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UNIX

 Qrigins — The Multics Project
— MIT and GE
— Ken Thomson and Dennis Ritchie
— The C language
— PDP 11

» Features
— Hierarchical file system
— Compatible I/O (file, device & inter-process)
— Command language choice
— Portabillity

« Decendents

- \L/.ersion 7, BSD 4.2, SystemV, Solaris, XINU, Minix,
INUX
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The Single UNIX® Specification History & Timeline

Tha history of UMDY starts back in 19499, when Ean
‘Thioespeon, Dunnis Riichis and othars staried workcng o)
the “litde-nsed PDP-7 in a comar”™ at Ball Labs axd whar
was to beconw UNDD

It had am assembler for a PDP-11120, Sl systens, fori),
moff and ed. Tt ws wsed for text processing of pasent
documanss.

The first iztallations had 3 users, o mepsory protecticn,
and a 500 EB dik.

“The Single TUNIX Specification brings all the benefits of a single standard
operating system, namely application and information portability, scalability,
fexibility and freedom of choice for costomers™

Alen Brovn, Presudent and CEQ, The (pen Group

The Story of the License Plate_..

VL]

|Fourth Fdition

| It wras rewaitism in . This made it portahle and changed
|tha: hintomy of 055

INCY leavas homs. Alsvo wndaly knowmn as Varden 8,
ks is the first %o be widely available cotide of Ball

| Unicsa™ [Bourns]. It bad C, UTICP and the Fourse shall
| Tt ported o the VAN amd the kel was mom thas

Tt was an “improvenant over all preceding and following

40 Eilobytes (K.

|tha first problic ralsase cutride Bell Laboratories. Sex0S

ATET s TNE System Group (7505 relsass Sysmm T,
1.0 skips, BP-U imtoduced. Ulimin-1] mrodaced

Syzoem V

and 2 third group mergs o become UND Systam
Dwvalopmsnt Lab. AT T anmommees TN Sywhem V,
the £t wepported reloacs. Insalled base 43,000,

4. 165D

| University of California ot Barkaley raleases 4 2BED,

| formed.

inclndes TCPTF, new sigmals and mmch mome. 30pan

Systum V' Raleass 1 miroduced At this e thare ans:
1080100000 UMY imstadlatioms around the werld

|43BED mlsased, inchnding mberset ame sarver SVID

imeroduced NFE shipped. AT announced. Installed base
250,000,

Systum V Raleass 3 mchwding STREAMS, TLI, RFE. As
his tomne thers ams 750,000 TNDE installations around
the wordd. [RTK miroduced.

POSDL problished. Opem S ofwars Foundssion (05F)
and TN Iternasiona! (UT) formed. Uiz 4.2 ships.

ATET UNCL Softeem Cpantion formed in prepamtion
for spinoff of UND devalopment gromp. BMotif 110 dhaps.

SVE4

| LRI, Sywiwen W Raloass 4 ships, unifymg System W,
|BED and Nanix. Invtalled base 1.2 millica

XOpen lzemches NP3 Brand. CSF] debuts. Plam &

I 1983 D zical Equipement Corparation
[LMEL) was rAnmog
p thes

ensinesarmg Fres or Dhie”
Eronm o across the
s and Dotiom ot
ship ther the plate
first UWIK (as m the
System real case],
product o had 1t
U at the L L
statwarts top. Awross
of the group the bottom
T Was the TAdEmark

¥ tetiner

ATmance was LU made LML birense plates up 1o small

3 UMD system d=votee. He mubers and handed them out at events. They

liwed and he hreathed the T system When
be g0t ks mew car, o Was nanmal that ke got
VAnIy hicenss plates that sad "UNLY on them.
Ard 1t ondy made 1t better that the state motio of
Miew Hamnpshire was “Live Fres or Dig™.
Armando aften zot requests from people alons
the hnes of “When wall we be abde fo et our
UK system hoense dmectly fmm DECT And
Armande was poing o a conference and be was
dreading baving i s2y “RSNT many more tmes,
50 he had 3 brgh e Arands went prepared
o prve out "UNEX. eemses”. Un stape, when the
question came up, “When will we be able to zet
Arrnansn velled “Hizht Row! and produced
csimies of Ms ieense plate, boldng it up tar
all to 58, 1t Was an almost pertect Dkeness of
bis lirense plate, with the mdemark “UNI in

usmally ran out. The demamd fior the licerse plates
newer dxd abate. Peopis saw them on an ottice
wall, or heard abou them somewhers, and wansd
e of their owmn

Armandm left the state for the sunmy climes of
California, and bad taken bis car and License plate
with b LT 0 many peopis thought.

I 19ES Jon “madding” Hall was PUIchasing a new
£ar, 3 Jeep Wiangler And of course the hoense
platz had to be relevant. 50 Jon, a long dme DEC
erployes and UMLK svstem pany, submsited s
AUpOCATOnN WIEh May Varanoms. and the Clerk
sud 1 thmk We Cn ST o Four st choace
and zave him the temparary paper plates (o

e used on the car unal the metal plates were
‘antbired) with “UMNIK oo them. And 50

1 has been ever smee. Jon's Jeep has been the
holder of the UMDY icense plate.

The Opan Grong thanks Jon “maddos” Bl for
sharmne the StoTy o the LINLE Arense piate.

The UNIX Brand

The UNDK Brand is used fo identify products that have been cemified as conforming to the Single
UMD Specification, initially TWDK 93, followed subsequently by UNDE 85, UNIK 98 and now
UNDK 03.

UNLY 1= 3 rezistered mademark of The Lpen Groap o the Umisd States and other countmes.

1991
I.IHI

VAL

UMY Sywisen Laboratorios (IMSL) becomes a conspamy
- majority-owned by ATST. L Torvalds commences
Lizex developmant. Solaris 1.0 debuts.

UEL redsases UMLK System VW Raloase 4.2 (Destiny].
Octobar - NP4 Brand lmnched by X'0pan. Decansbar
22nd - Movell announces ixsnt to acquine USL. Solars
2.0 and FIP-UX 5.0 ship.

|4.485D

44850 the final releass frons Barkaley. Fene 16 - Nowsll
acgames USL

H

oovall decides to get out of the NI business. Rathar
than sall the business 25 a sngls satity, Novell tamfurs
the rights to the UNCT tredamark and the specification
o K'Open Compamy:  COSE Intimtvs daliven “Spac
L1707 to X'Opan for Sstirack. In Decombar Mowvsll sk
SVEAIMP, the final USL. OFM mkase of Syl WV

| Single THIX
|specmcanon

B50 4.4 Lits alineimotad all code claimed to infringe
oo UEL/Nievall. As the cwner of the TN, tademadk,
K/ Dpeam introsdeces the Single UNDX Specification
(fommardy Spec 1170 which separates the UNTL
tradenai from amy acmel cods steam itsalf, tms

K/Crpem imtrosdaces the UNEL 97 branding program for

i hozs of the Simgle UMDY Spacification.
el salls UnixTWars besiess to SCO. Digial UMLK

imtroduced UnixTiams 2.0 ships. OpeaSarvar 5.0 doteats.

g

The Cipsan Croup forms 2 a merger of the Cpen
Softerans Fommdation (05F) and 3 0pan. Unixars 2 1,
EIP-UK 10120 and IR 6.2 ship

Single THIX

Specmcanoe,
\Verziem X

The Cipan CGroup izernduces Vanion 2 of the Singls

spacifiation is made frealy vailable om the web. IR
6.4, AT 4.3 and HP-UX 11 odip.

The Cpan Group intmduce: e UNDL 98 fandly of
bramds, incinding Base, Wirintation and Server. First
LMK 98 regivtored products shipped by Sun, THA and
TR Thse Opsan Seoveros mvovement stars to e off with
announcaments frop Netscaps and IBM. UnixWars 7
and [RIX 6.3 ship.

LNLK i HF

The UNTY system reaches thirty. Solasis 7 sbips. Limx
2.2 kermel released. Tha Cpen Croup and the IEEE
commencs jont development of a mvision to POST
confarsnces. Dot com fover on the steck maskots, Tméd
LMY shipe.

|Single T2IX

Yerziom S

Viarsion 3 of the Single UMK Specification unites
IEEE POED, Tha Opon Groep and the indnstry afforts.
Limew ' 4 kornal releaved . The vahe of procerements of
open Fyvtems mioncng the TN brand sxcesds $35
billion. AT 3L ships.

ISOVIEC 9945

Tha core volemes of Varsicn 3 of the Single TINTX
Specification. 2w approved as an idemationa] stamdard.
“Wiatwrood” test suites shipped for UNDY 03 brand
Solarzs 2.0 E ships. Linoy 206 karnel released.

HE ( )pen Grour

Biaking stmndurh mom




Unix Process Reproduction

Unix process creation is by cloning

Standard Unix C library contains function
fork

Typical usage:

pid = fork();
fork spawns a duplicate
— same memory, regs, PC

fork returns
— 0 to child

— and to the parent
> PID (of child) if it works
»>-11f it fails
»never 0!
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Unix Processes: Overwriting

« Maybe another program is more suitable?
— Passing responsibility
— Many computations have quite different phases
— A child process may need to do a very different job

« Use exec family
exec(filname, args);

» Does following

— Memory is replaced by the image given in the
executable file

— Registers initialized in the usual way for a program

— Parameters are passed as if the new program was
called from the shell

— Only returns in case of a failure
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Exec Example

1f (Fork ()==0) {
execp (“/usr/bin/grep”,
arg2 (“grep”, keyword) ) ;
abort () ;
} else {
<rest of PARENT program>

}

« Questions
— what is the child?
— what is concurrent?
— why does grep appear twice?
— why might it abort?
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Process Requiem!

» Co-ordination can be a problem

— A child was spawned to do something in
parallel (concurrently)

— At some point the parent must be sure it is
complete

 The wait primitive solves it

— walts for termination of a (any) child
— returns the PID of the child that has died
— argument gives exit code for the child
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Example of Wait

1f (Fork() == 0){
<Child’s task>
ex1it (0);

} else {

<Parent’s task>

walt (Codes) ;

« Concurrency?
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Unix Processes Dozing

« Why wait for time to pass?
— It may want to do something periodically
— It can make sure other processes get a chance

* The sleep primitive solves it
int sleep(i1nt secs);

— The supplied argument is the duration (in
seconds)

— May return early if woken up (by a signal)
— Results indicate sleep-time remaining
— Use of sleep(0)
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UNIX Shells

 Job control language

— Pre-Unix JCLs were proprietary and idiosyncratic
* Not part of Operating System

— But must reflect its facilities

— Can have a shell per user

* There are many common ones
— sh — Bourne shell
— csh — C shell
— ksh — Korn shell
— tcsh — Extended C-shell
— bash — Bourne-again shell
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UNIX Shells (2)

 Features of the Shell
— A virtual machine
— Has a language

»can invoke programs
»>types, variables, control

— Can write programs

* Access to Unix’s hierarchical file system
supported by cd, pwd, 1s,efc

» Uniform 1/O is supported by re-direction of
stdin and stdout

ls —-als > DIR
ls —als > /dev/null
ls —als | grep detf
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UNIX Shells (3)

Processes supported by shells

Ps
emacs assignmentl.adb &

ps —aux | grep u9876543

Can write executable programs in shell
code

— Usual termed a script
Interpreted, not compiled

First line of file indicates the appropriate
interpreter
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C-Shell Scripts (Example)

« Example of shell script
#! /bin/csh
set filist = ‘cat S$1'
foreach nam ( $filist )
if (-e Snam) then
cp Snam $2/$nam.bak
else
echo $nam “does not exist”
endif

end

« What does it do?
« What does $1 and $2 refer to?
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Command-Line Interpretation

e cmd arglist

Fork()

/ \

wait(&status) exec(cmd arglist)

\ exit(status)

|
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Backgrounding a Command
e cmdl argsl & cmd2 args?z

Fork()

/\

Fork(} exec(cmdl args1)
\

exec(cmd2 args2)

exit(status)
) 7’
wait(&status) exit(status) R
\ N g
- 7’
- 7’
- 7’
&~ 7
l Pwait(&status)? (See Zombies in Lab7)
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UNIX File Descriptors

« What are they?

— Non-negative integers denoting
an open /O channel

— They index the File Descriptor
Table (FDT) associated with
each current process

— The indexes (0,1,2,...etc.) are file
descriptors

— The corresponding table entries
mean something to the operating
system!

aOr~rwWOND—LO
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File Descriptors

Three channels are standard

stdin file descriptor O

stdout file descriptor 1

stderr file descriptor 2
Initially

stdin keyboard

stdout current xterm window

stderr current xterm window

FDT is preserved across exec
FDT copied during fork
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Opening and Closing Files
« Opening a file
— first fee entry in the FDT is chosen
 Closing a file
— Entry in FDT is marked free
— Opposite to open!

0 0

1 1

2 Open 2
3 3
4 4

5 M 5 —,
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Redirecting I/O

* Redirecting for example stdout

— User cannot change FDT directly
— There is a primitive dup for this purpose

0 0 0 0
1 1 1 ouftfile 1 ouftfile
2 2 2 2
3 3 3 3
4 4 4 4
5 5 5 5
> > >
Close dup Close

(copy fd 5to fd 1)
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UNIX Pipes

« Consider
PS —aux | grep 666
— ps writes to stdout
— grep reads from stdin

— 1/O has been re-directed by the shell
— Shell doesn’t handle the characters

« Mental model of a pipe

— It's a buffer for characters
— Handled by 1/O sub-system of Unix
— May only be one-way (Solaris has two-way)
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UNIX Pipes Dependencies

Py —& — P,

P, will walit for production
P, will not wait for consumption
here may also be buffering in P,

"he importance of timely flushing!
— what'’s this mean?

So what sort of communication primitive is
a pipe?
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Running a Shell as a

Subprocess
« Can have a shell to do a job

— Unix allows easy creation of subprocesses
— A subprocess can run a shell script
* An easy-to-code method
csh (cmd)

— cmd IS shell code
— A process is created to run cmd

— Result is an input stream on which output of
cmd IS delivered
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Creating UNIX Pipes
« Opening a pipe

vold pipe (i1nt pilpefd[2])
- pipefd[0] set to file descriptor of input end
of pipe
- pipefd[1] set to file descriptor of output end
of pipe

— The result > >

L)

does not connect two processes!
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Connecting Two Processes by a Pipe

* Fork the process,
but do it after o )

opening a pipe

P,
 Close unwanted ‘

descriptors
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Command line I/O Redirection

e cmdl argsl > file
Fork()

\>

open(file);
make it stdout

l

exec(cmd1 args1)
wait(&status)

exit(status)
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Command Line Pipes
e cmdl | cmdZ

create pipe

v

Fork() There is a mistake

L — what is it?
Fork() \
~~
redirect o/p redirect i/p
v v

: md?2 md1
TElREELE) exec(cmd2) exec(cmd1)
exit(status) exit(status)
wait(&status) T
%é”’
close pipe

©2009 School Computer Science, Australian National University



Subprocess Pipelines

 Desired state

N

parent
[ Producer j—> Filter >[ Consumer]
child child child

— make pipes (before forking)

— fork two times

— close pipes in parent

— each child closes descriptors that it won't use
— each child does an exec if appropriate
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Sharing Pipes

* Pipes can be shared
Producer 1
child >

Producer 2

> Consumer

child

child

* Integrity of messages
— Pipe is just a stream of chars
— No interleaving BUT care required with buffering
— Messages less than 2k
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Recall Slide from CDS-L3

int data_pipe

if (pipe (dat

perror (“no pipe”);exit(1l);

if (fork () =
close (data
while ((rc
(data_pipe
putchar
}

if (rc == -
perror (“pi

(2], ¢, rc;

a_pipe)==-1) {

= 0) A

_pipe [11);

= read
[0],&c,1))>0) {
(c);

1) |

pe broken”);

close (data_pipe [01);

exit (1);
}

close (data_pipe [01);

exit (0);

} else {

close (data_pipe [01);
while ((c = getchar ()) > 0) {
if (write
(data_pipe[l],&c,1)==-1){
perror (“pipe broken”);
close (data_pipe [11);
exit (1);
I
}
close (data_pipe [11);
pid = wait ();
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