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PRERCE
to the Fourth Edition

In the monthssincethe lastappearancef this manual,mary changeshase occurredbothin the systemit-
self andin theway it is used. The mostimportantchangesesultfrom a completerewrite of the UNIX sys-
tem in the C language.There have also beensubstantiakchangesn much of the systemsoftware. It is
these changes, of course, which mandated thveedigion of this manual.

The numberof UNIX installationsis now above 20, andmary more areexpected. Noneof thesehasexactly
the samecomplemenbf hardware or software. Thereforeat ary particularinstallation,it is quite possible
that this manualwill give inappropriatenformation. In particular the informationin this manualapplies
only to UNIX systemawvhich operate underthe C language versionsof the system.Installationswhich use
older \ersions oluNix will find earlier editions of this manual more appropriate to their situation.

Evenin installationswhich have the latestversionsof the operatingsystem,not all the software and other

facilities mentionedhereinwill be available. For example,the typesettervoice responseunit, and voice

synthesizerre hardly universally available devices; also,someof the UNIX software hasnot beenreleased
for use outside the Bell System.

The authorsaregratefulto L. L. Cherry M. E. Lesk,E. N. Pinson,andC. S. Robertsfor their contritutions

to the systemsoftware,andto L. E. McMahonfor softwareandfor his contributionsto this manual. We are

particularly appreciatie of the invaluable technical,editorial, and administratre efforts of J. F. Ossanna,
M. D. Mcllroy, and R. Morris. They al contributedgreatlyto the stockof uNix softwareandto this manu-
al. Their inventiveness,thoughtful criticism, and ungrudgingsupportincreasedmmeasurablynot only

whatever success theNIX system enjgs, lut also our wn enjoyment in its creation.



INTRODUCTION TO THIS MANUAL

This manualgives descriptionsof the publicly available featuresof UNIX. It provides neithera general
overview (see“The UNIX Time-sharingSystenT for that) nor detailsof the implementatiorof the system
(which remain to be disclosed).

Within the areait suneys, this manualattemptgo be ascompleteandtimely aspossible. A consciousde-
cision was madeto describeeachprogramin exactly the stateit wasin at thetime its manualsectionwas
prepared. In particular the desireto describesomethingasit shouldbe, not asit is, was resisted. In-
evitably, this means that marsections will soon be out of date.

This manual is dided into eight sections:

l. Commands
Il. Systenrcalls
1. Subroutines
V. Special files

V. File formats

VI. Usermaintained programs
VIl. Miscellaneous

VIII. Maintenance

Commandsare programsintendedto be invoked directly by the user in contradistinctionto subroutines,
which areintendedto be called by the users programs. Commandgenerallyresidein directory/bin (for
binary programs). This directoryis searchedautomaticallyby the commandline interpreter Some pro-
gramsalsoresidein /usr/bin, to saze spacein /bin. Someprogramsclassifiedas commandsarelocated
elsavhere; this &ct is indicated in the appropriate sections.

Systemcalls areentriesinto the UNIX supervisar In assemblylanguagethey are codedwith the useof the
opcodesys a synorym for thetrap instruction. In this edition,the C languagenterfaceroutinesto the sys-
tem calls hee been incorporated in section II.

A small assortmenbf subroutinegs available; they are describedn sectionlll. The binary form of most
of themis keptin the systemlibrary /lib/ liba.a. The subroutineswvailable from C andfrom Fortranareal-
so included; thereside i/ lib/ libc.aand/ lib/ libf.a respectiely.

The specialfiles sectionlV discusseshe characteristice®f eachsystem*file’’ which actuallyrefersto an
I/0 device. Thenamesn this sectionreferto the DEC device namedor the hardvare,insteadof the names
of the special files themsels.

Thefile formatssectionV documentghe structureof particularkinds of files; for example,the form of the
outputof theloaderandassembleis given. Excludedarefiles usedby only onecommandfor examplethe
assemblesintermediate files.

Usermaintainedprogramg(sectionVI) arenotconsideregartof theuNix systemandthe principalreason
for listing themis to indicatetheir existencewithout necessarilygiving a completedescription. The author
should be consulted for information.

The miscellaneous section (Vllathers odds and ends.

SectionVIll discussezommandswvhich are not intendedfor useby the ordinary user in some caseshe-
causethey discloseinformationin which heis presumablynot interestedandin othersbecausehey per-
form privileged functions.

Eachsectionconsistsof a numberof independenentriesof a pageor soeach. The nameof theentryis in
the uppercornersof its pagesijts preparatiordatein the uppermiddle. Entrieswithin eachsectionareal-
phabetized.The pagenumbersof eachentrystartat 1. (The earlierhopefor frequent partialupdatesof the



manualis clearly in vain, but in ary event it is not feasibleto maintainconsecutie page numberingin a
document lile this.)

All entries are based on a common format, not all of whose subsectionswayis @lppear
Thenamesection repeats the entry name ane very short description of its purpose.

The synopsissummarizeghe use of the programbeing described.A few conventions are used,
particularly in the Commands section:

Boldfacewords are considered literals, and are typed just gsaffpeear

Squarebraclets( [ ] ) aroundan agumentindicatethat the agumentis optional. When
an agument is gien as “‘name’, it always refers to a file name.

Ellipses*. ..” are used to shwthat the preious agument-prototype may be repeated.

A final corvention is usedby the commandghemseles. An agumentbeginning with a
minussign*_"" is often taken to meansomesort of flag agumenteven if it appearsin a

position where a file name could appear Therefore,it is unwiseto have files whose
names bgin with *_"".

Thedescriptionsection discusses in detail the subject at hand.
Thefilessection giesthe names of files which areilt into the program.
A see alsesection gies pointers to related information.

A diagnosticssectiondiscusseghe diagnosticindicationswhich may be produced. Messages
which are intended to be selgtanatory are not listed.

The bugs sectiongives known bugs and sometimegieficiencies.Occasionallyalsothe suggested
fix is described.

At the baginning of this documentis a table of contents,organized by sectionand alphabeticallywithin
eachsection. Thereis alsoa permutedndex derived from the table of contents.Within eachindex entry,
thetitle of thewriteupto which it refersis followed by the appropriatesectionnumberin parenthesesThis
fact is importantbecausehereis considerablenameduplicationamongthe sections,arising principally
from commands whichxést only to eercise a particular system call.

This manual as prepared using thuix text editoredand the formatting progratroff.



HOW TO GET STARTED

This sectionprovidesthe basicinformationyou needto getstartedon unix: how to log in andlog out, how
to communicate through your terminal, anavtio run a program.

Logging in. You must call uNIX from an appropriateierminal. UNIX supportsascil terminalstypified by
theTTy 37, the GE Terminet300,the Memorex 1240, andvariousgraphicalterminals. You mustalsohave
avalid username,which may be obtained togetherwith the telephonenumbey from the systemadminis-
trators. Thesametelephonenumbersenesterminalsoperatingat all the standardspeeds.After a datacon-
nection is established, the login procedure depends on what kind of terminal you are using.

TTY 37 terminal: UNIX will typeout “login: ”; you respondwith your username. Fromthe TTY
37 terminal,andary otherwhich hasthe “new-line” function(combinedcarriagereturnandline-
feed), terminate each line you type with tmew-line” key (notthe ‘return” key).

300-baudterminals: Suchterminalsincludethe GE Terminet300, mostdisplayterminals,Exe-
cuport, Tl, and certain Anderson-Jacobsoterminals. Theseterminalsgenerallyhase a speed
switchwhich shouldbe setat “300” (or “30" for 30 characterpersecondynda half/full duplex
switch which shouldbe setat full-duplex. (Note that this switch will often have to be changed
sincemary other systemgequirehalf-duple). Whena connectionis establisheda few garbage
charactersaretyped (the login messagat the wrong speed). Depressthe “break” key; this is a
speed-independesignalto UNIX thata 300-baudterminalis in use. UNIX will type “login: " at
the correctspeed;you type your username,followed by the “return” key. Henceforth,the “re-

turn”, “‘new line”, or “linefeed” keyswill give exactly the same results.

For al theseterminals,it is importantthatyou type your namein lower caseif possible;if you type upper
caseletters,UNix will assumehat your terminal cannotgeneratdower-caselettersandwill translateall
subsequent uppease letters to Weer case.

The evidencethatyou have successfullyloggedin is thatthe Shell programwill typea “%’’ to you. (The
Shell is described bealounder ‘How to run a prograr.)

For more information, consultgetty (VI1), which discusseshelogin sequencén moredetail, anddc (1V),
which discusses typeiter 1/O.

Logging out. There are three ays to log out:
You can simply hang up the phone.

You canlog out by typing anend-of-fileindication(EOT charactercontrol “d’’) to the Shell. The
Shell will terminate and thdogin: ”* message will appear au.

You can also log in directly as another user byirgj alogin command (1).

How to communicatehroughyour terminal. Whenyou typeto uNix, agnomedeepin the systemis gath-
eringyour character@andsaving themin a secrefplace. The charactersvill not be given to a programuntil
you type a return (or meline), as described abein Logging in.

UNIX typewriter I/O is full-duplex. It hasfull read-aheadyhich meanghatyou cantype at ary time, even
while a programis typing atyou. Of coursejf you type during output,the outputwill have theinputchar
actersinterspersed.However, whatever you type will be saved up and interpretedin correctsequence.
Thereis alimit to theamountof read-aheadyut it is generousandnot likely to be exceededunlessthe sys-
temis in trouble. Whenthe read-aheadimit is exceededthe systemthrows awvay all the savzed characters.
(Wereassure you that this doesméppen often.)

On atypewriter inputline, thecharactet'@"’ kills all the charactersypedbeforeit, sotyping mistalescan
be repairedon a singleline. Also, the character'#”’ erasesthe last charactertyped. Successie usesof
“#" erasecharacterdackto, but not beyond, the beginning of theline. “@” and “#'’ can be transmitted
to a program by preceding them with'! (So,to erase{'’, you need tw “#'’s).



Theasci “delete’ (a.k.a."rubout”) characteis not passedo programsbut insteadgeneratesninterrupt
signal. This signalgenerallycausesvhatever programyou arerunningto terminate. It is typically usedto
stopa long printout thatyou dont want. However, programscanarrangeeitherto ignorethis signalalto-
gether or to be notified whenit happenginsteadof beingterminated). The editor, for example,catchesn-
terruptsandstopswhatit is doing, insteadof terminating,sothataninterruptcanbe usedto halt an editor
printout without losing the file being edited.

The quit signalis generatedy typing the Ascil FS character It not only causesa runningprogramto ter
minatebut alsogenerates file with the coreimageof the terminatedprocess.Quit is usefulfor detugging.

Besidesadaptingto the speedof theterminal,uNix triesto beintelligentaboutwhetheryou have aterminal
with the new-line function or whetherit mustbe simulatedwith carriage-returrandline-feed. In thelatter
caseall input carriagereturnsareturnedto new-line charactergthe standardine delimiter)andbotha car
riagereturnanda line feedareechoedo theterminal. If you getinto the wrong mode,the stty command
() will rescue you.

Tab charactersare usedfreely in UNIX sourceprograms.If your terminaldoesnot have the tab function,
you canarrangeto have themturnedinto spacesduring output,and echoedas spacesduring input. The
systemassumedhat tabsare setevery eight columns. Again, the stty command(l) will setor resetthis
mode. Also, thereis afile which, if printedonTTy 37 or TermiNet300terminalswill setthetabstopscor
rectly gabs(VII)).

Sectiondc (1V) discusses typeriter I/O more fully Sectionkl (1V) discusses the console typeéter.

How to run a program; The Shell. Whenyou have successfullyloggedinto uNix, a programcalledthe
Shellis listeningto your terminal. The Shellreadstyped-inlines, splitsthemup into acommandhameand
amgumentsandexecutesthecommand.A commandis simply anexecutableprogram. The Shelllooksfirst
in your currentdirectory (seenext section)for a programwith the given name,andif noneis there,thenin
a systemdirectory Thereis nothingspecialaboutsystem-preided commandsxceptthatthey are keptin
adirectory where the Shell can find them.

The commandnameis always the first word on aninput line; it andits agumentsare separatedrom one
another by spaces.

Whena programterminatesthe Shellwill ordinarily regain controlandtypea“%'’’ at you to indicatethat
it is ready for another command.

The Shell has mamother capabilities, which are described in detail in sedidh.

Thecurrentdirectory UNIX hasafile systemarrangedn a hierarcly of directories. Whenthe systemad-

ministrator gave you a username,he also createda directory for you (ordinarily with the samenameas

your username). Whenyou log in, ary file nameyou typeis by default in this directory Sinceyou arethe

owner of this directory you have full permissiongo read,write, alter, or destrg its contents.Permissions
to have your will with otherdirectoriesandfiles will have beengrantedor deniedto you by their owners.

As amatterof obsered fact, few UNIX usersprotecttheir files from destruction)et aloneperusal by other

users.

To changethe currentdirectory (but not the setof permissiong/ou were endaved with at login) usechdir
(0.

Path names. To referto files notin the currentdirectory you mustusea pathname. Full pathnameshegin

with “/’’, the nameof the root directoryof the whole file system. After the slashcomesthe nameof each
directory containingthe next sub-directory(followed by a*“/’") until finally the file nameis reached.E.qg.:
[ usr/lem/filex refersto thefile filex in the directorylem; lemis itself a subdirectoryof usr; usr springsdi-

rectly from the root directory

If your currentdirectoryhassubdirectoriesthe pathnamesof files thereinbegin with the nameof the sub-
directory (no prefigd “/"’).

Without important eception, a path name may be usegwdrere a file name is required.



Importantcommandsvhich modify the contentsof files arecp (1), mv (1), andrm (), which respectiely
copy, move (i.e. renameandremove files. To find outthe statusof files or directoriesusels (I). Seemkdir
() for making directoriessmdir (1) for destrging them.

For afuller discussiorof thefile systemsee“The uNix Time-SharingSysteni; by the presentauthorsto
appeaiin the Communication®f the ACM; aversionis alsoavailable from the samesourceasthis manual.
It may alsobe usefulto glancethroughsectionll of this manual,which discussesystemcalls, even if you
don'tintend to deal with the system at the assembly-language le

Writing a program. To enter the text of a sourceprograminto a UNiX file, useed(l). Thethreeprincipal
languagesn UNIX areassembljtanguagegseeas (1)), Fortran(seefc (1)), andC (seecc (1)). After the pro-
gramtext hasbeenenteredthroughthe editor andwritten on a file, you cangive thefile to the appropriate
languageprocessorasan agument. The outputof the languageprocessowill be left on afile in the cur
rentdirectorynamed-a.out’. (If the outputis precioususemvto moveit to alessexposednamesoon.) If
you wrotein assembljlanguageyou will probablyneedto loadthe programwith library subroutinessee
Id (I). Theother two language processors call the loader automatically

Whenyou have finally gonethroughthis entire processwithout provoking ary diagnostics,the resulting
program can be run bywging its name to the Shell in response to ¥’ prompt.

The next commandyou will needis db (I). As adebugger dbis betterthanaveragefor assembly-language
programsmauginally usefulfor C programgwhencompletedcdb (1) will beaboon),andvirtually useless
for Fortran.

Your programs can rec& arguments from the command line just as system programSekexec(l1).

Text processing Almost all text is enteredhroughthe editor The commandsnostoftenusedto write text
on a terminal arecat, pt roff, nroff, andtroff, all in section I.

The cat commandsimply dumpsaAscii text on the terminal, with no processingat all. The pr command
paginateghetext, suppliesheadingsandhasa facility for multi-columnoutput. Troff andnroff are elabo-
ratetext formatting programsandrequirecarefulforethoughtin enteringboth the text andthe formatting
commandsnto the input file. Troff drives a Graphic Systemsphototypesetterit was usedto producethis
manual. Nroff producesoutputon a typewriter terminal. Rof (I) is a somavhat lesselaborataext format-
ting program, and requires sowtfeat less forethought.

Surprises. Certaincommandgrovide interusercommunication.Even if you do not planto usethem,it
would be well to learn something about them, because someone else may aim them at you.

To communicatewith anotheruser currently loggedin, write (1) is used;mail (I) will leave a message
whosepresencevill be announcedo anotheruserwhenhenext logsin. The write-upsin the manualalso
suggest ha to respond to the tawcommands if you are a gat.

When you log in, a message-of-the-day may greet you before th&/irst *



