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Overview

Groundwork

Sources

Important architectural milestones

Evolution in numbers

Evolution in words



4/2/2018

(AAERERRCEASARCAROCRAR | ARERMORRR
TR RRRRATR AR




4/2/2018




4/2/2018




4/2/2018




4/2/2018

A replica of the £igst transiston.

m\uol\.cuon\cs group
3 invented at Bell Lakbs,

0 December 23, 1947
Lumnt'hchm\ \es .
mw-::m e 50 Years and Counting...




4/2/2018

10



PROGRAMMING
LANGUAGE

AWK

Programmin
langu%ge

Acvin ¥ Ay
lb-f\‘ “ »“l s
Foow ) Wossman

BJARNE
STROUSTRUP

4/2/2018

11



4/2/2018

12



4/2/2018

@S |IVE FREE OR DIE =

UNIX

= IRADEMARK OF BELL LABS® _—

13



4/2/2018

14



4/2/2018

- T T i W —
~
. W o Soe
—~— — D Mt Ve beme e
——
[ | B Coitors | e
- :

-

- -

-
-

-

-
-

-

-
-

-
-
: & ) ‘ -
- )
p -
- -
- o -
L -~
L] . R
=
-~

-

-
-
- -
o -
-
- -
-
e -

-
e
- -
e s
- =
- -
- =

‘‘‘‘‘

Why Unix is important

* Exemplar design

* Technical contributions,

* Impact

* Development model

* Widespread use

* “unusual simplicity, power, and elegance”
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System technology

* Hierarchical file system

* Compatible file, device, networking, and inter-
process |I/O

* Pipes and filters architecture
* Virtual file systems
* The shell as a user-selectable regular process

4/2/2018
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Associated Technologies

C and C++
Parser and lexical analyzer generators
Software development environments

Document preparation tools and declarative
markup

Scripting languages
TCP/IP networking
Configuration management systems
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A.T.&T. SETTLES
ANTITRUST CASE;
SHARES PATENTS

$. Hails Consant Decree as
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Motivation

* Explore evolution of programming style

* Consolidate digital artifacts of historical
importance

* Collect and record history that is fading away

* Provide a data set of digital archeology and
repository mining
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wsr/src/ Hihe/gen/ timezone,
e/ sre L/ gon/ sl zone
wsr/sre/ HWhe/gen/ timezone
wsr/src/ Hoc/gon/ theezone .
e /s be/gen/timmzone -
Vb 1ibc/gen/ timezone  ©
[-..]1
1ib/1ibo/gen/ timezore . ©
W/ S/ 1L/ b /gen/ time 2ome .C
e/ s Tib  1ibe /gen/ timerone ¢
wsr/sec/ b/ 1be /geans timezone . ¢
b/ 18 /oun/ timerom, «
HU/ b gend Timezoene . ¢
Tik/Tibc/gen/ timemem . ¢
b/ b /geny timezone . c
e /sre T/ Tibe fgany Time sane .
ssr/sec /b 1be/peny timezone ¢
“Li4429) ' STATIC tables A/
Sare/ 15/ Tibe/gen' timesone . ¢
src/Hbc/gen/timezone
s Tibe /gens timezone .
Jarc/Mbe/gen/cimezone .
S TRbE/ gen/timezone.
sre/libc/gen/timezone ¢
Jerc/ N/ Hbe /geny time e ¢
sre/13h/Vibe fgen timezone ¢
' Create one *J
wnr/are /T T ibe fgen)/ time xiew .
use/src/ b/ 1ibe /geny timezone . ¢
e/ sre 1Eb T The fgeny time 2one .«
c
¢

AR ANA

2

~

PR

wir/src/ 14/ 1ibe/geny timezone
PSS ST TIb /g tlae2onw .
b/ Vibe/gen/timezoes, ¢
stzeof(caom),

Tib/Tibe/gen/ timesomm, c

€0, zone % G0

Tk e/ gen/ timesoem , ¢

b/ 1ibc/gen/ timezone  ©

Start date
Start files
Start lines
End files

End lines

(Denmis Ritchie
(venis ritciie
[Demria Rizchie
[oennis mitchie
(Dennis Ritchie
(Jordan K, sisbard

{rardan K, subhard
{5111 o0y

(8311 Joy

{xeith Bostit

{Fd schouten
{(Rodney Grimes
(Osvid B, O'Brien
{David €. 0'Brien
(wi17 a0y

{Xeith Bosvic

(Xeith Bostic
(Dennis Ritcine
Ritchie
Ritchie
Ritchia
{Denmis Ritchie
(xeith postic
{Eeith Rostic

(mill 20y

(keith Bostic
(Eeith pustic
(Keith Bostic
{xeith Bustic
{warmer Losh

(warmwr Losh

(Rodney Grimes
{(modoey Grimes

1998-07-12
1980-12-22

1980-1

3.2)
-0

1967-03-28

1060-32-22

100801 -21

199405
19%4-05

7

S 0500

61}
963
9K)

1073
108)
100}
110}
11y
112F
L%}
1143
15)

In Numbers ...

Data set size (.git)

Number of commits

Number of merges

Number of authors

Days with activity

30/06/1970

43

11,500
63,049

27,388,943

1.1GB

495,622
2,523

973

13,004

973 §:

106) char

70) static seruct zone |

int offset;
char “stdzone
char dlzone:

80) ) 2oomesb(] » (

£-1700 "WET" "WET O5T7),

-1

_tetab{int June, int dat)

i

struct sone ‘i
char signt

for (zp = zonetab; zp-»offset la

if (ap-roffset we zone) |
i (dst &% zp-»dlaone)
returnlzp->d1om) |
it (ldet && zp->stckzon
resurnizy - >stdzom ) |

)
i Cxome < 0) |

Do » rane

sign = ‘!
}
else

aign » $
(void)srprintficzone,

“TacidS00d"  vign, pone

rvturn(crumw ) ;

17/09/1991
92

917,812
51,396
21,525,436
1.0GB

611,735
48,821
18,465

5,126
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Pessarch-roe?
Revearch-VI

974 1080 16d2 1984 1946

Code provenance
Fu Fr

sD 8.0

Free8SD 80
— Fin pe
— Free@SD 4

FroedsD 3
FreelSD 2 0

1990 1992 1994 1996 1998
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freeliSD 41 0
5D 4.1 1
FreeQSD 425

FreefsD 4,30

02 2004 2006 2004 2010 2012 2084 2016
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dspinellis.github.io/unix-history-man

Evolution of Unix Facilities

User commands

System calis

C library functions

Devices and special files
File formats and conventions

ames el. al

©@NOOE WN S
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Evolution of Unix section 2: System calls

24



LT MEERAOERT 1 MANIAL
mits kaitice

K Thewpure
Py W Burrese

Webstsaty, 1§71

Sopytias ke 1O
Seil Telsgtwrw Sebzzarsziae [wr.

B3 part of t2iy doomecs wep e cerrateced.
GutIION the L

et

-
Mo wryiten of fell - s

UNIX PROGRAMMER'S MANUAL

K Thomprmn
LN e

Auvveden 003

) "L e

L L
N 4 S oy
-:“-lm

PR ————E A DA

4/2/2018

25



4/2/2018

26



4/2/2018

Things to Take Away ...

Architectural evolution in practice
1.1GB Git repository

— github.com/dspinellis/unix-history-repo
Open source project

— github.com/dspinellis/unix-history-make
Architectural lessons to apply

Joint work with Paris Avgeriou Professor (chair of Software
Engineering) and Head of the SEARCH (Software Engineering and
Architecture) Group of the Johann Bernoulli Institute for
Mathematics and Computer Science at the University of Groningen
(Ru@G).
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PDP-7 [Unix] (1970)

* Kernel

* Layering and Partitioning

* System Call

* Data Scoping

* Interpreter

* Monolithic Implementation
* Process Management

* Descriptor Management

* Separation of File Metadata from File Naming
* Devices as Files

* Filel/O

* Filesystem

28



4/2/2018

s g A ém:t oft
——— a0 betwen 4 Yol '(J(Sh"iﬁf" - ' =
4 9fe ! M-‘-—
P J.:: he!:en . — dk} -4) A ‘i'(S'b k
iaeq ) . &\F\
- L K S A — i (0 - ~
::i f“ N §¢
— AL ——— e - iy e -
Sac betven I Kekbebveo L
S T e :
t:: btzzen 1§ bebyota~
. § e P ) VUYL Yo . PR,
t::g9f‘! i N AL
# -—BPU sha o ?Pa ey . o - o - N
—1 — _‘S/t W - C:‘*’\k a)(/‘, t
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____ 4mp hetwen &
A,,cbpy: Q- e I -
22 a:u,caﬁLi. NS R ,_
dae 8
- _iir._:ovy_v__ R — — SN =
Kernel
e 2584 lines

Loads and executes user-level commands

Provides the file abstraction

Virtualizes the hardware interfaces

Establishes ownership of files
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adm.s cat.s

apr.s chmod.s dsksav.s

Layering and Partitioning

as.s chown.s ds.s
bc.s chrm.s  dsw.s
bi.s c¢p.s edl.s
bl.s db.s ed2.s

cas.s dmabs.s ind.b

Process Management (fork)

T3

" dpe lookfory O " notwysed

dskio.s
ald.s check.s dskres.s

init
1cas

.S
e.b

maksys.s

sl.s
s2.
s3.
s4.
s5.

nw nu n un

s6.
s7.
s8.
s9.
scope.v
sop.s
trysys.s

n unu n

S

Skp :
______dms errar
dac 9f+t

___ist upigpie

I T T 1 A SRR

fac uniqpiéd

lav sysekxit
dge u,svapret

_ eptwatitimee & - -

lae 0200000

dae u,ulistp &
4ps _dsksyap) 07000

lae 9fee
dae u,ulistp

xor u,ulistp &

iae 0100000

dac u,ulistp &
lae u,pdd
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Descriptor Management

fagesl 0
gms betven) 401 49
_dmp fget i ax . - — =
cli) muls 8

i I

_sad ofllesy
daa 9fét
Ane 42 .
ims copyl ,/ fnodes 3

— 182 fget
dmp fget i

T gpust 0 -

_lpgc 9fse

dae 1"" .

__ 4ms cewy) £n0de) ... 3 - s — ——
dpp fput 4

L E ted = e

Separation of
File Metadata from File Naming

__4dnodel - " pameit 0
L,£lagsl Fi*9 ____4ms iget

— i.,48kpmy ,%,%7 -1

Loyddy (.o —tad narel i
Tonleml Seiatl f1e scoesy

1.!120' ..‘:." lac f.illql
i.unigl ,=.#1 and 020 -

o & Lnode*i2 sna
inp nawei i

-8
__tad i.size
cne
- irss 3 —

daec 9fek

BDA
imp narei i

__T__ﬂzm (-5 §
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Devices as Files

ttyint

Ctt>3<yid>;<n GUO;0L00KO
ttyout:

Ctt>3<yo>;<ut>; 04OOLO
keybd?

<ke>j<yb>j;<oa>}<rd>

displt

<did>j<sp>;<lad>p<y 0uUO
shi

<sh>; O4UOOHOOLOONO;04004Q
syster:

Csy2>i<st>;<emd; 040040

File I/O

open
read
write
seek
tell
close

4/2/2018
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Filesystem

* creat

* rename
link
unlink

Interpreter

ain §( < L)
' extrn resds, vrite; L\Pd'
atto 1, c, state, 2ine 100

oopl - x
O tate = & = 0 [ 1nrd /
Joopti
c = readi()!}
u(c--a)‘return; I e T e
o 501 B R —te
—ﬁﬁ:_:’i%-“f”ﬂgﬁfac<'.o "~ e>'z') & stare==0) state = J
line(i) = c;
L= 4+1)
Lflcl=092) goto leoopl; _
{f({stete==2 = 4i==1) Uotc nOi;
w¥ritel* 'y e —
vritel*® ')}
104t
i#= 0}
.cop3t
c = line(id; B
_ Mpiteleds = = =
1= i1+
iflecl=012) goto 1loop3;
gotoe loop;

4)
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First Research Edition (Nov 1971)

System Calls

Binary-Code API

Abstraction of Standard 1/0O
Generic File I/O Layer
User-Contributed Tools and Games
The Shell as a User Program

Interoperability through Documented File
Formats

Tree Directory Structure
Mountable Filesystem Interface
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Bell Laboratories.

wowe Study of UNIX ese September 14, 1972
we: T. R. Bashkow

Messrs. W. 8. Bartlett Messars. J. J. Ludwig
D. P. Clayton J. F. Maranzano
D. H. Copp Mrs. G. Petuit
Mmes. G. J. Hansen Messrs. J. E. Ritacco
J. Hints B. A. Tague
Mr. L. J. Kelly D. W. Vogal
Miss R. L. Klein Mrs. L. 5. Wright

On Tuesday, September 19, at 9:30 a.m. in
Room 2A-418 st Murray Hill, I will give a talk on my study
of the UNIX operating system. The emphasis will be on the
structure, functional components, and intermal operation

of the system.

MH-823/,~TRE-mbh T. R. Bashkow

Copy to TM%‘“
Mo G. L. Baldwin

/ initialize inodes for special files (inodes 1 to 40.)

mov $40.,r1 / set risi-node-number 40,
1:
jer r0,iget / read i-node ‘r1’ from disk into incde area of
/ ccre and write modified inode out (if any)

mov 8100017,4.f1gs / set flags in core image of inode to indi-

/ cate allocated, read (owner, non-cwner),
/ write (owner, non-owner)

movdb $1,i.nlke / set no, of links = 1

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

jer r0,setimod / 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
bgt 1b / has i-node {1 been initialized; no, branch

/ initialize {-nodes ri.,...,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

4/2/2018
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18ata,00 / rOebase addr, o sssmshled Olrectocies.
Sueel uatolp / nlnun‘ o u.off in ufofp (holds file
/ ofteet

(-olo.n;n-n AT; “0" in the ssseskled 4icectery
”" J asserhiod directary las bess writter coto drus
n.,-* / locate the imcde map bit for i-node ‘ri”
oq,(rd ;::.t'm:uhu‘m!nlm“um
¥0,iget / read tnode ‘r1” from diek LMo Lede sres of

/ tore at) write sedifial L-0sds o= drus (L2 eyl
{e0)e, 18050 / wat tlage isege of inuie friw

{r0) acoust / et byte emmt for widte call equal o

R L X
. or . "

UCOLE £ Camet Fide GFTest tass n *saat and TLail’

BN ” Bta to the header cf the pext Aicectory

“.nm write the directory asd lesode eito dyus

eyntly / socwally sysflaged, indicater ssecuniing L6 systes
wmec; 205 VE / geasrates LEAp INTAFIUGE] TIRD WCLOT -

penic / -J- ’u-/:o:n-n
i~ ;
,_ﬁ«../-&""’ LA e B S

dmhn:'\m / UVIX locks for strimge tetw, weked by sul\0

yEsER £
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L

1"
*9973700 / rom loader adtress
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=
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First Edition Unix 1972 FreeBSD 11.1 2018

gysrele / 0 0 { int nosys(void); } syscall nosys_args int
Byse}ﬁ.t / 1 1 | void sys_exit(int rval); } exit
" X / sys_exit_args void
sys” or 2 2 { int fork(void); }
8ys read / 3 3 { ssize_t read(int fd, void *buf, \
size_t nbyte); }
syswri te / 4 4 | ssize_t write(int fd, const void =buf,
gygopen / 5 size_t nbyte); }
BYBC 1089 / 6 ;’- {[ m: ulpw.-n((c_h.:rfoi};.ul}\, int flags, int mode); }
] mt closelnt fda);
BYﬂwait / 7 7 { int waitd(int pid, int =status, \
BYBcrea.t / B int options, struct rusage srusage); |
Syslink / 9 8 | int creat(char +path, int mode); }

9 | int link(char #path, char #link); }

Bysunlir’k‘ / 10 10 | int unlink(char spath); }

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

The Shell as a User Program

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

SYNOPSIS e

DESCRIPTION passwd contains for each user the feollowing

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.
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Abstraction of Standard /O

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.

Interoperability through
Documented File Formats

V. FILE FORMATS

BA,0UL .sesssccsssesssssssnsss assembler and loader output
BTChAVE (,ecesssssnssssnssees Brchive file

bppt LR RN R R R L B L L L binary paper tape format
COr® L eesnsennnnas vrsesssssss COre imacge file

AireCtOrY sesesssssssssssesss directory format

file SyStem seesssecsesscesse file system format

paSSWd R R R R R R R R R R mssword file

uids LR R N N N R B B mp nams to user ID s
utmp L L L R N O O L O B R B logged-in user infomation
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Format Description 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

User-Contributed Tools and Games

VI, USER MAINTAINED PROGRAMS

bBBiC R R I I L )
bj L R R R R )
Cal L N L I R R R I B
Chess L R N N LR
daS R A )
dli I
dpt LR R N
MOD sssssssssvsscsssssansanssens
sort R N ]

ttt R R R

DEC supplied BASIC

the game of black jack
print calendar

the game of chess
disassembler

load DEC binary paper tapes
read DEC ASCII paper tapes
the game of MOO

sort a file

the game of tic-tac-toe
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Tree Directory Structure

* mkdir(ll) « chdir(l)
* chdir(ll) * find(l)
. o e * In(l)
it e et 25 . 1s(1)

e g e stat()
R T e mkdir()
* mv(l)
* rm(l)
* rmdir(l)

Mountable Filesystem Interface

* mount(ll) * mount(l)
* umount(ll) * umount(l)
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Second Research Edition (Jun 1972)

* Software Library

111, SUERCUTIRES

TR IR R

vaseanns
e snevane
const Jeeee crenn
CEing seeeess
CXP sssvcnvsns
fptTap seevses
FLOA Lesnsasvannse
GEItS seessssveenee
GOEC saesssnensscans
hypot sesssssssnanes
LCOA sesssssssssnssnns
1OT secsasssssnnssnnnes
MOFT seessssesssvsssnenes

NLitt seeessssssssssevemannnse

PEANG seessesccsasencnocacrns
PUES sassssessssssseansnnance
QOOYT .sesssssssevesssnaences
GAl10C secssssssssssssssassce
GiN sessvasssanssraarsnansine
sgrt esssssssasssesssnnannens

EWAECH cesssscsvsnsssnnesncas

arctangent

convert ASCII to floating .
convert ASCII %0 integyer B
floating-point constants
convert time to ASCII
axponantial function
floating-point simulator
convert floating to ASCII
communicate with GCOS

get character

compute hypotenuse

convert integer to ASCII
logarithm base @

print string on typewriter
read name 1ist

print time

write character oT word
guicker sort

storage allocator

gine, cosine

squara roct

transfer deperding on value

Third Research Edition (Feb 1973)

* Pipes and Filters

4/2/2018
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l o : .
PR . ; LN .
' ; 1% TR R .

Summry--whgt‘*e lnost %nrport’nnt 1

To put my strongest concerns in s mRahell:
1, ‘We shovld heve acme waya cf c¢cupling progratia Mks
.glaxdcn hogs-—~tcrew in annther_ segrent when 14 beoones kbern .
it beoores negsseary to masssge detn 1n encther way.
Tp1e i the way of ID sleo.
2. Our loader srcull be adie to 4¢ link-loading end
sontrolled esiatliskment, ) '
3» Our livrery filing echeme ehculd cllow for raiher
genersi indexing, responelibility, 59rcr&ticns. deia path
awlitohing,
4, It should ba possible t& get privete Eyate:. ccoponents
{1l routines ers eytez corponents) foff Eu-ge-ing around xith,

¥, D, Kol
oct. 11:’-!9&”3

Fourth Research Edition (Nov 1973)

e Structured Programming

* User Groups

* Language-Independent API
 Data Structure Definition Reuse
* Dynamic Resource Management
* Device Driver Abstraction
 Buffer Cache
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Structured Programming

* Kernel implemented in “New B”
* 6373 lines New B
e 768 lines PDP-11 assembly
e 105 functions + 50 assembly symbols
* vs 248 global symbols in the First Edition
Language-Independent API
PIE (11

NAMSE

pipe ~ create a pipe
SYNOPSIS

(pipe =42.)

AVS pipe

{read file descriptor 1 i)
(write file descriptor mel)

pipedfildes)
int fildes|2):

DESCRIFTION

The pipe system call creates an VO mechanism called a pipe

PIPE( L)

I'he file descriptors returned can be used

read and write operations. When the pipe is written using the descriptor returacd in el (resp. fildes] 1), up
10 K6 hytes of daty are buffered before the writing process is suspended, A read using the descripror re-

wraed in r0 (resp. Akdes[O]) will pick up the data,

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

The shell hus a syntax (o set up a linear aray of processes connected by pipes

Read calls om an empty pipe (0 buffered data) with only one end (all write file descriptors closed) return an

etud-of-fide. Write calls under similar conditions are 1enored.

4/2/2018
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Data Structure Definition & Reuse

buf.h  filsys.h proc.h text.h
conf.h 1inode.h reg.h tty.h
file.h param.h systm.h user.h

Dynamic Resource Management

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

struct map {
char *m_size;
char *m_addr;

}s

malloc(mp, size)
struct map *mp;

{

4/2/2018
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Device Driver Abstraction

IV. SPECIAL FILES

CBL: 2o eice e m e e e eCTE wOE we el e phototy pesetter interface
di s s e e e e e e e e e e e e e e e e Voice response unit
de U A AVENANS S e T A AVd a DC- 11 communications interface
IR N SRITTNRIANRIES N S S S SN e dnll ACU interface
dp T R T S R T S . dpl | 201 data-phone interface
K. o0 movieienensiienwin wcr wive eve s KL-11/TTY-33 console typewriter
MEM. ST eei e Ze e ALlb Wide aie Wi ile,. wiiewiiere core memory
pc C s s e e s s e s e s s sa e e e PC-11 paper tape reader/punch
i @ e ORI e A I s B RF1I/RSII fixed-head disk file
BK  goe oo enderen s et e wie wite e o1 s RK-11/RK03 (or RKOS} disk
TP oo o ¢ o o 0.8 o 6 ¢ s s o8 s. 0 o9 RP-1 1/RPO3 moving-head disk
BC 400 s e aie s eaa e i die sie de e TC-11/TUS6 DECtape
1|1 R O T i N T TR I B e R o I A Spider interface
tm o v e A Gice we we eye W TM-1I/TU- 10 magtape interface
V8 55 8 S amn i Pl P SR Sind Siw i voice synthesizer interface
VE 55 SR SRl lene BO% U e son te iR 20 (vi01) interface

Driver Interface

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[];

4/2/2018
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Buffer Cache
Fourth Edition FreeBSD 11.1
#define B_READ 01 #define B_ASYNC 0x00000004
#define B_DONE 02 /* Start I/0, do not wait.
#define B_ERROR 04 * [
#define B_BUSY 010 [..]

#tdefine
#tdefine
#tdefine
#tdefine
#tdefine

B_XMEM 060 #define B_DELWRI 0x00000080

B_WANTED 0180  ,x pelay I/0 until buffer
B_RELOC 0200 reused. */

B_ASYNC 0409 44efine B_DONE 0x00000200
B_DELWRI 01000 . 1o completed. */

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
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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
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Seventh Research Edition (Jan 1979)

* Unix as a Virtual Machine

* Dynamic Memory Allocation

* Static Analysis

* Environment Variables

* Language Development Tools
* Domain-Specific Languages
 Filesystem Directory Hierarchy
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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

Dynamic User Memory Allocation

* malloc(3), free(3)

e 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

* stdio(3), mp(3)
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Language Development Tools

lex(1)

yacc(1)

12 clients: awk bc
cpp egrep eqn lex
m4 make pcc
negn struct

Cappgte © 108 Amorcas Toorbors sad Toicah Cormem
Tom ML Sevmam Thostwn st Soves s
P10 N b N Avgan 908
Poawra il s

UNIX Time-Sharing System:

Language Develop t Tools
By S C. JOHNSON and M E. LESK
IMauseiipt reconod Docerber 27 1977)

Thw deainponear of are progestt g0 e LWE™ osteme s Soivod by
ook fir Meguage derga asd wpemeanton  TAmr e frequeny e
fraw pevevavors, ooy v ©C wiiek prosade adanond siperittos o
o coonenae v, wAlE A0 sy A A 1D 0 preceaneved ey of
s Two of e soam (mporaawr sk ooy are Yaue, a peneraiee of
(R (1) parsers. owd Lex. o gwneranir s regafily EXvession moogyiens
sy domnmeiey e s Tho dowe Nvn ol e @ wal
waney of agslcanars, chaly complirs, desd coknlavy, apewriag
et Sad PR SPO0rsines

Domain-Specific Languages

sh
awk
sed
find
expr
egrep
m4
make

4/2/2018
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Filesystem Directory Hierarchy
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First and Second
Berkeley Software Distributions (1978)

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

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)
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4BSD (Oct 1980)

* Regular Expression Library: regex(3)
* Optimized Screen Handling
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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

Optimized Screen Handling

— curses(3)
— termcap(5)
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Internet Protocol Family
— ARP, IP, TCP, UDP, ICMP

4.2BSD (Sep 1983)

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)

2 library functions

rcmd(3x)
rexec(3x)

11 system daemons

8 user-mode programs

comsat(8c)
ftpd(8c)
gettable(8c)
implogd(8c)
rexecd(8c)
rlogind(8c)
af(8c)
rshd(8c)
rwhod(8c)
telnetd(8c)
tftpd(8c)

ftp(1c)
rlogin(1c)
rsh(1c)
talk(1c)
telnet(1c)
tftp(1c)
whois(1c)
sendmail(1c)

System call Uses

bind 23
connect 15
accept 13
select 12
listen 11
sendto 10
shutdown 9
recvfrom 8
getsockname 6
recv 2
send 2
sendmsg 1
getsockopt 0
recvmsg 0
socketpair 0

4/2/2018
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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
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4.3BSD Reno (Jun 1990)

» Kernel Packet Forwarding Database
— route(4)
— routed(8), XNSrouted(8)

 Virtual Filesystem Interface

/*

* Operations on vnodes.

*/

struct vnodeops {

int
int
int
int
int
int
int
int

int
int
int
int
int
int
int

(*vn_lookup)(
(*vn_create)(
(*vn_mknod) (
(*vn_open)(
(*vn_close)(
(*vn_access)(
(*vn_getattr)(
(*vn_setattr)(

(*vn_read)(
(*vn_write)(
(*vn_ioctl)(
(*vn_select)(
(*vn_mmap) (
(*vn_fsync) (
(*vn_seek) (

vhode

/*
/*
/*
/*
/*
/*
/*
/*

/*
/*
/*
/*
/*
/*
/*

ndp */ );
ndp, fflags, vap, cred */ );
ndp, vap, cred */ );

vp,
vp,
vp,
vp,
vp,

vp,
vp,
vp,
vp,
vp,
vp,
vp,

fflags, cred */ );
fflags, cred */ );
fflags, cred */ );
vap, cred */ );
vap, cred */ );

uiop, offp, ioflag, cred */ );
uiop, offp, ioflag, cred */ );
com, data, fflag, cred */ );
which, cred */ );

veey cred */ );

fflags, cred */ );

(old)offp, off, whence */ );

4/2/2018
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4.3BSD Net/2 (Jun 1991)

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

4.4BSD (Jun 1994)

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

S (o)
\__'\ : o.. Doss's co.“

386BSD Patch Kit (1992-1993)

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

* Package Manager
— Patch
— Compile
— Install
— Uninstall
— Handling of dependencies
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FreeBSD 2.0 (Nov 1994)

* Process Filesystem
— procfs(5)
* Dynamically Loadable Kernel Modules
— lkm(4), then kld(4)
— device drivers
— file systems
— emulators

— system calls
— 992 modules in FreeBSD 11.1

FreeBSD 3.0.0 (Jan 1999)

* Common Access Method |/O Subsystem
(CAM)

| Common Access (CAM) 7

1 Peripheral |

v
| T Transport (XPT) |

drom

changer

7 HBA ]

;

C

:
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FreeBSD 3.4.0 (Dec 1999)

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

i [Network Protocols|

g
i
o

ICMP 4/6
IP 4/6

FreeBSD 4.0.0 (Mar 2000)

* OpenSSL Secure Sockets Layer and Transport
Layer Security framework
— Version 0.9.4
— 1127 files, 227118 lines
— libssl(3), libcrypto(3), openssi(1)
* Jail: Isolate a process and its descendants
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FreeBSD 5.0.0 (May 2006)

* Modular Disk I/O Request
Transformation Framework
(GEOM)

T Dk 170 (GEOM) T

FreeBSD 5.3.0 (Nov 2004)

e Streaming Archive Access Library
* Miniport Driver Wrapper

4/2/2018
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FreeBSD 7.0.0 (Feb 2008)

» ZFS Filesystems and Storage Pools

FreeBSD 7.1.0 (Dec 2008)

* Dynamic Tracing
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FreeBSD 8.0.0 (Nov 2009)

* Packet Capture Library
— pcap(3)

FreeBSD 9.0.0 (Jan 2012)

* Infiniband / RDMA High-Speed Low-Latency
Switched-Fabric Interconnect Library
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Modularity increases with code size

Increase in number of
static declarations /
statement

static short splice;
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Modularity increases with code size

Increase in number of

#include directives / ?j‘ikn_

line ==

#include "if _uba.h"
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Software complexity evolution follows
self correction

Mean lines / function

Software complexity evolution follows
self correction

Mean statement
nesting

if (a)
while (b)
for (;;)

if
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Software complexity evolution follows
self correction

o

Density of C %. ;
preprocessor non-
include directives

H#define
Hif
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Software complexity evolution follows
self correction

goto keyword density

Cyclomatic Complexity

Kernel

A T WWALL

Releases (1973-2016)
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Agreement with Lehman’s Laws
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Federated Architectures
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Thank you!

github.com/dspinellis/unix-history-repo

www.spinellis.gr
¥ @CoolSwEng
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