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ABSTRACT

This manualdescribesthe primitive datastructures,facilities andfunctions
presentin thePortableStandardLISP (PSL)system.It describestheimple-
mentationdetailsandfunctionsof interestto a PSLprogrammer. Exceptfor
asmallnumberof hand-codedroutinesfor I/O andefficient functioncalling,
PSLiswrittenentirelyin itself,usingamachine-orientedmodeof PSL,called
SYSLisp,to performword, byte,andefficient integerandstringoperations.
PSLis compiledby anenhancedversionof thePortableLISPCompiler, and
currentlyrunsonmany platforms,from personalcomputersupto supercom-
puters.
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Intr oduction

1.1 OpeningRemarks

This documentdescribesPSL (PortableStandardLisp � ), a portable,”small” and fast
LISP developedoriginally at theUniversityof UtahandtheHewlett-PackardCompany.
The presentversionof PSL is supportedby the Konrad–Zuse-ZentrumBerlin. PSL is
upward-compatiblewith StandardLisp � . In mostcases,StandardLisp did not commit
itself to specificimplementationdetails(sinceit wasto becompatiblewith a portionof
”most” LISPs). PSL is morespecificandprovidesmany morefunctionsthandescribed
in thatreport.
Thegoalsof PSLinclude:

� Providing implementationtoolsfor LISPthatcanbeusedto implementavarietyof
LISP-likesystems,includingmini-Lispsembeddedin otherlanguagesystems.

� Effectively supportingthealgebrasystemonanumberof machines.

� Studyingtheutility of a LISP-basedsystemslanguagefor otherapplications(such
asCAGD or VLSI design)in which Lisp codeprovidesefficiency comparableto
thatof C or BCPL,yet enjoys theinteractiveprogramdevelopmentanddebugging
environmentof LISP.

1.2 Scopeof the Manual

This manualis intendedto describethe syntax,semantics,andimplementationof PSL.
While wehaveattemptedto makeit comprehensive,it is not intendedfor useasaprimer.
Someprior exposureto LISPwill prove to beveryhelpful.

1.2.1 Typographic Conventionswithin the Manual

A large portion of this manualis devotedto descriptionsof the functionsthat make up
PSL. For eachfunction thereis a prototypicalheaderline. Eachargumentis given a
name,followedby thetypeof argumentexpected.If morethanonetypeis allowedthen
the choiceswill be enclosedwithin the brackets � , and � . For example,the following
headershowsa functionnamedvector-fetchwhichacceptstwo arguments.Thefirst V, is
avector, thesecondI, is aninteger. Thetermexpr refersto a typeof function.
�
”LSP” backwards!�
J.B. Marti, A. C. Hearn,M. L. Griss,C. Griss:TheStandardLisp Report

1
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(vector-fetch V:vector I:integer): any expr
Thevaluereturnedis thei’ th elementof thevectorV.

Within compiledcode,somefunction calls are replacedby a sequenceof instructions
whoseexecutionis equivalentto acall on thefunction.Functionsof this typewill havea
notesayingopen-compilednext to thefunctiontype.
Somefunctionsacceptanarbitrarynumberof arguments.Theheaderfor thesefunctions
showsa singleargumentenclosedin squarebrackets,indicatingthatzeroor moreoccur-
rencesof thatargumentareallowed.

(and [U:form]): extra-boolean fexpr
And is afunctionwhichacceptszeroor moreargumentseachof whichmay
beany form.

In somecases,LISP codeis given in the functiondocumentationasthe function’s defi-
nition. This codeis givento clarify thesemanticsof thefunction,it is not a copy of the
actualPSLdefinition.

1.3 Hints on Using the PSL System

The following sub-sectionscollect a few miscellaneousnotesthat arefurther expanded
onelsewhere.They areprovidedheresimply to getyoustarted.

1.3.1 Loading Optional Modules

Certainmodulesarenot presentin the ”kernel” or ”bare-psl”system,but canbe loaded
asoptions.Someof theseoptionalmoduleswill beautomaticallyloadedwhenfirst ref-
erenced.Othermodulesmaybeexplicitly loadedby theuser, or includedby theinstaller
whenbuilding the PSL core image. Optionalmodulescanbe loadedby executingthe
following.

(load modulename)

Whena moduleis loadedits nameis addedto a list referencedby the global variable
options*.ThemoduleswhichmakeuptheBARE-PSLkernelarenot includedin this list.
An applicationof loadwill beabortedif theargumentis foundin theoptions*list. If it is
necessaryto loada modulea secondtime usereload,do not attemptto alterthevalueof
options*.

1.3.2 Err or and Warning Messages

Many functionsdetectandsignalappropriateerrors; in many cases,anerrormessageis
printed.Theerrorconditionsaregivenaspartof a function’sdefinitionin themanual.An
errormessageis precededby five stars(*); a warningmessageis precededby three.For
example,mostprimitive functionscheckthetypeof their argumentsanddisplayanerror
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messageif anargumentis incorrect. The type mismatcherrormentionsthe function in
which theerrorwasdetected,givestheexpectedtype,andprintstheactualvaluepassed.

1 lisp> (car "STR")
***** An attempt was made to do CAR on ‘"STR"’, which is not a pair

Theswitchusermodeis usedto distinguishbetweenfunctionswhich comprisePSLand
functionsdefinedby theuser. Whenthevalueof thisswitchis t thenthenameof eachuser
definedfunction is flaggeduser. Whena function is aboutto bedefined,if *usermode
is t, thereis anotherfunctionassociatedwith thename,andthenameis not flaggedlose
thenthefollowing promptwill bedisplayed.

Do you really want to redefine the system function ‘NAME’?

You areexpectedto respondwith YES, Y, NO, N, or B. A responseof B will result in
a breakloop (seeChapter16). After quitting the breakloop you shouldrespondwith
YES, Y, NO, or N (seeyespin Chapter15). Unlessyou consideryourselfan expert it
is dangerousto give an affirmative response.It is bestto simply give your function a
differentname.If the switch redefmsgis setto t thenwhenever a function is redefined
themessage

*** Function ‘NAME’ has been redefined

will beprinted.
If anidentifieris flaggedLOSEthenit cannotbeassigneda functionaldefinition.

*** ‘NAME’ has not been defined, because it is flagged LOSE

1.4 Switchesand Globals

Generally, thenameof an identifierwhich representsa switchwill startwith a ”*”. For
example,*redefmsgand*usermodeareswitches.Thevalueof a switchis modifiedwith
thefunctionson andoff. Notethat in theexamplebelow, theprefix ”*” is omittedwhen
usingonandoff.

1 lisp> (on redefmsg)
nil
2 lisp> *redefmsg
t

Thenameof anidentifierwhichrepresentsaglobalendswith ”*”. options*is anexample
of aglobal.
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1.5 Compilation VersusInter pretation

PSL usesboth compiledandinterpretedcode. If compiled,a functionusuallyexecutes
fasterand is smaller. However, therearesomesemanticdifferencesof which the user
shouldbe aware. For example,somerecursive functionsaremadenon-recursive, and
certainfunctionsareopen-compiled.A call to anopen-compiledfunctionis replaced,on
compilation,by a seriesof onlineinstructionsinsteadof justbeinga referenceto another
function.Functionscompiledopenmaynotdoasmuchtypechecking.

1 lisp> (de list-first (p) (car p))
list-first
2 lisp> (list-first "STR")
***** An attempt was made to do CAR on ‘"STR’, which is not a pair
3 lisp> (compile ’(list-first))
nil
4 lisp> (list-first "STR")
#<Unknown f7000002>

To avoid this theuserwould have to addcodewhich checksthe type of P beforecar is
applied.

2.1 Data Types

2.1.1 Data Typesand StructuresSupported in PSL

Data Types

In contrastto many programminglanguages,type declarationsarenot neededin PSL.
Dataobjectscontaininformationabouttheirtype.Somefunctions,likeequal,are”generic”
in thattheresultthey returndependson thetypesof thearguments.

1 lisp> (equal "sextuped" "sextuped")
T
2 lisp> (equal [bencolin beef] [bencolin beef])
T

For thepurposesof inputandoutput,anappropriatenotationis usedfor eachtypeof data
objectusedin PSL.For example,doublequotesareusedto delimit the charactersof a
string.For a full discussiononsyntaxseeChapter12.
Thebasicdatatypessupportedin PSLanda brief indicationof their representationsare
describedbelow.

integer Theintegersarealsocalled”fix ed” numbers.Themagnitudeof integersis
essentiallyunrestrictedif the ”big number”module,zbig, is loaded.The
notationfor integersis a sequenceof digits in anappropriateradix (radix
10 is thedefault,which canbeoverriddenby a radi prefix,suchas2#,8#,
16#etc).Therearethreeinternalrepresentationsof integers,chosento suit
theimplementation:
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inum A signednumberfitting into info. Inumsdo not requiredynamicstorage
andarerepresentedin thesameform asmachineintegers.

fixnum A full-wordsignedinteger, allocatedin theheap.

bignum A signedinteger of arbitrary precision,allocatedas a vector of system
integers.Theseintegersmaybenot integersfor PSL,becausethey do not
fit into info. Beware.Bignumsarecurrentlynot installedby default, to use
themloadtheZBIG module.

float A floatingpoint number, allocatedin theheap.Theprecisionof floatsis
determinedsolely by the implementation.Usually, the floating numbers
areequivalentto system’doubles’,(64 bits). Thenotationfor a float is a
sequenceof digits with the additionof a singlefloating point ( . ) and
an optionalexponent(E <integer>). (No spacesmay occurbetweenthe
point andthe digits). Radix 10 is usedfor representingthe mantissaand
theexponentof floatingpointnumbers.

id An identifier(or id) is anitem whoseinfo field pointsto a five-itemstruc-
turecontainingtheprint name,propertycell, valuecell, functioncell, and
packagecell. This structureis containedin the id space.Thenotationfor
an id is its print name,analphanumericcharactersequence.Onealways
refersto a particularid by giving its print name.Whenpresentedwith an
appropriateprint name,the PSL readerwill find a uniqueid to associate
with it. SeeChapters4 and12 for moreinformationon ids andtheir syn-
tax. Theids t andnil areconsideredspecialin thatit is notpossiblefor the
userto redefinetheirvaluecells.

pair A primitive two-itemstructurewhich hasa left andright part. A notation
calleddot-notationis used,with the form: ( � left-part	 . � right-part	 ).
The � left-part	 is knownasthecarportionandthe � right-part	 asthecdr
portion.Thepartsmaybeany item. (Spacesareusedto resolveambiguity
with floats;seeChapter12).

vector A primitive uniform structureof items;an integer index is usedto access
randomvaluesin the structure.The individual elementsof a vectormay
beany item. Accessto vectorsis by meansof functionsfor indexing, sub-
vectorextractionandconcatenation,definedin Section7.1. In thenotation
for vectors,the elementsof a vectoraresurroundedby squarebrackets:
[item-0 item-1... item-n].

string A packedvector(or bytevector)of characters;theelementsaresmall in-
tegersrepresentingthe ASCII codesfor the characters(usually inums).
The elementsmay be accessedby indexing, substringandconcatenation
functions,definedin Chapter6. Stringnotationconsistsof aseriesof char-
actersenclosedin doublequotes,as in ”THIS IS A STRING”. A quote
is includedby doublingit, asin ”HE SAID, ””LISP”””. A stringmaybe
inputacrosstheendof a line but awarningwill begivenunlesstheswitch
eolinstringok is non-nil (seeChapter12).
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w-vector A vectorof machine-sizedwords,usedto implementsuchthingsasfixnums,
bignums,etc.Theelementsarenot consideredto beitems,andarenotex-
aminedby thegarbagecollector.

byte-vector A vectorof bytes.Internallya byte-vectoris thesameasa string,but it is
printeddifferentlyasavectorof integersinsteadof characters.

code-pointer This item is usedto refer to theentrypoint of compiledfunctions(exprs,
fexprs,macros,etc.),permittingcompiledfunctionsto berenamed,passed
aroundanonymously, etc. New code-pointersare createdby the loader
(lap,fasl)andassociatedfunctions.They canbeprinted;theprintingfunc-
tion prints the numberof argumentsexpectedaswell as the entry point.
Thevalueappearsin theconventionof the implementation(e.g. # � Code
A N 	 , whereA is thenumberof argumentsandN is theentrypoint).

Other Notational Conventions

Certainfunctional argumentscan be any of a numberof types. For convenience,we
give thesecommonlyusedsetsa name.We refer to thesesetsas”classes”of primitive
datatypes. In additionto the typesdescribedabove andthe namesfor classesof types
givenbelow, we usethe following conventionsin the manual. � XXX, YYY � indicates
thateitherdatatypeXXX or datatypeYYY will do. � XXX � - � YYY � indicatesthatany
objectof typeXXX canbeusedexceptthoseof typeYYY; in thiscase,YYY isasubsetof
XXX. For example,� integer, float� indicatesthateitheranintegeror afloat is acceptable;
� any � - � vector� meansany typeexceptavector.

any Any of thetypesgivenabove. S-expressionis anothertermfor any. All
PSLentitieshavesomevalueunlessanerroroccursduringevaluation.

atom Theclassany-pair.

boolean Theclassof globalvariablest, nil, or their respectivevalues,t, nil. (See
Section4.6).

character Integersin therangeof 0 to 255without 128representingASCII char-
actercodes.Thesearedistinctfrom single-characterids.

constant Theclassof integer, float,string,vector, code-pointer.A constanteval-
uatesto itself (seethedefinitionof eval in Chapter11).

extra-boolean Any valuein thesystem.Anything thatis not nil hasthebooleaninter-
pretationt.

ftype The setof ids (expr, fexpr, macro,andnexpr), which representdefin-
able function types. The ftype is only an attribute of identifiers,and
is not associatedwith eitherexecutablecodecode-pointersor lambda
expressions.

io-channel A small integer representingan io channel(seeChapter12 for a com-
pletediscussionof io-channels).



2.1. DATA TYPES 7

number Theclassof integer, float.

x-vector Any kind of vector;i.e. astring,vector, w-vector, or word.

Undefined An implementation-dependentvaluereturnedby somelow-level func-
tions;i.e. theusershouldnotdependon thisvalue.

NoneReturned A notationalconvenienceusedto indicatecontrol functionsthatdo not
returndirectly to thecalling point,andhencedo not returna value(for
example,seethefunctiongo in Chapter8).

Structures

Structuresareentitiescreatedusingpairs.Listsarestructuresverycommonlyrequiredas
parametersto functions. If a list of homogeneousentitiesis requiredby a function, this
classis denotedby xxx-list, in whichxxx is thenameof aclassof primitivesor structures.
Thusa list of ids is anid-list, a list of integersis aninteger-list, andsoon.

list A list is recursively definedas nil or the pair (any . list). A specialnota-
tion calledlist-notationis usedto representlists. List-notationeliminatesthe
extra parenthesesanddotsrequiredby dot-notation,asillustratedbelow. List-
notationanddot-notationmaybemixed,asshown in thesecondexample.

DOT NOTATION LIST NOTATION
(A . (B . (C . NIL))) (A B C)
((A . (B)) . C) ((A B) . C)

Note: () is analternateinput representationof nil.

a-list An a-list,or associationlist, is a list in whicheachelementis apair, thecarpart
beingakey associatedwith thevaluein thecdrpart.

form A form is anS-expression(any) which is legally acceptableto eval; thatis, it is
syntacticallyandsemanticallyacceptedby theinterpreteror thecompiler.

lambda A lambdaexpressionmustbe of the following form, the squarebracketsare
usedto indicatezeroor moreoccurancesof anexpression.

(LAMBDA <parameters> [<form>])

The expression<parameters> is a list of ids which representsthe formal
parametersor thebody(thesequenceof <form> s). Theevaluationof thebody
takesplaceasif the<form> swereenclosedwithin aprogn.

function A lambdaexpressionor acode-pointer, thefunctiontypeis assumedto beexpr.
This meansthat theargumentswill beevaluated,andthat thenumberof argu-
mentsmustagreewith thenumberof parameters.
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2.1.2 PredicatesUsefulwith Data Types

Most functionsin this Sectionreturnt if theconditiondefinedis metandnil if it is not.
Exceptionsarenoted.Definedaretype-checkingfunctionsandelementarycomparisons.

Functions for TestingEquality

Functionsfor testingequalityarelistedbelow. For otherfunctionscomparingarithmetic
valuesseeChapter3.

(eqU:any V:any): boolean open-compiledexpr
Returnst if U pointsto thesameobjectasV, i.e. if they areidenticalitems.
Eq is not a reliablecomparisonbetweennumericarguments.This function
shouldonly beusedin specialcircumstances.Normally, equalityshouldbe
testedwith equal,describedbelow.

(eqnU:any V:any): boolean expr
Returnst if U andV areeqor if U andV arenumbersandhave thesame

valueandtype.

(equalU:any V:any): boolean expr
Returnst if U andV arethesame.A usuallyvalid heuristicis that if two

objectslook thesameif printedwith thefunctionprint, they areequal.Equal
is open-compiledaseqif oneargumentis known to beanatom.

(de equal (u v)
(cond ((and (pairp u) (pairp v))

(and (equal (car u) (car v))
(equal (cdr u) (cdr v))))

((and (stringp u) (stringp v))
(string= u v))

((and (vectorp u) (vectorp v))
(vector-equal u v))

(t (eqn u v))))

1 lisp> (setq x ’(lisa) y x)
(LISA)
2 lisp> (eq x y)
T
3 lisp> (eq x ’(lisa))
NIL
4 lisp> (equal x ’(lisa))
T
5 lisp> (eq 1.0 1.0)
NIL
6 lisp> (eqn 1.0 1.0)
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T
7 lisp> (equal 0 0.0)
NIL

(neqU:any V:any): boolean macro
(not (equalU V)).

(neU:any V:any): boolean open-compiledexpr
(not (eqU V)).

(eqstr U:any V:any): boolean expr
Comparetwo strings, for exact (casesensitive) equality. The function

string-equal(which is definedin the STRINGSmodule),is not sensitive
to case.Eqstrreturnst if U andV areeqor if U andV areequalstrings.

(eqcarU:any V:any): boolean expr
Testswhether(eq (car U) V)). If the first argumentis not a pair, eqcar

returnsnil.

Predicatesfor Testingthe Typeof an Object

(atom U:any): boolean open-compiledexpr
Returnst if U is nota pair.

(codepU:any): boolean open-compiledexpr
Returnst if U is acode-pointer.
(constantpU:any): boolean expr
Returnst if U is a constant(that is, neithera pair nor an id). Note that

vectorsareconsideredconstants.

(fixp U:any): boolean open-compiledexpr
Returnst if U is aninteger. If BIG is loaded,this functionalsoreturnst for
bignums.

(floatp U:any): boolean open-compiledexpr
Returnst if U is afloat.

(idp U:any): boolean open-compiledexpr
Returnst if U is anid.



10

(null U:any): boolean open-compiledexpr
Returnst if U is nil. This is exactly the samefunctionasnot, definedin

Section2.2.3.Bothareavailablesolelyto increasereadability.

(numberp U:any): boolean open-compiledexpr
Returnst if U is a number(integeror float).

(pairp U:any): boolean open-compiledexpr
Returnst if U is a pair.

(stringp U:any): boolean open-compiledexpr
Returnst if U is a string.

(vectorp U:any): boolean open-compiledexpr
Returnst if U is a vector.

BooleanFunctions

Booleanfunctionsreturnnil for false;anything non-nil is taken to be true, althougha
conventionalway of representingtruth is ast. Note that t alwaysevaluatesto itself, its
valuecannotbe redefined.Nil may alsobe representedas(). As a matterof style, ()
shouldbeusedto refer to anemptylist. TheBooleanfunctionsand,or, andnot canbe
appliedto anobjectof any type. And andor mayalsobeusedascontrolstructures(see
Section8.2for moreinformation).
SincePSLtreatsany valuewhich is non-nil asa representationfor true,thereis no clear
distinction betweenan arbitrary function and a booleanfunction. However, the three
functionspresentedhereareby far the mostuseful in constructingmorecomplex tests
from simplepredicates.

(not U:any): boolean open-compiledexpr
Returnst if U is nil. This is exactly thesamefunctionasnull, definedin

Section2.2.2.Bothareavailablesolelyto increasereadability.

(and [U:form]): extra-boolean open-compiledfexpr
And evaluateseachU until a valueof nil is foundor theendof the list is

encountered.If a non-nil value is the last value, it is returned;otherwise
nil is returned.Note that andcalledwith zeroargumentsreturnst. In the
examplewhich followsandis usedto selectthefirst elementof a list, if the
call onpairpreturnsnil thencarwill notbeapplied.

1 lisp> ((lambda (p) (and (pairp p) (car p))) ’(robin))
robin



2.1. DATA TYPES 11

(or [U:form]): extra-boolean open-compiledfexpr
U is any numberof expressionswhich areevaluatedin orderof their ap-

pearance.If oneis foundto benon-nil, it is returnedasthevalueof or. If
all arenil, nil is returned.Note that if or is calledwith zeroarguments,it
returnsnil. Thefollowing functiondefinesapredicatefor numbers.

(de number-p (n)
(or (fixp n) (floatp n)))

2.1.3 Converting Data Types

Thefollowing functionsareusedin convertingdataitemsfrom onetypeto another. They
aregroupedaccordingto thetypereturned.Numerictypesmaybeconvertedusingfunc-
tionssuchasfix andfloat,describedin Section3.2.

(intern U:id,string): id expr
Returnsanidentifierfrom thesymboltable(alsocalledtheid-hash-table).
WhenthePSLreaderreadsa sequenceof characterswhich notateanid, it
will applyinternto thestringof characters.Therefore,it generallydoesnot
makesensetoapplyinterntoanid. Internwill searchthesymboltablefor an
id whoseprintnamematchesU. If thesearchis successfulthenthematching
id is returned.Otherwiseanew id will beenteredinto thesymboltableand
a referenceto it will bereturned.If U hasmorethanthemaximumnumber
of characterspermittedby theimplementation,anerrorwill besignalled.

***** Too many characters to INTERN

Theid which is returnedfrom anapplicationof intern to a stringwill have thestringas
its print name.Most identifiershavelowercaseprint names(eventhoughyoumaytypein
lowercaseletters),but interning”ABC” yieldsanid with a lowercaseprint name.

1 lisp> (eq (intern "abc") ’abc)
NIL

Themaximumnumberof charactersin any tokenis systemdependent,around5000can
beexpectedto beallowed.

(newid S:string): id expr
Allocatesanew identifierandsetsits print nameto thestringS.Theidenti-
fier is not addedto thesymboltable(anidentifierwhich doesnot appearin
thesymboltableis saidto beuninterned).Thestringis notcopied.

1 lisp> (setq new (newid "NEWONE"))
NEWONE
2 lisp> (eq new ’newone)
nil
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If onerefersdirectly to an identifier(for example’newone),thereaderwill apply intern
to thestringof charactersit hasread(”NEWONE”). In theexample,theidentifiercreated
by thecall onnewid is differentfrom theonecreatedby thereaderwhenit read’newone.

(int2id I:integer): id expr
Convertsanintegerto anid; this refersto theI’ th id in theid space.Since
0 ... 255 correspondto ASCII characters,int2id with an argumentin this
rangeconvertsanASCII codeto thecorrespondingsinglecharacterid. The
id NIL is alwaysfoundby (int2id 128) .

(id2int D:id): integer expr
Returnstheid spacepositionof D asaLISP integer.

(id2string D:id): string expr
Getnamefrom id space.Id2stringreturnstheprint nameof its argument

asa string. This is not a copy, sodestructive operationsshouldnot beper-
formedontheresult.PSLusesanescapeconventionfor notatingidentifiers
whichcontainspecialcharacters.Any characterwhichfollowsthecharacter
! is consideredto beanalphabeticcharacter. In theexample,noticethatthe
character! doesnotappearin theresult.

1 lisp> (id2string ’is-!%)
"is-%"

(string2list S:string): inum-list expr
Createsalist of length(add1(sizeS)),convertingtheASCII charactersinto
smallintegers.

1 lisp> (string2list "STRING")
(83 84 82 73 78 71)

(list2string L:inum-list): string expr
Allocatesa string of the samesizeasL, andconvertssmall integersinto

charactersaccordingto theirASCII code.An integeroutsidetherangeof 0
... 127will resultin anerror.
***** An attempt was made to do LISP2CHAR on ‘N’ which is not a character

1 lisp> (list2string ’(83 84 82 73 78 71))
"STRING"

(string [I:inum]): string nexpr
Createsandreturnsastringcontainingeachof thesmallintegers
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1 lisp> (string 83 84 82 73 78 71)
"STRING"

(vector [U:any]): vector nexpr
Createsandreturnsavectorcontainingall theUsgiven.

1 lisp> (vector 83 84 82 73 78 71)
[83 84 82 73 78 71]

(vector2string V:vector): string expr
Pack the small integersin the vectorinto a string of the samesize,using

theintegersasASCII values.An integeroutsidetherangeof 0 ... 255will
resultin anerror.

1 lisp> (vector2string [83 84 82 73 78 71])
"STRING"

(string2vector S:string): vector expr
Unpackthestringinto avectorof thesamesize.Theelementsof thevector
aresmallintegers,representingtheASCII valuesof thecharactersin S.

1 lisp> (string2vector "VECTOR")
[V E C T O R]

(vector2list V:vector): list expr
Createa list of thesamesizeasV, theelementsarecopiedin a left to right
order.

1 lisp> (vector2list [L I S T])
(L I S T)

(list2vector L:list): vector expr
Copy theelementsof thelist into avectorof thesamesize.

1 lisp> (list2vector ’(V E C T O R))
[V E C T O R]

3.1 Numbersand Arithmetic Functions

Most of the arithmeticfunctionsin PSL expectnumbersasarguments.In all casesan
erroroccursif theparameterto anarithmeticfunctionis not anumber:

***** Non-numeric argument in arithmetic
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Exceptionsto therulearenoted.

The underlyingmachinearithmeticrequiresparametersto be either all integersor all
floats. If a function receivesmixed typesof arguments,integersareconvertedto floats
beforearithmeticoperationsareperformed.The rangeof numberswhich canbe repre-
sentedbyanintegerisdifferentthanthatrepresentedbyafloat. Becauseof thisdifference,
aconversionis notalwayspossible;anunsuccessfulattemptto convertmaycauseanerror
to besignalled.
Themathlib packagecontainssomeusefulmathematicalfunctions.

3.1.1 Big Integers

LoadingtheZBIG � moduleredefinesthebasicarithmeticoperations,includingthelogi-
caloperations,to permitarbitraryprecision(or ”bignum”) integeroperations.

3.1.2 ConversionBetweenIntegersand Floats

The conversionsmentionedabove can be doneexplicitly by the following functions.
Otherfunctionswhichaltertypescanbefoundin Section2.3.

(fix U:number): integer expr
Returnstheintegerwhich correspondsto thetruncatedvalueof U. There-
sultof conversionmustretainall significantportionsof U. If U is aninteger
it is returnedunchanged.

1 lisp> (fix 2.1)
2
2 lisp> (fix -2.1)
-2

(float U:number): float expr
Thefloat correspondingto thevalueof theargumentU is returned.Some

of theleastsignificantdigitsof anintegermaybelostdueto theimplemen-
tationof float. If U a float thenit will be returnedunchanged.If U is too
largeto representin floatanerroroccurs.

***** Argument to FLOAT is too large

3.1.3 Arithmetic Operators

This sectiondescribesarithmetic functions in the library modulenumeric-ops. The
namesof thesefunctionsarebaseduponmathematicalnotation.
Thereis a switch called fast-integerswhosevaluehasan effect on the compilationof
forms which containapplicationsof the functionsdescribedhere. The documentation
�
ZIB versionof big integers,theoptimalversionfor theparticulararchitecture
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assumesthattheswitchfast-integersis nil. Whenthis switchis non-nil thecompilerwill
generatecodewhich is very efficient. However, it is assumedthatargumentsandresults
will be integersin the inum range. If this assumptionis violatedthenat bestyour code
will notgeneratecorrectresults,youmayactuallydamagethePSLsystem.

CommonLISP operators

(= X:number Y:number): boolean expr
NumericEqual. True if the two argumentsarenumbersof the sametype

andsamevalue. Unlike the CommonLISP operator, no type coercionis
done,no error is signalledif oneor both argumentsarenon-numeric,and
only two argumentsarepermitted.Instead,it is merelyincorrectto supply
anon-numericargument.

(/= X:number Y:number): boolean expr
NumericNot Equal.Nil if X andY arenumbersof equaltypeandvalue;t
if X andY arenumbersof unequaltypeor value.It is incorrectto supplya
non-numericargument.

( � X:number Y:number): boolean expr
NumericLessThan. Trueif X is lessthanY, regardlessof type. An error

is signalledif eitherargumentis notnumeric.

( 	 X:number Y:number): boolean expr
NumericGreaterThan.Trueif X is greaterthanY, regardlessof type. An
erroris signalledif eitherargumentis notnumeric.

( ��
 X:number Y:number): boolean expr
NumericLessThanor Equal.Trueif X is lessthanor equalto Y, regardless
of numerictype.An erroris signalledif eitherargumentis notnumeric.

( 	�
 X:number Y:number): boolean expr
NumericGreaterThanor Equal. True if X is greaterthanor equalto Y,

regardlessof numerictype. An error is signalledif eitherargumentis not
numeric.
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(+ [N:number]): number macro
NumericAddition. The value returnedis the sum of all the arguments.

The argumentsmay be of any numerictype. An error is signalledif any
argumentis notnumeric.If suppliednoarguments,thevalueis 0.

(– N:number [N:number]): number macro
NumericMinusor Subtraction.If givenoneargument,returnsthenegative
of thatargument.If givenmorethanoneargument,returnstheresultof suc-
cessivelysubtractingsucceedingargumentsfrom thefirst argument.Signals
anerrorif noargumentsaresuppliedor if any argumentis non-numeric.

( � [N:number]): number macro
NumericMultiplication. Thevaluereturnedis theproductof all theargu-

ments.Theargumentsmaybeof any numerictype.An erroris signalledif
any argumentis notnumeric.If suppliednoarguments,thevalueis 1.

(/ N:number [N:number]): number macro
NumericReciprocalor Division. If given one argument,returnsthe re-

ciprocalof that argument. If given more than one argument,returnsthe
result of successively dividing succeedingargumentsfrom the first argu-
ment. Signalsan error if no argumentsaresuppliedor if any argumentis
non-numeric.

Additional Operators

( �
 X:number Y:number): number expr
NumericNot Equal.Sameas/=.

(// X:integer Y:integer): integer expr
IntegerRemainder. Sameasremainder.

(  X:integer): integer expr
IntegerBitwiseLogicalNot. Sameaslnot.

(& X:integer Y:integer): integer expr
IntegerBitwiseLogicalAnd. Sameasland.
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( � X:integer Y:integer): integer expr
IntegerBitwiseLogicalOr. Sameaslor.

( � X:integer Y:integer): integer expr
IntegerBitwiseLogicalXor. Sameaslxor.

( ��� X:integer Y:integer): integer expr
IntegerBitwiseLogicalLeft Shift. Sameaslshift.

( 	�	 X:integer Y:integer): integer expr
IntegerBitwiseLogicalRightShift. Sameas(lshift X (minusY)).

3.1.4 Arithmetic Functions

Thefunctionsdescribedbelow handlearithmeticoperations.Pleasenotetheremarksat
thebeginningof thisChapterregardingthemixing of argumenttypes.

(absU:number): number expr
Returnstheabsolutevalueof its argument.

(add1U:number): number expr
Returnsthevalueof U plus1; thereturnedvalueis of thesametypeasU

(integeror float).

(decr U:form [Xi:number]): number macro
Thisfunctionis definedin theusefulmodule.With only oneargument,this
is equivalentto

(setf u (sub1 u))

With multiplearguments,it is equivalentto

(setf u (difference u (plus x1 ... xn)))

1 lisp> (setq y ’(1 5 7))
(1 5 7)
2 lisp> (decr (car y))
0
3 lisp> y
(0 5 7)
4 lisp> (decr (cadr y) 3 4)
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-2
5 lisp> y
(0 -2 7)

(differenceU:number V:number): number expr
Thevalueof U - V is returned.

(divide U:number V:number): pair expr
Thepair (quotient. remainder)is returned,asif thequotientpartwascom-
putedby thequotientfunctionandtheremainderby theremainderfunction.
An erroroccursif divisionby zerois attempted:

***** Attempt to divide by 0 in Divide

(expt U:number V:integer): number expr
ReturnsU raisedto theV power. A float U to anintegerpowerV doesnot
haveV changedto afloatbeforeexponentiation.

(incr U:form [Xi:number]): number macro
Partof theusefulpackage.With only oneargument,this is equivalentto

(setf u (add1 u))

With multipleargumentsit is equivalentto

(setf u (plus u x1 ... xn))

(minus U:number): number expr
Returns-U.

(plus [U:number]): number macro
Forms the sum of all its arguments. Plus may be called with only one

argument. In this caseit returnsits argument. If plus is called with no
arguments,it returnszero.

(plus2U:number V:number): number expr
Returnsthesumof U andV.
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(quotient U:number V:number): number expr
Thequotientof U dividedby V is returned.Divisionof two positiveor two
negative integersis conventional.If bothU andV areintegersandexactly
oneof themis negative, thevaluereturnedis truncatedtoward0. If either
argumentis afloat,afloatis returnedwhichis exactwithin theimplemented
precisionof floats.An erroroccursif divisionby zerois attempted:

***** Attempt to divide by 0 in QUOTIENT

(recipU:number): float expr
RecipconvertsU to afloat if necessary, andthenfindstheinverseusingthe
functionquotient.

(remainderU:integer V:integer): integer expr
(- U (* V (fix (/ U (floatV)))))

(remainder 13 4) = 1
(remainder -13 4) = -1
(remainder 13 -4) = 1
(remainder -13 -4) = -1

(sub1U:number): number expr
Returnsthe valueof U minus1. If U is a float, the valuereturnedis U

minus1.0.

(times [U:number]): number macro
Returnsthe productof all its arguments.Timesmay be calledwith only

oneargument. In this caseit returnsthevalueof its argument. If timesis
calledwith noarguments,it returns1.

(times2U:number V:number): number expr
Returnstheproductof U andV.

3.1.5 Functionsfor Numeric Comparison

Thefollowing functionscomparethevaluesof theirarguments.Functionswhich testfor
equalityandinequalityaredocumentedin Section2.2.1.

(geqU:any V:any): boolean expr
Equivalentto (¿=U V).
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(greaterp U:number V:number): boolean expr
Equivalentto (¿U V).

(leq U:number V:number): boolean expr
Equivalentto (¡= U V).

(lesspU:number V:number): boolean expr
Equivalentto (¡ U V).

(max [U:number]): number macro
Returnsthelargestof thevaluesin U (numericmaximum).If two or more
valuesarethesame,thefirst is returned.

(max2U:number V:number): number expr
Returnsthe larger of U and V. If U and V are of the samevalue, U is

returned(U andV mightbeof differenttypes).

(min [U:number]): number macro
Returnsthesmallest(numericminimum),of thevaluesin U. If two or more
valuesarethesame,thefirst of theseis returned.

(min2 U:number V:number): number expr
Returnsthesmallerof its arguments.If U andV arethesamevalue,U is

returned(U andV mightbeof differenttypes).

(minusp U:any): boolean expr
Returnst if U is anumberandlessthan0. Thereturnvalueis nil if U is not
anumber, or if U is apositivenumber.

(onepU:any): boolean expr
Returnst if U is anumberandhasthevalue1 or 1.0.Returnsnil otherwise.

(zerop U:any): boolean expr
Returnst if U is anumberandhasthevalue0 or 0.0.Returnsnil otherwise.
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3.1.6 Bit Operations

Thefunctionsdescribedin thissectionoperateonthebinaryrepresentationof theintegers
givenasarguments.Thereturnedvalueis aninteger.

(land U:integer V:integer): integer expr
Bitwise or logical and. Eachbit of theresultis independentlydetermined

from thecorrespondingbitsof theoperands.

(lor U:integer V:integer): integer expr
Bitwise or logical or. Eachbit of the result is independentlydetermined

from correspondingbits of theoperands.This is an inclusive or, thevalue
of (lor 1 1) is 1.

(lnot U:integer): integer expr
Logicalnot. Definedas(- -U 1) sothatit worksfor bignumsasif they were
2’scomplement.

(lxor U:integer V:integer): integer expr
Bitwise or logical exclusive or, the valueof (lxor 1 1) is 0. Eachbit of

the result is independentlydeterminedfrom the correspondingbits of the
operands.

(lshift N:integer K:integer): integer expr
ShiftsN to theleft by K bits. Theeffect is similar to multiplying by 2 to the
K power. Negative valuesareacceptablefor K, andcausea right shift (in
theusualmanner).Lshift is a logical shift, so right shiftsdo not resemble
divisionby apowerof 2.

3.1.7 Various Mathematical Functions

The optionally loadablemathlib moduledefinesseveral commonlyusedmathematical
functions.Someeffort hasbeenmadeto becompatiblewith CommonLisp. Whenread-
ing theexamples,notethattheprecisionof theresultsdependonthemachinebeingused.

(ceiling X:number): integer expr
Returnsthesmallestintegergreaterthanor equalto X. For example:

1 lisp> (ceiling 2.1)
3
2 lisp> (ceiling -2.1)
-2
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(floor X:number): integer expr
Returnsthe largestinteger lessthanor equalto X. (Note that this differs

from thefix function.)

1 lisp> (floor 2.1)
2
2 lisp> (floor -2.1)
-3
3 lisp> (fix -2.1)
-2

(round X:number): integer expr
Returnsthenearestinteger to X. If the fractionalpartof X is 0.5 thenthe

smallerintegeris returned.

(de round (x)
(if (fixp x) x (floor (plus x 0.5))))

1 lisp> (round 2.5)
3
2 lisp> (round -2.5)
-2

(transfersign S:number VAL:number): number expr
Transfersthesignof S to VAL.

(de transfersign (s val)
(if (>= s 0) (abs val) (minus (abs val))))

(mod M:integer N:integer): integer expr
(- U (* V (floor (/ U (floatV)))))

(mod 13 4) = 1
(mod -13 4) = 3
(mod 13 -4) = -3
(mod -13 -4) = -1

(degreestoradiansX:number): number expr
Returnsananglein radiansgivenananglein degrees.

1 lisp> (degreestoradians 180)
3.1415926
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(radianstodegreesX:number): number expr
Returnsananglein degreesgivenananglein radians.

1 lisp> (radianstodegrees 3.1415926)
180.0

(radianstodmsX:number): list expr
GivenanangleX in radians,returnsalist of threeintegers,whichrepresent
thedegrees,minutes,andseconds.

1 lisp> (radianstodms 1.0)
(57 17 45)

(dmstoradiansDegs:numberMins:number Secs:number):number expr
Returnsananglein radians,giventhreeargumentsrepresentingananglein
degreesminutesandseconds.

1 lisp> (dmstoradians 57 17 45)
1.0000009
2 lisp> (dmstoradians 180 0 0)
3.1415926

(degreestodmsX:number): list expr
GivenanangleX in degrees,returnsa list of threeintegersgiving theangle
in (DegreesMinutesSeconds).

(dmstodegreesDegs:numberMins:number Secs:number):number expr
Returnsananglein degrees,giventhreeargumentsrepresentinganangle

in degreesminutesandseconds.

(sin X:number): number expr
Returnsthesineof X, ananglein radians.

(sind X:number): number expr
Returnsthesineof X, ananglein degrees.

(cosX:number): number expr
Returnsthecosineof X, ananglein radians.
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(cosdX:number): number expr
Returnsthecosineof X, ananglein degrees.

(tan X:number): number expr
Returnsthetangentof X, ananglein radians.

(tand X:number): number expr
Returnsthetangentof X, ananglein degrees.

(cot X:number): number expr
Returnsthecotangentof X, ananglein radians.

(cotd X:number): number expr
Returnsthecotangentof X, ananglein degrees.

(secX:number): number expr
Returnsthesecantof X, ananglein radians.

(secdX:number): number expr
Returnsthesecantof X, ananglein degrees.

(cscX:number): number expr
Returnsthecosecantof X, ananglein radians.

(cscdX:number): number expr
Returnsthecosecantof X, ananglein degrees.

(asinX:number): number expr
Returnsthearcsine,asananglein radians,of X.

(eqn (sin (asin X)) X)

(asindX:number): number expr
Returnsthearcsine,asananglein degrees,of X.
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(acosX:number): number expr
Returnsthearccosine,asananglein radians,of X.

(eqn (cos (acos X)) X)

(acosdX:number): number expr
Returnsthearccosine,asananglein degrees,of X.

(atan X:number): number expr
Returnsthearctangent,asananglein radians,of X.

(eqn (tan (atan X)) X)

(atand X:number): number expr
Returnsthearctangent,asananglein degrees,of X.

(atan2Y:number X:number): number expr
Returnsananglein radianscorrespondingto theanglebetweentheX axis
andthevector[X Y]. NotethatY is thefirst argument.

1 lisp> (atan2 0 -1)
3.1415927

(atan2dY:number X:number): number expr
Returnsananglein degreescorrespondingto theanglebetweentheX axis
andthevector[X Y].

1 lisp> (atan2d -1 1)
315.0

(acotX:number): number expr
Returnsthearccotangent,asananglein radians,of X.

(eqn (cot (acot X)) X)

(acotdX:number): number expr
Returnsthearccotangent,asananglein degrees,of X.

(asecX:number): number expr
Returnsthearcsecant,asananglein radians,of X.
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(eqn (sec (asec X)) X)

(asecdX:number): number expr
Returnsthearcsecant,asananglein degrees,of X.

(acscX:number): number expr
Returnsthearccosecant,asananglein radians,of X.

(eqn (csc (acsc X)) X)

(acscdX:number): number expr
Returnsthearccosecant,asananglein degrees,of X.

(sqrt X:number): number expr
Returnsthesquarerootof X.

(expX:number): number expr
Returnstheexponentialof X.

(log X:number): number expr
Returnsthenatural(basee) logarithmof X. notethat(log (log (exp X)) is

equalto X.

(log2X:number): number expr
Returnsthebasetwo logarithmof X.

(log10X:number): number expr
Returnsthebasetenlogarithmof X.

(random N:integer): integer expr
Returnsa pseudo-randomnumberuniformly selectedfrom the range0 ...

(sub1N).

Therandomnumbergeneratorusesa linearcongruentialmethod.

randomseed= Initially: setfrom time global
To geta reproduciblesequenceof randomnumbersyou shouldassignone
(or someothersmallnumber)to thefluid variablerandomseed.
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(factorial N:integer): integer expr
Thefactorialfunctionis definedasfollows

1. The factorial of 0 is 1.

2. The factorial of N is N times the factorial of N-1.

(de factorial (n)
(if (zerop n) 1 (* n (factorial (sub1 n)))))
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Identifiers

4.1 Intr oduction

Ids or identifierscanbeusedin a numberof differentways.Every id hasa name,called
its print name.Givenanid, onecanobtainits namein theform of a string. Conversely,
giventhenameof anid asastringonecanobtaintheid itself.

Ids have a componentcalledthepropertylist. This list consistsof pairsandids. A pair
containstwo elements,thefirst is thenameof theproperty, thesecondis thevalueasso-
ciatedwith thatproperty. An id on thepropertylist representsaflag.

Eachid alsoreferencesa package,seeChapter[packages]for moreinformationon the
packagesystem.

In PSLanid canbeusedsimultaneouslyasavariableandasanamefor afunction.Aside
from the functionsdescribedin this chapter, thereareadditionalfunctionsfor dealing
with thevaluesassociatedwith anid.

An id canbereferencedsimplybywriting itsname.If thenameconsistsonlyof uppercase
alphabeticcharacters,digits,or asubsetof thespecialcharacters(listedbelow), andif the
nameof theid cannotbemistakenfor anumber, thentheid canbenotatedby thesequence
of charactersin its name.

$+ - $ & * / : ; | < = > ? ˆ _ { } ˜ @$

An id mayhave uppercaseletters,lowercaseletters,or both in its print name.ThePSL
readernormally(i.e. version4.2andabove)convertsuppercaselettersto thecorrespond-
ing lowercaseletterswhenreadingids. Therefore,mostof thetimecasemakesnodiffer-
encewhennotatingids.
Theconversionof lettersis controlledby thefunctionsinput-caseandoutput-case.

(input-casemodus): modus expr
If modusequalslower, characterson inputareconvertedto thecorrespond-
ing lowercasecharacters.If modusequalsraise,charactersareraisedduring
input. A modusNIL leavescharactersunchanged.Theformermodusis re-
turned.Thedefault is lower .

29
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(output-casemodus): modus expr
If modusequalslower, charactersonoutputareconvertedto thecorrespond-
ing lowercasecharacters.If modusequalsraise,charactersareraisedduring
output. A modusNIL leavescharactersunchanged.The formermodusis
returned.Thedefault is NIL.

Ids arekept in a tablewhich is calledthe symboltable(or id-hash-table).Two ids are
considereddifferent if their correspondingprint namesaredifferent. For example,the
id whosenameis ”that” is differentfrom the id whosenameis ”THAT”. The ids which
namePSL functionshave lowercasenames.The reasonyou cantype suchnameswith
uppercaselettersis thatthereaderis convertinguppercaselettersto lowercaseby default.

1 lisp> (Add1 2)
3
2 lisp> (input-case nil)
lower
3 lisp> (Add1 2)
***** ‘!Add1’ is an undefined function

If theusertriestouseaPSLfunctionnamefor afunctionheisdefiningawarningmessage
appears.

Do you really want to redefine the system function ‘NAME’?
(Y or N)

If theuserresponds”Y”, hisdefinitionreplacesthecurrentdefinition.(SeeChapter9 for
adescriptionof theswitch*usermodewhichcontrolstheprintingof thismessage).

Thereis anescapeconventionfor notatinganid whosenamecontainsspecialcharacters.
Any characterwhich followsa ! is consideredto beanordinarycharacter. In additionto
lowercaseletters,thefollowing charactersareconsideredspecial:

! " % ’ ( ) . [ ] ‘ , # |

If it is not clear from the printedoutput, this setof charactersincludesboth quoteand
accentgrave. Note that if any characterwthin a nameis precededby a !, thenthename
will notbeinterpretedasanumber.

SUSAN % threewaysto notatethesameid
susan
SuSan
+$ % anid withoutalphabeticcharacters
1+ % anid whosefirst characteris adigit
+1 % this is anumber
xˆ2+yˆ2 % anid which lookslikeanexpression
!9 % theid whosenameis ”9”, not thenumber9
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4.2 Identifiers and the Id HashTable

Themethodusedby PSLto retrieve informationaboutanid makesuseof asymboltable.
PSLusesatechniquecalledhashingto implementthistable(id hashtableis anothername
for thesymboltable).

The processof putting an id into the symboltable is called interning. The PSL reader
internsids asthey areread.Considerwhathappensafter thenameof an id is read.The
symboltableis examinedto seeif it containsanidentifierwith thesamename.If thereis
a matchthena referenceto thematchingid is returned.Otherwise,a new id is created,it
is addedto thesymboltable,anda referenceto it is returned.

4.2.1 Identifier Functions

Thefollowing functionsdealwith identifiersandthesymboltable.

(gensym):id expr
An id is createdwhich is not interned.Sinceit is not internedit is not eq

to any otherid. The id is derivedfrom a stringof the form ”G0000”. The
numericsuffix is incrementeduponeachcall to gensym.

(interngensym):id expr
Similar to gensymbut returnsaninternedid.

(stringgensymstring): expr
Similar to gensymbut returnsa stringof the form ”L0000” insteadof an

id.

(remobU:id): id expr
If U hasbeeninternedin thesymboltablethenit is removed. Thevalues

associatedwith U will not beaffected. U is returned.It is not possibleto
removefrom thesymboltableanidentifierwhosenameconsistsof asingle
character.

1 lisp> (setq what (intern "THIS"))
THIS
2 lisp> (set what "SOMETHING")
"SOMETHING"
3 lisp> % Remove the id whose name is "THIS".
3 lisp> (remob what)
THIS
4 lisp> % Although the id whose name is "THIS"
has been removed from
4 lisp>
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% the symbol table, it remains in
%existance and its value % cell
4 lisp> % is still defined as "SOMETHING".
4 lisp> (eval what)
"SOMETHING"

(newid U:string): id expr
Createsanuninternedidentifierwith thespecifiedname.Thestringis used
astheprint namewithout beingcopied.Seesection2.3 for the full defini-
tion. Thisfunctionmakesit possibleto createanumberof distinctidswhich
have thesamename.To illustratetheuseof this function,theimplementa-
tion of a packagesystem(seeChapter[packages]),requiresa functionlike
newid.

(internp U:id,string): boolean expr
Returnst if U is interned.

(mapobl FNAME:function): Undefined expr
Mapobl appliesfunction FNAME to eachinternedid. The following ex-

pressionwill print eachid which is flaggedglobal. Note that thereshould
beonly oneformalparameterto FNAME.

(mapobl ’(lambda (item) (if (flagp item ’global)
(print item))))

Find

Thesefunctionstake a stringor id asanargument,andscanthesymboltableto collect
a list of ids whosenamescontaina prefix or suffix which matchestheargument.These
functionsaredefinedin thelibrary modulefind.

(findprefix KEY:id, string): id-list expr
Eachinternedid whosenamecontainsa prefix which matchestheKEY is
addedto theresult.Theidsaresortedalphabetically. Theexpression

(findprefix ’*)

will returna list of all of theinternedidswhosenamebeginswith *.

(findsuffix KEY:id, string): id-list expr
Eachinternedid whosenamecontainsa suffix which matchestheKEY is

addedto theresult.Theidsaresortedalphabetically. Theexpression

(findsuffix "STRING")

will returna list of all of theinternedidswhosenameendswith STRING.
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4.3 Property List Functions

A propertylist is usedto associatean id with a setof entities;thoseentitiesarecalled
flagsif their useassociatesa booleanvaluewith the id, andpropertiesif the id is to be
associatedwith anarbitraryattribute.

(put U:id IND:id PROP:any): any expr
TheindicatorIND with thepropertyPROPis placedon thepropertylist of
U. If theactionof put occurs,thevalueof PROPis returned.If eitherU or
IND arenot ids thena typemismatcherroroccurs.

***** An attempt was made to do PUT on ‘U’, which is not
an identifier

Thedefinitionof a propertywill causethepreviousdefinitionto belost.

(getU:id IND:id): any expr
Returnsthe propertyassociatedwith indicatorIND from the propertylist

of U. If U doesnot have indicatorIND, nil is returned.Getreturnsnil if U
is notanid.

(deflist U:list IND:id): list expr
U is a list in which eachelementis a two-elementlist: (ID:id PROP:any).

Eachid in U hastheindicatorIND with propertyPROPplacedon its prop-
erty list by thefunctionput function.Thevalueof deflistis a list of thefirst
elementsof eachtwo-elementlist.

1 lisp> (deflist ’((plus2 ’two)
(plus ’many))

’no-operands)
(plus2 plus)
2 lisp> (get ’plus ’no-operands)
many

(remprop U:id IND:id): any expr
Removesthepropertywith indicatorIND from thepropertylist of U. Re-

turnstheremovedpropertyor nil if therewasnosuchindicator.

(rempropl U:id-list IND:id): nil expr
RemovesthepropertyIND from all of theids in U.

The following exampleis intendedto illustrate the idea of datadriven programming.
Wedefinea functioncalledsimplify whichwill simplify symbolicalgebraicexpressions.
Theseexpressionsarerepresentedaslists. To begin, therewill beonlyoneoperator(plus),
andoperandsmaybeintegers,variablesor anapplicationof plus.Prefixnotationis used.
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Theadditionof variablex and3 would berepresentedas(plusx 3). Thefirst versionof
simplify will certainlydo thejob.

(de simplify (expression)
(cond ((atom expression) expression)

((eq (first expression ’plus)
(add-simplify expression))

(t expression)))

However, aswe addoperandsit will becomenecessaryto redefinesimplify. A better
approachis to allow the operatorto specifythe informationon how to simplify the ex-
pression.

(de simplify (expression)
(cond ((atom expression) expression)

(t (apply (get (first expression) ’simplify)
(ncons expression)))))

(put ’plus ’simplify ’add-simplify)

This versionwill not have to berewrittenwhena new operatoris added.For example,if
theoperatortimesis addedthenwe only needto definea functioncalledtimes-simplify
andattachits nameto thepropertylist of timesundertheindicatorsimplify. We cande-
signadd-simplifyin asimilar fashion.Usingthisapproachwewill beableto accomodate
numbersotherthanintegers.

(de add-simplify (expression)
(let ((left (second expression))

(right (third expression)))
(cond ((zerop left) right)

((zerop right) left)
((and (numberp left)(numberp right))

(let ((new (common-type left right)))
(apply (get (data-type (first new))’add-op) new)))

(t (list (first expression)
(simplify left)
(simplify right))))))

(put ’integer ’add-op ’plus2)

1 lisp> (simplify ’(plus (plus 1 8) (plus x 0)))
(plus 9 X)
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4.3.1 Functionsfor Flagging Ids

(flag U:id-list V:id): nil expr
Flagflagseachid in U with V; thatis, theeffectof flag is thatfor eachid X
in U, (flagpX V) hasthevaluet. Both V andall of theelementsof U must
beidentifiersor a typemismatcherroroccurs.Theid V will appearon the
propertylist of eachid in U. However, flagscannotbeaccessed,placedon,
or removedfrom propertylistsusingthenormalpropertylist functionsget,
put,andremprop.Notethatif anerroroccursduringexecutionof flag,then
someof the ids in U may be flaggedwith V, andothersmay not be. The
statementbelow causesthe flag Loseto be placedon the propertylists of
theidsx andy.

(flag ’(x y) ’lose)

(flagp U:id V:id): boolean expr
Returnst if U hasbeenflaggedwith V; otherwisereturnsnil. ReturnsNIL
if eitherU or V is not anid.

(remflagU:id-list V:id): nil expr
Removesthe flag V from the propertylist of eachmemberof the list U.

Both V andall the elementsof U mustbe ids or the type mismatcherror
occurs.

(flag1U:id V:any): Undefined expr
TheidentifierU is flaggedV. Theeffect is to addV to thepropertylist of

U.

(remflag1U:id V:any): Undefined expr
TheidentifierU is nolongerflaggedV. Theeffect is to removedV from the
propertylist of U.

4.3.2 Dir ectAccessto the Property Cell

Useof the following functionscandestroy the integrity of the propertylist. SincePSL
usespropertiesata low level, careshouldbetakenin theuseof thesefunctions.

(prop U:id): any expr
Returnsthepropertylist of U.
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(setprop U:id L:any): L:any expr
StoreitemL asthepropertylist of U.

4.4 ValueCell Functions

Thecontentsof thevaluecell of anid is usuallyaccessedby eval (Chapter11)or valuecell
(below) andchangedby setq,setfor sometimesset.

(setq[VARIABLE:id VALUE:any]): any fexpr
Thevalueof eachVARIABLE is setto thecorrespondingvalueof VALUE.
EachargumentVALUE isevaluated,eachargumentVARIABLE isnoteval-
uated.It is not truethat

(setq variable value)

is equivalentto

(set ’variable value)

Wheresetqmaybeusedto setany typeof variable(fluid, globalor local) thefunctionset
is restrictedto fluid andglobalvariables.

(setEXP:id VALUE:any): any expr
Setis usedto definethevaluecell of fluid andglobal identifiers.An error

occursif EXPdoesnot evaluateto anidentifier.
***** An attempt was made to do SET on ‘EXP’, which is not
an identifier

If EXPevaluatesto t or nil anerroroccurs.

***** Cannot change T or NIL

(desetqU:any V:any): V:any macro
This function is part of the USEFUL package.Desetqis a destructuring

setq.That is, thefirst argumentis a list whoseelementsareids. Thevalue
of eachid is setto thecorrespondingelementin thesecondargument.For
example,evaluationof

(desetq (A (B) . C) ’((1) (2) (3) 4))

definesthevalueof A to be(1), B to be2, andC to ((3) 4).

(psetq[VARIABLE:id VALUE:any]): Undefined macro
This function is definedin theUSEFULpackage.Psetqis very similar to

setq.Thedifferenceis thatwith psetqeachVALUE is evaluatedbeforeany
assignmentis made.
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1 lisp> (setq a ’same b a)
SAME
2 lisp> (eq a b)
T
3 lisp> (psetq a ’other b a)
OTHER
4 lisp> (eq a b)
NIL

(setf [LHS:f orm RHS:any]): RHS:any macro
Theability to assignvaluesto idsallowsusto think of idsasvariables.We
cangeneralizethis notionof variable.For example,a list canbethoughtof
asa collectionof anonymousvariables.Usually thereareseperateaccess
andupdatefunctionsfor eachkind of generalizedvariable. For example
the function cdr accessesthe cdr of a pair, the function rplacdupdatesit.
However, we canthink of a call on an accessfunctionasa referenceto a
storagelocation.Justaswe considerthementionof anid to bea reference
to its value,(cdrpair)canbethoughtof asthenamefor thecdrfor somepair.
Ratherthanhaving to remembertwo functionsfor eachkind of generalized
variable(rplacd correspondsto cdr), we can adopta uniform syntaxfor
updatingstoragelocationsusingthesetfmacro.

Theapplicationof setfcantakeonany oneof thefollowing forms:

(setf id data) expandsinto (setq id data)
(setf (eval form) data) expandsinto (set form data)

Thesameeffect is obtainedby substitutingvaluein placeof eval.

(setf (car pair) data) expandsinto (rplaca pair data)
(setf (cdr pair) data) expandsinto (rplacd pair data)
(setf (getv vector index) data) expandsinto
(putv vector index data)
(setf (indx form index) data) expandsinto
(setindx form index data)
(setf (sub form start size) data) expandsinto
(setsub form start size data)
(setf (nth pair index) data) expandsinto anexpressionsimilar to
(rplaca (pnth pair index) data)

If thefirst argumentto setfis amacrothenit will beexpandedbeforesetfis. For example,
if first is definedas

(ds first (p) (car p)) then
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(setf (first p) data) is equivalentto (setf (car p) data)

TheUSEFULmodulecontainsanexpandedversionof setf.Thebasicdefinitionof setfis
not consistentwith thatof setq.Thevaluereturnedfrom anapplicationof setqis always
thevalueassigned.For example,theexpression

(setf (car ’(a b)) ’d) expandsinto (rplaca ’(a b) ’d)

Thevaluereturnedafterevaluatingthis secondexpressionis (d b). Theextendedversion
of setfwill alwaysreturnthevalueassigned.

An applicationof theextendedversionof setfwill accepttheadditionalfollowing forms:

(setf (cons left right) pair) will expandinto an expressionsimilar
to
(progn (setf left (car pair)) (setf right (cdr pair)))

(setf (cXYr pair) data) expandsinto anexpressionsimilar to
(rplacX (cYr pair) data)

whereX is eitheraor d andY is eithera,d, aa,..., or ddd

(setf (flagp id name) data) expandsinto anexpressionsimilar to
(flag (list id) name) , if datais non-nil otherwise
(remflag (list id) name)
(setf (get id name) data) expandsinto (put id name data)
(setf (getd name) data) expandsinto anexpressionsimilar to
(putd name (car data) (cdr data))

This expansionassumesthatdatais similar to anexpressionwhich wouldbereturnedby
acall ongetd.If datais acode-pointeror a lambdaexpressionthen’expr is usedin place
of (cardata).

(setf (lastcar pair) data) expandsinto anexpressionsimilar to
(rplaca (lastpair pair) data).
(setf (list a b c ...) pair)
theexpansionof thisexpressionis verysimilar to theexpansionof
(desetq (a b c ...) pair)
(setf (pnth pair index) data) expandsinto anexpressionsimilar to
(rplacd (pnth pair (sub1 index)) data)
(setf (vector al bl cl ...) [ar br cr ...])
expandsinto anexpressionsimilar to
(progn (setf al ar)(setf bl br)(setf cl cr)...)
Thesetffunctionis extensibleto permitadditionaloperatorsontheleft handside.If there
is anassign-oppropertyonthepropertylist of theoperatorthenthevalueof thatproperty
(eithera lambdaexpressionor thenameof a function) is usedto build theexpansionof
themacro.Theeffect is similar to
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(apply (get op ’assign-op) (append (cdr lhs) (list rhs)))

Thepropertysetf-expandis searchedfor whentheir is no assign-opproperty. If thereis
sucha propertyits value is appliedto the two argumentspassedto setf. The effect is
similar to

(apply op (list lhs rhs))

If theleft handsideoperatoris flaggedassetf-safe,thenit is assumedthattheexpansion
of themacrowill yeild anexpressionwhich will returnthevalueof the right handside.
Otherwisetheexpansionwill take oneof the forms listedbelow. Within thesecondex-
pansion,referencesto RHSarereplacedwith referencesto VAR. Thesecondform is used
whenRHSis alist, theassumptionbeingthatit is effecientto evaluateanapplicationonly
once.

(progn expansion rhs)

(let ((var rhs))
expansion
var)

(psetf [LHS:f orm RHS:any]): Undefined macro
This function is definedin theUSEFULpackage.Psetfis very similar to

setf. The differenceis that with psetfeachRHS is evaluatedbeforeany
assignmentis made.

(makeunboundU:id): Undefined expr
U is madeanunboundidentifier, thatis to sayit will nolongerhaveavalue.
This functionshouldbeappliedto fluid identifiersonly.

(valuecellU:id): any expr
Safeaccessto the valuecell of an id. If U is not an id a type mismatch

erroroccurs.If U is anunboundid, anunboundid erroroccurs.Otherwise
thecurrentvalueof U is returned.This functionshouldbeappliedto fluid
identifiersonly.

(unboundp U:id): boolean expr
Returnst is U is unbound.This functionshouldbeappliedto fluid identi-

fiersonly.
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4.5 SystemGlobal Variables,SwitchesandOther ”Hooks”

4.5.1 Intr oduction

A numberof globalvariablesprovideglobalcontrolof thePSLsystem,or referenceval-
ueswhichareconstantthroughoutexecution.Certainoptionsarecontrolledby switches,
variableswhich have a valueof eithert or nil. For example,the valueof *verboseload
controlsthedisplayof messageswhenfiles areloaded.Thevaluesof otherglobalvari-
ablesarenot restrictedto beboolean.For example,thevalueof outputbase*is theradix
in whichnumbersareprinted.PSLusestheconventionthatthenameof aglobalvariables
which is aswitchbeginswith ”*”. Thenamesof otherglobalvariablesendwith ”*”.

4.5.2 SettingSwitches

Strictly speaking,NAME is a switchand*NAME is a correspondingglobalvariablethat
assumesa valueof t or nil. Both NAME and*NAME arelooselyreferredto asswitches
elsewherein themanual.

Thefunctionsonandoff functionsareusedto changethevaluesof theidentifiersassoci-
atedwith switches.Someswitchescontainans-expressionon their propertylists under
theindicatorsimpfg � . Thes-expressionhastheform of acondlist:

((t (action-for-on)) (nil (action-for-off)))

If thesimpfgindicatoris present,thentheonandoff functionsalsoevaluatetheappropri-
ateactionin thes-expression.

(on [U:id]): Undefined macro
For eachswitchU, theassociatedidentifier*U is setto nil. If theclause(t
(action-for-on) is foundundertheindicatorsimpfgonU thentheexpression
action-for-onwill beevaluated.

(off [U:id]): Undefined macro
For eachswitchU, theassociatedidentifier*U is setto nil. If theclause(nil
(action-for-off) is foundundertheindicatorsimpfgonU thentheexpression
action-for-off will beevaluated.
The switch fast-integersis usedby the compilerwhenarithmeticexpressionsarecom-
piled. Therearedefinitionsof numericoperatorswhich do not checkthe typesof their
argumentsin orderto reduceexecutiontime. Evaluationof

(get ’fast-integers ’simpfg)

returns
�
The namesimpfg comesfrom its introductionin the Reducealgebrasystem,whereit was usedto

specifyvarioussimplificationsto beperformedasvariousswitcheswereturnedonor off.
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((t (enable-fast-numeric-operator s))
(nil (disable-fast-numeric-opera tors) )))

Evaluationof (on fast-integers)will resultin *f ast-integersbeingsetto t andevalutionof
thefunctionenable-fast-numeric-operators.

4.5.3 SpecialGlobal Variables

nil = [Initially: nil] global
A specialglobalvariablewhosevaluecannotbemodifiedby setor setq.

t = [Initially: t] global
A specialglobalvariablewhosevaluecannotbemodifiedby setor setq.

4.5.4 SpecialPut Indicators

Someactionssearchthepropertylist of relevantids for thefollowing indicators.

breakfunction Associatesa function to be run with an id typed in a breakloop (see
Chapter16). For example,q is usedto exit from a breakloop and(get ’q
’breakfunction)returnsbreakquit.

type PSLusesthepropertytypeto indicatewhetherafunctionis afexpr, macro,
or nexpr. If thispropertyis absent,expr is assumed.For example,(get’and
’type)returnsfexpr.

vartype PSL usesthe propertyvartypeto indicatewhetheran identifier is of type
globalor fluid.

1 lisp > (fluid ’(mary))
nil
2 lisp > (get ’mary ’vartype)
fluid

*lambdalink The interpreterlooksunder*lambdalink for a lambdaexpressionwhena
compileddefinitioncannotbefound.

1 lisp > (de list-first (p) (car p))
list-first
2 lisp > (get ’list-first ’*lambdalink)
(lambda (p) (car p))

Thecompilerandloaderuseanumberof otherindicators,seeChapter19.
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4.5.5 SpecialFlag Indicators

eval, ignore Theseflagsareusedprimarily to control theevaluationof expressionsdur-
ing compilation(for moreinformationseeChapter19).

lose Thefunctionputdis usedto associatefunctiondefinitionswith ids. Its ap-
plicationis abortedif theid hasbeenflaggedlose.

*** ‘NAME’ has not been defined, because it is flagged LOSE

user If *usermodeis t, whena functionis definedits namewill beflaggeduser.
This is usedto distinguishuserdefinedfunctionsfrom systemfunctions(see
Chapter9 for moreinformation).



List Structur e

5.1 Intr oduction to Lists and Pairs

The pair is a fundamentalPSL datatype, and is one of the major attractionsof LISP
programming.A pair consistsof a two-itemstructure.In PSLthefirst elementis called
thecarandthesecondthecdr; in otherLISPs,thephysicalrelationshipof thepartsmay
bedifferent.An illustrationof thetreestructureis givenbelow asa box diagram;thecar
andthecdrareeachrepresentedasa portionof thebox.

-----------------
|| Car | Cdr ||
-----------------

As anexample,a treewrittenas((A . B) . (C . D)) in dot-notationis drawn below asabox
diagram.

-----------------
|| / | \ ||
----/-------\----

/ \
----------------- -----------------
|| A | B || || C | D ||
----------------- -----------------

Theboxdiagramsaretediousto draw, sodot-notationis normallyused.Notethataspace
is left oneachsideof the. to ensurethatpairsarenot confusedwith floats.
A list is aspecialcaseof adottedpair structure.A list is either

1. NIL

2. A dottedpairwhosecaris anexpressionandwhosecdr is a list.

List notationin generalis a lot easierto readthantheequivalentdottedpairnotation.

(A . NIL) = (A)
(A . B) = (A . B)
(NIL . NIL) = (NIL)
(A . (B . NIL)) = (A B)
((A . NIL) . NIL) = ((A))
((A . NIL) . (B . NIL)) = ((A) B)
(A . (B . C)) = (A B . C)

43
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Thefollowing is analgorithmfor writing adottedpair structurein list notation.

1. Seta pointerQ to thebeginningof thedottedpair structureandwrite a left paren-
thesis.

2. Write thelist notationfor thedatastructurepointedto by thecarof Q andresetQ
to thecdrof Q.

3. If Q is now thenull pointer, thenwrite aright parenthesis;otherwise,write aspace,
and if Q is an atom,write a period,a space,Q’s name,anda right parenthesis;
otherwisewrite aspaceandgo to step2.

5.2 BasicFunctionson Pairs

The following areelementaryfunctionson pairs. All functionsin this Chapterwhich
requirepairsasparameterssignala type mismatcherror if the parametergiven is not a
pair.

(consU:any V:any): pair expr
Returnsapairwhich is noteqto anythingelseandhasU asits carpartand
V asits cdrpart.

(car U:pair): any open-compiledexpr
Theleft partof thepairU is returned.Notethatapplicationsof carareopen
compiled,a compiledapplicationof carwill not verify that its argumentis
apair. ThefunctionSafeCarmaybeusedin placeof car. Thedefinitionsof
thesetwo functionsareidentical,thedifferencebetweenthemis thatsafecar
is notopencompiled.For interpretedapplications,thecarof nil is nil andif
U is somethingotherthatapairor nil thefollowing errorwill result.

***** An attempt was made to do CAR on ‘U’, which is not a pair

(cdr U:pair): any open-compiledexpr
Theleft partof thepairU is returned.Notethatapplicationsof cdrareopen
compiled,a compiledapplicationof cdr will not verify that its argumentis
apair. ThefunctionSafeCdrmaybeusedin placeof cdr. Thedefinitionsof
thesetwo functionsareidentical,thedifferencebetweenthemis thatsafecdr
is not opencompiled.For interpretedapplications,thecdr of nil is nil and
if U is somethingotherthatapairor nil thefollowing errorwill result.

***** An attempt was made to do CDR on ‘U’, which is not a pair

Thecompositesof carandcdraresupportedup to four levels.
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Car Cdr
Caar Cdar Cadr Cddr

Caaar Cdaar Cadar Cddar Caadr Cdadr Caddr Cdddr
Caaaar Cadaar Caadar Caddar Caaadr Cadadr Caaddr Cadddr
Cdaaar Cddaar Cdadar Cdddar Cdaadr Cddadr Cdaddr Cddddr

Theseareall exprsof oneargument.Applicationsof thesefunctionsaregenerallyopen
compiled.An exampleof theiruseis that(cddarp) is equivalentto (cdr(cdr(carp))). For
interpretedapplications,a type mismatcherroroccursif the argumentdoesnot possess
thespecifiedcomponent.
As an alternative to employing chainsof car andcdr to obscuredepths,particularly in
extractingelementsof a list, considertheuseof thefunctionsfirst, second,third, fourth,
rest,nth,andpnth.

(nconsU:any): pair expr
Equivalentto (consu nil).

(xconsLEFT:any RIGHT :any): pair expr
Equivalentto (consRIGHT LEFT), this function is usefulfor generating

efficient list building codefor thecompiler.

(copyX:any): any expr
This function returnsa copy of X. While eachpair is copied,atomicele-

ments(for exampleids, strings,andvectors)arenot. Seetotalcopy in sec-
tion 7.5.Notethatcopy is recursiveandwill not terminateif its argumentis
acircularlist.

(de copy (u)
(if (pairp u)

(cons (copy (car u)) (copy (cdr u)))
u))

1 lisp> (setq p ’("AKU" (charlie)))
("AKU" (CHARLIE))
2 lisp> (setq q (copy p))
("AKU" (CHARLIE))
3 lisp> (eq p q)
NIL
4 lisp> (eq (first p) (first q))
T
5 lisp> (eq (third p) (third q))
NIL

SeeChapter6 for otherrelevantfunctions.
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The following functionsareknown as”destructive” functions,becausethey changethe
structureof the pair given astheir argument,andconsequentlychangethe structureof
any objectcontainingthe pair. They are frequentlyusedto make codemoreefficient.
For exampleappendwill copy its first argumentwhereasnconcwill not. Thesefunctions
arealsousedto build structureswhich sharesub-structure.It is possibleto createself
referentialstructureswith thesefunctions. This cancreatehavoc with normalprinting
andlist traversalfunctions.

(rplacaU:pair V:any): pair open-compiledexpr
Thecarof thepair U is replacedby V, themodifiedpair U is returned.A

typemismatcherroroccursif U is not apair

1 lisp> (setq fruit ’(orange apple))
(ORANGEAPPLE)
2 lisp> (setq food (cons ’cheese fruit))
(CHEESE ORANGEAPPLE)
3 lisp> (rplaca fruit ’peach)
(PEACH APPLE)
4 lisp> food
(CHEESE PEACH APPLE)

(rplacd U:pair V:any): pair open-compiledexpr
Thecdr of thepair U is replacedby V, themodifiedpair U is returned.A

typemismatcherroroccursif U is not apair.

1 lisp> (setq pair ’(left))
(LEFT)
2 lisp> (progn (rplacd pair ’right) pair)
(LEFT . RIGHT)

(rplacw A:pair B:pair): pair expr
Replacesthewholepair: thecarof A is replacedwith thecarof B, andthe
cdrof A with thecdrof B. ThemodifiedpairA is returned.

5.3 Functions for Manipulating Lists

The following functionsaremeantfor the specialpairswhich arelists, asdescribedin
Section5.1. An argumentwhich is not a list couldgiveunexpectedresults.For example,
lengthis usedto determinethenumberof top level elementsin a list.

1 lisp> (length ’(a b c))
3
2 lisp> (length ’(a b . c))
2
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SelectingList Elements

(first L:pair): any macro
A synonym for car.

(secondL:pair): any macro
A synonym for cadr.

(third L:pair): any macro
A synonym for caddr.

(fourth L:pair): any macro
A synonym for cadddr.

(restL:pair): any macro
A synonym for cdr.

(lastpair L:pair): any expr
Returnsthelastpair of a L. It is oftenusefulto think of this asa pointerto
thelastelementfor usewith destructivefunctionssuchasrplaca.If L is not
apair thena typemismatcherroroccurs.

(de lastpair (l)
(if (or (atom l) (atom (cdr l)))

l
(lastpair (cdr l))))

(lastcar L:pair): any expr
Returnsthelastelementof thepairL. A typemismatcherrorresultsif L is
notapair.

(de lastcar (l)
(if (atom l) l (car (lastpair l))))

(nth L:pair N:integer): any expr
ReturnstheNth elementof thelist L. If L is atomicor containsfewer than
N elements,anoutof rangeerroroccurs.

(de nth (l n)
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(cond ((null l) (range-error))
((onep n) (first l))
(t (nth (rest l) (sub1 n)))))

Notethat this definitionis not compatiblewith CommonLISP. TheCommonLISP defi-
nition reversestheargumentsanddefinesthecarof a list to bethe”zeroth” element.

(pnth L:list N:integer): any expr
Returnsa list startingwith thenthelementof thelist L. Notethattheresult
is apointerto thenthelementof L, adestructivefunctionlike rplacacanbe
usedto modify the structureof L. If L is atomicor containsfewer thanN
elements,anoutof rangeerroroccurs.

(de pnth (l n)
(cond ((onep n) l)

((not (pairp l)) (range-error))
(t (pnth (rest l) (sub1 n)))))

5.3.1 Membership and Length of Lists

(memberA:any L:list): extra-boolean expr
Returnsnil if A is not equalto sometop level elementof thelist L; other-

wiseit returnstheremainderof L whosefirst elementis equalto A.
(de member (a l)

(cond ((not (pairp l)) nil)
((equal a (car l)) l)
(t (member a (cdr l)))))

(memqA:any B:list): extra-boolean expr
Thesameasmemberexceptthateqis usedfor comparisoninsteadof equal.
Notethatthevaluereturnedby eithermemberor memqis eqto theportion
of thelist which beginswith A. Thusa functionlike rplacamaybeusedto
alterA.
1 lisp> (setq sequence ’(1 3 3))
(1 3 3)
2 lisp> (rplaca (memq 3 sequence) 2)
(2 3)
3 lisp> sequence
(1 2 3)

(length X:any): integer expr
Thetop level lengthof thelist X is returned.

(de length (l)
(if (atom l) 0 (add1 (length (cdr l)))))
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Constructing, Appending,and ConcatenatingLists

(list [U:any]): list fexpr
Constructa list of thearguments.

1 lisp> (list (car ’(left . right)) (list ’next))
(LEFT (NEXT))

(appendU:list V:list): list expr
Returnsaconstructedlist in which thelastelementof U is followedby the
first elementof V. Thelist U is copied,but V is not.

(de append (u v)
(cond ((not (pairp u)) v)

(t (cons (first u) (append (rest u) v)))))

(nconcU:list V:list): list expr
Destructive versionof append,the cdr of the last pair of U is modified

to referenceV. While appendcreatesa copy of U, nconcusesU itself in
constructingtheresult.

(de nconc (u v)
(if (not (pairp u))

v
(rplacd (lastpair u) v)))

1 lisp> (setq a ’(swan))
(SWAN)
3 lisp> (nconc a ’(giles))
(SWAN GILES)
4 lisp> a
(SWAN GILES)

(aconcU:list V:any): list expr
Destructively addselementV to thetail of list U.

1 lisp> (setq a ’(phillips))
(PHILLIPS)
2 lisp> (progn (aconc a ’posner) a)
(PHILLIPS POSNER)
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(lconcPTR:list LST:list): list expr
Effectively nconc,but avoidsscanningfrom thefront to theendof thefirst
list by maintaininga pointer. PTRis a pair whosecar is a list L andwhose
cdr is a referenceto thelastpairof L. Thevaluereturnedis theupdatedpair
PTR.

(progn (rplacd (cdr ptr) lst)
(rplacd ptr (lastpair lst)))

This function is usefulfor building lists from left to right, PTR shouldbe initialized to
(nil . nil) beforethefirst call on lconc.

(tconcPTR:list ELM:any): list expr
Effectively aconc,but avoidsscanningfrom thefront to theendof thefirst
list by maintaininga pointer. PTRis a pair whosecar is a list L andwhose
cdr is a referenceto thelastpairof L. Thevaluereturnedis theupdatedpair
PTR.

(progn (setq elm (ncons elm))
(rplacd (cdr ptr) elm)
(rplacd ptr elm))

This function is usefulfor building lists from left to right. PTR shouldbe initialized to
(nil . nil) beforethefirst call on tconc.

Lists asSets

A setis a list in which eachelementoccursonly once.Sincetheorderof elementsin a
setdoesnotmatter, thesefunctionsmaynotpreserveorder.

(adjoin ELEMENT :any SET:list): list expr
Add Elementto SETif it is not alreadyamember.

(de adjoin (elm set)
(if (member elm set) set (cons elm set)))

Recallthatmemberusesequalto testfor equality.

(adjoinq ELEMENT :any SET:list): list expr
Similar to adjoinexceptthateqis usedto testfor setmembership.

(union X:list Y:list): list expr
Returnstheunionof setsX andY.

(de union (x y)
(if (not (pairp x))

y
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(union (rest x)
(if (member (first x) y)

y
(cons (first x) y)))))

Noticethatthetwoargumentsto unionareassumedtobesets,if eithercontainsduplicates
thentheresultmaycontainduplicatesaswell.

1 lisp> (union ’(1 2 2) ’(3))
(2 1 3)
2 lisp> (union ’(3) ’(1 2 2))
(3 1 2 2)

(unionq X:list Y:list): list expr
Similar to unionexceptthateqis usedto testfor setmembership.

(intersectionU:list V:list): list expr
Returnstheintersectionof setsU andV.

(de intersection (u v)
(cond ((not (pairp u)) nil)

((member (car u) v)
(cons (car u)

(intersection (cdr u) (delete (car u) v))))
(t (intersection (cdr u) v))))

Notice that the two argumentsto intersectionareassumedto be sets,if eithercontains
duplicatesthentheresultmaycontainduplicatesaswell.

1 lisp> (intersection ’(1 2) ’(2))
(2)
2 lisp> (intersection ’(2 2) ’(1 2 2))
(2 2)

(intersectionqU:list V:list): list expr
Similar to intersectionexceptthateqis usedto testfor setmembership.

(list2setSET:list): list expr
Removeredundantelementsfrom thetop level of SETusingequal.

(list2setqSET:list): list expr
Removeredundantelementsfrom thetop level of SETusingeq.
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5.3.2 DeletingElementsof Lists

Note that the functionssuffixedby IP will destructively modify the list from which ele-
mentsarebeingdeleted.If you usesucha functiondo not rely on theresultbeingeqto
the argument. The valuereturnedwill have all of the elementsremoved,but the modi-
ficationswhich have beenmadeto the argumentmay not reflectthis. In particular, the
leadingelementswhich areequalto theelementbeingdeletedwill not besplicedout of
thelist.

1 lisp> (setq this ’(a b c))
(a b c)
2 lisp> (deletip ’a this)
(b c)
3 lisp> this
(a b c)
2 lisp> (reversip this)
(c b a)
3 lisp> this
(a)

(deleteU:any V:list): list expr
ReturnsV with thefirst top level occurrenceof U removedfrom it. Equal

is usedfor comparingelements.Theresultconsistsof acopy of theportion
of U which comesbeforethedeletedelement,andtheportionof U which
followsthedeletedelement.

(de delete (u v)
(cond ((not (pairp v)) v)

((equal (car v) u) (cdr v))
(t (cons (car v) (delete u (cdr v))))))

(del F:function U:any V:list): list expr
Generalizeddeletefunctionwith F asthecomparisonfunction.

1 lisp> (del ’(lambda (i e) (> i e)) 0 ’(-2 3 -1))
(-2 -1)

(deletip U:any V:list): list expr
Thedestructiveversionof delete,V maybemodified.

(delq U:any V:list): list expr
ReturnsV with thefirst top level occurrenceof U removedfrom it. Eq is

usedfor comparingelements.The resultconsistsof a copy of the portion
of U which comesbeforethedeletedelement,andtheportionof U which
followsthedeletedelement.
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(delqip U:any V:list): list expr
Thedestructiveversionof delq,V maybemodified.

(delascU:any V:a-list): a-list expr
ReturnsV with thefirst toplevel occurrenceof (U . ANY) removedfrom it.
Equalis usedfor comparisons.Theresultconsistsof a copy of theportion
of U which comesbeforethedeletedelement,andtheportionof U which
followsthedeletedelement.

(delascipU:any V:a-list): a-list expr
Thedestructiveversionof delasc,V maybemodified.

(delatq U:any V:a-list): a-list expr
ReturnsV with thefirst top level occurrenceof (U . ANY) removedfrom

it. Eq is usedfor comparisons.Theresultconsistsof a copy of theportion
of U which comesbeforethedeletedelement,andtheportionof U which
followsthedeletedelement.

(delatqip U:any V:a-list): a-list expr
Thedestructiveversionof delatq,V maybemodified.

5.3.3 List Reversal

(reverseU:list): list expr
Returnsacopy of thetop level of U in reverseorder.

(de reverse (l)
(do ((result nil (cons (car pointer) result))

(pointer l (cdr pointer)))
((not (pairp pointer)) result)))

(reversip U:list): list expr
The destructive versionof reverse. The argumentmay be destructively

modifiedto producetheresult.Notealsothattheresultmaynotbeeqto the
argument.

(de reversip (l)
(prog (next result)

(while (pairp l)
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(setq next (cdr l))
(setq result (rplacd l result))
(setq l next))

(return result)))

5.3.4 Functions for Sorting

Thegsort moduleprovidesfunctionsfor sortinglists. Someof thefunctionstake a com-
parisonfunction as an argument. The comparisonfunction takes two argumentsand
shouldreturnnil if the secondargumentshouldcomebeforethe first in the sortedre-
sult. A lambdaexpressionis acceptableasacomparisonfunction.Notethatsincesorting
requiresmany comparisons,andthusmany callsonthecomparisonfunction,thesortwill
bemuchfasterif thecomparisonfunctionis compiled.

(gsort TABLE:list LEQ-FN:id,function): list expr
Returnsasortedlist. LEQ-FNis thecomparisonfunctionusedto determine
the sortingorder. The original TABLE is unchanged.Gsortusesa stable
sortingalgorithm.In otherwords,if X appearsbeforeY in TABLE thenX
will appearbeforeY in theresultunlessX andY areoutof order.

(gmergesortTABLE:list LEQ-FN:id,function): list expr
Thedestructiveversionof gsort,thisfunctionis somewhatfasterthangsort.
Note thatyou shouldusethevaluereturnedby the function,don’t depend
on themodifiedargumentto give theright answer.

(idsort TABLE:list): list expr
Returnsa list of theids in TABLE, sortedinto alphabeticalorder. Theorig-
inal list is unchanged.Caseis notsignificantin determiningthealphabetical
order.

1 lisp> (setq x ’(3 8 -7 2 1 5))
(3 8 -7 2 1 5)
2 lisp> % sort from smallest to largest
2 lisp> (gsort x ’leq)
(-7 1 2 3 5 8)
3 lisp> % sort from largest to smallest
3 lisp> (gmergesort x ’geq)
(8 5 3 2 1 -7)
4 lisp> % note that the value of x has been modified
4 lisp> x
(3 2 1 -7)
5 lisp> (idsort ’(the quick brown fox jumped over the lazy dog))
(brown dog fox jumped lazy over quick the the)
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5.4 Functionsfor Building and Searching A-Lists

(assocU:any V:a-list): pair, nil expr
If U occursasthecarportionof anelementof thea-listV, thepair in which
U occurredis returned,otherwisenil is returned.Thefunctionequalis used
to test for equality. As illustratedbelow, it is possibleto updatethe table
thatwasthesecondargumentto assocby usingthe functionrplacdon the
result.

(de assoc (u v)
(cond ((not (pairp v)) nil)

((and (pairp (car v)) (equal u (caar v))) (car v))
(t (assoc u (cdr v)))))

1 lisp> (setq table ’((oranges . 4) (apples . 2)))
((oranges . 4) (apples . 2))

2 lisp> (rplacd (assoc ’apples table) 0)
(apples . 0)

3 lisp> table
((oranges . 4) (apples . 0))

(atsocR1:any R2:any): any expr
Similar to assocexceptthateqis usedto makecomparisons.

(assF:function U:any V:a-list): pair, nil expr
Assis a generalizedassocfunction.F is thecomparisonfunction.

(sassocU:any V:a-list FN:function): any expr
Searchesthe a-list V for an occurrenceof U. If U is not in the a-list, the

evaluationof function FN is returned.Note that FN shouldbe a function
with no formalparameters.

(de sassoc (u v fn)
(cond ((not (pairp v)) (apply fn nil))

((and (pairp (car v)) (equal u (caar v))) (car v))
(t (sassoc u (cdr v) fn))))

(pair U:list V:list): a-list expr
U andV arelistswhichmusthaveanidenticalnumberof elements.If not,
anerroroccurs.Returnedis a list in whicheachelementis apair, thecarof
thepairbeingfrom U andthecdrbeingthecorrespondingelementfrom V.
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(de pair (u v)
(cond ((and (pairp u) (pairp v))

(cons (cons (car u) (car v)) (pair (cdr u) (cdr v))))
((or (pairp u) (pairp v))

(length-error))
(t nil)))

5.5 Substitutions

(substU:any V:any W:any): any expr
Returnstheresultof substitutingU for all occurrencesof V in W. Copies

all of W which is not replacedby U. Thetestusedis equal.

(de subst (u v w)
(cond ((null w) nil)

((equal v w) u)
((not (pairp w)) w)
(t (cons (subst u v (car w)) (subst u v (cdr w))))))

(substipU:any V:any W:any): any expr
Destructivesubst.

(sublisX:a-list Y:any): any expr
Thisperformsaseriesof substsin parallel.Thevaluereturnedis theresult
of substitutingthecdrof eachelementof thea-listX for everyoccurrenceof
thecarpartof thatelementin Y. Sublisis not quitethecorrectfunctionfor
arbitrarycodesubstitutions.As illustratedbelow, substitutionsmay enter
placesyoumightwish they did not.

(de sublis (x y)
(if (not (pairp x))

y
(let ((u (assoc y x)))

(cond ((pairp u) (cdr u))
((not (pairp y)) y)
(t (cons (sublis x (car y)) (sublis x (cdr y))))))))

1 lisp> (sublis ’((x . 100)) ’(list ’x ’is x))
(list (quote 100) (quote is) 100)

(sublaU:a-list V:any): any expr
Eqversionof sublis;replacesatomsonly.



Charactersand Strings

6.1 Characters

In PSL a characteris its ASCII coderepresentation.Using numericcodesto represent
charactersleadsto programswhich aredifficult to read.You areencouragedto usechar
to representcharacters.

(char U:id): integer macro
This macrois part of the USEFUL module. The charmacroreturnsthe

ASCII codewhich correspondsto the singlecharacterpassedasan argu-
ment. Charwill acceptalias’s for characters.An alias is establishedby
defininga charconstpropertyon the propertylist of the alias. The value
of this propertyshouldbe the ASCII codeof the characterwhich is be-
ing aliased.The following alias’s aredefinedwhenthe useful packageis
loaded.

NULL
BELL
BACKSPACE
TAB
LF line feed
EOL endof line
FF form feed
CR carriagereturn
EOF endof file
ESCAPE maybeabbreviatedESC
SPACE analiasis BLANK
RUBOUT maybeabbreviatedRUB
DELETE maybeabbreviatedDEL

By default, thePSLreaderconvertsuppercasealphabeticcharactersto lower case.This
default is controlledby the value of the switch raise. A value of t indicatesthat the
conversionshouldbe done. Assumingraiseis t, the expression(char a) refersto the
character”a”. Thecharacter”A” is referencedby (char!A). The”!” is usedasanescape
character, seechapter12for moreinformation.Theapplicationof loweris saidto modify
thecharacter. Lower is not a definedfunctionbut it doeshave theattributechar-prefix-
functionon its propertylist. Thevalueof this propertyis a functionwhich will modify
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theASCII codeof its argument.Modifiersarecontrolandmeta(themodifiercntrl is an
abbreviation for control).Thefollowing exampleis asimplifieddefinitionof char.

(defmacro char (u)
(cond ((idp u) (or (get u ’charconst)

(id2int u)))
((digit-char u))
((and (pairp u)

(get (first u) ’char-prefix-function))
(list (get (first u) ’char-prefix-function)

(list ’char (second u))))))

Noticethatthedigitshave to betreatedasaspecialcase.ThePSLreaderconvertsadigit
to a referenceto a numericconstant.Thedefinitionof thealiasspaceis

(put ’space ’charconst 32)

If thetypeof theargumentto charis notcorrectthenthewarning

*** Unknown character constant ‘FORM’

is printedandtheresultwill bezero.

TheUSEFULpackagealsodefinesthereadmacro#. Readmacrosareexplainedin detail
in chapter12. Whenthereaderencounters#, charis appliedto thenext character. If this
next characteris a lowercasealphabeticcharacterthenit will beconvertedto uppercase
if theswitchraiseis setto t. If this next characteris a readmacrothenit will beapplied.
Sucha readmacroshouldreturnanexpressionwhich is acceptableto char.

1 lisp> #\a
65
2 lisp> #\‘(a b c)
*** Unknown character constant: ‘(BACKQUOTE (A B C))’
0

CommonLISP Functionson Characters

Thefollowing functionsareavailableby loadingthelibrary modulechars.
CommonLISP providesa characterdatatype in which every characterobjecthasthree
attributes:code,bits, andfont. Thebits attributeallows extra flagsto beassociatedwith
a character. Thefont attributepermitsa specificationof thestyleof theglyphs(suchas
italics). PSLdoesnotsupportnonzerobit andfont attributes.Becauseof this,someof the
CommonLISP characterfunctionsdescribedbelow have no affect or arenot very useful
asimplementedin PSL.They arepresentfor compatibility.
An argumentto any of thefollowing functionsshouldmakeuseof charor oneof thetwo
readmacros��� and ��� . Sincea characterin PSL is representedas its ASCII codeit
is possibleto give a numericargumentto thesefunctions.However, theuseof numbers
makes the codedifficult to readand much lesstransportable.The readmacro ��� is
describedin thediscussionof charabove. Thereadmacro#/ returnstheASCII codeof
thenext character. In contrastto ��� , theswitchraiseis ignoredandif thenext character
is a readmacroit is not applied.
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1 lisp> (eq (char (lower a)) #/a)
T
2 lisp> (eq (char (lower a)) #\a)
NIL
3 lisp> #/‘
96
4 lisp> #\‘
*** Unknown character constant: ‘(BACKQUOTE !ˆZ)’
0

(standard-charp C:character): boolean expr
Returnst if theargumentis oneof the95ASCII printingcharacters.

1 lisp> (standard-charp (char a))
T
2 lisp> (standard-charp (char (control a)))
NIL

(graphicp C:character): boolean expr
Returnst if C is a printablecharacterandnil otherwise.Controlandfor-

mattingcharactersareconsideredto benot printable. Thespacecharacter
is aprintablecharacter.

(string-charp C:character): boolean expr
Returnst if C is acharacterthatcanbeanelementof astring.Any character
thatsatisfiesstandard-charpandgraphicpalsosatisfiesstring-charp.

(alphap C:character): boolean expr
Returnst if C is analphabeticcharacter. Liter is anequivalentfunction.

(uppercasepC:character): boolean expr
Returnst if C is anuppercaseletter.

(lowercasepC:character): boolean expr
Returnst if C is a lowercaseletter.

(bothcasepC:character): boolean expr
In PSLthis functionis thesameasalphap.
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(digitp C:character): boolean expr
Returnst if C is adigit character(optionalradixnotsupported).An equiv-
alentfunctionis digit

(alphanumericp C:character): boolean expr
Returnst if C is adigit or analphabetic.

(char= C1:character C2:character): boolean expr
Returnst if C1andC2arethesamein all threeattributes.

(char-equal C1:character C2:character): boolean expr
Returnst if C1 andC2 aresimilar. Differencesin case,bits, or font are

ignoredby this function.

(char � C1:character C2:character): boolean expr
Returnst if C1 is strictly lessthanC2.

(char 	 C1:character C2:character): boolean expr
Returnst if C1 is strictly greaterthanC2.

(char-lesspC1:character C2:character): boolean expr
Likechar� but ignoresdifferencesin case,fonts,andbits.

(char-greaterp C1:character C2:character): boolean expr
Likechar	 but ignoresdifferencesin case,fonts,andbits.

(char-codeC:character): character expr
Returnsthecodeattributeof C. In PSLthisfunctionis anidentityfunction.

(char-bits C:character): integer expr
Returnsthebitsattributeof C, which is always0 in PSL.

(char-font C:character): integer expr
Returnsthefont attributeof C, which is always0 in PSL.
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(code-charI:integer): character,nil expr
Thepurposeof this functionis to beableto constructa characterby spec-
ifying thecode,bits,andfont. Becausebits andfont attributesarenot used
in PSL,code-charis anidentity function.

(character C:character, string, id): character expr
Attemptsto coerceC tobeacharacter. If C isacharacter, C is returned.If C
is a string,thenthefirst characterof thestringis returned.If C is a symbol,
thefirst characterof theprint nameof thesymbolis returned.Otherwisean
erroroccurs.

***** ‘FORM’ cannot be coerced to a character

(char-upcaseC:character): character expr
If (lowercasepC) is true, thenchar-upcasereturnsthe codeof the upper

caseof C. Otherwiseit returnsthecodeof C.

(char-downcaseC:character): character expr
If (uppercasepC) is true,thenchar-downcasereturnsthecodeof thelower
caseof C. Otherwiseit returnsthecodeof C.

(digit-char N:fixnum): integer expr
If N correspondsto a singledigit thenthecharacterwhich representsthat

digit is returned.TheCommonLISP versionwill acceptanoptionalradix
argument,this functionassumesa radixof ten. If N doesnot correspondto
asingledigit thennil is returned.

(char-int C:character): integer expr
Convertscharacterto integer. This is theidentityoperationin PSL.

(int-char I:integer): character expr
Convertsintegerto character. This is theidentityoperationin PSL.

6.2 Strings

6.2.1 String Creationand Copying

Thefollowing arebuilt-in stringcreationandcopying functions:
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(allocate-stringSIZE:integer): string expr
Constructsandreturnsa stringwith SIZE characters.Thecontentsof the

stringarenot initialized.

(make-string SIZE:integer INITV AL:integer): string expr
Constructsandreturnsastringwith SIZEcharacters,eachinitializedto the
ASCII codeINITVAL.

(mkstring UPLIM:integer INITV AL:integer): string expr
An old form of make-string.Returnsastringof charactersall initialized to
INITVAL, with upperboundUPLIM. Thereturnedstringcontainsatotalof
(add1UPLIM) characters.

(string [ARGS:integer]): string nexpr
Createstringof elementsfrom a list of ARGS.

1 lisp> (string 65 66 67)
"ABC"

(copystringtofrom NEW:string OLD:string): NEW:string expr
Copy all charactersfrom old into new. This functionis destructive.

(copystring S:string): string expr
Copy to new string,allocatingspace.

6.2.2 About the BasicString Operations

Therepresentationof stringsis verysimilar to thatof vectors.Dueto thissimilarity, there
arefunctionswhichmaybeappliedto eitherdatatype. Suchfunctionsprovideprimitive
operationson strings. PSL providesmany otherfunctionsspecificto stringswhich are
definedin variouslibrary modules.

6.2.3 The Operations

Thissectiondocumentsfunctionsin thelibrary moduleslow-strings (s-strings). Thereis
anotherlibrary modulecalledfast-strings (f-strings). The fast-stringsmoduleprovides
alternatedefinitionsfor thesefunctions.Whentheswitchfast-stringsis non-nil thecom-
piler will usethesealternatedefinitionsto produceefficient code. However, therewill
not beany verificationthatargumentsareof correcttype(in addition,it is assumedthat
numericargumentsarewithin a properrange).If invalid argumentsareused,thenatbest
your codewill not generatecorrectresults,you may actuallydamagethe PSL system.
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Therearetwo sideeffectsto loadingfast-stringsTheslow-strings modulewill beloaded
andtheswitchfast-stringswill besetto t. For moreinformationontheswitchfast-strings
seeChapter19.

(string-fetch S:string I:integer): any expr
Accessesanelementof a PSLstring. Indexesarezerobased.TheASCII

characterstoredin thatpositionof thestringis returned.

Charactersarerepresentedby inums. You shouldnot rely on this whenyou write code.
Suchcodecannotbe easily transportedto other systemswhereeither the encodingis
differentor wherecharactersareaseperatedatatype.

(string-store S:string I:integer X:char): NoneReturned expr
Storesinto aPSLstring.Stringindexesstartwith 0.

(string-length S:string): integer expr
Returnsthenumberof elementsin a PSLstring. Sinceindexesstartwith

index 0, the sizeis onelarger thanthe greatestlegal index. Comparethis
functionwith string-upper-bound,documentedbelow.

(string-upper-bound S:string): integer expr
Returnsthegreatestlegal index for accessingor storinginto a PSLstring.

Comparethis functionwith string-length,documentedabove.

(string-empty? S:string): boolean expr
Trueif thestringhasnoelements(its sizeis 0), otherwisenil.

6.3 CommonLISP String Functions

A CommonLISP compatiblepackageof stringfunctionshasbeenimplementedin PSL,
obtainedby loadingthe strings module. This sectiondescribesthe strings module,in-
cludinga few functionsin it thatarenotCommonLISPfunctions.

6.3.1 String comparison:

(string= S1:string S2:string): boolean expr
Comparestwo stringsS1andS2,casesensitive.
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(string-equal S1:string S2:string): boolean expr
Comparetwo stringsS1andS2,ignoringcase,bitsandfont.

The following string comparisonfunctionsareextra-boolean.If the comparisonresults
in a valueof t, the index of thefirst characterpositionat which thestringsfail to match
is returned.The resultcanalsobe thoughtof asthe longestcommonprefix of the two
strings.

(string � S1:string S2:string): extra-boolean expr
Lexicographiccomparisonof strings.Casesensitive.

(string 	 S1:string S2:string): extra-boolean expr
Lexicographiccomparisonof strings.Casesensitive.

(string � = S1:string S2:string): extra-boolean expr
Lexicographiccomparisonof strings.Casesensitive.

(string 	 = S1:string S2:string): extra-boolean expr
Lexicographiccomparisonof strings.Casesensitive.

(string ��	 S1:string S2:string): extra-boolean expr
Lexicographiccomparisonof strings.Casesensitive. In CommonLISPthe
functionis namedstring/=.

(string-lesspS1:string S2:string): extra-boolean expr
Lexicographiccomparisonof strings.Casedifferencesareignored.

(string-greaterp S1:string S2:string): extra-boolean expr
Lexicographiccomparisonof strings.Casedifferencesareignored.

(string-not-greaterp S1:string S2:string): extra-boolean expr
Lexicographiccomparisonof strings.Casedifferencesareignored.

(string-not-lesspS1:string S2:string): extra-boolean expr
Lexicographiccomparisonof strings.Casedifferencesareignored.
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(string-not-equal S1:string S2:string): extra-boolean expr
Lexicographiccomparisonof strings.Casedifferencesareignored.

6.3.2 String Concatenation:

(string-concat [S:string]): string macro
Concatenatesall of its stringarguments,returningthenewly createdstring.
Not in CommonLISP.

(string-repeatS:string I:integer): string expr
Appendscopy of S to itself totalof I-1 times.Not in CommonLISP.

6.3.3 Transformation of Strings:

(substring S:string LO:integer HI:integer): string expr
Sameassubseq,but thefirst argumentmustbeastring.Returnsasubstring
of S of size(sub1(- HI LO)), beginningwith the elementwith index LO.
Not in CommonLISP.

(string-trim BAG: � list, string � S:string): string expr
Remove leadingandtrailing charactersin BAG from astringS.

1 lisp> (string-trim "ABC" "AABAXYZCB")
"XYZ"
2 lisp> (string-trim (list (char a)
2 lisp> (char b)
2 lisp> (char c))
2 lisp> "AABAXYZCB")
"XYZ"
3 lisp> (string-trim ’(65 66 67) "ABCBAVXZCC")
"VXZ"

(string-left-trim BAG: � list, string � S:string): string expr
Remove leadingcharactersfrom string.

(string-right-trim BAG: � list, string � S:string): string expr
Removetrailing charactersfrom string.
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(string-upcaseS:string): string expr
Copy andraiseall alphabeticcharactersin string.

(nstring-upcaseS:string): string expr
Destructively raiseall alphabeticcharactersin string.

(string-downcaseS:string): string expr
Copy andlowerall alphabeticcharactersin string.

(nstring-downcaseS:string): string expr
Destructively lowerall alphabeticcharactersin string.

(string-capitalize S:string): string expr
Copy andraisefirst letterof all wordsin string;otherlettersin lowercase.

(nstring-capitalize S:string): string expr
Destructively raisefirst letterof all words;otherlettersin lowercase.

6.3.4 TypeConversion:

(string-to-list S:string): list expr
Unpackstringcharactersinto a list. Not in CommonLISP.

(string-to-vector S:string): vector expr
Unpackstringcharactersinto avector. Not in CommonLISP.

6.3.5 Other:

(string-length S:string): integer expr
Lastindex of astring,plusone.Not in CommonLISP. Usestring-size.

(rplachar S:string I:integer C:character): character expr
StoreacharacterC in astringSatpositionI.
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6.3.6 Substring Comparison

ThelibrarymoduleSTRING-SEARCHprovidesefficientfunctionsfor comparingastring
againstasubstringof anotherstring.

(substring= S1:string S2:string START:integer): boolean expr
Returnstrue if thereis a substringof S2startingat START andstring=to

S1,otherwisereturnsnil.

Similar to

(string= S1 (substring S2 START (+ START (string-length S1))))

but notethatthis returnsnil (noerroris signalled)if therearefewer than

(string-length S1)

charactersfrom positionSTART throughtheendof S2.

(substring-equalS1:string S2:string START:integer): boolean expr
Returnstrueif thereis asubstringof S2startingatSTART andstring-equal
to S1,otherwisereturnsnil.

Similar to

(string-equal S1 (substring S2 START (+ START (string-length S1))))

but notethatthis returnsnil (noerroris signalled)if therearefewer than

(string-length S1)

charactersfrom positionSTART throughtheendof S2.

6.3.7 Searching for Strings

Thelibrarymodulestr-search providesfunctionsfor searchingfor astringwithin another
string.Thesefunctionsareefficiently implemented.
The two stringsinvolved in thesesearchingoperationsarereferredto as the ”domain”
andthe ”target”. Thesefunctionssearchfor an occurrenceof the ”target” string within
the”domain” string.
Theoperationsfor stringsearchingreturnthe index of the leftmostcharacterin thefirst
matchingpart of the domainstring that is found, startingfrom the left. If no matchis
found,nil is returned.

(string-search TARG:string DOM:string): integer, nil expr
Searchesfor theleftmostoccurrenceof thetargetin thedomain.This func-
tion is case-sensitive. If passedtwo strings,CommonLISP ”search”will
givethesameresults.
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(string-search-from TARG:string DOM:string START:integer):
� integer, nil � expr

Like string-search,but the searcheffectively startsat index START in the
domain.

(string-search-equalTARG:string DOM:string):integer, nil expr
Likestring-searchexceptthatthecomparisonsarecase-insensitive.

(string-search-from-equalTA:string D:string ST:integer):
integer, nil expr

Likestring-search-fromexceptthatthecomparisonsarecase-insensitive.

6.3.8 Readingand Writing Strings

Thelibrarymodulestr-input providessomefacilitiestosupporttakinginputfrom strings.
Amongotherthings,thispermitsauserto obtainanumberfrom its printedrepresentation
usingthePSLnumberparser.

(with-input-fr om-string HEADER:list [BODY:form]):any macro
TheargumentHEADERshouldbea two elementlist.
The first element should be an identifier, the seconda string. ( ���������� �"! 	#�%$'&)(+* �-, 	 ) . The argument �%$.&)(/* �0, 	 is treatedas if it
werethe text of a file. The argument � ��������� �"! 	 is boundto an input
channelwhich is openedto give accessto �1$'&)(+* �-, 	 . Oncethechannel
hasbeenopened,eachform BODY is evaluated(theformsareevaluatedin
a left to right order).It is expectedthattheseformswill beusedto readand
processinputfrom �2$'&)(+* �-, 	 . Thevalueof thelastform is returned.Once
theapplicationof with-input-from-stringis completetheinputchannelwill
beclosed.

(de string-to-words (string)
(with-input-from-string

(channel string)
(do ((result nil (aconc result item))

(item (channelread channel) (channelread channel)))
((eq item $eof$) result))))

1 lisp> (string-to-words "DOCUMENTATIONIS FUN")
(DOCUMENTATIONIS FUN)
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(string-readSTR:string): any expr
Readsones-expressionfrom thestringSTR.The functionchannelreadis

usedto do this. Note that it is not necessaryto terminatethe string with
a delimiter character. An endof file characteris alsoconsideredto be a
delimitercharacter.

1 lisp> (string-read "TOKEN")
TOKEN
2 lisp> (string-read "TWO TOKENS")
TWO

Noticethatcharactersbeyondthefirst s-expressionareignored.This functionis defined
in termsof with-input-from-string.

(de string-read (string)
(with-input-from-string

(ch string)
(channelread ch)))

Thelibrary modulestring-output providesa facility for writing to strings.Thefunction
bldmsgprovidesthecapabilityto constructastringusingformattingdirectives.However,
complicatedstringscanbeconstructedmoreeasilyusingthemacrowith-output-to-string.
For example,longerstringscanbeconstructedby includingthechannellinelengthfunc-
tion; itemscanbe printedto the string incrementally(in a stream-like fashion)from a
loop

(with-output-to-string HEADER:list [BODY:form]): string macro
The argumentHEADER shouldbe a two elementlist. The first element

shouldbeanidentifier. Thesecondelementcanbeeithera stringor nil (in
which casea default initial string is allocated)– in eithercase,the initial
stringis extenedasnecessary.
The written string is return as a result (this is a substringcopy of the string usedfor
writing). For example,

(setf row
(with-output-to-string (wchan nil)

(channellinelength wchan 350)
(for (in tab ’(0 100 200 300))

(in str ’("A" "B" "C" "D"))
(do (channelprintf wchan "%t%w" tab str))
)))
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Flow of Control

7.1 Intr oduction

In a PSL programthe flow of control is describedprimarily by functionapplication.A
functionmaycall any numberof otherfunctions,including itself. This allows complex
operationsto bedescribedby a numberof small functions,eachof which implementsa
simpleoperation.In addition,PSLprovidesanumberof othercontrolconstructs.

7.1.1 Conditionals

Condsand Ifs

(cond [U:form-list]): any open-compiledfexpr

A typicalapplicationof condis shown below, thesquarebracketsareusedto indicatezero
of moreoccurancesof anexpression.

(COND ([(<predicate> [<action>])]))

Thefirst form in eachclauseis treatedasapredicate;theremaining(zeroor more)forms
aretreatedasif they wereenclosedwithin a progn. Theevaluationproceedsby sequen-
tially evaluatingthe predicatesin the orderof their appearanceuntil oneevaluatesto a
non-nil value.Thentheremainingformsin this clauseareevaluatedandthevalueof the
lastform is returnedastheresult.If only thepredicateappears,thenits value(if non-nil)
becomesthevaluereturned.If nopredicateis non-nil thentheresultis nil. Thefollowing
definitiondemonstratestheuseof cond.

(de size (data)
(cond ((pairp data) (length data))

((stringp data) (string-length data))
((vectorp data) (vector-size data))
(t ’unknown)))

This functionwill computethelengthof lists stringsandvectors.
Thefollowing macrosaredefinedin theUSEFULmodule.
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(if E:form S0:form [S:form]): any macro
Theform S0 is evaluatedif the testE is non-nil, otherwisethe remaining

forms S are evaluated,the valueof the last is returned. If is a macroto
simplify thewriting of acommonform of condin which thereareonly two
clausesandtheantecedentof thesecondis t.
Theexpression

(if (minusp number) ’negative ’positive)

is preferredover

(cond ((minusp number) ’negative)
(t ’positive))

Noticethatasingleform is evaluatedwhenthetestexpressionE is non-nil but theremay
beany numberof expressionsevaluatedwhenthevalueof E is nil.
Relatedmacrosfor commoncondformsarewhenandunless.

(whenE:form [S:form]): any macro
Whenthevalueof thetestexpressionE is non-niltheformsSareevaluated.
Thevalueof the last form is returnedasthe result. The result is nil if the
testexpressonE is nil.

(unlessE:form [U:form]): any macro
If thevalueof E is nil thentheformsSareevaluated.Theresultis nil if the
testexpressionE is non-nil.
Thebooleanfunctionsandandor (seeChapter2), maybeusedasconditionalforms.For
exampleanexpressionlike

(and (pairp x) (eq (car x) ’a))

which reliesupontheorderof theevaluationof theargumentsis oftenused.If andhad
evaluatedthe secondargumentfirst an error may have beengenerated.However, the
argumentsarealwaysevaluatedfrom left to right. Or maybeusedto retreive a valueas
in thefunctiondefinitionbelow.

(de dispatch (data arguments) (apply (or (get data ’function)
default-function) arguments))

In thisexamplethefunctionwhichisappliedis eitherfoundonthepropertylist of thedata
or it is adefault. In readingsuchanexpressiononeconsidersanargumentto bepreferred
over anything which follows it. Notethat theuseof thesefunctionsasconditionalsmay
yield codewhich is confusing.For examplethecode
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(setq x (and y 3))

will setx to 3 if y is boundto a valueotherthannil, otherwisex will besetto nil. It is
recommendedthatthefollowing beusedinstead.

(setq x (if y 3 nil))

Thefollowing versionof if is definedin themoduleIF. It is upwardcompatiblewith the
if macrodefinedabove. This versionwill acceptthekeywordsthen,else,andelseif. If a
keywordappearsimmediatelyaftertheconditionalexpressionof theif thentheexpression
is takento bein keyword form.

(if � expr 	 [then � expr 	 ... ][ � elseif-part	 ... ][else � expr 	 ... ]):
any expr

This is not thesamenotationusedgenerallyin thePSLmanual.Squarebracketsenclose
partsoptionallypresent.Theellipsesindicatearbitraryadditionalrepetitionsof thething
appearingjustbeforethem.Theelseif-partmaybeoneof two forms.
� elseif-part	 = elseif � expr 	 [then � expr 	 ... ]
� elseif-part	 = elseif � expr 	 [then � expr 	 ... ]

7.2 Caseand SelectqStatements

Caseis a form of conditionalin which a ”key” valueis comparedagainsta setof values
in order to choosea correspondingsetof forms to evaluate. The ”key” valuemustbe
an integer. This is a restrictedcond,andthereforecanbe compiledinto moreefficient
code.Thecompilerexpendssomeeffort to examinespecialcases(for examplecompact
vs. non-compactsetsof casesandshortvs. longsetsof cases).

(caseI:f orm [U:case-clause]):any open-compiledfexpr
Caseselectsacase-clause(oneof theU’s),to evaluatebasedonthevalueof
I. TheexpressionI shouldevaluateto aninteger. Eachclausehastheform
(case-expressionform), wherethecase-expressionhasoneof thefollowing
forms.
nil thedefault case
(i1 i2 ... in) whereeachik is aninteger
((rangelow high)) wherelow andhighareintegersandlow is less

thanor equalto high

Thefollowing exampleillustratestheuseof case

(case i ((1) (print "first"))
((2 3) (print "second"))
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(((range 4 10)) (print "third"))
(nil (print "fourth")))

(selectqI:f orm [U:selectq-clause]):any macro
This function selectsan action basedon the value of the ”key” I. Each

selectq-clauseis of the form (key-part [action]). The key-part is a list of
keys, t, or otherwise.If thereis only onekey in akey-partit maybewritten
in placeof a list containingit, provided that the key is not a list, nil, t, or
otherwise.
After I is evaluated,it is comparedagainstthemembersof eachkey-partin
turn. If thekey is eqto any memberof thekey-part theneachof theforms
in that selectq-clauseareevaluated.The valueof the last form of the list
is the valueof theselectq.If a selectq-clausewith key-part t or otherwise
is reached,its formsareevaluatedwithout furthertesting.A t or otherwise
clauseshouldbethelastclause.If noclauseis satisfiedthennil is returned.

(selectq (car w)
((nil) nil)
(end (print ’done) ’end)
((0 1 2 3 4 5 6 7 8 9) ’digit)
(otherwise ’other))

7.3 SequencingEvaluation

Thesefunctionsprovide for explicit controlsequencing,andthedefinitionof blocksal-
teringthescopeof localvariables.

(let A:list [B:form]): any macro
Thegeneralform follows, thesquarebracketsareusedto indicatezeroor

moreoccurancesof anexpression.

(LET ([(<var> <value>)]) [<body>])

The � value	 sareevaluated(in anunspecifiedorder),andthenthe � var	 s areboundto
thesevalues. The body, consistingof the � body	 forms, is evaluatedin a left to right
order. Thevaluereturnedis the resultof the lastbody form or nil if thebody is empty.
Note that the � value	 s areevaluatedin the outerenvironment,beforethe � var	 s are
bound.

This functionis equivalentto

((lambda ([<var>]) [<body>]) [<value>])

Thelet-styleisattractivesinceit placesthe � var	 scloseto theirbindingforms( � value	 s),
therebyincreasingreadability.
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Therearetwo shorthandformatsfor ( � var	3� value	 ). Oneis ( �34 � (5	 ) andtheother
is just �34 � (5	 . Both of thesemeanbind �64 � (7	 to nil. As a rule of style,you should
use( �84 � (9	 nil) if you meanto usethevalueof �:4 � (;	 without assigningit it first,
andjust ( �<4 � (=	 ) or �>4 � (?	 if youdonotcarewhat �>4 � (?	 getsboundto.

Thefollowing expressionreturnsthemiddleelementof avector.

(let ((n (vector-size vector)))
(unless (zerop n)

(vector-fetch vector (add1 (/ n 2)))))

(let* A:list [B:form]): any macro
Let* is just like let exceptthatit makestheassignmentssequentially. That
is, thefirst bindingis madebeforethevaluefor thesecondoneis computed.
Theexamplebelow illustratesthedifferencebetweenlet andlet*.

1 lisp> (setq front ’red back ’orange)
orange
2 lisp> (let ((front ’blue) (back front)) back)
red
3 lisp> (let* ((front ’blue) (back front)) back)
blue

(progn [U:form]): any open-compiledfexpr
U is a setof expressionswhich areexecutedsequentially. The valuere-

turnedis thevalueof thelastexpression.

(prog2A:f orm B:form): any open-compiledexpr
Returnsthevalueof thesecondargumentB. Notethatprog2expectsonly
two arguments.

(prog1[U:form]): any macro
Prog1is a functiondefinedin the USEFUL package.Prog1evaluatesits

argumentsin order, likeprogn,but returnsthevalueof thefirst.
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(prog VARS:id-list [PROGRAM:id,f orm]): any open-compiledfexpr
VARS is a list of ids which areconsideredfluid if the prog is interpreted

andlocal if compiled(seethe”VariablesandBindings” Section,9.2). The
prog’s variablesareallocatedspacewhentheprogform is applied,andare
deallocatedwhentheprogis exited. Progvariablesareinitializedto nil. The
programis a setof expressionsto beevaluatedin orderof their appearance
in theprogfunction.An id whichappearsat thetoplevel of theprogramare
labelswhichcanbereferredby go. Thevaluereturnedby theprogfunction
is determinedby a returnfunctionor nil if theprog”f alls through”.

(de sum-up (seq)
(prog (sum)

(setq sum 0)
loop

(when (null seq) (return sum))
(when (numberp (first seq))

(setq sum (plus sum (first seq)))
(setq seq (rest seq))
(go loop))))

1 lisp> (sum-up ’(1 3 5))
9
2 lisp> (sum-up ’(a))
nil

Therearerestrictionsasto wherethecontrolfunctionsgoandreturnmaybeplaced.The
functionsgo andreturnareintendedto beusedwithin a prog. This is so that they may
have only locally determinableeffects. Unfortunatelytheserestrictionsarenot consis-
tentacrosscompiledandinterpretedcode. It is recommendedthat if a non-localexit is
requiredthenusecatchandthrow (seesection8.5).
In interpretedcode,uponencounteringa returna searchis madefor the latestinstance
of an entranceto a prog. If the searchis successfulthenthe evaluationof that prog is
consideredcomplete,thevaluereturnedis theargumentto return.If thesearchfor aprog
fails thenthemessage

***** RETURNattempted outside the scope of a PROG

is displayed. The treatmentof return is muchdifferentwhenthe codeis compiled. A
returnmayappearoutsidethe scopeof a prog. For example,thecompilerwill compile
thesequence

(if (not (numberp x)) (return ’unknown))
(compute x))

asif it werewereenclosedwithin aprog.

(prog ()
(if (not (numberp x)) (return ’unknown))
(return (compute x))))
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Uponreachinga go within interpretedcodea searchis madefor the latestentranceto a
prog. If this searchis successfulthena secondsearchis madefor a labelwhich matches
theargumentto go. Thefailureof eithersearchis anerror. If thefirst searchfails then

***** GO attempted outside the scope of a PROG

is printed.Themessage

***** ‘LABEL’ is not a label within the current scope

is printedif thesecondsearchfails. Whenaprogform is compiledthecompilerexpectsto
beableto resolveall labelreferences.Thuseverygomustappearwithin aprogotherwise
thefollowing errormessageis printed.

***** FORMinvalid go

In addition, the argumentto a go must refer to a label definedinside the prog which
containsthatgo. Themessage

***** Compiler bug: missing label LABEL

is printedto indicatewhenthissecondrestrictionis not met.

(goLABEL:id): NoneReturned open-compiledfexpr
Goaltersthenormalflow of controlwithin aprogfunction.Thenext state-
mentof aprogfunctionto beevaluatedis immediatelyprecededby label.

(return U:form): NoneReturned open-compiledexpr
Within a prog,returnterminatestheevaluationof a progandreturnsU as

thevalueof theprog.

7.3.1 Iteration

(while E:form [S:form]): nil macro
This is a commonlyusedconstructfor indefinite iteration in PSL. E is

evaluated;if non-nil the S’s areevaluatedfrom left to right and then the
processis repeated.If E evaluatesto nil the while returnsnil. Exit may
beusedto terminatethewhile andto returna value. Next maybeusedto
terminatethecurrentiteration.

(repeat[S:form] E:form): nil macro
TheS’s areevaluatedleft to right, andthenE is evaluated.This is repeated
until thevalueof E is non-nil, at which point repeatreturnsnil. Next and
exit maybeusedin theS’s to branchto thenext iterationof a repeator to
terminateoneandpossiblyreturna value.
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(next): NoneReturned open-compiled,restrictedmacro
This terminatesthecurrentiterationof themostcloselysurroundingwhile
or repeat,and causesthe next to commence.Both while and repeatare
macroswhich expandinto prog’s andnext is essentiallya go. Therestric-
tionson theplacementof next aresimilar to thoseof go,seesection8.3for
details.

(exit [U:f orm]): NoneReturned open-compiled,restrictedmacro
TheU’s areevaluatedleft to right, themostcloselysurroundingwhile or

repeatis terminated,andthevalueof the lastU is returned.With no argu-
mentnil is returned.Both while andrepeataremacroswhich expandinto
prog’s andexit is essentiallya return. Therestrictionson theplacementof
exit aresimilar to thoseof return,seesection8.3for details.
Thefollowing functiondefintionis intendedto illustratetheuseof repeatandwhile. The
functionwill returna list of primenumberswhich arelessthanor equalto theargument
N, which is assumedto begreaterthanone.

(de primes (n)
(let ((result (list 2))

(number 3)
(pointer)

(prime))
(while (<= number n)

(setq pointer result)
(setq prime t)
(repeat

(when (zerop (remainder number (first pointer)))
(setq prime nil))

(setq pointer (rest pointer))
(or (null pointer) (not prime)))

(when prime (setq result (aconc result number)))
(incr number))

(cons 1 result)))

For

A simplefor constructis availablein thebasicPSLsystem;anextendedversionis defined
in the USEFUL package.The basicPSL for providesonly the iteratorFROM andthe
actionclauseDO. PSLusersshouldusetheextendedversion,describedhere:

(for [S:form]): any macro
Eachargumentto for isaoneof theclausesdescribedbelow. If anargument
is not aclausethenoneof thefollowing continuableerrorswill occur.

***** For clauses may not be atomic: ‘SYMBOL’

***** Unknown for clause operator: ‘LIST’
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A clauseis alist, its first elementis anidentifier, theremainingelementsarearguments.A
clausemayintroducealocalvariable,specifyareturnvalue,or specifywhentheiteration
shouldcease.
The first few clausesareusedto introducelocal variables. Someof theseclausesalso
provide themeansto stoploop iteration.

(in <variable> <list> <function>)

Thevariable� variable	 is settosuccessiveelementsof � list 	 . Theargument� function	
is optional. If present,it may be eitherthe nameof a functionor a lambdaexpression.
Thefunctionis appliedto theextractedelementbeforeit is assignedto � variable	 . Once
theargument � list 	 is exhaustedthe iterationwill stop. Theonly argumentwhich will
beevaluatedis � list 	 .

1 lisp> (for (in v ’(0 1) add1)
(do (print v)))

1
2
nil

(on <variable> <list>)

Thevariable � variable	 is setto successive cdrsof � list 	 . Thefirst valueassignedto
� variable	 is � list 	 . Oncethe � list 	 is exhaustedthe iterationwill stop. The only
argumentwhichwill beevaluatedis � list 	 .

1 lisp> (for (on v ’(0 1))
(do (print v)))

(0 1)
(1)
nil

(from <variable> <initial> <final> <step>)

Thevariable � variable	 is setto � initial 	 for thefirst iterationof the loop. Thevalue
of � variable	 will beincrementedby � step	 beforeeachfollowing iteration.Oncethe
valueof � variable	 is larger than � final 	 the iterationwill stop. Both � initial 	 and
� step	 areoptional,thedefault valuesfor eachis 1. Theargument � final 	 is optional,
in which casetheiterationmustbestoppedby anotherclause.Eachargumentexceptfor
� variable	 will beevaluatedonce,beforethefirst iteration.To specify � step	 without
� initial 	 and � final 	 , or � final 	 with � initial 	 omitted placenil in the slot to be
omitted.

1 lisp> (for (from v 1 5 2)
(do (print v)))

1
3
5
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(FOR <variable> <initial> <next>)

At the outsetof the first iteration,the variable � variable	 will be setto the evaluation
of � initial 	 . Prior to subsequentiterations,theexpression� next 	 will beevaluatedand
assignedto � variable	 .

1 lisp> (for (for v 1 (add1 v))
(until (> v 3))
(do (print v)))

1
2
3
nil

(with [<variable-form>])

Eachargument � variable-form	 is either � variable	 or ( � variable	@� initial 	 ). The
squarebracketsareusedto indicatezeroor moreoccurancesof � variable-form	 . If the
first form is usedthenthevariablewill besetto nil prior to thefirst iteration. With the
secondform thevariablewill besetto thevalueof � initial 	 .

(do [<form>])

The squarebrackets are usedto indicatezero or more occurancesof � form 	 . Each
expression� form 	 is evaluatedduringeachiteration.They areevaluatedin theorderof
their appearance.You mayusereturnwithin a � form 	 , it will causean immediateexit
from thefor.
Therearetwo clauseswhichallow for theevaluationof expressionsbeforethefirst itera-
tion, andafterthelastiteration.

(initially [<form>])

The squarebrackets are usedto indicatezero or more occurancesof � form 	 . Once
the iterationvariableshave beenboundto their valueseachexpression� form 	 will be
evaluated.They areevaluatedin theorderof theirappearance.

(finally [<form>])

Thesquarebracketsareusedto indicatezeroor moreoccurancesof � form 	 . After the
final iterationeachexpression� form 	 will beevaluated.They areevaluatedin theorder
of their appearance.The useof the clausesalwaysandnever (describedbelow), may
prevent evaluationof the argumentsto this clause. Thereare clauseswhich specifya
returnvalue,if noneof themareusedthenthevalueof thelast � form 	 will bethevalue
of thefor.
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1 lisp> (for (from v 1 3)
(finally v))

4
nil
2 lisp> (for (for v 1 (add1 v))

(always (< v 3))
(finally v))

nil

The next few clausesareusedto build a value to be returnedfrom for Exceptfor the
returnsandreturningclauses,a secondargumentis usedin theseclausesto specifythat
insteadof returningtheresultit will bestoredasthevalueof this secondargument.This
meansthatthesecondargumentshouldbeanidentifier, it will notbeevaluated.

1 lisp> (for (in v ’(0 1))
(collect (add1 v)))

(1 2)
2 lisp> (for (in v ’(0 1))

(collect (add1 v) result))
nil
3 lisp> result
(1 2)

If morethanonereturnvalueis implied thenanerrorwill result

1 lisp> (for (in v ’(0 1))
(collect v)
(adjoin v))

***** For loops may only return one value

(returns [<form>])

Prior to returningfrom the for each � form 	 is evaluated.Theorderof evalutionis left
to right. Thevalueof thelast � form 	 is returnedasthevalueof thefor.A synonym for
returnsis returning.

(collect <form> <variable>)

This clauseis usedto build a list. During eachiterationthevalueof � form 	 is addedat
theendof thelist. Theuseof theoptionalargument� variable	 is describedabove.

1 lisp> (for (on v ’(one two))
(collect v))

((one two) (two))

(ADJOIN <form> <variable>)
(ADJOINQ <form> <variable>)



82

Theseclausesaresimilar to collect. Thedifferenceis that thevalueof � form 	 is only
addedto the list if it is not alreadyan element. To deteminemembershipin the list
adjoinusesmember, adjoinqusesmemq.Theuseof theoptionalargument � variable	
is describedabove.

1 lisp> (for (in i ’("one" "one"))
(adjoin i one)
(adjoinq i two))

nil
2 lisp> one
("one")
3 lisp> two
("one" "one")

(JOIN <form> <variable>)
(CONC <form> <variable>)

Theseclausesaresimilar to collect. The differenceis that the valueof � form 	 is ap-
pended(noncis usedwith theconcclause),to theendof thelist. Theuseof theoptional
argument� variable	 is describedabove.

1 lisp> (for (on v ’(one two))
(join v))

(one two two)

You shouldbecarefulwith conc. In theexample,if concwereusedin placeof join the
computationwouldnever terminate.

(UNION <form> <variable>)
(UNIONQ <form> <variable>)

Theseclausesareusedto build a set.Duringeachiterationtheunionof � form 	 andthe
setbeingconstructedis computed.Setmembershipis determinedwith equalfor union,
andeqfor unionq.Theuseof theoptionalargument� variable	 is describedabove.

1 lisp> (for (in v ’((0 2) (0 1 2 3) (0)))
(unionq v))

(3 2 1 0)

(INTERSECTION <form> <variable>)
(INTERSECTIONQ <form> <variable>)

Theseclausesaresimilar to unionandunionq. Thedifferenceis that the intersectionof
setsin constructedinsteadof theunion. Theuseof theoptionalargument � variable	 is
describedabove.

1 lisp> (for (in v ’((0 2) (0 1 2 3) (0)))
(intersectionq v))

(0)
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(COUNT <form> <variable>)

Returnsthenumberof times � form 	 evaluatesto anonnilvalue.Theuseof theoptional
argument� variable	 is describedabove.

1 lisp> (for (in v ’(0 1 2))
(count (zerop (remainder v 2))))

2

(SUM <form> <variable>)

Returnsthesumof eachevaluationof � form 	 . Theuseof theoptionalargument� variable	
is describedabove.

1 lisp> (for (in v ’(2 3 4))
(sum v))

9

(PRODUCT<form> <variable>)

Returnsthe productof eachevaluationof � form 	 . The useof the optionalargument
� variable	 is describedabove.

1 lisp> (for (in v ’(2 3 4))
(product v))

24

(MAXIMIZE <form> <variable>)

Returnsthemaximumvalueof � form 	 . Theuseof theoptionalargument� variable	 is
describedabove.

1 lisp> (for (in v ’(1 2 3))
(maximize v))

3

(MINIMIZE <form> <variable>)

Returnstheminimumvalueof � form 	 . Theuseof theoptionalargument� variable	 is
describedabove.

1 lisp> (for (in v ’(1 2 3))
(minimize v))

1

(MAXIMAL <value> <test> <variable>)
(MINIMAL <value> <test> <variable>)
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Theseclausesaregeneralizationsof the clausesmaximizeandminimize. Maximal de-
terminesthegreatestvalueof � test	 over all of the loop iterations.Thecorresponding
valueof � value	 is returned.As a particularcaseit is possibleto returnthevalueof an
iterationvariablefor which somefunctionattainsa maximumvalue.Thefunctionsused
for comparisonsaregreaterpandlessp.Theuseof theoptionalargument � variable	 is
describedabove.

1 lisp> (for (in v ’(2 -2))
(minimal v (- (expt v 2) (* 7 v))))

2

Theremainingclausesareusedto controlloop iteration.

(ALWAYS [<form>])

The squarebracketsareusedto indicatezeroor moreoccurancesof � form 	 . If there
is morethanoneform thentheclauseis equivalentto (ALWAYS (and[ � form 	 ])). This
clauseis usedto specifya returnvalue,t is returnedif each � form 	 is non-nil during
eachiteration.If oneof the � form 	 sevaluatesto nil thenthefor is terminatedandnil is
returned,thismeansthatargumentsof any finally clausewill notbeevaluated.

1 lisp> (for (in v ’(1 0 2))
(always (> v 0))
(do (print v)))

1
nil

(never [<form>])

Thesquarebracketsareusedto indicatezeroor moreoccurancesof � form 	 . If thereis
morethanoneform thentheclauseis equivalentto (NEVER(or [ � form 	 ])). Equivalent
to (ALWAYS (not [ � form 	 ])).

(THEREIS <form>)

If theargument � form 	 evaluatesto a non-nil valuethenthefor is terminated,thevalue
of � form 	 is thereturnvalue.

1 lisp> (for (in v ’(-1 0 2))
(thereis (and (zerop v) v))
(do (print v)))

-1
0

(WHILE [<form>])

The squarebracketsareusedto indicatezeroor moreoccurancesof � form 	 . If there
is morethanoneform thentheclauseis equivalentto (WHILE (and[ � form 	 ])). Loop
iterationstopsif any � form 	 evaluatesto nil.
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1 lisp> (for (from v 2 nil -1)
(while (> v 0))
(collect (sqrt v))
(finally (print v)))

0
(1.41421 1.0)

(UNTIL [<form>])

The squarebracketsareusedto indicatezeroor moreoccurancesof � form 	 . If there
is morethanoneform thenthe clauseis equivalentto (UNTIL (or [ � form 	 ])). Loop
iterationstopsif any � form 	 evaluatesto anonnil value.

(WHEN <form>)
Jump to the next iteration if the value of <form> is nil.

1 lisp> (for (in v ’(-2 2))
(when (> v 0))
(do (print (sqrt v))))

1.41421
nil

(UNLESS <form>)

Jumpto thenext iterationif thevalueof � form 	 is non-nil.
The evaluationof a for expressionfollows a specificorder, irregardlessof the order in
whichyouplaceclauses.

1. Bind loop variablesto their initial values.Eachof theexpressionswhich represent
initial valuesis evaluatedbeforethevariablesarebound.

2. If aninitially clauseis present,evaluateits arguments.

3. Checkfor termination.A terminatingconditionmaybespecifiedby anin, on,from,
while, until, thereis,always,or never clause.Satisfactionof a conditionwill force
controlto step4 (unlesstheconditionwasspecifiedby alwaysor never).

4. If present,checkwhenandunlessclauses.If any condition is not satisfiedthen
evaluatethe body. The body is constructedfrom the clausesdo, collect, adjoin,
adjoinq,join, conc,union,unionq,intersection,intersectionq,count,sum,product,
maximize,minimize,maximal,andminimal. Continueatstep3.

5. If anfinally clauseis present,evaluateits arguments.Returnthevalueof the last
argumentunlessa returnsor returningclauseis present.Otherwiseevaluatetheir
arguments,returnthevalueof thelast.

(for* [S:form]): any macro
Identicalto for exceptthatvariablebindingsandupdatesaredonesequen-
tially insteadof in parallel
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7.3.2 Mapping Functions

Themappingfunctionslong familiar to LISPprogrammersarepresentin PSL.However,
we believe thatthefor constructdescribedabove or thesimplerforeachdescribedbelow
is generallymoreuseful,sinceit obviatesthe usualnecessityof constructinga lambda
expression,andis oftenmoretransparent.Mappingfunctionswith morethantwo argu-
mentsarenot currentlysupported.Notehowever thatseveral lists maybeiteratedalong
with for, andwith considerablymoregenerality. For example:

(let ((i 0))
(mapcar l (function (lambda (x)

(setq i (add1 i))
(cons i x)))))

maybeexpressedmoretransparentlyas

(for (in x l) (from i 1) (collect (cons i x)))

To augmentthesimplerfor loop presentin basicPSLthefollowing list iteratorhasbeen
provided:

(foreachU:any): any macro
Thismacrois essentiallyequivalentto thethemapfunctionsasfollows:

Possibleformsare:Settingx to successiveelementsof u:

(foreach x in u do (foo x)) --> (mapc u ’foo)
(foreach x in u collect (foo x))--> (mapcar u ’foo)
(foreach x in u conc (foo x)) --> (mapcan u ’foo)
(foreach x in u join (foo x)) --> (mapcan u ’foo)

Settingx to successivecdrsof u:

(foreach x on u do (foo x)) --> (map u ’foo)
(foreach x on u collect (foo x))--> (maplist u ’foo)
(foreach x on u conc (foo x)) --> (mapcon u ’foo)
(foreach x on u join (foo x)) --> (mapcon u ’foo)

Within thecontext of for theJOIN is usedto appendsuccessive values.However, inside
foreachsuccessivevaluesareconcatenatedtogether.

1 lisp> (setq x ’(a b c) y (1 2 3))
(1 2 3)
2 lisp> (for (in u ’(x y)) (join (eval u)))
(A B C 1 2 3)
3 lisp> x
(A B C)
4 lisp> (foreach u in ’(x y) join (eval u))
(A B C 1 2 3)
5 lisp> x
(A B C 1 2 3)
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(map X:list FN:function): nil expr
AppliesFN tosuccessivecdrsof X. Thefirst valuepassedto FN isX, unless
X is nil.

1 lisp> (map ’(one two) #’print)
(one two)
(two)
nil

(mapcX:list FN:function): nil expr
FN is appliedto successiveelementsof list X, nil is returned.

1 lisp> (mapc ’(one two) #’print)
one
two
nil

(mapcar X:list FN:function): list expr
Similar to mapcexceptthat thereturnvalueis a list of the resultsof each

applicatonof FN.

1 lisp> (map ’((one) (two)) #’(lambda (i) i))
(one two)

(mapcanX:list FN:function): list expr
Similar to mapcarexceptthat the valuesreturnedby FN arenconcedto-

getherinsteadof beinglistedtogether. TheargumentX maybemodifiedto
constructtheresult.

1 lisp> (setq this ’((one) (two)))
((one) (two))
2 lisp> (mapcan this #’(lambda (i) i))
(one two)
3 lisp> this
((one two) (two))

(maplist X:list FN:function): list expr
Similar to mapexceptthat the returnvalueis a list of the resultsof each

applicationof FN.

1 lisp> (maplist ’(one two) #’(lambda (i) i))
((one two) (two))
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(mapconX:list FN:function): list expr
Similar to maplistexceptthat the valuesreturnedby FN arenconcedto-

getherinsteadof beinglistedtogether.

1 lisp> (setq this ’(one two))
(one two)
2 lisp> (mapcon this #’(lambda (i) (copy i)))
(one two two)

Notethat thenconchappensasthemappingprocessproceeds,not afterward. Therefore
theresultis not thesameasnconcingtheresultsof amaplist.Considerwhatwouldoccur
if

(mapcon this #’(lambda (i) i))

hadbeenusedin theexampleabove. Mapconwouldapplyits secondargumentto its first
argumentgiving a partialresultof (onetwo). Noticethatthefirst argumentto mapconis
eqto this partialresult.Now mapconappliesits secondargumentto (two), thecdr of its
first argument.Thepartialresultbecomes(onetwo two). However, thefirst argumentto
mapconhasbeenmodifiedbecausenconcwasusedto build thepartialresult.Thevalue
of the first argumentis now (onetwo two). The computationwill never terminate,the
lengthof thefirst argumentto mapconwill continueto grow.

Do

(do A:list B:list [S:form]): any macro
Thegeneralform follows, thesquarebracketsareusedto indicatezeroor

moreoccurancesof anexpression.

(DO ([<var-form>]) (<exit-test> [<result>]) [<body>])

A � var-form 	 is eitheranid or a list of theform

(<var> <initial> <next>)

Therearefour basicstepsin theevaluationof a do form.

1. .....

2. If � exit-test	 evaluatesto anon-nilvaluethe � result	 formsareevaluatedandthe
do is exited,unbindingthelocalvariables.Thevalueof ado is thevalueof thelast
� result	 unlessthereareno � result	 forms,in whichcasenil is returned.

3. The body of the do, consistingof the � body	 forms, is evaluatedin left to right
order.

4. The � next 	 forms are evaluatedin parallel, the valuesare assignedto the cor-
responding� var	 s ratherthanbeing bound. Oncethis is completethe process
continuesat step2.
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If � next 	 is omitted, the valueof the corresponding� var	 is left unchangedduring
step4. If both � initial 	 and � next 	 areomittedor if the � var-form 	 is anid thenthe
variableis boundto nil in step1 andleft unchangedduringstep4.
Thefunctiondefinitionbelow illustratestheuseof do. Thisfunctionwill reversetheorder
of elementsin a list.

(de reverse (sequence)
(do ((local sequence (rest local))

(result nil (cons (first local) result)))
((null local) result)))

(do* A:list B:list [C:f orm]): any macro
Do* is like do, except the variablebindingsand updatingsare donese-

quentiallyinsteadof in parallel.Thefollowing is adefinitionof assocusing
do*.

(de assoc (item a-list)
(do* ((local a-list (rest local))

(pair (first local) (first local)))
((or (null local)

(equal item (first pair)))
local)))

If do hadbeenused,evaluationof the � initial 	 form (first local) would have resulted
in an error. Either local would be unboundor the valueof local from the surrounding
environmentwouldhavebeenused.

(do-loopA:list B:list C:list [S:form]): any macro
Do-loopis like do,exceptthat it takesanadditionalargument,a prologue.
Thegeneralform follows, the squarebracketsareusedto indicatezeroor
moreoccurancesof anexpression.

(DO-LOOP ([<var-form>]) ([<first>])
(<exit-test>[<result>]) [<body>])

This is executedjust like the correspondingdo, exceptthatafter the initial bindingsare
established,but beforetheexit testis first evaluated,theprologueforms,consistingof the
� first 	 forms,areevaluatedin a left to right order. Notethatall of the � first 	 formsare
evaluatedexactlyonce,assumingthatnoneof the � first 	 formscausesanerror.

(do-loop* A:list B:list C:list [S:form]): any macro
Do-loop* doesthevariablebindingsandupdatessequentiallyinsteadof in
parallel.
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7.4 Non-Local Exits

Thefunctionscatchandthrow areveryusefulfor discontinuingacomputation.As return
providesfor local exit, this pair of functionsprovide for non-localexit. They shouldnot,
however, be usedindiscriminately. The lexical restrictionson their morelocal counter-
partsensurethat the flow of control canbe ascertainedby looking at a singlepieceof
code.With catchandthrow, controlmaybepassedto andfrom totally unrelatedpieces
of code.

(catchTAG:id [FORM:f orm]): any Open-Compiledfexpr
CatchevaluatesTAG to establisha namefor this catcher, calledthecatch-
tag,andthenevaluatestheFORM’s in a protectedenvironment. If during
thisevaluationathrow occurswith atagthatis thesameasthecatch-tag(as
definedby thefunctioneq),catchimmediatelyreturnstheresultof theform
givenasthesecondargumentto the throw. If no throw occurs,the results
returnedby thelastFORM arereturnedastheresultof thecatch.A catch-
tagof nil is consideredspecial,it servesto matchany catch-tagspecifiedby
throw.

(throw TAG:id VALUE:any): NoneReturned expr
Throw evaluatesTAG to produceacatch-tagandevaluatesVALUE to pro-
ducea resultvalue. At this point, anerror is signalledif thereis no active
catchwith the samecatch-tag(asdeterminedby the function eq). Other-
wise, control is passedto the most recentsuchcatch,and the resultsof
evaluatingVALUE becometheresultsof thecatch.

In the processof transferringcontrol to the catch,all interveningconstructsareexited.
Exiting a constructthatbindsvariableshastheeffectof unbindingthosevariables.
throwsignal* [Initially: nil] globalThis fluid variableis setto t if themostrecentinvoca-
tion of Catchwasthrown to. throwsignal* is setto nil upona normalexit from a catch
andto t uponanormalexit from a throw.
throwtag* [Initially: nil] globalThisfluid variableis setto thecatch-tagof themostrecent
throw
Thecatch,throw pairsupplyaconstructwhichallowsfor somecontrolovertheevaluation
of anexpression.Exceptionscanbedetectedduringtheevaluationof theexpressionand
appropriateactioncanbetaken. Thefunctionswhich follow definea simpleparser. The
parseis doneinsidea catch.If thereareno errorsthentheresultof theparseis returned.
Whenanerrorarisesthecomputationis abortedwith a call on throw. An errormessage
is printedprior to abortingtheparse.

(de parse (*buffer*)
(catch ’parse-error (list ’s (parse-np) (parse-vp))))

(de parse-np ()
(if (memq (car *buffer*) ’(a an the))

‘(np (det ,(pop *buffer*)) (n ,(pop *buffer*)))
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(parse-error "Bad word in noun phrase: %w%n")))

(de parse-vp ()
(if (memq (car *buffer*) ’(sings talks))

‘(vp (v ,(pop *buffer*)))
(parse-error "Not a verb: %w%n")))

(de parse-error (format-string)
(throw ’parse-error (printf format-string (car *buffer*))))

1 lisp> (parse ’(the bird sings))
(S (NP (DET THE) (N BIRD)) (VP (V SINGS)))
2 lisp> (parse ’(the bird eats))
Not a verb: eats
nil
3 lisp> (parse ’(it is small))
Bad word in noun phrase: it
nil

Thefollowing macrosareprovidedto aid in theuseof catchandthrow with a nil catch-
tag,by examiningthrowsignal*andthrowtag*:

(catch-all HANDLER:function [FORM:f orm]): any macro
Has the samesemanticsas catchexcept that all throws, independentof

catch-tag,will becaught.TheHANDLER mustbea functionof two argu-
ments.If a throw occurs,theHANDLER will becalledonthecatch-tagand
thevaluepassedby thethrow. TheHANDLER mayitself issuea throw, in
whichcasethecatch-allactsasafilter.

(unwind-all HANDLER:function [FORM:f orm]): any macro
This functionis very similar to catch-all.However, if no throw occursthe

HANDLER will becalledonnil andthevaluereturned.

(unwind-protect FORM:f orm [CLEANUPFORM:f orm]): any macro
TheFORMis evaluatedand,regardlessof how it is exited(anormalreturn,
throw, or error),theCLEANUPFORMswill beevaluated.Onecommonuse
of unwind-protectis to ensurethata file will beclosedafterprocessing.

(setq channel (open file ....))
(unwind-protect (process-file)

(close channel))

Thisprimitivecanbeusedto implementarbitrarykindsof state-bindingwithout fearthat
anunusualreturn(anerroror throw), will violatethebinding.
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(defmacro bind ((name value) . body)
(let ((old-value (gensym)))

‘(let ((,old-value ,name))
(unwind-protect

(progn (setq ,name ,value)
,@body)

(setq ,name ,old-value)))))

1 lisp> (setq number 5)
5
2 lisp> (bind (number 2) (print number) (/ number 0))
2
***** Attempt to divide by zero in Quotient
3 lisp> number
5

Note: Certainspecialtagsareusedin thePSLsystem,andshouldnot beinterferedwith
casually:

$error$ Usedby erroranderrorsetwhichare
implementedin termsof catchandthrow,
(seeChapter16).

$unwind-protect$ A specialcatch-tagplacedto ensure
thatall throwspauseat the
unwind-protect”mark”.

$prog$ Usedto communicatebetweeninterpretedprogs,gos.



Function Definition and Binding

8.1 Function Definition in PSL

Functionsin PSLareglobalentities.To avoid function-variablenamingclashes,theStan-
dardLISPReportrequiredthatnovariablehavethesamenameasafunction.Thereis no
conflict in PSL,asseparatefunctioncellsandvaluecellsareused.
Thefirst majorsectionin this chapterdescribeshow to definenew functions;thesecond
describesthe binding of variablesin PSL. The final sectionpresentsbinding functions
usefulin building new interpreterfunctions.

8.1.1 Function Types

Eval-type functionsare thosecalled with evaluatedarguments. NoEval functionsare
calledwith unevaluatedarguments.Spread-typefunctionshavetheirargumentspassedin
a one-to-onecorrespondencewith their formal parameters.NoSpreadfunctionsreceive
theirargumentsasa singlelist.
Therearefour functiontypesimplementedin PSL:

expr An Eval, Spreadfunction, with a maximumnumberof arguments.The
maximumdependsupontheimplementation.In referringto theformalpa-
rameterswemeantheirvalues.Eachfunctionof thistypeshouldalwaysbe
calledwith theexpectednumberof parameters,asindicatedin thefunction
definition.

fexpr A NoEval, NoSpreadfunction. Thereis no limit on the numberof argu-
ments.In referringto theformal parameterswe meantheunevaluatedar-
guments,collectedasasinglelist, andpassedasasingleformalparameter
to thefunctionbody.

nexpr An Eval, NoSpreadfunction. Each call on this kind of function may
presenta differentnumberof arguments,which areevaluated,collected
into a list, andpassedin to thefunctionbodyasasingleformalparameter.

macro Themacrois a functionwhich createsa new S-expressionfor subsequent
evaluationor compilation. Thereis no limit to the numberof arguments
a macromay have. The descriptionsof the eval andexpandfunctionsin
Chapter11provideprecisedetails.

8.1.2 Noteson CodePointers

A code-pointermay be displayedby the print functionsor expandedby explode. The
valueappearsin theconventionof the implementatione.g. (# � Code:AN 	 , whereA is

93
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the numberof argumentsof the function,andN is the function’s entry point). A code-
pointermaynotbecreatedby compress.(SeeChapter12 for descriptionsof explodeand
compress.)The code-pointerassociatedwith a compiledfunction may be retrieved by
getdandis valid aslong asPSLis in execution.Normally a code-pointeris storedusing
putd. It may be checked for equivalenceby eq. Thevaluemay be checked for beinga
code-pointerby thecodepfunction.

8.1.3 FunctionsUseful in Function Definition

In PSL, ids have a function cell that usually containsan executableinstructionwhich
eitherJUMPsdirectly to theentrypointof acompiledfunctionor executesaCALL to an
auxiliary routinethathandlesinterpretedfunctions,undefinedfunctions,or otherspecial
services(suchasauto-loadingfunctions,etc). The usercanpassanonymousfunction
objectsaroundeitherasa code-pointer, which is a taggedobjectreferringto a compiled
codeblock,or a lambdaexpression,representinganinterpretedfunction.

(putd Fname:id TYPE:ftype BODY:
lambda,code-pointer):id expr
Createsafunctionwith nameFnameandtypeTYPE,with bodyasthefunc-
tion definition.If successful,putdreturnsthenameof thedefinedfunction.

If thebodyis a lambdatherearetwo possibleoutcomes.Whentheswitchcompis setto
t the body will be compiledanda specialinstructionto jump to the startof the codeis
placedin thefunctioncell. If theswitch*comp is setto nil thenthebodyis savedon the
propertylist undertheindicator*lambdalinkandacall to aninterpreterfunction

(lambdalink) is placed in the function cell.

If thebodyis a code-pointerthena specialinstructionto jump to thestartof thecodeis
placedin thefunctioncell.

TheTypeis recordedon thepropertylist of Fnameif it is notanexpr.

After usingputdon Fname,getdwill returna pair which specifiesthetypeandthebody
of thedefinition.

Thefollowing switchesareusefulwhendefiningfunctions.

*r edefmsg= [Initially: t] switch
If *redefmsgis notnil, themessage
*** Function ‘FOO’ has been redefined
is printedwhenevera functionis redefined.
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*usermode= (Initially: t) switch
Controlsactionon redefinitionof a function. All functionsdefinedwhen
*usermodeis t areflaggedUSER.Functionswhich areflaggedUSERcan
beredefinedfreely. If anattemptis madeto redefineafunctionwhich is not
flaggedUSER,thequery
Do you really want to redefine the system function
FOO?
is made,requiringa Y, N, YES, NO, or B response.B startsthe break
loop, so that onecanchangethe settingof *usermode.After exiting the
breakloop, onemustanswerY, Yes,N, or No (Seeyespin Chapter12).
If *usermodeis nil, all functionscanberedefinedfreely, andall functions
definedhave theUSERflag removed. This providessomeprotectionfrom
redefiningsystemfunctions.

*comp = [Initially: nil] switch
The value of *comp controlswhetheror not putd compilesthe function
beforedefiningit. If *comp is nil the function is definedasa lambdaex-
pression.If *comp is non-nil, the function is first compiled. Compilation
producescertainchangesin thesemanticsof functions,seeChapter19 for
information.

(getdU:any): nil, pair expr
If U is not thenameof a definedfunction,nil is returned.otherwise(expr,
fexpr, macro,nexpr . code-pointer, lambda)is returned.

(copydNEW:id OLD:id): NEW:id expr
Normally the functionbody andtype of NEW becomethe sameasthose

of OLD. However, if the switch*comp is setto t andthebodyof OLD is
not compiledthenNEW will besetto thecompiledversionof thebodyof
OLD. If nodefinitionexistsfor OLD anerror:

***** OLD has no definition in COPYD

is given.NEW is returned.

(remdU:id): nil, pair expr
RemovesthefunctionnamedU from thesetof definedfunctions.Returns
the(ftype. function)pairor nil, asdoesgetd.If thefunctiontypeis notexpr
thenit wasrecordedon thepropertylist whenthefunctionwasdefined.In
suchcasesthis function removes the type information from the property
list.

8.1.4 Function Definition in LISP Syntax

Thefunctionsde,df, dn,dm,anddsareusedin PSLto definefunctionsandmacros.The
functionsarecompiledif thecompileris loadedandtheswitchcompis setto t.
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(deFname:id PARAMS:id-list [FN:form]): id macro
DefinesthefunctionnamedFname,of typeexpr. TheformsFN aremade

into a lambdaexpressionwith theformalparameterlist PARAMS, andthis
is usedasthebodyof thefunction.
Previousdefinitionsof thefunctionarelost. Thenameof thedefinedfunc-
tion, Fname,is returned.
The COMMON moduledefinesthe macroDeFunwhich is equivalent to
de.

(df Fname:id PARAM:id-list [FN:form]): id macro
DefinesthefunctionnamedFname,of typefexpr. TheformsFN aremade
into a lambdaexpressionwith the formal parameterlist PARAM, andthis
is usedasthebodyof thefunction. Theparameterlist shouldonly contain
oneparameter.
Previousdefinitionsof thefunctionarelost. Thenameof thedefinedfunc-
tion, Fname,is returned.

(dn Fname:id PARAM:id-list [FN:form]): id macro
DefinesthefunctionnamedFname,of typenexpr. TheformsFN aremade
into a lambdaexpressionwith the formal parameterlist PARAM, andthis
is usedasthebodyof thefunction. Theparameterlist shouldonly contain
oneparameter.
Previousdefinitionsof thefunctionarelost. Thenameof thedefinedfunc-
tion, Fname,is returned.

(dm Mname:id PARAM:id-list [FN:form]): id macro
DefinesthefunctionnamedFname,of typemacro.TheformsFN aremade
into a lambdaexpressionwith the formal parameterlist PARAM, andthis
is usedasthebodyof thefunction. Theparameterlist shouldonly contain
oneparameter.
Previousdefinitionsof thefunctionarelost. Thenameof thedefinedfunc-
tion, Fname,is returned.

Thefunctionlist canbedefinedasfollows

(dm list (a)
(if (< (length a) 2) ()

(cons ’cons
(cons (second a)

(ncons (cons ’list (rest (rest a))))))))

Now considerwhatoccursduringtheevaluationof (list 1 2). Thelist (list 1 2) is passed
to thelist macrowhich returns(cons1 (list 2)) for furtherevaluation.Theevaluatorwill
call the list macroagainfor (list 2). This secondcall on the macrowill return(cons2
(list)). Finally, (list) is transformedinto nil by a third call on thelist macroandtheentire
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processwill terminateafterevaluating(cons1 (cons2 nil)). Noticethelackof distinction
betweenprogramanddataThedatastructurerepresentationof thefunctioncall is passed
to thefunctionasits parameter.

(dsSname:idPARAMS:id-list [FN:form]): id macro
Definesthe function namedSnameof type macro. The syntaxof ds is

similar to thatof deexceptthatamacrois definedinsteadof anexpr.

Perhapsthebehavior of this function is bestdescribedwith anexample.Theevaluation
of

(ds first (x) (car x))

will generateanexpressionsimilar to

(dm first (a)
(prog (x)

(setq a (cdr a))
(setq x (car a))
(return (list ’car x))))

which is thenevaluated. A sequenceof assignmentstatementsarecreatedto initialize
eachparameterto its correspondingargument.Eachid within thebodyFN which is not
in theparameterlist is quoted.It is anerror to call a macrodefinedthis way with more
argumentsthanarespecifiedby the parameterlist. An errorof this type will causethe
message

***** Argument mismatch in SMacro expansion

to beprinted. Whena call is madewithout enoughargumentstheadditionalparameters
aresetto nil.
Thefollowing macroutilities arein theusefulmodule.

(defmacro A:id B:form [C:form]): id macro
Defmacrois a usefultool for definingmacros.Theform of anapplication
of defmacrois given below, squarebrackets are usedto indicatezero or
moreoccurancesof anexpression.

(DEFMACRO<name> <pattern> [<form>])

Thepatternis an list, eachelementis eitheran id or a pair. All of the ids in thepattern
arelocal variableswhich maybeusedfreely in thebody(the¡form¿s).Whenthemacro
is calledthe patternis matchedagainstthe cdr of the macrocall, binding the ids of the
patternto their correspondingpartsof thecall. Oncethebindingis completethebodyis
evaluated,theresultis thevalueof thelastform. Defmacrois oftenusedwith backquote.
Thefollowing examplesillustratetheuseof defmacro.Thefirst is intendedto provide a
contrastwith ds.
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(defmacro car (s)
‘(car ,s))

(defmacro nth (s i)
(if (onep i)

‘(car ,s)
‘(nth (cdr ,s) ,(sub1 i))))

(deflambdaname:id PARAMS:id-list [FN:form]): id macro
Definesthefunctionnamedname,of typemacro.Deflambdais similar to

ds except that the body of the definition is enclosedwithin a lambdaex-
pression.Thenumberof parametersof the lambdaexpressionis thesame
asthe numberspecifiedby PARAMS. Whenthe macrois appliedeachof
theargumentsareevaluatedandthenboundto theparametersof thelambda
expression.Finally, the body of the lambdais evaluated. Note that each
argumentis evaluatedonce. This maynot be truehadthe macrobeende-
fined usingds. The following exampleillustrateswhendeflambdashould
beusedin placeof ds.Theexpansionof thefirst versionof Checkcontains
two occurancesof (long-calculationn), wheretheexpansionof thesecond
versiononly containsone.

(ds check (any)
(when (> any 0) (compute any)))

(deflambda check (any)
(when (> any 0) (compute any)))

(check (long-calculation n))

(when (> (long-calculation n) 0) % Expansion of the first
(compute (long-calculation n))) % version of check

((lambda (any) % Expansion of the second
(when (> any 0) % version of check

(compute any)))
(long-calculation n))

8.1.5 BackQuote

(backquoteA:f orm): form macro
Backquoteis thefunctionnamefor ‘ (accentgrave). With someprintersit
maybedifficult to distinguishbetweenthequoteandaccentgrave charac-
ters.For this reason,in theexampleswhich follow ’expressionis writtenas
(quoteexpression).YoumustloadUSEFULto definebackquote.
In theprevioussectionthefunctionlist wasdefinedasamacro.
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(dm list (a)
(if (< (length a) 2)

()
(cons (quote cons)

(cons (second a)
(ncons (cons (quote list)(rest (rest a))))

))))

The body of this definition is somewhat difficult to read. An abbreviated syntaxwas
developedto aid both the writer and the reader. The notation,called ”backquote”(‘),
worksasan”anti-quote”. Unquotedformswithin its scopeareassumedto beconstants.
To indicatethata form shouldbeevaluated,oneshouldprefix theform with acomma(,).
Considertheredefinitionof themacrolist.

(dm list (a)
(if (< (length a) 2)

()
‘(cons ,(second a)

,(cons (quote list) (rest (rest a))))))

While this is an improvement,theexplicit construction,(cons(quotelist) (rest(resta)))
cluttersup the appearance.The applicationof consis thereto indicatethat we want to
combinethe resultof (rest(resta)) with the identifier list. The form ,(list (rest(resta))
will not give this effect, insteadit would createa list of two elements.Theat-sign(@)
is usedin conjunctionwith the commato mean”splice-in” ratherthan”cons-in”. This
resultsin thefollowing defintion.

(dm list (a)
(if (< (length a) 2)

()
‘(cons ,(second a) (list ,@(rest (rest a))))))

(unquoteA:any): Undefined fexpr
Functionnamefor comma,. It is an error to eval this function; it should

occuronly insideabackquote.

(unquotel A:any): Undefined fexpr
Functionnamefor comma-atsign,@. It is anerrorto eval this function; it
shouldonly occurinsideabackquote.
Thetwo exampleswhichfollow aresimilardefinitionsof anarithmeticif form. Thereare
four arguments:a testform, anegativeform, azeroform, andapositiveform. Oneof the
last threeforms is chosento beevaluatedaccordingto whetherthetestform is positive,
negative, or zero. Thefirst usesthe traditionaldm while the secondusesdefmacroand
backquote.Clearly the secondis muchsimpler. To clarify printer output,thereareno
occurancesof theaccentgrave characterin the first definitionandtheseconddefinition
doesnot containanoccuranceof thequotecharacter.
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(dm number-if (calling-form)
(list ’let

’((var (gensym)))
(list ’let

(list (list ’var (nth calling-form 2)))
(list ’cond

(list (list ’minusp ’var)
(nth calling-form 3))

(list (list ’zerop ’var)
(nth calling-form 4))

(list t (nth calling-form 5))))))

(defmacro number-if (test minus-form zero-form plus-form)
(let ((var (gensym)))

‘(let ((,var ,test))
(cond ((minusp ,var) ,minus-form)

((zerop ,var) ,zero-form)
(t ,plus-form)))))

8.1.6 MacroExpand

(macroexpandA:form [B:id]): form macro
Macroexpandis a useful tool for debuggingmacrodefinitions. If given

one argument,macroexpandexpandsall the macrosin that form. Often
one wishesfor more control over this process. For example,if a macro
expandsinto alet,wemaynotwishto seethelet itself expandedto alambda
expression.Thereforeadditionalargumentsmaybegivento macroexpand.
If thesearesupplied,they shouldbe the namesof macros,andonly those
specifiedareexpanded.

Low Level Function Definition Primiti ves

Thefollowing functionsareusedespeciallyby putdandGetd,definedabove in Section
9.1.3,andby eval andapply, definedin Chapter11.

(funboundp U:id): boolean expr
Testswhetherthereis adefinitionin thefunctioncell of U; returnsnil if so,
t if not.
Note:Thefunctionalvalueof anidentifierwhichdoesnotdefineafunction
is actuallyacall onundefinedfunction.Theevaluationof undefinedfunction
will resultin acontinuableerror.
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(fboundp U:id): boolean macro
Equivalent to (not (funboundpU)), the function funboundpis described

above.

(flambdalinkp U:id): boolean expr
TestswhetherU is aninterpretedfunction;returnt if so,nil if not. This is
doneby checkingfor thespecialcode-addressof the lambdalinkfunction,
whichcallstheinterpreter.

(fcodepU:id): boolean expr
TestswhetherU is acompiledfunction;returnst if so,nil if not.

(makefunboundU:id): nil expr
MakesU anundefinedfunctionby plantinga specialcall to the function,

undefinedfunction,in thefunctioncell of U. Seefunboundpabovefor more
informationaboutundefinedfunction.

(makeflambdalink U:id): nil expr
MakesU aninterpretedfunctionby plantinga specialcall to aninterpreter
supportfunction(lambdalink)functionin thefunctioncell of U.

(makefcodeU:id C:code-pointer): nil expr
Makes U a compiledfunction by planting a specialJUMP to the code-

addressassociatedwith C.

(getfcodepointerU:id): code-pointer expr
Getsthecode-pointerfor U.

(code-number-of-argumentsC:code-pointer): � nil,integer � expr
Somecompiledfunctionshave theargumentnumberthey expectstoredin
associationwith thecode-pointerC. This integer, or nil is returned.

8.1.7 Function TypePredicates

(exprp U:any): boolean expr
Testif U is acode-pointer, lambdaform, or anid with expr definition.



102

(fexprp U:any): boolean expr
Testif U is anid with fexpr definition.

(nexprp U:any): boolean expr
Testif U is anid with nexpr definition.

(macrop U:any): boolean expr
Testif U is anid with macrodefinition.

8.2 Wrappers

Onceafunctionhasbeendefined,onemaywantit todosomethingalittle different,or just
a little bit more. Breakingandtracingfunctionsfor debuggingpurposescanbe thought
of in this way. Having a functionkeeptrackof the time spentin its executioncanalso
bethoughtof in thisway. TheWrappersmoduleprovidesaconvenientfacility to support
this.
Whenafunctionis wrapped,its namebecomesareferencefor two differentfunctiondef-
initions. In PSLit is possibleto createdistinctidentifierswhichhavethesamename.The
original nameof the function is associatedwith a new function calledthe wrapper. In
generala wrapperdoesadditionalwork beforeand/orafterapplyingtheoriginal defini-
tion. Theoriginaldefinitionis associatedwith anidentifierwhosenameis identicalwith
theoriginalnamebut which is not interned.Applicationof getdto theoriginalnamewill
returntheoriginaldefinition.Sinceawrapperis identifiedby anindicatorontheproperty
list of its namegetdknows whento look elsewherefor the original functiondefinition,
andputdknowsto altertheoriginaldefinition,not thewrapper.
Typically awrappermaybeaddedto afunctionandlaterremoved.A functionpotentially
may be wrappedup insidemore thanone wrapperat the sametime. It is possibleto
redefinea wrappedfunctionbut if theorderor numberof formal parametersis changed
thenit will benecessaryto unwrapall wrappersfirst.

8.2.1 Noteson Writing Wrappers

Thissectiondescribesguidelinesfor writing wrappers.
If a wrapperis put on a functionthat is usedeitherdirectly or indirectly by thewrapper
bodyan infinite recursionmayresult. Functionsusedby the PSL interpreterarepartic-
ularly susceptibleto this problem. We requirea meansto avoid infinite recursion. In
generalit is not easyto restrictthe setof functionswhich canbe calledindirectly by a
pieceof code. Many PSL systemfunctionsuseothersystemfunctions. Furthermore,a
modificationto the systemmaychangetheserelationships.Somesystemfunctionscall
functionsthroughfunctionalvariablesor functionalvaluesstoredon propertylists. This
meansthatsomeof therelationshipsbetweensystemfunctionschangeover time.
Insteadof avoiding recursionintroducedby wrappers,we candetectandrecover from it.
Wrapperbypassesdo this. A wrapperbypassis implementedthrougha fluid variable,
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calledthecontrollingvariablefor that wrapper. On entry to a wrapper, the valueof the
controllingvariableis checked.A non-nil valueimpliesthatapreviousinvocationof this
wrapperhasnot beencompleted.To avoid a recursive call on thewrapper, a call on the
wrappedfunctionreplacesevaluationof thewrapper.
If thevalueof thecontrollingvariableis nil thewrapperis evaluated.Duringevaluationof
thewrapperthecontrollingvariableis setto t exceptduringtheapplicationof thewrapped
function,atwhichpoint it shouldbesetto nil.
Syntactically, wrapperbodiesof thefollowing form aresupported:

(lambda <args>
(cond (<var> <wrapped-fn-call>)

(t (prog (<var> <id>*)
(setq <var> t)
<call-expr>*))))

<call-expr> ::= <expr>
| (<call-expr>*)
| (setq <var> nil) <setq-and-wrapped-fn-call> (setq <var> t)

<setq-and-wrapped-fn-call> ::=
| <wrapped-fn-call>
| (setq <id> <wrapped-fn-call>)

<wrapped-fn-call> ::= (wrapped-function <expr>*)
| (funcall ’wrapped-function <expr>*)

<var> ::= <id>
<id> is any PSL identifier <expr> is any PSL s-expression.

Thecontrollingvariableof thewrapperis �<4 � (=	 . It mustbeafluid variablewhosetop
level valueis nil.
Thenotationis BNF with theadditionof theregularexpression”*” operator. Thisopera-
tor is usedto indicatezeroor morerepetitionsof anitem.
Note that setf is not supportedin placeof setq. You shouldnot useapply in placeof
funcall or let in placeof prog. You caneliminateredundantinstancesof (setq �:4 � (9	
t) and (setq �A4 � (2	 nil). For example,if a <wrapped-fn-call> appearsat the
beginningof aprogthentheform (setq <var> nil) canbeomitted.

8.2.2 Exported Functions

(wrap name:id wtype:id BODY:list COMPILE?:boolean): id expr
Wrapcreatesa wrapper. nameis thenameof thefunctionto bewrapped.

wtype is an id which identifiesthe wrappertype, it mustbe a memberof
thelist wrapper-standard-order(documentedbelow). BODY is a list which
shouldbea lambdaexpression.
Wrapredefinesthefunctionalvalueof name.Theoriginal functionis renamed.Theprint
representationof thisnew nameis identicalto namebut theidentifiersaredistinct.
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WhenBODY is a lambdaexpression(you areencouragedto usea lambdaexpression
for this argument),thenthenew nameof thefunctionwhich is beingwrappedis substi-
tutedfor eachoccuranceof wrapper-function.Theresultof thissubstitutionbecomesthe
definitionof thewrapper.

WhenBODY is nota lambdaexpressionadifferentmethodis usedto createthewrapper.
BODY is embeddedwithin a lambdaexpressionwhich hasthe samenumberof argu-
mentsasthe function which is beingwrapped.Eachoccuranceof the form (wrapped-
invocation),is replacedby anapplicationof thewrappedfunction.

If COMPILE?is t thenthewrapperwill becompiled.

The wrapperspackagepermitsa function to have any numberof wrappersof any per-
mitted type. For a given type of wrapper, a new wrapperalwaysenclosespreexisting
wrappersof thattype.However, youareadvisedagainstdependinguponthisordering.

(remove-wrapper name:id TYPE:id): boolean expr
Removesa wrapperof typeTYPE from theidentifiername.If namedoes

not haveawrapperof this typethenthereturnvaluewill benil, otherwiset
is returned.

(wrapped? name:id): boolean expr
Returnst if thereis at leastonewrapperonname.

(wrapper-of-type? name:id TYPE:id): name:id nil expr
Searchesfor a wrapperof the given type on name. nameis returnedif a

wrapperis found,otherwisenil is returned.

(wrapper-typesname:id): list expr
Returnsa list of all thetypesof all thewrappersaroundthefunctionnamed
name.

(function-lambda-list FN:id, code-pointer, lambda): list expr
Returnsa list suitablefor useas the formal parameterlist of a wrapper

for that function. If the function is interpreted,the argumentlist of the
definitionis returned.If theactualargumentlist is not available,namesfor
theargumentsareinvented.If FN is nota lambdaexpression,code-pointer,
or identifierthenit is anerror.

***** FN is not a function.

It is alsoanerrorif FN is anidentifierwhichdoesnothavea functionalvalue.

***** FN is not defined as a function.
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(function-basic-definition name:id): name:id expr
Returnsthebasicdefinitionof name,whetheror notasetor wrappersis as-
sociatedwith it. Notethatgetdandputdoperateon this basicdefinition. If
youwish to redefinea wrappedfunctionandthenumberor orderof formal
parameterswill changeit is necessaryto first unwrapall wrappersfirst. Ap-
plicationsof thewrappedfunctionwithin the wrapperwill not beupdated
whenthewrappedfunctionis redefined.

wrapper-standard-order = [Initially: (tracebreakmeter)] global
Only wrappertypeswhich aremembersof this list arelegal argumentsto
primitivefunctionsthatoperateonwrappers.Thewrappersof eachfunction
arenestedso that eachwrappertype appearsearlier in wrapper-standard-
orderthanthe type of any wrapperit encloses.Wrap wrapsaccordingto
this ordering,but changingthis list doesnot causetheorderingof existing
wrappersto bechanged.

8.2.3 Examples

Assumethatfoo is a commonlycalledfunctionwhoseargumentis a largedatastructure.
You have found that foo is sometimescalledwith an argumentof nil andwould like to
causeabreakwhenthissituationarisessothatyoucandiscoverwherefoo is beingcalled
from.
Sincefoo is a commonlyusedfunctiona breakon eachentryto foo is unsatisfactory. A
traceof eachentry andexit is not sufficient – it doesn’t tell you who calledfoo in the
critical case.Thesolutionis to wrapfoo is anadvicewrapper. Sucha wrapperwill print
abacktraceandentera continuablebreakloop whenanargumentof nil is discovered.
First,loadthebreak-tracemodule.Thiswill resultin thewrappersmodulebeingloaded
andthebreaktracefunctionbeingdefined(seeChapter17for moreinformationonbreak-
trace). The wrapper-type adviceis addedasthe innermostwrapperon the orderedlist
referencedby wrapper-standard-order(assumingit is notalreadyon thelist).

(load break-trace) % loads wrappers &
breakpoint function

(if (not member ’advice wrapper-standard-order) then
(setf wrapper-standard-order

(append wrapper-standard-order ’(advice))))

(de debug-foo ()
(wrap

’foo % function to wrap
’advice % wrapper type
‘(lambda (x) % wrapper body generator

(cond ((null x)
(backtrace)
(breakpoint "Foo (x=nil)")))

(wrapped-function x))
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nil)) % don’t compile
% the wrapper body

Theabovewill work fineaslong asfoo is anexpr which is not usedby theinterpreteror
by the wrappers moduleitself. In the moregeneralcase,the functiondebug-foo must
have threechanges:

1. If foo is notanexpr, thenall occurrencesof (wrapped-function� � ( , $#	 ) mustbe
replacedby (funcall ’wrapped-function� � ( , $#	 ).

2. If foo is usedby thePSLinterpreter, by thewrappers module,or by expression
in the wrapperbody thenit will be necessaryto know whenfoo is calledduring
the evaluationof foo’s wrapper. This will allow you to bypassevaluationof the
wrapper, you cansimply apply thewrappedfunction. Otherwisean infinite recur-
sioncouldresult.Thedefinitionbelow usesthefluid variable(calleda controlling
variable)in-foo-wrapper?to achieve thiseffect.

3. If foo is possiblyusedwithin the interpreter, thenthe wrappermustbecompiled.
This meansthat if (not (interpretive-wrapper-ok? ’foo)), thenthefourth argument
to thefunctionwrapmustbet, or wrapwill signalanerror.

Thereviseddefinitionof debug-foofollows.

(fluid ’(in-foo-wrapper?)) % necessary initializations of
(setq in-foo-wrapper? nil) % the controlling variable

(change 2)

(de debug-foo ()
(wrap

’foo
’advice
‘(lambda (x)

(cond (in-foo-wrapper? % change 2
(funcall ’wrapped-function x)) % change 1

(t
(prog (in-foo-wrapper?)

(setq in-foo-wrapper? t)
(cond ((null x)

(backtrace)
(breakpoint "Foo (x=nil)")))

(setq in-foo-wrapper? nil)
(return

(funcall ’wrapped-function x) % change 1
))))

(not (interpretive-wrapper-ok? ’foo)))) % change 3

Thefunctionbreak-on-conditionwill causeentryinto acontinuablebreakloopjustbefore
thefunctionfn is appliedif theresultof evaluatingtheform boundto bool-expr is non-nil.
A samplecall mightbe(break-on-condition’foo ’(eq x 2)).
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(setf in-wrapper? nil)
(fluid ’(in-wrapper?))

(de break-on-condition (fn bool-expr)
% First, get the parameter-list of the function.

(let ((parameter-list (function-lambda-list fn)))
(wrap

fn
’advice
‘(lambda ,parameter-list

(cond (in-wrapper?
(funcall ’wrapped-function ,@parameter-list))

(t
(prog (in-wrapper?)

(setq in-wrapper? t)
(cond (,bool-expr

(breakpoint "In %p, condition %p=%p"
’,fn ’,bool-expr ,bool-expr)))

(setq in-wrapper? nil)
(return

(funcall ’wrapped-function
,@parameter-list))

))))
(not (interpretive-wrapper-ok? fn))
)

))

8.3 Variablesand Bindings

Variablesin PSL areids, andassociatedvaluesareusuallystoredin andretrieved from
the valuecell of this id. If variablesappearasparametersin lambdaexpressionsor in
prog’s, thecontentsof thevaluecell aresavedon a bindingstack.A new valueor nil is
storedin thevaluecell andthecomputationproceeds.On exit from the lambdaor prog
theold valueis restored.This is calledthe”shallow binding” modelof LISP. It is chosen
to permit compiledcodeto do binding efficiently. For even moreefficiency, compiled
codemayeliminatethevariablenamesandsimplykeepvaluesin registersor astack.The
scopeof a variableis the rangeover which the variablehasa definedvalue. Thereare
threedifferentbindingmechanismsin PSL.
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LocalBinding Only compiledfunctionsbind variableslocally. Local variables
occur as formal parametersin lambdaexpressionsand as prog
form variables. The binding occursas a lambdaexpressionis
evaluatedor as a prog form is executed. The scopeof a local
variableis thebodyof thefunctionin which it is defined.

Fluid Binding Fluid variablesareglobal in scopebut may occurasformal pa-
rametersor progform variables.In interpretedfunctions,all for-
mal parametersand local variablesareconsideredto have fluid
bindinguntil changedto localbindingby compilation.A variable
canbetreatedasa fluid only by declaration.If fluid variablesare
usedasparametersor localsthey arereboundin sucha way that
thepreviousbindingmayberestored.All referencesto fluid vari-
ablesareto the currentlyactive binding. Accessto thevaluesis
by name,goingto thevaluecell.

GlobalBinding In theory global variablesmay never be usedas parametersin
lambdaexpressionsor asprog variables. This restrictionis not
enforcedin PSL.You areencouragednot to declareanidentifier
globalif it is usedasaparameterin a lambdaexpressionor prog.
For moreinformationseetheSectionFluid andGlobalDeclara-
tions,Chapter19.

8.3.1 Binding TypeDeclaration

(fluid IDLIST :id-list): nil expr
Theids in IDLIST aredeclaredasfluid typevariables.An id whichhasnot
beenpreviously declaredis initialized to nil. Variablesin IDLIST already
declaredfluid areignored. It is anerror to attemptto changethe typeof a
variablefrom globalto fluid.

***** ID cannot be changed to FLUID

(global IDLIST :id-list): nil expr
Theids of IDLIST aredeclaredglobaltypevariables.If anid hasnotbeen
previously declared,it is initialized to nil. Variableswhich have already
beendeclaredglobal areignored. Attemptingto changethe type of an id
from fluid to globalwill resultin anerror.

***** ID cannot be changed to GLOBAL

(unfluid IDLIST :id-list): nil expr
Thevariablesin IDLIST which have beendeclaredasfluid areno longer

consideredfluid. Othervariablesareignored.



8.4. USERBINDING FUNCTIONS 109

8.3.2 Binding TypePredicates

(fluidp U:id): boolean expr
If U hasbeendeclaredfluid thent is returned,otherwisenil is returned.

(globalp U:id): boolean expr
If U hasbeendeclaredglobalthent is returned,otherwisenil is returned.

(unboundp U:id): boolean expr
If U doesnot haveavaluethent is returned,otherwisenil is returned.

8.4 UserBinding Functions

The following functionsareavailable to build one’s own interpreterfunctionsthat use
thebuilt-in Fluid bindingmechanism,andinteractwell with theautomaticunbindingthat
takesplaceduringThrow andError calls.

(unbindn N:integer): Undefined expr
Usedin user-definedinterpreterfunctions(like prog) to restoreprevious

bindingsto thelastN valuesbound.

(lbind1 IDname:id VALUET OBIND:any): Undefined expr
Supportfor lambda-likebinding.Thecurrentvalueof IDnameis savedon
thebindingstack;thevalueof VALUETOBIND is thenboundto IDname.

(pbind1 IDname:id): Undefined expr
Supportfor prog. Binds nil to IDnameafter saving valueon the binding

stack.Essentially(lbind1IDnamenil).
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The Inter preter

9.1 Evaluator FunctionsEval and Apply

Theevaluatoris responsiblefor theexecutionof PSLprograms.Theevaluatoris available
to the userthroughthe function eval. This functiongivesthe operationalsemantics,or
meaning,to theprogrammingconstructsfound in PSL.With eval we have theability to
evaluateconstructedexpressions.Theability to evaluatelists whichhave theappearance
of expressionshighlightstheprogramdatadualityof LISP.
Apply representsthepieceof the evaluatorwhich is responsiblefor invoking functions.
Any list which is not quotedis takento bea functionapplicationby theevaluator. Apply
providestheuserwith a tool to explicity invoke functions.
In eval, applyandthe supportfunctionswhich follow, errorsarecontinuable.Whenan
erroroccurstheuseris permittedto correcttheoffendingexpressionor perhapsdefinea
missingfunction(seeChapter16 for moreinformation).If thenumberof argumentsto a
functionis notequalto thenumberof parametersspecifiedby thedefinitionthentheerror

***** Argument number mismatch

occurs. If there is an id in the function position of a form, and there is no function
definitionassociatedwith it, anerroroccursandthemessage

***** ‘NAME’ is an undefined function

is printed. If the functionpositionis not occupiedby an id, lambdaexpressionor code-
pointerthenit is anerrorandoneof thefollowing is printed.

***** Ill-formed expression in EVAL ‘FORM’

***** Ill-formed expression ‘FORM’

Thefirst messageis displayedwhentheerroris detectedwithin eval.

(eval U:form): any expr
Thevalueof theform U is computed.Sinceeval is a functionof typeexpr
it will receive its argumentalreadyevaluated.Sinceit will thenevaluatethe
argumentitself, it may seemasthoughthe evaluationis donetwice. The
argumentU cannotaccesslocal variables.

As a basisfor discussion,anapproximationto theactualdefinitionof eval is given.
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(de eval (e)
(cond ((is-constant e) (denote e))

((idp e) (valuecell e))
(t (let ((fun (first e))

(args (rest e)))
(cond ((and (idp fun)

(not (funboundp fun)))
(selectq (first (getd fun))

(expr (apply fun (evlis args)))
(fexpr (apply fun (list args)))
(nexpr

(apply fun
(list (evlis args))))

(macro
(eval (apply fun (list e))))))

((or (codep fun)
(is-lambda fun))

(apply fun (evlis args)))
(t (error)))))))

Eval first determinesif its argumentis a constant.Examplesof constantsarenumbers,
strings,vectorsandquotedexpressions.For themostpart,thefunctiondenotewill simply
returnits argument.However, if theconstantis a quotedexpressionthentheexpression
is returnedasvalue.

1 lisp> (eval "STRING")
"STRING"
2 lisp> (eval (mkquote ’(one)))
(ONE)

An identifier is considereda variable. In sucha case,eval returnsthe contentsof the
valuecell of the identifier. Of coursethingsarenot quite all that simple. This raises
a conceptualissueaboutwhen to find the values. The issueis one of scopingrules.
Scopingrulescomeinto playwhenfunctionsaredefined.In particular, this involvesfree
variables(thosevariableswhich arenot parametersof the definition). Oneapproachis
staticscoping.Thisstrategy locatesthevaluesof freevariablesat thetime thefunctionis
defined.PSLusesa secondapproachcalleddynamicscoping.Usingthis approach,the
valuesof freevariablesarenot determineduntil thefunctionis applied.

1 lisp> (setq number 0)
0
2 lisp> (de bar () (foo) (add1 number))
BAR
3 lisp> (de foo () (setq number 1))
FOO
% When bar was defined the value of number was 0,
% during the evaluation
% of bar the application of foo changed the value
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% of number to 1. If
% static scoping were being used then the result
% would be 1 instead of 2.
4 lisp> (bar)
2

ThePSLenvironment(thevaluesassociatedwith variables)will typically changeduring
evaluation.Whena functionis applied,thevariablesspecifiedby its definitionareasso-
ciatedwith theargumentsof theapplication.As a result,thevalueof eachvariablehas
changed.As notedabove, the valueof a variableis found in its valuecell. However,
thedefinitionandaccessof valuesdependsuponthebindingstrategy beingusedby the
implementation.Two commontechniquesareshallow binding(usedin thecurrentimple-
mentationof PSL),anddeepbinding.In adeepboundsystemtheenvironmentis defined
by a tableof namesandvalues.Eachtime a variableis setto a value,anentry is added
to thetable.To locatethevalueof a variablethis tablemustbesearched.Whenthereare
multiple definitionsfor a givenvariablewithin this table,theconventionis adoptedthat
it is alwaysthelatestvaluewhich is retrieved.With thisstrategy wecaneasilyrestorean
old value,by simply removing the currentvaluefrom the table. With shallow binding,
thevalueof avariableis positionedwith theid whichrepresentsthevariable.In thiscase
thereis no needto searchfor a value. It is known to alwaysbe in a fixed location,the
valuecell of theid. Thissecondtechniquemakesfindingvaluesmuchmoreefficient,but
it is muchmoredifficult now to keeptrackof previousvalues.

If theexpressionbeingevaluatedis neithera constantor a variableit is assumedto bea
functionapplicationform. Whenwe apply the function definition to the argumentswe
associatetheparametersof thedefinitionwith thearguments.Thisprocessof association
is calledbindingandsimulatessubstitution.Within thenew environmentthebodyof the
functionis evaluated.Noticewedonotexplicitly substitutethevaluesfor thevariablesin
anexpression.

1 lisp> (eval ’((lambda (this) (add1 this)) 0))
1
% If an expression is neither a constant or
% a variable then it is assumed
% to be a function application form.
2 lisp> (eval ’(one))
***** ‘ONE’ is an undefined function

Eval first looks at the function position,makingsurea function definition is available.
Themannerin which thefunctionis applieddependsuponthetypeof thefunction. For
bothexprsandnexprstheargumentsareevaluatedin a left to right orderby thefunction
evlis. Sincenexprsexpecta singleargument,theargumentsaregatheredinto a list. The
argumentsto an fexpr arenot evaluatedbut they aregatheredinto a list. Theremaining
function type to consideris macro. The entire function applicationform is passedto
macros.Theresultof applyingthemacrois thenevaluated.
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(apply FUN:id, function ARGS:any-list): any expr
AppliesthefunctionFUN to thelist of argumentsARGS.Thefollowing is
anapproximationof therealcode.

(de apply (fun args)
(cond ((and (idp fun) (not (funboundp fun)))

(if (fcodep fun)
(codeapply (getfcodepointer fun) args)
(lambdaapply (get fun ’*lambdalink) args)))

((codep fun) (codeapply fun args))
((is-lambda fun) (lambdaapply fun args))
(t (error))))

Apply usestheadditionalfunctionscodeapplyandlambdaapplyto actuallyevaluatethe
bodyof the function. Theargumentsin ARGSarenot evaluated(for example,by a call
onevlis). Thismayseemoddsincethetypeof thefunctionmaybeexpr or nexpr. Apply
assumesthattheargumentsarein theform requiredfor bindingto theformalparameters
of FUN. Getcodepointerreturnsthe code-pointerassociatedwith an id. The body of
a function which is not compiledis found on the propertylist of its name,underthe
*lambdalinkindicator.

1 lisp> (setq fn ’add1)
ADD1
2 lisp> (de fn (a) (sub1 a))
FN
3 lisp> (apply fn ’(1))
2
4 lisp> (apply ’fn ’(1))
0
5 lisp> (apply ’cons ’((add1 2) 3))
((add1 2) . 3) % NOT (3 . 3)

(funcall FUN:id, function [ARGUMENT :any]): any macro
Equivalentto (applyFUN (list ARGUMENT1 ... ARGUMENTN)). This

functionis definedin theUSEFULmodule.

9.2 Support Functions for Eval and Apply

(evlis U:any-list): any-list expr
Evlis evaluateseachelementof U Thelist of resultsis returned.

(de evlis (p)
(if (not (pairp p))

()
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(cons (eval (first u))
(evlis (rest u)))))

(idapply FN:id U:any-list): any expr
Appliesthefunctionreferencedby FNto theargumentlist U. An equivalent
form would be(applyFN U). Theuseof idapplyis moreefficient. If FN is
notanid it is anerrorandthemessage

***** Ill-formed function expression

is printed.

(codeapplyFN:code-pointerU:any-list): any expr
The body of compiledfunction referencedby FN is executedwith argu-

mentsin U.

(codeevalapply FN:code-pointerU:any-list): any expr
(codeevalapplyFN U) is essentially(codeapplyFN (evlis U)). Thediffer-

encebetweenthetwo is thatthefirst is moreefficient thanthesecond.

(evprognU:form-list): any expr
The forms in U are evaluatedin a left to right order. The value of the

last is returned.This function is usedin situationswhereanapplicationof
prognis implied. For example,thedefinitionof many functionsconsistsof
asequenceof expressions.Eachexpressionis evaluatedandthevalueof the
lastis returned,withouthaving to wrapthedefinitioninsideaprogn.

(de evprogn (u)
(if (pairp u)

(progn (while (pairp (cdr u))
(eval (car u))
(setq u (cdr u)))

(eval (car u)))
nil))

9.3 SpecialEvaluator Functions,Quoteand Function

(quoteU:any): any fexpr
Quoteis usedto distinguisha constants-expressionfrom onewhich is to

be evaluated. The return value is U. Sincequoteis an fexpr U is never
evaluated.
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(mkquote U:any): list expr
Returnstheresultof (list ’quoteU).

(function FN:function): function fexpr
Functionis similar to quote,except that its argumentis a referenceto a

function. FN is either the nameof a function, a lambdaexpression,or a
code-pointer. It is not correctto usequoteto suppresstheevaluationof an
expressionwhich representsa function. Themisuseof functioncaneffect
thewayin whichcodeis compiled,in particular, applicationof themapping
functions(seeChapter???for moreinformation).
Useof the readmacro#’ will result in an applicationof function. For example,if the
readerencounters#’fun the expression(FUNCTION FUN) will be returned.This read
macrois partof theuseful package.

9.4 Support Functions for Macro Evaluation

(expandL:list FN:function): list expr
Expandis a convenientway to expanda certaintypeof macro. PSLsup-

portsfunctionslikepluswhichacceptany numberof arguments.Themacro
plusis actuallydefinedin termsof thebinaryoperatorplus2.For example,

(plus 1 2 3)

expandsinto

(plus2 1 (plus2 2 3))

FN shouldbea functionwhich acceptstwo arguments,andL shouldbea list of values
whichareacceptableto FN asarguments.

(de expand (l fn)
(cond ((not (pairp l)) l)

((not (pairp (cdr l))) (car l))
(t (list fn (car l) (expand (cdr l) fn)))))

1 lisp> (dm plus (a) (expand (rest a) ’plus2))
plus
2 lisp> (macroexpand ’(plus 1 2 3))
(plus2 1 (plus2 2 3))

(robustexpandL: list FN: function EMPTYCASE: form): list expr
If thelist L is emptythenEMPTYCASEis evaluated,otherwisetheresult
of (expandL FN) is returned.



Input and Output

10.1 Intr oduction

Onecategoryof inputandoutputin LISPis ”symbolic” I/O. Thisallowsauserto print or
readpossiblycomplex LISP objectswith oneor a few callson standardfunctions.PSL
alsohaspowerful general-purposeI/O.
Input from multiple sourcesandoutputto multiple destinationscanbe donein PSL all
at the sametime. PSL providesI/O functionswith explicit specificationof sourcesand
destinationsfor I/O. On the other handfor convenienceit is often desirableto let the
sourceor destinationbe implicit. PSL provides the full set of I/O operationsthrough
functionswith animplicit sourceor destination.
The functionswith andwithout an explicit channeldesignatorargumentaredescribed
togetherin this chapter. In eachcasecalling the function with the implicit sourceor
destinationis thesameascallingtheversionwith explicit channelargumentandsupplying
thevalueof thevariablein* or out* asthechannel.
Thecurrentinput or outputchannelcanbechangedby settingor rebindingthevariables
in* or out* . Historically, thefunctionsrdsandwrs have beenusedfor this andthey are
alsoavailablealongwith theirspecialfeatures.

10.1.1 Organizationof this Chapter

We first discussthe syntaxusedfor symbolic input andoutput. The syntaxdescribed
appliesto PSLprograms,interactive typein,formatof datain datafiles,andto outputby
PSLprogramsexceptwhenspecialformattingis used.
Functionsfor printing andreadingfollow. All (textual) input andoutput functionsare
discussed.Next is open,for settingup input andoutputwith files,plusrelatedfunctions.
A greatdeal of userinput/outputprogrammingcanbe doneusing just a subsetof the
functionsdescribedin thesefirst sections.
PSLincludesfunctionsthatloadprogrammodulesandexecutecommandfiles. They are
essentialto building of softwaresystemsevenif thesystemitself doesno I/O. Functions
of this typearedescribednext.
Thesectionon I/O channelsdiscussessomefeaturesavailablefor switchingthecurrent
output from channelto channel,anddocumentssomefluid variablesusedin directing
someof thesystem’s inputandoutput.
Functionsin thenext sectionactuallyoperateon objectssuchaslists andstrings! Since
I/O functionsscaninput andformatoutput,andsinceit is possibleto readfrom or print
to a string,I/O functionscanbeusefulfor building stringsandfor scanningthem.Some
built-in functionsaredescribed.
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Thelasttwo sectionsdescribemechanismsthatmakepossiblesomesophisticatedusesof
thePSLI/O system.Onedescribesthemechanismin PSLthatpermitswriting to astring
or takinginput from thetext buffer of a text editor. Theotherdiscussesthetablesusedby
thePSLscanner, which is modifiable.

10.2 Printed Representationof LISP Objects

Mostof thissectionis devotedto therepresentationof tokens.In additionto tokensthere
arecompositeobjectswith printedrepresentations:lists andvectors.We briefly discuss
theirprintedformatsfirst.

"(" expression expression . . . ")"
"(" expression expression . . . "." expression)
"[" expression expression . . . "]"

Of thesethe first two are for lists. Wherepossible,the first notationis preferredand
theprinting routinesuseit exceptwhenthesecondform is needed.Thesecondform is
requiredwhenthe cdr of a pair is neithernil nor anotherpair. The third notationis for
vectors.For example:

(A . (B . C)) % An s-expression
(A B . C) % Same value, list notation
(A B C) % An ordinary list
[A B C] % A vector

Thefollowing standardsfor representingtokensareused:

� An id normallyconsistsof uppercaselettersanddigits. Thefirst charactercanbe
a digit whenthefirst non-digitcharacteris a plussign,minussign,or a letterother
than”E” or ”B”. WeexcludelowercaselettersbecausethePSLreaderwill normally
convertlowercaselettersto uppercase.Althoughtheusermayuselowercaseletters,
the interpreteronly seesuppercase.This conversionis controlledby the valueof
theswitch*raise,a valueof nil will suppressthis conversion.In additionto letters
andnumbers,thefollowing charactersareconsideredalphabeticfor thepurposeof
notatingsymbols.

+ - $ & * / : ; | < = > ? ˆ _ ˜ @

Thereis anescapeconventionfor notatinganid whosenamecontainsspecialchar-
acters.In additionto lowercaselettersthefollowing charactersareconsideredspe-
cial.

! " % ’ ( ) . [ ] ‘ , # |

JULIE % three ways to notate the same symbol
julie
JuLie
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+$
1+
+1 % this is a number, not an id
xˆ2+yˆ2 % a single symbol

� Stringsbegin with a doublequote(”) and include all charactersup to a closing
doublequote.A doublequotecanbeincludedin a stringby doublingit. An empty
string,consistingof only theenclosingquotemarks,is allowed. Thecharactersof
astringarenot affectedby thevalueof the*raise.Examples:

"This is a string"
"This is a ""string"""
""

� Integersbegin with a digit, optionallyprecededby a + or - sign,andconsistonly
of digits. The global input radix is 10; thereis no way to changethis. However,
numbersof differentradicesmaybereadby thefollowing convention. A decimal
numberfrom 2 to 36 followedby a sharpsign(#), causesthedigits (andpossibly
letters)thatfollow to bereadin theradixof thenumberprecedingthe#. [Footnote:
Octalnumberscanalsobewritten asa stringof digits followedby theletter”B”.]
Thus63 maybeenteredas8#77,or 255as16#ff or 16#FF. Theoutputradix can
be changed,by settingoutputbase*.If outputbase*is not 10, the printedinteger
appearswith appropriateradix. Leadingzerosare suppressedand a minus sign
precedesthedigits if theintegeris negative.Examples:

100
+5234
-8#44 (equal to -36)

� Floatshaveaperiodand/oraletter”e” or ”E” in them.Any of thefollowingareread
asfloats. Thevalueappearsin the format [-]n.nn...nnE[-]mmif the magnitudeof
thenumberis too largeor small to displayin [-]nnnn.nnnnformat. Thecrossover
point is determinedby the implementation.In BNF, floatsarerecognizedby the
grammar:

<base> ::= <unsigned-integer>.|
.<unsigned-integer>|
<unsigned-integer>.
<unsigned-integer>

<ebase> ::= <base>|<unsigned-integer>
<unsigned-float> ::= <base>|

<ebase>e<unsigned-integer>|
<ebase>e-<unsigned-integer>|
<ebase>e+<unsigned-integer>|
<ebase>E<unsigned-integer>|
<ebase>E-<unsigned-integer>|
<ebase>E+<unsigned-integer>
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<float> ::= <unsigned-float>|
+<unsigned-float>|
-<unsigned-float>

Thatis:

[+|-][nnn][.]nnn{e|E}[+|-]nnn

nnn.
.nnn
nnn.nnn

Examples:

1e6
.2
2.
2.0
-1.25E-9

� Code-pointerscannotbereaddirectly, but canbeprintedandconstructed.Currently
printedas

#<Code argument-count hexadecimal-address>.

� Anything elseis printedas# � Unknown:nnnn	 , wherennnn is the hexadecimal
valuefound in the argumentregister. Suchitemsarenot legal LISP entitiesand
maycausegarbagecollectorerrorsif they arefound in the heap.They cannotbe
readin.

10.3 Functionsfor Printing

10.3.1 BasicPrinting

(prin1 ITM:any): ITM:any expr

(channelprin1 CHAN:io-channel ITM:any): ITM:any expr
Channelprin1is thebasicprinting function. For well-formed,non-circular
structures,theresultcanbeparsedby thefunctionread.

(prin2 ITM:any): ITM:any expr
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(channelprin2 CHAN:io-channel ITM:any): ITM:any expr
Channelprin2is similar to channelprin1,except that stringsare printed

without the surroundingdoublequotes,and delimiterswithin ids are not
precededby theescapecharacter.

Thefollowing exampleillustratesthedifferencebetweenprin1andprin2.

ARGUMENT PRIN1 PRIN2

A!%WORD A!%WORD A%WORD
"STRING" "STRING" STRING

(print U:any): U:any expr

(channelprint CHAN:io-channel U:any): U:any expr
DisplayU usingchannelprin1andthenterminatetheline usingchannelter-
pri.

10.3.2 WhitespacePrinting Functions

(terpri): nil expr

(channelterpri CHAN:io-channel): nil expr
Write an endof line character. The numberof charactersoutputon the

currentline (thatwhich is referencedby channelposn),is definedto bezero
andthenumberof linesoutputonthecurrentpage(thatwhichis referenced
by channelposn),is incremented.

(spacesN:integer): nil expr

(channelspacesCHAN:io-channel N:integer): nil expr
N spacesarewritten.

(tab N:integer): nil expr
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(channeltabCHAN:io-channel N:integer): nil expr
Moveto columnN
(channelspaces ch (- N (channelposn ch)))
If the positionon the currentoutput line is pastcolumnN thenchannelterpriis called
beforemoving to columnN.

10.3.3 Formatted Printing

(printf FORMAT:string [ARGS:any]): nil expr

(channelprintf CHAN:io-channel FORMAT:string [ARGS:any]):nil expr
Channelprintfis asimpleroutinefor formattedprinting. TheFORMAT is a
string.Thecharactersof thisstringareprintedunlessaa interpretandprint
the otherargumentsto channelprintf.The following formatcharactersare
currentlysupported.
%b The next argumentis assumedto be an integer, it is passedto

spaces.
%c Thenext argumentshouldbea singlecharacter, it is printedby a

call onwritechar.
%d Print thenext argumentasadecimalinteger.
%e Thenext argumentis evaluatedby acall oneval.
%f Printanend-of-linecharacterif notat thebeginningof theoutput

line (doesnotusea matchingargument).
%l Print thenext argumentusingprint2l, this is thesameas%w ex-

ceptthatlistsareprintedwithout thetop level pairof parenthesis.
Theemptylist is printedasa blank.

%n Printend-of-linecharacter(doesnot useamatchingargument).
%o Print thenext argumentasanoctalinteger.
%p Print thenext argumentusingprin1.
%p Print thenext argumentusingprin1.
%r Print thenext argumentusingerrprin,theresultis thesameas%p

exceptthatasurroundingpairof quotesarealsoprinted.
%s Thenext argumentis assumedto beastring,thesurroundingdou-

blequotesarenotprinted.
%t Thenext argumentis assumedto beaninteger, it is passedto tab.
%w Print thenext argumentusingprin2.
%x Print thenext argumentasahexadecimalinteger.

If thecharacterfollowing % is noteitheroneof theaboveor another%, it causesanerror.
Thus,to includea% in theformatto beprinted,use%.
Thereis no checkingfor correspondencebetweenthe numberof argumentsthat FOR-
MAT expectsandthenumbergiven. If thenumbergiven is lessthanthenumberin the
FORMAT string,garbagewill beinsertedfor themissingarguments.If thenumbergiven
is greaterthanthenumberin theFORMAT string,thentheextraonesareignored.



10.3. FUNCTIONSFORPRINTING 123

(prettyprint U:form): U:form expr
PrettyprintsU.

10.3.4 The FundamentalPrinting Function

(writechar CH:character): character expr

(channelwritechar CHANNEL:io-channel
CH:character): character expr
Write onecharacterto the device specifiedby CHANNEL. All output is

definedin termsof this function. The numberof charactersoutputon the
currentline (that which is referencedby channelposn),andthe numberof
linesoutputon thecurrentpage(thatwhich is referencedby channellposn),
areupdated.Eachchannelspecifiesan outputfunction, it is this function
thatis appliedto CHANNEL andCH to actuallywrite thecharacter.

10.3.5 Additional Printing Functions

(prin2l L:any): L:any, nil expr
Prin2,exceptthata list is printedwithout thetop level parentheses.If L is
apair thenthereturnvalueis nil, otherwisethereturnvaluewill beL.

(prin2t X:any): any expr

(channelprin2t CHAN:io-channel X:any): any expr
OutputX usingchannelprin2andterminateline with channelterpri.

(princ ITM:any): ITM:any expr

(channelprinc CHAN:io-channel ITM:any): ITM:any expr
Samefunctionaschannelprin2.

(errprin U:any): NoneReturned expr
Prin1with specialquotesto highlightU.

(errorprintf FORMAT:string [ARGS:any]): nil expr
Errorprintf is similar to printf, exceptthat errout* is usedin placeof the

currentlyselectedoutputchannel.Channelterpriis calledbeforeandafter
printing if theline positionis greaterthanzero.
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(eject): nil expr

(channelejectCHAN:io-channel): nil expr
Skip to topof next outputpage.

10.3.6 Printing Statusand Mode

For informationondirectingvariouskindsof outputseethesectiononchannels.

outputbase*= [Initially: 10] global
Thisfluid canbesetto controltheradix in which integersareprintedout. If
theradix is not10,theradix is givenbeforeasharpsign.

1 lisp> 16
16
2 lisp> (setq outputbase* 8)
8#10
3 lisp> 16
8#20

(posn): integer expr

(channelposnCHAN:io-channel): integer expr
Returnsnumberof charactersoutputon thecurrentline of thischannel.

(lposn): integer expr

(channellposnCHAN:io-channel): integer expr
Returnsnumberof linesoutputon thispageof thischannel.

(linelength LEN: � integer, nil � ): integer expr
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(channellinelengthCHAN:io-channel LEN: � integer, nil � ): integer expr
For eachchannelthereis a restrictionon the length of output lines. If

LEN is nil thenthevaluereturnedwill be thecurrentmaximumlength. If
LEN is anintegergreaterthanzerothenit will becomethenew maximum.
However, if theargumentis zerotherewill beno restrictionson thesizeof
theoutputlines. Thefollowing exampleillustrateshow this lengthis used.
PSLusesasimilar functionto applyoutputfunctionslikeprin1.

(de check-line-length (length ch fn token)
(when (and (> (+ (channelposn ch) length)

(channellinelength ch nil))
(> (channellinelength ch nil) 0))

(channelwritechar ch (char eol)))
(idapply fn (list ch token)))

The fluid variablesPrinLevel and PrinLengthallow the user to control how deepthe
printer will print and how many elementsat a given level the printer will print. This
is usefulfor objectswhich arevery large or deep. Thesevariablesaffect the functions
prin1,prin2,princ,print, andprintf (andthecorrespondingChannelfunctions).

prinlevel = [Initially: nil] global
Controlshow many levelsdeepa nesteddataobjectwill print. If PrinLevel
is nil, thennocontrolis exercised.Otherwisethevalueshouldbeaninteger.
An objectto beprintedis at level 0.

prinlength = [Initially: nil] global
Controlshow many elementsatagivenlevel areprinted.A valueof nil indi-
catesthattherebeno limit to thenumberof componentsprinted.Otherwise
thevalueof PrinLengthshouldbeaninteger.

10.4 Functions for Reading

10.4.1 ReadingS-Expressions

(read): any expr

(channelreadCHAN:io-channel): any expr
Readsand returns the next S-expressionfrom input channelCHAN.

Valid input formsare:vector-notation,dot-notation,list-notation,numbers,
strings,andidentifiers. Identifiersare interned(seethe intern function in
Chapter4), unlessthefluid variable*compressingis non-nil. Channelread
returnsthevalueof theglobalvariable$eof$whentheendof thecurrently
selectedinputchannelis reached.



126

(de channelread (ch)
(let ((currentscantable* lispscantable*)

(currentreadmacroindicator* ’lispreadmacro))
(channelreadtokenwithhooks ch)))

Channelreadusesthe function channelreadtokenwithhooks.Tokensarescannedwithin
the context of the scantableboundto lispscantable*.The scantable is usedto recog-
nizespecialcharactertypes,for example,delimiterslike (, ), andspace.Thereadmacro
mechanismis usedto parses-expressions(seesection12.4.5for more informationon
readmacros).PSLusesanumberof readmacroswhicharedescribedbelow.

( S-expressionsaregatheredinto a list until thematchingright parenthe-
sis is read. Both list anddot notationarerecognized.A pair or list is
returned.

) If a right parenthesisis readanda matchingleft parenthesishad not
beenpreviously readthenit will beignored.B
S-expressionsaregatheredinto a vectoruntil a matchingright bracket
is read.A vectoris returned.

’ Thenext s-expressionreadis quoted,theresultis of theform (QUOTE
S-EXPRESSION).

(chareof) If an endof file characteris readwhile a list or vector is beingcon-
structedthenthe following error will occur. ***** UnexpectedEOF
while readingonchannel.

‘N’ Otherwisethevalueof �"C+D is returned.

Thefollowing readmacrosaredefinedin theuseful module.

#´ this is like thequotemark ’ but it is usedfor function insteadof
quote.For example#’namereadsas(FUNCTIONNAME).

#/ thisreturnsthenumericform of thefollowingcharacterreadwith-
out raisingit. For example#/ais 97while #/A is 65.

#� Thisisareadmacrofor char(seeChapter6 for moreinformation).
Note that the argumentwill be raisedif *raise is non-nil. For
example,#� a= #� A = 65.

#. Thiscausesthefollowing expressionto beevaluatedat readtime.
For example,‘(1 2 #.(plus1 2) 4) readsas(1 2 3 4).

#+ Thenext two expressionsareread. If the first is a systemname
whichis thecurrentsystemthenthesecondexpressionis returned.
Otherwiseanotherexpressionis readand it becomesthe value
returned.

#- Thenext two expressionsareread. If the first is a systemname
which is not thecurrentsystemthenthesecondexpressionis re-
turned.Otherwiseanotherexpressionis readandit becomesthe
valuereturned.
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10.4.2 ReadingSingleCharacters

(readchar): character expr

(channelreadcharCHANNEL:io-channel): character expr
Readsonecharacter(an integer) from CHANNEL. All input is definedin

termsof this function. If CHANNEL is not openor is openfor writing
only, anerroris generated.If thereis a non-zerovaluein thebackupbuffer
associatedwith CHANNEL, thebuffer is emptied(setto zero)andthevalue
returned. Otherwise,the readingfunction associatedwith CHANNEL is
calledwith CHANNEL asargument,andthevalueit returnsis returnedby
channelreadchar.

***** Channel not open

***** Channel open for write only

(readch): id expr

(channelreadchCHAN:io-channel): id expr
Like channelreadchar, but returnsthe id for the characterratherthan its

ASCII code.

(unreadcharCH:character): Undefined expr

(channelunreadcharCHAN:io-channel CH:character): Undefined expr
Theinputbackupfunction.Ch is depositedin thebackupbuffer associated
with Chan. This function shouldbe only calledafter channelreadcharis
called,andbeforeany interveninginput operations,sinceit is usedby the
tokenscanner. Theunreadbuffer only holdsonecharacter, soit is generally
uselessto unreadmorethanonecharacter.

10.4.3 ReadingTokens

Thefunctionsdescribedherepertainto thetokenscannerandreader. Globalsandswitches
usedby thesefunctionsaredefinedat theendof thissection.
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(channelreadtoken CHANNEL:io-channel): � id, number, string � expr
This is thebasicPSL tokenscanner. Thevaluereturnedis an item corre-

spondingto the next token from the input stream.An id will be interned
unlessthe switch *compressingis non-nil. If *compressingis t thenthe
print nameof theid is passedto newid, otherwiseit is passedto intern.

Theglobalvariabletoktype* is setasfollows.
0 if thetokenis anordinaryid,
1 if thetokenis a string,
2 if thetokenis a number, or
3 if thetokenis anunescapeddelimitersuchas

”(”, but not ”!(” In this lastcase,thevalue
returnedis theid whoseprint nameis the
sameasthedelimiter.

Theprecisebehavior of this functiondependson two fluid variables:
Currentscantable*is boundto avectorknown asascantable.Describedbelow.
Currentreadmacroindicator*is boundto anid knownasareadmacroindicator. Described
below.

(ratom): � id, number, string � expr
Readsa tokenfrom thecurrentinputchannel.

(channelreadtokenwithhooksCHANNEL:io-channel):
any expr
This functionreadsa tokenandperformsany actionspecifiedif thetoken

is markedasa readmacrounderthecurrentindicator. Readusesthis func-
tion internally. Usesthe variablecurrentreadmacroindicator*urrentread-
macroindicator*to determinethecurrentindicator.

10.4.4 ReadingEntir eLines

(readline): string expr

(channelreadline): string expr
A stringis returnedwhichcontainseachcharacterfrom thecurrentposition
of thescannerto thenext end-of-lineor end-of-filecharacter.

10.4.5 ReadMacros

At thetoplevel of PSL,anexpressionis read,it is evaluated,andthentheresultis printed.
Normally a macrois expandedduringevaluation. The readmacrois a differenttypeof
macro,it is expandedduringthereadingphase.Whenthereaderencountersareadmacro
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character, the themacrois executedandtheresultis insertedin placeof thereadmacro
character.
A readmacromustbeafunctionof twoarguments,thefirst shouldrepresentaIO channel,
theseconda character. A characterwhich representsa readmacromustbesetto oneof
two typesin the scantable. It may be either a delimiter or a diphthong. Diphthong
correspondsto doublecharacterreadmacros,delimiter to singlecharacterreadmacros.
In addition,theid which correspondsto thecharactermusthave a referenceto thename
of thefunctionon its propertylist. For a diphthongtheindicatormustbelispdiphthong,
for adelimiterit mustbelispreadmacro.
Thequotemacromaybedefinedasfollows. Note thatwe cannotuse’form in placeof
(quoteform) until wehavedefinedthereadmacro.

(de doquote (channel ch)
(list (quote quote) (channelread channel)))

(put (quote !’) (quote lispreadmacro)(function doquote))

(putv lispscantable* (char !’) delimiter)

This saysthatwhena singlequoteis read,PSLshouldreplaceit with a list consistingof
quoteandthe next expressionin the input (obtainedby anexplicit call to channelread).
Sincedefininga characteras a readmacromakes it difficult to usethe characterin a
normalway, readmacrosshouldnotbelettersor digits.

10.4.6 Terminal Interaction

(yespMESSAGE:string): boolean expr
If the userrespondsy or yes, yespreturnsa non-nil value. A response

of n or no resultsin a valueof nil. It is possibleto entera breakloop by
respondingwith b. After quitting thebreakloop, onemuststill respondy,
yes,n, or no.

10.4.7 Input Statusand Mode

promptstring* = [Initially: ”lisp 	 ”] global
Displayedasa promptwhenany input is takenfrom TTY. Promptsshould
thereforenot be directly printed. Insteadthe value shouldbe bound to
promptstring*.

*eolinstringok = [Initially: nil] switch
If *eolinstringokis non-nil, thewarningmessage
*** String continued over end-of-line is suppressed.
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*raise = [Initially: t] switch
If *raiseis non-nil,all charactersinput for ids throughPSLinput functions
areraisedto uppercase.If *raiseis nil, charactersareinput asis. A string
is unaffectedby *raise.

*compressing= [Initially: nil] switch
If *compressingis non-nil,channelreadtokenandotherfunctionsthatcall it
donot internids.

currentscantable*= [Initially: ] global
Thisvariableis setto lispscantable*by thefunctionread

currentreadmacroindicator* = [Initially: ] global
Thefunctionreadbindsthis variableto thevalueLISPREADMACRO. Its
valuedeterminesthepropertylist indicatorusedin lookingupreadmacros.
Theusermaydefinea setof readmacrosusingsomenew indicatorandre-
bindthisvariable.Ordinaryreadmacrosmaybeaddedby puttingproperties
on ids undertheLISPREADMACRO indicator.

10.5 File SystemInterface: Openand Close

(openFILEN AME:string ACCESSTYPE:id):
CHANNEL:io-channel expr
If AccessType is eq to input or output,an attemptis madeto accessthe

system-dependentFILENAME for readingor writing. If theattemptis un-
successful,an error is generated;otherwisea free channelis returnedand
initialized to thedefault conditionsfor ordinaryfile inputor output.

If noneof theseconditionshold, a file is not available,or thereareno freechannels,an
erroris generated.

***** Unknown access type
***** Improperly set-up special IO open call
***** File not found
***** No free channels

If AccessTypeis eqto SPECIAL,nofile is opened.Insteadthechannelis initializedasa
generalizedinputand/oroutputstream.Seebelow.

(filep NAME:string): boolean expr
This functionwill returnt if file NAME canbeopened,andnil if not,e.g.

if it doesnotexist.
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(closeCHANNEL:io-channel): io-channel expr
The closingfunction associatedwith CHANNEL is called,with CHAN-

NEL asits argument. If it is illegal to closeCHANNEL, if CHANNEL is
not open,or if CHANNEL is associatedwith a file andthe file cannotbe
closedby theoperatingsystem,this functiongeneratesanerror. Otherwise,
CHANNEL is markedasfreeandis returned.
Hereis a simpleexampleof input from a particularfile with outputsentto the current
outputchannel.This functionreadsformsfrom thefile MYFILE.DAT andprintsout all
thosewhosecar is eq to its parameter. Using unwind-protect,we areassuredthat the
channel(andthefile), will beclosedin all cases,includingerrors.

(de filter-my-file (x)
(let ((chan (open "MYFILE.DAT" ’input))

form)
(unwind-protect

(while (neq (setq form (channelread chan))
$eof$)

(if (and (pairp form) (eq (car form) x))
(print form)))

(close chan))))

10.6 Loading Modules

Two convenientproceduresareavailablefor loadingmodules.Variousfacilitiesdescribed
in this manualareactuallyin loadablemodulesandtheir documentationnotesthat they
mustbeloaded.Loadablemodulestypically exist asFASL files.B filesseethesectionon
thecompilerfor informationonproducingFASL files.

(load [FILE: � string, id � ]): nil macro
For eachargumentFILE, anattemptis madeto locateacorrespondingfile.
If a file is found then it will be loadedby a call on an appropriatefunc-
tion. A full file nameis constructedby using the directoryspecifications
in loaddirectories*andtheextensionsin loadextensions*.Thestringsfrom
eachlist areusedin a left to right order, for agivenstringfrom loaddirecto-
ries* eachextensionfrom loadextensions*is used.More informationabout
loaddirectories*andloadextensions*canbefoundbelow.
While thefile is beingloaded*usermodewill besetto nil. If a file cannotbe foundthe
call on loadwill beaborted.

***** ‘FILE’ load module not found

If either*verboseloador *printloadnamesis non-nil then

*** loading FULL-NAME

is printedjustprior to loadingthefile. Onceafile hasbeenloadedthemessage
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*** FILE loaded

will beprintedif the*verboseloadis non-nil. In addition,thenameFILE is addedto the
list referencedby options*. If anattemptis madeto loada file which hasbeenpartially
loadedthen

*** Warning: Load of FILE previously requested, but incomplete.

will beprinted. If FILE is foundto bein options*thentheattemptto loadFILE will be
ignored.

*** FILE already loaded

Notethatmemqis usedtodetermineif FILE is in options*.Thereforewhenyouusestring
argumentsfor loadingfiles, althoughidentical namesfor ids refer to the sameobject,
identicalnamesfor stringsreferto differentobjects.

(reload[FILE: � string,id � ]): nil macro
Reloadis very similar to load. Thedifferencebetweenthe two is that for

eachnameFILE, the first occuranceof FILE in options*will be removed
beforeattemptingto loadthefile.

(imports FILES:list): nil expr
This function is alsousedto load modules. If imports is invoked asan-

othermoduleis beingloaded,thenthemodulesspecifiedby FILESwill not
be loadeduntil the loadingof the currentmoduleis complete.Otherwise
importsis identicalto load.

loaddirectories* = [Initially: list] global
Referencesa list of stringsto appendto the front of file namespassedas
argumentsto load,reload,andimports.

loadextensions*= [Initially: association-list] global
Referencesthea-list ((".b" . faslin) (".lap" . lapin))

Thecarof eachpair is a stringwhich representsanextensionto appendto
theendof thefile namespassedasargumentsto load,reload,andimports.
Thecdr is a functionappropriatefor loadingafile of aparticularextension.
For example,afile whoseextensionis B is loadedwith thefunctionfaslin.

options* = [Initially: nil] global
Oncea file correspondingto an argumentFILE to either load, reload,or
importshasbeenloaded,FILE will beaddedto the list referencedby op-
tions*. An attemptto loadafile by applyingloador importswill beaborted
if FILE is found in options*. Reloadremovesthe first occuranceof FILE
from options*beforepassingits argumentto load.
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*verboseload= [Initially: nil] switch
If non-nil, a messageis displayedwhen a requestis madeto load a file
whichhasalreadybeenloaded,whenafile is aboutto beloaded,andwhen
theloadingof afile is complete.Since*redefmsgis setto thevalueof *ver-
boseload,a non-nil valuewill alsocausea messageto beprintedwhenever
a functionis redefinedduringa load.

*printloadnames = [Initially: nil] switch
If non-nil,amessageis printedwhena file is aboutto beloaded.

10.7 ReadingFiles into PSL

Thefollowing proceduresareusedto readcompletefiles into PSL,by first calling open,
andthenprocessingeachtop level form in the file. Theeffect is similar to whatwould
happenif thefile weretypedinto PSL.File namesarerepresentedby strings.File names
maybegivenusingfull systemdependentfile nameconventions.

*echo= [Initially: nil] switch
The switch echois usedto control the echoingof input. When(on echo)
is placedin aninput file, thecontentsof thefile areechoedon thestandard
outputdevice. Dskin doesnot changethevalueof *echo,soonemaysay
(onecho)beforecallingdskin,andtheinputwill beechoed.

(dskin NAME:string): nil, abort expr
Thecontentsof thefile areprocessedasif they weretypedin. If thepro-

cessingof thefile is abortedthereturnvaluewill betheidentifierabortand
thefollowing errormessagewill beprinted.

***** DSKIN of ‘NAME’ aborted after N form(s)

A countof eachtop level form is keptasthey areprocessed,which is thevalueN in the
errormessage.Oncein* hasbeenboundto the channelwhich representsthe openfile,
eachform is processedby a functionsimilar to theonebelow.

(de dskin-step ()
(let ((form (funcall toploopread*)))

(cond ((eq form $eof$) ’eof)
((not *defn)

(funcall toploopprint* (funcall toploopeval* form))
(dfprint* (funcall dfprint* form))
(t (prettyprint form)))))

Note that the functionsusedfor reading,evaluatingandprinting arethe sameasthose
usedin toploop(seeChapter15 for moreinformation). If dfprint* hasa value(andthe
switch*defn is non-nil), thenit will beappliedto theexpressioninsteadof applyingthe
functionsboundto toploopeval* and toploopprint*. If dfprint* doesnot have a value
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(andthe switch*defn is nil), thentheexpressionwill besimply beprintedby a call on
prettyprint.
Dskin is flaggedignore.This meansthatwhena file is compiled,a top level application
of dskinwill beevaluatedbut not compiled.For moreinformationabouttheflag ignore
seeChapter19.

(lapin NAME:string): � nil, abort � expr
Almost identical to dskin. The differenceis that the function boundto

toploopprint*is not applied.In general,this meansthattheresultsof eval-
uationarenotprinted.

Note that lapin is not flaggedignoreasis dskin. This meansthata top level application
of lapin is compiledbut notevaluated.For moreinformationonhow theflagsignoreand
eval effectcompilationseeChapter19.

(faslin FILEN AME:string): nil expr
This is an efficient binary readloop, which fetchesblocksof code,con-

stantsandcompactlystoredids. It usesa bit-tableto relocatecodeandto
identify specialLISP-orientedconstructs.FILENAME mustbea complete
file name.

10.8 About I/O Channels

(rds CHANNEL:io-channel, nil): io-channel expr
Rdssetsin* to thevalueof its argument,andreturnsthepreviousvalueof
in*. In addition,if specialrdsaction*is non-nil, it shouldbea functionof 2
arguments,which is calledwith theold channelasits first argumentandthe
new channelasits secondargument.(rdsnil) doesthesameas(rdsstdin*).

(wrs CHANNEL:io-channel, nil): io-channel expr
Wrssetsout* to thevalueof its argumentandreturnsthepreviousvalueof
out*. In addition,if specialwrsaction*is non-nil, it shouldbea functionof
2 arguments,which is calledwith theold channelasits first argumentand
the new channelas its secondargument. (wrs nil) doesthe sameas(wrs
stdout*).
Globalvariablescontaininginformationaboutchannelsarelistedbelow.

in* = [Initially: 0] global
Containsthecurrentlyselectedinputchannel.May besetor reboundby the
user. This is changedby thefunctionrds.



10.9. I/O TO AND FROM LISTSAND STRINGS 135

out* = [Initially: 1] global
Containsthecurrentlyselectedoutputchannel.May besetor reboundby
theuser. This is changedby thefunctionwrs.

stdin* = [Initially: 0] global
The standardinput channel(but not in the Unix senseof standardinput).
Channel0 is ordinarily the terminalandthis variableis not intendedto be
setor rebound.

stdout* = [Initially: 1] global
Thestandardoutputchannel.Likechannel0, channel1 is ordinarilyalways
theterminal,andthisvariableis not intendedto besetor rebound.

breakin* = [Initially: nil] global
Thechannelfrom which thebreakloop getsits input. It hasbeensetto de-
fault to stdin*, but mayhave to bechangedonsomesystemswith buffered-
IO.

breakout* = [Initially: nil] global
Thechannelto which thebreakloop sendsits output.It hasbeensetto de-
faultto stdout*,but mayhaveto bechangedonsomesystemswith buffered-
IO.

errout* = [Initially: 1] global
Thechannelusedby theerrorprintf.

specialrdsaction*= [Initially: nil] global

specialwrsaction*= [Initially: nil] global

10.9 I/O to and fr om Lists and Strings

(bldmsgFORMAT:string, [ARGS:any]): string expr
Printf to string.Thiscanbeusedasaveryconvenientwayof obtainingthe
printedrepresentationof anobjectfor furtheranalysis.In many casesit is
alsoa very convenientway of constructinga neededstring. An errorwill
occuron overflow. Overflow occurswhenthe lengthof the resultexceeds
thevalueof maxtokensize.

***** Buffer overflow while constructing error message: FORMAT
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(flatsizeU:any): integer expr
Characterlengthof prin1S-expression.

(flatsize2U:any): integer expr
Prin2versionof flatsize.

(explodeU:any): id-list expr
Explodetakes the constituentcharactersof an S-expressionandforms a

list of singlecharacterids. It is implementedvia thefunctionchannelprin1,
with a list ratherthana file or terminalasdestination.Returnedis a list of
internedcharactersrepresentingthecharactersrequiredto print thevalueof
U.

1 lisp> (explode ’foo)
(f O O)
2 lisp> (explode ’(a . b))
(!( a ! !. ! b !))

(explode2U:atom-vector): id-list expr
Prin2versionof explode.

(compressU:id-list): atom-vector expr
U is a list of singlecharacteridentifierswhich is built into aPSLentityand
returned.Recognizedarenumbers,strings,andidentifierswith theescape
characterprefixing specialcharacters.The formatsof theseitemsappear
in the ”Primitive Data Types” Section,Section2.1.2. Identifiersare not
internedon theid-hash-table.Functionpointersmaynot becompressed.If
anentity cannotbeparsedout of U or charactersareleft over afterparsing
anerroroccurs:

***** Poorly formed atom in COMPRESS

(implode U:id-list): atom expr
Compresswith ids interned.

10.10 GeneralizedInput/Output Streams

All input andoutput functionsare implementedin termsof operationson ”channels”.
A channelis just a small integer � which has3 functionsand someother information
associatedwith it. Thethreefunctionsare:
�
Therangeof channelnumbersis from 0 to MaxChannels,whereMaxChannelsis a system-dependent

constant,currently31,definedin themoduleio-decls
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1. A readingfunction,whichis calledwith thechannelasits argumentandreturnsthe
integerASCII valueof thenext characterof the input stream.If thechannelis for
writing only, this functionis writeonlychannel.If thechannelhasnotbeenopened,
this function is channelnotopen.The readingfunction is responsiblefor echoing
charactersif theflag *echois non-nil. It shouldusethefunctionwritecharto echo
the character. It may not be appropriatefor a readfunction to echocharacters.
For example,the ”disk” readingfunction doesechoing,while the readerusedto
implementthecompressfunctiondoesnot.

Thereadfunctionmustalsobeconcernedwith thehandlingof endsof ”files” (ac-
tually, endsof channels)andendsof lines. It shouldreturntheASCII codefor an
endof file character(systemdependent)whenreachingthe endof a channel. It
shouldreturntheASCII codefor a line feedcharacterto indicateanendof line (or
”newline”). This may requirethat the ASCII codefor carriagereturnbe ignored
whenread,not returned.

2. A writing function,which is calledwith the channelasits first argumentandthe
integerASCII valueof thecharacterto write asits secondargument.If thechannel
is for readingonly, this function is readonlychannel.If the channelhasnot been
opened,this functionis channelnotopen.

3. A closingfunction,which is calledwith thechannelasits argumentandperforms
any actionnecessaryfor thegracefulterminationof input and/oroutputoperations
to thatchannel.If thechannelis notopen,this functionis channelnotopen.

Theotherinformationassociatedwith achannelincludesthecurrentpositionin theoutput
line (usedby posn),themaximumline lengthallowed(usedby linelengthandtheprinting
functions),thesinglecharacterinputbackupbuffer (usedby thetokenscanner),andother
system-dependentinformation.
Ordinarily, the userneednot be aware of the existenceof this mechanism.However,
becauseof its generality, it is possibleto implementoperationsother than just reading
from andwriting to filesusingit. In particular, theLISP functionsexplodeandcompress
areperformedby writing to a list andreadingfrom a list, respectively (onchannels3 and
4 respectively).

10.10.1 Using the ”Special” Form of Open

If Openis calledwith AccessTypeeqto SPECIALandtheglobalvariablesspecialread-
function*, specialwritefunction*,andspecialclosefunction*areboundto ids, thena free
channelis returnedandits associatedfunctionsareset to the valuesof thesevariables.
Othernonsystem-dependentstatusis setto defaultconditions,whichcanlaterbeoverrid-
den.Thefunctionsreadonlychannelandwriteonlychannelareavailableaserrorhandlers.
TheparameterFilenameis usedonly if anerroroccurs.
Thefollowing globalsareusedby thefunctionsin thissection.

specialclosefunction*= [Initially: nil] global

specialreadfunction* = [Initially: nil] global
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specialwritefunction* = [Initially: nil] global

10.11 ScanTable Inter nals

Thescantablecontrolsthebehaviour of thereader. It canbemodifiedto extendthesyntax
of PSL or to aid the writing of otherparsers.This tablecontainsinformationaboutthe
syntaxof eachcharacter. It is possibleto haveseveraltablesdescribingdifferentsyntaxes
andto switchfrom oneto anotherby bindingthevariablelispscantable*.
The table is a vector of 129 entries,indexed by 0 through128. The first 128 entries
correspondto ASCII charactercode. Eachentry containsan integerbetween0 and21.
Themeaningof thesenumbersis givenbelow.
0 . . .9 DIGIT: indicatesthecharacteris adigit andgivesthecorrespondingnumeric

value.
10 LETTER: indicatesthecharacteris alphabetic.
11 DELIMITER: indicatesthe characteris a delimiter, the first characterof a

diphthongshouldnotbeclassifiedasadelimiter.
12 COMMENT: indicatesthecharacterbeginsacomment,terminatedby anend

of line.
13 DIPHTHONG:indicatesthecharacterisadelimiterwhichmaybethestarting

characterof adiphthong.A diphthongis atwo charactersequencereadasone
token.

14 IDESCAPE:indicatesthat the characteris an escapecharacter, this charac-
ter is usedwithin id namesto referencea characterwhich is not a digit or
alphabetic.

15 STRINGQUOTE: indicatesthatthecharacteris usedto delimit strings.
16 PACKAGE: indicatesthat thecharacteris usedto introduceexplicit package

names.
17 IGNORE:indicatesthatthecharacteris to beignored.
18 MINUS: indicatesthatthecharacterrepresentsaminussign.
19 PLUS:indicatesthatthecharacterrepresentsaplussign.
20 DECIMAL: indicatesthatthecharacterrepresentsadecimalpoint.
21 IDSURROUND: indicatesthatthecharacteris to actfor identifiersasastring

quotefor strings.

It maybe tediousto insertan idescapecharacter(!), beforeevery delimitercharacterin
thenameof anid. By settingthetypeof a character(for example—), to idsurroundthis
canbeavoided.Everycharacterbetweentheverticalbarsis takenaspartof theidsname,
asif ! werewrittenbeforeeach.Notethat!! correspondsto ! and!— to —.

(PUTV LISPSCANTABLE* (CHAR ’|) IDSURROUND)

|"| % the same as !"
|dave| % the name of the id is dave not DAVE
|!|!!| % the name is |!, the same effect is gotten

% by writing !|!!
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lispscantable*= [Initially: asdescribedbelow] global
Lispscantable*associatesa typewith eachcharacter. It is a vectorof 129
entries.Thetypefor a characterC is storedat index (CHAR C). Thetable
below lists eachcharacterunderits type. The128’th entryis thediphthong
indicator, LISPDIPHTHONG.

DIGIT 0 through 9
LETTER a through z, A through Z, #, $, &, *, /,

@, ;, :, <, >, =, ˆ, _, {, }, |, ˜, ?,
ˆA through ˆH, ˆK, ˆNthrough ˆY, ˆ\,ˆ],
ˆˆ, ˆ_, rubout

DELIMITER (, ), ’, ‘, ˆZ, [, ]
COMMENT %
DIPHTHONG ,
IDESCAPE !
STRINGQUOTE "
PACKAGE \
IGNORE null, tab, line-feed, ˆL,

carriage-return and space
MINUS -
PLUS +
DECIMAL .

10.12 ScanTableUtility Functions

Thefollowing functionsareprovidedto managescantables,in theread-utilsmodule.

(printscantable TABLE:v ector): nil expr
Printstheentirescantable,givesthe0 ... 127entrieswith thenameof the

characterclass.Also printstheindicatorusedfor diphthongs.

(copyscantableOLDTABLE: � vector, nil � ): vector expr
Copiestheexistingscantable(or currentscantable*if givennil). The128’th
entry (thediphthongindicator),of thecopy is setto the resultof a call on
gensym.

(putdiphthong TABLE:v ector D1:id ID2:id DIP:id): nil expr
InstallsDIP asthenameof thediphthongId1 followedby ID2 in thegiven
scantable.
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10.13 Binary ReadFunctions

Binary input and output are necessaryto provide an efficient accessto large files e.g.
for loadingor generatingbinaryfiles (e.g. faslin or faslout)or for communicationwith
other processorse.g. graphicsor databaseprocessors.Another importantapplication
is the connectionbetweentwo or morePSL processorson incompatibleplatforms. In
the following descriptionsHANDLE meanssomethingsystemspecificwhich in many
casesshouldbetternot be interpretedby theLISP evaluator. Onecanvery well think of
HANDLE asa FILE* objectbelongingto the world of C’s io library. The resultsof a
binaryreadfunctionis usuallynotmeantfor LISPevaluation,either.

(binaryopenreadFILEN AME:string): HANDLE expr
opensthe file FILENAME for reading. If the file cannotbe opened,an
error messageCouldn’t open binary file for input will be
shown, anerrorconditionis raised.

(binaryopenwrite FILEN AME:string): HANDLE expr
opensthefile FILENAME for writing. If thefile cannotbeopened,aner-
ror messageCouldn’t open binary file for output will be
shown, anerrorconditionis raised.

(binaryopenappendFILEN AME:string): HANDLE expr
opensthefile FILENAME in appendmode.If thefile cannotbeopened,an
error messageCouldn’t open binary file for append will
beshown, anerrorconditionis raised.

(binaryopenupdateFILEN AME:string): HANDLE expr
opensthe file FILENAME for update.If the file cannotbeopened,aner-
ror messageCouldn’t open binary file for update will be
shown, anerrorconditionis raised.

(binarycloseFilepointer:handle):NIL expr
Closesthefile referencedby filepointer

(binaryr eadCHANNEL:handle): any expr
readsoneLISP item from file channelandreturnsit asvalue. Thereis no
way to distinguisherrorconditionsfrom normalreturnvalues.
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(binaryr eadblockCHANNEL:handle ADDR:int SIZE:int): int expr
readsSIZELISPitemsfrom thefile into anarraypointedto by ADDR. The
numberof actuallyreaditemsis returned,indicatingerroror end-of-fileif
thereturnedvalueis lessthanthenumberof itemsrequested.

(binarywriteblock CHANNEL:handle WORD:any): NIL expr
writesoneLISP item in WORDto file channel.

(binarywriteblock Filepointer:handle ADDR:int SIZE:int): NIL expr
writesSIZE LISP itemsfrom the anarraypointedto by ADDR to the file
referencedby Filepointer. Thenumberof actuallywritten itemsis returned,
indicatingerror if the returnedvalue is lessthan the numberof itemsre-
quested.

(binarypositionfile CHANNEL:handle, SPECIAL:int): any expr
this correspondsto C’s fseekoperation.Thespecialvalue(theaddress)as
well asthereturnvalueis systemdependent,pleaseinvestigate.
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Top Level Loop

11.1 Intr oduction

Normallyoneinteractswith PSLthrougha toplevel read-eval-print loop, it is thehighest
level of controlandconsistsof anendlessloop thatreadsanexpression,evaluatesit, and
printstheresult.Onehasaneffecton thestateof PSLby invokingactionsthathave side
effects.This toplevel loopwill catchall throws(this includeserrors).

11.2 The GeneralPurposeTop Loop Function

Theuserinteractswith PSLthroughtoploop.Thepurposeof this loop is to readexpres-
sionstypedat theterminal,evaluatethem,andtypetheresultbackon theterminal.Such
expressionsmaybeenteredto seewhatvaluethey returnor to producea side-effect on
theglobalenvironment.
An expressionwhichhasasideeffecton theglobalenvironment

(setq base 10)

Anotherexampleof asideeffect, thedefinitionof a function

(de square (n) (* n n))

Evaluation,just to seewhatvaluetheexpressionreturns

(square 2)

A closeapproximationto the behavior of this loop is givenby the following functional
description:

(de toploop (toploopread*
toploopeval*
toploopprint*)

(while t
(funcall toploopprint*

(funcall toploppeval*
(funcall toploopread*)))))

Theactualtoploopof PSLis somewhatmorecomplex thanthesimpleonedefinedhere
becauseit providesa few extra features(thesearedescribedbelow). Theimportantpoint
is thattheprimitivesrequiredfor writing sucha loopareall availableto theuser.
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Syntacticallycorrectexpressionshave a well definedmappinginto PSL datastructures,
readaccomplishesthis mapping. For example,linear list notationis convertedinto the
internaltreestructurerepresentation,stringsarestoredin a moreefficient non-list form,
andnumbersare internalizedto a form compatiblewith the arithmeticunit of the ma-
chine.Themostprimitivepieceof readis thescanner. This routinerecognizescharacters
specialto PSL.For example,space,(, and). The scanneris alsoresponsiblefor build-
ing the internalrepresentationof identifiers. Thescannermustmake every referenceto
a particularid point to the sameinternalstructure.This is accomplishedat the time an
id is created.Thecharactersequenceis comparedagainstsequenceswhich have already
beenconvertedinto ids. This comparisonemploys anefficient searchtechniqueso that
notevery id is compared(currentlyahashalgorithmis used).

The eval function is responsiblefor the evaluationof datastructuresinterpretedaspro-
grams.A throughdiscussionof thiscanbefoundin Chapter11.

Print displaysdatastructuresin a way which couldlaterbetypedbackin to read.Some
of the moreinterestingprint routinesdo prettyprinting. That is, they format the output
usingconventionsbasedon thestructuralnestingof theexpressions.

Giving theuserthepowerto invokeall of theseoperationfrom hiscodeis averypowerful
featureof LISPwhichsetsit apartfrom mostotherlanguages.

(toploop TOPLOOPREAD*:functionTOPLOOPPRINT*:function
TOPLOOPEVAL*:function TOPLOOPNAME*:string WELCOMEBANNER:string): nil expr
This function is called to establisha new Top Loop. It prints the WEL-

COMEBANNER andtheninvokesa Read-Eval-Print loop,usingthefunc-
tions definedby TOPLOOPREAD*,TOPLOOPEVAL*, andTOPLOOP-
PRINT*. Sinceeachof theparametersto toploopis fluid they maybeexam-
inedor changed.Timing andhistorymechanismsareprovided. A prompt
is constructedby prefixingTOPLOOPNAME* with thehistorycount.As a
convention,thenameis followedby a numberof right anglebrackets( 	 ),
to indicatethedepthof toploopinvocations.

toploopread* = [Initially: nil] global
Whentoploopis calledthis id is boundto thefunctionusedfor reading.

toploopeval* = [Initially: nil] global
When toploop is called this id is boundto the function which evaluates
input.

toploopname*= [Initially: string] global
Boundto a string (currently”lisp”), which will be part of the promptfor
input.

toplooplevel* = [Initially: 0] global
Depthof top loop invocations.
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initf orms* = [Initially: nil] global
A list of formsto beevaluatedatstartup,(prior to callingmain).Theforms
areevaluatedin a left to right order, oncethe last form is evaluatedinit-
forms* is setto nil.

*output = [Initially: T] switch
If non-nil, theresultof evaluatingtop level formsis printed.

*time = [Initially: nil] switch
If non-nil,a stepevaluationtime is printedaftereachtop level form is pro-
cessedwithin toploop.

(hist [N:integer]): nil nexpr
Hist is calledwith 0, 1 or 2 integers,which controlhow muchhistoryis to
beprintedout:

(hist) Displayfull history.
(histn m) Displayhistoryfrom n to m.
(histn) Displayhistoryfrom n to present.
(hist -n) Displaylastn entries.

Thefollowing functionspermittheuserto accessandresubmitpreviousexpressions,and
to re-examinepreviousresults.

(inp N:integer): any expr
ReturnN’th inputat this level.

(redoN:integer): any expr
ReevaluateN’th input.

(ansN:integer): any expr
ReturnN’th result.

historycount* = [Initially: 0] global
Thenumberof entrieswhichhavebeenreadsofar.

historylist* = [Initially: nil] global
A list of pairs,the first elementof eachpair representsan input form, the
secondis theresultof evaluatingthefrst. Notethatthetop level evaluation
of historylist* will resultin acircularlist.
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11.3 Changingthe Default Top Level Function

As PSLstartsup, it first setsthestackpointerandvariousothervariables,andthencalls
thefunctionmaininsideacatchform.

(catch ’reset (main))

By default,maincallsstandardlisp.

(de main ()
(funcall ’standardlisp))

(de standardlisp ()
(let ((currentreadmacroindicator * ’lispreadmacro)

(currentscantable* lispscantable*))
(toploop ’read ’print ’eval "lisp" "Portable Standard LISP")))

In orderto haveasavedPSLcomeupin adifferenttop loop,thefunctionMain shouldbe
appropriatelyredefinedby theuser.

(main): Undefined expr
An initialization functionwhich is calledafterthestackis set.Its redefini-
tion allows theuserto changethedefault top loop.



Err or Handling

12.1 Intr oduction

In PSL, as in mostLISP systems,variouskinds of errorsaredetectedby functionsin
theprocessof checkingthevalidity of their argumenttypesandotherconditions.Errors
arethen”signalled” by a call on an error function. In PSL, the error handlertypically
callsan interactive breakloop, which permitstheuserto examinethecontext of theer-
ror andoptionallymake somecorrectionsandcontinuethecomputation,or to abortthe
computation.
While in the breakloop, the userremainsin the binding context of the function that
detectedtheerror;theuserseesthevalueof fluid variablesasthey arein thefunctionitself.
If the userabortsthe computation,fluid andlocal variablesareunbound. In compiled
functions,dueto allocationof local variablesin the (system)stack,local variablesare
invisible to theerrorhandlerandthedebuggingfacilities. Therefore,compilationcanbe
recommendedfor fully debuggedcode,only.

12.2 The BasicErr or Functions

(error NUMBER: integer MESSAGE:any): NoneReturned expr
Undertheinitial (andusual)valuesof a coupleof switches,theerrormes-
sageis printedandan interactive breakloop (seebelow) is entered.If the
user”quits” out of the interactive breakloop, control returnsto the inner-
mosterrorhandler.
Theusermaysupplyanerrorhandler. The interactive breakloop andthe top level loop
alsosupplyerrorhandlers,soif theusermakesnospecialpreparation,controlwill return
to anexistingbreakloopor to thetop level of PSL.
Whenever a call on error resultsin return to an error handler, the error numberof the
errorbecomesthevaluereturnedby theerrorhandler. Fluid variablesandlocal bindings
areunboundto returnto the environmentof the error handler. Globalvariablesarenot
affectedby theprocess.Theerrormessageis printedwith 5 leadingasterisksonboththe
standardoutputdeviceandthecurrentlyselectedoutputdeviceunlessthestandardoutput
device is not open. If themessageis a list it is displayedwithout top level parentheses.
Themessagefrom theerrorcall is availablefor laterexaminationin theglobalvariable
emsg* .
Note: the exact format of error messagesgeneratedby PSL functionsdescribedin this
documentmaynotbeexactlyasgivenandshouldnotbereliedupontobein any particular
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form. Likewise, error numbersgeneratedby PSL functionsarenot fixed. Currently, a
numberof differentcallsonerrorresultin thesameerrormessageandnumber.

(continuableerror NUMBER:integer MESSAGE:any
FORM: form): any expr

Similar to error. If an interactive breakis entereddueto a call on continu-
ableerror, the userhasoptionsof ”continuing” or ”retrying” (seeinforma-
tion on thebreakloop,below). In eitherof thesecasesthecall on continu-
ableerrorreturns.Thevaluereturnedis asdescribedin thedocumentation
of theinteractivebreakloop.

The FORM argumentis usedfor ”retrying” after a continuableerror. The FORM is
generallymadeto look likeacall on thefunctionthatsignalledtheerror(actualargument
valuesfilled in), and the function signalling the error generallyreturnswith the value
returnedby thecall oncontinuableerror. For examplethecall onconterror, in theexample
below is equivalentto thefollowing call oncontinuableerror:

(continuableerror 99 "Attempt to divide by 0 in DIVIDE"
(list ’divide (mkquote u) (mkquote v)))

TheFORMargumentmaybenil. In thiscaseit is expectedthatthebreakwill beleft via
”continue” ratherthan”retry”.
As in the exampleabove, settingup the errorform* canget a bit tricky, often involving
mkquoteingof alreadyevaluatedarguments.Thefollowing macromaybeuseful.

(conterror [ARGS:any]): any macro
Theformatof ARGSis
(errornumber, formatstring, � arguments to printf � ,
reevalform).
TheFORMATSTRINGis usedwith thefollowing argumentsin acall onbldmsgto build
anerrormessage.If theonly argumentto printf is a string, theFORMATSTRINGmay
beomitted,andno call to bldmsgis made.REEVALFORM is somethinglike (foo x
y) which becomes(list ’foo (mkquote x) (mkquote y)) to be passedto
thefunctioncontinuableerror.

(de divide (u v)
(cond ((zerop v)

(conterror 99
"Attempt to divide by 0 in DIVIDE"
(divide u v)))

(t (cons (quotient u v) (remainder u v)))
))

(fatalerror S:any): NoneReturned expr
This functionallowsneithercontinuationnorevenareturnto any errorhan-
dler.
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(de fatalerror (s)
(errorprintf "***** Fatal error: %S" s)
(while t (quit))
nil)

12.3 BasicErr or Handlers

(errset U:form *EMSGP:boolean): any macro
ErrsetanderrorsetarethebasicPSLerrorhandlerfunctions.

If anerroroccursduringtheevaluationof U, thevalueof numberfrom theassociatederror
call is returnedasthevalueof theerrset.Thereareactuallya coupleof exceptions.If a
continuableerror is continuedby theuserin theinteractive breakloop,no specialreturn
to errsetis done.Also if theuserrequeststhecomputationto beabortedcompletelyback
to thetop level no returnto errsetis done.
The booleanargumentis evaluatedwithout protectionof the error handler. The fluid
variable*EMSGPisboundto thebooleanvaluefor theevaluationof theform. If thevalue
of *EMSGP is nil whenan error occursno error messageis printedandno interactive
breakloop occurs.In this casecontrolmustreturnto the innermosterrorhandlerexcept
for thecaseof a fatalerror.
If errsetis returnedto in thenormalway, its valueis a list of oneelement,thevalueof the
form. If errsetis returnedto via theerrormechanism,its valueis theerrornumberof the
errorcall thatcausedthereturn.

(errorsetU:any *EMSGP:boolean*BACKTRA CE:boolean): any expr

This is anolderfunctionthanerrset.Errsetis generallypreferred.
In most respectserrorsetbehaves the sameas errset. Seethe documentationof errset
above. Notethaterrorsetis anexpr, soU getsevaluatedonceastheparameteris passed
andtheresultis thenevaluatedinsideerrorset.Sinceerrorsetitself callseval on its first
argumenttherearelikely to beproblemswith compiledcodethatuseserrorset.
In addition to binding *EMSGP aserrsetdoes,errorsetoverridesthe behavior usually
specifiedby the*BACKTRACEswitch.Thebacktracebehavior of PSLerrorsduringthe
executionof aform insideanerrorseterrorhandleris determinedby thesecondparameter
to theerrorset.
The following two switchesand one global variableare usedby the functionsin this
section.Useageof any of thesecanbeconsideredadvanced.

*emsgp= [Initially: t] fluid
Fluid variablereboundby errsetanderrorset.Controlserrormessageprint-
ing during call on error. If nil, no error messagewill be printedand no
interactive breakloop will be entered. If an unwind backtracehasbeen
requestedthroughthebacktraceflagor acall onerrorset,onewill be.
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emsg*= [Initially: nil] global
Containsthemessagegeneratedby thelasterrorcall. Particularlyusefulin
caseprintingof themessagewassuppressed.

*backtrace = [Initially: nil] switch
Usedby the top level read-eval-print loop to control whetheran unwind
backtracewill beprintedwhenerrorsoccuroutsidethescopeof any user-
specifiederrorhandler.

12.4 BreakLoop

Ondetectinganerror, PSLnormallyentersaread/eval/printloopcalledabreakloop. Here
theusercanexaminethestateof his computation,changethevaluesof fluid andglobal
variables,or definemissingfunctions. He canthendismissthe error call to the normal
errorhandlingmechanism(errorsetor errsetabove). If theerrorwasof thecontinuable
type,hemaycontinuethecomputation.By settingtheswitch*breakto nil, all breakloops
canbe suppressed,andjust an error messageis displayed.Suppressingerrormessages
alsosuppressesbreakloops.

*br eak= [Initially: t] switch
Controlswhetherthebreakpackageis calledbeforeunwindingthestackon
error.

breaklevel* = [Initially: 0] global
Thecurrentnumberof nestinglevel of breaks.

maxbreaklevel* = [Initially: 5] global
The maximumnumberof nestinglevels of breakspermitted. If an error
occurswith at leastthis numberof nestedbreaksalreadyexisting,no entry
to an interactive breakloop is made.Controlabortsbackto the innermost
errorhandlerinstead.

Theprompt"lisp break>" indicatesthatPSLhasenteredabreakloop. A messageof
theform ”Retry form is ...” mayalsobeprinted,in whichcasetheuseris ableto continue
his computationby repairingthe offending expression. By default, a breakloop uses
the functionsread,eval, andprint. This may bechangedby settingbreakreader*,
breakevaluator*, or breakprinter* to theappropriatefunctionname.

errorform* = [Initially: nil] global
Containsan expressionto reevaluateinside a breakloop for continuable
errors.Usedasa tagfor variousError functions.
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Severalids,if typedattop-level,arespecialin abreakloop. Theseareusedascommands,
andarecurrentlyM, R, T, Q,A, I, andC.They call functionsstoredontheirpropertylists
undertheindicatorbreakfunction.Theseidsarespecialonly attop-level,anddonotcause
any difficulty if usedasvariablesinsideexpressions.However, they maynot besimply
typedat top-level to seetheirvalues.This is not expectedto causeany difficulty.

Themeaningsof thesecommandsare:

M Displayerrorform*,thiscommandcallsthefunctionbreakerrmsg.
R Retry. This triesto evaluatetheretry form, andcontinuethecomputation.It evalu-

atesthevalueof errorform*. This is oftenusefulafterdefininga missingfunction
or assigningavalueto avariable.Thiscommandcallsthefunctionbreakretry.

C Continue.This causestheexpressionlastprintedby thebreakloop to bereturned
asthe valueof the call on continuableerror. This is often usefulasan automatic
stub. If anexpressioncontaininganundefinedfunctionis evaluated,abreakloop is
entered,andthismaybeusedto returnthevalueof thefunctioncall. Thiscommand
callsthefunctionbreakcontinue.

Q Quit. Thisexits thebreakloopby throwing to theclosestsurroundingerrorhandler.
It callsthefunctionbreakquit.

A Abort. Thisabortsto thetop level, i.e., restartsPSL.It callsthefunctionreset.
T Trace.This printsa backtraceof functioncallson thestackexceptfor thoseon the

lists ignoredinbacktrace*andinterpreterfunctions*.It callsthefunctionbacktrace.
I InterpreterTrace. This prints a backtraceof only interpretedfunctionscall on

the stackexcept for thoseon the list interpreterfunctions*.It calls the function
interpbacktrace.

An attemptto continueanon-continuableerrorwith R or C printsamessageandbehaves
asQ.

ignoredinbacktrace* = [Initially: string] global
A list of function namesthat will not be printedby the commandsI and
T givenwithin a breakloop (eval applyfastapplycodeapplycodeevalapply
catcherrorsetevprogntoploopbreakeval bindeval breakmain).

interpreterfunctions* = [Initially: string] global
A list of function namesthat will not be printedby the commandI given
within abreakloop(condprogandor prognsetq).

Theabove two globalscanberesetin aninit file if theprogrammerdesiresto doso.

(de new-nth (seq index)
(cond ((onep index) (car x))

(t (new-nth (rest index) (sub1 index)))))

1 lisp> (new-nth ’(a b c) 2)
***** ‘S’ is an unbound ID
***** Continuable error: retry form is ‘S’
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2 lisp break (1)> t
Backtrace from top of stack:
car new-nth new-nth
NIL
3 lisp break (1)> seq
(b c)
4 lisp break (1)> c
b

12.5 Detailson the BreakLoop

If theswitchbreakis t, thefunctionbreakis calledby erroror continuableerrorbeforeun-
winding thestacks,or printing a backtrace.Input andoutputto/frombreakloopsis done
from/tothevalues(channels)of breakin* andbreakout* . Thechannelsselectedon
entranceto thebreaklooparerestoreduponexit.

breakin* = [Initially: nil] global
Sordschoosesstdin*.

breakout* = [Initially: nil] global
Similar to breakin*.

Break is essentiallya read-eval-print function, called in the error context. Any fluid
may be printedor changed,function definitionschanged,etc. The breakusesthe nor-
mal toploopmechanism(including history), embeddedin a catchwith tag EF( �"�HG . The
toploopattemptsto usetheparentloop’s toploopread*,toploopprint*andtoploopeval*;
thebreakeval functionfirst checkstop-level ids to seeif they haveaspecialbreakfunction
ontheirpropertylists,storedunderbreakfunction.This is expectedto bea functionof no
arguments,andis appliedinsteadof eval.

12.6 SomeConvenientErr or Calls

Thefollowing functionsmaybeusefulin userpackages:

(rangeerror OBJECT:any INDEX:integer FN:function):
None expr
(stderror
(bldmsg "Index %r out of range for %p in %p" INDEX
OBJECT FN))

(stderror MESSAGE:string): NoneReturned expr
(error 99 message)
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(typeerror OFFENDER:any FN:function TYP:any):
NoneReturned expr
(stderror (bldmsg
"An attempt was made to do %p on %r, which is not
%w"
FN OFFENDERTYP))

(usagetypeerror OFF:any FN:function TYP:any USAGE:any):
NoneReturned expr
(stderror (bldmsg
"An attempt was made to use %r as %w in %p, where %w is

needed" OFFENDERUSAGEFN TYP))

(nonwordserror OFFENDER:any FN:function): NoneReturned expr
(typeerror OFFENDERFN "a words vector")

(nonpairerror OFFENDER:any FN:function): NoneReturned expr
(typeerror OFFENDERFN "a pair")

(nonlisterror OFFENDER:any FN:function):
NoneReturned expr
(typeerror OFFENDERFN "a list or NIL")

(noniderror OFFENDER:any FN:function): NoneReturned expr
(typeerror OFFENDERFN "an identifier")

(nonnumbererror OFFENDER:any FN:function): NoneReturned expr
(typeerror OFFENDERFN "a number")

(nonintegererror OFFENDER:any FN:function): NoneReturned expr
(typeerror OFFENDERFN "an integer")

(nonpositiveintegererror OFFENDER:any FN:function): None expr
(typeerror OFFENDERFN "a non-negative integer")

(noncharactererror OFFENDER:any FN:function): NoneReturned expr
(typeerror OFFENDERFN "a character")
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(nonstringerror OFFENDER:any FN:function): NoneReturned expr
(typeerror OFFENDERFN "a string")

(nonvectorerror OFFENDER:any FN:function): NoneReturned expr
(typeerror OFFENDERFN "a vector")

(nonwordserror OFFENDER:any FN:function): NoneReturned expr
(typeerror OFFENDERFN "a words vector")

(nonsequenceerror OFFENDER:any FN:function): NoneReturned expr
(typeerror OFFENDERFN "a sequence")



DebuggingTools

13.1 The Debug Module

debug is a loadableoption.This moduleprovidesa basicdebuggingtool whichprovides
a breakpointfunction,andfunctionsfor breakingandtracingfunctionsandmethodsse-
lectedby the user. debug is loadedautomaticallyif oneof the functionstr, trst or br is
called.

13.1.1 Overview of Functionality

The function breakpointallows the userto seta breakpointanywherewithin his code.
Wheneverabreakpointis calledacontinuablebreakloop is entered.Thisallowstheuser
to examineor modify variables,view abacktrace,andcontinueexecution.

Tracinggivesa recordof thesequenceof callsmadeto asetof functionsspecifiedby the
user. Whena tracedfunction is entereda messageis printedgiving the functionname,
level of recursion,andvaluesof any arguments.Uponfunctionexit anothermessageis
printed,giving thevaluereturnedby thefunction.

Breakingafunctionmeansthatthesystementersacontinuablebreakloopbothbeforeand
afterevaluationof thebodyof the function. Within thebreakloop theusermay inspect
andchangevaluesof parametersandnon-localvariables,andthencontinueexecution.
A breakon entry occursafter the function’s formal parametershave beenboundto the
actualargumentsbut beforeany of the forms in the functionbodyhave beenevaluated.
Thebreakonexit occursafterthebodyof thebrokenfunctionhasbeenevaluated.

13.1.2 UsingBreakand Trace

(tr [NAME: id]): list macro
If no argumentsare given then a list is returnedwhich indicateswhich

functionsarecurrentlybeingtraced.Otherwise,eachargumentis treatedas
a referenceto a function,andif possible,thefunction is setup for tracing.
The list which is returnedrepresentsthe functionswhich have beenadded
to thesetof functionsbeingtraced.
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(trst [NAME: id]): list macro
If no argumentsare given then a list is returnedwhich indicateswhich

functionsarecurrentlybeingtraced.Otherwise,eachargumentis treatedas
a referenceto a function,andif possible,the functionis setup for tracing.
Thelist whichis returnedrepresentsthefunctionswhichhavebeenaddedto
thesetof functionsbeingtraced.Trst canbeusedonly for functionswhich
arenotcompiled.Additionally to theentryandexit messages,for each$ � &)I
assignmentinsidethefunctionthevariablenameandthevalueareprinted.

(br [NAME: id, method-specification]):list macro
If no argumentsare given then a list is returnedwhich indicateswhich

functionsarecurrentlybroken.NAME is treatedasareferencetoafunction,
andif possible,the function is setup for breaking.Subsequentarguments
will beprocessed.Thelist which is returnedrepresentsthefunctionswhich
havebeenaddedto thesetof brokenfunctions.

(untr [NAME:id]): list macro
If noargumentsaregiventhentracingis removedfor eachtracedfunction.
NAME is treatedas a referenceto a function, and if possible,tracing is
disabledfor this function. Subsequentargumentswill be processed.The
list which is returnedcontainsthenamesof thefunctionsfor which tracing
hasbeenremoved.

(unbr [NAME:id,]): list macro
If noargumentsaregiventhenbreakingis turnedoff for eachbrokenfunc-
tion. NAME is treatedasareferenceto afunction,andif possible,breaking
is disabledfor this function. The list which is returnedcontainsthenames
of thefunctionsfor whichbreakinghasbeenremoved.

13.1.3 SampleSession

Traceandbreakprintout goesto the standardoutputchannel.Becausemultiple nested
calls areusuallyshown, indentationandverticalbarsareusedto line up functionentry
andreturnmessagesfor thesamefunction.

(de add3 (a1 a2 a3)
(+ a1 (add2 a2 a3)))

(de add2 (a1 a2)
(+ a1 a2))

(de fact (n)
(cond ((zerop n) 1)

(t (times n (fact (sub1 n))))))
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1 lisp> (br add3)
In a break, t prints backTrace; c Continues;
q Quits a level; a Aborts to top.
(ADD3)
2 lisp> (tr ’add3)
***** (QUOTE ADD3) is not a valid method-specification.
NIL
3 lisp> (tr add3 add2)
(ADD2 ADD3)
4 lisp> (add3 5 6 7)
ADD3 entry:
| A1: 5
| A2: 6
| A3: 7
| ADD3 entry BREAK:
| NMODEBreak loop
5 lisp break (1)> c % Continue
| | ADD2 entry:
| | | A1: 6
| | | A2: 7
| | ADD2 value = 13
| ADD3 exit BREAK, value = 18:
| NMODEBreak loop
6 lisp break (1)> c
ADD4 value = 18
18

1 lisp> (tr fact)
(FACT)
2 lisp> (fact 4)
FACT entry:
| N: 4
| FACT reentry (# 2):
| | % (# 2) represents the depth of recursion
| | N: 3
| | FACT reentry (# 3):
| | | N: 2
| | | FACT reentry (# 4):
| | | | N: 1
| | | | FACT reentry (# 5):
| | | | | N: 0
| | | | FACT value (# 5) = 1
| | | FACT value (# 4) = 1
| | FACT value (# 3) = 2
| FACT value (# 2) = 6
FACT value = 24
24
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3 lisp> (trace)
(FACT ADD2 ADD3 ADD4)
4 lisp> (untrace)
(ADD4 ADD3 ADD2 FACT)
5 lisp> (restr)
T

Tracingamacrowill happenatmacroexpandtime. Thevaluereturnedwill bethemacroex-
pandedform, andthusis quite useful in determiningif your macroexpandedproperly.
Notethatwhencodeis compliedtheapplicationof a macrois expandedandthis expan-
sionreplacesthetheapplication.

1 lisp> (trace plus)
(PLUS)
2 lisp> (plus 2 9 -3 7 8)
PLUS entry:
| ARG1 :(PLUS 2 9 -3 7 ...)
PLUS value = (PLUS2 2 (PLUS2 9 (PLUS2 -3 (PLUS2 7 8))))
23

(de fact (n)
(cond ((zerop n) 1)

(t (breakpoint "Fact; n<>0 branch of cond, n=%p" n)
(times n (fact (sub1 n))))))

1 lisp> (fact 2)
User Breakpoint: Fact; n<>0 branch of cond, n=2
NMODEBreak loop
2 lisp break (1)> c
User Breakpoint: Fact; n<>0 branch of cond, n=1
NMODEBreak loop
3 lisp break (1)> c
2

13.1.4 Redefininga Brokenor TracedFunction

Thebasicdefinitionof a functionis thedefinitionwithoutany of thebreakor tracingside
effects. This basicdefinitionmaybeaccessedby thefunctiongetd.Thebasicdefinition
mayalsoberedefinedby usingthefunctionputdwithout interferingwith thebreak/trace
sideeffects,as long as the parameterlist staysthe same. If you intend to changethe
numberor orderof parametersyou shouldfirst remove thebreak/tracewrappersfrom it
with untraceand/orunbr.



MiscellaneousUtilities

14.1 Simulating a Stack

Thefollowing macrosarein theUSEFULpackage.They areconvenientfor addingand
deletingthingsfrom theheadof a list.

(push ITM:any STK:list): any macro
(pushitemstack)is equivalentto
(setfstack(consitemstack))

(pop STK:list): any macro
(pop stack)does(setf stack(cdr stack))andreturnsthe item poppedoff

stack.An additionalargumentmaybesuppliedto Pop,in whichcaseit is a
variablewhich is SetQ’d to thepoppedvalue.

14.2 Ring Buffers

Thecode-address-to-symbolfunctiontakesanintegerargument,andattemptsto find out
whatfunctionthataddressis in. If theaddressdoesnotmapto any function,thenameof
themostrecentlyloadedfunctionis returned.

(code-address-to-symbolADDRESS:integer): id expr

for example:

(code-address-to-symbol 16#38393)

This functionis availableby evaluating(loadaddr2id).

14.3 Word Vector Operations

Thesefunctionsaredefinedin $pu/vector-fix.sl respthevector-fix module.

(mkwords N:integer): vector expr
Allocatesavectorof N wordswith all elementsinitialized to zero.
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(truncatevector V:vector I:integer): vector expr
TruncatesV to I elements.

(truncatewords V:words I:integer): vector expr
TruncatesV to I elements.

(getwords WRD:words I:integer): any expr
RetrievestheI’ th entryof WRD.

(putwords WRD:words I:integer VAL:any): any expr
StoreVAL at I’ th positionof WRD.

(upbw V:words): integer expr
Returnstheupperlimit of wordsV.



Compiler

15.1 Intr oduction

Theevaluationof anexpressionwhichhasbeencompiledmaybedifferentfrom interpre-
tation. Someof the moreimportantdifferencesarelisted here. Subsequentsectionsof
thischapterwill discussthesedifferencesin moredetail.

Theapplicationof a macrois replacedby its expansion.Therefore,thedefinitionof the
macromustpreceedits use.Sincethecall on themacrohasbeenreplaced,a redefinition
of themacrowill havenothaveaneffecton thecompiledexpression.

A constantexpressionis replacedby its value(seethesectionConstantDeclarationfor
moreinformation)

Thereare somefunctionswhich are definedin two ways. One of theseversionswill
reducetheexecutiontime by not verifying thattheargumentsareof correcttype. Which
function is called from the compiledcodeis basedupon the valueof a switch. If the
switchis non-nil thenthefasterversionreplacestheslowerone.Notethataninstanceof
thefasterversionis not replacedby theslower onewhentheswitchis setto nil (seethe
sectionSwitchesthatControltheCompilerfor moreinformation).

An attemptis madeto convert recursivecontrolstructuresto iterativeones.

15.2 Compiling Files

It is bestto compilefilesusingpslcomp , aminimalversionof PSLcapableof compiling
files. Thesuccessfulcompilationof afile shouldnotdependuponoptionalmoduleswhich
havebeenloaded.Onsomecomputersystemsthenamesof thefilesto becompiledcanbe
listedascommandline arguments.WhenPSLCOMPis broughtup thefollowing banner
is displayed.

PortableStandardLisp Compiler
Usage:PSLCOMPsource-file...

If anerroroccurs,themessage

***** Error during compilation of NAME

is printedandthecompilationis aborted.
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(compile-fileFILE:string): � t, nil, abort � expr
This function is usedto compilefiles. A binary file is createdwith the

samenameexceptthat thefile type is changedto b. Beware,it is possible
to overwritethesourcefile if theoperatingsystemtruncatesfile names(this
canbeavoidedby usingcompile-file-aux,describedbelow). If thefile name
is without a suffix then sl is assumed.This function will return t if the
compilationwassuccessful,abort if after an error wassignalledthe user
abortedthe compilation,or nil if the sourcefile wasnot found. Whenthe
sourcefile cannotbefoundthemessage

***** Unable to find source file for: FILE

will beprinted.Prior to thecompilationthemessage

----- Compiling SOURCE-FILE to BINARY-FILE

is displayed.In addition,oneof thefollowing two messageswill beprintedwhencompi-
lationhasstopped.

----- Compilation of NAMEcompleted

----- Compilation of NAMEaborted

(compile-file-auxSOURCE:string BINARY:string):
� t, nil, abort � expr
Sincethis function is usedby compile-file to compilefiles, mostof the

commentsconcerningcompile-fileapplyto compile-file-aux.Althoughone
applicationof compile-filemaybeusedto compilea numberof files, with
thisfunctiononlyonefile canbecompiled.Theadvantageof usingcompile-
file-auxis thatthenameof thebinaryfile is givenexplicitly.

During thecompilationof afile, if anatomicexpressionis readat thetop level the

*** Warning: non-list form ignored: ATOM

will be displayedandthe expressionwill be ignored. A list whosefirst elementis not
atomicis savedfor insertioninto theaninitializationfunctionwhichis addedto thebinary
file by thecompiler(its nameis **f asl**initcode**). Theprocessingof a list whosefirst
elementis an id dependsin large part uponvaluesfound on the propertylist of the id.
The EVAL flag will causethe expressionto be evaluated,usingthe currentbinding of
toploopeval*, andcompiled. The expressionis only evaluated,againusingthe current
bindingof toploopeval*, if theid is flaggedIGNORE.All otherexpressionsarecompiled.
Compilationwill modify theenvironment,in particular, all macrodefinitionsareinstalled.
Note that althoughdefflavor is a macroit doesnot createa macrodefinition. It will
howevermodify thepropertylist of theflavor name.
As expressionsareprocesseda list of expressionsis built. Whena functiondefinitionis
madeanapplicationof putdis addedto thelist. Otherexpressionswhichareintendedto
beevaluatedat loadtimewerealsoadded.Thissequenceof instructions,whichpreserves
the order in which expressionswereread,is compiledasthe body of the initialization
function(named**f asl**initcode**).
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15.2.1 Order of Functions for Compilation

Functionswhosetypeis notexpr mustbedefinedbeforetheirusein acompiledfunction,
sincethe type of a functionaffectshow it’s applicationwill be treatedby the compiler.
The applicationof a macrois replacedby the expansionof the macro. For functions
whosetypeis fexpr it is necessaryto gathertheunevaluatedargumentsinto a list. Calling
a functionwhich is annexpr requiresthat theargumentsbeevaluatedandgatheredinto
a list. When the compilercannotdeterminethe type of a function, becauseit hasnot
beendefined,it assumesthat thetypeof thefunctionis expr. Notethat it is not possible
to definea recursive function, whosetype is not expr, without first defininga dummy
version.

15.3 Compiling Functions into Memory

Functionscanbecompileddirectlyinto memoryby turningontheswitchcomp,by evalu-
ating(oncomp).Thiscompilationis accomplishedin partby acall onthefunctioncompd
from within thefunctionputd.

(compdNAME:id TYPE:ftype BODY:lambda): NAME:id expr
Thefunctioncompdis analogousto thefunctionputd.

Oncecompis setto t subsequentfunctiondefinitionsareautomaticallycompiledanda
messageof theform

*** (NAME): base <number>, length <number> bytes

is displayed.Unfortunatelythisinformationis of little useunlessonehappensto bedoing
somethinglikedebuggingthecompiler.

(compileNAMES:id-list): any expr
Thisfunctionis usedto compileresidentfunctions.It is possibleto compile
a function which is beingtraced. Therearetwo warningmessageswhich
maybeprinted.

*** NAMEalready compiled

This indicatesthatthefunctionassociatedwith thefunctionnameis alreadycompiled.If
thereis no functiondefinitionassociatedwith thenamethenthefollowing messagewill
bedisplayed.

*** No definition for NAME

15.4 Compiler Err ors and Warnings

In additionto theerrormessagesmentionedin thischapter, thefollowing errormessages
maybedisplayed.In general,thefivestarprefix is usedfor errormessages,thethreestar
prefix for warnings.Thedisplayof warningmessagescanbe suppressedby evaluating
(off msg).
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***** Too many arguments N

Therestrictionon thenumberof argumentsis basedin parton thefactthatargumentsto
compiledfunctionsarepassedin generalpurposeregistersratherthandirectlyonastack.
Thecompilerwill generatecodefor theoffendingdefinition. Althoughthecodeappears
to becorrect,attemptingto applythefunctionwill resultin error.

***** Attempt to compile non-lambda expression FORM

Thiserroroccurswithin thecontext of acall oncompd,whentheexpressionis notavalid
lambdaexpression.

*** NAMEhas not been defined, because it is flagged LOSE

If a functionnameis flaggedLOSEthenit cannotberedefined.Attemptingto compilean
interpretivedefinitionis consideredredefinitionin thiscontext.

***** Ill-formed function expression FORM

Theoffendingexpressionis aninstanceof functionapplication.Thismessagewill appear
if the function is atomicandnot an id, or if the function is a list which is not a valid
lambdaexpression.

***** Odd number of arguments to SETQ FORM

Thenumberof argumentspassedto aSETQmustbeeven.

***** Incorrect number of arguments to NAME

Thenumberof argumentspassedto eitherapply, idapply, codeapply, cons,go, or return
wasnotcorrect.

15.5 Differ encesbetweenCompiledandInter pretedCode

In the processof compilation,many functionsare Open-Coded,and hencecannotbe
redefinedor tracedin thecompiledcode.Suchfunctionsarenotedto beOpen-Codedin
themanual.Thecall onthefunctionis replacedby asequenceof instructionswhichmake
up thebodyof thefunction. This trick givesfasterexecution,but it requiresmorespace.
A call onamacrois anotherinstanceof opencoding.A PSLprogramusuallyconsistsof
alargenumberof relativelysmallfunctions.Callingafunctionrequiresmanipulationof a
parameterstackfor variablebindinganda controlstackfor returninformation.Thetime
spentinsidea functionmaybesmallcomparedto thetime spentmaintainingthestacks.
SomecommonlyusedPSL functionswhich areopen-codedareand,or, apply, idapply,
codeapply, return,go,cons,cond,case,prog,progn,andprog2.
Unlessvariablesaredeclared,or detected,to befluid or globalthey arecompiledaslocal
variables.Thiscausestheirnamesto disappear, andsothey arenotvisibleonthebinding
stack.In additionthesevariableswill not beavailableto functionscalledin thedynamic
scopeof thefunctioncontainingtheirbinding.
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Thecompilerattemptsto do thefollowing conversions

(function(lambda...)) JK	 the lambdaexpressionis compiledinto a gensymed
name. If the functionalform of oneof the mapping
functions(map,mapc,maplist,mapcar, mapcon,and
mapcan)is explicitly taggedfunction thenthecall is
opencoded.

(setqnavanbvb ...) JK	 (setqnava),(setqnbvb) ...
(nthsequencen) JK	 (carsequence)if n = 1,

(cadrsequence)if n = 2,
(caddrsequence)if n = 3,
(cadddrsequence)if n = 4

(pnthsequencen) JK	 (identitysequence)if n = 1,
(cdrsequence)if n = 2,
(cddrsequence)if n = 3,
(cdddrsequence)if n = 4,
(cddddrsequence)if n = 5

Thefollowing transformationsaremadewhenthelist functionis appliedto lessthansix
arguments.Whentherearemorethatfiveargumentsthecompilerusestheconsexpansion
for additionalarguments.

(list a) JK	 (nconsa)
(list ab) JK	 (list2 ab)
(list ab c) JK	 (list3 ab c)
(list ab c d) JK	 (list4 ab c d)
(list ab c d e) JK	 (list5 ab c d e)
(apply(functionfoo) ...) JK	 (foo ...)
(assoc...) JL	 (atsoc...)

If thelastclausewithin a condexpressionis notof the
form (t ...) thenthecompilerwill addtheadditinalclause(t nil).

(differencen 1) JK	 (sub1n)
(equal...) JL	 (eq...)
(geq...) J:	 (not (lessp...))
(intern(compress...)) JK	 (implode...)
(intern(gensym...)) JK	 (interngensym...)
(leq ...) JK	 (not (greaterp...))
(lesspn 0) JK	 (minuspn)
(member...) JK	 (memq...)
(neq...) J:	 (not (equal...))
(not ...) JK	 (null ...)
(plus2n 1) JK	 (add1n)
(null (eq...)) JK	 (neq...)
(null (atom...)) JK	 (pairp...)

Prior to theapplicationof somefunctions,suchascarandcdr, thereis noverificationthat
thetypesof theargumentsarecorrect.
Sincecompiledcallson macros,fexprs,andnexprsaredifferentfrom thedefault exprs,
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thesefunctionsmustbedefined,or declared,beforecompiling the codethatusesthem.
While fexprs andnexprs may be subsequentlyredefined,asnew functionsof the same
type, macrosareexecutedby the compiler to get the replacementform, which is then
compiled.The interpreterwould pick up themostrecentdefinitionof any function,and
sofunctionscanswitchtypeaswell asbody.
Constantswhich appearin codethat is to be compiledmay becollapsed.For example,
thefollowing codereferencestwo distinctstringswhichhappento containthesamechar-
acters.Thecompiledcodewill only referenceonestring.

(de fubar ()
(let ((this "foo")

(that "foo"))
(eq this that))

1 lisp> (foo)
nil
2 lisp> (compile ’(foo))
nil
3 lisp> (foo)
t

As notedbelow, theswitches*r2i and*nolinke maycausefunctioncalls to bereplaced
by jumps. This meansthat the backtraceof compiledfunctionsmaydiffer from thatof
interpretedfunctions.In additiona sequenceof interpretedfunctioncallscouldconsume
stackspacewhile compiledfunctioncallsmightnot.

15.6 ConstantDeclaration

(define-constantNAME:id VALUE:any): any macro
The identifier NAME is declareda constantand its valuecell is set to

VALUE. This providesa meansfor informing the compilerthat the value
of anid is constant.If aconstantid is usedin suchaway thatduringevalu-
ationits valuewould beaccessedthecompilercanthensimply replacethe
id by its value.It is possibleto useanid whichhasbeendeclaredaconstant
asa local variablewithin a progor asa parametername. It is possibleto
redefinethevalueof aconstant.
Requestto setconstantNAME to adifferentvalue.

(constant?NAME:id): boolean expr
Returnst if NAME hasbeendeclaredaconstantwith define-constant,oth-
erwisenil.
Thecompilerattemptsto replacefunctionapplicationsby thecorrespondingvaluewhen-
ever eachof the argumentsis eitherconstantor an applicationwhich may be replaced
by its value. Thefollowing is a list of all functionswhoseapplicationmaybeevaluated
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during compilation. Clearly somefunctionslike conscannotbe evaluatedat compile
time.

// /= < << <= = > >= >> ˆ | ˜ ˜=

absaconcacosacosdacotacotdacscacscdadd1alphanumbericpalphapasecasecdasin
asindassassocatanatan2atan2datandatomatsoc

bldmsgbothcasep

carcdrceilingchar-downcasechar-equalchar-font char- greaterpchar-int char-lesspchar-
upcasechar� char=char	 constantpcoscosdcotcotdcsccscd

degreestodmsdegreestoradiansdifferencedigit digit-chardigitp dividedmstodegreesdm-
storadians

eqeqcareqneqstrequalexpt

factorialfix fixp floatfloatpfloor

geqgetv

landlastcarlastpairlengthleq lessplist lnot log log10log2 lor lowercaseplshift lxor

max2membermemqmin2minusminuspmkquotemod

neneqnotnthnull

onep

pairpplus2pnth

radianstodegreesradianstodmsrecipremainderrestreserseround

secsecdsin sindsizesqrtstring-not-greaterpstring-not-lesspstring-repeatstring-search
string-search-equalstring- search-from-string-search-from-equalstring-sizestring-trim
string-upcasestring-upper-boundstring� string� = string��	 string= string	 string	 =
stringpsubsub1substring-equalsubstring=

tantandtimes2

upbv uppercasep

vector-empty? vector-fetch vector-size vector-upper-boundvector2l ist vector 2string
vectorp
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Thereis anotherfacility in PSL for definingconstants.You areencouragedto usethe
function define-constant.The following two functionsare documentedherefor com-
pleteness.

(defconst[U:id V:any]): undefined macro
Defconstprovidesfor the definitionanduseof symbolicconstants.Each

U is definedto representthecorrespondingvalueV. ThevalueV is stored
on the propertylist of U, not in the valuecell. The macroconstis usedto
retrieve thevalue.

(constU:id): any macro
Constgivesaccessto thevaluedefinedby thefunctiondefconst.Thevalue
will beevaluated.

1 lisp> (defconst foo (add1 2))
(add1 2)
2 lisp> (const foo)
3

15.7 Fluid and Global Declarations

Fluid andglobaldeclarationsmustbeusedto indicatevariablesthatareto beusedasnon-
localvariablesin compiledcode.Thevaluesassociatedwith localvariablesarestoredon
astack.If avariablehasbeendeclaredglobalor fluid thenthecompiledcodewill instead
accessthevaluecell of thatvariable.In additionthecontentof thevaluecellsof special
variablesbeingusedas formal parametersmustbe preserved. The compilercurrently
defaultsvariablesboundin a particularfunction to local. Note that local variablesexist
asanonymousstacklocations,thereforecalledfunctionscannotseethem.An undeclared
non-localvariableis declaredfluid by thecompilerwith thewarning:

*** NAMEdeclared fluid

Theappearanceof this messagemay indicateanadditionalerror. If a previousfunction
usedthisnamein theparameterlist thenit mayhaveto berecompiled.Thelocalvariable
in the previous functionwill not refer to the samevariableasthe onerecentlydeclared
fluid, eventhoughthenamesarethesamein thesourcecodelisting.
Previousdocumentationhasgivenuserstheimpressionthatit is illegalto bindanid which
hasbeendeclaredglobal. This is not true,anattemptto bind a globalvariablewill cause
thefollowing messageto bedisplayed.

*** Illegal to bind global VARIABLE but binding anyway

Thelack of distinctionbetweenglobalandfluid in PSLappearsto bedueto thefactthat
shallow binding is employed in PSL. In a deepboundsystemonehasto searchdown
a binding stackto locatethe valueof a fluid id, which could get expensive. A global
declarationwithin a deepboundsystemwould allow the interpreterto assumethat the
valueof anid is in afixedlocation.Of coursein ashallow boundsystemthevalueof a id
is alwaysfoundin thevaluecell of thatid.
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15.8 Control Over the Time When Somethingis Done

Whichexpressionsareevaluatedduringcompilationonly, whicharewritten to thefile to
beevaluatedat loadtime,andwhichdobothcanbecontrolledby theEVAL andIGNORE
propertiesof functionnames.In addition,thefollowing functionsmayalsobeused.

(commentoutcodeU:form): nil macro
Commentoutasingleexpression.

(compiletimeU:form): nil expr
EvaluatetheexpressionU atcompiletimeonly.

(bothtimesU:form): U:form expr
EvaluatetheexpressionU atbothcompiletimeandloadtime.

(loadtime U:form): U:form expr
Evaluatetheexpressionat loadtimeonly.

15.9 SwitchesThat Control the Compiler

Thecompilationprocessis controlledby anumberof switches.In additionto compthere
arethefollowing switches.

*fast-vectors= [Initially: t] switch

*fast-evectors= [Initially: t] switch

*fast-strings = [Initially: nil] switch

*fast-integers= [Initially: nil] switch
Therearesomefunctionswhich aredefinedin two ways.Oneof thesever-
sionswill reducetheexecutiontimeby notverifying thattheargumentsare
of correcttype. The nameof the slower versionwill have two properties,
FAST-FLAG andFAST-FUNCTION.TheFAST-FLAG propertyreferences
a switchwhosevaluedetermineswhich functionwill becalledfrom com-
piledcode.An instanceof theslower functionis replacedby thefasterone
whentheswitchis setto t. Of course,to make thisconversionthecompiler
hasto know thenameof thefasterfunction.Thisnameis referencedby the
FAST-FUNCTIONproperty.
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Thepropertylist of thefunctionvector-fetchlookssomethinglike

(... (fast-flag . *fast-vectors) (fast-function . igetv) ...)

Theexpression(vector-fetchvectorindex) will bereplacedby theexpression(igetvvector
index) if theswitch*f ast-vectorsis setto t.

*r2i = [Initially: t] switch
If non-nil, recursive calls areconvertedto jumpswhenever possible.The
effect of this is that tracingthis function will not show the recursive calls
sincethey havebeeneliminated.ThefunctionRECURSIVE-FACTORIAL
containsa recursive call which canbe convertedto a jump. The resultof
compiling RECURSIVE-FACTORIAL is almostidentical to that of com-
piling ITERATIVE-FACTORIAL whenr2i is non-nil.

(de factorial (n) (iterative-factorial (1 n)))

(de recursive-factorial (accumulator count)
(if (<= count 1)

accumulator
(recursive-factorial (* accumulator count)

(sub1 count))))

(de iterative-factorial (accumulator count)
(prog ()

loop
(when (<= count 1) (return accumulator))
(setf accumulator (* accumulator count))
(decr count)
(go loop)))

*nolink e= [Initially: nil] switch
If nil, whenthelastform to beevaluatedis a functioncall thenthecompiler
will generatean instructionwhich will performtwo actionsduringevalua-
tion. Prior to jumping to the entry point of the function beingcalled,the
spaceallocatedon the stackfor local variablestorageis reclaimed. Al-
thoughtheamountof spacereclaimedmaybesmall, this doesprovide the
calledfunctionwith morestackspace.In contrast,whenthisswitchis non-
nil a pair of instructionswould beused,a call on the functionfollowedby
anexit. In thiscasethestackspaceis not reclaimeduntil theexit.
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*ord = [Initially: nil] switch
If non-nil, the compiler is forced to generatecodewhich evaluatesargu-
mentsof afunctioncall in aleft to right order. It is possibleto generatecode
which is moreeffecientwhenthis switch is setto nil. Argumentsarecur-
rently passedin registers.As thecalling functioncomputeseachargument
theresultis storedon thestack.Referencesto constantsneednot begener-
atedandthenpushedonto thestack,theotherargumentscanbecompiled
first, thenjustbeforethefunctionis calledtheappropriateregisteris loaded
with theconstant.A similar argumentcanbemadefor variablereferences.
However, allowing for sideeffectswemustbesurethatthepostponedvalue
wouldbethesameasthatfetchedat thepropertime.

*plap = [Initially: nil] switch
If non-nil, the portable intermediatecode producedby the compiler is
printed. This is useful for examiningcompileroutput prior to assembly,
in particularit canbehelpful in debuggingmacros.

*pgwd = [Initially: nil] switch
If non-nil, the actualassemblylanguagemnemonicsare displayed. This
flagis usefulfor examiningthecodewhichis generatedfor theinitialization
function**f asl**initcode**.

*pcmac = [Initially: nil] switch
If non-nil,boththeportableintermediatecodeandtheassemblymnemonics
aredisplayed.After eachintermediateinstructiontheassemblymnemonic
is shown.

*pwrds = [Initially: t] switch
If non-nil, theaddressandsizeof compiledfunctionsaredisplayedasthey
aredefined.

15.10 Conditional Compilation

(if systemSYS-NAME:id TRUE-CASE:any
FALSE-CASE:any): any macro
This is a conditionalmacrofor choosingsystemdependentcodeduring

compilation.Theexpressionfor thefalsecasedefaultstonil if it isommited.
Theid mustbeamemberof thelist whosenameissystemlist*. An example
of its usefollows.

(if_system tops20 (setq buildfileformat* "PL:%W"))
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15.11 Implementation Details

The output from the compiler is a list of instructionsin the order which they will be
executed.Eachinstructionis alist, anoperationfollowedbyasmany itemsasarerequired
by thatoperation.Thecompiledcodemaybeexecutedby simulatingtheactionsof the
machineoneachelementof thesequence.In theinterestof efficiency, thecompilerouput
is translatedinto asequenceof actualmachineinstructions.An areaof memory(which is
not garbagecollected),is allocatedto receive theprocessedcompileroutput.This areais
calledtheBinaryProgramSpaceor BPS.Thefunctionlap translatestheoutputfrom the
compilerinto machineinstructions.
The functionsfaslout, faslend,and faslabortare usedby Compile-file-auxto compile
files. It shouldnot be necessaryfor you to usedthesefunctions,they are includedfor
completeness.Evaluationof

(faslout name)

will causethemessage
FASLOUT: (DSKIN files)or typein expressions
Whenall doneexecute(FASLEND)
to be displayed.Subsequentexpressions,typedin or readfrom files, arenot processed
in the normal fashion. The following pieceof codedemonstrateshow this featureis
implemented.

(de toploop
...

(cond ((not *defn) (top-loop-eval-and-print input-value))
(dfprint* (funcall dfprint* input-value))
(t (prettyprint input-value)))

... )

Whentheswitch*defn is nil theinput is evaluatedandtheresultis printed.Setting*defn
to t andassociatinga functionwith theglobaldfprint* allows for theredefinitionof what
is meantby evaluatingthe input andprinting the resultof that evaluation. It the func-
tion boundto dfprint* which is responsiblefor thecompilationof expressions.Faslend
is provided to discontinuecompilation,faslabortis usedto abort the compilation. The
only context in which theapplicationof thesefunctionsmakessenseis whena previous
invocationof faslouthasnot beenterminated.

***** FASLEND not within FASLOUT



MiscellaneousUsefulFeatures

16.1 Exiting PSL

(quit): Undefined expr
Returnfrom LISPandterminatethePSLprocess.

(exitlisp): Undefined expr
Returnfrom LISPandterminatethePSLprocess.

(exitwithstatus STATUS:integer): Undefined expr
Returnfrom LISPandterminatethePSLprocess.STATUSis passedto the
callingcommandshellasreturnvalue.

16.2 Saving an ExecutablePSL

(savesystemMSG:string FILE:string FORMS:form-list):
Undefined expr

This recordsthe welcomemessage(after attachinga date) in the global
variablelispbanner*usedby standardlisp’s call on toploop,andthencalls
dumplispto compactthe coreimageandwrite it out asa machinedepen-
dentexecutablefile with thenameFILE. FILE shouldhave theappropriate
extensionfor anexecutablefile. Savesystemalsosets*usermodeto t.

Theformsin thelist FORMSwill beevaluatedwhenthenew coreimageis started.For
example

(savesystem "PSL 4.2" "PSL" ’((read-init-file "psl")))

lispbanner* = [Initially: ] global
Recordsthewelcomemessagegivenby acall to savesystemfrom PSL.Also
containsthedate,givenby thefunctiondate.
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(dumplisp FILE:string): Undefined expr
Thecoreimageis writtenasanexecutablefile, with thenameFILE. Better
usethefunctionsavesystem.

16.3 Init Files

Init filesareavailableto makeit easierfor theuserto customizePSLto his/herown needs.
Whenpsl or pslcompis executed,if a file .pslrcor .pslcomprcon UNIX boxesor psl.rc
or pslcomp.rconDOSor Windowssystemsis ontheusershomedirectory, it will beread
andevaluated.
Theremainderof this sectiondescribesfunctionsdefinedin themoduleinit-file . These
functionscanbeusedto implementinit files.

(user-homedir-string): string expr
Returnsa full pathnamefor theuser’s homedirectory.

(init-file-string progname:string): string expr
Returnsthefull pathnameof theuser’s init file for theprogramprogname.

(read-init-file progname:string): nil expr
Readsandevaluatesthe init file with nameprogname.Read-init-filecalls

init-file-string with argumentprogname.UnderUNIX the initfilenameis
concatenatedfrom ”.” prognameand”rc”, suchthata typical initfilenameis
.pslrcfor psl

(read-init-file "psl")

16.4 MiscellaneousFunctions

(reset):Undefined expr
Returnto thetop level of PSL,unwind-protectformsgetachanceto run.

(time): integer expr
CPUtime in millisecondssincelogin time.

(date): string expr
Thedatein theform ”day-month-year”

1 lisp> (date)
"21-Jan-1997"
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(date-and-time): string expr
A string is returnedwhich describesthe date,followedby the time. The

stringis of theform
”day-month-yearhours:minutes:seconds”

1 lisp> (date-and-time)
"21-Jan-1997 17:04:14"

16.5 GarbageCollection

(reclaim): nil expr
Reclaimis the userlevel call to the garbagecollector. Active datain the

heapis madecontiguousandall taggedpointersinto the heapfrom active
local stackframes,thebindingstackandthesymboltablearerelocated.If
*gc is t, printssomestatistics.Incrementsgcknt* andupdatesgctime*.

(known-free-space):integer expr
Returnsthenumberof itemsavailablein theheap.

(fr ee-bps):integer expr
Returnsthenumberof itemsavailablein theBPS(BinaryProgramSpace).

*gc = [Initially: t] switch

*Gc controlstheprintingof garbagecollectormessages.If nil no indication
of garbagecollectionoccurs.If non-nilvariousmessageswill bedisplayed.

1 lisp> (reclaim)
*** Gargabe collection starting
*** GC 1: 8-Nov-97 15:49:54, 50 ms (50 %), 218 recovered, 260679 free
nil

As theexampleshows, theamountof time (in milliseconds),requiredto do thegarbage
collection,thenumberof itemsrecovered,andthenumberof itemsavailablein theheap
aredisplayed.Thefirst numberwhich follows GC representsthe valueof gcknt*. The
inclusionof thedateinto themessagehasbeenfoundusefulfor calculationswhich take
extremelylong.

gctime* = [Initially: 0] global
The total time (in milliseconds)spentin garbagecollection. When the
garbagecollector is invoked, the time spentperformingthe collection is
addedto thevalueof gctime*
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gcknt* = [Initially: 0] global
Recordsthe numberof timesthat the garbagecollectorhasbeeninvoked.
Gcknt* may be resetto anothervalue to recordcountsincrementally, as
desired.



CrossReferenceTools

17.1 Intr oduction

This chapterdescribestools which build crossreferences,and which aid in analyzing
LISPcodefor building othercrossreference- like tools.

17.1.1 RCREF - CrossReferenceGenerator for PSL Files

rcref is a StandardLISP programfor processinga set of PSL function definitionsto
produce:

1. A ”Summary”showing:

� A list of filesprocessed.
� A list of ”entry points” (functionswhich arenot calledor arecalledonly by

themselves).
� A list of undefinedfunctions(functionscalledbut not definedin this setof

functions).
� A list of variablesthat wereusednon-locallybut not declaredGLOBAL or

FLUID beforetheiruse.
� A list of variablesthat were declaredGLOBAL but usedas FLUIDs (i.e.

boundin a function).
� A list of FLUID variablesthatwerenotboundin a functionsothatonemight

considerdeclaringthemGLOBALs.
� A list of all GLOBAL variablespresent.
� A list of all FLUID variablespresent.
� A list of all functionspresent.

2. A ”global variableusage”table,showing for eachnon-localvariable:

� Functionsin which it is usedasadeclaredFLUID or GLOBAL.
� Functionsin which it is usedbut notdeclaredbefore.
� Functionsin which it is bound.
� Functionsin which it is changedby setq.

3. A ”function usage”tableshowing for eachfunction:
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� Whereit is defined.
� Functionswhichcall this function.
� Functionscalledby it.
� Non-localvariablesused.

Theoutputis alphabetizedon thefirst sevencharactersof eachfunctionname.
RCREFalsochecksthatfunctionsarecalledwith thecorrectnumberof arguments.

17.1.2 Restrictions

Algebraicproceduresin Reducearetreatedas if they weresymbolic,so that algebraic
constructsactuallyappearascallsto symbolicfunctions,suchasaeval.
RCREFaddstheeval flag to somefunctions,soit probablycannotcoexist with thecom-
piler in acoreimage.
SYSLispproceduresarenot correctlyanalyzed.

17.1.3 Usage

RCREFshouldbeusedin PSL:RLisp.Tomakeafile FILE.CRFwhichisacrossreference
listing for filesFILE1.EX1andFILE2.EX2do thefollowing in RLisp:
LOAD RCREF;
OUT ”file.crf”; ON CREF;
IN ”file1.ex1”,”file2.ex2”;
OFFCREF;
SHUT”file.crf”.
To processmorefiles, more IN statementsmay be added,or the IN statementmay be
changedto includemorefiles.

17.1.4 Options

*crefsummary= [Initially:NIL] switch

If theswitchCREFSUMMARY is ON thenonly thesummary(see1 above) is produced.
Functionswith theflag NOLIST arenot examinedor output. Initially, all PSLfunctions
aresoflagged.(In fact,they arekeptona list NOLIST!*, soif youwish to seereferences
to ALL functions,thenCREFshouldbefirst loadedwith thecommandLOAD RCREF,
andthisvariablethensetto NIL). (RCREFis now autoloading.)

nolist* = [Initially: thefollowing list] global

(andcondlist max min or plus progprog2progntimeslambdaabsadd1appendapply
assocatomcarcdr caarcadrcdarcddrcaaarcaadrcadarcaddrcdaarcdadrcddarcdddr
caaaarcaaadrcaadarcaaddrcadaarcadadrcaddarcadddrcdaaarcdaadrcdadarcdaddr
cddaarcddadrcdddarcddddrclosecodepcompressconsconstantpde deflist deletedf
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differencedigit dividedmejecteqeqnequalerrorerrorseteval evlis expandexplodeexpt
fix fixp flag flagp float floatp fluid fluidp function densymget getdgetv global globalp
go greaterpidp intern lengthlessplinelengthliter lposnmapmapmapcmapcanmapcar
mapconmaplistmax2membermemqminusminuspmin2mkvectnconcnotnull numberp
onepopenpagelengthpair pairpplus2posnprinc print prin1 prin2 prog2put putdputv
quotequotientrds readreadchremainderremd remflagremobrempropreturn reverse
rplacarplacdsassocsetsetqstringpsublissubstsub1terpri times2unfluid upbv vectorp
wrszerop)
It shouldalso be rememberedthat in RLisp any macroswith the flag EXPAND or, if
FORCEis on, without theflag NOEXPAND, areexpandedbeforethedefinition is seen
by thecross-referenceprogram,so this flag canalsobeusedto selectthosemacrosyou
requireexpandedandthoseyoudo not. Theuseof ON FORCE;is highly recommended
for CREF.

17.2 Scanalyzer

17.2.1 Intr oduction

The scanalyzermoduleis a tool for analyzingPSL functions,expressions,andsource
files. It makesit easyto analyzePSLcodeandto write preprocessorsfor PSL.It supports
preprocessingof PSLcodein muchtheway thatmacroexpanddoes,but is moreflexible
andextensible. The scanalyzerunderstandsthe variousPSL function types,including
macros,andhassomeunderstandingof eachof thePSLspecialforms. Scanalyzerlives
in SCANALYZER.SL,somesupportfunctions(includingscanalyze-file)live in XREF-
SUPPORT.SL.
Apologiesto JohnBrunner, authorof ”StandonZanzibar”,for thenameof this facility.

17.2.2 Philosophy

Themeaningof a pieceof LISP codecandependa greatdealon thecontext in which it
is compiledor evaluated.Virtually everythingin a LISPsystemcanchangedynamically,
andanalyzingthemeaningof codein theright context is asignificantproblem.
This facility focuseson analysisof codethatis compiled,andit doessofor two reasons.
Oneis thatmostlargesystemswritten in PSLrun compiled.Theotheris thatonceLISP
codeis compiled,themeaningof theobjectcodeis muchmorestaticthanthemeaningof
thecorrespondinginterpretivecode.
Reliablesystemoperationdependson modulesbeingcompiledin an environmentthat
is known andfixed asmuchas possible. To do this, we compileeachmodulewith a
compilerthat is startedafresh.After onemodulehasbeencompiledwe do not compile
othermoduleswith thesamecompiler.
To preciselyanalyzeamodule,wecanstartacompiler. To it weaddtheanalysisfacility,
which shouldnot changethe compilationcontext. We then analyzethe module, just
aswe would compileit. The analysisfacility mustbe sensitive to the samecontextual
informationthatthecompileris.
Many moduleshavesomeside-effectsonthecontext of compilation– definingamacrois
justoneof thethingsthataffectscompilationcontext. Tobesurethatamoduleisanalyzed
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in theright context, theanalysisshouldhavethesameside-effectsoncompilationcontext
asthecompilationwouldhave.

17.2.3 Functions

(scanalyze-fileINPUT-FILE:string, pathname
OUTPUT-FILE:string, pathname): string expr
Appliesthefunctionscanalyze-form(definedin section2.3.3)toeveryform
in input-file. Scanalyze-fileassumesthat informationaccumulatesin the
list xref-assertions.After all the forms have beenanalyzed,scanalyze-file
dumpsall theassertionsinto output-fileasalist (reversingthelist first). The
assertion( �M* �ONQP &RJ D * !S� 	 IS-SOURCE-FILE)is addedto thefront of the
assertionlist.
File namedefaulting:As its argumentsscanalyze-fileacceptsbothfilename
stringsand pathnames.In any casethe output-fileargumentis defaulted
from the input-file argument. Any missingcomponentsof the namein
output-filearedefaultedusingthe functionmerge-pathname-defaultsto be
thesameasin input-file,exceptfor thefile type(suffix). If thatis not spec-
ified in output-file it is set to ”.XD”, which is the tentative standardfor
Xref-Databases.
For example, in the call (scanalyze-file”pk:load.sl” ”mydir:”), the out-
put filename generatedis ”mydir:load.xd”. In the call (scanalyze-file
”#5:/pslroot/foo/test.sl””mydir:test-out.dat”,theoutputfilenamegenerated
is ”mydir:test-out.dat”.

(scanalyze-form FORM:f orm): form expr
This expectsans-expressionasits argumentandanalyzesit asa top-level

form in a sourcefile. By recognizingwhich forms would be evaluatedat
compile-time,load-time,or atbothtimes,thiskeepsthecontext for analysis
thesameasthecontext would befor compilation.Thoseformsthatwould
becompiledarepassedto thefunctionScanalyze.

Scanalyze-Form recognizesformssuchascompiletimebothtimes,andloadtime.It eval-
uateseachatcompiletimeif thecompilerwouldandanalyzeseachif thecompilerwould
compileit. Actually, it recognizesthe IGNOREandEVAL flagsusedinternallyby the
compiler. Thismeansthatif analysisis startedin thesamecontext asacompilation,dur-
ing analysismacrosaredefinedin thesameway in bothcases,asarewconsts,if systems
expandthesameway, thesame”compiletime-loaded”modulesareloaded,etc.. In PSL
thismeansthattheanalysiscontext verycloselymatchesthecompilationcontext.
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(scanalyzeFORM:f orm ENV:form): form expr
Analyzesthegivenform(s-expression)in thegivenenvironment.Thevalue
returneddependsonwhetherthecallerhassetupvaluesfor functionalvari-
ablesor propertiesthat this function is sensitive to. If thecallerhassetup
no specialactions,thevaluereturnedshouldbe thesamethat the function
MACROEXPAND would return.

17.2.4 Envir onmentAr guments

Thecallercansetupspecialactionsthatarein two categories.Theseare”analysishooks”
and”preprocessinghooks”.
TheENV argumentsto variousthingsareenvironments.An environmentis currentlya
list of ”frames”. Eachframeis a list of 2 elements.Thefirst identifiesthetypeof frame,
currentlyalways ’LOCALS. The secondis the ”contents”, for localsa list of the local
variablenames.

17.2.5 AnalysisHooks

Thescanalyzerdefinesa numberof variablesthattheusermaygive functionalvaluesto.
Somesupportthe userof this modulein analyzingcode. Othersprovide the meansto
preprocessor transformcode. The hooksarefunctionalvariablesof 2 args (expression
andenvironment)to attachananalysisfunctionto. Eachof thesemusteitherbeNIL or
a list of functions. Thefirst threeof thesehooksarecalledbeforeany preprocessingor
expansionof theform is done;the last is calledafterall preprocessingandexpansionof
a form is complete.Scan-Macro-HooksCalledbeforeeachmacrois expanded.Scan-Fn-
HooksCalledbeforedescendinginto any expr to analyzeit. Scan-Non-Pair-HooksCalled
with eachnon-pairexamined.
After-Expansion-HooksCalled with eachfully expandedexpression. Not applied to
formssuchasmacrocalls,becausethey areexpandedfurtherbeforebeingreturned.

17.2.6 Properties

Thesearecheckedrespectively beforeandafteranexpressionhasbeenexpanded.After
expansionmeansthat the call hasbeenexpandeduntil it is not a macrocall, and all
subexpressionshave beenexpandedalso. If thecarof anexpressionis anid thathasthe
appropriateproperty, eachmemberof thelist thatis thepropertyvaluewill befuncalled.
Thesepropertiesarecheckedat thesamepointswherethescan-xxxhooksarechecked.
Thusit is of nouseto giveamacroapost-expand-scannersproperty. Thepropertiesare:
- Pre-Expand-Scanners
- Post-Expand-Scanners
Pre-expand-scannerstakeprecedenceoverscan-macro-hooksandscan-fn-hooks.

17.2.7 Information Made Available By Scanalyzer

Current-FunctionThishasthenameof thecurrentfunctionwherethatcanbedetermined.
FormssuchasDE andDEFUN that expandinto calls on PUTD with constantfunction
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namescausethis to bereboundinsideanalysisof thefunctionbodyargument.
Current-Top-Level-FormContainstheargumentthatwaspassedto thecall onscanalyze-
form currentlybeingexecuted.
Top-Level-Code?Is T for expressionsnotnestedin any invocationof thefunctionFUNC-
TION. Expressionsfor whichthisvariableis T areknown to beperformedatinitialization
time.

17.2.8 ExpansionAnd PreprocessingHooks

Special-ExpanderShouldbea functionalvariableof 2 argumentswhensetto a non-NIL
value. If it is, andif the similar functionalvalueof expand-specially?is non-NIL, the
special-expanderfunctionwill beusedto expandtheform.
Expand-Specially?If non-NIL, we usespecial-expanderto expandthe form. Non-Pair-
ExpanderEitherNIL or afunctionalvalueof 2 argumentsusedto expandexpressionsthat
are”atomic”.
If any function or macro,etc.hasan Expr-Expanderproperty, its valuemustbe a 2 ar-
gumentfunctionthatscansandexpandsexpressionswhosefirst elementis that id. This
moduleprovidesseveralsuchfunctionssothatbuilt-in specialformscanbeanalyzed.
Special-Expanderand Non-Pair-Expanderhave first priority. Then comesany Expr-
Expanderproperty. Thennormalprocessingby typeof function.

17.2.9 CrossReferenceSupport

Thefluid xref-assertionsholdstheassertionsgeneratedby xref-assertandxref-assert-list,
dumpedout to afile by scanalyze-file.

(xref-assertA:assertion): assertion expr

(xref-assert-listL:list): assertion-list expr

Thesefunctionsaddthesingleassertionor list of assertionsto xref-assertions.

(record-usageEXPR:form ENV:form): nil expr
Suitableasa function to be appliedto each(non-atomic)expressionand

subexpressionbeinganalyzed.It is especiallysuitableasanafter-expansion
hook.Exceptfor variousspecialcasesdescribedbelow, record-usagemakes
anassertionfor eachexpressionthatisafunctioncall. Theassertionis of the
form, ( � fn1 	 CALLS � fn2 	 ) where � fn2 	 is the functionbeingcalled
(carof theexpression).� Fn1	 is thecurrent-function,or if that is NIL, it
is thecurrent-file.
Record-usageignoresnon-pairexpressions.Expressionsthatarepairs(functioncalls)are
checkedfor anopenfnor opencodeproperty, which would imply that they arecompiled
in-line. No assertionis madefor theseor for expressionswherethefunctionpart(car) is
notanid.
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If the function beingcalledhasa usage-asserterproperty, the valueof that propertyis
funcalledto make whatever assertionsit will. Otherwiseif the function is flaggeddont-
record-usage,noassertionis made.

(record-macro-usageEXPR:form ENV:form): nil expr
record-macro-usageis like record-usage,but it is for macrosandcmacros.
This functionis suitableasascan-macrohook.Theassertionsgeneratedby
thisfunctionin theusualcaseare( � fn1 	 USES-MACRO � macro	 ) or for
cmacros,( � fn1 	 USES-CMACRO � cmacro	 ).

(setup-some-xref-actions): t expr
Theprogrammerwholikessomeof thefacilitiesin thismodule,but doesn’t
wanteverythingherecanjust loadthemodule.If youwantto usethefacil-
ities anddefaultsavailablein themodule,call this function. In additionto
settingup record-usageandrecord-macro-usageasanalysishooks,it flags
somesetsof functionsasnot having their usagerecorded.It alsosetsup
somespecialusageassertersfor certainfunctions.

Thevalueof eachof thesevariablesis a list of functions(or macrosor both).The”setup”
function,above,flagseachfunctiononeachof theselistsasdont-record-usage.

kernel-fns= [Initially: A list of all defined
functionsin aPSLkernel.] global

useful-fns= [Initially: A list of frequently-usedfunctions
andmacrosdefinedin theUSEFULlibrary module.] global

object-fns= [Initially: A list of frequently-usedfunctions
andmacrosin theOBJECTSmodule.] global

Thefollowing arespecialusageassertersfor certainfunctionsandmacros.Seethesource
codefor details.

- Load-Usage-Asserter
- Imports-Usage-Asserter
- Send-Usage-Asserter
- Defmethod-Usage-Asserter
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Prettyprinting

18.1 Intr oduction

To accesstheprettyprinterdescribedin thischapteryoumustloadthemodulePP.
A prettyprintertakes as input a streamof charactersand prints themwith aethetically
appropriateindentationsandline breaks.For example

(if (vectorp data) (vector-size data) (if (stringp data)
(string-length data) (length data)))

(if (vectorp data)
(vector-size data)
(if (stringp data)

(string-length data)
(length data)))

18.2 Prettyprinting Filesand Data

Thewidth of anoutputline is definedby default to be75. Youcanmodify thisby passing
thedesiredwidth to thefunctionline-width.

(pp-file SOURCE:string DESTINATION:string):
undefined expr
This function is usedto prettyprint the contentsof onefile into another.

Theremustbe two arguments,the first is a string representingthe source
file name,thesecondis a stringrepresentingthedestinationfile name.The
first argumentto top level applicationsof de, df, dm, ds, dn, defmethod,
defflavor, and defmacrois printed oncethe form hasbeenwritten to the
file.

(pp-object E:form): undefined fexpr
This function will prettyprint the PSL dataobjectE. Pp-objectwill also

accepttwo optionalarguments. The output may be directedto a file by
includinga string which representsthe file name. Indentationis specified
with an integer. Both of theseoptional argumentsmust be precededby
specialidentifiers,:indentfor indentation,:sink for redirectionof output.
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18.3 Formats

Supposewedefinethefollowing datastructure(in thediscussionwhichfollowsit will be
assumedthattheselectorfunctionsform, root,andsuffix havebeendefined).

(NAMED-FORM<form> <root> <suffix>)

Furthermore,wewould like

(named-form (+ left right) argument 1)

to beprintedin theform:

argument1: (+ left right)

Theformatdefinitionwhichfollowscouldbeusedto specifythatnamed-formsshouldbe
printedout in theaboveway. Deformatwill convert everythingwhich follows its second
argumentinto a formattingfunction. In theexamplebelow, this formattingfunctionwill
beusedto formatlists which have theidentifernamed-formastheir first element.When
suchalist is passedto it, thefunctioncreatesasequenceof formatinstructions,specifying
whatshouldbeprintedcorrespondingto thelist.

(deformat (named-form) (item)
(template ’({ * * ":" [i 1 2] * }) (root item)
(suffix item) (form item)))

The function templatecreatesa sequenceof formatting instructionsfor its arguments
basedon directionsspecifiedby the template(the first argument). The templatein this
examplecanbe understoodasfollows: The and specifythat the componentsbetween
themshouldbetreatedasasinglelogicalunit whenthey areprintedandthatanouterpair
of parenthesesshouldbeprinted.Thethree*’ s show wherethethreecomponentsof the
datastructureshouldbeprinted.The”:” specifiesthatacolonshouldbeprintedafterthe
suffix. The vector[I 1 2] correspondsto a conditionalline break. If thereis sufficient
roomfor the form thena singlespaceis printed(this is specifiedby thesecondelement
of thevector).Otherwisealine breakfollowedby anindentationof two spacesis inserted.

A templatemayconsistof thefollowing symbols:
� Theprettyprinterwill breakontodifferentlinesasfew logical blocksaspossible.

Theleft anglebracket ( � ),denotesthebeginningof ablock,theright anglebracket
( 	 ), denotestheendof ablock. It is assumedthatthesebracketsbalance.

� Left andrightbraces( and) arealsotodefinelogicalblockswhichshouldbeprinted
within apairof parentheses.

� Therearetwo differenttypesof blanks,the termsconsistentandinconsistentare
usedto describethem. Note that blanksmay only appearwithin a logical block.
If eachblankwithin a block is consistentandtheblock will not fit on thecurrent
line of outputtheneachsub-blockof theblockwill beplacedonanew line, if each
blank is inconsistentthennew lineswill be forcedonly whenit is necessary. For
example,thefirst resultwill occurif theblanksareinconsistent,thesecondif they
areconsistent.
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(one two three
four)

(one
two
three
four)

In generalif a block will not fit on thecurrentline of outputtheneachconsistentblank
correspondsto anew line, inconsistentblankswill print asspacesunlessit is necessaryto
forcea new line. Thereis a lengthandanoffsetassociatedwith eachblank,if a blankis
treatedasa spacethenthelengthrepresentsthenumberof spaceswhich will beprinted.
If a blankis treatedasa breakto a new line thentheoffset is usedfor indentationon the
new line. Indentationis from thehorizontalpositionof thefirst characterof theinnermost
logicalblock. For example,

(template ’({ * { (* [c 1 1]) } })
’(function (arg-one arg-two)))

will resultin

(function (arg-one
arg-two))

assumingthat it is necessaryto forcea line break. Theconsistentblank within the call
thetemplatespecifiesanoffsetof one.Thefirst characterof theinnermostlogical block
is the secondleft parenthesis,from its position the printer indenteda singlespace. A
blankis representedby avector, thefirst entryshouldbeeitheranI or C, thesecharacters
designatethetypeof theblank,I for inconsistentandC for consistent.Thesecondentryis
a positive integerwhich representslength,andthethird is a positive integerrepresenting
indentation.Thealgorithmexpectsto find a blankaftereachoccurenceof a right angle
bracket, if the formatswhich have beenprovideddo not follow this conventionthenan
inconsistentblankwith lengthandoffsetsetto zerowill be insertedafter theright angle
bracket.

� An asterisk(*) is usedto makearecursivecall ondispatch.Dispatchis responsible
for applyingtheappropriateformattingfunctionto anexpression

� Strings,thetext of thestringis includedin theoutput.

� A sublistof formatsymbolsmayalsoappearwithin thelist of formatsymbols.This
list may containblanksor asterisksandis usedrepetitively until a corresponding
list of expressionsis exhausted.

18.4 Dispatch

(de dispatch (item depth)
(cond ((instance item)
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(apply (find-instance-template item)
(list item depth)))

((atom item)
(apply (find-atom-template item)

(list item depth)))
((> depth *maxdepth*) (add-tokens "#"))
((has-template item)

(apply (get-template item)
(list item (add1 depth))))

(t (default-template item (add1 depth)))))))

It is usefulto know how this functionassociatesa formatfunctionwith anexpression.If
theexpressionis aninstanceof aflavor thenthedispatchfunctionwill searchfor a format
functionassociatedwith thenameof theflavor. For otheratomicexpressions,thetypeis
usedto locatea formatfunction.Currentlythereareformatfunctionsfor vectors,strings,
numbers,code-pointersandidentifiers.If theexpressionis a list andthefirst elementof
this list is anidentifierthenanattemptis madeto find a formatfunctionassociatedwith
the identifier. Beforeresortingto a default a checkis madefor functionapplicationfor
which thereis aseparatedefault formatfunction.

Functionapplicationis recognizedwhenthefirst elementof the list is a lambdaexpres-
sion,anapplicationof getdto thefirst elementreturnsanon-nilvalue,or thefirst element
is anid which is amemberof agloballist named*function names*.This list of function
namesis useful for prettyprintinga file sincea file will normally containa numberof
applicationsof functionsdefinedwithin the file itself. The fexpr add-functionsaccepts
any numberof functionnamesandaddsthento *function names*.

With respectto lists,any sub-expressionbelow amaximumdepthis printedas‘#’ . Once
themaximumlengthof a list hasbeenreachedthedisplayof theremainingelementswill
be ‘...’. Themaximumdepth(initially 10) andlength(initially 25) canbemodifiedwith
thefunctionsnew-depthandnew-length.

18.5 SpecifyingFormats

(deformat NAME:pair PARAM:id-list [BODY:forms]): nil fexpr
Deformatis usedto defineformatfunctionsfor PSLexpressions.Thecarof
NAME shouldbea list of identifiers(it mayalsobea singleidentifier),the
cdrshouldbenil for atomicexpressionsoranintegerrepresentingaminimal
lengthfor lists. PARAM is a list containinga singleid, whenthe format
function is usedPARAM will beboundto theexpressionbeingformatted.
Formatsaredefinedby callson template(describedbelow).
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(templateFORMAT:list [COMPONENT:form]): any macro
FORMAT is a list of format symbols(describedabove). EachCOMPO-

NENT shouldcorrespondto a call on dispatch(*), in FORMAT. If a sub-
list of format symbolsin includedwithin FORMAT thentheremustbe a
correspondinglist of components.

Thisfirst exampleillustratesaformatfor quotedexpressions.For example,’ANY instead
of (QUOTE ANY). A minimal lengthof two is given,sincethelist (QUOTE) shouldnot
beprintedas’. Theargumentto quoteis formattedby aseparatecall ondispatch.

(deformat (quote . 2) (item)
(template ’("’" *) (second item)))

The elementsof a vectorshouldbe enclosedwithin squarebrackets. Sincethe length
of vectorswill vary a list of formatsymbolsis suppliedto beusedrepetitively for each
element.Thislist will bematchedagainstacorrespondinglist of components,(vector2list
item). Eachelementis formattedby a recursive call on dispatch.Elementsareseparated
by inconsistentblanks,thereforeif theentirevectordoesnotfit onasingleline theouput
will besomethinglike

[one two three
four]

(deformat (vector) (item)
(template ’(< "[" (* [i 1 1]) "]" >) (vector2list item)))

Giventheexpression(setqn-onev-onen-two v-two)

(setq n-one v-one
n-two v-two)

is preferredover

(setq n-one v-one n-two
v-two)

Thefollowing canbeusedto obtainthepreferredoutput.

(deformat ((set setq) . 3) (item)
(template ’({ * " " < (* [i 1 1] * [c 1 0]) > })

(first item) (rest item)))

The first form of ouputis obtainedby usinginconsistentblanksafter the names(n-one
andn-two) andconsistentblanksafterthevalues(v-oneandv-two). Whenthisexpression
will notfit onasingleline theconsistentblankswill correspondto line breaksandunless
a value is too large to fit on an output line, the inconsistentblankswill correspondto
spaces.Thezerooffsetassociatedwith theconsistentblankscorrespondsto theblock of
namesandvalues.This is why the namesline up within a column. If the inner logical
bracketswereomittedtheoutputwould look somethinglike



190

(setq n-one v-one
n-two v-two)

assumingthat theexpressionwould not fit on a singleline. Notice that the format for a
singlepair (nameandvalue)is usedrepetitively.
A formatfunctionmaycontainmorethanonecall on template.Thetwo functionsbelow
areequivalent.

(deformat (lambda . 3) (item)
(template ’({ * [i 1 1]) (first item))
(if (null (second item))

(template ’("()" [c 1 1] (* [c 1 1]) })
(rest (rest item)))

(template ’((* [c 1 1]) }) (rest item))))

(deformat (lambda . 3) (item)
(template ’({ * [i 1 1] (* [c 1 1]) })

(first item)
(cons (if (null (second item)) ’!(!) (second item))

(rest (rest item)))))



The ObjectsModule

19.1 Intr oduction

Theobjectsmoduleprovidessimplesupportfor object-orientedprogrammingin PSL.It
is basedonthe”flavors” facility of theLISPmachine,which is thesourceof its terminol-
ogy. TheLISPMachineManualcontainsamuchlongerintroductionto theideaof object
orientedprogramming,genericoperations,andtheflavorsfacility in particular. This dis-
cussionbriefly coversthebasicsof usingobjectsto giveyou anideaof whatis involved;
thenit explainsthedetails.

19.1.1 Terminology

An objectdatatypeis known asaflavor. It canbethoughtof in two parts:

1. A templatethatdefinesthecharacteristicsof theflavor.

2. A setof operationsthatcanbeperformedon theflavor.

Thetemplatethatdefinesthecharacteristicsof a flavor is known astheflavor definition.
It is createdby themacrodefflavor. Eachoperationthatcanbeperformedon anobject
is known asa methoddefinition. They arecreatedby themacrodefmethod.Invoking an
operationon an objectis known assendingan objecta message.A createdobjectof a
givenflavor is known asaninstanceof thatflavor.
Exampleof aflavor definitionis:

(defflavor complex-number
(real-part

(imaginary-part 0.0)
)

()
gettable-instance-variables
initable-instance-variables
)

A flavor definitionspecifiesthefields,or in our terminology, the instancevariables,that
eachobjectof that flavor is to have. In the exampleabove, the instancevariablesare
REAL-PART andIMAGINARY-PART. Thementionof theinstancevariableIMAGINARY-
PART indicatedthatby default theimaginarypartof acomplex numberwill beinitialized
to 0.0. Thereis nodefault initialization for REAL-PART.
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Instancevariablesmaybestrictly partof theimplementationof a flavor, totally invisible
to users.Typically though,someof theinstancevariablesaredirectlyvisiblein someway
to theuserof theobject.Theflavor definitionmayspecify”initable-instance-variables”,
”gettable-instance-variables”,and”settable-instance-variables”.Theseoptionsmeanthat
the instancevariablesspecifiedareable to be initialized (initable), able to be accessed
by name(gettable),andableto beassignedandaccessed(settable).None,someof, or
all of theinstancevariablesmaybespecifiedin eachoption. In theexampleabove,both
REAL-PART andIMAGINARY- PART maybeinitializedandmaybeaccessedby name.
With theobjectspackagetheprogrammercompletelycontrolswhatoperationsareto be
doneonobjectsof eachflavor, sothisis atrueobject-orientedprogrammingfacility. Also,
operationsonflavoredobjectsaregeneric.Thismeansthattheoperationscanbedoneon
anobjectof any flavor, aslongastheoperationsaredefinedfor thatflavor of object.The
sameoperationcanbedefinedfor many flavors;andwhenever theoperationis invoked,
whatis actuallydonewill dependon theflavor of theobjectit is beingdoneto.
To seethepowerof genericoperations,considerthefollowing example:
Saywewish to write ascannerthatreadsasequenceof charactersoutof someobjectand
processesthem.It doesnot needto assumethatthecharactersarecomingfrom a file, or
evenfrom anI/O channel.
Supposethescannergetsa characterby invoking theGET-CHARACTERoperation.In
this caseany objectof a flavor with a GET-CHARACTER operationcanbe passedto
the scanner, and the GET-CHARACTER operationdefinedfor that object’s flavor will
performedto fetch the character. This meansthat the scannercanget charactersfrom
a string, or from a text editor’s buffer, or from any object at all that providesa GET-
CHARACTERoperation.Thescanneris automaticallygeneral.

19.2 CreatingObjects

Thefunctionmake-instanceprovidesaconvenientwaytocreateobjectsof any flavor. The
flavor of theobjectto becreatedandtheinitializationsto bedonearegivenasparameters
in away thatis fully independentof theinternalrepresentationof theobject.

19.2.1 Methods

The function ”= 	 ”, whosenameis intendedto suggestthe sendingof a messageto an
object,is usuallyusedto invokeamethod.
Examples:

(=> my-object zap)
(=> thing1 set-location 2.0 3.4)

The first argumentto = 	 is the objectbeingoperatedon: my-objectandthing1 in the
examples.Thesecondargumentis thenameof the methodto be invoked: zapandset-
location. Themethodnameis not evaluated.Any furtherargumentsbecomearguments
to themethod,andareevaluated.(Thereis a functionsendwhich is just like = 	 except
thatthemethodnameargumentis evaluatedjust likeeverythingelse.)
Onceanobjectis created,all operationson it areperformedby methodsdefinedfor its
flavor. The flavor definition also definessomemethods. For each”gettable” instance
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variable,a methodof the samenameis definedwhich returnsthevalueof that instance
variable. For ”settable” instancevariablesa methodnamed”set-� variablename	 ” is
defined.Givena new value,thismethodsetstheinstancevariableto have thatvalue.

19.2.2 Protectionof Objects

Most LISP’s, andPSL in particular, leave openthe possibility for the userto perform
illicit operationson LISP objects.Instancesof a flavor arerepresentedasordinaryLISP
objects(evectorsatpresent),soin a senseit is quiteeasyto do illicit operationson them:
justoperatedirectlyon its representation(doevectoroperations).
On theotherhand,therearemajorpracticalpitfalls in doing this. Therepresentationof
a flavor of objectsis generatedautomatically, andthereis no guaranteethata particular
flavor definitionwill resultin a particularrepresentationof theobjects.Thereis alsono
guaranteethat the representationof a flavor will remainthesameover time. It is likely
thatat somepointevectorswill no longerevenbeusedastherepresentation.
In addition,usingtheobjectspackageis quiteconvenient,sothetemptationto operateon
theunderlyingrepresentationis reduced.For debugging,onecanevendefineacoupleof
extramethods”on thefly” if needbe.

19.3 ReferenceInformation

19.3.1 Loading Objects

Note: This file definesboth macrosand ordinary LISP functions. It must be loaded
before any of thesefunctions are used. Therecommendedway of doing this is to put
theexpression:(BothTimes(loadobjects))at thebeginningof yoursourcefile. Thiswill
causethepackageto beloadedatbothcompileandloadtime.

19.3.2 Flavor Definition

Flavorsaredefinedby usingthemacrodefflavor Thismacrohastheform:

(defflavor flavor-name(var1 var2 ...) (inheritance-flavor-list)
option1 option2 ...):list macro

flavor-nameis thenameof theflavor beingdefined.var1var2... aretheinstancevariables
of the flavor. Eachmustbe a symbol that is the nameof the variable,or a list of two
elements.Thelist form musthavethenameof theinstancevariable(id) asits first element
anda default initialization form asits secondargument.Do not usenameslike ”IF” or
”WHILE” for instancevariables: they are translatedfreely within methodbodies(see
defmethod).Thetranslationprocessis notverysmart.For example,it doesn’t distinguish
betweenformal parametersto methodswith the samenameas instancevariables. For
safety, if formal parametersarefoundthatmatchinstancevariables,anerrormessageis
issued.Althoughthe translationprocessisn’t smart,it at leastunderstandsthenatureof
quote.



194

The inheritance-flavor-list must be a list of one elementor the empty list. When the
emptylist, it specifiesthatno inheritanceis usedin definingthis flavor (for a description
of inheritance,seesection10.3).Whena oneelementlist, theelementmustbethename
of anotherflavor to inherit from. This otherflavor musthave alreadybeencompiledor
loadedor anerrormessagewill beissued.
option1option2... arethe optionsthat effect the instancevariablesandmethodsof the
flavor. Recognizedoptionsare:

(INITABLE-INSTANCE-VARIABLES var1 var2 ...)
(GETTABLE-INSTANCE-VARIABLES var1 var2 ...)
(SETTABLE-INSTANCE-VARIABLES var1 var2 ...)
(FAST-ACCESS-FOR-METHODSmethod1 method2 ...)

INITABLE-INSTANCE-VARIABLES [makeall instancevariables
INITABLE]

GETTABLE-INSTANCE-VARIABLES [makeall instancevariables
GETTABLE]

SETTABLE-INSTANCE-VARIABLES [makeall instancevariables
SETTABLE]

FAST-ACCESS-FOR-METHODS [accessall methodsfast]

An emptylist of variablesis takenasmeaningall variablesratherthannone,so(GETTABLE-
INSTANCE-VARIABLES) is equivalentto GETTABLE-INSTANCE-VARIABLES.
Initableinstancevariablesmaybeinitializedusingoptionstomake-instanceor instantiate-
flavor. Seebelow.
For eachgettableinstancevariablea methodof the samenameis generatedto access
the instancevariable. If instancevariableLOCATION is gettable,onecaninvoke (= 	
� object	 LOCATION).
For eachsettableinstancevariableamethodwith thenameSET- � name	 is generated.If
instancevariableLOCATION is settable,onecaninvoke(= 	T� object	 SET-LOCATION
� expression	 ). Settableinstancevariablesarealwaysalsogettableandinitableby im-
plication.If this featureis notdesired,defineamethodsuchasSET-LOCATION directly
ratherthandeclaringtheinstancevariableto besettable.
FAST-ACCESS-FOR-METHODSis usedto speedup messagesendingfor a selectset
of methods. Methodsspecifiedin this option are accessedby a different meansthen
”normal” methods.Thisoptionshouldonly beusedwhen:

� It is known thatmessagesendingspeedis critical.

� A selectsetof methodsof aflavor areknown to becalledveryfrequentlycompared
to therestof themethodsof thatflavor.

Theordermethodsarespecifiedwith this optiondeterminestheorderthey areaccessed
(speedof methodlookup). Thus,thefirst methodspecifiedwill beaccessedthequickest
and the last methodspecifiedthe slowest. If no methodsare given (the secondform
above), theobjectspackagewill decideon its own order. Specifyingno methodsshould
be usedonly if a flavor hasa few methods(i.e., lessthen10). If any of the methods
specifiedarenot methodsof theflavor, a warningmessagewill beissuedandfastaccess
for it will beignored.
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As anexample,considertheflavor TUNAFISH which has70 methods.It is determined
thatmuchtime is spentcalling five low level TUNAFISH methodswhosenamesareA,
B, C, D, andE. Specifying:

(FAST-ACCESS-FOR-METHODSA B C D E)

in theflavor definitionof TUNAFISH will causemethodA to beaccessedfasterthenany
othermethod,B to be accessedslower thenA, C slower thenB, D slower thenC, and
finally E theslowestof thefivemethods.Theremaining65 methodsof TUNAFISH will
beaccessedasslow or slower thenE.
As its value,defflavor returnsa list of theform:

(flavor <flavor-name>)

Where � flavor-name	 is thenameof theflavor beingdefined.Examplesof Flavor Defi-
nition

(defflavor complex-number
(real-part imaginary-part)
()
gettable-instance-variables
initable-instance-variables
)

(defflavor complex-number
((real-part 0.0)

(imaginary-part 0.0)
)

(number)
gettable-instance-variables
(settable-instance-variables real-part)
)

19.3.3 Method Definition

As youmayrecall,methodsaredefinedusingthemacrodefmethod.It hastheform:

(defmethod (flavor-name method-name) ([arg1 arg2 ...])
<expression1> <expression2>...): list macro

flavor-nameis thenameof theflavor amethodis begin definedfor. It mustbeanid.
method-nameis thenameof thismethod.It mustalsobeanid.
arg1 arg2 ... aretheargumentsof themethod.Theremaybezeroor moreandthey must
all beids.
� expression1	U� expression2	 ... make up thebodyof themethod.This bodycanrefer
to any instancevariableof the flavor by using the namejust like an ordinaryvariable.
They canalsosetthemusingsetf. All occurrencesof instancevariables(exceptwithin
evectorsor quotedlists)aretranslatedto aninvocationof theform (EGETVSELFn).
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The body of a methodcanalsofreely useSELF like it wereanotherinstancevariable.
SELF is boundto the object that the methodappliesto. SELF may not be setqedor
setfed.
Thevaluereturnedby defmethodis a list of theform:

(method <flavor-name> <method-name>)

Where � flavor-name	 and � method-name	 aresimply the namesof the flavor being
definedandmethodbeingdefinedrespectively.

Examplesof MethodDefinition:

(defmethod (complex-number real-part) ()
real-part)

(defmethod (complex-number set-real-part) (new-real-part)
(setf real-part new-real-part))

(defmethod (toaster plug-into) (socket)
(setf plugged-into socket)
(=> socket assert-as-plugged-in self))

19.3.4 Object Creation

Themostcommonway instancesof a flavor arecreatedis by usingthe functionmake-
instance.It hastheform:

(make-instanceflavor-name:id [initialization-sequence]):
flavoredobject expr
make-instancetakesasargumentsa flavor nameandanoptionalinitializa-
tion sequence.
Flavor-namemustbeanid thatrepresentsanexistingflavor.
Theoptionalinitialization-sequence,whenspecified,consistsof alternating
pairsof instancevariablenamesandcorrespondinginitial values.Notethat
the instancevariablenamesarequoted,in the exampleabove, becauseall
theargumentsareevaluated.make-instancereturnsanobjectthatis ”initial-
ized.”
Examplesof make-instance

(make-instance ’complex-number)
(make-instance ’complex-number ’real-part 0.0
’imaginary-part 1.0)

An objectreturnedby make-instanceis initializedasfollows:
First, all instancevariableswith initialization specifiedin the call to make-instanceare
initialized to thevaluegiven. After this theobjectsDEFAULT-INIT methodis envoked.
This methodis constructedby theflavor definition(defflavor). It initializesany instance
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variablesnotspecifiedin thecall to make-instancebut having default initializationsspec-
ified in theflavor definition. It thensetsall remaininguninitializedinstancevariablesto
thevalue*UNBOUND*. Thedefault initializationandinitialization to *UNBOUND* is
performedby theDEFAULT-INIT method.
If a methodnamedINIT is definedfor this flavor of object, it is invoked automatically
aftertheinitializationsjust discussed.TheINIT methodis passed,asits oneargument,a
list of alternatingvariablenamesandinitial values.This list is theresultof evaluatingthe
initializationsgivento make-instance.For example,if wecall:

(make-instance ’complex-number ’real-part (sin 30)
’imaginary-part (cos 30))

thentheargumentto theINIT method(if any) wouldbe

(real-part .5 imaginary-part .866).

TheINIT methodmaydoanythingdesiredto setup thedesiredinitial stateof theobject.
At present,thisvaluepassedto theINIT methodis of virtually nouseto theINIT method
sincethevalueshavebeenstoredinto theinstancevariablesalready. In thefuture,though,
the objectspackagemay be extendedto permit keywordsotherthannamesof instance
variablesto be in the initialization part of calls to make-instance.If this is done,INIT
methodswill beableto usetheinformationby scanningtheargument.
For detailson how initialization is donewheninheritanceis in effect, seeUsing Inheri-
tance,section10.3.
Anotherlesscommonwaytocreateanobjectis throughtheuseof thefunctioninstantiate-
flavor. It hastheform:

(instantiate-flavor flavor name:any[U:list]):
flavoredobject expr

This is thesameasmake-instance,exceptthat the initialization list is pro-
videdasa single,requiredargument.The list mustbea list of alternating
keywordnamesandinitial values.

Example:

(instantiate-flavor ’complex-number
(list ’real-part (sin 30) ’imaginary-part

(cos 30)))

19.3.5 MessageSending

Thereareseveralwaysto invokeamethod:

(= 	 object:object method:id): any expr

Examples:

(=> r real-part)
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(=> r set-real-part 1.0)

Themessagenameis not quoted.Argumentsto themethodaresuppliedasargumentsto
= 	 . In theseexamples,r is theobject,real-partandset-real-partarethemethods,and1.0
is theargumentto theset-real-partmethod.

(sendobject:object method:id): any expr

Examples:

(send r ’real-part)

(send r ’set-real-part 1.0)

Themeaningsof thesetwo examplesarethesameasthemeaningsof theprevioustwo.
Only thesyntaxis different:themessagenameis quoted.

(send-if-handlesobject:object method:id [U:any]): any expr
ConditionallySendaMessage

Examples:

(send-if-handles r ’real-part)

(send-if-handles r ’set-real-part 1.0)

SEND-IF-HANDLESis likeSEND,exceptthatif theobjectdefinesnomethodto handle
themessage,noerroris reportedandNIL is returned.

(lexpr-sendobject:object method:id [U:any] V:list):any expr
Sendamessage(explicit ”Rest” ArgumentList)

Examples:

(lexpr-send foo ’bar a b c (list x y))

Thelastargumentto LEXPR-SENDis a list of theremainingarguments.

(lexpr-send-if-handlesobject:any
method:id [U:any] V:list):any expr

This is the sameasLEXPR-SEND,exceptthat no error is reportedif the
objectfails to handlethemessage.

(lexpr-send-1object:object method:id V:list):any expr
SendaMessage(Explicit ArgumentList)

Examples:
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(lexpr-send-1 r ’real-part nil)

(lexpr-send-1 r ’set-real-part (list 1.0))

Note that the messagenameis quotedand that the argumentlist is passedasa single
argumentto LEXPR-SEND-1.

(lexpr-send-1-if-handlesobject:any
method:anyV:list): any expr
This is thesameasLEXPR-SEND-1,exceptthatnoerroris reportedif the
objectfails to handlethemessage.

(ev-sendobject:any method:anyV:list): any expr
EV-SENDis just like LEXPR-SEND-1,exceptthat it is anEXPRinstead

of a MACRO. Its solepurposeis to beusedasa run-timefunctionobject,
for example,asa functionargumentto a function.

19.3.6 Printing Objects

Objectscanprint out accordingto their flavor. If a flavor hasa channelprinmethod,that
methodwill beusedby prin1,prin2,etc. to print objectsof thatflavor.

(= 	 any CHANNELPRIN channellevel prin1?): any method
A channelprinmethodmustacceptthreearguments:achannel(currentlya
small integer); eithernil or a numberwhich will indicatethe currentlevel
of nestingwithin lists, vectors,or otherobjects;anda booleanwhich will
indicatewhetherprin1-or prin2-styleprinting is beingdone.

Ordinarily, anobjectshouldprint in theform # � flavor info ... 	 . If thelevel of printing
is not nil, printingof lists,vectors,objects,etc.within thechannelprinmethodshouldbe
donewith prinlevel boundto 1 lessthanits valueat thetimeof entryto themethod.

19.3.7 UsefulFunctionson Objects

(object-typeU:any): id, NIL expr
The object-typefunction returnsthe type (an id) of the specifiedobject,

or nil, if theargumentis not anobject. At presentthis functioncannotbe
guaranteedto distinguishbetweenobjectscreatedby the objectspackage
andotherLISP entities,but the only possibleconfusionis with vectorsor
evectors.

(flavor-defined?flavor-name:id): t, nil expr
Returnst if flavor-nameis acurrentlydefinedflavor. Returnsnil otherwise.
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(declare-flavor � D�!V� 4 C ( ����WX� 	��M4 � (OY�	��>4 � ([Z?	 ...):
undefined macro

(undeclare-flavor �<4 � (HY�	#�M4 � (\Z?	 ...): undefined macro
*** Read these warnings carefully! ***
Thisfacility canreducetheoverheadof invokingmethodsonparticularvari-
ables,but it shouldbeusedsparingly. It is not well integratedwith therest
of thelanguage.At somepointaproperdeclarationfacility is expectedand
thenit will bepossibleto makedeclarationsaboutobjects,integers,vectors,
etc.,all in auniformandcleanway.

The declare-flavor macroallows you to declarethat a specificsymbol is boundto an
objectof a specificflavor. This allows the flavors implementationto eliminatethe run-
time methodlookupnormallyassociatedwith sendinga messageto thatvariable,which
canresult in anappreciableimprovementin executionspeed.This featureis motivated
solely by efficiency considerationsand shouldbe usedONLY wherethe performance
improvementis critical.
Details:if youdeclarethevariableX to beboundto anobjectof flavor FOO,thenwithin
the contextof the declaration (seebelow), expressionsof theform ( 
?	 X GORP...) or
(SENDX ’GORP...) will bereplacedby functioninvocationsof theform (FOOGORP
X ...). Note that thereis no checkmadethat theflavor FOOactuallycontainsa method
GORP.If it doesnot,thenarun-timeerror”Invocationof undefinedfunctionFOO”GORP”
will bereported.
WARNING: Thedeclare-flavor featureis notpresentlywell integratedwith thecompiler.
Currently, the declare-flavor macromay be usedonly asa top-level form, like the PSL
FLUID declaration.It takeseffect for all codeevaluatedor compiledhenceforth.Thus,if
youshouldlatercompileadifferentfile in thesamecompiler, thedeclarationwill still be
in effect! this is a dangerouscrock, sobecareful! To avoid problems,I recommendthat
declare-flavor beusedonly for uniquely-namedvariables.Theeffect of a declare-flavor
canbeundoneby anundeclare-flavor, which alsomaybeusedonly asa top-level form.
Therefore,it is goodpracticeto bracket yourcodein thesourcefile with a declare-flavor
andacorrespondingundeclare-flavor.

*** Did you read the above warnings??? ***

(object-get-handlerobject:object method-name:id): id expr

Notethattheuseof object-get-handleris not recommended.It shouldonly beusedin the
mostcritical placeswherethetime to performanormalmessagesendis tooslow andthe
declare-flavor facility cannotbeused.
Givenanobjectanda method-name,object-get-handlerreturnsthenameof thefunction
thatimplementsthismethod.It is usedto repetitively sendthesamemessage.For exam-
ple:
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(let
((func-name (object-get-handler obj ’banana)))

...
(for
...
(do (idapply func-name (list arg1 arg2 ... argn)))
)

)

This is equivalentto sendingthemessage:

(=> obj banana arg1 arg2 ... argn)

insidethefor but thelookupof thefunctionnamefor themessagesendis only performed
once.

MiscellaneousFunctions

(objects-version): NIL expr
This functionprintsadateusedto checktheversionof theobjectspackage
in use. Whenbugsarereported,the versiondateshouldbe given. Older
versionsof theobjectspackagedid nothave this functiondefined.

19.4 Using Inheritance

Inheritanceis a mechanismthat allows a flavor to be definedin termsof otherflavors.
This allows objectsto becreatedthatarespecializationsor generalizationsof otherob-
jects. The objectpackagesupportswhat is calledsingle inheritance– only oneflavor
canbeinheritedfrom by anotherflavor. Theflavor beinginherited,however, couldhave
inheritedfrom oneotherflavor, andsoon. NotethattheLISPmachinesupportsmultiple
inheritanceallowing morethanoneflavor to beinheritedfrom ata time.

Thebestway to explainsingleinheritanceis throughanexample:
Supposewehavedefinedtheflavor motherandthendefinetheflavor daughterin whichwe
specifiedtheinheritance-flavor-list to bemother. Theinheritingprocesscausesdaughter
to containall theinstancevariablesaswell asthemethodsthatweredefinedfor mother.
That is,adaughterobjectcandealwith any of the instancevariablesandreceive any of
themessagesdefinedfor flavor motherwithouthaving to recreatethem.
We refer to flavor motheras the parentof flavor daughter, and daughteras a child of
mother. daughter, in turn, can be the parentof other flavors. Eachchild inherits the
instancevariablesandmethodsof its parent,its parent’s parent,andsoon.
Wheninheriting instancevariables,a child flavor hasasits instancevariablestheunion
of all thosedefinedfor its parentsandthosespecificallydefinedfor thenew flavor. As a
result,it would not make senseto give a child flavor an instancevariablewith thesame
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nameasonein oneof its parent’s. For thisreason,duplicateinstancevariablesareflagged
asanerror.
Inheriting methods,however, is different. It is possibleto definea methodin a child
flavor with thesamenameasamethodin oneof theparents.Theeffect is to overridethe
parent’s methodwith thechild’s method,asfar asthechild flavor is concerned.In other
words,whensendinga messageto anobject,themethodexecutedis thefirst onefound
by searchingbackwardfrom it throughits parents.First themethodsdefinedfor thechild
flavor aresearched,thenthechild’sparent’smethods,andsoonuntil oneis found.
As an exampleof overriding methods,the following codedefinesa flavor geometric-
object.Then,anew flavor squareis createdwith geometric-objectasits parent.Finally, a
flavor colored-squareis createdwith squareasits parent.

(defflavor geometric-object
(name

size)
() % A flavor with no parents
)

(defmethod (geometric-object display) ()
(printf "%w is %w units big" name size))

(defmethod (geometric-object set-name) (new-name)
(setf name new-name))

(defflavor square
(side-length)
(geometric-object) % A flavor with one parent, geometric-object
)

% Overriding for square the inherited method display

(defmethod (square display) ()
(printf "%w is a square, %w units long on all sides" name

side-length))

(defmethod (square new-length) (length)
(setf side-length length)
(setf size (* length length)))

(defflavor colored-square
(color)
(square)
)

(defmethod (colored-square get-color) ()
color)

After thedefinitions,flavor colored-squarehastheinstancevariables:
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color
side-length
name
size

andhasthemethods:

� get-color(asdefinedfor flavor colored-square)

� new-length(asdefinedfor flavor square)

� display(asdefinedfor flavor square)

� set-name(asdefinedfor flavor geometric-object)

19.4.1 Warning on Inheritance Usage

TheCommonlisp objectspackagewill beincompatiblewith theexistingobjectspackage
asfar asinheritanceis concerned.In Commonlisp, an inheritedinstancevariablecan-
not be accessedby simply referringto it within a method. Also, the way variablesare
initialized is quitedifferent.
To accessinheritedinstancevariables,you mustdo theequivalentof sendingtheobject
a messageto get the instancevariable’s value. For example,referring to the instance
variablebananain a methodfor the flavor fruit, a referenceto bananain PSL becomes
somethinglike (=¿self banana)in Commonlisp. Whenyou referenceinheritedinstance
variablesin PSL andperformanceis important,you shouldclearly mark them. If per-
formanceis not an issue,make theinstancevariablesgettableandrefer to themby their
method.Thisalsoappliesto settableinstancevariables.
Usesof theINIT methodmayalsohave to bechangedbecausethenew objectspackage
performsobjectinitializationin adifferentway. Avoid theINIT methodif youcan,if you
can’t markit for changefor Commonlisp objects.
In thisway, transitionto Commonlisp will bemucheasier.

19.4.2 UsingSELF and MYSELF with Inheritance

Supposeanadditionalmethodwasdefinedfor flavor geometric-object:

(defmethod (geometric-object display-me) ()
(=> self display))

Now supposea display-memessageis sentto an objectof type square.Which method
for themessage’display’shouldbeusedby display-me?Shouldit look up themethodin
thecontext of theflavor wherethemethodwasdefined(geometric-object)or thecontext
of theflavor thatreceivedtheoriginalmessage(square)?Theansweris to providea new
symbol,MYSELF. MYSELF meansto look upmessagesin thecontext of theobjectthat
received the original message.SELF looksup methodsin the context of the flavor it is
definedin. If display-mewasrewrittenas:
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(defmethod (geometric-object display-me) ()
(=> self display)
(=> myself display))

and sent to an object of flavor square,then the first display would be that definedin
geometric-object,and the secondwould be the onedefinedfor square. If the display-
me messagewassentto anobjectof flavor geometric-object,self andmyself would be
identical.

19.4.3 Inheritance and Initialization

You mayhave noticedthat thereis ambiguityin theordera newly createdobjectis ini-
tializedwhentheobjectusesinheritance.Wheninheritanceis used,initialization is per-
formedasdescribeabovewith thefollowing additions:
Whenthesonflavor’s (i.e.,theflavor givenin themake-instanceor instantiate-flavor call)
DEFAULT-INIT methodis executed,thefirst thing it doesis call its father’s DEFAULT-
INIT method.Thesecondthing it doesis executeits father’s INIT method,if it exists.
Notice that if the fatherflavor usedinheritance,its DEFAULT-INIT methodwould first
call its grandfather’sDEFAULT-INIT andINIT methods,andsoon.

19.4.4 Making Changesto Inherited Code

Theinheritanceschemeusedin this facility is static– all of thework is doneat compile-
time. Thishassomeimplicationsfor compilingobjectdefinitionsthatuseinheritance:

� All of theparentsof aflavor mustbeloadedor compiledbeforecompilingthenew
child’sdefinitions.If this is not thecase,anerrormessagewill beissued.

� If a changeis madeto a parentflavor, including the additionof a new methodor
changinginstancevariables,all of the childrenwill have to be recompiledto use
it. You do not have to recompilethechildren,however, if anexisting methodof a
parentis redefined.

19.5 DebuggingInformation

Any objectmaybedisplayedsymbolicallyby invokingthemethodDESCRIBE,e.g.( 
?	
x describe).This methodprints the nameof eachinstancevariableandits value,using
theordinaryLISPprintingroutines.Flavoredobjectsareliable to becomplex anddeeply
nestedor evencircular. This makesit often a goodideato setPRINLEVEL to a small
integerbeforeprintingstructurescontainingobjectsto controltheamountof output.
Whenprintedby thestandardLISPprintingroutines,”flavoredobjects”appearasevectors
whosezerothelementis thenameof theflavor.
For eachmethoddefined,thereis acorrespondingLISPfunctionnamed
<flavor-name>$<method-name> . Suchfunctionnamesshow upin backtraceprint-
outs.
It is permissibleto definenew methodson thefly for debuggingpurposes.



Vectorsand Such

20.1 Vectors

A vector is a structuredentity in which randomelementsmay be accessedwith an in-
teger index. A vectorhasa singledimension. Its maximumsize is determinedby the
implementationandavailablespace.A vectoris denotedby enclosingits elementswithin
squarebrackets.

[10 TEN]
[COLORS (RED BLUE)]

Built-in Vector Creationand Copying Functions

(mkvectUPLIM:integer): vector expr
Definesandallocatesspacefor a vectorwith (add1UPLIM) elementsac-

cessedas0 ... UPLIM. Eachelementis initializedto nil. If UPLIM is -1, an
emptyvectoris returned.An erroroccursif UPLIM is lessthan-1 or if the
amountof availablememoryis insufficient for avectorof thissize.

***** A vector of size UPLIM cannot be allocated

(make-vector UPLIM:integer INITV AL:any): vector expr
Similarto mkvect,exceptthateachelementis initializedto INITVAL. Note
the differencebetweenthis function andmake-string,(seethe sectionon
creatingandcopying stringsin Chapter6). This functioncreatesa vector
of (add1UPLIM) elementswheremake-stringcreatesa string of UPLIM
characters.
Thevectorcreatedby this functionwill contain(add1UPLIM) referencesto INTVAL as
opposedto creatingacopy of UPLIM for eachentry.

1 lisp> (setq array (make-vector 1 (make-vector 1 0)))
[[0 0] [0 0]]
2 lisp> (vector-store (vector-fetch array 0) 0 1)
1
3 lisp> array
[[1 0] [1 0]]
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(vector [ARGS:any]): vector nexpr
Createvectorof elementsfrom the list ARGS.Thesizeof thevectorwill

beequalto thenumberof elementsin the list ARGS.Eachelementof the
vectoris initializedto thecorrespondingelementfrom ARGS

(copyvectortofrom NEW:vector OLD:v ector):
NEW:vector expr
Theelementsof NEW aresetto thecorrespondingelementsof OLD The

elementsarenotcopied.

1 lisp> (setq a [[1 2 3]])
[[1 2 3]]
2 lisp> (setq b [0])
[0]
3 lisp> (copyvectortofrom b a)
[[1 2 3]]
4 lisp> (eq (getv a 0) (getv b 0))
T

(copyvector V:vector): vector expr
Createa new vector, with the elementsinitalized from the corresponding

elementsof V. Theelementsof V arenotcopied.

1 lisp> (setq a "A STRING")
"A STRING"
2 lisp> (setq b (vector a))
["A STRING"]
3 lisp> (setq c (copyvector b))
["A STRING"]
4 lisp> (eq (getv b 0) (getv c 0))
T

20.1.1 About the BasicOperationson Vectors

Thefunctionalityprovidedhereoverlapswhatis providedin someotherways.Thefunc-
tions providedherehave well-chosennamesanddefinitions,they provide the optionof
generatingefficient code,and they are consistentwith the estheticpreferencesof our
community.

20.1.2 The Operations

This sectiondocumentsfunctionsin the library moduleslow-vectors . Thereis another
library modulecalledfast-vectors. Thefast-vectorsmoduleprovidesalternatedefinitions
for thesefunctions. Whenthe switch fast-vectorsis non-nil the compilerwill usethese
alternatedefinitionstoproduceeffiecientcode.However, therewill notbeany verification
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thatargumentsareof correcttype(in addition,it is assumedthatnumericargumentsare
within a properrange). If invalid argumentsareused,thenat bestyour codewill not
generatecorrectresults,you may actuallydamagethe PSL system.Therearetwo side
effectsto loadingfast-vectors. The slow-vectorsmodulewill be loadedandthe switch
fast-vectorswill besetto t.

(vector-fetch V:vector I:integer): any expr
Accessesanelementof aPSLvector. Vectorindexesstartwith 0. Thething
storedin thatpositionof thevectoris returned.

(vector-store V:vector I:integer X:any): NoneReturned expr
Storesinto aPSLvector. Vectorindexesstartwith 0.

(vector-sizeV:vector): integer expr
Returnsthenumberof elementsin a PSLvector. Sinceindexesstartwith

index 0, the size is onelarger thanthe greatestlegal index. Seealsojust
below.

(vector-upper-bound V:vector): integer expr
Returnsthegreatestlegal index for accessingor storinginto a PSLvector.
Seealsojustabove.

(vector-empty? V:vector): boolean expr
Trueif thevectorhasnoelements(its sizeis 0), otherwiseNIL.

20.1.3 Built-in Operationson Vectors

Thesepredatethefast-vectors(f-vector)andslow-vectors(s-vector)library modules.

(getvV:vector INDEX:integer): any expr
Returnsthevaluestoredat positionINDEX of thevectorV. Thetypemis-
matcherrormayoccur. An erroroccursif theINDEX doesnot lie within 0
... (upbv V) inclusive:

***** INDEX subscript is out of range

(putv V:vector INDEX:integer VALUE:any): any expr
StoresVALUE in the vectorV at position INDEX, VALUE is returned.

A type mismatcherrorwill occurif V is not a vector. If INDEX is either
negativeor greaterthan(upbv V) thenanerroroccurs.
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***** Subscript ‘INDEX’ in PutV is out of range

(upbv U:any): nil, integer expr
Returnstheupperlimit of U if U is avector, or nil if it is not.

20.2 Word Vectors

Word-vectorsor w-vectorsarevector-like structures,in which eachelementis a ”word”
sized,untaggedentity. Thiscanbethoughtof asaspecialcaseof fixnumvector, in which
thetagshavebeenremoved.

(make-words UPLIM:integer INITV AL:integer):
word-vector expr
Definesandallocatesspacefor aWord-Vectorwith
(add1UPLIM) elements,eachinitialized to INITVAL.

(make-bytesUPLIM:integer INITV AL:integer):
byte-vector expr
Definesandallocatesspacefor abyte-vectorwith
(add1UPLIM) elements,eachinitialized to INITVAL.

20.3 GeneralX-Vector Operations

An x-vectoris eithera vector, string,word-vector, or byte-vector. Eachmayhaveseveral
elements,accessedby anintegerindex. A valid index for anx-vectorX is from 0 to (size
X). Thusan x-vectorX will have (add1(sizeX)) elements.The functionsdescribedin
thissectionmayalsobeappliedto lists.

(sizeX:x-vector): integer expr
Returnsthesizeof x-vectorX, thesizeis theindex of thelastelement.

(indx X:x-vector I:integer): any expr
AccesstheI’ th elementof anx-vector. An erroroccursif I is eithernegative
or exceedsthesizeof X.

***** Index ‘I’ out of range for X in INDX

(setindxX:x-vector I:integer A:any): any expr
DefineA to betheI’ th elementof X. If the index I is outsidetherangeof

X thenit is anerror(seeindx for adescriptionof themessage).
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(subX:x-vector B:integer S:integer): x-vector expr
Extracta subrangeof anx-vector, startingat B, producinga new x-vector

of sizeS.Notethatanx-vectorof size0 hasoneentry.

(setsubX:x-vector I1:integer S:integerY:x-vector):
x-vector expr
Storesubrangeof Y of sizeS into X startingat I1. ReturnsY.

(subseqX:x-vector LO:integer HI:integer): x-vector expr
Returnsan x-vectorwhosesize is (sub1(- HI LO)), beginning with the

elementof X with index LO. In otherwords,returnsthesubsequenceof X
startingatLO andendingjustbeforeHI.

1 lisp> (setq a ’[0 1 2 3 4 5 6])
[0 1 2 3 4 5 6]
2 lisp> (subseq a 4 6)
[4 5]

(setsubseqY:x-vector):Y:x-vector expr
Thesizeof Y mustbe (sub1(- HI LO)) andY mustbe the sametype of

x-vectoras X. ElementsLO through(sub1HI) in X are replacedby the
elementsof Y. Y is returnedandX is changeddestructively.

1 lisp> (setq a "0123456")
"0123456"
2 lisp> (setsubseq a 3 7 "ABCD")
"ABCD"
3 lisp> A
"012ABCD"

(concatX:x-vector Y:x-vector): x-vector expr
Concatenate2 x-vectors.Currentlythey mustbeof sametype.

(totalcopy S:any): any expr
Returnsa uniquecopy of theentirestructure,i.e., it copieseverythingfor

whichstorageis allocated- everythingbut inumsandids. Likecopy (Chap-
ter5) totalcopy will not terminatewhenappliedto circularstructures.

1 lisp> (setq x ’("ONE" 2)
1 lisp> y (totalcopy x)
1 lisp> z (copy x))
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("ONE" 2)
2 lisp> (eq (first x) (first y))
NIL
3 lisp> (eq (first x) (first z))
T
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Addendum

Sinceits earlierversionsstartingin the80’s,PortableStandardLISP hasundergonesev-
eralchanges.
PSLwasdevelopedfor mainframesystemse.g.of /370andVax typerunningproprietary
operatingsystemsof the manufacturers.TodaymostPSL versionsrun on workstations
with RISCprocessorsrunningaUnix typeoperatingsystem.
TodayPSLis mostlyuseda deliverly vehiclefor LISP basedsystems,e.g. thecomputer
algebrasystemREDUCEandnotasaLISPdialectof its own right.
Thesupportandmaintainancefor PSLis mostlydoneatZIB in Berlin.
Recently, theinternalrepresentationof identifierswaschangedin orderto supporta 256
charactersetandcasesensitivity. Thiscausesabinaryincomptibility of .bfileswith older
versionssuchasPSL3.4.
This documentdescribesthe changesandnewer developmentsfor PSL doneat ZIB in
orderto improve performanceandto work with new applicationtypessuchasparallel
processing.

26.1 Installation

This sectiongivesinstructionsfor the Installationof PSL 4.2 on your UNIX system.It
doesnotapplyfor otheroperatingsystemssuchasVMS, MVS, DOSetc,andit doesnot
apply for distribution on diskettes(e.g. all PC systems,IBM RS/6000,NeXT). Please
readspecialinstructions(below) for thesystemmentionedabove.
The Installationproceduredescribedbelow usescsh syntax. If you don’t have cshin-
stalledonyoursystem,pleasechangethecommandsaccordingly.
PSLis storedasasinglefile treewith two directoriesonthetop level, calledbin anddist,
wherethelatercontainsall sourcesandsomemorebinaryfiles.
Theinstallationis relatively simple.

26.1.1 Readingthe tape

The tapecontainsa compressedfile tree. Pleasecd to the directorywhereyou want to
storethefiles (calledPSLrootdirectorylateron)andenter

dd if=/dev/tape ibs=51200 | uncompress | tar -xf -

Pleasereplace/dev/tapein theabovecommandwith thecorrectnameof your tapedrive.
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26.1.2 Readingthe tape for IBM RS/6000

ThePSLfile treefor the IBM RS/6000is configuredin thesameway asfor otherUnix
typeworkstations.Theinstallationneedsanadditionalstep.
Theinstallationproceduredescribedbelow assumesthatyou usetheC-Shell. If you use
differentshellspleasechangecommandsaccordingly.
To readthe tape,make a directorywith a namelike .../psl,cd to that directory, anddo,
afterputtingthetapeinto thedrive,

tar -xf /dev/rfd0

You first needto install a syscallinto theAIX system.In order to do this, YOU NEED
SUPERUSERPRIVILEGE. To install thesyscall,do

su
cd ./dist/kernel/ibmrs/syscall
./install
./installsysc
exit

The script install compilesand installs the requiredsystemcall. The script installsysc
in the samedirectory installs the systemcall only. With any rebootof the systemit is
mandatoryto run installsyscin the directory./dist/kernel/ibmrs/syscall.It is suggested
that this is includedinto the AIX boot files. Thesourcesof the syscallcanbe found in
./dist/kernel/ibmrs/syscalltoo.

26.1.3 ReadingDiskettesfor LINUX 386

The PSL file tree for LINUX is compressedon to 3 diskettesfor distribution. The 3
diskettesrequireabout4 megabytesof disk spaceto dump. However, you must then
rebuild the binary files for your machinebeforeyou cando anything. Instructionson
doingthisaregivenbelow. If thefilesfor yourmachinearebuilt, thefile treethenrequires
about30megabytesduringthebuild (but lesswhencomplete).
To readthediskettes,make a directorywith a namelike .../psl,cd to thatdirectory, and
do,afterputtingDISK # 1 into thefloppy disk reader,

tar -xf /dev/fd0H1440
install_psl

Thescriptinstall pslpromptsfor theotherdisksandwill uncompressthefiles.
If thereis anincompatibilitybetweenthedeliveredexeutableandyour Linux version,or
whenyouupgradeyour Linux versionandPSLbecomesinoperable,you mustrecompile
theexecutableE N $ ! :

cd $pxk/linux
cclnk

After thisstepyoushouldrebuild theimagefilesusingthescriptsin $psl/distrib .
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26.1.4 CustomizingMakefilesand scripts

In the next stepthe systemmust get knowledgeaboutthe PSL root directoryand the
machinearchitecture.The correctnamefor the architecturein the PSL file treecanbe
foundin thetablebelow.

Machine Operating system PSL MACHINE name

CDC 4xxx EP/IX mips_cdc ++
Convex Cxxxx convex ++
Convex SPP convex_spp
Cray 1, X-MP UNICOS crayxmp
Cray Y-MP UNICOS crayymp
Cray C90 UNICOS crayymp
Cray T3D/E UNICOS cray_t3d
DECStation ULTRIX Mips_dec
DEC Alpha OSF/1 (DEC Unix) Alpha
DEC VAX ULTRIX vax
DG AViiON DG-UX 88k-aviion ++
HP9000/300 400 HP-UX bobcat ++
HP9000/700 HP-UX Snake
HP9000/800 HP-UX spectrum ++
IBM RS/6000 Aix Ibmrs
IBM SP2 (the RS/6000 version happens to work)
Intel 386 Linux Linux
Intel 386 ELF Linux (ELF) Linux_elf
Intel x86 Solaris 2.x Solarisx86
SGI Iris/Indigo Irix Mips_iris
SGI Iris/Indigo Irix64 Mips_iris_64
Sun 3 SunOS sun ++
Sparc SunOS (Solaris1.x) Sun4
Sparc Solaris 2.x Solaris
UltraSparc Solaris 2.x Ultrasparc

++ This version may be not supported in future version.

Thescriptdist/distrib/newroot.cshwill modify variousMakefilesandscripts,especially
dist/psl-names.It mustbe startedwith the PSL root directoryandMACHINE nameas
parameter, e.g.for aSparcunderSUNOS:

dist/distrib/newroot.csh ‘pwd‘ Sun4

After that the file dist/psl-namescontainsthe settingsfor the PSL specificenvironment
variablessuchas$psys.It mustbereadin by thePSLuserto insurecorrectoperation,e.g.
for aSparcmachineunderSunOS:

setenv MACHINE Sun4
source <PSL root directory>/dist/psl-names
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This installationis designedfor usagewith multiplemachinetypes,it savesdiskspaceby
sharingthePSLcode(.sl files). ThevaariableMACHINE is usedto specifythemachine
type. If you install a singleversionof PSL it may be usefulto replaceMACHINE by
thecorrectvaluein thefile �U]�^`_a( C/C &cb�*d( �"� & C (/eX	 /dist/psl-names.In this casetheuser
doesnotneedto specifytheMACHINE environmentvariable.
To testthe installation,you cantry the following commandswhich aresupposedto run
withouterrormessage:

$psys/psl
(load inum)
(quit)

If you changefiles, e.g. whenyou receive a bug fix, pleaseput the file into the correct
place, cd to the directory$psl andsimply saymake. This will compile the file (and
maybesomefileswhichdependon this),andproducenew binaries.

26.1.5 Printing Documentation

Thedocumentationfor PSL(User’s Manualandsomemoredocuments)canbefoundin
thedirectoriesdist/docanddist/lptanddist/manual(in LATEX or plainASCII print format)

26.2 Newunexecprocedure,Imagemodel

PSL’s formerunexecmodel(Savesystem)wasto produceexecutablesin thesenseof the
operatingsystem(mostlya.outfiles). This hasled into maintainanceproblemswith var-
iousnew file formats(e.g. ELF, COFF)anddynamicloading. Influencedby themodel
developedfor the PSL on PersonalComputers,for all new PSL versionsfor new ar-
chitecturesthe so called image model is used. This simply meansthat the command
savesystem doesnot write an executablefile but it putsall the LISP datainto a file
suchthattheinformationcanbereloadedafterwards.Thereloadis doneby theprogram
$pxk/bpsl whenthe-f parameteris used.Thedumpfilesnamesget thesuffix .img ,
e.g.thecommand

(savesystem "Banner" "dir/file" initform)

producesafile dir/file.img whichcanberestartedby issueingthecommand

$pxk/bpsl -f dir/file.img

TheLISP datawritten to thefile are:SYMVAL, SYMPRP, SYMFNC, SYMNAMand
SYMGET, hashtable andtheallocatedpartsof bps and heap. This reducesthe
amountof diskstorageuseddrastically.
To insureproperreloading,theprogrambpslcanbeusedfor reloadingof imagesonly if
thesewerewritten from its own coreimage.A checkfor this is providedusinga datetag
schemewhich mustbe the samein bpsl andimagefile. The error messageCant start
imagewith this bpsl meansthatthecheckwasnotsuccessfulandyouhave to producea
new imagefile. Thisnormallyhappenswhenthefile bpslis rebuild.
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In very rarecasesafter dramaticchangesin the environment(generallyspeaking),you
may get the messageCant relocatethe image. In this case,pleasetry to rebuild the
images.If this fails (it shouldnot),pleasetry

$pxk/bpsl -f dir/file.img -g 1000000

If this worksproperly, you maytry to reducetheg value. In any casepleasesenda note
thetheauthorof thisdocument.

26.3 Dynamic configuration of Heap Size and Binding
Stack

The PSL workspacesHeap and Bindingstack canbe enlargedat run time. This
is oftennecessaryfor programsthatallocatea lot dynamicstorage(heap)or usevariable
bindingintensively.
If heapspacegetslow, the garbagecollector tries to increaseheapsizeautomatically.
This is a reactionto an emergency situationthoughand it is tried after many garbage
collections.Moreover, dependingon thehistoryof thePSLsession,thesystemmayfind
itself unableto allocatetherequestedmemorycausinganLISPerrorcondition.A manual
increaseof heapsizeis muchbetterfor overallperformance.
TheBinding stackis not enlargedautomatically, becausein caseof on infinite loop the
PSLmemorywould blow up andit would take a very long time until theuserwould see
aproblem(if atall).
Two functionshavebeenaddedto PSLfor handlingheapandbindingstacksize:
(set-heap-size N:Integer or NIL): Integer or NIL expr

If calledwith NIL it returnsthe numberof LISP items in heap. If calledwith a
number(which is countedin itemsandshouldbe bigger that the currentsize in
items)PSLtriesto allocatethememory. If successful,theargumentis returned,if
not,NIL is returned.

(set-bndstk-size N:Integer or NIL): Integer or NIL expr

If calledwith NIL it returnsthe numberof LISP itemsin bndstk. If calledwith
a number(which is countedin itemsandshouldbebiggerthat thecurrentsizein
items)PSLtriesto allocatethememory. If successful,theargumentis returned,if
not,NIL is returned.

26.4 Sizeof Addr essSpace

The traditionPSL modelis high tagged , i.e. a tagwhich describesthedatatype is
storedin thehighbitsof aLISPitem. In mostcasesthenumberof bitsusedfor taggingis
5, which limits theaddressspaceto bitsperword- 5 bits. This hasnotbeena problemfor
a long time for thewidely used32bit microprocessorarchitectures,sincetheswapspace
availablewasmuchlessthat this number. E.g on a Sparcsystemyou canuseabout100
MB LISPworkspace,about7000000LISP items.
For thetime beingthe64 bit microprocessorsdo not suffer from this limitation. A low
tagged versionof PSLis underdevelopmentalreadysince1990.
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26.5 Arbitrary PrecisionInteger Support

Theefficientsupportof ArbitraryPrecisionIntegers(”Bignums”) iscrucialfor acomputer
algebrasystem.Thisversionof PSLtriesto exploit thegivenmachinehardwareasfaras
possible,e.g. usingdoublesizemultiplicationanddivision in hardwarewhereavailable.
Becauseof the different processorarchitecturesthe optimal internal representationof
bignumsmayvarybetweenworkstationsevenwith samenumberof bitsperword.
The PSL manualmentionsthe modules“big” and“nbig” which arewritten in the true
spirit of portablesoftwarebut theseareunfortunatelynot very efficient. We recommend
to usetheloadmodulezbig instead.In all versionsthis loadmodulecontainsthebignum
versionwhichwehave foundto beoptimal.

26.6 Monitoring of Performance

26.6.1 SPY(Unix only)

TheUnix profil systemcall providesa facility to getinformationaboutthecpuconsump-
tion in a LISP program.A simpleinterfacewasbuild to beableto turn profiling on and
off andto mapthe resultson to the LISP addressspace.For details,pleaserefer to the
sourcecodein $pxu/spy.sl .

(spywhole N:Integer): void expr

Turnson profiling for thewholebpsspace.N mustbea power of 2, definingthe
grainfor theprofil call. Typicalvaluesare4 and8. Returnsnil .

(spyprint): void expr

Turnsoff theprofiler. Printsprofiler informationaftermappingit to theLISP ad-
dressspace,i.e thenamesof LISP functionsareprintedtogetherwith their relative
cpuconsumption.Thevariable&spyminimum& definesthecutoff for spyprint, i.e.
functionswith lessthan&spyminimum& tickswill not beprinted.Returnsnil .

(spyon fwa lwa tslice bucketsize power): void expr

This is a completeinterfacefor the profil call. AllocatesWarray spacefor the
Unix profiler andturnson profiling. fwa andlwa aretheaddressesof thefirst and
last word of codememorywhich shouldbe inspected,tslice is the timesliceand
not suportedon mostUnix systems.It is a parameterfor compatibility reasons.
Bucketsizemustbea power of 2 andpower is thebase2 logarithmof bucketsize.
Typicalvaluesare4 or 8 for bucketsizeand2 or 3 for powerresp.Returnsnil .

(spyoff): void expr

Turnsoff profiling usingtheUnix profil systemcall. Returnsnil .

Example:
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(load spy zbig)

NIL

(spywhole 4)

NIL

(null (setq aa(expt 3000 10000)))

NIL

(spyprint) % This was done on a SUN4 PSL

214 39.5% BPLUSA2
204 37.7% INITCODE
67 12.3% WTIMESDOUBLE
15 2.7% COPYFROMONESTATICHEAP
12 2.2% XXCOPYFROMSTACK
12 2.2% SET_HEAP_SIZE
NIL

It is easyto seethatthecommand(null (setq aa(expt 3000 10000))) leads
to a lot of bignum computations. The spyprint output proves that. Pleasenote that
INITCODE sumsup all the functionsthat belongto PSL’s C runtimesupport. In this
casethehighpercentageis dueto thefactthatthe(old) SPARC implementationperforms
integermultiply anddivide in softwarei.e. in nonLISPcode.

26.6.2 Qualified timing

Qualifiedcountingis usedto measurethecputime spendbetweencall andreturnfrom a
function,notnecessarilyspendwithin thebodyof thefunction.It givesanoverview about
thecoststhatacall of particularfunctioncauses.Thesumshown asresultmaybebigger
that100percent,if afunctionanditscalleearebothmeasuredor if gctimeisaccumulated.

(qualtime S:list): void macro

Startsqualifiedtiming for thelist of functionscontainedin list. Returnsnil .

(print!-qualtime): void expr

Printstheaccumulatedtimingsandnumberof callsfor all functions.Resetscoun-
ters.Returnsnil .

Example:

(load qualified-timing zbig)
(off usermode)
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(qualtime gtpos times2)

(null (setq aa(expt 3000 10000))) % this will be measured

(print-qualtime)
*********** Qualified Timing **************
**** Overall Cpu time : 5083 *****

*** TIMES2 * calls : 18 * time : 5797 * % 114
*** GTPOS * calls : 5560 * time : 935 * % 18

26.6.3 Qualified counting

For our own applicationsit hadturnedout to beusefulto know thecallersof a function
especiallywhenthe function is calledvery, very often, e.g. basicroutineslike generic
arithmetic. To provide this a modulequalifiedcountingwasgeneratedusinga similar
syntaxlikequalifiedtiming.

(qualcount S:list): void macro

Startsqualifiedcountingfor thelist of functionscontainedin list. Returnsnil .

(print!-qualcount): void expr

Printstheaccumulatedcall countingandthecallersfor all functions.Resetscoun-
ters. Printing will be suppressedif the numberof calls is lessthanbordervalue
(default = 20)Returnsnil .

(reset!-qualcount): void expr

Resetstheaccumulatedcall countingandthecallersfor all functions.Returnsnil .

Example:

(load qualified-counting)
(off usermode)

(qualcount faslin intern)
*** Function ‘G0003’ has been redefined
*** Function ‘FASLIN’ has been redefined
*** Function ‘G0025’ has been redefined
*** Function ‘INTERN’ has been redefined

(load nbig30) % this will be counted

(print-qualcount)
************* calls for function FASLIN *************

************* calls for function INTERN *************

number of calls : 306 from READ-ID-TABLE



26.7. COMPILERMODIFICATIONS 229

26.7 Compiler Modifications

In orderto optimizethecodegenerationfor theRISCprocessorswhich (in mostcases)
have a conceptof delayedbranchesa speciaaloptimizationphasefor the PSLcompiler
was build to fill the delay slots. This new compiler phaseis called lapopt it collects
severaloptimizationswhich work on thegeneratedstreamof instructions(thelap code).
This optimizationphaseis enabledby default, it is controledby theswitch lapopt, andit
canbeturnedoff andonby

(on lapopt) and (off lapopt)

A sampleof optimizedcodecanbefoundin thefollowing sectionondisassemble.

26.8 Disassembler

For most implementationsof PSL, a disassemblerfor compiledfunctionsis available
which givesinsight into the ’real’ code. It is a tool for codeoptimizationonly andnot
meantto give insightfor the’normal’ LISPuser.
Example:

(load disassemble)
NIL
(disassemble ’get)
( ** Function GET at 16#36110)

00036110 9DE3BFA0 save r14,-x’60,r14
00036114 3B3E0000 sethi -x’20000,r29
00036118 21360002 sethi -x’9FFFE,r16 Alloc 2
0003611C A2100002 or r0,r2,r17 (frame 1)
00036120 9930601B srl r1,x’1B,r12
00036124 80A3201E subcc r12,x’1E,r0
00036128 32800007 bne,a L0003
0003612C 82100006 or r0,r6,r1
00036130 9930A01B srl r2,x’1B,r12
00036134 80A3201E subcc r12,x’1E,r0
00036138 22800005 be,a L0004
0003613C 88100006 or r0,r6,r4
00036140 82100006 or r0,r6,r1

L0003:
00036144 81C7E008 jmpl r31+8,r0
00036148 81E82000 restore r0,0,r0

... etc ...

26.9 Mor eunsupportedsoftware

A few partsof thePSLsystemor applicationsareno longerusefulor cantbesupported.
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26.9.1 Oload not supported

Wediscontinuethesupportof OLOAD, whichallowsonsomeversionsto link in external
routinesinto PSLat run time usingthesystemloader. As alternative we recommendthe
usageof sharedmemory(seebelow). An examplehow to useansharedmemorybased
oloadsubstituteis underdevelopment.

26.9.2 Portable CommonLisp Subset(PCLS) not supported

If youwantCommonLISP, pleaseuseCommonLISP.

26.10 SharedMemory Interface (Unix only)

ThePSLsharedmemoryinterfaceprovidesall functionfor operatingwith sharedmemory
regionsandsemaphores(Seee.g.Unix manpagesfor shmop,shmget,shmctl,semop,semctl,semget
etc.) The definitionsof thesemanpagesareusedin the paragraph.Using the memory
addressmapmechanismdescribedbelow,it is easyto write one’s own sharedmemory
application.
In therestof thisparagraphwedescribeasimplemodelimplementationof a ’pipe’ using
sharedmemoryandasemaphore.Thiscodeis containedin thefile $pu/shmem.sl.

(shm!-open S:pair M:Mode): any expr

If S = 0 a new sharedmemoryareais allocated.OtherwiseS is expectedto bea
dottedpair of shmidandsemidof anexistingsharedmemory. Legalmodesarein-
put create,output create,input and output. A list consistingof channelnumber
shmidandsemidis returned.

(independentdetachshm C:channel): any expr

Detachesthesharedmemoryregionusedby C, closesthechannel.

(readfromshm C:channel): any expr

Waits until the sharedmemoryregion is readable,readsan expressionandresets
themodeto writable.Returnstheexpression.

(writetoshm C:channel E:expression): list expr

Waitsuntil thesharedmemoryregioniswriteable,printstheexpressionusingprin2.
Returnsthevalueof prin2.

ThefollowingCprogramworkstogetherwith thePSLpartsuchthatit printsthemessages
readfrom sharedmemorywhenthey arereadyfor printing. It mustbestartedwith two
paramemters,namelytheshmidandthesemidto synchronizewith thePSLpart.

#include <stdio.h>
#include <sys/types.h>
#include <sys/ipc.h>
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#include <sys/sem.h>

struct sembuf ;

struct sembuf sembu;
struct sembuf *sembuptr;

main (argc,argv)
int argc;
char *argv[];

{ int sema , shmemid;
char * shmaddress;

sembuptr = &sembu;

sscanf(argv[1],"%d",&shmemid);
sscanf(argv[2],"%d",&sema);

/* open shared memory */

printf("the data is : %d %d\n",shmemid,sema);
shmaddress = shmat(shmemid,0,0);

while (1)
{ waitsema(sema) ; /* wait for a 0 */

printf("the message is : %s \n",shmaddress +4);
setsema (sema,2) ; /* ok, eaten */

}
}

setsema (sema,val)
int sema,val;
{ semctl(sema,0,SETVAL,val); }

waitsema (sema)

int sema;
{

sembu.sem_num =0; sembu.sem_op = 0; sembu.sem_flg =0;

semop (sema, sembuptr , 1);
}
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26.11 Socket interface (Unix only)

to beadded....

26.12 Pipe Interface (Unix only)

ThePipeinterfaceestablishesa pipeasa PSLchannelfrom which (or to which) normal
PSLread/writeoperationscanbeused.Pipesarespeciallyusefulto supplydatato other
processes,e.g.REDUCEusesit to senddatato aplot program.

(pipe!-open S:string M:Mode): integer expr

Startsa processandexecutesthe commandin ¡string¿. The modemustbe either
Inputor Output.Returnsa channel.

Pipesareclosedwith a normalclosecall. This will kill theprocessthathasbeenstarted.
If thisprocessshouldsurvive,youhave to useabandonpipe.

(abandonpipe channel): void expr

Closeschannelwithoutkilling theprocessstartedby pipe!-open.Returnsnil .

Example:

(load pipes)
(setq chn (pipe!-open "uname"))
(channelread chn)
(close chn)

26.13 Mapping of LISP Addr essesto C addresses

This paragraphappliesfor somearchitecturesonly, e.g. the IBM/RS, HP PA-Risc
and MIPS wherethesystemarchitectureuses’high’ bits in theaddresseswhichconflict
with the PSL taggingmechanism.(Seethe paragraphon the Sizeof the Addressspace
above). The consequenceof this is that using the inf operationfor calculatingthe C
equivalentfrom a LISPaddressdoesnotwork here.Theeasiestway (withoutexplaining
thereason)of mappingfor thearchitecturesis:

IBM/RS (mkstritem)
HPPA-Risc (mkvecitem)

Mips (wshift (inf item)2)
Linux elf (mkfixn item)

On Convex systemsthe’high’ bit is theleftmostone.Thereforethetagbits startat bit 1
andtheinf rangeis limited by 26bits. Theinf operationworksasexpected.
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toploop,150
toploopeval* (global),150
toplooplevel* (global),151
toploopname*(global),151
toploopread*(global),150
totalcopy, 219
tr, 161
trace,161
transfersign,23
trst,162
truncatevector, 166
truncatewords,166
typeerror, 159
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unbindn,113
unboundp,39,113
unbr, 162
undeclare-flavor, 208
unfluid,113
union,51
unionq,51
unless,74
unquote,103
unquotel,103
unreadchar, 134
untr, 162
unwind-all,94
unwind-protect,94
upbv, 218
upbw, 166
uppercasep,61
usagetypeerror, 159
useful-fns(global),191
user, 42
user-homedir-string,182
usermode,3

valuecell,39
vector, 13,216
vector-empty?,217
vector-fetch,2, 217
vector-size,217
vector-store,217
vector-upper-bound,217
vector2list,14
vector2string,13
vectorp,10

when,74
while, 79
with-input-from-string,71
with-output-to-string,72
wrap,108
wrapped?,108
wrapper-of-type?,108
wrapper-standard-order(global),109
wrapper-types,108
writechar, 129
wrs,141

xcons,45
xref-assert,190

xref-assert-list,190

yesp,136

zerop,21


