By By K Wy Wy ]
wait ResearchV1 A e A GEESSESSSD & CGOESESESEED  GEEEEEED GBS  GEEEEEED GBS  GEEEEEED |  GEEEEEEED | G r
write ResearchV1 | S @ GEESSSSS & CGOSESESESESD  GEEEEEED  GEEEEEED  GEEEEEED GRS IR | D | G
chd Research V2 G
hog Research V2 L ]
kill Research V2 CGEEEEEED  GEEEEEED  GEEEEEED GEEEEEED GEEEEEED | SN | GEEEEEEED  GEEEEEEED | GEEEEED
makdir Research V2 G | G
sleep Research V2 (W Wy Wy Wy By
sync Research V2 L BFy Y By By By By By By
boot Research V3 .
cSW Research V3 LBy ___Bx By Wy By
dup Research V3 By By By By Wy Wy Wy ]
fpe Research V3 D
nice Research V3 LBy By By By Wy Wy Wy ]
pipe Research V3 Ly By By By By my  »y ]
times Research V3 By By By By Wy Wy Wy ]

Back to section index

Disclaimers

© The name of a facility may have been repurposed over time.

- Facilities in sections 1, 6, 8 moved across sections over time. To allow a continuous view of their evolution, all have been relocated to the section of the most recent FreeBSD release, if they still existed at the time.

-~ The evolution data of collapsed tree nodes depict the evolution of the tree's first child node.
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Lessons from the Unix
Architecture Evolution




Write small programs.
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... and | once heard an old-timer growl at a
young programmer:

“I've written boot loaders that were shorter
than your variable names!”

— Stephen C. Johnson



Build modular code through
partitioning, composition, and
layering.




Layering and Partitioning

adm.s cat.s dskio.s 1init.s s6.S
ald.s check.s dskres.s 1lcase.b s7.s
apr.s chmod.s dsksav.s maksys.s s8.s
as.s chown.s ds.s sl.s s9.s
bc.s chrm.s dsw.s s2.S scope.Vv
bi.s c¢p.s edl.s s3.s sop.sS
bl.s db.s ed2.s s4.s trysys.s

cas.s dmabs.s ind.b s5.s



Value developer time over
machine time.




Separation of
File Metadata from File Naming
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Devices as Files

ttyint

Ctt23<yi>;<n GUO;0U0040
ttyout:

Ctt2s<yo2>3<ut>; 040OCUOD
keybd:?

<ke>j<yb>;<o0a>3<rd>

displt
<di>j<sp>;<la)><y OUO
shi
<sh>; OUO00HOQLOOYUO;04004Q
syster:
' <§y>,<5;> <em>; C&KOC4D

Bl 4 2B O aasma



open
read
write
seek
tell
close

File 1/O API



creat
rename
link
unlink

File System API



Interpreter

pain ${ - <
extrn read, vrites (jﬂcﬁcb9
auto i, c, state, line 100}
cops . |
’ state = i & 0; /%c (nd ¥/
Joopis

c = reaG{)}
{f(c==U) return;
{f(c==*3"* 8 state==0) mtate = 23

LE((c<*0¢ * c>?9*6c<"a* ° c>‘z') & state==0) state = 1)
lineli]) = ¢j

i = i+14;

{f(c!=012) goto loop?; .

if(state==2 = i==1) goto noi;

write(* '13;

vrite(’ )3}
jols ‘

i = 0;
.00p3}

c = line[il;

vrite{c);

i = 1+1§
1£(c!=012) goto loop3;
goto loop;

)



Prototype software before
polishing It.
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First Edition — 1972 FreeBSD 11.1 — 2018 Linux 6.10 — 2024

sysrele /

0 0 { int nosys(void); } syscall nosys_argsint () 1386
8yS exit / 1 1 {VosidSsZii_tefl’f(iSniori\éal ); } exit \ 1 i386
EYET*'J ork / 2 2 | intyfc:rk(v_oic?)' } 2 1386
Bysr-ead / 3 3 ssi%e_ttreabd(tirgt Ed, void sbuf, \ 3 i386

size_t nbyte); :
Byswri te / 4 4 { ssize_t write(int fd, const void *buf, \ 4 1386
BYGQPEH / 5 size_t nbyte); } 5 1386
BYEC lose / 6 Z } 12: Sﬁ)esr;(((;}rllztirf?;at?, int flags, int mode); } 5 i386
BYEwait / 7 7 { int waitd(int pid, int xstatus, \ 7 1386
BYEcrea_t / 8 int options, struct rusage *xrusage); } 8 i386
8 { int creat(char xpath, int mode); } .
syslink / 9 o { int link(char *path, char #link); } 9 1386
Bysunlin]{. / 10 10  { int unlink(char xpath); } 10 i386

Issue D Date 3/17/72 ID IMO.i-1_ Section E.1 Page 1

restart_syscall
exit
fork
read
write
open
close
waitpid
creat
link
unlink



Make each program do one thing
well.




I. COMMANDS

ar
as

TABLE

P N R R R N N R N N N

D sveesecsscssssssassnsns

DPAS tsesssscsaeacscassan

bcd
boot

ecesesessssssssssssn

CAL ceeescccttnoncscccnsasn

chdir
check
chmod
chown

essessssssssssnsso e
ssssssssasseses e

.
.
.

R IR R A
.
.
seees s s epe s s
.

CIMD eseeeescecsssccsccscan

CP setsesenssnasnsssnsans

date cieescrrntorantssens

db
dbppt
AC seeesvcrsansrns
[ P
ASW e eas

ssessss st s

eev s

MV seesoee
NM seecssse
od
PL seeccnce
FEW csssscssnsnsns
rkd
rkf
rkl
IM saceosssossncsnse
rmdir
roff

sdate
Sh eeesessesnsennse
stat cesecececeans
StriP cecsecencenns

vecss e

sesss e

Atf sieeeveccccnnn
AU sisevsrsssarsnn
Y
find seeecescccnne
fOr seensvvssnncnn
form ceviieeannanns
hUP seessscnssanes
IPPPE ceeeesecenns
INn tieessssncsnnns
IS teenvsnsnvenens
mail ceeeessscsnes
MEST sevsesssssccse
MKAIL sevenseonnse
MKES sivesessnnane
MOUNE ssesccocsces

oo e e
sessse st e e
essees e
ecseee s et e
eessss s e
RN

ssss s s

.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

P R R N )

seeen e

.
tees e
sesse
caee
Ry
case
ceese
ssas
D

eee e

.
.

.

.

.

.

.

.

ssseas
sess e
cessese
sass e
sese e
ceseen
ssseoe
eseece
R
sssee
csee e
crsens
eses s
es e
ces e
sees s
sesoas
cesee e
csssss
sesass
EEEREE
sess e

SU seseasesesssssssosccce

b s den

OF

es e
e e
s e
DR
.
.

.

CONTENT S Nod 97/

archive (combine) files

assembler

compile B program

BASIC dialect

convert ASCII to BCD

reboot system

concatenate (or print) files
change working directory

check consistency of file system

change access mode of files

change owner of files
compare file contents

copy file

get date and time of day
symbolic debugger

write binary paper tape

desk calculator

find free disk space

delete files interactively

format DECtape

find disk usage

text editor

find file with given name
compile Fortran program

generate form letter

hang up typewriter

read binary paper tape
link editor (loader)

link to file

list contents of directory
send mail to another user

permit or deny messages
create directory

initialize file system '
mount detachable file system
move or rename file

print namelist

octal dump of file

print file with headings
rewind DECtape

dump disk to tape

format RK disk

load disk from tape

remove (delete) file

remove (delete) directory
run off (format) text

adjust date and time

cee
..+, command interpreter

.... get file status

.... remove symbols, relocation bits
.sss become super-user

- v -

sum

tAD ccsssctrsnrrsccstsccsannns

tm
tty
type

umount

un
wC
who .
write

II.

break
cemt
chdir
chmod
chown
close
creat
exec
exit
fork
fstat

getuid .,

gtty

sesss e

DN

csee

LR

seessssssae

s

se s st

sec0css000 000

ce e

)

e

se e

SYSTEM CALLS

se s

ves e

s e

s s s

e

.o

e o o o

ilgins .eee

intr
link
mkdir
mount
open
quit
read
rele
seek

sess e

.
s e e
DR Y
.

Cees e
ee s
cee e
cee e

setuid ....

smdat
stat
stime
stty
tell
time

umount
unlink

wait
write

III.

atof
atoi
ctime
exp

€ sene
DR
ses e
ee s
cee e
sees e
ses e

cese
.

.

ssse

.o
.

e
css e
te e
se e
ce e
DY
e e
ss s
DR
ss e

seses sa s

tes s s s s

SUBROUTINES

sesssssscsese

ce e
ses e
ee e
s
.

DY

ce e

es e

ssssssssssceec e

R RN I

.

sss e eseesss st s rr e

.

.

.

s 8 o 8 o o ® s s e @

.

sum file

manipulate DECtape
get time information
find name of terminal
print file on IBM 2741

ceese
find undefined symbols
get (English) word count
who is on the system
write to another user

ss s
se e
+0 000

se e

set program break

vsesss Catch EMT traps
«+ses Change working directory
.++++ Cchange mode of file

«e+.s Change owner of file
wesss Close open file

sssee Create file

..ses €xecute program file
+sess terminate execution

cess Create new process

.es.s Status of open file

eeses get user ID
ee.e.s get typewriter mode

+esss catch illegal instruction trap
ves.. Catch or inhibit interrupts
teess link to file

veess Create directory

.ees., mount file system

..es. oOpen file

ves. Ccatch or inhibit quits
vseee read file

+s... Ielease processor

..+.s MOvVe read or write pointer
esses set user ID

..., set date modified of file
..eees get file status

ceess SELt system time

+e.ss Set mode of typewriter
esees find read or write pointer
.ss.. get time of year

eesss dismount file system

v.... remove (delete) file
«eeses wait for process

write file

convert ASCII to floating
convert ASCII to integer
convert time to ASCII
exponential function

DO
et e
DK

e s e

- vi -

dismount remcvable file system
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NAME
SYNOPSIS

DESCRIPTION

FILES

SEE ALSO
DIAGNOSTICS
BUGS

OWNER

CAT (I)

cat -- concatenate and print
cat filel

cat reads each file in sequence and writes it on the
standard output stream. Thus:

cat file

is about the easiest way to print a file. Also:
cat filel file2 >file3

is about the easiest way to concatenate files.

If no input file is given cat reads from the standard input
file.

pr, cp

none; if a file cannot be found it is ignored.

ken, dmr

CAT(1) User Commands CAT(1)
NAME
cat — concatenate files and print on the standard output
SYNOPSIS
cat [OPTION]... [FILE]...
DESCRIPTION

Concatenate FILE(s) to standard output.
With no FILE. or when FILE is —. read standard input.
—A, —show—all
equivalent to —vET
—b. —number—nonblank
number nonempty output lines, overrides —n
—e equivalent to —vE
—E. —show—ends
display $ at end of each line
—n, —number
number all output lines
—s. —squeeze—blank
suppress repeated empty output lines
-t equivalent to —vT
—T. —show—tabs
display TAB characters as "I
-u (ignored)
—v, ——show—nonprinting
use " and M- notation. except for LFD and TAB
—help display this help and exit
——version
output version information and exit
EXAMPLES
catf—g
Output £'s contents, then standard input, then g's contents.
cat Copy standard input to standard output.
AUTHOR
‘Written by Torbjorn Granlund and Richard M. Stallman.

REPORTING BUGS
GNU coreutils online help: <https://www.gnu.org/software/coreutils/>
Report any translation bugs to <https:/translationproject.org/team/>

COPYRIGHT
Copyright © 2022 Free Software Foundation. Inc. License GPLv3+: GNU GPL version 3 or later
<https:/gnu.org/licenses/gpl.html>.
This is free software: you are free to change and redistribute it. There is NO WARRANTY, to the extent
permitted by law.

SEE ALSO
tac(l)

Full documentation <https://www.gnu.org/software/coreutils/cat>
or available locally via: info '(coreutils) cat invocation'

GNU coreutils 9.1 September 2022 1




Avoid captive interfaces.




The Shell as a User Program

11/3/71 PASSWD (V)
NAME passwd -- password file

SYNOPSIS -

DESCRIPTION passwd contains for each user the following

information:

name (login name)
password

numerical user ID

default working directory
program to use as Shell

This is an ASCII file, Each field within each
user’s entry is separated from the next by a
colon. Each user is separated from the next by a
new—line, If the password field is null, no
password is demanded; if the Shell field is null,
the Shell itself is used.



Write extensible programs and
protocols.




11/3/71

Abstraction of Standard I/O

SH (I)

Two characters cause the immediately following
string to be interpreted as a special argument to
the shell itself, not passed to the command. An
argument of the form "Carg" causes the file arg
to be used as the standard input file of the
given command; an argument of the form " Jarg’
causes file "arg to be used as the standard out-
put file for the given command.



User-Contributed Tools and Games

Vi, USER MAINTAINED PROGRAMS

basSiC sssessecsscessssssssesess DEC supplied BASIC

bj teee s srss st eass st sbtac o the game of black jaCk

CAl susesessnseseeccsssssnssss print calendar

ChESS sesssssssssesssssssasss the game of chess

AABS seeeessssvsensnssscsesssss disassembler

dli Y R R R R load DEC binary paper tapes
APt seeesesssessesscessssssss read DEC ASCII paper tapes
INOO csosecsessesrocssenscsasseses Lhe game of MOO

Sort ® ® & = F 2 20 & ¢ T TS S B 2 2B 8 BB BB Sortafile

EEt seeecessecsessssesesneesss the game of tic-tac-toe



q/

ai-cli-lib







Write programs that work
together as filters that process
text streams.




Third Research Edition (Feb 1973)

UNIX PROGRAMMER'S MANUAL

Third Edition

K. Thompson

D. M. Ritchie

February, 1973

Copyright 8¢9 1972
Bell Telephone Laboratories, Inc.

No part of this document may be reproduced,
or distributed cutside the Laboratories, without
the written permission of Bell Telephone Laboratories.




Pipes and Filters
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PIPE (II)

NAME

SYNOPSIS

DESCRIPTION

1/15/73 PIPE (II)

pipe ——- create a pipe

sys pipe / pipe = 42.; not in assembler
(file descriptor in r0)

The pipe system call creates an I/0 mechanism
called a pipe. The file descriptor returned can
be used in both read and write operations. When
the pipe is written, the data 1s buffered up to
504 bytes at which time the writing process 1is
suspended. A read on the pipe will pick up the
buffered data.

It is assumed that after the pipe has been set
up, two (or more) cooperating processes (created
by subsequent fork calls) will pass data through
the pipe with read and write calls.

The shell has a syntax to set up a linear array
of processes connected by pipes.



Write maintainable programs.




Fourth Research Edition (Nov 1973)

UNIX PROGRAMMER’S MANUAL

Fourth Edition

K. Thompson
D. M. Ritchie

November, 1973

Copyright © 1972, 1973
Bell Telephone Laboratories. Inc.

No part of this document may be reproduced,
or distributed outside the Laboratories. without
the written permission of Bell Telephone Laboratories.




Structured Programming

* Kernel implemented in “New B”
— 6373 lines New B
— 768 lines PDP-11 assembly

* Improvement:
— First Ed.: 248 global symbols
— Fourth Ed.: 105 functions, 50 assembly symbols

main()

extern schar;
extern char end[], data[], etext[];

int i, i1, *p;

/*
* zero and free all of core

* /

UISA-»>r[@] = KISA->r[6] + USIZE;

UISD->r[e] = 6;

for(; fubyte(@) »>= @; UISA->r[@]++) {
clearseg(UISA->r[@]);
mfree(coremap, 1, UISA->r[8]);

}

mtree(swapmap, NSWAP, SWPLO);

/a:
* set up system process

%/

proc[@].p_addr = KISA->r[6];
proc[e].p_size = USIZE;
proc[@e].p_stat = SRUN;
proc[@].p flag =| SLOAD|SSYS;
u.u_procp = &proc[@];

/*
* set up "known' i-nodes

*

sureg();

LKS->integ = @115;

cinit();

binit();

iinit();

rootdir = iget(ROOTDEY, ROOTINO);
rootdir->i_flag =& ~ILOCK;
u.u_cdir = iget(ROOTDEV, ROOTINO);
u.u_cdir->i flag =& ~ILOCK;



Language-Independent API

PIPE (1) 8/5/73 PIPE (11)

NAME
pipe — create a pipe

SYNOPSIS
(pipe = 42.)
Sys pipe

(read file descriptor in 10)
(write file descriptor inrl)

pipe(fildes)
int fildes[2];

DESCRIPTION
The pipe system call creates an I/O mechanism called a pipe. The file descriptors returned can be used in
read and write operations. When the pipe is written using the descriptor returned in rl (resp. fildes[1]), up
to 4096 bytes of data are buffered before the writing process is suspended. A read using the descriptor re-
turned in rO (resp. fildes[0]) will pick up the data.

It is assumed that after the pipe has been set up, two (or more) cooperating processes (created by subse-
quent fork calls) will pass data through the pipe with read and write calls.

The shell has a syntax to set up a linear array of processes connected by pipes.

Read calls on an empty pipe (no buffered data) with only one end (all write file descriptors closed) return an
end-of-file Write calls under similar conditions are 1onored.



Data Structure Definition & Reuse

buf.h filsys.h proc.h text.h
conf.h inode.h reg.h tty.h
file.h param.h systm.h user.h



Avoid unnecessary output and
make failures easy to diagnose.
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CAT(IV) 10/27/73 CAT (IV)

NAME
cat — phototypesetter interface

DESCRIPTION
Cat provides the interface to a Graphic Systems C/A/T phototypesetter. Bytes written on the file specity
font, size, and other control information as well as the characters to be flashed. The coding will not be de-
scribed here.
Only one process may have this file open at a time. It is write-only.

FILES
/dev/cat

SEE ALSO

troff (I), Graphic Systems specification (available on request)

BUGS



swepy Ja19d / 92in0Ss uadQ Jo sadeH

“After phototypesetting, you had to take a long wide strip of
paper and feed it carefully into a smelly, icky machine which
eventually (several minutes later) spat out the paper with
the printing visible.”

“One afternoon several of us had the same experience —
typesetting something, feeding the paper through the
developer, only to find a single, beautifully typeset line:
"cannot open file foobar"” The grumbles were loud enough
and in the presence of the right people, and a couple of
days later the standard error file was born...”

— Stephen C. Johnson



Use shell scripts to increase
leverage and portability.




Fifth Research Edition (Jun 1974)

e Command Files

chdir /usr/source/s3
cc -c ctime.c

ar r /lib/liba.a ctime.o
rm ctime.o

chdir /usr/source/sl
cCc -s -n date.c

cp a.out /bin/date
CC -S -n dump.c

cp a.out /bin/dump
CC -S -n ls.c

cp a.out /bin/1s

rm a.out



Choose appropriately powerful
abstractions.




Sixth Research Edition (May 1975)




Portable C Library

alloc.c clenf.c makbuf.c scanl.c
calloc.c copen.c maktab.c scan2.c
cclose.c cputc.c nexch.c scan3.c

ceof.c cwrd.c nodig.c system.c
cerror.c dummy.s printf.c tmpnam.c
cexit.c ftoa.c putch.c unget.c
cflush.c getch.c puts.c unprnt.s
cfree.c gets.c relvec.c wdleng.c

cgetc.c getvec.c revput.c
ciodec.c iehzap.c run



eventh Research Edition (Jan 1979)

UNDC™ TIME-SHARING SYSTEM

UNIXgie
manual




Unix as a Virtual Machine

Also, about this time [1973] | had a fateful discussion
with Dennis, in which he said:

“I think it may be easier to port Unix to a new piece of
hardware than to port a complex application from Unix
to a new 0S”

— Steve Johnson



Separate mechanisms from
policy.




Dynamic User Memory Allocation

* malloc(3), free(3)

— Used by 26 programs: awk cc col cron dc dcheck diff ed egn expr
graph icheck learn Is m4 neqn nm quot ratfor spline struct tar tsort
uucp xsend quiz

e stdio(3), mp(3)
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Environment Variables

KEY=value
Kernel
Shell

C Library

ENVIRON(5) UNIX Programmer’s Manual ENVIRON (5)

NAME

environ — user environment

SYNOPSIS

extern char **environ;

DESCRIPTION

An array of strings called the ‘environment’ 1s made available by exec(2) when a process begins. By
convention these strings have the form ‘name=value’. The following names are used by various com-
mands:

PATH The sequence of directory prefixes that sh, time, mice(l), etc., apply in searching for a file
known by an incomplete path name. The prefixes are separated by ‘:°. Login(l) sets
PATH=:/bin:/usr/bin.

HOME A user’s login directory, set by login(1) from the password file passwd(5).

TERM The kind of terminal for which output is to be prepared. This information is used by com-
mands, such as nroff or plot(1), which may exploit special terminal capabilities. See ferm(7)
for a list of terminal types.

Further names may be placed in the environment by the expor? command and ‘name=value’ arguments

m sh(l), or by exec(2). It 1s unwise to conflict with certain Shell variables that are frequently exported
by ‘.profile’ files: MAIL, PS1, PS2, TFS.

SEE ALSO

exec(2), sh(l), term(7), login(1)



HIER(7)

NAME

Fllesystem Directory Hierarchy

UNIX Programmer’s Mat

hier — file system hierarchy

DESCRIPTION
The following outline gives a quick tour through a represern

/

/dev/

/Mbin/

Aib/

lete/

/ftmp/

fusr/

7th Edition

root

devices (4)

console main console, tfy(4)
tty* terminals. fiy(4)

cat phototypesetter caf(4)
mp* disks. 1p, hp(4)

p* raw disks, 1p, hp(4)

utility programs. cf /usr/bin/ (1)
as assembler first pass. cf /u
cc C compiler executive, cf /u

ib/as2
flib/e[012]

object libraries and other stuff. ef /usr/lib/
libca  system calls. standard I/O. ete. (2.3.3S)
libma math routines (3M)
libplot.a

plotting routines. plot(3)
1ibF77.a

Fortran runtime support
1ibI77.a Fortran /O
as2 second pass of as(1)
c[012] passes of cc(l)

essential data and dangerous maintenance utilities
passwd password file. passwd(5)

group  group file. group(s)

motd  message of the day. login(1)
mtab  mounted file table, mtab(5)
ddate  dump history. dump(1)

ttys properties of terminals, #tys(5)

getty  part of Jogin. getty(8)

init the father of all processes. init(8)

Ic shell program to bring the system up
cron the clock daemon. cron(8)

mount mount(1)

wall wall(1)

temporary files, usually on a fast device. cf /usr/tm
e¥ used by ed(1)
ctm*  used by ce(1)

general-pupose directory. usually a mounted file sy
adm/  administrative information
wimp  login history. utmp(5)
messages
hardware error messages

tracct  phototypesetter accounting. froff{

HIER(7)

fust

fust/

Tth Edition

/bin

UNIX Programmer s Manual

wvpacct line prnter accounting [pr

utility programs, to keep /bin/ small

tmp/

dict!

games/

include/

lib/

man/

temporaries, to keep /tmp/ small
stm®  used by sort(1)
raster  used by plot(1)
word lists, etc.
words  prncipal word list. used by
spellhist

listory file for spell(1)

by blackjack

hangman

quizk/ what quiz(6) knows
index category index
africa  countries and capi

standard #include files

object file layout, a.cuf(5)
standard I/O. stdio(3)
(3M)

aouth
stdio.h
math h

sys/ system-defined layouts, cf
accth  process accounts,
bufh  internal system b

object libraries and stuff. to keep /1
lint[12] subprocesses for /int(1)

llib-lc  dummy declarations for /li
1lib-lm dummy declarations for /i
atrun  scheduler for ar(1)
struct/  passes of sfruct(1)
tmac/  macros for roff(1)
tmac.an macros for man(J
tmac.s macros for ms(7)
font/ fonts for maff(1)
R Times Roman
B Times Bold
uucp/  programs and data for uug
L.sys remote system nal
uucico  the real copy prof
suftab  table of suffixes for hyphe
units  conversion fables for umits
eign list of English words to be

volume 1 of this manual. man(1)

man0/ general

HIER (7)

7th Edition

spool/

mail/

wd

manl/

catl/

HIER(7)

S -
UNIX Programmer’s Manual

wtro  introduction to volume 1. ms(7
XX template for manual page
chapter 1

as.l

mount. 1m

preprinted pages for manl/
as.l
mount. lm

delayed execution files

at/
Ipd!

vucp/

used by ar(1)
used by [pr(l)
lock present when line printer 1s act
cf* copy of file to be printed, if ne
df* daemon control file, [pd(8)
tf* transient control file, while [pr|
work files and staging area for uucp(1)
LOGFILE

summary log
LOG.* log file for one transaction

mailboxes for mail(1)

wid

uid lock

mail file for user uid

lock file while uid 1s receiving mail

initial working directory of a user, typically wd
.profile set environment for s/i(1). environ(5)

calendar

user's datebook for calendar(1)

papers, mostly in volume 2 of this manual. typi

as/
c

assembler manual
C manual

system source

dev/

conf/

W

device drivers

bioc  common code
catc  cat(4)

dhec  DHIL my(4)
tty (4

hardware-dependent code
mchs  assembly language portion
conf  configuration generator

header (include) files

accth  acct(5)

stath  star(2)

source for system proper
main.c

pipe.c

sysent.c system entry pownts

HIER(7)

fusr/ src/

UNIX Programmer s Manual

source programs for utilities, etc.

SEE ALSO

cmd/

Iibe/

1ib177/
1LbF77/

games/

source of commands
as/ assembler

makefile

recipe for rebuilding the assembler

asl?.s  source of passl
ar.c source for ar(1)
troff/  source for nroff and maff(1)
nmake makefile for nroff’
tmake makefile for traff

font/ source for font tables, /usr/lib/font/
fiRe Roman
term/  terminal characteristics tables, /usr/lib/terny/
tab300.c
DASI 300

source for functions m /lib/libc.a
crt/ C runtime support
ldiv.s  division into a long
lowls  mulaplication to produce long

csu/ startup and wrapup routines needed with every C program

crid.s  regular startup

mert0.s modified startup for cc —p
sys/ system calls (2)

access.s

alarm.s
stdio/  standard IO functions (3S)
feets.c
fopen.c

gen/ other functions m (3)
abs.c
atof.c

compall shell procedure to compile libc

mklib  shell procedure to make /ib/libc.a
source for /lib/libI77

source for /ust/games

15(1). ncheck(1), find(1). grep(1)

BUGS

The position of files i1s subject to change without notice.

7th Edition

HIER(7)
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Write abstract programs that
generate code instead of writing
code by hand.




12 clients:

Language Development Tools

e lex(1)
* vyacc(1)

awk
bc

cpp
egrep
eqn
lex
m4
make
pcc
neqgn
struct

Copyright ©® 1978 American Telephone and Telegraph Company
THE BELL SYSTEM TECHNICAL JOURNAL
Vol. 57, No. 6, July-August 1978
Printed in U. 8. A.

UNIX Time-Sharing System:

Language Development Tools

By S. C. JOHNSON and M. E. LESK
(Manuscript received December 27, 1977)

The development of new programs on the UNIX* system is facilitated by
tools for language design and implementation. These are frequently pro-
gram generators, compiling into C, which provide advanced algorithms in
a convenient form, while not restraining the user to a preconceived set of
jobs. Two of the most important such tools are Yacc, a generator of
LALR(1) parsers, and Lex, a generator of regular expression recognizers
using deterministic finite automata. They have been used in a wide
variety of applications, including compilers, desk calculators, typesetting
languages, and pattern processors.



Raise abstraction through DSLs.




sh
awk
sed
find
expr
egrep
m4
make

Domain-Specific Languages



Architectural innovations are
sticky and face increasing
resistance.
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Regular Expression Library: regex(3)

— 5 implementations: awk, sed, ed, grep, expr

— 1 client: more(1)

— 2 more by 4.3: dbx(1), rdist(1)

— 4 replacements in FreeBSD: ed, grep, sed, expr



4.3BSD Net/2 (Jun 1991)

e Stream I/O Functions
— funopen(3)
— GNU funopencookie(3) added in FreeBSD 11



Many core architecture decisions are taken at the
beginning of the system'’s lifetime

Lal ependent API
Us
Structured Program a High-Level Language

Pipes and Filters
Software Library
Mountable Filesystem Interface

|(Network perfarmance tuning)

Pseudo-Terminal Driver

Network and User Database Access

Directory Processing Abstraction

Local and Remote Interprocess Communication

Access Control Lists

ails

Interoperability through Documented File Formats Internet Protocol Family
e Directory Structure I(Kernel performance tuning) OpenSSL Framework
2 Shell as a User Program Optimized Screen Handling IGraph-based Kernel Networking and User Library
ar-Contributed Tools and Games Regular Expression Library ICommon Access Method I/0O Subsystem
Generic File 1/O Layer |Virtual Memory Paging Linux Emulation Network Blacklisting
Abstraction of Standard /O Filesystem Directory Hierarchy Packet Capture Library Virtual Machine Monitor|
Binary-Code API Domain-Specific Languages Generic System Control Interface Fast User Space Raw Packet Processing
ystem Calls Language Development Tools Stackable Filesystems I I Application Compartmentalization
Devices as Files Environment Variables Dynamically Loadable Kernel Modules InfiniBand Support
Separation of File ta from File Naming Static Analysis Process Filesystem Para-virtualized 1/O
Descriptor Management Dynamic Memory Allocation |Package Manager IDynamic Tracing
Process Management Unix as a Virtual Machine |Organized Community Contributions |Zettabyte Filesystem
Monolithic Implementation |ISoftware Packages IStream 1/0 Functions IBasic Security Module Auditing
Layering and Partitioning |Portable C Library Database Access Methods Miniport Driver Wrapper
System Call |Command Files Virtual Filesystem Interface Streaming Archive Access Library
Interpreter Buffer Cache Kernel Packet Forwarding Database Pluggable Authentication Module
Filesystem Device Driver Abstraction Timezone Handling F Mandatory Access Control
File 1/O Dynamic Resource Management Third-Party Software Contributions Modular Disk 1/0 Request Transformation Framework
Kernel Data Structure Definition Reuse lMuItirIe CPU Architecture Support Symmetric Multiprocessir*
— T T T T T T T T T T T T T T 1 T T T T I| T |I T T T T T T
I19I70 19I72 19|74 19|76 19|78 19|80 . 19|82 19|84 19|86 19|88 1990 . 19|92 19|94 19|96 19|98 2000 20|02 20|04 20|06 | 20|08 20I10 2012 . 2014 20|16
I I I [ | I I |
PDP-7 Unix Sixth Research Ed. 4.1BSD 4.3BSD Tahoe 4.4BSD FreeBSD 5.3 FreeBSD 11.0
|First Research Ed. l18sD 4.2BSD l4.385D Reno |FreeBsD 2.1 |FreeBsD 6.2
Second Research Ed. Seventh Research Ed. 4.3BSD I4.3BSD Net/2 FreeBSD 3.0 IFrEEBSD 7.0
Third Research Ed. 385D |38685D Patch kit |FreeBsD 3.4 |FreeBsp 7.1
IFourth Research Ed. |l4BsD |FreeBsD 1.1 |FreeBsp 4.0 FreeBSD 9.0
IFifth Research Ed. |FreeBsp 2.0 FreeBSD 5.0 |FreeBsp 10.0




Most architecture decisions survive
over the sys

.




New architecture decisions are continuously made,
further fueling architecture evolution

Language-Independent API
User Groups

Pipes and Filters
Software Library
Mountable Filesystem Interface

Structured Programming in a High-Level Language

(WC

I
[
Director

el

|(Network perfarmance tuning)
inal Driver

Interoperability through Documented File Formats

Processing Abstraction
Local and Remote Interprocess Commurn on
Internet Protocol Family

Access Control Lists

ails

IFifth Research Ed.

Tree Directory Structure I(Kernel performance tuning) OpenSSL Framework
The Shell as a User Program Optimized Screen Handling IGraph-based Kernel Networking and User Library
User-Contributed Tools and Games Regular Expression Library ICommon Access Method 1/0O Subsystem
Generic File I/O Layer |Virtual Memory Paging Linux Emulation Network Blacklisting
Abstraction of Standard I/O Filesystem Directory Hierarchy Packet Capture Library Virtual Machine Monitor]
Binary-Code API L specific Language Generic System Control Interface Fast User Space Raw Packet Processing
System Calls Language De ent Tools Stackable Filesystems I I Application Compartmentalization
Devices as Files Envir 1t Variables Dynamically Loadable Kernel Modules InfiniBand Support
Separation of File Metadata from File Naming N cA Process Filesystem Para-virtualized 1/O
Descriptor Management [ namic Mer cat |Package Manager |Dynamic Tracing
Process Management L ix as a Virtual v |Organized Community Contributions |Zettabyte Filesystem
Monolithic Implementation |Software rackages IStream 1/0 Functions IBasic Security Module Auditing
Layering and Partitioning |Portable C Library Database Access Methods Miniport Driver Wrapper
System Call |Command Files Virtual Filesystem Interface Streaming Archive Access Library
Interpreter Buffer Cache Kernel Packet Forwarding Database Pluggable Authentication Module
Filesystem Device Driver Abstraction Timezone Handling F Mandatory Access Control
File I/O Dynamic Resource Management Third-Party Software Contributions Modular Disk I/O Request Transformation Framework
Kernel Data Structure Definition Reuse lMuItirIe CPU Architecture Support Symmetric Multiprocessing
— T T T T T T T T T T T T T T 1 T T T T T T 1 T T T T T T
I19I70 19|72 . 19|74 . 19|76 19|78 19|80 . 19|82 19|84 19|86 19|88 1990 . 19|92 19|94 19|96 19|98 2000 20|02 20|04 20|06 | ZOIOS 20I10 2012 . 2014 | 20|16
I I I [ | I I |
PDP-7 Unix Sixth Research Ed. 4.1BSD 4.3BSD Tahoe 4.4BSD FreeBSD 5.3 FreeBSD 11.0
|First Research Ed. l18sD 4.2BSD l4.385D Reno |FreeBsD 2.1 |FreeBsD 6.2
Second Research Ed. Seventh Research Ed. 4.3BSD I4.3BSD Net/2 FreeBSD 3.0 IFrEEBSD 7.0
Third Research Ed. 385D |38685D Patch kit |FreeBsD 3.4 |FreeBsp 7.1
IFourth Research Ed. |l4BsD |FreeBsD 1.1 |FreeBsp 4.0 FreeBSD 9.0
|FreeBsp 2.0 FreeBSD 5.0 |FreeBsp 10.0



The rate of architecture decisions declines over the
system'’s lifetime

anguage-Independent API
User Groups

Structured Programming in a Hid
Pipes and Filters

Software Library

ountable Filesystem Interface
Interoperability through Documented Fi
Tree Directory Structure

The Shell as a User Program
User-Contributed Tools and Games
Generic File I/O Layer

[Abstraction of Standard 1/O Filesystem e
Binary-Code API Domain-Specific Languages

|(Network perfarmance tuning
Pseudo-Terminal Driver

Network and User Database Access
Directory Processing Abstraction

Local and Remote Interprocess Communication
Internet Protocol Family

Level Language

Access Control Lists
ails
OpenSSL Framework

|Graph-based Kernel Networking and User Library
|ICommon Access Method 1/O Subsystem
Linux Emulation | | Network Blacklis
Packet Capture Library Virtual Machine Monitor|
Fast User Space Raw Packet Processing

Generic System Control Interface
Stackable Filesystems | | Application Compartmentalization

System Calls Language Development Tool
evices as Files Environment Variables Dynamically Loadable Kernel Modules InfiniBand Support
separation of File Metadata fr e Na Static Analysis Process Filesystem Para-virtualized 1/Q
Descriptor Management Dynamic Memory Allocatio |Package Manager |Dynamic Tracing
i |Organized Community Contributions |Zettabyte Filesystem

IBasic Security Module Auditing
Miniport Driver Wrapper
Streaming Archive Access Library
Pluggable Authentication Module
Mandatory Access Control
Modular Disk 1/O Request Transformation Frama

alda N

Process Management Unix as a Virtual Mach
Monolithic Implementation |ISoftware Packages
Layering and Partitioning |Portable C Library
|Command Files
Buffer Cache

Device Driver Abstraction
Dynamic Resource Managemep

|IStream 1/0O Functions
Database Access Methods
Virtual Filesystem Interface
Kernel Packet Forwarding Database
Timezone Handling F
hird-Party Software Contributions
Architecture Support

Data Structure Definitigg
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PDP-7 Unix | Sixth Research Ed. 4.1BSD 4.3BSD Tahoe | 4.4BSD FreeBSD 5.3 | | FreeBSD 11.0
[First Research Ed. |1BsD 4.2BSD |4.38SD Reno |FreeBsD 2.1 |FreeBsD 6.2
Second Research Ed. Seventh Research Ed. 4.3BSD |4.3BSD Net/2 FreeBSD 3.0 |FreeBSD 7.0
Third Research Ed. I38sD [386B5D Patch Kit |FreeBsD 3.4 [Freesp 7.1
IFourth Research Ed. l4BspD |FreeBsD 1.1 |FreeBsD 4.0 FreeBSD 9.0
|FreeBsD 2.0 FreeBSD 5.0 |FreeBSD 10.0

|Fifth Research Ed.



User Space

User commands

Administrator and System Commands

| Shell (sh) | Program Development File Management Text Processing Filesystem Management Peripheral access
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User Space

User commands Administrater and Sysiem Commands

[Shells] [Program D [File Management] [Multiuser Commands] [Number Processing] [Filesystem Management] [Networt [User Management] Statistics]
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386BSD Patch Kit (1992-1993)

* Patch metadata
— title
— author
— description
— prerequisites
* Organized Community Contributions
— From open-source software ...
— ... to an open-source project
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FreeBSD 1.1 (May 1994)

* Package Manager
— Patch
— Compile
— Install
— Uninstall
— Handling of dependencies



Operating system

e GNU/Linux: Debian, Fedora, Ubuntu, ...
e FreeBSD, NetBSD, OpenBSD
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Free open edX course (MOOC):
Unix Tools:

Data, Software and Production
Engineering

Grow from being a Unix novice to Unix wizard status!
Process big data, analyze software code, run DevOps
tasks and excel in your everyday job through the
amazing power of the Unix shell and command-line
tools.

https://www.spinellis.gr/unix
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Evolution of the Unix System Architecture:
An Exploratory Case Study

Diomidis Spinellis, Senior Member, IEEE, and Paris Avgeriou, Senior Member, IEEE

Abstract—Unix has evolved for almost five decades, shaping modern operating systems, key software technologies, and development
practices. Studying the evolution of this remarkable system from an architectural perspective can provide insights on how to manage
the growth of large, complex, and long-lived software systems. Along main Unix releases leading to the FreeBSD lineage we examine

core architectural design decisions, the number of features, and code complexity, based on the analysis of source code, reference
documentation, and related publications. We report that the growth in size has been uniform, with some notable outliers, while
cyclomatic complexity has been religiously safeguarded. A large number of Unix-defining design decisions were implemented right
from the very early beginning, with most of them still playing a major role. Unix continues to evolve from an architectural perspective,
but the rate of architectural innovation has slowed down over the system'’s lifetime. Architectural technical debt has accrued in the
forms of functionality duplication and unused facilities, but in terms of cyclomatic complexity it is systematically being paid back through
what appears to be a self-correcting process. Some unsung architectural forces that shaped Unix are the emphasis on conventions
over rigid enforcement, the drive for portability, a sophisticated ecosystem of other operating systems and development organizations,
and the emergence of a federated architecture, often through the adoption of third-party subsystems. These findings have led us to
form an initial theory on the architecture evolution of large, complex operating system software.

Index Terms—Unix, Software Architecture, Software Evolution, Architecture Design Decisions, Operating Systems.

1 INTRODUCTION

NIX! has a long and celebrated history. Its evolution

spans five decades and is a result of the work by
thousands of developers, including several distinguished
pioneers. As an operating system, it has left an undeniable
mark on the history of computing, while it has influenced
tremendously the current state of the art in software, net-
work, and hardware engineering,.

Studying the evolution of operating system software is
not just significant from a historical perspective; it can pro-
vide valuable insights into evolvability best practices and
anti-patterns, for large, complex, and long-lived systems.
Unix is a unique case among all operating systems, both
due to its longevity, and its impact on the operating systems
that followed. The evolution of a system of this size, com-
plexity and age can shed light on how similar systems can
sustainably grow without the perils of software aging like
soaring technical debt or uncontrolled architectural decay.

In this paper we study the evolution of Unix along the
FreeBSD lineage from a software architecture perspective.
While there have been studies on how Unix evolved (see
Section 2), these have mostly focused at the source code
level and were limited to the kernel. On the contrary, we
turn our attention to the system architecture and study
a) the core architectural design decisions across the main

e D. Spinellis is with the Athens University of Economics and Business,
Greece.
E-mail: see http:/fwww.dmst.aueb.gr/dds/

o P Avgeriou is with the University of Groningen.

Manuscript received December 19, 2016.

1. UNIX® is a registered trademark of The Open Group. For the sake
of simplicity, in this paper we use the word “Unix” to refer both to
UNIX systems developed at Bell Labs and to Unix-like systems, such as
FreeBSD, that descended from them.

releases, and b) the evolution in the number of the system’s
features (obtained from the Unix reference documentation)
and in the code’s complexity. The former entails qualita-
tive analysis, while the latter quantitative. These analyses
subsequently lead to forming an initial theory on the archi-
tecture evolution of large and complex operating systems,
regarding their form, pace, driving forces, as well as the
accumulation of architectural technical debt.

The rest of the paper is structured as follows: In Section 2
we present related work, whereas in Section 3 we elaborate
on the case study design. In sections 4 and 5, we present the
qualitative results (main architectural design decisions), and
the quantitative results (evolution of size and complexity)
respectively. Next, in Section 6 we discuss the main findings,
and in Section 7 the threats to this study’s validity. Finally,
in Section 8 we conclude the paper with a summary and
discussion of our findings.

2 RELATED WORK

The work reported here covers mainly two areas: a) software
evolution in general, which has been intensely studied, and
b) the evolution of Unix in particular, where related work is
more thin on the ground.

2.1 Software Evolution

There have been several studies on the longitudinal evolu-
tion of large systems. The seminal work of Lehman [1] and
its subsequent refinements attempted to establish laws of
software evolution, not unlike those of biological evolution.
Those laws have been the subject of much discussion and
research work [2]: their validity has been long debated, their

Diomidis Spinellis and Paris Avgeriou. Evolution
of the Unix system architecture: An exploratory
case study. IEEE Transactions on Software
Engineering, 47:1134-1163, June 2021.
doi:10.1109/TSE.2019.2892149
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A Repository of Unix History and Evolution

Diomidis Spinellis

Abstract The history and evolution of the Unix operating system is made avail-
able as a revision management repository, covering the period from its inception
in 1972 as a five thousand line kernel, to 2016 as a widely-used 27 million line
system. The 1.1cB repository contains 496 thousand commits and 2,523 branch
merges. The repository employs the commonly used Git version control system
for its storage, and is hosted on the popular GitHub archive. It has been created
by synthesizing with custom software 24 snapshots of systems developed at Bell
Labs, the University of California at Berkeley, and the 386psD team, two legacy
repositories, and the modern repository of the open source Freepsp system. In
total, 973 individual contributors are identified, the early ones through primary
research. The data set can be used for empirical research in software engineering,
information systems, and software archaeology.

Keywords Software archeology - Unix - configuration management - Git

1 Introduction

The Unix operating system stands out as a major engineering breakthrough due to
its exemplary design, its numerous technical contributions, its impact, its develop-
ment model, and its widespread use (Gehani 2003, pp. 27-29). The design of the
Unix programming environment has been characterized as one offering unusual
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Documented Unix Facilities Over 48 Years
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ABSTRACT

The documented Unix facilities data set provides the details regard-
ing the evolution of 15 596 unique facilities through 93 versions of
Unix over a period of 48 years. It is based on the manual transcrip-
tion of early scanned documents, on the curation of text obtained
through optical character recognition, and on the automatic extrac-
tion of data from code available on the Unix History Repository. The
data are categorized into user commands, system calls, C library
functions, devices and special files, file formats and conventions,
games et. al, miscellanea, system maintenance procedures and com-
mands, and system kernel interfaces. A timeline view allows the
visualization of the evolution across releases. The data can be used
for empirical research regarding API evolulion, system design, as
well as technology adoption and trends.

CCS CONCEPTS
« Software and its engineering — Software evolution;
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Diomidis Spinellis. 2018. Documented Unix Facilities Over 48 Years. In MSR
*18: 15th International Conference on Mining Software Repositories, May 28—
29, 2018, Gothenburg, Sweden. ACM, New York, NY, USA, 4 pages. https:
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1 INTRODUCTION

The Unix operating system is being continuously developed from
the same code base for almost over half a century. It slands out as a
major engineering artefact due to its exemplary design, its numer-
ous technical contributions, its impact, its development model, and
its widespread use [2, pp. 27-29], [9]. The design of the Unix pro-
gramming environment, which nowadays offers thousands of tools
and libraries, has been characterized as offering unusual simplicity,
power, and elegance [5, 7]. Consequently, empirical data regarding
how the facilities Unix provides grew and changed over time can
be used for empirical research on ApI evolution, system design, as
well as technology adoption and trends.

Although one can study a system’s evolution through its source
code [1, 10], the very large size of modern systems can hinder the
recognition of the relevant parts. Fortunately, another avenue is
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and/or a fee. Request permissions from permissions@acm.org.
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© 2018 Copyright held by the owner/author(s). Publication rights licensed to the
Association for Computing Machinery.

ACM ISBN 978-1-4503-5716-6/18/05. .. $15.00
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available for studying Unix systems, namely their documentation.
From the first version of the Unix system until today, every release
is accompanied by a complete reference manual, where all provided
facilities (commands, Apis, file formats, and device drivers) are
neatly organized into several corresponding sections (see Table 1).
The central role of the reference manual in the Unix system is
evidenced by the fact that early Unix versions coming out of AT&T
Bell Labs were named after the edition of the accompanying manual.
Some early editions of the manuals have not survived in a machine-
readable format, but most are available in text markup that can be
processed through scripts to extract relevant data.

The data set presented here is based on the printed and machine-
readable Unix reference manuals released over a period of 48 years.
Tt documents the evolution of 15 596 facilities through 93 versions of
Unix. Section 2 outlines the provided data, Section 3 describes how
the data were produced, and Section 4 sketches two examples of
how the data can be used for quantitative and qualitative empirical
studies.

2 UNIX RELEASES AND THEIR FACILITIES
The primary data are made available in the form of 93 text files
containing 405 726 records. The files are named after the associated
Unix release, following the tags and branches nomenclature estab-
lished in the Unix History Repository [9]. A record is a text line
with tab-separated fields. Each record contains the number of the
Unix manual section associated with a facility (1-9; see Table 1)
followed by the facility’s name, optionally followed by a urr identi-
fying the facility’s documentation in troff markup [6]. In total, the
set contains data about 15596 facilities pointing to 193 781 unique
URIs, identifying 48 250 distinct manual page instances.

As an example, the following lines show the documentation files
associated with the label command (:), the archiver (ar), and the
assembler (as), as documented in Section I of the 1973 Third Edition
Unix manual.

1 H Research-V3/man/man1/: .1
1 ar Research-V3/man/man1/ar.1
1 as Research-V3/man/man1/as. 1

By prepending the Unix History Repository GitHub permalink
base URL “hitps://github.com/dspinellis/unix- history-repo/blob” to
an entry’s URI, one can obtain a urt for viewing the documentation
markup source code for the corresponding entry.

A separate text file, named timeline associates each of the data
files with the year, month, and day of the corresponding release.
For instance, the following entries of the timeline file list the dates
associated with the Sixth and Seventh Research Editions and the
first Berkeley Software Distribution.

Research-V6 1975 @7 18
BSD-1 1978 @2 01
Research-V7 1979 @8 26

Diomidis Spinellis. Documented Unix facilities
over 48 years. In MSR '18: Proceedings of the
15th Conference on Mining Software
Repositories, pages 58—61, New York, NY, USA,
May 2018. Association for Computing
Machinery. doi:10.1145/3196398.3196476
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Data Sources

Tag Data source(s)

Research-V1 http://www.tuhs.org/Archive/PDP-11/Distributions/research/Dennis_v1/svntree-20081216.tar.gz
Research-V3 http://www.tuhs.org/Archive/PDP-11/Distributions/research/Dennis_v3/nsys.tar.gz
Research-V4 http://www.tuhs.org/Archive/PDP-11/Distributions/research/Dennis_v4/v4man.tar.gz
Research-V5 http://www.tuhs.org/Archive/PDP-11/Distributions/research/Dennis_vb/vbroot.tar.gz
Research-V6 http://www.tuhs.org/Archive/PDP-11/Distributions/research/Dennis_v6/v6root.tar.gz

http://www.tuhs.org/Archive/PDP-11/Distributions/research/Dennis_v6/v6src.tar.gz
http://www.tuhs.org/Archive/PDP-11/Distributions/research/Dennis_v6/v6doc.tar.gz

BSD-1 http://www.tuhs.org/Archive/PDP-11/Distributions/ucb/1bsd.tar.gz

B5SD-2 http://www.tuhs.org/Archive/PDP-11/Distributions/ucb/2bsd.tar.gz

Research-V7 http://www.tuhs.org/Archive/PDP-11/Distributions/research/Henry_Spencer_v7/v7.tar.gz
http://www.tuhs.org/Archive/PDP-11/Distributions/research/Henry_Spencer_v7/v7.patches.tar.gz

Bell-32V http://www.tuhs.org/Archive/VAX/Distributions/32V/32v_usr.tar.gz

BSD-3 http://www.tuhs.org/Archive/4BSD/Distributions/3bsd.tar.gz

BSD-4 file://CSRG-CD-ROM=s/cd1/4.0

BSD-4_1_snap file://CSRG-CD-ROMs/cd1/4.1.snap

B5D-4_1c_2 file://CSRG-CD-ROMs/cd1/4.1c.2

BsSD-4_2 file://CSRG-CD-ROMs/cd1/4.2

BSD-4_.3 file://CSRG-CD-ROMs/cd1/4.3

B5SD-4_3_Tahoe file://CSRG-CD-ROMs/cd2/4.3tahoe

BSD-4_3_Net_1 file://CSRG-CD-ROMs/cd2/net.1

BSD-4_3_Reno file://CSRG-CD-ROMs/cd2/4.3reno

BSD-4_3_Net_2 file://CSRG-CD-ROMs/cd2/net.2

BSD-4_4 file://CSRG-CD-ROMs/cd3/4.4

BSD-4_4_Liitel file://CSRG-CD-ROMs/cd2/4.4BSD-Litel

B5D-4_4_Lite2 file://CSRG-CD-ROMs/cd3/4.4BSD-Lite2

B5D-5CCS file://CSRG-CD-ROMs/cd4

386BSD-0.0 http://www.oldlinux.org/Linux.old/distributions/386BSD/386bsd-0.0/floppies/3in/src/

386BSD-0.1 http://www.oldlinux.org/Linux.old/distributions/386BSD/0.1/386BSD/

FreeBSD-release/1.0 http://ftp-archive.freebsd.org/pub/FreeBSD-Archive/old-releases/i386/I5S0-IMAGES/1.0/1.0-discl.
iso

FreeBSD-release/1.1 http://ftp-archive.freebsd.org/pub/FreeBSD-Archive/old-releases/i386/1S0- IMAGES/FreeBSD-1.
1-RELEASE/cdl.iso

FreeBSD-release/1.1.5 http://ftp-archive.freebsd.org/pub/FreeBSD-Archive/old-releases/i386/IS0-IMAGES/FreeBSD-1.1.5.
1/cdl.iso

FreeBSD-release/2... https://github.com/freebsd/freebsd
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