The PostScript programming language?

1 History and overview

Theprimaryadwantage®f theprogrammindanguagdostScriparethatit is simple efficient, andplatform-
independentlt is aninterpretedanguagehut the interpreteris simpleenoughthatit doesnot overturden
processorsOn the otherhand,it is powerful enoughto be a genuineprogramminganguage— not justa
markuplanguagelike HTML.

Today peopleusePostScripprimarily for describinggraphics.But PostScrips programmingacilities
areinterestingenoughto make themworth studyingon their own. In this paperwe’ll studyPostScriptas
aprogrammindanguage Our primaryinterestlies notin describinggraphicsbut in describingalgorithms
usingPostScript.

1.1 History

PostScriptderies historically from the languageForth, retainingmary of its features. Its development
beganin 1976, whenJohnGaffney developedthe languagecalled DesignSystenfor databasesf three-
dimensionafbraphics.JohnWarnockandMartin Newell pickedit up at Xerox PARC in 1978for their own
reasonsAnd it metits final version— andits namePostScript— whenJohnWarnockandChuckGeschie
foundedAdobe SystemsAdobecontinuego managePostScripandretainsatrademarlon its name.

Today PostScript primary useis for describingdocuments— for storing paperdocumentslectroni-
cally andfor sendingdocumentgo printers. Its simplicity, efficiengy, andplatform-independere male it
idealfor thewide variety of printerswith moderatgrocessingapacity

1.2 Thestack

PostScripis built entirelyaroundthe conceptof the stack. (To be specific,it’s the operand stack, but it's

soimportantthatthe opeiand partof the nameis often omitted.) The stackholdsthe datathatthe program

is currentlyusing,including parameterandreturnvalues,intermediatgesults andevenprogramcode.
Throughouthis tutorial, Il draw the stackwith thetopmostelementbon theright.

1.3 Data

Thestackcanhold avariety of typesof information. Thefollowing enumeratethetypesthatareimportant
in our study

e numericobjects(integers,reals,andBooleans)
e stringsandarrays

e namesA nameis ary sequencef non-whitespacenon-speciatharactershatcant be understood
asanumber PostScrips special charactersare'(’, )", ‘<, >, ‘[, ‘], '{" ‘}’, ‘%, and‘/ "))

¢ dictionaries(We’'ll seethesein Sectior4.)

Associatedvith eachpieceof datais a singlebit calledthe executable attribute. If this bit isn’t set,it
is saidto havetheliteral attribute; executingaliteral pieceof datasimply pusheghe objectontothe stack.
If it hasthe executableattribute, hovever, executingthe datamay have differentbehaior.
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¢ An executabldanteger, real,or stringsimply pushestself ontothe stack.
¢ An executablenameexecuteghe operationassociatedavith thename.
e An executablearrayexecutesachitemin thearray in sequence.

A programis just a sequencef piecesof data,separatedy whitespace.The PostScriptinterpreter
executesachpieceof datain sequence.

2 Programming

That’s the abstract,introductorystuff. Now let's delve into someactual programs. We’'ll begin with a
simple programto multiply two numberstogetherto illustrate how the stackworks. Thenwe’ll look ata
programthat usessomeof PostScrips control structures. Thenwe’ll seehow a PostScriptprogramcan
definevariablesandproceduresWe'll tacklearecursve PostScripfunction,andclosewith somestylistic
comments.

2.1 A simpleprogram

Let’s startwith avery simplePostScripprogram.

6 9 mul =

Whenthe interpreteris given this program,it prints “54” to the display In fact, you cantry this out on
a computerby usinga popularPostScriptinterpretercalled Ghostscript On mary Unix systemsyou can
invoke it asfollows.

% gs Type ‘‘gs’’ at the pronpt to start it
Al addi n CGhostscript 3.33 (4/10/1995)
Copyright (C 1995 Al addin Enterprises, Menlo Park, CA Al rights

reserved.

This software conmes with NO WARRANTY: see the file COPYING for details.
GS>6 9 mul = ‘*GS>'" is the pronpt. Type the program

54

GS> Ghostscript is pronpting for nore.

To stopGhostscripttype control-C.
Heres how our PostScripprogramworks.

1. WhenthePostScriptnterpretereadsanumberit pushegshenumberontothestack.Sothefirstword,
“6,” beinganumber getspushedontothe stack.

2. Thenext word,"9,” getspushedontothe stack.The stacknow holds6 9.

3. Whentheinterpretersencounters& namelike mul , it executeswhatis associatedavith the name.In
this casejt popsthetop two itemsoff thestack,multipliesthemtogetherandpusheghe productonto
the stackagain.(If thetoptwo itemsarent bothnumeric,theinterpreteiwould give atypeerror) So
thestackis now 54.

4. Thentheinterpreterencountershe name=, which popsthetop pieceof datafrom the stackandprints
it to the screen At this pointtheinterpretemprints“54” to thescreen.



2.2 Control structures

PostScripiprovidesa variety of nameghat provide usefulwaysof controlling executionof otherpiecesof
data. For example,ther epeat namepopstwo itemsfrom the stack: first an executablearray andthen
aninteger. (If thefirstisn’t anexecutablearray or the secondsn'’t aninteger, thereis atypeerror) Then
repeat executegheexecutablearraythe numberof timesdescribedy theinteger

For example thefollowing programfinds 53.

13{ 5 ml } repeat =

Thebracesspecifyanarraywith theexecutableattribute. Whentheinterpreterencountershis, it pusheghe
entireexecutablearrayontothe stack.
If run,theinterpretemprints“125”. Hereis whathappens.

1. Theinterpreterpushed. Stack:1.

2. Theinterpretempushes3. Stack:1 3.

3. Theinterpretempushegsheexecutablearray{5 mul }. Stack:1 3 {5 nul }.
4. Theinterpreterexecutes epeat . Both3 and{5 nul } arepopped.Stack:1.

(a) The interpreterexecutes{ 5 nul } once. First 5 is pushedonto the stackand thenmmul is
executed.Stack:5.

(b) Theinterpreterexecuted 5 mul } asecondime. First5 is pushedntothe stackandthennul
is executed.Stack:25.

(c) Theinterpreterexecuted 5 nul } thethird time. First5 is pushedntothe stackandthenmul
is executed.Stack:125.

5. Theinterpreterexecutes=. Theinterpreterpops125 anddisplaysit.

Thei f namegivesyou a way of specifyingwhethersomethingshould occur It popsoff first an
executablearray andthena Boolean. If the Booleanis true, it executesthe executablearray Otherwise,
nothingmorehappensAn example:

30gt { 42 =1} if

The gt namedeterminegopsoff two numbersand pusheshe Booleanvaluetrue if the secondnumber
poppedis greaterthan the first, and false otherwise. So this sequenceprints 42 if 3 > 0, and nothing
otherwise (In otherwords,it justprints42 — | didn’t claimit wasa very interestingexample.)

2.3 Associating data with names

Thedef namegivesaway of associating pieceof datawith aname.Thedef procedurgopsa pieceof
data,andthena namefrom the stack. It thenassociatethe pieceof datawith the name. In this way, you
canhave somethindike avariableor aprocedure.

But sofar, wedont have away of gettinganameontothestack— every time theinterpreterencounters
aname,it just executedt. We cangeta nameontothe stackby prefixingit with aslash.(The slashgives
thenametheliteral attribute.)

/pi 3.14159 def



Theabore exampleassociatethenamepi with thevalue3.14159. Solaterwe canusepi if welike.
6 pi nmul =

Whentheinterpreterreache®i , it executesghevalueof pi ; asa number this value pushestself ontothe
stack.Theneteffect of theabove PostScripis to displaythe number18.8495.

By associatinga namewith anexecutablearray you cangeta procedureor function. For example,the
following definesafunctionthatcomputeghe circumferencef acircle givenits radius.(RecallC = 2xr.)

/circunference { 2 pi mul rmul } def
3 circunference =

Whengivento theinterpreterthedata{ 2 pi nmul nul } isassociateavith thenameci r cunf er ence.
The 3 is then pushedonto the stack,and thenthe executablearray associatedvith ci r cunf er ence is
executed.

2.4 Recursion

Beforelooking at this final program thereis onefinal cateyory of usefuloperatorsstackoperatorsOneof
thesimplestis dup, which popsoff onedataitem from the stackandpushegwo copiesof it backon.

Now considerthe following recursve programto computethe factorialof a number (Thesub name
popsthetop two numberdrom the stackandpushegheresultof subtractinghem.)

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

As you might expect,theabaore would print 24.

Figurel illustrateshow the stackchange®vertime asthef act nameis executedn this example.As
youwill seeif youtry to stepthroughthisyourself,PostScripmaintaingts own execution stack internally
justasotherprogramminganguagesThe operandstackis independentf the executionstack.

2.5 Programming style

Commentsn PostScripbegin with a percentsign (‘%) andextendto theendof theline.

Wethink left-to-right, but PostScriptontrolstructuresreinvertedfrom this. For example thei f word
doesnt comeuntil after we list whatshouldbedoneif theconditionis true. Whenyouusei f , r epeat , or
anothercontrolstructuresit’sgoodprogrammingstyleto useacommenttthebeginningof eachexecutable
arrayto tell the gentlereademwhatis comingafterthe executablearray

Hereis our earlierrecursve factorialprogram formattedmorenicely.

[fact { %def

dup 1 gt { %f
dup 1 sub fact nul
}oif
} def

4 fact = % conpute and print 4!
3 PostScript operators
MasteringPostScriptprogrammingfrom hereis largely a matterof broadeningyour knowledgeof the li-

brary of namesbuilt into the language.Hereis a samplingof the mostimportantonesfor the purposef
programming.



4 Execution begins with 4 previously pushed.
4 4

4 41

4 true

4 true {dup 1 sub fact nul}

4 4 We begin executing the array

4 41

4 3

4 3 3 W' ve entered the recursive call, duplicating
4331

4 3 true

4 3 true {dup 1 sub fact mul}

4 3 3

4331

4 32

4322 W’ ve entered another recursive cal
43221

4 3 2 true

4 3 2 true {dup 1 sub fact mul}

4322

43221

4321

43211 W’ ve entered another recursive cal
432111

4 321 false

4 32 1 false {dup 1 sub fact mul}

4321 We're about to exit this recursive cal
4 3 2 We exit another recursive call

4 6 We exit another recursive cal

24 We exit the initial execution of fact

Figurel: Stackcontentchangesis4 f act executes.



3.1 Stack operators

clear Popseverythingfrom the stack.
dup Duplicatesthetop elementof the stack.
exch Exchangeshetoptwo elementsn the stack.

index Popsanintegern from the stackandpushesa copy of the stacks nth object(with 0 beingthe object
thatwasjustbelov n).

pop Popsthetop elementirom the stack.
stack Printsthe contentsof the stack(nothingis removed).
= Popsthetop elementirom the stackandprintsit.

3.2 Arithmetic operators

add Popsthetoptwo numbersandpushegheirsum.

div Popsthetop two numbersaandpushegheir quotientasareal.

eq Popsthetoptwo numbersandpushesa Booleansayingwhetherthey areequal.

ge Popsthetop two numbersandpushesa Booleansayingwhetherthe seconds atleastthetop.
gt Popsthetoptwo numbersaandpushesa Booleansayingwhethertheseconds greaterthanthetop.
idiv Popsthetop two numbersandpushesgheir integer quotientignoringary remainder

le Popsthetop two numbersandpushesa Booleansayingwhetherthe seconds at mostthetop.
It Popsthetop two numbersandpushes Booleansayingwhetherthe seconds lessthanthetop.
mod Popsthetop two numbersandpushegheir modulus(remainder).

mul Popsthetop two numbersandpushesheir product.

ne Popsthetoptwo numbersandpushesa Booleansayingwhetherthey arenotequal.

sub Popsthetop two humbersaandpushegheir difference.

3.3 Logical operators

and Popsthetoptwo Booleansandpusheghelogical AND of them.
false PushesheBooleanvaluefalse

not Popsthetop Booleansandpusheghelogical NOT of it.

or Popsthetop two Booleansandpusheghelogical OR of them.
true PushegheBooleanvaluetrue

3.4 Control operators

exec Popsthetop elementof the stackandexecutest.
exit Exitsthecurrentlyexecutingloop.

for Popsfour items:theinteger init, theintegerincr, theinteger final, andanexecutablearray Then,for
eachintegerstartingatinit andgoingby stepsof incr until passingfinal, it pusheshecurrentinteger
ontothestackandthenexecuteghearray

Thefollowing exampleis analternatve way of computing4!.
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1114{ mul } for

if Popsa Booleanandan executablearrayfrom the stack. If the Booleanis true, the interpreterexecutes
thearray

ifelse Popsa Booleanandtwo executablearraysfrom the stack. The interpreterexecuteghefirst arrayif
theBooleanis true, andthe secondtop) arrayotherwise.

loop Popsanexecutablearrayfrom the stackandrepeatedlyexecutesdt (until exi t is executed).

repeat Popsaninteger andan executablearray and executesthe arraythe numberof timesgiven by the
integer

3.5 Graphicsoperators

PostScripigraphicsmaintaina path asyou draw. ConceptuallyPostScriptmaintainsa cursorlocationon
the page.As you mave, you accumulatea path. The pathis not displayeduntil you executethe st r oke
operator

closepath Closegthe pathby addingaline from the currentpositionto the path’ startingpoint.
lineto Popsthetop two integersz andy andaddsa line from the currentpositionto (z, y) to the path.
moveto Popsthetoptwo integersz andy andstartsanew pathfrom the position(z, y).

showpage Shaws the currentpage(printing it on a printer) andthenclearsthe graphicsbuffer for a new
blankpage.

stroke Drawsthecurrentpathasaccumulatedofar.

4 Dictionaries

If you're a narrav-minded programmemwhosemind is yet to be broadenedy PostScript,you might be
tempteddefinef act thefollowing way.

/fact {

/i exch def

1

110 { mul } for
} def

This usesa moretraditionalimperatve style by definingthe namei to be the parameteandthenusingit
later Thisf act definitiondoesindeedwork.?

However, it hasa problem.Supposéd act is beingusedwithin alargercontect thathasits own designs
onthei name.

0

115 { /i exch def
5 fact
51 sub fact idiv
i fact idiv

} for
2This is somavhat, contrived, though.A simplerdefinitionis thefollowing: / f act {1 exch -1 1 {rmul} for} def.




This programwon't work assurelywasintended becauseachtimef act occurs, getsredefinedvith a
differentvalue.

PostScripprovidesasolutionto this quandarythedictionary. Thedictionaryis adifferenttypeof data
thatrepresenta namespacelhedef operatorassociatea valuewith anamein the currentdictionary but
with otheroperatorsyou canchangethe currentdictionary

In fact, thereis yet anotherstack called the dictionary stack. The interpreteralways usesthe top
dictionaryin thedictionarystackwhenit encounters& name but asa programprogressegou canpushand
popdictionariesfrom thedictionarystack.

Dictionariesgive the programmethe opportunityto definea separatmamespacato which definitions
go. Hereis amodifiedf act thatillustratesthe useof adictionary

/fact {

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

Herearethedictionary-relatesperators.

begin Popsadictionaryfrom the operandstackandpushest to thedictionarystack.
currentdict Createsacopy of thetop of thedictionarystackandplacesit in the operandstack.

def Popsanameanda pieceof datafrom the stackandadds(or replaceshanassociatiorof the namewith
the datainto the currentdictionary

dict Popsan integer from the operandstack and pushesa blank dictionary to the operandstack. The
maximumnumberof nameddefinedin the dictionaryis givenby the poppednteger

end Popsthetop of thedictionarystack.

5 Printable PostScript
If you have a PostScripprogramthatusesPostScrips graphicalcapabilitiesyou maywantto sendit to a
printer Printersgenerallyrequirethefollowing asthefirstline if the PostScripprogram.

9% PS- Adobe-2.0
For example,if you madethefollowing text file andprintedit to a PostScripprinter, it would print a page
with adiagonalline acrosst.

9% PS- Adobe-2.0
0 0 noveto 500 500 lineto stroke showpage



