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PREFRACE TO THE THIRD EDITION

In the monthssincethe lastappearancef this manual,mary changeshase occurredbothin the systemit-
self and in the way it is used.

Perhapanostolviously, therehase beenadditions,deletions,and modificationsto the systemandits soft-
ware. It is these changes, of course, that caused the appearance ofisbis meanual.

Second,the numberof peoplespendingan appreciableamountof time writing UNIX software hasin-
creased. Credit is due to L. L. Cherry M. D. Mcllroy, L. E. McMahon, R. Morris, J.F. Ossanna,and
E. N. Pinson for their contriltions.

Finally, the numberof UNIX installationshasgrown to 16, with moreexpected. Noneof thesehasexactly
the samecomplemenbf hardware or software. Thereforeat ary particularinstallation,it is quite possible
that this manual will gie inappropriate information.

In particular any systemwhidch usesa PDP-11/20processorwill not include all the softwae described
herein, nor will the softwae behavethe sameway The secondpr even the first, edition of this manualis
likely to be more appropriate.

Besidesadditions,deletions,and modificationsto the writeupsin eachsection,this manualdiffers from its
predecessors two ways: all the commandsusedfor systemmaintenanceand not intendedfor normal
usershave beenmoved to a new section VIII; andthereis a new "How to Get Started"chapterthat gives
some elementanatts and manpointers to other sections.



INTRODUCTION TO THIS MANUAL

This manualgives descriptionsof the publicly available featuresof UNIX. It provides neithera general
overview (see"The UNIX Time-sharingSystem"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evitably, this meansthat mary sectionswill soonbe out of date. (The rate of changeof the systemis so
greatthat a dismayinglylarge numberof early sectionshadto be modifiedwhile the restwerebeingwrit-
ten. The unboundecefort requiredto stayup-to-dateis bestindicatedby the fact that several of the pro-
grams described were written specifically to aid in preparation of this manual!)

This manual is dided into eight sections:

I. Commands

Il. Systencalls

lll. Subroutines

IV. Special files

V. File formats

VI. Usermaintained programs
VII. Miscellaneous

VIIl. Maintenance

Commandsare programsintendedto be invoked directly by the user in contradistinctionto subroutines,
which areintendedto be calledby the users programs. Commandgenerallyresidein directory/bin (for
binary programs). This directoryis searchecautomaticallyby the commandline interpreter Some pro-
grams classified as commands are locatedvilse; this &ct is indicated in the appropriate sections.

Systemcallsareentriesinto the UNIX supervisar In assemblylanguagethey are codedwith the useof the
opcode "sys", a syngm for the trap instruction.

A small assortmenbf subroutiness available; they are describedn sectionlll. The binary form of most
of them is lept in the system library /ust/lib/liba.a.

The specialfiles sectionlV discusseshe characteristicof eachsystem"file" which actuallyrefersto an
I/O device. Unlike previous editions,the namesn this sectionreferto the DEC device namedor the hard-
ware, instead of the neames of the special files theeselv

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) arenot consideregartof the UNIX system,andthe principal rea-
sonfor listing themis to indicatetheir existencewithout necessarilygiving a completedescription. The au-
thor 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 independenéntriesof 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 hae acommon format.

The name section repeats the entry name asd givery short description of its purpose.

The synopsissummarizeshe useof the programbeingdescribed.A few corventionsareused,
particularly in the Commands section:

Underlined vords are considered literals, and are typed just gsafipear

Squarebraclets ([]) aroundan agumentindicatethatthe agumentis optional. When
an agument is gien as "name", it alvays refers to a file name.

Ellipses "..." are used to slvdhat the preious agument-prototype may be repeated.

A final corvention is usedby the commandghemseles. An agumentbeginning with
aminussign"-" is oftentakento meansomesortof flag agumenteven if it appearsn
a position wherea file namecould appear Therefore,it is unwiseto have files whose

names bgin with "-".

The description section discusses in detail the subject at hand.

The files section gesthe names of files which areili into the program.

A see also section ggs pointers to related information.

A diagnosticssectiondiscusseshe diagnosticghatmay be produced. This sectiontendsto be
as terse as the diagnostics theneslv

The bugs sectiongives known bugs and sometimesdeficiencies. Occasionallyalso the sug-

gested

fix is described.

Previous edition of this manualhadan owner sectionwhich hasbeendroppedrom this editionbecausé¢he
"owners"of mary routinesbecamdairly hardto pin dovn. Themajor contritutorsto UNIX, (castin order
of appearance) together with their login names and most notable atotrd) are

ken K. Thompson (UNIX, mary commands)
dmr D. M. Ritchie (mary commands, as, Id, C)
jfo  J.F. Ossanna (roff, nroff)

doug M. D. Mcllroy (tmg, m6)

rhm R.Morris (dc, much of library)

lem L. E. McMahon (cref)

llc L.L.Cherry (form, fed, salloc)

csr

C.S. Roberts (tss)
enp E.N. Pinson (proof)



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 s prepared using the UNIXxteeditor ed and the formatting programfrof

The assistance of R. Morris is gratefully ackiexiged.



HOW TO GET STARTED

This sectionprovides the basicinformationyou needto get startedon UNIX: how to log in andlog out,
how to communicate through your terminal, andwio run a program.

Logging in

You mustcall UNIX from anappropriategerminal. UNIX supportsASCII terminalstypified by the TTY
37, the GE Terminet300, the Memorex 1240, and various graphicalterminalson the one hand,and IBM
2741-type terminals on the other

To useUNIX, you musthave avalid UNIX username which maybe obtainedtogethemwith thetelephone
numberfrom the system administrators.

The sametelephonenumbersenesterminalsoperatingat all the standardspeeds.After a dataconnection
is established, the login procedure depends on what kind of terminal you are using.

TTY 37 terminal

UNIX will type out "login: "; you respondwith your username. Fromthe TTY 37 terminal,
andary other which hasthe "new-line" function (combinedcarriagereturnandlinefeed),ter
minate each line you type with the iméine" key (not the "return” ky).

300-baud terminals

Suchterminalsincludethe GE Terminet300, mostdisplayterminals,Execuport,Tl, and cer

tain Anderson-Jacobsoterminals. Theseterminals generally have a speed switch which
should be setat "300" (or "30" for 30 characterger second)and a half/full duplex switch

which shouldbe setat full-duplex. (Notethat this switchwill often have to be changedsince
MH-TSS requireshalf-duple). Whena connectionwith UNIX is establisheda few garbage
characteraretyped(thelogin messagatthewrongspeed).Depresghe "break"key; thisis a
speed-independenignalto UNIX thata 300-bauderminalis in use. UNIX will type"login: "

at the correctspeedyou type your username,followed by the "return” key. Henceforth,the
"return”, "new line", or "linefeed" keys will give exactly the sameresults. Eachline mustbe
terminated with one of theseys; no one is listening to you until the return is reeei

Selectric terminals

FromanIBM 2741or the Anderson-JacobsoBelectricterminal,no messagevill appear Af-
ter thedataconnectioris establishedpressthe "return"key. UNIX shouldtype"login: " asde-
scribedabove. If the greetingdoesnot appearafter a few seconds,unlock the keyboard by
switching the terminalto local and backto remote,andtype "return”. If necessaryhangup
and try agin; something has gone wrong.

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

The evidencethat you have successfullyloggedin is thata UNIX program,the Shell, will type a "%" to
you. (TheShell is described belunder "Hav to run a program®.

For more information, consultgetty(VIl), which discusseshe login sequencen more detail, anddc(1V),
which discusses typeiter 1/O.



Logging out
There are three ays to log out:

You can simply hangup the phone. Hangingup is safeif you areat commandevel, thatis, if
the Shell hasjust typedits promptsignal"%". It is alsosafeif you arein interactve system
programsfor examplethe editor It is unsafeif you are executing a non-interactre program,
or oneof your own programswhich eitherdoesnot readthe typenriter or ignoresthe end-of-
file indicationswhich will resultfrom hangingup. The reasonis thatUNIX, unlike most sys-
tems, does not terminate a program simply because it has been hung-up upon.

You can log out by typing an end-of-file indication (EOT charactercontrol "d") to the Shell.
The Shell will terminate and the "login: " message will appeainag

You can also log in directly as another user byirgy a login command (login (1)).
How to communicate thugh your terminal

Whenyou typeto UNIX, agnomedeepin the systemis gatheringyour charactersindsaving themin a se-
cretplace. The charactersvill notbegiven to a programuntil youtypeareturn,asdescribedabovein Log-
ging in.

UNIX typewriter 1/O is full-duplex (exceptfor Selectricterminals). It hasfull read-aheadwhich means
thatyou cantype atary time, even while a programis typing atyou. Of coursejf you type duringoutput,
the outputwill have the input characterénterspersedHowever, whatever you typewill besaved up and in-

terpreted in correct sequence.

Thereis alimit to theamountof read-aheadyut it is generousandnot likely to be exceededunlessthe sys-
tem s in trouble. Whenthe read-aheadimit is exceededthe systemstopsechoinginput charactersand
startsechoing"#" no matterwhat you typed. The last charactemwhich was echoedcorrectly will be re-
ceived correctly by the program to which you were talking; subsequent characteriseas thravn avay.

On atypewriter input line, the charactet'@" kills all the charactersypedbeforeit, sotyping mistalescan
berepairedon a singleline. Also, the character#" eraseghe lastcharactetyped. Successie usesof "#"
erasecharacterdackto, but not beyond, the baginning of the line. "@" and"#" canbe transmittedto a
program by preceding them with "\(So, to erase "\", you heeddW#"s).

The ASCII "delete"(a.k.a."rubout") characteiis not passedo programsbut insteadgeneratesininterrupt
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 generatedby typing the ASCII FS character It not only causes runningprogramto ter
minatebut alsogenerates file with the coreimageof the terminatedprocess.Quit is usefulfor detugging.

Besidesadaptingto the speedof the terminal, UNIX triesto beintelligentaboutwhetheryou have a termi-
nal with the "new line" function or whetherit mustbe simulatedwith carriage-returrandline-feed. In the
latter case all input carriagereturnsareturnedto new-line charactergthe standardine delimiter) andboth
a carriagereturnanda line feedareechoedo the terminal. If you getinto the wrong mode,the stty com-
mand (I) will rescue you.



Tab characterareusedfreely 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 a file which, if printedon TTY 37 or TermiNet 300 terminals,will setthe tab stops
correctly (tabs(VII)).

Section dc(lV) discusses typater /O more fully Section kl(IV) discusses the console typier.
How to run a pogram; The Shell

Whenyou have successfullyloggedinto UNIX, a programcalledthe Shellis listeningto your terminal.
The Shellreadstyped-inlines, splitsthemup into a commandhameandamuments andexecutesthe com-
mand. A commandis simply an executableprogram. The Shelllooks first in your currentdirectory (see
next section)for a programwith the given name,andif noneis there,thenin a systemdirectory Thereis
nothing specialaboutsystem-preided commandsxceptthatthey are keptin a directorywherethe 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 %" atyouto indicatethatit
is ready for another command.

The Shell has mamother capabilities, which are described in detail in section sh(l).
The curent directory

UNIX hasafile systemarrangedn a hierarcly of directories. Whenthe systemadministratorgave you a
username,he alsocreateda directoryfor you (ordinarily with the samenameasyour username). When
you log in, ary file nameyou typeis by default in this directory Since you arethe owner of this directory
you have full permissiondo read,write, alter, or destrg its contents. Permissiongo have your will with
otherdirectoriesandfiles will have beengrantedor deniedto you by their owners. As a matterof obsered
fact, faw UNIX users protect their files from destruction, let alone perusal, by other users.

To changethe currentdirectory (but not the set of permissionsyou were endaved with at login) use
chdir(l).

Path names

To reference files not in the current directgryu must use a path name.

Full path namesbagin with "/", the nameof the root directory of the whole file system. After the slash
comesthe nameof eachdirectorycontainingthe next sub-directory(followed by a /") until finally thefile
nameis reached.E.qg.: "/usr/lem/filex" refersto file "filex" in directory"lem"; "lem" is itself a sub-directory

of "usr"; "usr" springs directly 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.

Important commandswhich modify the contentsof files are cp(l), mv(l), and rm(l), which respectiely
copy, move (i.e. rename)andremore files. To find out the statusof files or directoriesusels(l) andstat(l).



See mkdir(l) for making directories; rmdir(l) for desfirng them.

For afuller discussiorof thefile systemseeMM-71-1273-4. It may alsobe usefulto glancethroughsec-
tion Il of this manual,which discussesystemcalls, even if you don't intendto dealwith the systemat the
assembly-languageved.

Writing a piogram

To enter thetext of a sourceprograminto a UNIX file, useed(l). The threeprincipal languagesn UNIX
areassemblyanguaggseeas(l)), Fortran(seefc(l)), andC (seecc(l)). After the programtext hasbeenen-
teredthroughthe editorandwritten on a file, you cangive thefile to the appropriatdanguageprocessoas
an agument. The output of the languageprocessomill be left on a file in the currentdirectory named
"a.out". (If the outputis precioususemv to move it to alessexposednamesoon.) If youwrotein assem-
bly languageyou will probablyneedto loadthe programwith library subroutinesseeld(l). The othertwo
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 the "%" prompt.

The next commandyou will needis db(l). As adelugger db is betterthanaveragefor assembly-language
programsmaginally usefulfor C programgwhencompletedcdb(l) will be a boon),andvirtually useless
for Fortran.

Your programscanreceve argumentsfrom the commandline just as systemprogramsdo. For assembly
language programs, sexce(ll).

Text processing

Almost all text is enteredthroughthe editor The commandsnostoften usedto write text on a terminal
are: cat(l), pr(l), rd{l), or nroff(l).

The cat commandsimply dumpsASCII text on the terminal,with no processingat all. The pr command
paginateghetext andsuppliesheadings.The nroff commandis an elaboratetext formattingprogram,and
requirescarefulforethoughtin enteringboth the text andthe formattingcommandsnto theinputfile. The
roff command is a sorhat less elaborate formatting program, and requiresvsbatdess forethought.

Surprises

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

To communicatewith anothemsercurrentlyloggedin, write(l) is used. To leave a messagéhe presencef
which will beannouncedo anotheruserwhenhe next logsin, mail(l) is used. The write-upsin the manual
also suggest loto respond to the tavcommands if you are a tgat.

When you log in, a message-of-the-day may greet you before the first "%".



