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INTRODUCTION

From the users point of view, the operatingsys-
tem is easyto learn and use,and presentsfew of the
usualimpedimentsto gettingthe job done. It is hard,
however, for the beginner to know whereto start,and
howv to make the bestuse of the facilities available.
The purposeof this introductionis to help new users
get usedto the mainideasof the systemandstartmak-
ing effective use of it quickly

You should have a couple of otherdocumentswith
you for easyreferenceasyou readthis one. The most
importantis The it's often easierto tell you to read
about somethingn the manualthanto repeatits con-
tents here. The other useful documentis A Tutorial
Introductionto the Text Editor, which will tell you how
to usethe editor to get text — programs, data, docu-
ments — into the computer

A word of warning: the systemhasbecomequite
popular and there are several major variantsin wide-
spreaduse. Of coursedetails also changewith time.
So althoughthe basicstructureof andhow to useit is
commonto all versions,therewill certainly be a few
thingswhich aredifferenton your systemfrom whatis
describedhere. We have tried to minimize the prob-
lem, but be aware of it. In casesof doubt,this paper
describes ¥frsion 7

This paper has fevsections:

1. GettingStarted:How to log in, how to type, what
to do about mistales in typing, how to log out.
Someof this is dependenbn which systemyou
log into (phonenumbers,for example) and what
terminal you use, so this sectionmust necessarily
be supplemented by local information.

2. Day-to-dayUse: Thingsyou needevery dayto use
the system effectively: generally useful com-
mands; the file system.

3. DocumentPreparation:Preparingmanuscriptsis
one of the mostcommonusesfor systems. This
sectioncontainsadvice,but not extensie instruc-
tions on aw of the formatting tools.

4. Writing Programs:is an excellent system for
developing programs. This section talks about
someof thetools, but again is not a tutorial in ary
of the programminglanguagesprovided by the
system.

5. A ReadingList. An annotatedbibliograpty of
documents that meusers should benare of.

I. GETTING STARTED

Logging In

You must have a login name,which you can get
from whoever administersyour system. You also need

to knowv the phonenumber unlessyour systemuses
permanentlyconnectederminals. The systemis capa-
ble of dealingwith a wide variety of terminals: Ter-

minet 300’s; Execuport, Tl andsimilar portablesyideo
(CRT) terminals like the HP2640, etc.; high-priced
graphicsterminalslike the Tektronix 4014;plotting ter

minals like those from GSI and DASI; and even the
venerableTeletypein its various forms. But note: is
strongly orientedtowards devices with lower case If

your terminal producesonly uppercase(e.g.,model33
Teletype, somevideo and portableterminals),life will

be so difficult that you shouldlook for anothertermi-
nal.

Be sureto setthe switchesappropriatelyon your
device. Switches that might need to be adjusted
include the speed,upper/laver casemode,full duple,
even parity, and ary othersthat local wisdom advises.
Establisha connectionusingwhatever magic is needed
for your terminal; this may involve dialing a telephone
call or merelyflipping a switch. In eithercase,should
typelogin:” at you. If it typesgarbageyou may be at
the wrong speedgcheckthe switches. If thatfails, push
the “break” or “interrupt” key afew times,slowly. If
that fails to produce a login message, consult a guru.

When you get a login: messagetype your login
namein lower case Follow it by athe systemwill not
do arything until you type a If a passverd is required,
you will be asled for it, and (if possible)printing will
be turned dfwhile you type it. Don'’t forget

The culminationof your login efforts is a “prompt
charactel’ asingle charactethatindicatesthatthe sys-
tem is ready to acceptcommandsfrom you. The
promptcharacteiis usuallya dollar sign$ or a percent
sign %. (You may also geta messagef the day just
before the prompt characteror a notification that you
have mail.)

Typing Commands

Onceyou've seenthe prompt characteryou can
type commandswhich arerequestghat the systemdo
something. Try typing datefollowed by You shouldget
back somethinglike Mon Jan16 14:17:10EST 1978
Don't forget the after the command,or nothing will
happen. If you think youre being ignored, type a
somethingshould happen.won’t be mentionedagain,
but don't forget it — it hasto be there at the end of
each line.

Another commandyou might try is who, which
tells you everyone who is currently logged in: who
gives somethinglike mb tty01 Janl6é 09:11
ski tty05  Jan 16 09:33
gam ttyll Jan16 13:07 The time is when
the userloggedin; “ttyxx’’ is the system$ideaof what
terminal the user is on.

If you male a mistake typing the commandname,
andreferto a non-eistentcommandyou will betold.



For example,if you typewhomyou will betold whom:
not found Of coursejf you inadwertentlytypethename
of someothercommandjt will run, with moreor less
mysterious results.

Strange Terminal Behavior

Sometimes/ou cangetinto a statewhereyour ter-
minal actsstrangely For example,eachletter may be
typedtwice, or the maynot causea line feedor areturn
to theleft magin. You canoftenfix this by loggingout
andloggingbackin. Or you canreadthedescriptionof
the commandstty in sectionl of the manual. To get
intelligent treatmentof tab charactergwhich aremuch
usedin if your terminal doesnt have tabs, type the
commandstty —tabsand the systemwill convert each
tabinto theright numberof blanksfor you. If yourter
minal doeshave computersettabletabs,the command
tabswill set the stops correctly for you.

Mistakes in Typing

If you male atyping mistale, andseeit beforehas
beentyped,therearetwo waysto recoser. The sharp-
character# eraseghe last charactettyped;in fact suc-
cessve usesof # erasecharacterdackto the beginning
of theline (but not beyond). Soif you type badly you

can correct as you go: dd#atte##e is the same as date

The at-sign@ erasesll of the charactersypedso
far on the currentinput line, so if theline is irretriev-
ably fouled up, type an @nd start the linewver.

Whatif you mustentera sharpor at-signaspartof
the text? If you precedeeither# or @ by a backslash,
it losesits erasemeaning. Soto entera sharpor at-sign
in something,type W or \@. The systemwill always
echoa newline at you after your at-sign,even if pre-
cededby a backslash.Don't worry — the at-signhas
been recorded.

To erasea backslashyou have to type two sharps
or two at-signs,asin \## The backslashs usedexten-
sively in to indicate that the following characteris in
some vay special.

Read-ahead

has full read-aheadwhich meansthat you can
type as fast as you want, when&er you want, even
whensomecommands typing atyou. If youtypedur
ing output,yourinput charactersvill appeaintermixed
with the outputcharactershut they will be storedaway
and interpretedin the correctorder So you cantype
several command®neafteranothemwithout waiting for
the first to finish orwen begin.

Stopping a Piogram

You can stopmostprogramsby typing the charac-
ter (perhapscalled*‘delete’ or “rubout” on your termi-
nal). The “interrupt’ or “break” key found on most
terminalscanalsobe used. In a few programsike the
text editor stops whatever the programis doing but

leaves you in that program. Hangingup the phonewill
stop most programs.

Logging Out

The easiestvay to log outis to hangup the phone.
You can alsotype login and let someoneelse usethe
terminalyou wereon. It is usuallynot suficient just to
turn off the terminal. Most systemsdo not usea time-
out mechanismso you'll be thereforever unlessyou
hang up.

Malil

Whenyoulog in, you may sometimegetthe mes-
sageYou have mail. provides a postalsystemso you
can communicatewith other usersof the system. To
readyour mail, type the commandmail Your mail will
be printed,onemessagat a time, mostrecentmessage
first. After each messagemail waits for you to say
what to do with it. The two basic responsesare d,
which deletesthe messageand which doesnot (so it
will still betherethe next time you readyour mailbox).
Other responsesre describedin the manual. (Earlier
versionsof mail do not processone messaget a time,
but are otherwise similay

How do you sendmail to someoneelse? Suppose
it isto goto “joe” (assuming‘joe’” is someoneslogin
name). Theeasiestvay is this: mail joe nowtypein the
text of the letter on as manylines as you like ... After
thelastline of theletter typethe character “control-d”,
thatis, hold down“control” and typea letter“d”’. And
that's it. The “control-d” sequence often called
“EOF” for end-of-filg is usedthroughoutthe systento
mark the end of input from a terminal, soyou mightas
well get used to it.

For practice,sendmail to yourself. (This isn't as
strangeasit might sound— mail to oneselfis a handy
reminder mechanism.)

Thereareotherwaysto sendmail — you cansend
apreviously preparedetter and you canmail to anum-
ber of peopleall at once. For more detailsseemail(1).
(The notationmail(1) meansthe commandmail in sec-
tion 1 of the

Writing to other users

At somepoint, out of the blue will comea mes-
sagelike Messagdrom joe tty07... accompaniedy a
startling beep. It meansthat Joewantsto talk to you,
but unlessyou take explicit actionyou won't be able to
talk back. To respond,type the commandwrite joe
This establishes two-way communicatiorpath. Now
whatever Joe typeson his terminalwill appeaonyours
andvice versa. The pathis slow, ratherlike talking to
the moon. (If you arein the middle of somethingyou
have to get to a statewhereyou cantype a command.
Normally, whatever programyou arerunninghasto ter
minate or be terminated. If you're editing, you can
escapetemporarily from the editor — readthe editor



tutorial.)

A protocol is neededo keepwhatyou type from
getting garbled up with what Joetypes. Typically it's
likethis:

Joe types writsmithand waits.

Smith types writgoe and waits.

Joenow typeshis messagdéasmary linesashe likes).
Whenhe’s readyfor areply, he signalsit by typing (o),
which stands forover”.

Now Smith types a replyalso terminated by (0)

This cycle repeatauntil someoneetstired; hethensig-
nals his intent to quit with (opjor “over and out’.

To terminatethe conversation, eachside must type a
‘“control-d’ characteraloneon a line. (“Delete” aso
works.) Whenthe otherpersontypeshis “control-d”,
you will get the message EQ@¥R your terminal.

If you write to someonewho isn't loggedin, or
who doesnt wantto be disturbedyou’ll betold. If the
target is loggedin but doesnt answer after a decent
interval, simply type ‘tontrol-d”.

On-line Manual

The Programmers Manual is typically kept on-
line. If you get stuk on something and cant find an
expert to assistyou, you can print on your terminal
somemanualsectionthat might help. Thisis alsouse-
ful for getting the most up-to-dateinformation on a
command.To print a manualsection,type “man com-
mand-name’ Thusto read up on the who command,
type manwho and, of course man mantells all about
the mancommand.

Computer Aided Instruction

Your systemmay have available a programcalled
learn which providescomputeraidedinstructionon the
file systemand basiccommandsthe editor, document
preparationand even C programming. Try typing the
commandlearnIf learn exists on your system,it will
tell you what to do from there.



II. DAY-TO-DAY USE

Creating Files — The Editor

If you have to type a paperor a letter or a pro-
gram, how do you get the information storedin the
machine? Most of thesetasksare donewith the “text
editor’ ed. Sinceedis thoroughlydocumentedn ed1)
and explainedin A Tutorial Introductionto the UNIX
Text Editor, we won't spend ary time here describing
how to useit. All we wantit for right now is to make
somefiles. (A file is just a collection of information
storedin the machine,a simplistic but adequatedefini-
tion.)

To createa file calledjunk with sometext in it, do
the following: ed junk (invokes the text editor)
a (commandto “ed”, to addtext) now type
in whatever text youwant ... . (signalsthe
end of addingtext) The “.” that signalsthe end of
addingtext mustbe at the beginning of a line by itself.
Don't forget it, for until it is typed, no other ed com-
mandswill be recognized— everything you type will
be treated asxeto be added.

At this point you cando variousediting operations
on the text you typed in, such as correctingspelling
mistales, rearrangingparagraphandthe like. Finally,
you mustwrite the informationyou have typedinto a
file with the editorcommandw: w ed will respondwith
the number of characters it wrote into the file junk

Until the w command,nothing is stored perma-
nently so if you hangup andgo homethe information
is lost.t But after w the information is there perma-
nently; you canre-acces# ary time by typing ed junk
Type a g commando quit the editor (If youtry to quit
without writing, edwill print a?to remindyou. A sec-
ond ggets you out rgardless.)

Now createa secondfile calledtempin the same
manner You should nov have two files, junk and
temp

What files are out there?

The Is (for “list’) commandlists the names(not
contents)of ary of the files that knows about. If you
typels theresponsavill bejunk tempwhich areindeed
the two files just created. The namesare sortedinto
alphabeticalorder automatically but other variations
are possible. For example, the commandls -t causes
thefilesto belistedin the orderin which they werelast
changed, most recent first. The —| option gives a
“long” listing: Is -I will producesomethinglike -rw-
rw-rw- 1 bwk 41 Jul 22 2:56 junk -rw-rw-rw- 1 bwk
78 Jul 22 2:57 temp The dateand time are of the last

T This is not strictly true — if you hangup while
editing, the datayou wereworking on is saved in a
file called ed.hup which you can continuewith at
your net session.

changeto the file. The 41 and 78 are the numberof
characterqwhich should agreewith the numbersyou
got from ed. bwk is the owner of thefile, thatis, the
personwho createdt. The —rw-rw-rw-tells who has
permissionto readandwrite thefile, in this caseevery-
one.

Options can be combined:Is —It gives the same
thing asls -, but sortedinto time order You canalso
namethe files you're interestedin, andls will list the
information about them only. More details can be
found in I1).

The use of optional agumentsthat begin with a
minussign, like -t and-It, is a commoncorvention for
programs. In general, if a program accepts such
optional aguments,they precedeary filename argu-
ments. It is also vital that you separatethe various
arguments with spaces: Isisi not the same as Isl.

Printing Files

Now that youve got a file of text, honv do you
print it so peoplecanlook at it? Thereare a host of

programs that do that, probably more than are needed.

One simple thing is to usethe editor, since print-
ing is often donejust before making changesaryway.
You can sayed junk 1,$p edwill reply with the count
of the charactersn junk andthenprint all the linesin
thefile. After youlearnhow to usethe editor, you can
be selectie about the parts you print.

Thereare timeswhenit's not feasibleto usethe
editor for printing. For example,thereis alimit onhowv
big a file ed can handle(several thousandines). Sec-
ondly, it will only print onefile at a time, and some-
times you want to print several, one after another So
here are a couple of alternas.

First is cat the simplestof all the printing pro-
grams. catsimply prints on theterminalthe contentsof
all the files namedin a list. Thus cat junk prints one
file, andcatjunk tempprintstwo. Thefiles aresimply
concatenated (hence the namé' rahto the terminal.

pr producesformattedprintoutsof files. As with
cat pr printsall thefiles namedn alist. Thedifference
is thatit producesheadingswith date,time, pagenum-
ber and file nameat the top of eachpage,and extra
lines to skip over the fold in the paper Thus, pr junk
temp will print junk neatly then skip to the top of a
new page and print tempeatly

pr can also produce multi-column output: pr -3
junk prints junk in 3-columnformat. You can useary
reasonablenumberin placeof 3" and pr will do its
best. prhas other capabilities as well; se€lpr

It shouldbe notedthat pr is not a formatting pro-
gramin the senseof shufling lines aroundandjustify-
ing magins. The true formattersare nroff and troff,
which we will getto in the sectionon documentprepa-
ration.



Therearealsoprogramsthat print files on a high-
speedprinter Look in your manualunderopr and lpr.
Which to usedependon whatequipmenis attachedo
your machine.

Shuffling Files About

Now that you have some files in the file system
and someexperiencein printing them,you cantry big-
ger things. For example,you canmove afile from one
place to another(which amountsto giving it a new
name), like this: mv junk precious This meansthat
what usedto be “junk’’ is now ‘“‘precious’. If you do
anls commandnow, you will getpreciousempBeware
that if you move a file to anotherone that already
exists, the alreadyxésting contents are lost forer.

If you want to make a copy of a file (thatis, to
have two versionsof something),you can usethe cp
command:cp precioustempl makes a duplicatecopy
of preciousn templ

Finally, whenyou gettired of creatingandmoving
files, thereis a commandto remove files from the file
system,calledrm. rm temptemplwill remove both of
the files named.

You will get a warning messageif one of the
namedfiles wasnt there, but otherwiserm, like most
commandsgdoesits work silently Thereis no prompt-
ing or chattey and errormessageareoccasionallycurt.
This tersenessis sometimesdisconcertingto new-
comers, bt experienced users find it desirable.

What'sin a Filename

Sofar we have usedfilenameswithout ever saying
what's a legal name,soit’s time for a coupleof rules.
First, filenamesare limited to 14 characterswhich is
enoughto be descriptve. Second, althoughyou can
usealmostary characterin a filename,commonsense
saysyou shouldstick to onesthat are visible, and that
you should probably avoid charactersthat might be
usedwith other meanings.We have alreadyseen,for
example, thatin the Is command s —t meansto list in
time order So if you had a file whosenamewas —t,
you would have a tough time listing it by name.
Besides the minus sign, there are other characters
which have special meaning. To avoid pitfalls, you
would do well to use only letters, numbersand the
period until youre familiar with the situation.

On to somemore positive suggestions. Suppose
you're typing a large documentike a book. Logically
this divides into mary small pieces,like chaptersand
perhapssections.Physically it mustbe divided too, for
ed will not handlereally big files. Thus you should
type the documentas a numberof files. You might
have a separatefile for each chapter called chapl
chap2etc... Or, if each chapterwere broken into ses-
eral files, you might have chapl.1chapl.2chapl.3...
chap2.1chap2.2.. You cannow tell ata glancewhere
aparticular file fits into the whole.

Thereareadwantagedo a systematimamingcon-
vention which arenot obviousto the novice user What
if you wantedto print the whole book? You could say
pr chapl.lchapl.2chapl.3...... but you would get
tired pretty fast, and would probably even make mis-
takes. Fortunately thereis a shortcut. You can say pr
chap* The* means‘anything atall,” so this translates
into “print all files whose namesbegin with chap’,
listed in alphabetical order

This shorthanchotationis not a propertyof the pr
command by the way. It is system-wide,a serviceof
the program that interprets commands(the “shell,”
sh(1)). Using that fact, you can seehow to list the
namesof the files in the book: Is chap* produces
chapl.1ichapl.2chapl.3... The* is notlimited to the
last positionin a filename— it can be anywhere and
can occur several times. Thus rm *junk* *temp*
removes all files that containjunk or tempasary part
of their name. As a specialcase,* by itself matches
every filename sopr * printsall yourfiles (alphabetical
order),andrm * remaes all files. (You hadbetterbe
sure thas what you vanted to say!)

The * is not the only pattern-matchingfeature
available. Supposeyou want to print only chaptersl
through4 and 9. Then you can say pr chap[12349]*
The[...] meango matchary of the characterénsidethe
braclets. A rangeof consecutie lettersor digits canbe
abbreviated, so you can also do this with pr
chap[1-49]* Letters can also be usedwithin braclets:
[a—z] matches aycharacter in the rangetarough z

The ? patternmatchesary single characterso Is ?
lists all files which have single-charactenamesandl|s
-I chap?.1lists information aboutthe first file of each
chapter chapl,thap2.1etc.).

Of theseniceties,* is certainly the most useful,
andyou shouldgetusedto it. The othersarefrills, but
worth knowing.

If you should ever have to turn off the special
meaningof *, ?, etc., enclosethe entire agumentin
singlequotesasin Is'? We' Il sesesomemoreexamples
of this shortly

What'sin a Filename, Continued

Whenyou first madethatfile calledjunk, how did
the systemknow that therewasnt anotherjunk some-
whereelse,especiallysincethe personin the next office
is alsoreadingthis tutorial? The answeris that gener
ally eachuserhasa private which containsonly the
files thatbelongto him. Whenyoulog in, youare*in’’
your directory Unlessyou take special action, when
you createa new file, it is madein the directory that
you arecurrentlyin; this is mostoften your own direc-
tory, and thusthefile is unrelatedo ary otherfile of the
samenamethatmight exist in someoneelses directory,

The setof all files is organizedinto a (usuallybig)
tree, with your files locatedseveral branchesinto the
tree. It is possiblefor you to “walk” aroundthis tree,



andto find ary file in the system by startingat the root
of the tree and walking along the proper set of
branches.Corversely, you canstartwhereyou areand
walk toward the root.

Let's try the latter first. The basic tools is the
command pwd (‘“‘print working directory’), which
prints the name of the directory you are currently in.

Although the details will vary accordingto the
systemyou are on, if you give the commandpwd, it
will print somethinglike /usr/yournameThis saysthat
you are currentlyin the directory yourname which is
in turnin the directory/ust, which is in turnin the root
directory called by corvention just/. (Even if it's not
called /usr on your system,you will get something
analogous.Make the correspondingchangesand read
on.)

If you now type Is /usr/yournameyou shouldget
exactly the samelist of file namesas you get from a
plain Is: with no agumentsIs lists the contentsof the
currentdirectory; given the nameof a directory it lists
the contents of that directory

Next, try Is /usr This shouldprint a long seriesof
names, among which is your own login name
yourname On mary systems,usris a directory that
containsthe directoriesof all the normal usersof the
system, like you.

The next stepis to try Is / You should get a
responsesomethingdike this (althoughagain the details
may be different): bin dev etc lib tmp usr Thisis a col-
lection of the basicdirectoriesof files that the system
knows about; we are at the root of the tree.

Now try cat /usr/yourname/junk(if junk is still
around in  your directory). The name
lusrlyournamel/junkis called the pathnameof the file
thatyou normallythink of as“junk’’. “Pathnamé’has
an olvious meaning:it representshe full nameof the
pathyou have to follow from the root throughthe tree
of directoriesto getto a particularfile. It is a universal
rule in the systemthat anywhereyou can usean ordi-
nary filename, you can use a pathname.

Here is a picture which may mathis clearer:

(root)
I\
[\
]\
bin etc usr des tmp
TNV TN TN TN
[\

I ]\
adam eve mary
/ [\ \
/[ \ junk
junk temp

Notice that Marys junkis unrelated to E¥'s.

This isn't too exciting if all thefiles of interestare
in your own directory but if you work with someone
else or on several projects concurrently it becomes
handyindeed. For example,your friendscanprint your
book by sayingpr /usr/yourname/chap*Similarly, you

canfind out what files your neighborhasby sayingls
/usr/neighbomameor make your own copy of one of
his files by cp /usr/youneighbor/his-file yourfile

If your neighbordoesnt want you poking around
in his files, or vice versa, privacy can be arranged.
Eachfile and directory hasread-write-&ecute permis-
sionsfor the owner, a group, and everyone else,which
canbesetto controlaccess.Seels(1) andchmod1) for
details. As a matter of obsered fact, mostusersmost
of the time find openness of more benefit thavepyi

As a final experimentwith pathnamestry Is /bin
/usr/bin Do someof the nameslook familiar? When
you run a program,by typing its nameafter the prompt
character the systemsimply looks for a file of that
name. It normally looks first in your directory (where
it typically doesnt find it), thenin /bin and finally in
lusr/bin Thereis nothingmagicaboutcommanddike
cat or Is, except that they have beencollectedinto a
couple of places to be easy to find and administer

What if you work regularly with someoneelseon
commoninformationin his directory? You could just
log in asyour friend eachtime you wantto, but you can
also say “I want to work on his files insteadof my
own”. Thisis doneby changingthe directorythatyou
arecurrentlyin: cd /usr/yourfriend (On somesystems,
cd is spelledchdir) Now whenyou usea filenamein
somethinglike cat or pr, it refersto the file in your
friend’s directory. Changingdirectoriesdoesnt affect
ary permissions associatedwith a file — if you
couldnt accessa file from your own directory chang-
ing to another directory won't dter that fact. Of
course|if you forgetwhatdirectoryyou're in, type pwd
to find out.

It is usually corvenient to arrangeyour own files
sothatall thefiles relatedto onething arein adirectory
separaterom other projects. For example, when you
write your book, you might wantto keepall thetext in
adirectory calledbook So make one with mkdir book
then go to it with cd book then start typing chapters.
The book is nowv found in (presumably)
/usrfyourname/book To remove the directory book
type rm book/* rmdir book The first commandemores
all files from the directory; the secondremoves the
empty directory

You cango up onelevel in the treeof files by say-
ing cd .. ..” is the nameof the parentof whatever
directoryyou arecurrentlyin. For completeness,” is
an alternate name for the directory you are in.

Using Files instead of the &rminal

Most of the commandswe have seenso far pro-
duceoutputon the terminal; some like the editor, also
take their input from theterminal. It is universalin sys-
tems that the terminal can be replacedby a file for
eitheror both of input and output. As one example,ls
makesa list of files on your terminal. But if you sayls
>filelist a list of your files will be placedin the file



filelist (which will be createdf it doesnt already exist,
or overwritten if it does). The symbol > means*put
the outputon the following file, ratherthanon the ter
minal” Nothing is producedon the terminal. As
anotherexample, you could combineseveral files into
one by capturingthe outputof catin afile: catfl 2 {3
>temp

The symbol >> operatesvery much like > does,
exceptthatit means‘add to theendof.” Thatis, catfl
f2 f3 >>tempmeango concatenatél, f2 andf3 to the
endof whatever is areadyin temp insteadof overwrit-
ing the existing contents. As with >, if temp doesnt
exist, it will be created for you.

In a similar way, the symbol< meansto take the
input for a programfrom the following file, insteadof
from the terminal. Thus,you could make up a script of
commonlyusedediting commandsand put theminto a
file calledscript Thenyou canrun the scripton afile
by sayinged file <script As anotherexample,you can
useedto preparea letterin file let, thensendit to ses-
eral people with mail adanvemary joe <let

Pipes

Oneof the novel contributionsof the systemis the
ideaof apipe A pipe is simply a way to connectthe
outputof oneprogramto the input of anotherprogram,
sothetwo run asa sequencef processes— apipeline.

For example,pr f g h will printthefilesf, g, and h,
beginning eachon anew page. Suppossg/ou wantthem
run togetherinstead. You could saycatf g h >temppr
<temp rm temp but this is more work than necessary
Clearly what we want is to take the outputof catand
connectit to theinputof pr. So letususeapipe:catf g
h | pr The vertical bar | meansto take the outputfrom
cat, which would normally have gone to the terminal,
and put it into pto be neatly formatted.

There are mary other examples of pipes. For
example,ls | pr -3 printsalist of your filesin threecol-
umns. The programwc counts the numberof lines,
words andcharactersn its input, andaswe saw earlier,
who prints a list of currently-loggedn people,oneper
line. Thuswho | wc tells hov mary peoplearelogged
on. And of course Is | wc counts your files.

Any programthatreadsfrom the terminalcanread
from a pipe instead;ary programthatwriteson theter
minal candrive a pipe. You canhave as mary elements
in a pipeline as you wish.

Many programsare written so that they will take
their input from one or morefiles if file agumentsare
given; if no amumentsaregiven they will readfrom the
terminal, and thus can be usedin pipelines. pr is one
example:pr -3 ab c printsfiles a b andc in orderin
three columns. But in cata b ¢ | pr -3 pr prints the
information coming down the pipeline, still in three
columns.

The Shell

We have already mentionedonce or twice the
mysterious*shell,” which is in factsh(1). Theshellis
the programthatinterpretswhatyou type ascommands
and alguments. It also looks after translating*, etc.,
into lists of filenames,and<, >, and | into changef
input and output streams.

The shell hasothercapabilitiestoo. For example,
you canrun two programswith one commandline by
separatingthe commandswith a semicolon;the shell
recognizeshe semicolonand breaksthe line into two
commands. Thus date; who does both commands
before returning with a prompt character

You can alsohare more thanone programrunning
simultaneouslhyif you wish. For example, if you are
doing somethingtime-consuminglike the editor script
of anearliersection,andyou dont wantto wait around
for the resultsbefore starting somethingelse,you can
say ed file <script & The ampersandat the end of a
commandline says*start this commandrunning, then
take further commandsfrom the terminal immedi-
ately” thatis, dont wait for it to complete. Thusthe
script will begin, but you cando somethingelseat the
sametime. Of courseo keepthe outputfrom interfer
ing with whatyou're doing on the terminal,it would be
betterto say ed file <script >script.out& which saves
the output lines in a file called script.out

Whenyou initiate a commandwith &, the system
replieswith anumbercalledthe processnumberwhich
identifiesthe commandn caseyou laterwantto stopit.
If youdo,you cansaykill process-numbdf you forget
the processiumbey the commandpswill tell you about
everything you have running. (If you are desperate,
kill O will kill all your processes.)And if you're curi-
ousaboutotherpeople,psawill tell you aboutall pro-
grams that are currently running.

You can say (command-1; command-2; com-
mand-3)& to startthreecommandsn the background,
or you canstarta backgroundpipelinewith command-1
| command-2 &

Justasyou cantell the editor or somesimilar pro-
gramto take its input from afile insteadof from theter
minal, you cantell the shell to reada file to get com-
mands. (Why not? The shell, after all, is just a pro-
gram, albeit a clever one.) For instance supposeyou
want to settabson your terminal,andfind out the date
andwho’s on the systemevery time you log in. Then
you can put the three necessarycommanddgabs date
who) into afile, let's call it startup and thenrun it with
sh startupThis saysto run the shellwith thefile startup
asinput. The effectis asif you hadtypedthe contents
of startupon the terminal.

If this is to be a regular thing, you can eliminate
the needto type sh smply type, onceonly, the com-
mand chmod +x startupand thereafteryou needonly
say startupto run the sequenceof commands. The
chmod1) commandmarksthefile executable;the shell



recognizeghis andrunsit asa sequencef commands.

If youwantstartupto run automaticallyevery time
you log in, createa file in your login directory called
.profile, and placein it theline startup Whenthe shell
first gains control when you log in, it looks for the
.profile file anddoeswhaterer commandst findsin it.
WE'll get backto the shellin the sectionon program-

ming.




IIl. DOCUMENT PREP ARATION

systemsare usedextensively for documentprepa-
ration. Thereare two major formatting programs that
is, programghat producea text with justified right mar
gins, automaticpagenumberingand titling, automatic
hyphenationandthelike. nroff is designedo produce
output on terminals and line-printers. troff (pro-
nounced“tee-rof’) insteaddrives a phototypesetter
which producesvery high quality output on photo-
graphic paperThis paper ws formatted with tréf

Formatting Packages

The basicideaof nroff andtroff is thatthe text to
be formatted contains within it “formatting com-
mands’ thatindicatein detailhow the formattedtext is
to look. For example,there might be commandshat
specify how long lines are, whetherto use single or
double spacing,andwhat runningtitles to useon each
page.

Becauseroff andtroff arerelatively hardto learn
to use effectively, several “packages’ of cannedfor-
matting requestsare available to let you specify para-
graphs,running titles, footnotes,multi-column output,
andsoon, with little effort andwithout having to learn
nroff andtroff. Thesepackagesake a modesteffort to
learn,but therewards for usingthemaresogreatthatit
is time well spent.

In this section,we will provide a hastylook at the
“manuscript’ package knovn as -ms Formatting
requeststypically consistof a period and two upper
caseletters,suchas.TL, which is usedto introducea
title, or .PPto begin a nev paragraph.

A documentis typed so it looks somethinglike
this: .TL title of document. AU author name.SH sec-
tion heading.PPparagraph.. .PPanotherparagraph..
.SH anothersection heading.PP etc. The lines that
begin with a period are the formatting requests. For
example, .PP calls for startinga new paragraph. The
precisemeaningof .PPdependson what outputdevice
is beingused(typesetteror terminal, for instance)and
on what publicationthe documentwill appearin. For
example, -ms normally assumeshat a paragraphis
precededby a space(oneline in nroff, %2 line in troff),
and the first word is indented. Theserules can be
changedf you like, but they are changedby changing
the interpretationof .PP, not by re-typing the docu-
ment.

To actually producea documenin standardormat
using —-ms use the commandtroff -msfiles ... for the
typesetterand nroff -ms files ... for a terminal. The
—msargumenttells troff andnroff to usethe manuscript
package of formatting requests.

There are several similar packagescheckwith a
local expert to determinewhich onesare in common

use on your machine.

Supporting Tools

In additionto the basicformatters,thereis a host
of supportingprogramshathelp with documentrepa-
ration. Thelist in the next few paragraphss far from
complete, so browse through the manual and check
with people around you for other possibilities.

egn and negnlet you integrate mathematicsnto
the text of a document,in an easy-to-learnanguage
that closely resemblesthe way you would speakit
aloud. For example,the egninput sumfrom i=0 to n x
sub i “=" pi wer 2 produces the output

sum from i=0 to n x sub i "=" piver 2

The programtbl providesananalogousservicefor
preparingtatular material;it doesall the computations
necessaryo align complicatedcolumnswith elements
of varying widths.

refer preparesbibliographic citations from a data
base,in whateer style is defined by the formatting
package.lt looks afterall the detailsof numberingref-
erencesin sequencefilling in pageand volume num-
bers, getting the author initials and the journal name
right, and so on.

spellandtypo detectpossiblespelling mistalesin

a document. spell works by comparingthe words in

your documentto a dictionary printing thosethat are
not in the dictionary It knows enoughabout English
spellingto detectpluralsandthe like, soit doesa very
goodjob. typo looks for words which are “unusual’,

and prints those. Spelling mistales tend to be more
unusualandthusshav up early whenthe mostunusual
words are printed first.

greplooks througha setof files for linesthatcon-
tain a particular text pattern (rather like the editor's
context searctdoes but onabunchof files). For exam-
ple, grep'ing$ chap* will find all lines that end with
the lettersing in thefiles chap* (It is almostalways a
good practiceto put single quotesaroundthe pattern
you're searchingor, in caseit containscharactersike
* or $ thathave a specialmeaningto the shell.) grepis
often usefulfor finding outin which of a setof filesthe
misspelledwordsdetectedy spellareactuallylocated.

diff prints a list of the differencesbetweentwo
files, so you can comparetwo versionsof something
automatically (which certainly beats proofreadingby
hand).

wc countsthe words, lines and charactersn a set
of files. tr translatescharacteranto other characters;
for exampleit will corvert upperto lower caseandvice
versa. This translatesupper into lower: tr A-Z a-z
<input >output

sort sorts files in a variety of ways; cref makes
cross-references; ptx makes a permuted index
(keyword-in-contet listing). sedprovidesmary of the




editing facilities of ed but canapplythemto arbitrarily

long inputs. awk providesthe ability to do both pattern
matching and numeric computations,and to con-

veniently processfields within lines. Theseprograms
arefor moreadwancedusersandthey are not limited to

documentpreparation.Put themon your list of things
to learn about.

Most of theseprogramsare either independently
documentedlike eqn and tbl), or are suficiently sim-
ple thatthe descriptionin the Programmers Manual is
adequate eplanation.

Hints for Preparing Documents

Most documents go through several versions
(always morethanyou expected)beforethey are finally
finished. Accordingly you shoulddo whatever possi-
ble to malk the job of changing them easy

First, when you do the purely mechanicalopera-
tions of typing, type so that subsequengediting will be
easy Start eachsentenceon a new line. Make lines
short, and breaklines at natural places,such as after
commasand semicolons ratherthan randomly Since
most people changedocumentsby rewriting phrases
and adding, deleting and rearrangingsentencesthese
precautions simplify anediting you haeto do later

Keep the individual files of a documentdown to
modestsize,perhapgento fifteenthousandcharacters.
Largerfiles editmoreslowly, and of coursef you male
adumb mistale it's betterto have clobbereda smallfile
thana big one. Split into files at naturalboundariesn
the documentfor the samereasonghatyou starteach
sentence on a ndine.

The secondaspecf makingchangeeasyis to not
commityourselfto formattingdetailstoo early One of
the advantagesof formatting packagedike -ms s that
they permit you to delay decisionsto the last possible
moment. Indeed,until a documentis printed, it is not
even decidedwhetherit will betypesetor putonaline
printer.

As arule of thumb,for all but themosttrivial jobs,
you should type a documentin terms of a set of
requestdlike .PP, and then define them appropriately
either by using one of the cannedpackagegthe better
way) or by defining your own nroff and troff com-
mands. As long asyou have enteredthe text in some
systematiavay, it can always be cleanedup andre-for
matted by a judicious combination of editing com-
mands and request definitions.



IV. PROGRAMMING

Therewill be no attemptmadeto teachary of the
programminglanguagesvailable but a few words of
advicearein order One of thereasonavhy the system
is a productie programmingervironmentis that there
is alreadyarich setof tools available, andfacilities like
pipes, /O redirection,and the capabilitiesof the shell
often male it possibleto do a job by pastingtogether
programsthat already exist instead of writing from
scratch.

The Shell

The pipe mechanisnlets you fabricatequite com-
plicatedoperationsout of sparepartsthat alreadyexist.
For example, the first draft of the spell programwas
(roughly) cat ... collect the files | tr ... put
eat word on a new line | tr ... delete punctua-

tion, etc. | sort into dictionary order |
uniq discad duplicates| comm  print wordsin
text but not in dictionary More pieces

have been added subsequently but this goesa long
way for such a small efért.

The editor can be madeto do things that would
normally require special programson other systems.
For example,to list the first andlastlines of eachof a
setof files, suchasa book, you could laboriouslytype
edechapl.11p$pechapl.2lp $p etc. But you cando
the job muchmoreeasily One way is to typels chap*
>tempto getthelist of filenamesnto afile. Thenedit
this file to male the necessarseriesof editing com-
mands(usingthe global commandf ed), andwrite it
into script Now the commanded <scriptwill produce
the sameoutput as the laborioushand typing. Alter-
nately (and more easily), you can usethe fact that the
shell will performloops, repeatinga setof commands
over and over again for a setof aguments:for i in
chap* do ed $i <scriptdone This setsthe shell
variable i to eachfile namein turn, thendoesthe com-
mand. You cantype this commandat the terminal, or
put it in a file for later xecution.

Programming the Shell

An option often overlooked by nevcomersis that
the shell is itself a programminglanguage with vari-
ables, control flow if-else while, for, casg, subrou-
tines, and interrupt handling. Since there are mary
building-block programs,you can sometimesavoid
writing a nev program merely by piecing together
some of the bilding blocks with shell command files.

We will notgointo ary detailshere;examplesand
rules can be found in An Introductionto the by S. R.
Bourne

Programming in C

If you are undertakingarything substantial C is
the only reasonablehoice of programminglanguage:
everything in the systemis tunedto it. The system
itself is written in C, asare mostof the programsthat
runonit. It is alsoa easylanguaggo useonceyou get
started. C is introducedand fully describedin The C
ProgrammingLanguaye by B. W. KernighanandD. M.
Ritchie (Prentice-Hall,1978). Several sectionsof the
manualdescribethe systeminterfaces thatis, hov you
do I/O and similar functions. Read UNIX Program-
mingfor more complicated things.

Most input and outputin C is besthandledwith
the standardl/O library, which provides a set of 1/0
functions that exist in compatible form on most
machineghathase C compilers. In general,it's wisest
to confinethe systeminteractionsin a programto the
facilities provided by this library

C programsthatdon't dependtoo muchon special
featuresof (suchaspipes)canbe moved to other com-
putersthathave C compilers. Thelist of suchmachines
grows daily; in addition to the original it currently
includesat leastHongywell 6000, IBM 370, Interdata
8/32, DataGeneralNova and Eclipse,HP 2100,Harris
/7, VAX 11/780,SEL 86, and Zilog Z80. Callsto the
standard/O library will work on all of thesemachines.

There are a numberof supportingprogramsthat
go with C. lint checksC programsfor potentialporta-
bility problems,anddetectserrorssuchasmismatched
amgument types and uninitialize@nables.

For larger programs(arything whosesourceis on
more than one file) male allows you to specify the
dependencieamongthe sourcefiles andthe processing
stepsneededo male a new version;it thenchecksthe
times that the pieceswere last changedand doesthe
minimal amountof recompilingto createa consistent
updated ersion.

Thedetuggeradbis usefulfor diggingthroughthe
deadbodiesof C programshut is ratherhardto learnto
use effectively. The most effective dehugging tool is
still careful thought, coupledwith judiciously placed
print statements.

The C compilerprovidesa limited instrumentation
service,soyou canfind outwhereprogramsspendheir
time andwhat partsareworth optimizing. Compilethe
routineswith the —p option; after the testrun, useprof
to print an execution profile. The commandtime will
give you the grossrun-time statisticsof a program,but
they are not super accurate or reproducible.

Other Languages

If you haveto useFortran,therearetwo possibili-
ties. You might considerRatfor, which gives you the
decentcontrol structuresand free-forminput that char
acterizeC, yet lets you write codethatis still portable
to otherervironments. Bearin mind that Fortrantends
to producelarge andrelatively slowv-running programs.



Furthermore,supportingsoftware like adb, prof, etc.,
are all virtually uselesswith Fortran programs. There
may alsobe a Fortran 77 compileron your system. If
so, this is a viable alternatve to Ratfor, and has the
non-trivial adwantagethat it is compatiblewith C and
related programs. (The Ratfor processorand C tools
can be used withdftran 77 too.)

If your applicationrequiresyou to translatea lan-
guageinto a setof actionsor anothedanguageyou are
in effect building a compiler thoughprobablya small
one. In that case,you shouldbe using the yacccom-
piler-compiler which helps you develop a compiler
quickly. The lex lexical analyzergeneratordoesthe
same job for the simpler languagesthat can be
expressedas regular expressions. It can be used by
itself, or as a front end to recognizeinputs for a
yaccbasedprogram. Both yaccand lex require some
sophisticationto use, but the initial effort of learning
them can be repaidmary times over in programsthat
are easy to change later on.

Most systemsalsomale available otherlanguages,
such as Algol 68, APL, Basic, Lisp, Pascal, and
Snobol. Whethertheseare useful dependdargely on
the local ervironment:if someonecaresaboutthe lan-
guageandhasworkedonit, it maybein goodshape.If
not, the oddsarestrongthatit will be moretroublethan
it' sworth.



V. UNIX READING LIST

General:

K. L. Thompsonand D. M. Ritchie, Programmers

Manual, Bell Labomtories, 1978. Lists commands,
systemroutinesand interfaces,file formats,and some
of the maintenanceprocedues. You cant live without

this, althoughyou will probably only needto read sec-
tion 1.

Documentdor Usewith the Time-sharingSystem.\Vol-
ume 2 of the Programmers Manual. This contains
more extensivedescriptionsof major commandsand
tutorials and refelence manuals. All of the papes
listed beloware in it, as are descriptionsof mostof the
programs mentioned abe.

D. M. RitchieandK. L. Thompson,‘The Time-sharing
System; CACM, July 1974. An overview of the sys-
tem, for peopleinterestedn operatingsystems.Worth
readingby aryone who programs. Containsa remark-
ablenumberof one-sentencebserationson how to do
things right.

The Bell System Technical Journal (BSTJ) Special
Issue on July/August, 1978, contains mary papers
describingrecentdevelopments,andsomeretrospectie
material.

The 2nd InternationalConferenceon Software Engi-
neering (October 1976) contains several papers
describingthe useof the Programmes Workbenchver-

sion of

Document Preparation:

B. W. Kernighan,"“A Tutorial Introductionto the Text
Editor” and “AdvancedEditing on Bell Laboratories,
1978. Beginnersneedthe introduction; the advanced
material will help you get the most out of the editor

M. E. Lesk, “Typing Documentson Bell Laboratories,
1978. Describesthe —ms macro package,which iso-

latesthe navice from the vagariesof nroff andtroff, and

takes careof mostformattingsituations. If this specific
packagesn't available on your system,somethingsim-

ilar probably is. The most likely alternatve is the

macro package —mpsee your local guru if you use

B. W. Kernighanand L. L. Cherry “A System for
TypesettingMathematics, Bell LaboratoriesComput-
ing Science &ch. Rep. 17.

M. E. Lesk, “Tbl — A Programto Format Tables;
Bell Laboratories CSTR 49, 1976.

J. E OssannaJr, “NROFF/TROFF Users Manual,

Bell Laboratorie€CSTR54,1976. troff is the basicfor-

matterusedby -ms egnandtbl. Thereferencenanual
is indispensabléf you are going to write or maintain
these or similar program$8ut start with:

B. W. Kernighan,*A TROFF Tutorial,” Bell Laborato-
ries, 1976. An attemptto unravel the intricacies of

troff.

Programming:

B. W. Kernighanand D. M. Ritchie, The C Program-
ming Language, Prentice-Hall,1978. Containsa tuto-
rial introduction,completediscussionf all language
features, and the reference manual.

B. W. Kernighanand D. M. Ritchie, Programming)
Bell Laboratories,1978. Describeshow to interface
with the systemfrom C programs:|/O calls, signals,
processes.

S. R. Bourne,"An Introductionto the Shell;’ Bell Lab-
oratories,1978. An introductionandreferencemanual
for the Version 7 shell. Mandatory reading if you
intendto male effective use of the programmingpower
of this shell.

S. C. Johnson,*Yacc— Yet Another CompilerCom-
piler,” Bell Laboratories CSTR 32, 1978.

M. E. Lesk, “Lex — A Lexical Analyzer Generatq¥
Bell Laboratories CSTR 39, 1975.

S. C. Johnson;'Lint, aC ProgramChecler,” Bell Lab-
oratories CSTR 65, 1977.

S. 1. Feldman,"MAKE — A Programfor Maintaining
Computer Programs, Bell Laboratories CSTR 57,
1977.

J. E Maranzanoand S. R. Bourne,“A Tutorial Intro-
ductionto ADB,” Bell LaboratoriesCSTR 62, 1977.
An introductionto a powerful but complex dehugging
tool.

S. . FeldmanandP J. Weinbeger, ‘A PortableFortran
77 Compiler’ Bell Laboratories1978. A full Fortran
77 for systems.



