
The PostScript programming language1

1 History and overview

Theprimaryadvantagesof theprogramminglanguagePostScriptarethatit is simple,efficient,andplatform-
independent.It is an interpretedlanguage,but the interpreteris simpleenoughthat it doesnot overburden
processors.On theotherhand,it is powerful enoughto bea genuineprogramminglanguage— not just a
markuplanguage,like HTML.

Today, peopleusePostScriptprimarily for describinggraphics.But PostScript’s programmingfacilities
areinterestingenoughto make themworth studyingon their own. In this paper, we’ll studyPostScriptas
a programminglanguage:Our primaryinterestlies not in describinggraphics,but in describingalgorithms
usingPostScript.

1.1 History

PostScriptderives historically from the languageForth, retainingmany of its features. Its development
beganin 1976,whenJohnGaffney developedthe languagecalledDesignSystemfor databasesof three-
dimensionalgraphics.JohnWarnockandMartin Newell pickedit up at Xerox PARC in 1978for their own
reasons.And it metits final version— andits namePostScript— whenJohnWarnockandChuckGeschke
foundedAdobeSystems.Adobecontinuesto managePostScriptandretainsa trademarkon its name.

Today, PostScript’s primaryuseis for describingdocuments— for storingpaperdocumentselectroni-
cally andfor sendingdocumentsto printers. Its simplicity, efficiency, andplatform-independence make it
idealfor thewidevarietyof printerswith moderateprocessingcapacity.

1.2 The stack

PostScriptis built entirelyaroundtheconceptof the stack. (To bespecific,it’s theoperand stack, but it’s
soimportantthattheoperand partof thenameis oftenomitted.)Thestackholdsthedatathat theprogram
is currentlyusing,includingparametersandreturnvalues,intermediateresults,andevenprogramcode.

Throughoutthis tutorial, I’ ll draw thestackwith thetopmostelementon theright.

1.3 Data

Thestackcanholdavarietyof typesof information.Thefollowing enumeratesthetypesthatareimportant
in ourstudy.

� numericobjects(integers,reals,andBooleans)

� stringsandarrays

� names(A name is any sequenceof non-whitespace,non-specialcharactersthatcan’t beunderstood
asanumber. PostScript’s special characters are‘(’, ‘)’, ‘<’, ‘>’, ‘[’, ‘]’, ‘{’ ‘}’, ‘%’, and‘/’.)

� dictionaries(We’ll seethesein Section4.)

Associatedwith eachpieceof datais a singlebit calledtheexecutable attribute. If this bit isn’t set,it
is saidto have theliteral attribute; executinga literal pieceof datasimplypushestheobjectontothestack.
If it hastheexecutableattribute,however, executingthedatamayhave differentbehavior.
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� An executableinteger, real,or stringsimplypushesitself ontothestack.

� An executablenameexecutestheoperationassociatedwith thename.

� An executablearrayexecuteseachitem in thearray, in sequence.

A programis just a sequenceof piecesof data,separatedby whitespace.The PostScriptinterpreter
executeseachpieceof datain sequence.

2 Programming

That’s the abstract,introductorystuff. Now let’s delve into someactualprograms. We’ll begin with a
simpleprogramto multiply two numberstogether, to illustratehow thestackworks. Thenwe’ll look at a
programthat usessomeof PostScript’s control structures.Thenwe’ll seehow a PostScriptprogramcan
definevariablesandprocedures.We’ll tacklea recursive PostScriptfunction,andclosewith somestylistic
comments.

2.1 A simple program

Let’s startwith avery simplePostScriptprogram.

6 9 mul =

Whenthe interpreteris given this program,it prints “54” to the display. In fact, you can try this out on
a computerby usinga popularPostScriptinterpretercalledGhostscript. On many Unix systems,you can
invoke it asfollows.

% gs Type ‘‘gs’’ at the prompt to start it
Aladdin Ghostscript 3.33 (4/10/1995)
Copyright (C) 1995 Aladdin Enterprises, Menlo Park, CA. All rights
reserved.
This software comes with NO WARRANTY: see the file COPYING for details.
GS>6 9 mul = ‘‘GS>’’ is the prompt. Type the program.
54
GS> Ghostscript is prompting for more.

To stopGhostscript,typecontrol-C.
Here’s how ourPostScriptprogramworks.

1. WhenthePostScriptinterpreterreadsanumber, it pushesthenumberontothestack.Sothefirst word,
“6,” beinganumber, getspushedontothestack.

2. Thenext word, “9,” getspushedontothestack.Thestacknow holds6 9.

3. Whenthe interpretersencountersa namelike mul, it executeswhat is associatedwith thename.In
thiscase,it popsthetoptwo itemsoff thestack,multipliesthemtogether, andpushestheproductonto
thestackagain.(If thetop two itemsaren’t bothnumeric,theinterpreterwould givea typeerror.) So
thestackis now 54.

4. Thentheinterpreterencountersthename=, whichpopsthetoppieceof datafrom thestackandprints
it to thescreen.At thispoint theinterpreterprints“54” to thescreen.
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2.2 Control structures

PostScriptprovidesa varietyof namesthatprovide usefulwaysof controllingexecutionof otherpiecesof
data. For example,therepeat namepopstwo itemsfrom the stack: first an executablearray, andthen
an integer. (If thefirst isn’t anexecutablearray, or thesecondisn’t an integer, thereis a typeerror.) Then
repeat executestheexecutablearraythenumberof timesdescribedby theinteger.

For example,thefollowing programfinds ��� .
1 3 { 5 mul } repeat =

Thebracesspecifyanarraywith theexecutableattribute.Whentheinterpreterencountersthis, it pushesthe
entireexecutablearrayontothestack.

If run, theinterpreterprints“125”. Hereis whathappens.

1. Theinterpreterpushes� . Stack:1.

2. Theinterpreterpushes� . Stack:1 3.

3. Theinterpreterpushestheexecutablearray{5 mul}. Stack:1 3 {5 mul}.

4. Theinterpreterexecutesrepeat. Both � and{5 mul} arepopped.Stack:1.

(a) The interpreterexecutes{5 mul} once. First � is pushedonto the stackand thenmul is
executed.Stack:5.

(b) Theinterpreterexecutes{5 mul} asecondtime. First � is pushedontothestackandthenmul
is executed.Stack:25.

(c) Theinterpreterexecutes{5 mul} thethird time. First � is pushedontothestackandthenmul
is executed.Stack:125.

5. Theinterpreterexecutes=. Theinterpreterpops ���	� anddisplaysit.

The if namegives you a way of specifyingwhethersomethingshouldoccur. It popsoff first an
executablearrayandthena Boolean. If the Booleanis true, it executesthe executablearray. Otherwise,
nothingmorehappens.An example:

3 0 gt { 42 = } if

Thegt namedeterminespopsoff two numbersandpushesthe Booleanvalue true if the secondnumber
poppedis greaterthan the first, and false otherwise. So this sequenceprints 
�� if �
��� , and nothing
otherwise.(In otherwords,it justprints 
�� — I didn’t claim it wasavery interestingexample.)

2.3 Associating data with names

Thedef namegivesa way of associatinga pieceof datawith a name.Thedef procedurepopsa pieceof
data,andthena namefrom thestack. It thenassociatesthepieceof datawith thename.In this way, you
canhave somethinglike avariableor aprocedure.

But sofar, wedon’t haveawayof gettinganameontothestack— every timetheinterpreterencounters
a name,it just executesit. We cangeta nameonto thestackby prefixing it with a slash.(Theslashgives
thenametheliteral attribute.)

/pi 3.14159 def
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Theabove exampleassociatesthenamepi with thevalue ������
����	� . Solaterwe canusepi if we like.

6 pi mul =

Whentheinterpreterreachespi, it executesthevalueof pi; asa number, this valuepushesitself ontothe
stack.Theneteffectof theabove PostScriptis to displaythenumber��������
��	� .

By associatinga namewith anexecutablearray, you cangeta procedureor function. For example,the
following definesa functionthatcomputesthecircumferenceof acirclegivenits radius.(Recall ���
����� .)

/circumference { 2 pi mul mul } def
3 circumference =

Whengivento theinterpreter, thedata{2 pi mul mul} is associatedwith thenamecircumference.
The3 is thenpushedonto the stack,andthenthe executablearrayassociatedwith circumference is
executed.

2.4 Recursion

Beforelooking at this final program,thereis onefinal category of usefuloperators:stackoperators.Oneof
thesimplestis dup, whichpopsoff onedataitemfrom thestackandpushestwo copiesof it backon.

Now considerthe following recursive programto computethe factorialof a number. (Thesub name
popsthetop two numbersfrom thestackandpushestheresultof subtractingthem.)

/fact { dup 1 gt { dup 1 sub fact mul } if } def
4 fact =

As youmight expect,theabove wouldprint ��
 .
Figure1 illustrateshow thestackchangesover time asthefact nameis executedin this example.As

youwill seeif youtry to stepthroughthisyourself,PostScriptmaintainsits own execution stack internally,
justasotherprogramminglanguages.Theoperandstackis independentof theexecutionstack.

2.5 Programming style

Commentsin PostScriptbegin with a percentsign(‘%’) andextendto theendof theline.
Wethink left-to-right,but PostScriptcontrolstructuresareinvertedfrom this. For example,theif word

doesn’t comeuntil after welist whatshouldbedoneif theconditionis true.Whenyouuseif, repeat, or
anothercontrolstructures,it’sgoodprogrammingstyleto useacommentat thebeginningof eachexecutable
arrayto tell thegentlereaderwhatis comingaftertheexecutablearray.

Hereis ourearlierrecursive factorialprogram,formattedmorenicely.

/fact { %def
dup 1 gt { %if

dup 1 sub fact mul
} if

} def

4 fact = % compute and print 4!

3 PostScript operators

MasteringPostScriptprogrammingfrom hereis largely a matterof broadeningyour knowledgeof the li-
braryof namesbuilt into the language.Hereis a samplingof themostimportantonesfor thepurposesof
programming.
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4 Execution begins with 4 previously pushed.
4 4
4 4 1
4 true
4 true {dup 1 sub fact mul}
4 4 We begin executing the array
4 4 1
4 3
4 3 3 We’ve entered the recursive call, duplicating
4 3 3 1
4 3 true
4 3 true {dup 1 sub fact mul}
4 3 3
4 3 3 1
4 3 2
4 3 2 2 We’ve entered another recursive call
4 3 2 2 1
4 3 2 true
4 3 2 true {dup 1 sub fact mul}
4 3 2 2
4 3 2 2 1
4 3 2 1
4 3 2 1 1 We’ve entered another recursive call
4 3 2 1 1 1
4 3 2 1 false
4 3 2 1 false {dup 1 sub fact mul}
4 3 2 1 We’re about to exit this recursive call
4 3 2 We exit another recursive call
4 6 We exit another recursive call
24 We exit the initial execution of fact

Figure1: Stackcontentchangesas4 fact executes.
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3.1 Stack operators

clear Popseverythingfrom thestack.

dup Duplicatesthetopelementof thestack.

exch Exchangesthetop two elementsin thestack.

index Popsaninteger � from thestackandpushesacopy of thestack’s � th object(with � beingtheobject
thatwasjustbelow � ).

pop Popsthetopelementfrom thestack.

stack Printsthecontentsof thestack(nothingis removed).

= Popsthetopelementfrom thestackandprintsit.

3.2 Arithmetic operators

add Popsthetop two numbersandpushestheir sum.

div Popsthetop two numbersandpushestheir quotientasa real.

eq Popsthetop two numbersandpushesaBooleansayingwhetherthey areequal.

ge Popsthetop two numbersandpushesaBooleansayingwhetherthesecondis at leastthetop.

gt Popsthetop two numbersandpushesaBooleansayingwhetherthesecondis greaterthanthetop.

idiv Popsthetop two numbersandpushestheir integerquotientignoringany remainder.

le Popsthetop two numbersandpushesaBooleansayingwhetherthesecondis at mostthetop.

lt Popsthetop two numbersandpushesa Booleansayingwhetherthesecondis lessthanthetop.

mod Popsthetop two numbersandpushestheirmodulus(remainder).

mul Popsthetop two numbersandpushestheir product.

ne Popsthetop two numbersandpushesaBooleansayingwhetherthey arenotequal.

sub Popsthetop two numbersandpushestheir difference.

3.3 Logical operators

and Popsthetop two BooleansandpushesthelogicalAND of them.

false PushestheBooleanvaluefalse

not PopsthetopBooleansandpushesthelogicalNOT of it.

or Popsthetop two BooleansandpushesthelogicalOR of them.

true PushestheBooleanvaluetrue

3.4 Control operators

exec Popsthetopelementof thestackandexecutesit.

exit Exits thecurrentlyexecutingloop.

for Popsfour items: theinteger  "!� $# , theinteger  %!'&)( , theinteger *+!-,�. , andanexecutablearray. Then,for
eachintegerstartingat  "!� $# andgoingby stepsof  "!-&�( until passing*+!-,	. , it pushesthecurrentinteger
ontothestackandthenexecutesthearray.

Thefollowing exampleis analternative way of computing
0/ .
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1 1 1 4 { mul } for

if Popsa Booleanandan executablearrayfrom thestack. If theBooleanis true, the interpreterexecutes
thearray.

ifelse Popsa Booleanandtwo executablearraysfrom thestack.The interpreterexecutesthefirst arrayif
theBooleanis true, andthesecond(top) arrayotherwise.

loop Popsanexecutablearrayfrom thestackandrepeatedlyexecutesit (until exit is executed).

repeat Popsan integer andan executablearrayandexecutesthe arraythe numberof timesgiven by the
integer.

3.5 Graphics operators

PostScriptgraphicsmaintaina path asyou draw. Conceptually, PostScriptmaintainsa cursorlocationon
thepage.As you move, you accumulatea path. Thepathis not displayeduntil you executethestroke
operator.

closepath Closesthepathby addinga line from thecurrentpositionto thepath’s startingpoint.

lineto Popsthetop two integers1 and 2 andaddsa line from thecurrentpositionto 3"15462�7 to thepath.

moveto Popsthetop two integers1 and 2 andstartsanew pathfrom theposition 3"1846207 .
showpage Shows the currentpage(printing it on a printer) andthenclearsthe graphicsbuffer for a new

blankpage.

stroke Draws thecurrentpathasaccumulatedsofar.

4 Dictionaries

If you’re a narrow-mindedprogrammerwhosemind is yet to be broadenedby PostScript,you might be
tempteddefinefact thefollowing way.

/fact {
/i exch def
1
1 1 i { mul } for

} def

This usesa moretraditionalimperative styleby definingthenamei to be theparameterandthenusingit
later. Thisfact definitiondoesindeedwork.2

However, it hasaproblem.Supposefact is beingusedwithin a largercontext thathasits own designs
on thei name.

0
1 1 5 { /i exch def

5 fact
5 i sub fact idiv
i fact idiv

} for
2This is somewhat,contrived,though.A simplerdefinitionis thefollowing: /fact {1 exch -1 1 {mul} for} def.
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This programwon’t work assurelywasintended,becauseeachtimefact occurs,i getsredefinedwith a
differentvalue.

PostScriptprovidesasolutionto thisquandary:thedictionary. Thedictionaryis adifferenttypeof data
thatrepresentsanamespace.Thedef operatorassociatesavaluewith anamein thecurrentdictionary, but
with otheroperatorsyoucanchangethecurrentdictionary.

In fact, there is yet anotherstackcalled the dictionary stack. The interpreteralways usesthe top
dictionaryin thedictionarystackwhenit encountersaname,but asaprogramprogressesyoucanpushand
popdictionariesfrom thedictionarystack.

Dictionariesgive theprogrammertheopportunityto defineaseparatenamespaceinto whichdefinitions
go. Hereis amodifiedfact thatillustratestheuseof adictionary.

/fact {
1 dict begin
/i exch def
1
1 1 i { mul } for
end

} def

Herearethedictionary-relatedoperators.

begin Popsadictionaryfrom theoperandstackandpushesit to thedictionarystack.

currentdict Createsa copy of thetopof thedictionarystackandplacesit in theoperandstack.

def Popsa nameanda pieceof datafrom thestackandadds(or replaces)anassociationof thenamewith
thedatainto thecurrentdictionary.

dict Popsan integer from the operandstackand pushesa blank dictionary to the operandstack. The
maximumnumberof namesdefinedin thedictionaryis givenby thepoppedinteger.

end Popsthetopof thedictionarystack.

5 Printable PostScript

If you have a PostScriptprogramthatusesPostScript’s graphicalcapabilities,you maywant to sendit to a
printer. Printersgenerallyrequirethefollowing asthefirst line if thePostScriptprogram.

%!PS-Adobe-2.0

For example,if you madethefollowing text file andprintedit to a PostScriptprinter, it would print a page
with adiagonalline acrossit.

%!PS-Adobe-2.0
0 0 moveto 500 500 lineto stroke showpage
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