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A Mathematical Theory of Communication

By C. E. SHANNON

INTRODUCTION
HE receat develops 1ous methods of modulation
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CALDER_A

ST 459 FoxB01765.481
January 23, 2002

Dear UNIXND enthusiasts,

Caldera Intemationsl, Inc. hereby grants a fee free license that includes the fights use, modify and distribute this named
source code, including creating derived binary products created from the source code. The saurce 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-Dit UNIX Operating System, with specific exclusion of UNIX Syslem I and UNTX
System V and successor operaling systems:

32-bit 32V UNTX
16 bit UNIX Versions 1,2,3, 4,5,6,7

Caldera International,

International, Inc.

makes no guarantees or commilments hat any source code is available from Calders

The following copyright nolice applies to the source code files for which this license is granted.
Copyright(C) Caldera Inte

tonal Tne. 20012002, Al rights reserved

Redigtribution and use in source and binary forms, with or withoul modification, are permitted provided that the
fdluwing conditions are met:

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

All advertising materials mentioning features or use of this software must display the following acknowledgement:
“This product ped or owned by Cildera Inc

Meither the name of Caldera Intemational, Inc. nor the names of other contributors may be used to endorse or promote
prodiucts derived from this software without specific prior writlen permission.

USE OF THE SOFTWARE PROVIDED FOR UNDER THIS LICENSE BY CALDERA INTERNATIONAL, INC.
AND CONTRIBUTORS “AS 15" 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

3/3/2021

ANY DIRECT,

ery ruly yours,

rdgned/
Bill Beoderick

INDIRECT INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED T, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS
USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
3 , 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.

LIABILITY, WHETHER IN CONTRACT

Il Broderick

Director, Licensing Services

STRICT LIABILI

=MD aragisered trademask of The Open Group is the TS and other cunsier

OF
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subject: Study of UNIX

of the system.

of the UNIX operating system.

Bell Laboratories.

date: September 14, 1972
tom: T. R. Bashkow

Messrs. W. S. Bartlett Messrs. J. J. Ludwig
D. P. Clayton J. F. Maranzano
D. H. Copp Mrs. G. Pettit
Mmes. G. J. Hansen Messrs. J. E. Ritacco
J. Hintz B. A. Tague
Mr. L. J. Kelly D. W. Vogel
Miss R. L. Klein Mrs. L. S. Wright

On Tuesday, September 19, at 9:30 a.m. in
Room 2A-418 at Murray Hill, I will give a talk on my study
The emphasis will be on the

structure, functional components, and internal operation

MH-8234~TRB-mbh T. R. Bashkow
Copy to T/ﬂ %—
Mrl-ayG. L. Baldwin
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/ initialize inodes for special files (inodes 1 to 40.)

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

jsr r0,iget / read i-node ‘r1’ from disk into inode area of
ccre and write modified inode out (if any)

mov 8100017,i.flgs / set flags in core image of inode to indi-

cate allocated, read (owner, non-owner),

/ write (owner, non-owner)

movb 81,1i.nlks / set no. of links = 1

movb  $1,i.uid / set user id of owner = 1

set imod=1 to indicate i-node modified, also

. / stuff time of modification into i-node

dec r1 / next i-node no. = present i-node no.-1

bat 1o / has i-node 1 been initialized; no, branch

jer r0,setimod

/ initialize i-nodes r1.,...,47. and write the root device, binary, etc.,
/ directories onto fixed head disk.

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

user temporary, initialization prog.

Section E.0 Page 4

41

URIX IMPLEMENTATION

/ u0 =— unix

UNIX IMPLEMENTATION

mov ¢idata,r0 / rO=base addr. of assembled directories.
mov  $u.off,u.fofp / pointer to w.off in u.fofp (holds file

eold = 0 . / offset)
orig = 0 . / orig = 0. relocatable 12
mov 0)+,£1/r1=414,.04,47; 0" in the assembled directory
rkda = 177412 / disk address reg ro3/mk11 (r0)+,r frh“u; T
thils = 177400 / &riv status req ot 1£ / assenbled directory has been written onto drum
‘:c: - :;:33; ,1" i-m::{v[;ex!-:-::::sg dc-11 Jsr r0,imap / locate the inode map bit for i-node
reer =
rcbr = 174002 / recelver buffer reg gc—}: bisb ma,(r2) ,; :::lﬁxgl:u. to indicate the i-node 1-
c— gt
toar = 174004 / Xmiy SeRtuE a3 de-11 jer  r0,iget / read tnode ‘ri’ from disk into inode area of
tcbr = 174006 / xmtr buffer reg e . i T
test = 177340 / dec tape control status tc11/tusé / core and write modified i-node on drum Y
teem = 177342 / dec tape command reg tu.-n;"tuss mov (ro)+,i.flgs / set z‘l’zg; da: :g:e imaq; o; inode from
= 1773 te11/tusé assemble: rectories header
::ﬁ = :'mae ﬂ mnﬁeusa movb 5:0; .i.nlkl// set no. of links (rn;\ 'haa:::d
= 177350 tci/tuss movh r0)+,1.uid / set user 14 of owner from er
§‘§:‘ = :71450 f}' et rf11/r811 Jer go'uettm(xi / set imod=1 to indicate inode modified: also,
dae = 177470 / drum address extension r£11 /et ptuff time of modification into i-node
lks = 177546 '.: - Pc::-l mov (r0)+,u.count / u:: hy‘:-a:aunt for write call equal to
prs = 177550 / papertape reader status size of directory
pro = 177552 / buffer pelt moy  r0,u,base / set buffer address for write to top of directory
pps = 177554 / punch status pett TS meeft 7 erear Five offat taed in ‘meek: and -rel
PPD = 177556 / punch buffer 11 2dd  u.count,rd / r0 points to the header of the next mucrm-y
/lpe = 177514  line printer status future) jur  10,writel / write the directory and i-node onto drum
/1pb = 177516  line printer buffer (future ) $b'7 do mext directory
tks = 177560 ; console read status asr-33 L.
tkb = 177562 read buffer asr- . )
tpe = 177See }' it 2ot / next 2 instructicns not executed 'during cold boot.
tpb = ch buffer asr- .
ps = 177115 / processor status bis $2000,8b0 / !bO :‘rl,l’: ?ueue futry for superblock on drumj
halt = 0 Jex r0,ppoke / uad drum superblock
= 11
::it - ; tstb  sb0+1 / has I/0 request been honored (for drum)?
tne  1b / no, continue to idle
nproc = 16, / number of processes
nfiles = 50. 11
ntty = 841 dechb  sysflg / mormally sysflag=0, indicates executing in system
nbuf = sys  exec; 2f; 1f / generates trap interrupt; trap vector =
it ncle / ignored if cold = 0 sysent; O
nbuf = Br panic / execute file/etc/init e
hals’
K .
11 . * 4 s E070
core = orig+40000 / specifies beginning of user’s core . [0 H4T bk EO, ,
ecore = core+20000 / gpecifiss end of user’s core (4096 woi 2 230 / T FUHT
intt by copy ¢/etc/init\0> / UNIX looks for strings term, noted by null\o
o
/ hknt 30 . bus error .
Vi ,. /it fpeymi0 " illg in tr panicy ir "
1) \s unkni;0 / trace and trap (see Sec. B.1 page ) ’ b
unkni ;0 / trap : a o
rd np-ns.qo / ec 80
. ““""“o dec 85
W% sysent;0 / =ya foc b4
Issue D Date 3/17/72 ID IMO.1-1 Section E.0 Jmp #4173700 / rom loader address
Issue D Date 3/17/72 ID INC.1-1 Secticn E.0 Page 5
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github.com/dspinellis/unix-history-repo/

apshot
import

Open source
| Bell Labs. | | Berkeley ‘ | (including Berkeley)

43
Code provenance
F9 — FreeBSD 9.0
s —rreeBsD a0
| F52—FreeBSD 5.2
5. [ Fa —FreeBSD40
Blre —FreeBsD 20
F1 — FreeBSD 1.0
381 — 386BSD 0.1
cnz — BsD 2.3 Nev2
_ | B43—BSD43
w
£ Wc2—Bsp4z
= B4t —BsD 4
Eio- ‘
'; . V7 — Research Version 7
o° .
V6 —R h v 6
8 . esearcl arsion
S
w
[}
£
)
| I
0 - — - . l I . lI
: ! Y ; ; ; : ; g ] , ]
V6 V7 B4l B42 B43 BN2 3B1 F1  F2 Fa F52 F8
Unix release
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$ git checkout FreeBsD-release/10.0.0

$ git blame -M -M -C <

./Tib/Tibc/gen/timezone .c

usr/src/libc/gen/timezone.c (Dennis Ritchie 1979-01-10 14:58:45 -0500 76) static struct zone {
usr/src/1ibc/gen/timezone.c (Dennis Ritchie 1979-01-10 :58: -0500 77) int offset;
usr/src/1ibc/gen/timezone.c (Dennis Ritchie 1979-01-10 :58: -0500 78) char *stdzone;
usr/src/libc/gen/timezone.c (Dennis Ritchie 1979-01-10 14:58:45 -0500 79) char *dlzone;
usr/src/libc/gen/timezone.c (Dennis Ritchie 1979-01-10 14:58:45 -0500 80) } zonetab[] = {
1ib/Tibc/gen/timezone.c (Jordan K. Hubbard 1996-07-12 18:57:58 +0000 81) {-1%60, "MET", "MET DST"},
Lo 0]l
1ib/1ibc/gen/timezone.c (Jordan K. Hubbard 1996-07-12 +0000 96) {-1}
usr/src/11b/1ibc/gen/timezone.c (Bi11 Joy 1980-12-22 -0800 97) };
usr/src/1ib/1ibc/gen/timezone.c (Bi11 Joy 1980-12-22 -0800 98)
usr/src/1ib/1ibc/gen/timezone.c (Keith Bostic 1987-03-28 -0800 106) char *
1ib/1ibc/gen/timezone.c (Ed Schouten 2009-12-05 +0000 107) _tztab(int zone, int dst)
Tib/1ibc/gen/timezone. ¢ (Rodney Grimes 1994-05-27 +0000 108) {
1ib/1ibc/gen/timezone.c (bavid E. 0'Brien 2002-02-01 +0000 109) struct zone “zp;
1ib/1ibc/gen/timezone.c (pavid E. 0'Brien 2002-02-01 +0000 110) char sign;
usr/src/1ib/1ibc/gen/timezone.c (Bi11 Joy 1980-12-22 -0800 111)
usr/src/1ib/1ibc/gen/timezone.c (Keith Bostic 1987-03-28 -0800 112) for (zp = zonetab; zp->offset !=
-1;++zp) /* static tables */
usr/src/Tib/1ibc/gen/timezone.c (Keith Bostic 1987-03-28 -0800 113) if (zp->offset == zone) {
usr/src/1ibc/gen/timezone . c (Dennis Ritchie 1979-01-10 -0500 114) if (dst &% zp->dlzone)
usr/src/Tibc/gen/timezone.c (Dennis Ritchie 1979-/01-10 -0500 115) return(zp->dlzone);
usr/src/1ibc/gen/timezone.c (Dennis Ritchie 1979-01-10 -0500 116) if (ldst && zp->stdzone)
usr/src/1ibc/gen/timezone.c (Dennis Ritchie 1979-01-10 -0500 117) return(zp->stdzone) ;
usr/src/1ibc/gen/timezone.c (Dennis Ritchie 1979-01-10 -0500 118) }
usr/src/1ib/1ibc/gen/timezone.c (Keith Bostic 1987-03-28 -0800 119)
usr/src/1ib/1ibc/gen/timezone.c (Keith Bostic 1987-03-28 -0800 120) if (zone < 0) {
/* create one */
usr/src/1ib/1ibc/gen/timezone.c (Bi1l Joy 1980-12-22 -0800 121) zone = -zone;
usr/src/1ib/1ibc/gen/timezone.c (Keith Bostic 1987-03-28 -0800 122) sign = '+';
usr/src/1ib/1ibc/gen/timezone.c (Keith Bostic 1987-03-28 -0800 123)
usr/src/1ibh/1ibc/gen/timezone.c (Keith Bostic 1987-03-28 -0800 124) else
usr/src/1ib/1ibc/gen/timezone.c (Keith Bostic 1987-03-28 -0800 125) sign = '-';
Tib/1ibc/gen/timezone. ¢ (warner Losh 1998-01-21 +0000 126) (void)snprintf(czone,
sizeof(czone),
1ib/1ibc/gen/timezone.c (warner Losh 1998-01-21 21:46:36 +0000 127) "GMTY%c%d:%02d", sign,zone /
60,zone % 60);
1ib/1ibc/gen/timezone.c (Rodney Grimes 1994-05-27 05:00:24 +0000 128) return{czone);
Tib/Tibc/gen/timezone.c (Rodney Grimes 1994-05-27 05:00:24 +0000 129) }
45
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FreeBSD 9.3.0
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R AT L5 UNIX PROGRAMMER’S MANUAL

Fourth Edition

K. Th

D. M. Ritchie

November, 1973

50

25



3/3/2021

51

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

O 00 N o g Pk WwN =

. System kernel interfaces

L

=]
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Evolution of Unix section 2: System calls

Facility
ume

umaunt
unlink
wait
write
chd
hag

Kkill

makdir

sync

boot

pipe
times

nataid

Appearance
Research V1

Research V1
Research V1
Research V1
Research V1
Research V2
Research V2
Research V2
Research V2
Research V2
Research V2
Research V3
Research V3
Research V3
Research V3
Research V3
Research V3

Research V3

Resparh V4
»

Research V1

ResearchV2 | ResearchV3 | ResearchV4 | ResearchV5 | ResearchV6 | BSD 1 BSD 2 Bell 32v Research V7 | BSD 3

-

-

o]

Back to section index

Disclaimers

The name of a facility may have been repurposed over time.
Facilities in secfions 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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Architectural
Design Decisions
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PDP-7 [Unix] (1970)
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Tl ewen % bebwes i
e 'iﬁgg‘f:;_i'ﬁ' —ﬁf(h\e)_glﬁt T )
e N
— _lHSt betven B n —i% W -I_Q_’bkL q(—lrt
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 ¢copyv${ O S -
.._:J:A"coﬁL,,S. -
dae 8
- Jrfunw S R U —
57
... 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
58
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Layering and Partitioning

adm.s cat.s dskio.s init.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.v
bi.s «c¢p.s edl.s s3.s sop.s
bl.s db.s ed2.s s4.s trysys.s
cas.s dmabs.s 1ind.b s5.s

59

Process Management (fork)

JEarkt . .
dme lookfprj O " notwused = — —— —
skp )
___ ims _errsr
dae 9f+t
___igr upigpid —
ftac unigpid
dac u,ac
tav sysekit
dge u,svapret
lae 0200000
£ad u,ulistp &
dae u,ulistp 4
dps_dsksvap) 07000
lae 9fd¢
dae u,ulistp
tae 0100000
¥or u,ulistp § —
dae u,ylistp 4

lae U, pid T
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Descriptor Management

faety O
dms betwveny 401 49
imp fget 4 —
eli} muls 8
lIIIIiiiﬂIII-----I--IlII--.-IIliiiiii--.n-----..n;

— . tad ofilmgp
daa 9fét
Ape 4% - —
img copys »s) fnedes 3
st fget
smp fget i
fpuet 0
lag 9Fet
dac ,*) .
dms_cowy) Enodej ,.J 3
dpp fput 4
t E ted
61
Separation of
File Metadata from File Naming
; i y nameis O -
L,fhagst +**9 ims iget
1.,48kpst ,%,%7 ;1d Ly
X ad nare
Loudds '?°f’ dae 9fegdq
.%‘ﬂ—f—— isz nawel
i,8izet p?r*1 1ae i, flags
i.unigl =%l apd 0320
v & lnodevi2 sna )
qmp narel i
-
tad i,.size
cma
- 3rE5 3
dae 9fek
sna
dmp nawel i
dzm di
62
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Devices as Files

ttyint

Ctt>3<yi>;<n CUOs0LO0KLD
ttyout:

Ctt>3<yo>;<utd>; 040040
keybd:?

<ke>j<yb>j;<oa>i<rdd

displt .
<di>3<sp>;<ladp<y 0UD
shi
<sh>; OUOOUOOLOOYO;0400LL
systemr:
__Csy2i<st>;<em>; 0400UD

63

open
read
write
seek
tell
close

File 1/O API

64
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creat
rename
link

unlink

File System API

65

pad

Interpreter

n $( ¢
extrn read, vrite/
auto i, c, state, line 100}

Joo

W00

pl

state = i = 0;
pis

c = read()}
if(c==4) return;

_ if(c==‘’3’ 8§ state==0) mtate = 2i

LE((c< 0 * c>*9%6cK’a* © c>'z’)
lineli) = ¢}

i = i+1;

if(cl=012) goto loopl; )
if(state==2 =~ i==1) goto noi;
write(’ '1;

& state==0) state = 1}

vrite(’ ‘)3

jois

i =0;

oop3t

_ write(c): .

)

c = line[il};

i = 1+1y
if(c!=012) goto loop3;
goto loop;

66
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First Research Edition (Nov 1971)

User Space
Teer commands Admmistrater and Syvtem Commands
[Gheiihl] [ Program Development ] [_File Management | [ Text Processing | [ 1 ]
sls|aldif2[2]=|E 2|z § .
u|e|E[F]s]:] LELE i

FiiTuser Commands | [User Messaging
(] 31E s ]| (el ] (sl [ 3]
e
T

3 [l <48

o Subsystem

[
HE

T S T
ANEBNRBREE =
.e=§.ﬂ|&|;|3§ £ H

s.|§

Ty
]
;H;l 2

[(Beot Toster ]

HHEE

Wemary manage

Scheduler
Swap ma
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First Edition Unix 1972 FreeBSD 11.1 2018

gysrele / 0 0 { int nosys(void); } syscall nosys_args int
Bysexit / 1 1 { void sys_exit(int rval); } exit \
“ sys_exit_args void
sys” ork / 2 2 { int fork(void); }
Bysr_-ead / 3 3 { ssize_t read(int fd, void *buf, \
size_t nbyte); }
Byswri te / 4 4 { ssize_t write(int fd, const void *buf, \
sysopen / ) size_t nbyte); }
B8ySsC lose / 6 5 { int open(char *path, int flags, int mode); }
6 { int close(int fd); }

syswait / 7 :
syscreat / 8
syslink / 9

{ int waitd(int pid, int sstatus, \

int options, struct rusage srusage); }
{ int creat(char xpath, int mode); }
{ int link(char %path, char xlink); }

Nelee]

Bysul‘llifﬂ'ﬁ / 10 10 { int unlink(char xpath); }

Issue D Date 3/17/72 ID IMO.1=t Section E.1 Page 1
69
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,
70
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Abstraction of Standard 1I/0O

11/3/71

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 "<{arg” causes the file arg
to be used as the standard input file of the
given command; an argument of the form "Sarg”
causes file arg to be used as the standard out-
put file for the given command.

71

Interoperability through

Documented File Formats

V., FILE FORMATS

a,out
archive

cssessssessssrsssssssss assembler and loader output
teserasasssssssasssss archive file

DPPL sesssassssssssssssssasss binary paper tape format

core ,,

CEE R

terreaseacsansas. CcOre image file

AireCtOry cesesesssesesessess directory format

file SYSteM ,.esssssssssesass file system format

paSSWd 8 9 9 PSP S0 S B R R password file

UiBS seeesssassssssessssassss Map names to user ID’s
ULMD sssesessscsossssssssssese lOgged-in user information

72
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Description

Format Clients

a.out Assembler and linker output as, Id, strip, nm, un

Archive Object code libraries ar, Id

Core Crashed program image Kernel, db

Directory File system directories du, find, Is, In, mkdir, rmdir

File system  File system format check, dump,* mkfs, restor*
Ident GECOD ident card format opr

Password User accounts and passwords chown, find, getpw,* login,* Is, passwd*
Tape* DECtape file format mt,* tap*

Uid User identifier to name map chown

utmp Logged in users init, login,* who,* write*
wtmp* Users login history acct, date, init, login, tacct, who

3/3/2021

73

User-Contributed

Tools and Games

VI. USER MAINTAINED PROGRAMS

basic .I...I.l.l'...‘........l
bj Seees st st ssescecssnatsaa e
CBL cvsevensncesocccccssrosns
ChEeSS seesessvsssacssssssnsnscs
QAS ssssssesssecssonassssssas
Ali sevesassesrsssasssssonnns
dpt R NN
MOO ssseesessccssasssssssesses
= )

tEL st scetacsiesatsesasannan

DEC supplied BASIC

the game of black jack
print calendar

the game of chess
disassembler

load DEC bkinary paper tapes
read DEC ASCII paper tapes
the game of MOCO

sort a file

the game of tic-tac-toe

74
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Tree Directory Structure

* mkdir(ll) * chdir(l)
* chdir(Il) * find(l)
- * In(l)
£ lo: = X 54) ')3' ?x2?7 =2 bytes .
oo (b!r ac 'uelly /,i.w by oHset u byphble 227 &k |5(|)()
- : e stat(l
) s p— hse D= boaw @A Alpn 2
snell g zobRS I r 2 * mkdir(l)
- ¢ b zetS<E O AR 2L 204, pt.
o . mv(l)
I LT _
L nirs * rm(l)
Qi+ 5 he !l :
* rmdir(l)
asvess el
75
Mountable File System Interface
* mount(ll) * mount(l)
* umount(ll) * umount(l)
76
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Second Research Edition (Jun 1972)

* Software Library

IIT. SUBROUTINES

BtAN cssssssscssssnsssnnssans arctangent

ALOF seessssssscssssssnnuneres convert ASCII to floating
convert ASCII to integer
floating-point constants
convert time to ASCII
exponential function

SEOL seessssssssssssssasnnans

esessasssssssessne

eXP e cesesssssasesee

fptrap ases cesseassanss floating—point simulator
£OA sevsanses tuesees cOnvert £loating to ASCII
gerts sescessses csense communicate with GCOS

. get character

compute hypotenuse

. convert integer to ASCII
logarithm base €

print string on typewriter
N1ASt sesesacssscncsnaaoaness read name list

PAME seeassscsannossnsascncs print time
write character or word

getC saassesnsses
hypot eecscscscscens
{t03 sessssanssanenssns
1Og sesssssesacanssnssnnssnss

mesg eestsssssssssssssassaane

PULE aesvenassnosasnsnaseeens

gsort . cessssssssssssaves quicker sort
salloc cessssscnae storage allocator
5in see eeessssssss Sine, cosine

Sgrt sees teesssasses SQuare root
SWAtCh eessnsssnscessnsasnnse transfer depending on value

77

Third Research Edition (Feb 1973)

78
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Pipes and Filters

Sumce ry--vhxzsa molt:-fgn‘r‘poi-f:ln;.: g
To put ny strongest concsrns in s nl.theln

L . 1, We shovld heve acme waya of coupling programe bike
garden hose--tcrevw in snother segzent when 1t becomes khen.
1t deocozes negeseary tc masssge deta in encther way,.
z1s i the way of 10 slso. ’
2. Our loader srcull be adie to 4o link-loading end
controlled estiatliskment,
3s Our lidrory filing echeme ehculd allow for raiher
egenerel Indexing, reésponeibility, gerereticne, dsia path
switohing, )
4, It should be possible td get priveie syster cccponsnts
(a1l routines ere eytsc covponants) fof bugeering orcumd with,

: %K. D. Kellroy

Oet. 1171964

hnl-A in

79
Fourth Research Edition (Nov 1973)
80
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maing)

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

Structured Programming "

Kernel implemented in “New B” BT

seg(uIsa->r[0]);

6373 lines New B y Ty

mfree(swapmap, NSWAP, SWPLO);

768 lines PDP-11 assembly
105 functions + 50 assembly symbols

proc[e].p_size = USIZE;
proc[@].p_stat = SRUN;

vs 248 global symbols in the First Edition e

u.u_procp = &proc[e];

sureg();

LKS->integ = 8115;

einit();

binit();

iinit();

rootdir = iget(ROOTDEV, ROOTIND);
rootdir->i_flag =& ~ILOCK;
u.u_cdir = iget(ROOTDEV, ROOTING);
u.u_cdir->i_flag =& ~ILOCK;

81

Language-Independent API

PIPE (I1) 8/5/73 PIPE (11)

NAME
pipe — create a pipe

SYNOPSIS
(pipe = 42.)
Sys pipe

(read file descriptor in r0)
(write file descriptor in rl)

pipe(fildes)
int fildes[2];

DESCRIPTION
The pipe system call creates an /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 10 (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 wrire 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

ndofofle WWrite colls pnder cimilar conditions are Jonored

82
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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

83

Dynamic Resource Management

int coremap[ CMAPSIZ];
int swapmap[ SMAPSIZ];

struct map {
char *m_size;
char *m_addr;

}s

malloc(mp, size)
struct map *mp;

{

84
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Device Driver Abstraction

IV. SPECIAL FILES

CAL v v v e e e e e e e e e e e e e e e e phototypesetter interface
da e e e e e e e e e e e e e e e e e voice response unit
de ..o oo s DC-11 communications interface
dn L s e e s e e s s s e e e e e e e dnl1 ACU interface
dp e e e e e e e e e e e e e e e e dpl1 201 data-phone interface
3 KL-11/TTY-33 console typewriter
MEM v v v v v e e e e e e e e e e e e e e e e e e core memory
pc e e e e e e e e e e e e e e e e PC-11 paper tape reader/punch
3 RF11/RS11 fixed-head disk file
ko o e e e e e s e e e RK-11/RKO03 (or RKO05) disk
0 RP-11/RP03 moving-head disk
€ v e e e e e e e e e e e e e e e e e e e e TC-11/TU56 DECtape
5 Spider interface
1010 TM-11/TU-10 magtape interface
Vs G e e e e e e e e e e e e e e e e e voice synthesizer interface
VE v v e e e e e e e e e e e e e e e e e e e e 11/20 (vtO1) interface
85
struct {
int (*d_open)();
int (*d_close)();
int (*d_strategy)();
} bdevsw[];
struct {
int (*d_open)();
int (*d_close)();
int (*d_read)();
int (*d_write)();
int (*d_sgtty)();
} cdevsw[];
86
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Fourth Edition

#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#define
#define
#define

Buffer Cache

B_READ 01
B_DONE @2
B_ERROR 04
B_BUSY 010
B_XMEM 060
B_WANTED 0100
B_RELOC 0200
B_ASYNC 0400
B_DELWRI 01000

FreeBSD 11.1

#define B_ASYNC 0x00000004

/* Start I/0, do not wait.
*/

[..]

#define B_DELWRI ©x00000080

/* Delay I/0 until buffer
reused. */

#define B_DONE 0x00000200
/* I/0 completed. */

87

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
cc -s -n date.c

cp a.out /bin/date
cc -s -n dump.c

cp a.out /bin/dump
cc -s -n 1s.c

cp a.out /bin/1s

rm a.out

88
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Sixth Research Edition (May 1975)

89

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

90
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Seventh Research Edition (Jan 1979)

UNDC™ TIME-SHARING SYSTEM

UNIXesi
manual

REVISED AND EXPANDED VERSION

91

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

92
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Dynamic User Memory Allocation

* malloc(3), free(3)

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

* stdio(3), mp(3)

93

.3‘\"

94
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Environment Variables

ENVIRON(S)

ENVIRON(S) UNIX Programmer’s Manual
e KEY=value
NAME
° Ke rne environ — user environment
SYNOPSIS
extern char **environ;
. S h e I I DESCRIPTION
An array of strings called the ‘environment” is made available by evec(2) when a process begins. By
convention these strings have the form ‘name=value’. The following names are used by various com-
mands:
[ )

C L| b ra ry PATH The sequence of directory prefixes that sh, rime, nice(1), ete., apply in searching for a file

known by an incomplete path name. The prefixes arc separated by

PATH=:bin:/usr/bin

HOME A user’s login directory, set by login(1) from the password file passwd(3).

Login(l) sets

TERM The kind of terminal for which output is to be prepared. This information is used by com-

mands, such as nroff or plor(1), which may exploit special terminal capabilities

for a list of terminal types.

See term(7)

Further names may be placed in the environment by the exporr command and ‘name=value’ arguments
n sh(l), or by exec(2). It is unwise to conflict with certain Shell variables that are frequently exported

by “profile” files: MAIL, PS1, PS2. IFS
LSO
exec(2), sh(1), term(7), login(1)

95

e lex(1)

* yacc(1)

e 12 clients: awk bc
cpp egrep eqgn lex
m4 make pcc
neqn struct

Language Development Tools

Copyright © 1978 American Telephone and Telegraph Company
iE BELL SYSTEM TECHNICAL JOURNAL
Vol. 57, No. 6, July-August 1978
Prinied in U. 5. 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 the user to a p d set of

Jobs. Two of the most important such iools are Yace, 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.

96
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sh
awk
sed
find
expr
egrep
m4
make

Domain-Specific Languages

HIER(T)

NAME

h Editica

DESCRIFTION
The f

UNIX Progr
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‘ l AAAAIRAARAL 1

First and Second
Berkeley Software Distributions (1978)

» Software Packages
— csh
— ex
— Mail
— Pascal
— termlib

100
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3BSD (1979)

* Virtual Memory Paging
—vm_*.c
— 2808 out of 16039 C source code
— 17% of kernel source code
—vread(2), vwrite(2), vfork(2)

101

4BSD (Oct 1980)

102

51



3/3/2021

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

103

Optimized Screen Handling

— curses(3)
— termcap(5)

104
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4.2BSD (Sep 1983)

Internet Protocol Family
— ARP, IP, TCP, UDP, ICMP

Local and Remote Interprocess Communication

— socket(2), etc.

Network and User Database Access

— getfsent(3x), getgrent(3), gethostent(3n),
getnetent(3n), getprotoent(3n), getpwent(3),
getservent(3n)

Pseudo-Terminal Driver

— pty(4)
105

2 library functions

- remd(3x) System call Uses

— rexec(3x) .

11 system daemons bind 23

— comsat(8c) connect 15

— ftpd(8c)

— gettable(8c) accept 13

— implogd(8c)

— rexecd(8c) SeIeCt 12

— rlogind(8c) listen 11

— af(8c)

_ fshdc(gc) sendto 10

~ rwhod(8c) shutdown 9

— telnetd(8c)

— tftpd(8c) recvfrom 8

* 8 user-mode programs

) getsockname 6

— rlogin(1c) recv 2

— rsh(lc)

~ talk(lo) send 2

— telnet(1c)

T el sendmsg 1

— whois(1c) getsockopt 0

— sendmail(1c) recvmsg 0
socketpair 0

106
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4.3BSD Tahoe (Jun 1988)

* Multiple CPU Architecture Support
— VAX
— CCI Power 6/32 (Tahoe)

* Timezone Handling
— Community contribution
— Separation of timezone rules from code

107
4.3BSD Reno (Jun 1990)
* Kernel Packet Forwarding Database
— route(4)
/*
- routed(8)’ XNsrouted(S) * Operations on vnodes.
*/
. . struct vnodeops {
* Virtual F|Iesystem Interface it Cun 2ackup) 1+ w1 3
int (*vn_create) ( /* ndp, fflags, vap, cred */ );
int (*vn_mknod) ( /* ndp, vap, cred */ );
A I-w int (*vn_open) ( /* vp, fflags, cred */ );
" int (*vn_close)( /* vp, fflags, cred */ );
umapfs b int (*vn_access) ( /* vp, fflags, cred */ );
i int (*vn_getattr)( /* vp, vap, cred */ );
ik @ int (*vn_setattr)( /* vp, vap, cred */ );
fs int (*vn_read) ( /* vp, uiop, offp, ioflag, cred */ );
{-‘/ :L‘;\E:;l/k int (*vn_write) ( /* vp, uiop, offp, ioflag, cred */ );
int (*vn_ioctl)( /* vp, com, data, fflag, cred */ );
int (*vn_select)( /* vp, which, cred */ );
5 int (*vn_mmap) ( /* vp, ..., cred */ );
‘ i‘“ - i i int (*vn_fsync)( /* vp, fflags, cred */ );
m @ m m int (*vn_seek) ( /* vp, (old)offp, off, whence */ );
108
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4.3BSD Net/2 (Jun 1991)

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

109

4.4BSD (Jun 1994)

 Stackable Filesystems
— mount_null(8)
— mount_union(8)
* Generic System Control Interface (MIB)
— sysctl(1)
— sysctl(3)
— sysctl(9)

110
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. \e)
moﬂ. DoBRB'S CD‘B

111
386BSD Patch Kit (1992-1993)
e Organized Community Contributions
— From open source software ...
— ... to an open source project
e Patch metadata
— title
— author
— description
— prerequisites
112
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FreeBSD

113

FreeBSD 1.1 (May 1994)

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

114
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FreeBSD 2.0 (Nov 1994)

* Process Filesystem
— procfs(5)
* Dynamically Loadable Kernel Modules
— lkm(4), then kid(4)
— device drivers
— file systems
— emulators
— system calls
— 992 modules in FreeBSD 11.1

115

FreeBSD 2.1 (Nov 1995)

e Linux Emulation

» Packet Capture Library

116
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FreeBSD 3.0 (Jan 1999)

* Common Access Method I/O Subsystem (CAM)

7 Common Access (CAM) |
{ Peripheral |

AAAEE

| 7 Transport (XPT) 7 |

cdrom

tape

disk
enclosure
changer

THBA T

o

SAS

SPI
1394
UMASS
iSCSI

117

FreeBSD 3.4 (Dec 1999)

e Graph-based Kernel Networking and User Library (NETGRAPH)

7 Socket |

{ [Network Protocols] |

|TCP
uDP
ICMP 4/6
IPSec

IP 4/6

TNETGRAPH |

. (50+)

ng_atm
ng_bpf
ng_vlan

| ng_async |

118
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FreeBSD 4.0 (Mar 2000)

* OpenSSL Secure Sockets Layer and Transport Layer Security
framework
— Version 0.9.4
— 1127 files, 227118 lines
— libssl(3), libcrypto(3), openssl(1)
* Jail: Isolate a process and its descendants

e Access Control Lists

119
FreeBSD 5.0 (May 2006)
. . . T Disk 17O (GEOM) |
e Symmetric Multiprocessing T Storsge |
« Modular Disk I/O Request HdHEHE
Transformation Framework TEncyption Compression T
(GEOM)
* Mandatory Access Control T Flesystem 1
* Pluggable Authentication HHEHE
MOd U |e 1 Virtualization
HE HEE
120
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FreeBSD 5.3 (Nov 2004)

* Streaming Archive Access Library
* Miniport Driver Wrapper

121

FreeBSD 6.2 (Jan 2007)

* Basic Security Module Auditing

122
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FreeBSD 7 (Feb 2008)

» ZFS File System and Storage Pools
* Dynamic Tracing

123

FreeBSD 9.0 (Jan 2012)

* Para-virtualized I/O
* Infiniband Support
* Application Compartmentalization

124
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FreeBSD 10.0 (Jan 2014)

* Virtual Machine Monitor (bhyve)
* Fast User Space Raw Packet Processing

125

FreeBSD 11.0 (Sep 2016)

* Network Blacklisting

126
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beginning of the system's lifetime

Many core architecture decisions are taken at the

Lang Independent API
User Groups I(Network performance tuning)
Structured Programming in a High-Level Language Pseudo-Terminal Driver
|Pipes and Filters Metwork and User Database Access
Boftware Library Directory Processing Abstraction
Mountable Filesystem Interface Local and Remote Interprocess Communication cess Control Lists
Interoperability through Documented File Formats. internet Protocol Family IJA:H;
Tree Directory Structure Iikernel performance tuning) I0penssL Framework
The Shell as a User Program ptimized Screen Handling |Graph-based Kernel Netwarking and User Library
User-Contributed Tools and Games. Regular Expression Urrarv ICommon Access Method 1/0 Subsystem
(Generic File 10 Layer WVirtual Memory Paging Linux Emulation Network Blacklisting|
bstraction of Standard 1/O [Filesystem Directory Hierarchy IPacket Capture Library Virtual Machine Monitor]
Binary-Code API [Domain-Specific Languages [Generic System Control Interface Fast User Space Raw Packet Processing]
System Calls Language Development Tools [Stackable Filesystems Application Compartmentalizatio
Devices as Files | i Variables Eynamicauy Loadable Kernel Modules ’]\nﬁni!and Support
Separation of File Metadata from File Naming IStatic Analysis ocess Filesystem Para-virtualized 1/0
Descriptor Management Dynamic Memory Allocation |Package Manager IDynamic Tracing
Process Management lUnix as a Virtual Machine |0rganized Ci Contributio |Zettabyte Filesystem
Manolithic Implementation ISoftware Packages Istream 1/0 Functions 1Basic Security Module Auditing
Layering and Partitioning |Portable C Library Database Access Methods Miniport Driver Wrapper
System Call ICommand Files. I\/luual Filesystem Interface Streaming Archive Access Library
Interpreter Buffer Cache | kernel Packet Forwarding Database Pluggable Authentication Module
Filesystem Device Driver Abstraction imezone Handling ? Mandatory Access Cantrol
File 1/0 Dynamic Resource Management ird-Party Software Contributions Modular Disk 1/Q Request Transformation Framework
Kernel [Data Structure Definition Reuse Mu\tilnle CPU Architecture Support Symmetric Multipm:esslr"l
o N [ A T e i M T A 1 ,
1970 1974 1976 1978 80 1982 1984 1986 1988 1990 = 1992 1994 1996 1998 2000 = 2002 2004 2006 2008 2010 2012 2014 2016
I L L [T [
|PDP—7 Unix I | L\xlh Research d. 1850 .3BSD Tahoe [4.485D FreeBsSD 5.3 FreeBSD 11.0
[First Research d. 185D 4.285D l4.385D Reno IFreeasn 2.1 IFreesso 6.2
econd Research Ed. [Seventh Research Ed. 4.385D |4.385D Net/2 FreeBSD 3.0 [Freesp 7.0
ird Research Ed. lsesp 386BSD Patch it [Freesp 3.4 [Freegsp 7.1
[Fourth Research Ed. lagso [Freessp 1.1 [Freesn 4.0 FreeisD 9.0
Fifth Research Ed. IFreessp 2.0 FreeBSD 5.0 [Freeesp 10.0
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Most architecture decisions survive

~ over the system lifetime
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New architecture decisions are continuously made,
further fueling architecture evolution

Language-Independent API
User Groups I(Metwork performance tuning)
Structured Programming in a High-Level Language i rminal Driver
Pipes and Filters Metwork and User Databa
oftware Library [ -actory Processing Abstraction
Mountable Filesystem Interface Lcal and Remate Interprocess Communication (Access Cantral Lists
interoperability through Documented File Formats internet Protacal Family |Jai\§
|Tree Directory Structure IiKernel performance tuning) lOpenssL Framework
[The Shell as a User Program Optimized Screen Handling [Graph-based Kernel Networking and User Library
User-Contributed Tools and Games Regular Expression Library (Comman Access Method 1/0 Subsystem
Generic File 1/0 Layer Wirtual Memory Paging Linux Emulation Network Blacklisting|
|Abstraction of Standard 1/0 Fil-system Directory Hierarchy [Packet Capture Library Virtual Machine Monitor]
Binary-Code API I n-Specific Language [Generic System Control Interface Fast User Space Raw Packet Processing)
System Calls Lrguage De ent Tools Stackable Filesystems Application Compartmentalization
Devices as Files - vironment Variables Dynamically Loadable Kernel Modules nfiniBand Suppart
Separation of File Metadata from File Naming [ ic A Process Filesystem ” para-virtualized 110
Descriptor Management b namic Memory Allocation, |Package Manager |Dynamic Tracing
Process Management L« as a Virtual M |0rganized Ci ity Contributio |Zettabyte Filesystem
Monolithic Implementation Isoftware Fackages Istream 1/0 Functions 1Basic Security Module Audjting
Layering and Partitioning |Portable C Library Database Access Methods Minipart Driver Wrapper
System Call ICommand Files, I\/ir(ual Filesystem Interface reaming Archive Access Library
interpreter Buffer Cache | Kernel Packet Farwarding Database Pluggable Authentication Madule
Device Driver Abstraction imezone Handling r Mandatary Access Cantrol |
File 1/0 Dynamic Resource Management ird-Party Software Contributions Modular Disk 1/0 Request Transformation Framework
[Kernel Data Structure Definition Reuse Munilnle CPU Architecture Suppart symmetric Multiprocessing
ho7o 1972 1974 1976  1s7s 1980 1982 1984 1986 1988 1990 1992 1994 1936 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
.......I..........il..i.. , f0p2 | 20p4 | oOp6 | 2008 | 2070 | eqn2 | o010
PDP-7 Unix | | L\xlh Research £d. 41850 l4.383D Tahoe 4.4850 FreeBsD 5.3 FreeBSD 11,0
[First Research ed. leso 4.285D l4.385D Reno lereeasn 2.1 |ereeeso 6.2
second Research Ed Seventh Research £d. 4.3850 l4.385D Net/2 Free8sn 3.0 [Freepso 7.0
lsesp 138685D Patch kit [Freesp 3.4 [Freegsp 7.1
[Freessn 1.1 [Freeaso 4.0 FreeBSD 9.0
FreeBSD 5.0 [Freesso 10.0

Third Research Ed.
Fourth Research Ed.
Fifth Research Ed

lagso
Frecesp 2.0
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The rate of architecture decisions declines over the
system's lifetime

[(Network performance tuni
Pseudo-Terminal Driver

[Network and User Database Access
Directory Processing Abstraction
Lacal and Remate Interprocess Communication
internet Protocol Family

anguage-Independent API

ails
lOpenssL Framework
[Graph-based Kernel Netwarking and User Library

oftware Library
ountable Filesystem Interface
Interoperability through Documented Fil

FLLESS Control Lists

ree Directory Structure
he Shell as a User Program
User-Contributed Tools and Games. ICommon Access Method 1/0 Subsystem
Generic File /0 Layer [Linux Emulation Network Blac
Filesystem Lirectory Hierart [Packet Capture Library Virtual Machine Monitor|
[Generic System Control Interface Fast User Space Raw Packet Processing)
Application Compartmentalization)

infiniBand Suppart

Abstraction of Standard 1/0
IStackable Filesystems

Dynamically Loadable Kernel Modules.
para-virtualized 1/Q

Binary-Code API Damain-Specific Languages)
lLanguage Development Tool,

system Calls

evices as Files Environment Variables

eparation of File Metadata fr e Na Static Analysis Process Filesystem ”

Descriptar Management Dynamic Memory Allocatig [Package Manager |Dynamic Tracing
Process Management |Organized Ci ity Contributions [Zettabyte Filesystem

Isoftwar Istream 1/0 Functions 1Basic Security Madule Audjting
Miniport Driver Wrapper
reaming Archive Access Library

Monolithic Implementation

Layering and Partitioning
Pluggable Authentication Module

Mandatory Access Cantrol
Modular Disk I/ Request Transformation Fram

irtual Filesystem Interface

kernel Packet Forwarding Database
imezone Handling r

ird-Party Software Contributions

IPortable C Library
ICommand Files,
Buffer Cache |
Device Driver Abstraction

Fambase Access Methods

Dynamic Resource Managemeg
Data Structure Defini Architecture Support
T T T T T T T T T = T T T T T T T T T T T T T T
hio7o 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
70, 192 197 | 15 e, / ) e, 1% . r ; o L ) s, il 1 Y
POP-7 Unix | | L\xlh Research £d. 4.1850 l4.385D Tahoe 4.a850 FreeBsD 5.3 | FreeBSD 11.0
First Research Ed. +.2850 385D Reno lFreeasp 2.1 [Freesso 6.2
[second Research £d eventh Research Ed. 4.3850 l4.385D Net/2 Freessn 3.0 [Freepsp 7.0
[Third Research Ed. lsesp 138685D Patch kit [Freesp 3.4 [Freegsp 7.1
Fourth Research £d. lagso FreessD 1.1 Freetsp 4.0 FreeasD 9.0
[Fifth Research €d Frecesp 2.0 FreeBSD 5.0 [Freeeso 10.0
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Accumulation of
Architectural Technical Debt

145

Architecture decisions offering features that are
either similar to existing ones or remain under-used

read, pread, readyv, pready, recy, recvfro, recvmsg

/var/log, syslogd, acct, auditd
UGO permissions, ACL, MAC
Threads and processes for multitasking

146
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Debt systematically paid back
despite increasing system size and complexity

Commands Library Kemel
10- 10- 10-

6 6 6-
4 4- 4
1980 1990 2000 2010 1980 1990 2000 2010 1980 1980 2000 2010
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Forces of
Architectural Evolution
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Conventions instead of enforcement facilitate
evolution by reducing effort and offering flexibility

Text files

Directory hierarchy

Documented file formats
* Environment variables

149

Portability, due to its inherent complexity,
is a key driver of architectural evolution

AR | 0

0N | 0w,
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An ecosystem of other OSs and third parties
constantly shapes the architecture evolution

. Major Third-Party Subsystems in FreeBSD 11.1 Major FreeBSD Third-Party Influences

Subsystem kLoC  LoC % Source Commits ToC
livm 313 1081 TrustedBSD Project 1215 413339
gee 1576 4.99 NetBSD 1166 2665223
binutils 1111 3.52 OpenBSD 726 113195
ntp 873 276 KAME 451 163874
heimdal 756 239 Semihalf sp. 330 214289
openss| 661 2.09 DragonflyBSD 179 675906
subversion 558 177 Linux 151 109 600
gdb 488 154 Qualcomm Atheros, Inc. 139 46608
groff 438 139 ABT Systems Ltd 133 8704
ofed 404 128 Juniper Networks, Inc. 125 66971
libstdc++ 394 1.25 NelApp, Inc 120 8044
wpa 380 1.20 Tllumos 97 56618
libarchive 310 0.98 OpenSolaris 95 125503
sqlite3 281 0.89 Wheel Systems, Inc. 81 3552
ncurses 242 0.77 Yandex LLC 64 3630
netbsd-tests 239 0.76 Apple, Inc. 58 13378

zfs 230 0.73

dtrace 205 0.65

sendmail 205 0.65

unbound 189 0.60

geclibs 187 0.59

200t 20t openssh 179 0.57

I L byacc 150 0.48

S | libe++ 142 045

B i tepdump 123 0.39

compiler-rt 121 0.38

Idns 115 0.36

tesh 109 0.34

openbsm 102 0.32

elftoolchain 101 0.32

151
Third-party subsystems facilitate evolution through
.
code reuse, but add technical debt
o
.
|
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Large subsystems form their own
independent architecture

* Netgraph, SSL, MAC, PAM, GEOM, BSM, ZFS, DTrace

T Disk 170 (GEOM) |
{ Storage |
7 Common Access (CAM) | ol sllell ol 8
1 Socket | £ S22
Peripheral
T P T 7 [Network Protocols] | T Encryption/Compression |
w —
E g & e s[2f 2] £
o o g yvl g <t ©
Elslhesllsll5l: a |l & | =
& a = v = T Filesystem |
“INSE |2 ff 2 2
7 Transport (XPT) | — 2z zl=2]z
7T HBA'{ HETGRAPH f T Virtualization |
a E T = a 2
« 2| = zlENlsllg | = H hd
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Thank you!

Diomidis Spinellis and Paris Avgeriou. Evolution of the Unix
system architecture: An exploratory case study. /EEE
Transactions on Software Engineering, 2019.
doi:10.1109/TSE.2019.2892149

www.spinellis.gr
¥ @Coo1SWENg
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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?sbcars2020

3/3/2021

155
Image Credits
* Faces of Open Source / Peter Adams * PDP11/40: Stefan_Kdogl, CC BY-SA
* Data: Joshua Sortino 3.0
e Hackers at Junction 2015: Vmuru ° D|g|ta| VAX 11/780. Emiliano RUSSO,
* ASR-33 Teletype: Rama & Musée PD
Bolo * Numbers: Nick Hillier
e VT100: Jason Scott * Building construction: chuttersnap
Computer History Museum Pfandung
* Twisted skyscraper: Mitya lvanov
(Creative commons |icenses) ° SPARCStation, Mike Chapman, PD
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Evolution of the Unix System Architecture:
An Exploratory Case Study

Di er, IEEE. and Pari

Diomidis Spinellis and Paris Avgeriou.
Evolution of the Unix system architecture:
An exploratory case study. /EEE Transactions
on Software Engineering, 2019.
doi:10.1109/TSE.2019.2892149
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Data Sources

Tag Data source(s)

Research-V 1 http://wuw.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_v5/v6root.tar.gz

Research-V6 http://www.tuhs.org/Archive/PDP-11/Distributions/research/Dennis_v6/véroot.tar.gz
http://www.tuhs.org/Archive/PDP-11/Distributions/research/Dennis_v6/vésrc.tar.gz
http://wuw.tuhs.org/Archive/PDP-11/Distributions/research/Dennis_v6/v6doc.tar.gz

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

BSD-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-ROMs/cd1/4.0

BSD-4_1_snap
BSD-4_1c-2

-Tahoe

-Net_1
BSD-4.3.Reno
BSD-4.3_.Net.2

BS])--&_-&

386BSD-0.1
FreeBSD-release /1.0

FreeBSD-release/1.1
FreeBSD-release/1.1.5

FreeBSD-release/2...

file://CSRG-CD-ROMs/cd1/4.1.snap
file://CSRG-CD-ROMs/cd1/4.1¢c.2
file://CSRG-CD-ROMs/cd1/4.2
file://CSRG-CD-ROMs/cd1/4.3
file://CSRG-CD-ROMs/cd2/4.3tahoe
file://CSRG-CD-ROMs/cd2/net.1
file://CSRG-CD-ROMs/cd2/4.3reno
file://CSRG-CD-ROMs/cd2/net.2
file://CSRG-CD-ROMs/cd3/4.4
file://CSRG-CD-ROMs/cd2/4.4BSD-Litel
file://CSRG-CD-ROMs/cd3/4.4BSD-Lite2
file://CSRG-CD-ROMs/cd4

http://www.oldlinux.org/Linux.old/distributions/386BSD/386bsd-0.0/floppies/3in/sre/
http://wuw.oldlinux.org/Linux.old/distributions/386BSD/0.1/386BSD/
http://ftp-archive.freebsd.org/pub/FreeBSD-Archive/old-releases/i386/IS0- IMAGES/1.0/1.0-discl.

iso

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

1-RELEASE/cdl.iso

http://ftp-archive.freebsd.org/pub/FreeBSD-Archive/old-releases/i386/1S0- IMAGES/FreeBSD-1.1.5.

1/cdl.iso

https://github.com/freebsd/freebsd
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A Repository of Unix History and Evolution

Diomidis Spinellis

Abstract The history and evolution of the Uni

able as a revision

ng system is made avail-
he period from its inception

ment repasitory, cove

in 1972 as a five thousand line kernel, to 2016 as a widely-used 27 million line

system. The 1.1 repository contains 49 thousand commits and

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 386nsD te
repositor
total, 97

and the modern repository of the open so
dividual contributors are identified, the early

two logacy

system. In

ones through primary

research. The data sct can be used for empirical rescarch in software enginecring,
information systems, and software archacology

Keywords Software archeology - Unix - configuration management - Git

1 Introduction

The Unix operating system stands out ncoring breakthrongh due to
its ¢ design, its numerous technical its impact, its develop-
model, and its widespread use (Gehani 2 29). The design of the

has been 1 as one offering unusual
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ABSTRACT
“The documented Unix faclities duta set provides the details

available for studying Unix sy stemms, mamely their documentation.
From the first veesion of the Unex system uniil loday. every release

ing the evolation of 155
Unix aver a period of 48 years. I is based an the manual transerip-
tin of early scanned documents, an the curation of text obtained
though optical charscter recogaition, and on the sutomaic extrac
o i il S ATy Gy T

data are categorized into user commands, system calls, C library
fuctons, devics s pocal S, e petidredpeiesd
games ct. and com-

where all provided
facilties (commands. Apts, fle formts. and device drivers) are

evidenced by the fact that early Unix versioas coring out of ATAT
L

Some early editions o the manaals have not survived in  machine.
bt mast ase available in text markup that can be

e e
iecot.

processed through scripts to exteact relevant data

fox empiricad tesearch regarding AP] evolution. system design, as
well a5 technology adoption and trends.
CCS CONCEPTS

+ Software and its engineering — Software evolution:

ACH Rete
i il o Docememtid U Fctes O & Yo I S
18 5t ol Confrece v iing S e, My 8-
Guthesburg, Swedea. ACM, New Yook, NY. USA, 4 pages. bips:
priepmppe ey

1 INTRODUCTION

the sae code buse foralmest aver hal a century: 1 stands out as 3
major engineering atefact e to s excmplary design. s mumner
s techaieal contrbuians. 5 impact, 3 developat model, sl
s widesprad o 2,y 2729, 9] To desgnof the Uni ro-

h tools
ot i, e ks g v sl

The data.
readable Unsx reference manls released over a period of 88 years

Unix. Section 2 outlines the provided data, Soction 3 desczibes how
the data were peoduced. and Section 4 sketches two examples of
how the data can be used for quantitative and qualitative empirscal
stodies.

2 UNIX RELEASES AND THEIR FACILITIE
are made available in the form of 93 text fles
ecords, The files are named after the sssocisted
nd branches pomsenclatire cstab
ey Repository [9]. A record is a text line
ekd. Each record contaims the auml
b o focility (1-5; see Table 1)
followed by the facility’s name, optionally followed by a Uit sdenti-
fying the facility’s documentatioa in troff markup (6].In total. the
et contains data about 15 596 facilities pointing 1o 193751 unique
min, ideniifying 48250 distinct manusl page instarces.
example, the following lines show the documentation files
associated with the label command (:). the archiver (@), and the

ix provades prow and uw.,-.».l over time can
be used for empirscal research o AP evoltion, system desgn, as
wellas technology adoption and trends.

‘Although one can study a systemn’s evolution through its sours
code {1, 10], th

arge size of modern systenss
relevant parts Fortunately,

recognshon of th

i e

w- m\-(..,, o o compemer
e Antiog b e

avsermbler (a3, Tof the 1973 Third Edition
Unex mamual

' BasesrcheV3/aamiinl .1

1 o Research-V)/asn/msni/ar |

' a0 ResearcheV)/mn/asni/on |

By peopernding the Unis History Repository GaHlub peemalink
base URL “hitys/githubcomdspimellis/unix- istocy-repa/blob” to
e st U o viewing e documotiion
m..xu.,,,., e cod o the coresponding evry

As ‘named fimeline associates each of the data
s i the yeus, moth e dey ol the corvnpondin
For instance

e o et b A

associated with the Sexth and ~«nm Resatc Eions ot
frst Beskeley Softwase Distributio

s 197841 0

iyl
Rosearchey7 1

e
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