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ABSTRACT

This manualdescribeghe primitive datastructuresfacilities andfunctions
presenin the PortableStandard_ISP (PSL) system.It describegheimple-
mentationdetailsandfunctionsof interestto a PSL programmerExceptfor
asmallnumberof hand-codedoutinesfor I/O andefficientfunctioncalling,
PSLiswrittenentirelyin itself, usingamachine-orientethodeof PSL,called
SYSLisp,to performword, byte, andefficient integer andstring operations.
PSLis compiledby anenhancedersionof the PortablelLISP Compiler and
currentlyrunson mary platforms,from personatomputersipto supercom-
puters.
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Intr oduction

1.1 Opening Remarks

This documentdescribesPSL (PortableStandardLisp 1), a portable,”small” and fast
LISP developedoriginally at the University of Utah andthe Hewlett-PackardCompayy.
The presentversionof PSL is supportedoy the Konrad—Zuse-ZentrurBerlin. PSLis
upward-compatiblewith StandardLisp 2. In mostcasesStandard_isp did not commit
itself to specificimplementatiordetails(sinceit wasto be compatiblewith a portion of
"most” LISPs). PSLis morespecificand providesmary morefunctionsthandescribed
in thatreport.

Thegoalsof PSLinclude:

e Providing implementatiorioolsfor LISP thatcanbeusedto implementavarietyof
LISP-like systemsincludingmini-Lispsembeddedh otherlanguagesystems.

o Effectively supportinghe algebrasystemon a numberof machines.

e Studyingthe utility of aL LISP-basedystemdanguagedor otherapplicationgsuch
asCAGD or VLSI design)in which Lisp codeprovidesefficiengy comparabldo
thatof C or BCPL, yetenjoys theinteractve programdevelopmentanddehugging
ernvironmentof LISP.

1.2 Scopeof the Manual

This manualis intendedto describethe syntax,semanticsandimplementatiorof PSL.
While we have attemptedo make it comprehensk, it is notintendedor useasaprimer.
Someprior exposureto LISP will prove to bevery helpful.

1.2.1 Typographic Conventionswithin the Manual

A large portion of this manualis devotedto descriptionf the functionsthat make up
PSL. For eachfunction thereis a prototypicalheaderine. Eachargumentis given a
name followedby thetype of agumentexpected.If morethanonetypeis allowedthen
the choiceswill be enclosedwithin the braclets{, and}. For example,the following
headeshavs afunctionnamedvectorfetchwhich acceptswo aguments Thefirst V, is
avector thesecond, is aninteger Thetermexpr refersto atype of function.

I"LSP” backwards!
2J.B. Marti, A. C.Hearn M. L. Griss,C. Griss: The Standard_isp Report

1



(vector-fetch V:vector l:integer): any expr
Thevaluereturneds thei’ th elementof thevectorV.

Within compiledcode, somefunction calls are replacedby a sequencef instructions
whoseexecutionis equivalentto a call on thefunction. Functionsof this typewill have a
notesayingopen-compiledhext to the functiontype.
Somefunctionsacceptanarbitrarynumberof aguments.The headeffor thesefunctions
shavs a singleargumentenclosedn squaredraclets,indicatingthatzeroor moreoccur
rencef thatagumentareallowed.

(and [U:form]): extra-boolean fexpr
And is afunctionwhich acceptzeroor moreargumenteachof which may
beary form.

In somecasesLISP codeis givenin the function documentatiorasthe function’s defi-
nition. This codeis givento clarify the semanticof the function, it is nota copy of the
actualPSLdefinition.

1.3 Hints on Usingthe PSL System

The following sub-sectiongollect a few miscellaneousiotesthat are further expanded
onelsavhere.They areprovidedheresimply to getyou started.

1.3.1 Loading Optional Modules

Certainmodulesare not presenin the "kernel” or "bare-psl” system but canbe loaded
asoptions. Someof theseoptionalmoduleswill be automaticalljjoadedwhenfirst ref-
erencedOthermodulesmaybe explicitly loadedby the user or includedby theinstaller
whenbuilding the PSL coreimage. Optionalmodulescan be loadedby executingthe
following.

(load modulename)

Whena moduleis loadedits nameis addedto a list referencedoy the global variable
options*. Themoduleswvhich make upthe BARE-PSLkernelarenotincludedin thislist.
An applicationof loadwill beabortedf theaguments foundin theoptions*list. If it is
necessaryo load a modulea secondime usereload,do not attemptto alterthe valueof
options*.

1.3.2 Error and Warning Messages

Many functionsdetectandsignalappropriatesrrors; in mary casesanerrormessages
printed. Theerrorconditionsaregivenaspartof afunction’sdefinitionin themanual . An
errormessagés precededy five stars(*); awarningmessagés precededy three.For
example,mostprimitive functionscheckthetype of their aigumentsaanddisplayanerror
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messagéf anargumentis incorrect. The type mismatcherror mentionsthe functionin
whichthe errorwasdetectedgivesthe expecteadype,andprintsthe actualvaluepassed.

1 lisp> (car "STR")
¥k An attempt  was made to do CARon “STR", which is not

The switchusermodeis usedto distinguishbetweerfunctionswhich comprisePSLand
functionsdefinedby theuser Whenthevalueof thisswitchis t thenthenameof eachuser
definedfunctionis flaggeduser. Whena functionis aboutto be defined,if *usermode
is t, thereis anotherfunctionassociateavith the name,andthe nameis not flaggediose
thenthefollowing promptwill bedisplayed.

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

You are expectedto respondwith YES Y, NQ N, or B. A responsef B will resultin

a breakloop (seeChapterl6). After quitting the breakloop you shouldrespondwith

YES Y, NQ or N (seeyespin Chapterl5). Unlessyou consideryourselfan expertit

is dangerougo give an affirmative response.It is bestto simply give your function a
differentname. If the switchredefmsgis setto t thenwhenerer a functionis redefined
themessage

***  Function ‘NAME’ has been redefined

will beprinted.
If anidentifieris flaggedLOSEthenit cannotbe assigned functionaldefinition.

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

1.4 Switchesand Globals

Generally the nameof anidentifierwhich represents switchwill startwith a™”. For
example *redefmsgand*usermodeareswitches.Thevalueof a switchis modifiedwith
thefunctionson andoff. Notethatin the examplebelow, the prefix ™*” is omittedwhen
usingon andoff.

1 lisp> (on redefmsg)
nil

2 lisp> *redefmsg

t

Thenameof anidentifierwhichrepresentaglobalendswith ™*”. options*is anexample
of aglobal.

a pair



1.5 Compilation Versusinter pretation

PSL usesboth compiledandinterpretedcode. If compiled,a function usually executes
fasterandis smaller However, thereare somesemanticdifferencesof which the user
shouldbe aware. For example,somerecursve functionsare madenon-recursie, and

certainfunctionsareopen-compiledA call to anopen-compiledunctionis replacedpn

compilation,by a seriesof onlineinstructionsnsteadof justbeingareferencdo another
function. Functionscompiledopenmay not do asmuchtype checking.

1 lisp> (de list-first (p) (car p))

list-first

2 lisp>  (list-first "STR")

*ekk o An attempt was made to do CARon “STR’, which is not a pair
3 lisp> (compile  ’(list-first))

nil

4 lisp>  (list-first "STR")

#<Unknown f7000002>

To avoid this the userwould have to add codewhich checksthe type of P beforecaris
applied.

2.1 DataTypes

2.1.1 Data Typesand StructuresSupportedin PSL
Data Types

In contrastto mary programminglanguagestype declarationsare not neededn PSL.
Dataobjectscontaininformationabouttheirtype. Somefunctions likeequal are’generic”
in thattheresultthey returndepend®nthetypesof thearguments.

1 lisp> (equal “sextuped"  "sextuped")

-

2 lisp> (equal [bencolin beef] [bencolin beef])
T

For thepurpose®f inputandoutput,anappropriatenotationis usedfor eachtype of data
objectusedin PSL. For example,doublequotesare usedto delimit the characterof a
string. For afull discussioron syntaxseeChapterl2.

The basicdatatypessupportedn PSLanda brief indicationof their representationare
describedelow.

integer Theintegersarealsocalled’fix ed” numbersThe magnitudeof integersis
essentiallyunrestrictedf the "big number’module,zbig, is loaded. The
notationfor integersis a sequencef digits in anappropriataadix (radix
10is the default, which canbe overriddenby a radi prefix, suchas2#, 8#,
16#etc). Therearethreeinternalrepresentationsf integers,choserto suit
theimplementation:
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inum

fixnum

bignum

float

pair

vector

string

A signednumberfitting into info. Inumsdo not requiredynamicstorage
andarerepresenteth the sameform asmachinentegers.

A full-word signedinteger, allocatedn theheap.

A signedinteger of arbitrary precision,allocatedas a vector of system
integers. Theseintegersmay be not integersfor PSL,becausehey do not
fit into info. Beware.Bignumsarecurrentlynotinstalledby default,to use
themloadtheZBIG module.

A floating point number allocatedin the heap. The precisionof floatsis

determinedsolely by the implementation.Usually, the floating numbers
areequwalentto system’'doubles’,(64 bits). The notationfor a floatis a

sequencef digits with the additionof a singlefloating point (. ) and

an optionalexponent(E <integer>). (No spacesnay occurbetweenthe

point andthe digits). Radix 10 is usedfor representinghe mantissaand

the exponentof floatingpointnumbers.

An identifier (or id) is anitem whoseinfo field pointsto afive-itemstruc-
ture containingthe print name propertycell, valuecell, functioncell, and
packagecell. This structureis containedn theid space.The notationfor
anid is its print name,an alphanumericharacteisequence One always
refersto a particularid by giving its print name.Whenpresentedavith an
appropriateprint name,the PSL readerwill find a uniqueid to associate
with it. SeeChapterst and12 for moreinformationon ids andtheir syn-
tax. Theidst andnil areconsideredpecialin thatit is not possiblefor the
userto redefinetheir valuecells.

A primitive two-item structurewhich hasa left andright part. A notation
calleddot-notationis used,with the form: (<left-part> . <right-part>).
The<left-part> is known asthecarportionandthe <right-part- asthecdr
portion. The partsmaybeary item. (Spacesareusedto resolve ambiguity
with floats;seeChapterl2).

A primitive uniform structureof items;anintegerindex is usedto access
randomvaluesin the structure. The individual elementsof a vectormay

beary item. Accesdo vectorsis by meansf functionsfor indexing, sub-

vectorextractionandconcatenatiorgefinedin Section7.1. In thenotation

for vectors,the elementsof a vectorare surroundeddy squarebraclets:

[item-0item-1... item-n].

A pacledvector(or byte vector)of charactersthe elementsaresmallin-
tegersrepresentinghe ASCII codesfor the charactergusually inums).
The elementanay be accessedy indexing, substringand concatenation
functions,definedin Chaptel6. Stringnotationconsistof aseriesof char
actersenclosedn doublequotes,asin "THIS IS A STRING”. A quote
is includedby doublingit, asin "HE SAID, ""LISP™™. A stringmaybe
inputacrosgheendof aline but awarningwill be givenunlessthe switch
eolinstringok is non-nil (seeChapterl2).



w-vector

byte-vector

A vectorof machine-sizedords,usedo implementuchthingsasfixnums,
bignums.etc. Theelementsarenot consideredo beitems,andarenot ex-
aminedby thegarbagecollector

A vectorof bytes.Internallya byte-vectoris the sameasa string, but it is
printeddifferentlyasa vectorof integersinsteadof characters.

code-pointer Thisitem is usedto referto the entry point of compiledfunctions(exprs,

fexprs,macrosgtc.),permittingcompiledfunctionsto berenamedpassed
aroundanorymously etc. New code-pointersare createdby the loader
(lap,fasl)andassociatedunctions.They canbeprinted;theprinting func-
tion prints the numberof argumentsexpectedaswell asthe entry point.
The valueappearsn the corventionof the implementatior(e.g. #<Code
A N>, whereA is thenumberof agumentsandN is theentrypoint).

Other Notational Conventions

Certainfunctional agumentscan be ary of a numberof types. For corvenience,we
give thesecommonlyusedsetsa name. We refer to thesesetsas"classes”of primitive
datatypes. In additionto the typesdescribedabore andthe namedsor classef types
given below, we usethe following conventionsin the manual. {XXX, YYY } indicates
thateitherdatatype XXX or datatype YYY will do. {XXX}-{YYY } indicatesthatary
objectof type XXX canbeusedexceptthoseof typeYYY;inthiscaseYYY isasubsebf
XXX. Forexample {integer, float} indicateghateitheranintegeror afloatis acceptable;
{ary}-{vector} meansary typeexceptavector

any

atom

boolean

character

constant

Any of thetypesgivenabove. S-expressions anothetermfor ary. All
PSLentitieshave somevalueunlessanerroroccursduringevaluation.

Theclassary-pair.

Theclassof globalvariableg, nil, or theirrespectre valuest, nil. (See
Sectior4.6).

Integersin the rangeof O to 255 without 128 representindASCII char
actercodes.Thesearedistinctfrom single-characteds.

Theclassof integer, float, string, vector code-pointerA constaneval-
uatedo itself (seethedefinitionof eval in Chapterll).

extra-boolean Any valuein the system.Anythingthatis notnil hasthe booleaninter-

ftype

io-channel

pretationt.

The setof ids (expr, fexpr, macro,and nexpr), which representefin-
able function types. The ftype is only an attribute of identifiers,and
IS not associatedvith eitherexecutablecodecode-pointeror lambda
expressions.

A smallintegerrepresentinginio channel(seeChapterl2 for a com-
pletediscussiorof io-channels).
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number Theclassof integer, float.
X-vector Any kind of vector;i.e. astring,vector w-vector or word.
Undefined An implementation-dependewnaluereturnedby somelow-level func-

tions;i.e. theusershouldnotdependn this value.

NoneReturned A notationalcorvenienceusedto indicatecontrolfunctionsthatdo not
returndirectly to the calling point, andhencedo not returna value(for
example,seethefunctiongo in Chapter8).

Structures

Structuresreentitiescreatedusingpairs. Lists arestructurevery commonlyrequiredas

parameterso functions. If alist of homogeneousntitiesis requiredby a function, this

classs denotedy xxx-list, in which xxx is thenameof aclassof primitivesor structures.
Thusalist of idsis anid-list, alist of integersis anintegerlist, andsoon.

list A list is recursvely definedas nil or the pair (ary . list). A specialnota-
tion calledlist-notationis usedto representists. List-notationeliminatesthe
extra parentheseanddotsrequiredby dot-notation asillustratedbelow. List-
notationanddot-notationmaybe mixed,asshovn in thesecondexample.

DOT NOTATION LIST NOTATION
(A . B . (C. NL)) (A B C)
(A . B) . O (A B) . C)

Note: () is analternatanput representatioof nil.

a-list An a-list,or associatiottist, is alist in which eachelementis apair, thecarpart
beingakey associateavith thevaluein the cdr part.

form A formis anS-expression(ary) whichis legally acceptabléo eval; thatis, it is
syntacticallyandsemanticallyacceptedy theinterpreteror the compiler

lambda A lambdaexpressionmustbe of the following form, the squarebraclets are
usedto indicatezeroor moreoccurancesf anexpression.

(LAMBDA <parameters>  [<form>])

The expression<parameters> s a list of ids which representshe formal
parametersrthebody(thesequencef <form> s). Theevaluationof thebody
takesplaceasif the<form> swereenclosedvithin aprogn.

function A lambdaexpressioror acode-pointerthefunctiontypeis assumedo beexpr.
This meanghatthe argumentswill be evaluatedandthatthe numberof argu-
mentsmustagreewith the numberof parameters.



2.1.2 PredicatesUsefulwith Data Types

Most functionsin this Sectionreturnt if the conditiondefinedis metandnil if it is not.
Exceptionsarenoted.Definedaretype-checkingunctionsandelementarycomparisons.

Functionsfor Testing Equality

Functiondfor testingequalityarelistedbelow. For otherfunctionscomparingarithmetic
valuesseeChapter3.

(eqU:any V:any): boolean open-compiledxpr
Returng if U pointsto thesameobjectasV, i.e. if they areidenticalitems.

Eqis notareliablecomparisorbetweemumericaguments.This function

shouldonly beusedin specialcircumstancesNormally, equalityshouldbe

testedwith equal,describedelow.

(egnU:any V:any): boolean expr
Returnst if U andV areeqor if U andV arenumbersandhave the same
valueandtype.

(equalU:any V:any): boolean expr
Returnst if U andV arethesame.A usuallyvalid heuristicis thatif two
objectdook thesamaf printedwith thefunctionprint, they areequal.Equal
is open-compilediseqif oneargumentis known to beanatom.
(de equal (u v)
(cond ((and (pairp u) (pairp V))
(and (equal (car u) (car V)
(equal (cdr u) (cdr Vv))))
((and (stringp u) (stringp Vv))

(string= u v))
((and (vectorp  u) (vectorp V)
(vector-equal u v))

(t (eqn u v))

1 lisp> (setg x ’(lisa) y X)
(LISA)
2 lisp> (eq x vy)

3 lisp> (eq x ’(lisa))
NIL
4 lisp> (equal x ’(lisa))

5 lisp> (eq 1.0 1.0)
NIL
6 lisp> (egn 1.0 1.0)
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T
7 lisp> (equal 0 0.0)
NIL
(neqU:any V:any): boolean macio
(not(equalU V)).
(ne U:any V:any): boolean open-compile@xpr
(not(eqU V)).
(eqgstr U:any V:any): boolean expr

Comparetwo strings, for exact (casesensitve) equality The function
string-equal(which is definedin the STRINGSmodule),is not sensitve
to case Eqgstrreturnst if U andV areeqor if U andV areequalstrings.

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

Predicatesfor Testingthe Type of an Object

(atom U:any): boolean open-compile@xpr
Returng if U is notapair.

(codepU:any): boolean open-compile@xpr
Returng if U is acode-pointer
(constantpU:any): boolean expr

Returnst if U is a constant(thatis, neithera pair nor anid). Note that
vectorsareconsidereatonstants.

(fixp U:any): boolean open-compile@xpr
Returng if U is aninteger. If BIG is loaded this functionalsoreturnst for
bignums.

(floatp U:any): boolean open-compileaxpr
Returng if U is afloat.

(idp U:any): boolean open-compile@xpr
Returng if U is anid.
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(null U:any): boolean open-compileaxpr
Returnst if U is nil. Thisis exactly the samefunction asnot, definedin
Section2.2.3.Both areavailablesolelyto increaseeadability

(numberp U:any): boolean open-compiledxpr
Returng if U is anumber(integeror float).

(pairp U:any): boolean open-compile@xpr
Returng if U is apair.

(stringp U:any): boolean open-compile@xpr
Returng if U is astring.

(vectorp U:any): boolean open-compileaxpr
Returng if U is avector

BooleanFunctions

Booleanfunctionsreturnnil for false; anything non-nil is taken to be true, althougha
cornventionalway of representingruth is ast. Notethatt alwaysevaluateso itself, its

value cannotbe redefined. Nil may alsobe representeds(). As a matterof style, ()

shouldbe usedto referto anemptylist. The Booleanfunctionsand,or, andnot canbe
appliedto anobjectof ary type. And andor may alsobe usedascontrolstructuregsee
Section8.2for moreinformation).

SincePSLtreatsary valuewhich is non-nil asarepresentatiofor true,thereis no clear
distinction betweenan arbitrary function and a booleanfunction. However, the three
functionspresentedereare by far the mostusefulin constructingmore comple tests
from simplepredicates.

(not U:any): boolean open-compile@xpr
Returnst if U is nil. Thisis exactly the samefunctionasnull, definedin
Section2.2.2.Both areavailablesolelyto increaseeadability

(and [U:form]): extra-boolean open-compiledexpr
And evaluateseachU until a valueof nil is found or the endof thelist is
encountered.If a non-nil valueis the lastvalue, it is returned;otherwise

nil is returned. Note that and calledwith zeroargumentsreturnst. In the
examplewhich follows andis usedto selectthefirst elemenibf alist, if the

call onpairpreturnsnil thencarwill notbeapplied.

1 lisp> ((lambda (p) (and (pairp p) (car p))) '(robin))
robin
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(or [U:form]): extra-boolean open-compiledexpr
U is any numberof expressionsvhich are evaluatedin orderof their ap-

pearancelf oneis foundto be non-nil, it is returnedasthe valueof or. If

all arenil, nil is returned.Notethatif or is calledwith zeroagumentsjt

returnsnil. Thefollowing functiondefinesa predicatdor numbers.

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

2.1.3 Converting Data Types

Thefollowing functionsareusedin cornvertingdataitemsfrom onetypeto another They
aregroupedaccordingo thetypereturned Numerictypesmay be corvertedusingfunc-
tionssuchasfix andfloat, describedn Section3.2.

(intern U:id,string): id expr
Returnsanidentifierfrom the symboltable (alsocalledtheid-hash-table).

Whenthe PSLreadereadsa sequencef charactersvhich notateanid, it

will applyinternto thestringof charactersThereforejt generallydoesnot

make senseao applyinternto anid. Internwill searclthesymboltablefor an

id whoseprintnamematchedJ. If thesearchs successfuhenthematching

id is returned Otherwisea new id will be enterednto thesymboltableand
areferenceo it will bereturned.If U hasmorethanthe maximumnumber

of characterpermittedby theimplementationanerrorwill besignalled.

¥k Too many characters to INTERN

Theid which is returnedfrom an applicationof internto a stringwill have the stringas
its print name.Mostidentifiershave lowercaserint namegeventhoughyou maytypein
lower caseletters),but interning”’ABC” yieldsanid with alower caseprint name.

1 lisp> (eq (intern "abc")  ’'abc)
NIL

The maximumnumberof charactersn ary tokenis systemdependentaround5000can
be expectedo beallowed.

(newid S:string): id expr
Allocatesa new identifierandsetsits print nameto thestringS. Theidenti-

fieris notaddedo the symboltable(anidentifierwhich doesnot appeaiin
thesymboltableis saidto be uninterned).Thestringis not copied.

1 lisp> (setg new (newid "NEWONE")
NEWONE

2 lisp> (eq new ’'newone)

nil
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If onerefersdirectly to anidentifier (for example’newone),thereaderwill applyintern
to thestringof character# hasread("NEWONE”"). In theexample theidentifiercreated
by thecall on newid is differentfrom theonecreatedoy thereademwhenit read’newone.

(int2id l:integer): id expr
Corvertsanintegerto anid; thisrefersto thel’th id in theid space.Since

0 ... 255correspondo ASCII charactersint2id with an argumentin this
rangecorvertsan ASCII codeto thecorrespondinginglecharacterd. The

id NIL is alwaysfoundby (int2id 128) .

(id2int D:id): integer expr
Returngheid spacepositionof D asa LISP integer.

(id2string D:id): string expr
Getnamefrom id space.ld2stringreturnsthe print nameof its argument

asastring. Thisis nota copy, sodestructve operationshouldnot be per

formedontheresult. PSLusesanescapeorventionfor notatingidentifiers

whichcontainspeciakharactersAny charactewhichfollowsthecharacter

I is consideredo beanalphabeticharacterin theexample,noticethatthe

charactet doesnotappeain theresult.

1 lisp> (id2string 'is-1%)
"is-%"
(string2list S:string): inum-list expr

Createslist of length(add1(sizeS)), corvertingthe ASCII charactergto
smallintegers.

1 lisp>  (string2list "STRING")

(83 84 82 73 78 71)

(list2string L:inume-list): string expr

Allocatesa string of the samesizeasL, andcorvertssmallintegersinto

charactersiccordingo their ASCII code.An integeroutsidethe rangeof 0

... 127will resultin anerror.

ek 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 [l:inum]): string nexpr

Createsandreturnsa stringcontainingeachof the smallintegers
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1 lisp> (string 83 84 82 73 78 71)
"STRING"

(vector [U:any]): vector nexpr
Createsandreturnsa vectorcontainingall the Us given.

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

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

theintegersasASCII values.An integeroutsidetherangeof O ... 255will

resultin anerror.

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

(string2vector S:string): vector expr
Unpackthestringinto avectorof thesamesize. Theelement®of thevector
aresmallintegers,representinghe ASCII valuesof thecharacterin S.

1 lisp> (string2vector "VECTOR")
[V ECT OR]

(vector2list V:vector): list expr
Createalist of thesamesizeasV, the elementsarecopiedin aleft to right
order

1 lisp> (vector2list [L I ST)

(LI ST
(list2vector L:list): vector expr
Copy theelementof thelist into a vectorof the samesize.

1 lisp> (list2vector 'V ECT OR))

[V ECT OR]

3.1 Numbersand Arithmetic Functions

Most of the arithmeticfunctionsin PSL expectnumbersasamuments.In all casesan
erroroccursif the parameteto anarithmeticfunctionis notanumber:

ool Non-numeric argument in arithmetic
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Exceptiondo therule arenoted.

The underlyingmachinearithmeticrequiresparameterdo be eitherall integersor all

floats. If a functionrecevesmixedtypesof agumentsjntegersare corvertedto floats
beforearithmeticoperationsare performed. The rangeof numberswhich canbe repre-
sentedy anintegeris differentthanthatrepresentetly afloat. Becaus®f thisdifference,
acorversionis notalwayspossibleanunsuccessfudttempto cornvertmaycauseanerror
to besignalled.

Themathlib packageontainssomeusefulmathematicatunctions.

3.1.1 Big Integers

LoadingtheZBIG ! moduleredefineghe basicarithmeticoperationsincludingthelogi-
cal operationsto permitarbitraryprecision(or "bignum”) integeroperations.

3.1.2 Conversion Betweenintegersand Floats

The corversionsmentionedabove can be done explicitly by the following functions.
Otherfunctionswhich altertypescanbefoundin Section2.3.

(fix U:number): integer expr
Returngtheintegerwhich correspondso thetruncatedvalueof U. There-

sultof corversionmustretainall 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 correspondingo the valueof theargumentU is returned.Some
of theleastsignificantdigits of anintegermaybelost dueto theimplemen-
tation of float. If U afloat thenit will be returnedunchangedIf U is too
largeto represenin floatanerroroccurs.

ek Argument to FLOAT is too large

3.1.3 Arithmetic Operators

This sectiondescribesarithmeticfunctionsin the library module numeric-ops The
namesof thesefunctionsarebasediponmathematicahotation.

Thereis a switch calledfast-integerswhosevalue hasan effect on the compilationof
forms which containapplicationsof the functionsdescribedhere. The documentation

1ZIB versionof big integers the optimalversionfor the particulararchitecture
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assumetshatthe switchfast-int@ersis nil. Whenthis switchis non-nilthe compilerwill
generateodewhich s very efficient. However, it is assumedhatargumentsandresults
will be integersin the inum range. If this assumptions violatedthenat bestyour code
will notgenerateorrectresults,you mayactuallydamagehe PSL system.

Common LISP operators

(= X:number Y:number): boolean expr
NumericEqual. Trueif thetwo argumentsarenumbersof the sametype

and samevalue. Unlike the CommonLISP operatoy no type coercionis

done,no erroris signalledif oneor both agumentsare non-numericand

only two amgumentsare permitted.Instead|t is merelyincorrectto supply

anon-numeria@argument.

(/= X:number Y:number): boolean expr
NumericNot Equal.Nil if X andY arenumbersf equaltypeandvalue;t

if X andY arenumbersof unequakypeor value.lt is incorrectto supplya
non-numeri@mgument.

(< X:number Y:number): boolean expr
NumericLessThan. Trueif X is lessthany, regardlesof type. An error
is signalledif eitherargumentis notnumeric.

(> X:number Y:number): boolean expr
NumericGreaterThan. Trueif X is greaterthany, regardlesf type. An
erroris signalledif eitheragumentis not numeric.

(<= X:number Y:number): boolean expr
NumericLessThanor Equal. Trueif X islessthanor equalto Y, regardless
of numerictype. An erroris signalledif eitheragumentis not numeric.

(>= X:number Y:number): boolean expr
NumericGreaterThanor Equal. Trueif X is greaterthanor equalto Y,

regardlessof numerictype. An erroris signalledif eitherargumentis not

numeric.
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(+ [N:number]): number

Numeric Addition. The value returnedis the sum of all the aguments.

The agumentsmay be of ary numerictype. An erroris signalledif ary
argumentis notnumeric.If suppliedno agumentsthevalueis 0.

(= N:number [N:number]): number

NumericMinus or Subtractionlf givenoneargumentreturnsthe negative
of thatagument.If givenmorethanoneargumentyeturnstheresultof suc-
cessvely subtractingsucceedingugumentdrom thefirstagument.Signals
anerrorif noamgumentsaresuppliedor if any algumentis non-numeric.

(* [N:number]): number

NumericMultiplication. Thevaluereturnedis the productof all the argu-
ments.Theargumentsnay be of any numerictype. An erroris signalledif
ary aigumentis not numeric.If suppliedno agumentsthevalueis 1.

(/ N:number [N:number]): number

Numeric Reciprocalor Division. If givenone argument,returnsthe re-
ciprocal of that agument. If given more than one argument,returnsthe
resultof successiely dividing succeedingagumentsfrom the first argu-
ment. Signalsan errorif no agumentsare suppliedor if any agumentis
non-numeric.

Additional Operators

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

(// X:integer Y:integer): integer
IntegerRemainderSameasremainder

(~ X:integer): integer
IntegerBitwise Logical Not. Sameasinot.

(& X:integer Y:integer): integer
IntegerBitwise Logical And. Sameasland.

macio

macio

macio

macio

expr

expr

expr

expr
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(| X:integer Y:integer): integer
IntegerBitwise Logical Or. Sameaslor.

(A X:integer Y:integer): integer
IntegerBitwise Logical Xor. Sameasl|xor.

(<< X:integer Y:integer): integer
IntegerBitwise Logical Left Shift. Sameaslshift.

(>> X:integer Y:integer): integer
IntegerBitwise Logical Right Shift. Sameas(Ishift X (minusY)).

3.1.4 Arithmetic Functions

17

expr

expr

expr

expr

Thefunctionsdescribedelov handlearithmeticoperations.Pleasenotethe remarksat

the beginningof this Chapteregardingthe mixing of agumenttypes.

(absU:number): number
Returngheabsolutevalueof its agument.

(add1U:number): number
Returnsthe valueof U plus 1; thereturnedvalueis of the sametypeasU
(integeror float).

(decr U:form [Xi:number]): number
Thisfunctionis definedin theusefulmodule.With only oneargumentthis
is equvalentto

(setf u (subl u))

With multiple agumentsit is equialentto
(setf  u (difference u (plus x1 ... xn)))

1 lisp> (setq y (1 5 7))
1 57

2 lisp> (decr (car y))

0

3 lisp> vy

(0 57

4 lisp> (decr (cadr y) 3 4)

expr

expr

macio
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-2
5 lisp> vy
o -2 7

(differenceU:number V:number): number
Thevalueof U - V isreturned.

(divide U:number V:number): pair

Thepair (quotient. remainder)s returnedasif the quotientpartwascom-
putedby thequotientfunctionandtheremaindeiby theremaindefunction.
An erroroccursif divisionby zerois attempted:

*eekk Attempt  to divide by O in  Divide

(expt U:number V:integer): number
ReturnsU raisedto theV power. A floatU to anintegerpowerV doesnot
have V changedo afloatbeforeexponentiation.

(incr U:form [Xi:number]): number
Part of theuseful packageWith only oneargumentthisis equivalentto

(setf u (addl u))
With multiple agumentst is equivalentto

(setft  u (plus u x1 ... xn))

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

(plus [U:number]): number

Formsthe sumof all its aguments. Plus may be called with only one
argument. In this caseit returnsits argument. If plusis calledwith no
armgumentsit returnszero.

(plus2U:number V:number): number
Returnghesumof U andV.

expr

expr

expr

macio

expr

macio

expr
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(quotient U:number V:number): number expr
Thequotientof U dividedby V is returned Division of two positive or two

negative integersis conventional. If bothU andV areintegersandexactly

oneof themis negative, the valuereturnedis truncatedowardO. If either

arguments afloat,afloatis returnedwvhichis exactwithin theimplemented

precisionof floats.An erroroccursif division by zerois attempted:

ek Attempt  to divide by 0 in QUOTIENT

(recip U:number): float expr
RecipcorvertsU to afloatif necessarandthenfindstheinverseusingthe
functionquotient.

(remainder U:integer V:integer): integer expr
(-U (* V (fix (/ U (float V)))))

(remainder 13 4) = 1

(remainder  -13 4) = -1

(remainder 13 -4) = 1

(remainder -13 -4) = -1
(sublU:number): number expr

Returnsthe valueof U minus1. If U is a float, the valuereturnedis U
minus1.0.

(times[U:number]): number macio
Returnsthe productof all its aguments. Times may be calledwith only
oneargument. In this caseit returnsthe valueof its agument. If timesis

calledwith noargumentsit returnsl.

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

3.1.5 Functionsfor Numeric Comparison

Thefollowing functionscomparehe valuesof their aguments Functionswvhich testfor
equalityandinequalityaredocumentedh Section2.2.1.

(geqU:any V:any): boolean expr
Equialentto (¢,=U V).
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(greatemp U:number V:number): boolean
Equivalentto (¢ U V).

(leq U:number V:number): boolean
Equialentto (j=U V).

(lesspU:number V:number): boolean
Equialentto (j U V).

(max [U:number]): number
Returngthelargestof thevaluesin U (numericmaximum).If two or more
valuesarethe samethefirstis returned.

(max2 U:number V:number): number
Returnsthe larger of U and V. If U andV are of the samevalue, U is
returnedU andV mightbe of differenttypes).

(min [U:number]): number
Returnghe smalles{numericminimum),of thevaluesin U. If two or more
valuesarethesamethefirst of theseis returned.

(min2 U:number V:number): number
Returnsthe smallerof its aguments.If U andV arethe samevalue,U is
returnedU andV mightbeof differenttypes).

(minusp U:any): boolean
Returng if U is anumberandlessthan0. Thereturnvalueis nil if U is not
anumberorif U is apositve number

(onepU:any): boolean
Returng if U isanumberandhasthevaluel or 1.0. Returnanil otherwise.

(zerop U:any): boolean
Returng if U isanumberandhasthevalueO or 0.0. Returnanil otherwise.

expr

expr

expr

macio

expr

macio

expr

expr

expr

expr
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3.1.6 Bit Operations

Thefunctionsdescribedn this sectionoperateonthebinaryrepresentatioof theintegers
givenasargumentsThereturnedvalueis aninteger.

(land U:integer V:integer): integer expr
Bitwise or logical and. Eachbit of the resultis independentiydetermined
from the correspondindpits of the operands.

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

from correspondingpits of the operands.This is aninclusive or, the value

of (lor11)is 1.

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

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

the resultis independentlydeterminedrom the correspondingits of the

operands.

(Ishift N:integer K:integer): integer expr
ShiftsN to theleft by K bits. Theeffectis similarto multiplying by 2 to the

K power. Negative valuesareacceptabldor K, andcausea right shift (in

the usualmanner).Lshift is a logical shift, so right shifts do not resemble

division by a power of 2.

3.1.7 Various Mathematical Functions

The optionally loadablemathlib moduledefinesseveral commonlyusedmathematical
functions.Someeffort hasbeenmadeto be compatiblewith CommonLisp. Whenread-
ing theexamplesnotethattheprecisionof theresultsdependnthemachinebeingused.

(ceiling X:number): integer expr
Returnghe smallesintegergreaterthanor 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 thatthis 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
( g p

Returnsthe nearesintegerto X. If thefractionalpartof X is 0.5thenthe
smallerintegeris returned.

(de round (X)
(f  (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

Transferghesignof Sto VAL.

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

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

(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 radiansyeturnsalist of threeintegers,whichrepresent
thedegreesminutes,andseconds.

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

(dmstoradiansDegs:numberMins:number Secs:number):number expr
Returnsananglein radiansgiventhreeagumentsepresentingnanglein
degreesminutesandseconds.

1 lisp> (dmstoradians 57 17 45)

1.0000009
2 lisp> (dmstoradians 180 0 0)
3.1415926
(degreestodmsX:number): list expr

GivenanangleX in degreesreturnsalist of threeintegersgiving theangle
in (DegreesMinutesSeconds).

(dmstodegeesDegs:numberMins:number Secs:number):number expr
Returnsan anglein degrees giventhreeagumentsrepresentingn angle
in degreesminutesandseconds.

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

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

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

(tan X:number): number
Returnghetangenbf X, ananglein radians.

(tand X:number): number
Returnghetangeniof X, ananglein degrees.

(cot X:number): number
Returnghe cotangenbf X, ananglein radians.

(cotd X:number): number

Returnghe cotangenodf X, ananglein degrees.

(secX:number): number
Returnghesecanof X, ananglein radians.

(secdX:number): number
Returnghe secanof X, ananglein degrees.

(cscX:number): number
Returnghecosecanof X, ananglein radians.

(cscdX:number): number
Returnghecosecanof X, ananglein degrees.

(asin X:number): number

Returnghearcsine,asananglein radianspf X.

(egn (sin  (asin X)) X)

(asind X:number): number

Returnghearcsine,asananglein degreespof X.

expr

expr

expr

expr

expr

expr

expr

expr

expr

expr

expr
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(acosX:number): number
Returnghearccosineasananglein radiansof X.

(egn (cos (acos X)) X)

(acosdX:number): number
Returnghearccosine asananglein degreespof X.

(atan X:number): number
Returnghearctangentasananglein radiansof X.

(egn (tan (atan X)) X)

(atand X:number): number
Returnghearctangentasananglein degreespf X.

(atan2 Y:number X:number): number

Returnsananglein radianscorrespondingo theanglebetweerthe X axis

andthevector[X Y]. NotethatY is thefirstagument.

1 lisp> (atan2 0 -1)
3.1415927

(atan2d Y:number X:number): number

Returnsananglein degreescorrespondingo the anglebetweerthe X axis

andthevector[X Y].

1 lisp> (atan2d -1 1)
315.0

(acot X:number): number
Returnghearccotangentasananglein radiansof X.

(egn (cot (acot X)) X)

(acotd X:number): number
Returnghearccotangentasananglein degreesof X.

(asecX:number): number
Returnghearcsecantasananglein radiansof X.

25
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(egn (sec (asec X)) X)

(asecdX:number): number expr
Returnghearcsecantasananglein degreespof X.

(acscX:number): number expr
Returnghearccosecantasananglein radiansof X.

(egn (csc (acsc X)) X)

(acscdX:number): number expr
Returnghearccosecantasananglein degreespof X.

(sgrt X:number): number expr
Returnghe squareoot of X.

(exp X:number): number expr
Returnghe exponentialof X.
(log X:number): number expr

Returnsthe natural(basee) logarithmof X. notethat(log (log (exp X)) is
equalto X.

(log2 X:number): number expr
Returnghebasetwo logarithmof X.

(log10X:number): number expr
Returnghebasetenlogarithmof X.

(random N:integer): integer expr
Returnsa pseudo-randomumberuniformly selectedrom the rangeO ...
(SUb1N).

Therandomnumbergeneratousesalinearcongruentiamethod.

randomseed= Initially: setfromtime global
To geta reproduciblesequencef 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 (subl n)))))
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|dentifiers

4.1 Intr oduction

Ids or identifierscanbe usedin a numberof differentways. Every id hasa name called
its print name.Givenanid, onecanobtainits namein the form of a string. Corversely
giventhe nameof anid asastringonecanobtaintheid itself.

Ids have a componentalledthe propertylist. This list consistsof pairsandids. A pair
containstwo elementsthefirst is the nameof the property the seconds the valueasso-
ciatedwith thatproperty An id onthepropertylist representaflag.

Eachid alsoreferences packageseeChapterfpackagesfor moreinformationon the
packagesystem.

In PSLanid canbeusedsimultaneouslysavariableandasanamefor afunction. Aside
from the functionsdescribedn this chaptey thereare additionalfunctionsfor dealing
with thevaluesassociateavith anid.

An id canbereferenceagimplyby writing its name.If thenameconsistonly of uppercase
alphabeticharactergjigits, or asubsebf thespecialcharacterglistedbelow), andif the
nameof theid cannotbemistalenfor anumberthentheid canbenotatedy thesequence
of character# its name.

$+-%&*/ ;| <=>?2"_{}" @%

An id may have uppercaséetters,lowercasdetters,or bothin its print name. The PSL
reademormally(i.e. version4.2 andabove) corvertsuppercaséettersto the correspond-
ing lowercasdetterswhenreadingids. Thereforemostof thetime casemakesno differ-
encewhennotatingids.

Thecorversionof lettersis controlledby the functionsinput-caseandoutput-case

(input-casemodus): modus expr
If modusequaldower, character®ninputarecorvertedto the correspond-
ing lowercaseharacterslf modusequalgaise,characterareraisedduring
input. A modusNIL leavescharactersinchangedTheformermodusis re-
turned.Thedefaultis lower .

29
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(output-casemodus): modus expr
If modusequaldower, charactersnoutputarecorvertedto thecorrespond-
ing lowercasecharacterslf modusequalgaise,characterareraisedduring
output. A modusNIL leavescharacterainchanged.The former modusis
returned.Thedefaultis NIL.
Ids arekeptin atablewhich is calledthe symboltable (or id-hash-table).Two ids are
consideredifferentif their correspondingprint namesare different. For example,the
id whosenameis "that” is differentfrom the id whosenameis "THAT”. Theids which
namePSL functionshave lowercasenames. The reasonyou cantype suchnameswith
uppercaséettersis thatthereadelis cornvertinguppercaséettersto lowercasey default.

1 lisp> (Addl 2)

3
2 lisp> (input-case nil)
lower

3 lisp> (Addl 2)
ko IAdd1’ is  an undefined  function

If theusertriesto useaPSLfunctionnamefor afunctionheis definingawarningmessage
appears.

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

If theuserrespondsY”, hisdefinitionreplaceghe currentdefinition. (SeeChapter9 for
adescriptionof the switch*usermodewhich controlsthe printing of this message).

Thereis anescapeorventionfor notatinganid whosenamecontainsspecialcharacters.
Any charactewhichfollowsa! is consideredo beanordinarycharacterin additionto
lowercasdetters,thefollowing charactersireconsideresgpecial:

% () - 0], #

If it is not clearfrom the printed output, this setof charactersncludesboth quoteand
accentgrave. Note thatif any charactemwthin a nameis precededy a!, thenthe name
will notbeinterpretecasanumber

SUSAN % threewaysto notatethe sameid

susan
SuSan

+$ % anid withoutalphabeticharacters
1+ % anid whosefirst characters a digit
+1 % thisis anumber

X 2+y 2 % anid whichlookslike anexpression
19 % theid whosenameis "9”, notthenumber9
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4.2 ldentifiers and the Id Hash Table

Themethodusedby PSLto retrieve informationaboutanid makesuseof asymboltable.
PSLusesatechniquecalledhashingo implementhistable(id hashtableis anothemame
for thesymboltable).

The processof puttinganid into the symboltableis calledinterning. The PSL reader
internsids asthey areread. Considerwhathappensfterthe nameof anid is read. The
symboltableis examinedto seeif it containsanidentifierwith the samename.If thereis
amatchthenareferenceo the matchingid is returned.Otherwiseanew id is createdit
is addedo thesymboltable,andareferenceo it is returned.

4.2.1 Identifier Functions

Thefollowing functionsdealwith identifiersandthe symboltable.

(gensym):id expr
An id is createdwhichis notinterned. Sinceit is notinternedit is not eq

to ary otherid. Theid is derivedfrom a string of the form "G0000”. The
numericsuffix is incrementediponeachcall to gensym.

(interngensym):id expr
Similarto gensymbut returnsaninternedid.

(stringgensymstring): expr
Similar to gensymbut returnsa string of the form "LO000” insteadof an
id.

(remobU:id): id expr
If U hasbeeninternedin the symboltablethenit is removed. The values
associateavith U will not be affected. U is returned.lt is not possibleto

remove from the symboltableanidentifierwhosenameconsistf asingle

character

1 lisp> (setqg 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

Createsanuninterneddentifierwith the specifiechame.Thestringis used
asthe print namewithout beingcopied. Seesection2.3 for the full defini-
tion. Thisfunctionmalesit possibleo createanumberof distinctidswhich
have the samename.To illustratethe useof this function,the implementa-
tion of a packagesystem(seeChaptel{packages])requiresafunctionlike
newid.

(internp U:id,string): boolean expr
Returng if U isinterned.

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

pressiorwill print eachid whichis flaggedglobal. Note thatthereshould

beonly oneformal parameteto FNAME.

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

(print item))))

Find

Thesefunctionstake a stringor id asan argument,andscanthe symboltableto collect
alist of ids whosenamescontaina prefix or suffix which matcheghe agument. These
functionsaredefinedin thelibrary modulefind.

(findprefix KEY:id, string): id-list expr
Eachinternedid whosenamecontainsa prefix which matcheshe KEY is
addedo theresult. Theids aresortedalphabetically The expression

(findprefix )

will returnalist of all of theinternedids whosenamebeginswith *.

(findsuffix KEY:id, string): id-list expr
Eachinternedid whosenamecontainsa suffix which matcheghe KEY is
addedo theresult. Theids aresortedalphabetically The expression

(findsuffix "STRING")

will returnalist of all of theinternedids whosenameendswith STRING.
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4.3 Property List Functions

A propertylist is usedto associatexn id with a setof entities;thoseentitiesare called
flagsif their useassociatesa booleanvaluewith theid, andpropertiesf theid is to be
associateavith anarbitraryattribute.

(put U:id IND:id PROP:any): any expr
TheindicatorIND with the propertyPROP s placedon the propertylist of

U. If theactionof putoccurs,thevalueof PROPis returned.If eitherU or

IND arenotidsthenatypemismatcherroroccurs.

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

Thedefinitionof a propertywill causehe previousdefinitionto belost.

(getU:id IND:id): any expr
Returnsthe propertyassociatedvith 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 alist in which eachelements atwo-elementist: (ID:id PROP:aty).

Eachid in U hastheindicatorIND with propertyPROP placedonits prop-

erty list by thefunctionputfunction. Thevalueof deflistis alist of thefirst

elementof eachtwo-elementist.

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

Remaesthe propertywith indicatorIND from the propertylist of U. Re-
turnstheremovedpropertyor nil if therewasno suchindicator

(rempropl U:id-list IND:id): nil expr
Remawesthe propertyIND from all of theidsin U.

The following exampleis intendedto illustrate the idea of datadriven programming.

We defineafunctioncalledsimplify whichwill simplify symbolicalgebraicexpressions.
Theseaxpressiongrerepresentedslists. To begin, therewill beonly oneoperatoi(plus),
andoperandsnaybeintegers,variablesor anapplicationof plus. Prefixnotationis used.
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The additionof variablex and3 would be representeds(plusx 3). Thefirst versionof
simplify will certainlydothejob.

(de simplify (expression)
(cond ((atom expression) expression)
((eq (first expression 'plus)
(add-simplify expression))

(t expression)))

However, aswe add operandst will becomenecessaryo redefinesimplify. A better
approachs 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 berewrittenwhenanew operatoris added.For example,if
the operatortimesis addedthenwe only needto definea function calledtimes-simplify
andattachits nameto the propertylist of timesundertheindicatorsimplify. We cande-
signadd-simplifyin asimilarfashion.Usingthis approactwe will 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 Flagginglds

(flag U:id-list V:id): nil

Flagflagseachid in U with V; thatis, theeffect of flagis thatfor eachid X
in U, (flagpX V) hasthevaluet. BothV andall of the elementof U must
beidentifiersor atype mismatcherroroccurs.Theid V will appeaon the
propertylist of eachid in U. However, flagscannotbe accessedylacedon,
or removedfrom propertylists usingthe normalpropertylist functionsget,
put,andremprop.Notethatif anerroroccursduringexecutionof flag, then
someof theids in U may be flaggedwith V, andothersmay not be. The
statemenbelov causeghe flag Loseto be placedon the propertylists of
theids x andy.

(flag ’'(x y) ’lose)

(flagp U:id V:id): boolean
Returng if U hasbeenflaggedwith V; otherwisereturnsnil. ReturnsNIL
if eitherU orV is notanid.

(remflagU:id-list V:id): nil

Remawestheflag V from the propertylist of eachmemberof the list U.
Both V andall the elementsof U mustbe ids or the type mismatcherror
occurs.

(flagl U:id V:any): Undefined
TheidentifierU is flaggedV. Theeffectis to addV to the propertylist of
U.

(remflaglU:id V:any): Undefined
TheidentifierU is nolongerflaggedV. Theeffectis to removedV from the
propertylist of U.

4.3.2 DirectAccesgo the Property Cell

35
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Use of the following functionscandestry the integrity of the propertylist. SincePSL

usegpropertiesatalow level, careshouldbetakenin the useof thesefunctions.

(prop U:id): any
Returnghepropertylist of U.

expr



36

(setprop U:id L:any): L:any expr
Storeitem L asthe propertylist of U.

4.4 Value Cell Functions

Thecontentf thevaluecell of anid is usuallyaccessetly eval (Chapterl 1) or valuecell
(belov) andchangedy setq,setfor sometimeset.

(setq[VARIABLE:id VALUE:any]): any fexpr
Thevalueof eachVARIABLE is setto thecorrespondingalueof VALUE.
EachagumentVALUE is evaluatedeachagumentVARIABLE is noteval-

uated.lt is nottruethat

(setqg variable value)

is equvalentto
(set ‘’variable value)

Wheresetgmaybeusedto setary typeof variable(fluid, globalor local) thefunctionset
is restrictedto fluid andglobalvariables.

(setEXP:id VALUE:any): any expr
Setis usedto definethe valuecell of fluid andglobalidentifiers. An error
occursif EXP doesnot evaluateto anidentifier
*xakk - An attempt was made to do SET on ‘EXP’, which is not
an identifier

If EXP evaluatedgo t or nil anerroroccurs.

**&kk Cannot change T or NIL

(desetgU:any V:any): V:any macio
This functionis part of the USEFUL package.Desetqis a destructuring

setq. Thatis, thefirst agumentis a list whoseelementsareids. Thevalue

of eachid is setto the correspondinglementin the secondargument.For

example evaluationof

(desetgq (A (B) . C) (1) (@ (3 4)
defineghevalueof A to be(1), B to be2,andC to ((3) 4).

(psetq[VARIABLE:id VALUE:any]): Undefined macio
This functionis definedin the USEFUL package.Psetgis very similar to
setq.Thedifferenceis thatwith psetgeachVALUE is evaluatedoeforeary
assignmenis made.
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1 lisp> (setgq 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:form RHS:any]): RHS:any macio

Theability to assigrnvaluesto ids allows usto think of ids asvariables We
cangeneralizehis notionof variable.For example,alist canbethoughtof
asa collectionof anorymousvariables. Usually thereare seperateccess
and updatefunctionsfor eachkind of generalizedsariable. For example
the function cdr accessethe cdr of a pair, the function rplacd updatest.
However, we canthink of a call on anaccesdunctionasa referenceo a
storagdocation. Justaswe considerthe mentionof anid to beareference
toits value,(cdrpair) canbethoughtof asthenamefor thecdrfor somepair.
Ratherthanhaving to remembetwo functionsfor eachkind of generalized
variable (rplacd correspondgo cdr), we can adopta uniform syntaxfor
updatingstoragdocationsusingthe setfmacro.

Theapplicationof setfcantake on ary oneof thefollowing forms:

(setf id data) expandsnto (setg id data)
(setf (eval form) data) expandsnto (set form data)

Thesameeffectis obtainedby substitutingvaluein placeof eval.

(setf  (car pair) data) expandgnto (rplaca  pair data)
(setf  (cdr pair) data) expandsnto (rplacd  pair data)
(setf  (getv vector index) data) expandgnto

(putv  vector index data)

(setf  (indx form index) data) expandgnto

(setindx form index data)

(setf  (sub form start size) data) expandsnto

(setsub  form start size data)

(setf  (nth pair index) data) expanddnto anexpressiorsimilarto

(rplaca  (pnth  pair index) data)

If thefirstargumentto setfis amacrothenit will beexpandedeforesetfis. For example,
if firstis definedas

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

TheUSEFULmodulecontainsanexpandedrersionof setf. Thebasicdefinitionof setfis
not consistentvith thatof setq. Thevaluereturnedirom anapplicationof setqis always
thevalueassignedFor example the expression

(setf (car ’'(a b)) 'd) expandsnto (rplaca (@ b) 'd)

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

An applicationof the extendedversionof setfwill acceptheadditionalfollowing 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 anexpressiorsimilarto
(rplacX  (cYr pair) data)

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

(setf (flagp id name) data) expandgnto anexpressiorsimilarto
(flag  (list id) name), if datais non-nil otherwise

(remflag  (list id) name)

(setf (get id name) data) expandgnto (put id name data)
(setf  (getd name) data) expandsinto anexpressiorsimilarto

(putd name (car data) (cdr data))

This expansionassumeshatdatais similar to anexpressiorwhich would bereturnedoy
acall ongetd.If datais acode-pointepr alambdaexpressiorthen’expr is usedin place
of (cardata).

(setf  (lastcar pair)  data) expandgnto anexpressiorsimilarto
(rplaca  (lastpair pair) data).

(setf  (list abec.) pair)

the expansiorof this expressionis very similar to the expansionof

(desetg (a b c ..) pair)

(setf  (pnth pair index) data) expandgnto anexpressiorsimilarto
(rplacd  (pnth  pair (subl index)) data)
(setf  (vector al bl cl ..) [ar Dbr cr ..])

expanddnto anexpressiorsimilarto

(progn (setf al ar)(setf bl br)(setf cl cr)..)

Thesetffunctionis extensibleto permitadditionaloperatorontheleft handside.If there
is anassign-opropertyonthepropertylist of theoperatoithenthevalueof thatproperty
(eitheralambdaexpressionor the nameof a function)is usedto build the expansionof
themacro.Theeffectis similarto
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(apply (get op ’assign-op) (append (cdr lhs) (list rhs)))

The propertysetf-expandis searchedor whentheir is no assign-ogroperty If thereis
sucha propertyits valueis appliedto the two agumentspassedo setf. The effect is
similarto

(apply op (list lhs rhs))

If theleft handsideoperatoiis flaggedassetf-safethenit is assumedhatthe expansion
of the macrowill yeild anexpressiorwhich will returnthe value of the right handside.
Otherwisethe expansionwill take oneof the formslisted belon. Within the secondex-

pansionreference$o RHSarereplacedvith reference$o VAR. Thesecondormis used
whenRHSIs alist, theassumptiofeingthatit is effecientto evaluateanapplicationonly

once.

(progn expansion  rhs)

(let  ((var rhs))
expansion
var)

(psetf[LHS:f orm RHS:any]): Undefined macio
This functionis definedin the USEFUL package.Psetfis very similar to

setf. The differenceis that with psetfeachRHS is evaluatedbeforeary
assignmenis made.

(makeunboundU:id): Undefined expr
U is madeanunbounddentifier, thatis to sayit will nolongerhaveavalue.
Thisfunctionshouldbe appliedto fluid identifiersonly.

(valuecellU:id): any expr
Safeaccesdo the valuecell of anid. If U is notanid atype mismatch
erroroccurs.If U is anunboundd, anunboundd erroroccurs.Otherwise

the currentvalueof U is returned.This function shouldbe appliedto fluid
identifiersonly.

(unboundp U:id): boolean expr
Returngt is U is unbound.This function shouldbe appliedto fluid identi-
fiersonly.
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4.5 SystemGlobal Variables,Switchesand Other "Hooks”

4.5.1 Intr oduction

A numberof globalvariablesprovide globalcontrolof the PSL systemor referenceval-
ueswhich areconstanthroughoutexecution.Certainoptionsarecontrolledby switches,
variableswhich have a value of eithert or nil. For example,the value of *verboseload
controlsthe display of messagewhenfiles areloaded. The valuesof otherglobal vari-
ablesarenotrestrictedio be boolean.For example,the valueof outputbasefs the radix
in whichnumbersareprinted. PSLusegheconventionthatthenameof aglobalvariables
whichis aswitchbeginswith ™", Thenamef otherglobalvariablesendwith ™.

4.5.2 Setting Switches

Strictly speakingNAME is aswitchand*NAME is a correspondinglobalvariablethat
assumes valueof t or nil. Both NAME and*NAME arelooselyreferredto asswitches
elsavherein themanual.

Thefunctionson andoff functionsareusedto changehevaluesof theidentifiersassoci-
atedwith switches.Someswitchescontainan s-expressiornon their propertylists under
theindicatorsimpfg®. Thes-expressiorhastheform of a condlist:

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

If thesimpfgindicatoris presentthentheon andoff functionsalsoevaluatethe appropri-
ateactionin the s-expression.

(on[U:id]): Undefined macio
For eachswitch U, the associateddentifier*U is setto nil. If theclause(t
(action-foron)is foundundertheindicatorsimpfgon U thentheexpression
action-foronwill beevaluated.

(off [U:id]): Undefined macio
For eachswitchU, theassociatedlentifier*U is setto nil. If theclausgnil
(action-foroff) is foundundertheindicatorsimpfgon U thentheexpression

action-foroff will be evaluated. _ , , _
The switch fast-intgersis usedby the compilerwhenarithmeticexpressionsare com-

piled. Therearedefinitionsof numericoperatorsvhich do not checkthe typesof their
argumentsn orderto reduceexecutiontime. Evaluationof
(get ’fast-integers 'simpfg)

returns

I The namesimpfg comesfrom its introductionin the Reducealgebrasystem,whereit was usedto
specifyvarioussimplificationsto be performedasvariousswitcheswvereturnedon or off.
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(t  (enable-fast-numeric-operator s))
(nil  (disable-fast-numeric-opera tors) )))

Evaluationof (onfast-intgers)will resultin *f ast-intgersbeingsetto t andevalutionof
thefunctionenable-ast-numeric-operators.

4.5.3 SpecialGlobal Variables

nil = [Initially: nil] global
A specialglobalvariablewhosevaluecannotbe modifiedby setor setq.

t = [Initially: t] global
A specialglobalvariablewhosevaluecannotbe modifiedby setor setq.

4.5.4 SpecialPut Indicators

Someactionssearchthe propertylist of relevantids for thefollowing indicators.

breakfunction Associatesa functionto be run with anid typedin a breakloop (see

Chapterl6). For example,q is usedto exit from a breakloop and(get’q
'breakfunction)returnsbreakquit.

type PSLuseghepropertytypeto indicatewhetherafunctionis afexpr, macro,
or nexpr. If thispropertyis absentexpr is assumedEor example (get’and
"type) returnsfexpr.

vartype PSL usesthe propertyvartypeto indicatewhetheran identifieris of type
globalor fluid.

1 lisp > (flud  ’(mary))

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

*lambdalink The interpretedooks under*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))

The compilerandloaderusea numberof otherindicators,seeChapterl9.
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4.5.5 SpecialFlag Indicators

eval, ignore Theseflagsareusedprimarily to controlthe evaluationof expressionslur-

lose

user

ing compilation(for moreinformationseeChapterl9).

The function putdis usedto associatéunction definitionswith ids. Its ap-
plicationis abortedf theid hasbeenflaggedlose.

***  ‘NAME’ has not been defined, because it is flagged
If *usermodast, whenafunctionis definedits namewill be flaggeduser

Thisis usedto distinguishuserdefinedfunctionsfrom systenfunctions(see
Chapter9 for moreinformation).

LOSE



List Structure

5.1 Intr oductionto Lists and Pairs

The pair is a fundamentaPSL datatype, andis one of the major attractionsof LISP
programming.A pair consistof a two-itemstructure.ln PSL thefirst elements called
the carandthe secondhe cdr; in otherLISPs,the physicalrelationshipof the partsmay
bedifferent. An illustrationof thetreestructureis givenbelon asabox diagram;the car
andthecdrareeachrepresentedsa portionof the box.

As anexampleatreewrittenas((A . B) . (C. D)) in dot-notatioris dravn belowv asabox
diagram.

Theboxdiagramsaretediousto draw, sodot-notations normallyused.Notethata space
is left on eachsideof the. to ensurghatpairsarenot confusedvith floats.
A list is aspecialcaseof adottedpair structure A list is either

1. NIL
2. A dottedpairwhosecaris anexpressiorandwhosecdris alist.

List notationin generais alot easierto readthanthe equivalentdottedpair notation.

(A . NIL) = (A)

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

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

(A . NIL) . NIL) = ((A)

(A . NL) . (B . NL) = ((A) B)
(A . (B . Q) = (A B. Q)
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Thefollowing is analgorithmfor writing a dottedpair structurein list notation.

1. SetapointerQ to the beginning of the dottedpair structureandwrite a left paren-
thesis.

2. Write thelist notationfor the datastructurepointedto by the carof Q andresetQ
to thecdrof Q.

3. If Qis now thenull pointet thenwrite aright parenthesisptherwisewrite aspace,
andif Q is an atom, write a period, a space,Q’s name,and a right parenthesis;
otherwisewrite a spaceandgo to step2.

5.2 BasicFunctionson Pairs

The following are elementaryfunctionson pairs. All functionsin this Chapterwhich
requirepairsas parametersignala type mismatcherrorif the parametegivenis nota
pair.

(consU:any V:any): pair expr
Returnsa pairwhichis noteqto anything elseandhasU asits carpartand
V asits cdr part.

(car U:pair): any open-compileaxpr
Theleft partof thepairU is returned Notethatapplicationof carareopen

compiled,a compiledapplicationof carwill notverify thatits agumentis

apair. ThefunctionSafeCamaybeusedin placeof car Thedefinitionsof

thesawo functionsareidentical thedifferencebetweerthemis thatsafecar

is notopencompiled.For interpretedapplicationsthecarof nil is nil andif

U is somethingptherthata pair or nil thefollowing errorwill result.

el An attempt was made to do CARon ‘U, which is not a pair

(cdr U:pair): any open-compiledxpr
Theleft partof thepairU is returned Notethatapplicationf cdrareopen

compiled,a compiledapplicationof cdr will notverify thatits agumentis

apair. ThefunctionSafeCdmaybeusedin placeof cdr. Thedefinitionsof

thesawo functionsareidentical thedifferencebetweerthemis thatsafecdr

is not opencompiled. For interpretedapplicationsthe cdr of nil is nil and

if U is somethingptherthata pairor nil thefollowing errorwill result.

*ekk - An attempt  was made to do CDRon ‘U, which is not a pair

Thecomposite®f carandcdraresupportedip 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 exprs of oneargument. Applicationsof thesefunctionsaregenerallyopen
compiled.An exampleof their useis that(cddarp) is equialentto (cdr (cdr (carp))). For
interpretedapplicationsa type mismatcherror occursif the agumentdoesnot possess
the specifiedcomponent.

As an alternatve to employing chainsof car andcdr to obscuredepths,particularlyin
extractingelementsf a list, considerthe useof the functionsfirst, secondthird, fourth,
rest,nth,andpnth.

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

(xconsLEFT:any RIGHT :any): pair expr
Equwalentto (consRIGHT LEFT), this functionis usefulfor generating
efficientlist building codefor the compiler

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

ments(for exampleids, strings,andvectors)arenot. Seetotalcofy in sec-

tion 7.5. Notethatcopy is recursve andwill notterminatef its aguments
acircularlist.

(de copy (u)

(if  (pairp u)
(cons (copy (car u)) (copy (cdr u)))
u))

1 lisp> (setg 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 a))
T
5 lisp> (eq (third  p) (third q))
NIL

SeeChapter6 for otherrelevantfunctions.
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The following functionsare known as”destructve” functions,becauseahey changethe
structureof the pair given astheir agument,and consequenthchangethe structureof
ary objectcontainingthe pair. They are frequentlyusedto make codemore efficient.
For exampleappendwill copy its first agumentwhereasiconcwill not. Thesefunctions
arealsousedto build structuresnvhich sharesub-structure.lt is possibleto createself
referentialstructureswith thesefunctions. This can createhavoc with normal printing
andlist traversalfunctions.

(rplacaU:pair V:any): pair open-compile@xpr
The car of the pair U is replacedby V, the modifiedpair U is returned.A
type mismatcherroroccursif U is nota pair

1 lisp> (setq fruit '(orange  apple))
(ORANGE APPLE)

2 lisp> (setq food (cons ’'cheese fruit))
(CHEESE ORANGEAPPLE)

3 lisp> (rplaca  fruit 'peach)

(PEACH APPLE)

4 lisp> food

(CHEESE PEACHAPPLE)

(rplacd U:pair V:any): pair open-compileaxpr
The cdr of the pair U is replacedby V, the modifiedpair U is returned.A
type mismatcherroroccursif U is nota pair.

1 lisp> (setq pair ’(left))

(LEFT)

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

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

5.3 Functionsfor Manipulating Lists

The following functionsare meantfor the specialpairswhich arelists, asdescribedn
Section5.1. An agumentwhichis notalist couldgive unexpectedresults.For example,
lengthis usedto determinehe numberof top level elementsn alist.

1 lisp> (length ‘(@ b c))
3

2 lisp> (length @ b . )
2
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SelectingList Elements

(first L:pair): any
A synorym for car.

(secondL:pair): any
A synorym for cadr

(third L:pair): any
A synorym for caddr

(fourth L:pair): any
A synorym for cadddr

(restL:pair): any
A synorym for cdr.

(lastpair L:pair): any

Returnghelastpairof aL. It is oftenusefulto think of this asa pointerto
thelastelementor usewith destructve functionssuchasrplaca.If L is not
apairthenatypemismatcherroroccurs.

(de lastpair )]

(if  (or (atom ) (atom (cdr 1))
I
(lastpair (cdr 1))

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

(de lastcar ()]
(f (atom 1) | (car (lastpair )))

(nth L:pair N:integer): any
Returnshe Nth elemenbf thelist L. If L is atomicor containsfewer than
N elementsanout of rangeerroroccurs.

(de nth (I n)

a7

macio

macio

macio

macio

macio

expr

expr

expr
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(cond ((null [) (range-error))
((onep n) (first 1)
(t (nth (rest 1) (subl n)))))

Notethatthis definitionis not compatiblewith CommonLISP. The CommonLISP defi-
nition reversegsheamgumentsanddefineshe carof alist to bethe”zeroth” element.

(pnth L:list N:integer): any expr
Returnsalist startingwith thenth elemenbf thelist L. Notethattheresult
is apointerto thenth elemenbf L, adestructve functionlik e rplacacanbe
usedto modify the structureof L. If L is atomicor containsfewer thanN
elementsanout of rangeerroroccurs.
(de pnth (I n)
(cond ((onep n) 1)
((not  (pairp 1)) (range-error))
(t (pnth (rest 1) (subl n)))))

5.3.1 Membership and Length of Lists

(memberA:any L:list): extra-boolean expr
Returnsnil if A is notequalto sometop level elementof thelist L; other
wiseit returnstheremaindeiof L whosefirst elemenis equalto A.
(de member (a )
(cond ((not (pairp 1)) nil)
((equal a (car ) I
(t (member a (cdr 1))

(memqgA:any B:list): extra-boolean expr
Thesameasmemberexceptthateqis usedfor comparisonnsteacdof equal.
Notethatthe valuereturnedby eithermemberor memais eqto the portion
of thelist which beginswith A. Thusafunctionlike rplacamaybe usedto
alterA.

1 lisp> (setq sequence (1 3 3))

1 33

2 lisp> (rplaca  (memg 3 sequence) 2)

2 3)

3 lisp> sequence

@a 23

(length X:any): integer expr
Thetop level lengthof thelist X is returned.
(de length (I
(if (atom 1) 0 (addl (length (cdr 1)))))
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Constructing, Appending,and ConcatenatingLists

(list [U:any]): list
Constructalist of thearguments.

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

(appendU:list V:list): list
Returnsa constructedist in which thelastelemenibf U is followedby the
first elementf 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) Vv)))))

(nconcU:list V:list): list

Destructve versionof append.the cdr of the last pair of U is modified
to referenceV. While appendcreatesa copy of U, nconcusesU itself in
constructingheresult.

(de nconc (u v)
(if (not (pairp u))
%
(rplacd  (lastpair u v))

1 lisp> (setg a ’(swan))
(SWAN)

3 lisp> (nconc a ’(giles))
(SWAN GILES)

4 lisp> a

(SWAN GILES)

(aconcUc:list V:any): list
Destructvely addselement to thetail of list U.

1 lisp> (setg a ’(phillips))

(PHILLIPS)

2 lisp> (progn (aconc a ’posner) a)
(PHILLIPS POSNER)
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(Iconc PTR:list LST:list): list expr
Effectively nconc,but avoids scanningrom the front to the endof thefirst

list by maintaininga pointer PTRis a pairwhosecaris alist L andwhose

cdris areferenceo thelastpairof L. Thevaluereturneds theupdatedpair

PTR.

(progn (rplacd  (cdr ptr) Ist)
(rplacd  ptr  (lastpair Ist)))

This functionis usefulfor building lists from left to right, PTR shouldbe initialized to
(nil . nil) beforethefirst call onlconc.

(tconc PTR:list ELM:any): list expr
Effectively aconc but avoids scanningrom thefront to the endof thefirst

list by maintaininga pointer PTRIis a pair whosecaris alist L andwhose

cdris areferencdo thelastpair of L. Thevaluereturneds theupdatedoair

PTR.

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

This functionis usefulfor building lists from left to right. PTR shouldbe initialized to
(nil . nil) beforethefirst call ontconc.

Lists asSets

A setis alist in which eachelementoccursonly once. Sincethe orderof elementsn a
setdoesnot matter thesefunctionsmay not presere order

(adjoin ELEMENT :any SET:list): list expr
Add Elementto SETIf it is notalreadya member

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

Recallthatmembemusesequalto testfor equality

(adjoing ELEMENT :any SET:list): list expr
Similarto adjoinexceptthateqis usedto testfor setmembership.

(union X:list Y:list): list expr
Returngheunionof setsX andY.
(de wunion (X vy)
(if  (not (pairp X))
y
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(union  (rest Xx)
(if  (member (first X) Y)

y
(cons (first X) Y)))))

Noticethatthetwo argumentgo unionareassumedo besetsjf eithercontaingduplicates
thentheresultmay containduplicatesaswell.

1 lisp> (union (1 2 2) ’'(3)

2 123
2 lisp> (union '(3) ' 2 2)
3 122
(uniong X:list Y:list): list expr

Similarto unionexceptthateqis usedto testfor setmembership.

(intersection U:list V:list): list expr
Returngheintersectiorof 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) Vv)))

Notice that the two argumentsto intersectionare assumedo be sets,if eithercontains
duplicateghentheresultmay containduplicatesaswell.

1 lisp> (intersection 1 2) '(2)
(2)
2 lisp> (intersection 2 2 '@ 2 2)
2 2)
(intersectionqU:list V:list): list expr

Similarto intersectiorexceptthateqis usedto testfor setmembership.

(list2setSET:list): list expr
Remawe redundantlementdgrom thetop level of SET usingequal.

(list2setq SET:list): list expr
Remaore redundantlementsrom thetop level of SET usingeq.
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5.3.2 Deleting Elementsof Lists

Note thatthe functionssufiixed by IP will destructvely modify the list from which ele-
mentsarebeingdeleted.If you usesucha functiondo notrely on the resultbeingeqto
the agument. The valuereturnedwill have all of the elementsemored, but the modi-
ficationswhich have beenmadeto the agumentmay not reflectthis. In particular the
leadingelementsvhich areequalto the elementbeingdeletedwill not be splicedout of
thelist.

1 lisp> (setqg this (@ b c))

(@ b ¢

2 lisp> (deletip 'a this)

(b ¢

3 lisp> this

(a b o)

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 comparingelementsTheresultconsistf a copy of the portion
of U which comesbeforethe deletedelement,andthe portion of U which
followsthedeletedelement.

(de delete (u v)
(cond ((not (pairp V) V)
((equal (car v) u) (cdr V))
(t (cons (car vVv) (delete u (cdr V)))))

(del F:function U:any V:list): list expr
Generalizedleletefunctionwith F asthe comparisorfunction.

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

(-2 -1)

(deletip U:any V:list): list expr
Thedestructve versionof deleteV maybemodified.

(delg U:any V:list): list expr
ReturnsV with the first top level occurrenceof U removedfrom it. Eqis

usedfor comparingelements.The resultconsistsof a copy of the portion

of U which comesbeforethe deletedelement,andthe portion of U which

followsthedeletedelement.



5.3. FUNCTIONSFORMANIPULATING LISTS

(delgip U:any V:list): list
Thedestructve versionof delq,V maybe modified.

(delascU:any V:a-list): a-list

ReturnsV with thefirsttoplevel occurrencef (U . ANY) removedfromit.
Equalis usedfor comparisonsTheresultconsistof a copy of the portion
of U which comesbeforethe deletedelement,andthe portion of U which
followsthedeletedelement.

(delascipU:any V:a-list): a-list
Thedestructve versionof delascV maybe modified.

(delatg U:any V:a-list): a-list

ReturnsV with thefirst top level occurrenceof (U . ANY) removedfrom
it. Eqis usedfor comparisonsTheresultconsistof a copy of the portion
of U which comesbeforethe deletedelementandthe portion of U which
followsthedeletedelement.

(delatqip U:any V:a-list): a-list
Thedestructve versionof delatg,V maybe modified.

5.3.3 List Reversal

(reverseUe:list): list
Returnsa copy of thetop level of U in reverseorder

(de reverse (l)

(do ((result nil  (cons (car pointer) result))
(pointer | (cdr pointer)))
((not (pairp  pointer)) result)))

(reversip U:list): list

The destructve versionof reverse. The agumentmay be destructvely
modifiedto producetheresult. Notealsothattheresultmaynotbeeqto the
argument.

(de reversip )]
(prog (next result)
(while  (pairp )
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(setg next (cdr 1)

(setg result (rplacd | result))
(setg | next))

(return result)))

5.3.4 Functionsfor Sorting

Thegsort moduleprovidesfunctionsfor sortinglists. Someof the functionstake a com-
parisonfunction as an argument. The comparisonfunction takes two argumentsand
shouldreturnnil if the secondargumentshouldcomebeforethe first in the sortedre-
sult. A lambdaexpressioris acceptabl@asa comparisorfunction. Notethatsincesorting
requiregnary comparisonsandthusmary callsonthecomparisorfunction,the sortwill
be muchfastenf thecomparisorfunctionis compiled.

(gsort TABLE:list LEQ-FN:id,function): list expr
Returnsasortedist. LEQ-FNis thecomparisoriunctionusecdto determine

the sortingorder The original TABLE is unchanged.Gsortusesa stable
sortingalgorithm. In otherwords,if X appeardeforeY in TABLE thenX

will appeaibeforeY in theresultunlessX andY areoutof ordet

(gmergesort TABLE:list LEQ-FN:id,function): list expr
Thedestructve versionof gsort,thisfunctionis somavhatfasterthangsort.

Note thatyou shouldusethe valuereturnedby the function,don’t depend
onthemodifiedagumentto give theright answer

(idsort TABLE:list): list expr
Returnsalist of theidsin TABLE, sortedinto alphabeticabrder Theorig-

inallist is unchangedCases notsignificantin determininghealphabetical

ordetr

1 lisp> (setgq x '(3 8 -7 2 1 5))

(3 8-7 215)

2 lisp> % sort from smallest to largest
2 lisp> (gsort x ’leq)

(-7 123528

3 lisp> % sort from largest to smallest
3 lisp> (gmergesort x ’'geq)

8 5321-7

4 lisp> % note that the value of x has been modified
4 lisp> x
3 21-7

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

(assodJ:any V:a-list): pair, nil
If U occursasthecarportionof anelemenbf thea-listV, thepairin which
U occurreds returnedptherwisenil is returned.Thefunctionequalis used
to testfor equality As illustratedbelow, it is possibleto updatethe table
thatwasthe secondargumentto assody usingthe functionrplacdon the
result.
(de assoc (u v)
(cond ((not (pairp Vv)) nil)
((and (pairp (car Vv)) (equal u (caar V)))
(t (assoc u (cdr V)

1 lisp> (setqg 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
Similarto assoaxceptthateqis usedto make comparisons.

(assF:function U:any V:a-list): pair, nil
Assis ageneralizedissodunction. F is the comparisorfunction.

(sassodJ:any V:a-list FN:function): any

Searcheshe a-list V for an occurrenceof U. If U is notin the a-list, the

evaluationof function FN is returned. Note that FN shouldbe a function

with no formal parameters.

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

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

(pair U:list V:list): a-list

U andV arelists which musthave anidenticalnumberof elementsif not,
anerroroccurs.Returneds alist in which eachelemenis a pair, the carof
thepairbeingfrom U andthe cdr beingthecorrespondinglementrom V.
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(de pair (u v)
(cond ((and (pairp u) (pairp V)
(cons (cons (car u) (car Vv)) (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
Returnsthe resultof substitutingU for all occurrencesf V in W. Copies
all of W whichis notreplacedoy 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))))))

(substip U:any V:any W:any): any expr
Destructve subst.
(sublis X:a-list Y:any): any expr

This performsa seriesof substdn parallel. Thevaluereturneds theresult
of substitutinghecdrof eachelemenbf thea-list X for everyoccurrencef
the carpartof thatelementin Y. Sublisis not quitethe correctfunctionfor
arbitrary codesubstitutions.As illustratedbelowv, substitutionanay enter
placesyou mightwishthey did not.

(de sublis (x vy)
(if (not (pairp X))
y
(let ((u (assoc Yy X))
(cond ((pairp u) (cdr u))

((not  (pairp y)) )
(t (cons (sublis X (car y)) (sublis X (cdr  y)))))

1 lisp> (sublis (. 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 charactels its ASCIl coderepresentationUsing numericcodesto represent
characterdeadsto programswhich aredifficult to read. You areencouragedo usechar
to representharacters.

(char U:id): integer macio
This macrois partof the USEFUL module. The charmacroreturnsthe

ASCII codewhich correspondgo the single charactempassedsan argu-

ment. Charwill acceptalias’s for characters.An aliasis establishedy

defininga charconsipropertyon the propertylist of the alias. The value

of this propertyshouldbe the ASCII codeof the charactewhich is be-

ing aliased. The following alias’s are definedwhenthe useful packages

loaded.

NULL

BELL

BACKSRACE

TAB

LF line feed

EOL endof line

FF form feed

CR carriagereturn

EOF endof file

ESCAPE maybeabbreriatedESC
SRACE analiasis BLANK
RUBOUT maybeabbreiatedRUB
DELETE maybeabbreiatedDEL

By default, the PSLreadercorvertsuppercasealphabetiaccharacterso lower case.This
default is controlledby the value of the switch raise. A value of t indicatesthat the
cornversionshouldbe done. Assumingraiseis t, the expression(char a) refersto the
charactera”. ThecharactetfA” is referencedy (char!A). The”!” is usedasanescape
characterseechapterl2 for moreinformation. Theapplicationof loweris saidto modify
the character Lower is not a definedfunction but it doeshave the attribute charprefix-
functionon its propertylist. The valueof this propertyis a functionwhich will modify

57



58

the ASCII codeof its agument.Modifiersarecontrolandmeta(the modifiercntrl is an
abbreiation for control). Thefollowing exampleis a simplifieddefinitionof 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))))))

Noticethatthedigits have to betreatedasa specialcase. The PSLreadercorvertsa digit
to areferenceo a numericconstant.Thedefinitionof thealiasspaces

(put ’'space ’charconst 32)
If thetypeof theargumentto charis not correctthenthewarning
*** Unknown character constant ‘FORM’

is printedandtheresultwill bezero.

TheUSEFUL packagealsodefineghereadmacro#. Readmacrosareexplainedin detail
in chapterl2. Whenthereaderencounterg, charis appliedto the next characterlf this
next characters alower casealphabeticharactethenit will be convertedto uppercase
if theswitchraiseis setto t. If this next characteis areadmacrothenit will beapplied.
Suchareadmacroshouldreturnanexpressiorwhichis acceptabléo char

1 lisp> #a

65

2 lisp> #\'(a b ¢

***  Unknown character constant: ‘(BACKQUOTE (A B Q))
0

CommonLISP Functionson Characters

Thefollowing functionsareavailableby loadingthelibrary modulechars.
CommonLISP providesa charactedatatype in which every characteobjecthasthree
attributes: code,bits, andfont. The bits attribute allows extra flagsto be associateavith
a character The font attribute permitsa specificationof the style of the glyphs(suchas
italics). PSLdoesnotsupportnonzerdit andfont attributes.Becaus®f this, someof the
CommonLISP charactefunctionsdescribedelov have no affect or arenot very useful
asimplementedn PSL.They arepresentor compatibility.

An argumentto ary of thefollowing functionsshouldmake useof charor oneof thetwo
readmacros#/ and#\. Sincea charactein PSLis represente@sits ASCII codeit
is possibleto give a numericargumentto thesefunctions. However, the useof numbers
makes the codedifficult to readand much lesstransportable. The read macro#\ is
describedn thediscussiorof charabove. Thereadmacro#/ returnsthe ASCII codeof
the next characterin contrastio #\, the switchraiseis ignoredandif the next character
is areadmacroit is notapplied.
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1 lisp> (eq (char (lower a)) #/a)

-
2 lisp> (eq (char (lower a)) #\a)
NIL

3 lisp> #/
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4 lisp> #\

*** Unknown character  constant: ‘(BACKQUOTE "Z)
0

(standard-charmp C:character): boolean
Returng if thearguments oneof the 95 ASCII printing characters.

1 lisp> (standard-charp (char a))

T

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

(graphicp C:character): boolean

Returnst if C is a printablecharacterandnil otherwise.Controlandfor-
mattingcharactersre consideredo be not printable. The spacecharacter
is aprintablecharacter

(string-charp C:character): boolean
Returng if Cisacharactethatcanbeanelemenbf astring. Any character
thatsatisfiesstandard-charpndgraphicpalsosatisfiesstring-charp.

(alphap C:character): boolean
Returng if Cis analphabeticharacterLiter is anequialentfunction.

(uppercasepC:character): boolean
Returng if Cis anuppercasedetter.

(lowercasepC:character): boolean
Returng if Cis alower casdetter.

(bothcasepC:character): boolean
In PSLthis functionis the sameasalphap.
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(digitp C:character): boolean
Returng if Cis adigit charactefoptionalradix notsupported) An equi-
alentfunctionis digit

(alphanumericp C:character): boolean
Returng if Cis adigit or analphabetic.

(char= C1:character C2:character): boolean
Returng if ClandC2 arethesamen all threeattributes.

(char-equal Cl:character C2:character): boolean

Returnst if C1 andC2 aresimilar. Differencedn case,bits, or font are

ignoredby this function.

(char< C1l:character C2:character): boolean
Returng if C1is strictly lessthanC2.

(char> Cl:character C2:character): boolean
Returng if Clis strictly greatethanC2.

(char-lesspC1l:character C2:character): boolean
Like chax butignoresdifferencesn casefonts,andbits.

(char-greatemp C1l:character C2:character): boolean
Like char> but ignoresdifferencesn casefonts,andbits.

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

(char-bits C:character): integer
Returnghebits attribute of C, whichis always0 in PSL.

(char-font C:character): integer
Returnghefont attribute of C, whichis always0 in PSL.
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(code-charl:integer): character,nil

The purposeof this functionis to be ableto constructa characteby spec-
ifying the code,bits, andfont. Becauseits andfont attributesarenotused
in PSL,code-chars anidentity function.

(character C:character, string, id): character

Attemptsto coerceC to beacharacterlf CisacharacterCisreturnedlIf C
is a string,thenthefirst characteof thestringis returned.If Cis asymbol,
thefirst characteof the print nameof the symbolis returned.Otherwisean
erroroccurs.

*xkk ‘FORM’ cannot be coerced to a character

(char-upcaseC:character): character
If (lowercasepC) is true, thencharupcasereturnsthe codeof the upper
caseof C. Otherwiseit returnsthecodeof C.

(char-downcaseC:character): character
If (uppercaseg) is true,thenchardowvncaseeturnsthe codeof thelower
caseof C. Otherwisat returnsthe codeof C.

(digit-char N:fixnum): integer

If N correspondso a singledigit thenthe charactemwhich representshat
digit is returned. The CommonLISP versionwill acceptanoptionalradix
argumentthis functionassumesa radix of ten. If N doesnot correspondo
asingledigit thennil is returned.

(char-int C:character): integer
Corvertscharacteto integer. Thisis theidentity operationn PSL.

(int-char l:integer): character
Corvertsintegerto characterThisis theidentity operationn PSL.

6.2 Strings

6.2.1 String Creationand Copying

Thefollowing arebuilt-in stringcreationandcopying functions:
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(allocate-string SIZE:integer): string expr
Constructsandreturnsa string with SIZE charactersThe contentsof the
stringarenotinitialized.

(make-string SIZE:integer INITV AL:integer): string expr
Constructaandreturnsa stringwith SIZE charactersgachinitializedto the
ASCII codeINITVAL.

(mkstring UPLIM:integer INITV AL:integer): string expr
An old form of make-string.Returnsa stringof charactersll initialized to

INITVAL, with upperboundUPLIM. Thereturnedstringcontainsatotal of
(add1UPLIM) characters.

(string [ARGS:integer]): string nexpr
Createstringof elementdrom alist of ARGS.

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

(copystringtofrom NEW:string OLD:string): NEW:string expr
Copy all charactergrom old into new. Thisfunctionis destructve.

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

6.2.2 About the Basic String Operations

Therepresentatioof stringsis very similar to thatof vectors.Dueto this similarity, there
arefunctionswhich maybeappliedto eitherdatatype. Suchfunctionsprovide primitive
operationon strings. PSL provides mary otherfunctionsspecificto stringswhich are
definedin variouslibrary modules.

6.2.3 The Operations

This sectiondocumentgunctionsin thelibrary moduleslow-strings (s-strings) Thereis

anotheribrary modulecalledfast-strings (f-strings). The fast-stringgnoduleprovides
alternatadefinitionsfor thesefunctions.Whenthe switchfast-stringss non-nilthe com-
piler will usethesealternatedefinitionsto produceefficient code. However, therewill

not be ary verificationthatargumentsareof correcttype (in addition,it is assumedhat
numericargumentsarewithin a properrange).If invalid agumentsareused thenat best
your codewill not generatecorrectresults,you may actuallydamagethe PSL system.
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Therearetwo sideeffectsto loadingfast-strings Theslow-strings modulewill beloaded
andtheswitchfast-stringswill besetto t. For moreinformationontheswitchfast-strings
seeChapterl9.

(string-fetch S:string l:iinteger): any expr
Accessesn elementof a PSL string. Indexesarezerobased.The ASCII
charactestoredin thatpositionof the stringis returned.

Charactersarerepresentethy inums. You shouldnot rely on this whenyou write code.
Suchcode cannotbe easily transportedo other systemswhere either the encodingis
differentor wherecharactersirea seperatelatatype.

(string-store S:string l:integer X:char): NoneReturned expr
Storesnto a PSLstring. Stringindexesstartwith 0.

(string-length S:string): integer expr
Returnsthe numberof elementan a PSL string. Sinceindexesstartwith

index 0O, the sizeis onelargerthanthe greatestegal index. Comparethis

functionwith string-uppetbound,documentedbelow.

(string-upper-bound S:string): integer expr
Returnsthe greatestegal index for accessingr storinginto a PSL string.
Comparehis functionwith string-lengthdocumentedbove.

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

6.3 CommonLISP String Functions

A CommonLISP compatiblepackageof stringfunctionshasbeenimplementedn PSL,
obtainedby loadingthe strings module. This sectiondescribeghe strings module,in-
cludingafew functionsin it thatarenot CommonLISP functions.

6.3.1 String comparison:

(string= S1:string S2:string): boolean expr
Compareswo stringsS1andS2,casesensitve.
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(string-equal S1:string S2:string): boolean expr
Compardwo stringsS1andS2,ignoringcase bits andfont.

The following string comparisorfunctionsare extra-boolean.If the comparisorresults
in avalueof t, theindex of thefirst charactepositionat which the stringsfail to match
is returned. The resultcanalsobe thoughtof asthe longestcommonprefix of the two
strings.

(string< S1:string S2:string): extra-boolean expr
Lexicographiccomparisorof strings.Casesensitve.

(string> S1:string S2:string): extra-boolean expr
Lexicographiccomparisorof strings.Casesensitve.

(string<= S1:string S2:string): extra-boolean expr
Lexicographiccomparisorof strings.Casesensitve.

(string>= S1:string S2:string): extra-boolean expr
Lexicographiccomparisorof strings.Casesensitve.

(string<> S1:string S2:string): extra-boolean expr
Lexicographiccomparisorof strings.Casesensitve. In CommonLISP the
functionis namedstring/=.

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

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

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

(string-not-lesspS1:string S2:string): extra-boolean expr
Lexicographiccomparisorof strings.Casedifferencesreignored.
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(string-not-equal S1:string S2:string): extra-boolean expr
Lexicographiccomparisorof strings.Casedifferencesreignored.

6.3.2 String Concatenation:

(string-concat[S:string]): string macio
Concatenatesll of its stringargumentsreturningthe newly createdstring.
Notin CommonLISP.

(string-repeatS:string l:integer): string expr
Appendscopy of Sto itself total of I-1 times.Notin CommonLISP,

6.3.3 Transformation of Strings:

(substring S:string LO:integer Hl:integer): string expr
Sameassubseqbut thefirst agumentmustbeastring. Returnsa substring

of S of size(subl1(- HI LO)), beginningwith the elementwith index LO.

Notin CommonLISP.

(string-trim BAG:{list, string} S:string): string expr
Remaove leadingandtrailing characteren BAG from astring S.
1 lisp>  (string-trim "ABC" "AABAXYZCB")
"Xyz"
2 lisp>  (string-trim (list (char a)
2 lisp> (char b)
2 lisp> (char ¢))
2 lisp> "AABAXYZCB")
"Xyz"
3 lisp>  (string-trim ‘65 66 67) "ABCBAVXZCC")
"VXZ"
(string-left-trim BAG:{list, string} S:string): string expr

Remaove leadingcharacterérom string.

(string-right-trim BAG:{list, string} S:string): string expr
Remore trailing characterérom string.
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(string-upcasesS:string): string
Copy andraiseall alphabeticcharactersn string.

(nstring-upcasesS:string): string
Destructvely raiseall alphabeticcharactersn string.

(string-downcaseS:string): string
Copy andlower all alphabeticcharacter#n string.

(nstring-downcaseS:string): string
Destructvely lower all alphabeticcharactersn string.

(string-capitalize S:string): string

Copy andraisefirst letterof all wordsin string; otherlettersin lower case.

(nstring-capitalize S:string): string
Destructvely raisefirst letterof all words;otherlettersin lower case.

6.3.4 Type Conversion:

(string-to-list S:string): list
Unpackstringcharacternto alist. Notin CommonLISP,

(string-to-vector S:string): vector
Unpackstringcharacterato avector Notin CommonLISP,

6.3.5 Other:

(string-length S:string): integer

Lastindex of astring,plusone.Notin CommonLISP. Usestring-size.

(rplachar S:string liinteger C:character): character
Storea charactelC in astringS at positionl.
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6.3.6 Substring Comparison

Thelibrary moduleSTRING-SEARCHorovidesefficientfunctionsfor comparingastring
againsia substringof anotherstring.

(substring= S1:string S2:string START:integer): boolean expr
Returnstrueif thereis a substringof S2 startingat START andstring=to
S1,otherwisereturnsnil.

Similarto
(string= S1 (substring S2 START (+ START (string-length S1)))
but notethatthis returnsnil (no erroris signalled)if therearefewerthan

(string-length S1)

charactergrom positionSTART throughtheendof S2.

(substring-equal S1:string S2:string START:integer): boolean expr
Returndrueif thereis a substringof S2 startingat START andstring-equal
to S1,otherwisereturnsnil.

Similarto

(string-equal S1 (substring S2 START (+ START (string-length S1))))
but notethatthis returnsnil (no erroris signalled)if therearefewerthan

(string-length S1)

charactergrom positionSTART throughtheendof S2.

6.3.7 Searchingfor Strings

Thelibrary modulestr-search providesfunctionsfor searchingor astringwithin another
string. Theseunctionsareefficiently implemented.

The two stringsinvolved in thesesearchingoperationsare referredto asthe "domain”
andthe "target”. Thesefunctionssearchfor an occurrenceof the "target” string within
the”domain” string.

The operationdor string searchingeturntheindex of the leftmostcharactein the first
matchingpart of the domainstring thatis found, startingfrom the left. If no matchis
found,nil is returned.

(string-search TARG:string DOM:string): integer, nil expr
Searchefor theleftmostoccurrencef thetargetin thedomain.Thisfunc-

tion is case-sensite. If passedwo strings,CommonLISP "search”will
givethesameresults.
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(string-search-from TARG:string DOM:string START:integer):

{integer, nil } expr
Like string-searchbut the searcheffectively startsat index START in the
domain.

(string-search-equal TARG:string DOM:string):integer, nil expr
Lik e string-searckexceptthatthe comparisonsirecase-insensie.

(string-search-from-equal TA:string D:string ST:integer):
integer, nil expr
Lik e string-search-fronexceptthatthe comparisongsrecase-insensie.

6.3.8 Readingand Writing Strings

Thelibrary modulestr-input providessomefacilitiesto supportakinginputfrom strings.
Amongotherthings,this permitsa userto obtainanumberfrom its printedrepresentation
usingthe PSLnumberparser

(with-input-fr om-string HEADER:list [BODY:form]):any macio
TheargumentHEADER shouldbe a two elementist.

The first elementshould be an identifier the seconda string. (<
channel >< string >). Theamgument< string > is treatedasif it
werethe text of afile. Theamument< channel > is boundto aninput
channelwhich is openedo give accesgo < string >. Oncethe channel
hasbeenopenedeachform BODY is evaluatedtheformsareevaluatedn
aleft to right order).lt is expectedhattheseformswill beusedto readand
processnputfrom < string >. Thevalueof thelastformis returned.Once
theapplicationof with-input-from-stringis completethe input channelwill
beclosed.

(de string-to-words (string)
(with-input-from-string
(channel  string)
(do ((result nil  (aconc result item))
(tem (channelread channel)  (channelread channel)))
((eq item $eof$) result))))

1 lisp>  (string-to-words "DOCUMENTATIONS FUN")
(DOCUMENTATIONS FUN)
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(string-read STR:string): any expr
Readsones-expressiorfrom the string STR. The function channelreads

usedto do this. Note thatit is not necessaryo terminatethe string with

a delimiter character An end of file charactelis alsoconsideredo be a
delimitercharacter

1 lisp> (string-read "TOKEN")
TOKEN

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

Noticethatcharacterdeyondthefirst s-expressiorareignored. 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. The function
bldmsgprovidesthecapabilityto constructa stringusingformattingdirectves. However,
complicatedstringscanbeconstructeanoreeasilyusingthe macrowith-output-to-string.
For example,longerstringscanbe constructedy including the channellinelengttiunc-
tion; items can be printedto the string incrementally(in a stream-lile fashion)from a
loop

(with-output-to-string HEADER:list [BODY:form]): string macio
The agumentHEADER shouldbe a two elementlist. The first element
shouldbeanidentifier Thesecondelementcanbe eithera stringor nil (in

which casea default initial stringis allocated)- in eithercase,the initial

stringis extenedasnecessary o _ _
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 (n tab (0 100 200 300))
(in str °("fA" "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 controlis describedprimarily by function application. A
functionmay call ary numberof otherfunctions,includingitself. This allows comple
operationgo be describedoy a numberof smallfunctions,eachof which implementsa
simpleoperation.In addition,PSL providesa numberof othercontrolconstructs.

7.1.1 Conditionals

Condsand Ifs

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

A typicalapplicationof condis shovn below, thesquarébracletsareusedo indicatezero
of moreoccurancesf anexpression.

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

Thefirstform in eachclauses treatedasa predicatetheremaining(zeroor more)forms
aretreatedasif they wereenclosedvithin a progn. The evaluationproceeddy sequen-
tially evaluatingthe predicatesn the orderof their appearancentil one evaluatesto a
non-nil value. Thenthe remainingformsin this clauseareevaluatedandthe valueof the
lastform is returnedastheresult.If only the predicateappearsthenits value(if non-nil)
becomeshevaluereturned.If no predicatds non-nilthentheresultis nil. Thefollowing
definitiondemonstratethe useof cond.

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

Thisfunctionwill computethelengthof lists stringsandvectors.
Thefollowing macrosaredefinedin the USEFUL module.
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(if E:form SO:form [S:form]): any macio
Theform SOis evaluatedf thetestE is non-nil, otherwisethe remaining

forms S are evaluated,the value of the lastis returned. If is a macroto

simplify thewriting of acommonform of condin which thereareonly two
clausesaandtheantecedentf theseconds t.

Theexpression

(if  (minusp number) ’negative 'positive)
is preferredover

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

Noticethatasingleform is evaluatedvhenthetestexpressiore is non-nil but theremay
beany numberof expressiongvaluatedvhenthevalueof E is nil.
Relatedmacrosfor commoncondformsarewhenandunless.

(whenE:form [S:form]): any macio
Whenthevalueof thetestexpressiork is non-niltheformsS areevaluated.
Thevalueof the lastform is returnedasthe result. The resultis nil if the
testexpressort is nil.

(unlessk:form [U:form]): any macio
If thevalueof E is nil thentheformsS areevaluated.Theresultis nil if the

testexpressiork is non-nil.
Theboolearfunctionsandandor (seeChapter2), maybe usedasconditionalforms. For

exampleanexpressiorlike

(and (pairp x) (eq (car x) ’'a))

which reliesuponthe orderof the evaluationof the algumentss oftenused. If andhad
evaluatedthe secondargumentfirst an error may have beengenerated.However, the
argumentsarealwaysevaluatedirom left to right. Or may be usedto retreve a valueas
in thefunctiondefinitionbelow.

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

In thisexamplethefunctionwhichis appliedis eitherfoundonthepropertylist of thedata
or it is adefault. In readingsuchanexpressioroneconsidersanargumentto bepreferred
over arything which follows it. Notethatthe useof thesefunctionsasconditionalsmay
yield codewhichis confusing.For examplethe code
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(setg x (and y 3))

will setx to 3if y is boundto a valueotherthannil, otherwisex will besetto nil. It is
recommendethatthefollowing be usedinstead.

(setg x (if y 3 nil)

Thefollowing versionof if is definedin the modulelF. It is upward compatiblewith the
if macrodefinedabove. Thisversionwill accepthekeywordsthen,else,andelseif. If a
keywordappearanmediatelyaftertheconditionalexpressiorof theif thentheexpression
is takento bein keyword form.

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

Thisis notthe samenotationusedgenerallyin the PSL manual.Squaredraclketsenclose
partsoptionally present.Theellipsesindicatearbitraryadditionalrepetitionsof thething
appearingust beforethem. The elseif-partimay be oneof two forms.

<elseif-part- = elseif <expr> [then<expr> ...]

<elseif-part- = elseif <expr> [then<expr> ...]

7.2 Caseand SelectqStatements

Caseis aform of conditionalin which a’key” valueis comparedagainsta setof values
in orderto choosea correspondingetof formsto evaluate. The "key” value mustbe

aninteger Thisis a restrictedcond,andthereforecanbe compiledinto more efficient

code. The compilerexpendssomeeffort to examinespecialcaseqfor examplecompact
VS. non-compacsetsof casesindshortvs. long setsof cases).

(casel:f orm [U:case-clause]):any open-compiledexpr
Caseselectsacase-clauséoneof theU’s),to evaluatebasednthevalueof

|. Theexpression shouldevaluateto aninteger. Eachclausehasthe form
(case-gpressiorform), wherethe case-gpressiorhasoneof thefollowing

forms.

nil thedefaultcase

(i1i2...in) whereeachik is aninteger

((rangelow high)) wherelow andhigh areintegersandlow is less
thanor equalto high

Thefollowing exampleillustratesthe useof case

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

(selectql:f orm [U:selectg-clause]):any macio
This function selectsan action basedon the value of the "key” I. Each
selectqg-clausés of the form (key-part[action]). The key-partis a list of
keys, t, or otherwise If thereis only onekey in akey-partit maybewritten
in placeof alist containingit, providedthatthe key is notalist, nil, t, or
otherwise.
After | is evaluatedjt is comparedagainsthe memberf eachkey-partin
turn. If thekey is eqto arny memberof the key-parttheneachof the forms
in that selectq-clausare evaluated. The value of the last form of the list
is the valueof the selectq.If a selectg-clauswith key-partt or otherwise
is reachedits formsareevaluatedwithout furthertesting.A t or otherwise
clauseshouldbethelastclause If noclausds satisfiedhennil is returned.

(selectq (car w)
((nil) nil)
(end (print 'done) ’end)
(O 123456 7 89) digit)
(otherwise ‘other))

7.3 Sequencingevaluation

Thesefunctionsprovide for explicit control sequencingandthe definition of blocksal-
teringthe scopeof local variables.

(let A:list [B:form]): any macio
The generafform follows, the squarebracletsareusedto indicatezeroor
moreoccurancesf anexpression.

(LET ([(<var> <value>)]) [<body>])
The <value>sareevaluated(in anunspecifiedrder),andthenthe <var>s areboundto
thesevalues. The body, consistingof the <body> forms, is evaluatedin a left to right
order Thevaluereturneds theresultof the lastbody form or nil if the bodyis empty

Note that the <value>s are evaluatedin the outerervironment,beforethe <var>s are
bound.

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

Thelet-styleis attractve sinceit placeghe<var>scloseto theirbindingforms(<value>s),
therebyincreasingeadability
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Therearetwo shorthandormatsfor (<var> <value>). Oneis (< var >) andtheother
is just < var >. Both of thesemeanbind < var > to nil. As arule of style,you should
use(< war > nil) if you meanto usethevalueof < var > without assigningt it first,
andjust (< var >) or < var > if youdonotcarewhat< var > getsboundto.

Thefollowing expressiorreturnsthe middle elemenif a vector

(let  ((n (vector-size vector)))
(unless  (zerop n)
(vector-fetch vector (addl (/ n 2)))))
(let* Alist [B:form]): any macio

Let* isjustlike let exceptthatit makesthe assignmentsequentially That
is, thefirst bindingis madebeforethevaluefor thesecondneis computed.
Theexamplebelow illustratesthe differencebetweerlet 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-compiledexpr

U is a setof expressionawhich are executedsequentially The valuere-
turnedis thevalueof thelastexpression.

(prog2A:form B:form): any open-compile@xpr
Returnsthe valueof the secondargumentB. Notethatprog2expectsonly
two arguments.

(progl[U:form]): any macio
Proglis a functiondefinedin the USEFUL package.Proglevaluatests
argumentdn order like progn,but returnsthe valueof thefirst.
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(prog VARS:id-list [PROGRAM:id,f orm]): any open-compiledfexpr
VARS is alist of ids which areconsideredluid if the progis interpreted
andlocal if compiled(seethe "VariablesandBindings” Section,9.2). The
prog’s variablesareallocatedspacevhenthe progform is applied,andare
deallocateadvhentheprogis exited. Progvariablesareinitializedto nil. The
programis a setof expressiongo beevaluatedn orderof theirappearance
in theprogfunction. An id whichappearsitthetop level of theprogramare
labelswhich canbereferredby go. Thevaluereturnedoy the progfunction
is determinedy areturnfunctionor nil if theprog”fallsthrough”.

(de sum-up (seq)
(prog  (sum)
(setg sum 0)
loop
(when (null  seq) (return sum))
(when (numberp (first seq))
(setg sum (plus sum (first seq)))
(setg seq (rest seq))

(go loop))))

1 lisp> (sum-up (1 3 5))
9

2 lisp> (sum-up (1))

nil

Therearerestrictionsasto wherethe controlfunctionsgo andreturnmaybe placed.The

functionsgo andreturnareintendedto be usedwithin a prog. This is sothatthey may
have only locally determinablesffects. Unfortunatelytheserestrictionsare not consis-
tentacrosscompiledandinterpretedcode. It is recommendedthatif a non-localexit is

requiredthenusecatchandthrow (seesection8.5).

In interpretedcode,uponencounteringa returna searchis madefor the latestinstance
of an entranceto a prog. If the searchis successfuthenthe evaluationof that progis

consideredompletethevaluereturneds theargumentto return.If the searchfor aprog

failsthenthemessage

*¥ekk RETURNattempted  outside the scope of a PROG

is displayed. The treatmentof returnis muchdifferentwhenthe codeis compiled. A
returnmay appearoutsidethe scopeof a prog. For example,the compilerwill compile
thesequence

(if  (not (numberp x)) (return ‘'unknown))
(compute X))

asif it werewereenclosedvithin aprog.

(prog ()
(if  (not (numberp x)) (return 'unknown))

(return (compute  x))))
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Uponreachinga go within interpretedcodea searchis madefor the latestentranceo a
prog. If this searchs successfuthena secondsearchis madefor a labelwhich matches
theagumentto go. Thefailure of eithersearchs anerror If thefirst searchfailsthen

*eekk GO attempted  outside  the scope of a PROG
is printed. Themessage
*eekk LABEL’ is not a label within the current scope

is printedif thesecondsearcHails. Whenaprogformis compiledthecompilerexpectsto
beableto resole all labelreferencesThusevery go mustappeamithin aprogotherwise
thefollowing errormessagés printed.

okkkk FORMinvalid go

In addition, the argumentto a go mustrefer to a label definedinside the prog which
containghatgo. Themessage

*rekk Compiler  bug: missing label LABEL

is printedto indicatewhenthis secondestrictionis not met.

(goLABEL:id): NoneReturned open-compiledexpr
Goaltersthenormalflow of controlwithin aprogfunction. Thenext state-
mentof a progfunctionto beevaluateds immediatelyprecededy label.

(return U:form): NoneReturned open-compile@xpr
Within a prog, returnterminateghe evaluationof a prog andreturnsU as
thevalueof theprog.

7.3.1 Iteration

(while E:form [S:form]): nil macio
This is a commonly usedconstructfor indefinite iterationin PSL. E is

evaluated;if non-nil the S’s are evaluatedfrom left to right andthenthe

processs repeated.If E evaluatesto nil the while returnsnil. Exit may

be usedto terminatethe while andto returna value. Next may be usedto
terminatethe currentiteration.

(repeat[S:form] E:form): nil macio
The S’s areevaluatedeft to right, andthenE is evaluated.Thisis repeated

until the valueof E is non-nil, at which point repeatreturnsnil. Next and

exit may be usedin the S’s to branchto the next iterationof a repeator to
terminateoneandpossiblyreturnavalue.
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(next): NoneReturned open-compiledsestrictedmacio
This terminateghe currentiterationof the mostcloselysurroundingvhile

or repeat,and causeghe next to commence. Both while and repeatare
macroswhich expandinto prog’s andnext is essentiallya go. Therestric-

tionson the placementf next aresimilar to thoseof go, seesection8.3for

details.

(exit [U:form]): NoneReturned open-compiledgstrictedmacio
The U’s areevaluatedleft to right, the mostclosely surroundingwhile or
repeats terminatedandthe valueof thelastU is returned.With no argu-
mentnil is returned.Both while andrepeatare macroswhich expandinto
prog’s andexit is essentiallya return. Therestrictionson the placemenbf

exit aresimilar to thoseof return,seesection8.3for details. _
Thefollowing functiondefintionis intendeduo illustratethe useof repeatandwhile. The

functionwill returnalist of prime numberswvhich arelessthanor equalto the agument
N, whichis assumedo be greaterthanone.

(de primes (n)
(let  ((result (list 2))
(number  3)
(pointer)
(prime))
(while (<= number n)
(setg pointer  result)
(setq prime 1)
(repeat
(when (zerop (remainder  number (first pointer)))
(setg prime nil))
(setg pointer (rest  pointer))
(or (null  pointer) (not  prime)))
(when prime (setq result (aconc result  number)))
(incr  number))
(cons 1 result)))

For

A simplefor construcis availablein thebasicPSLsystemanextendedversionis defined
in the USEFUL package.The basicPSL for providesonly the iterator FROM andthe
actionclauseDO. PSLusersshouldusethe extendedversion,describechere:

(for [S:form]): any macio
Eachargumentto for is aoneof theclauseslescribedelow. If anagument
is not a clausethenoneof thefollowing continuableerrorswill occut

%% For clauses may not be atomic: ‘SYMBOL'

***xk - Unknown for clause operator: ‘LIST’
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A clausds alist, its first elemenis anidentifier, theremainingelementarearguments A
clausemayintroducealocalvariable specifyareturnvalue,or specifywhentheiteration
shouldcease.

The first few clausesare usedto introducelocal variables. Someof theseclausesalso
provide the meango stoploop iteration.

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

Thevariable<variable> is setto successteelement®f <list>. Theargument<function>
is optional. If presentjt may be eitherthe nameof a function or a lambdaexpression.
Thefunctionis appliedto the extractedelemenbeforeit is assignedo <variable>. Once
the agument<list> is exhaustedheiterationwill stop. The only agumentwhich will
beevaluateds <list>.

1 lisp> (for (in v (0 1) addl)

(do (print Vv)))
1

2
nil
(on <variable> <list>)
The variable<variable> is setto successie cdrsof <list>. Thefirst valueassignedo
<variable> is <list>. Oncethe <list> is exhaustedhe iterationwill stop. The only

agumentwhichwill beevaluateds <list>.

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

0 1)
1)
nil
(from <variable> <initial> <final>  <step>)

The variable<variable> is setto <initial > for thefirst iterationof theloop. The value
of <variable> will beincrementedy <step> beforeeachfollowing iteration. Oncethe
value of <variable> is larger than <final> the iterationwill stop. Both <initial> and
<step> areoptional,the default valuesfor eachis 1. Theargument<final> is optional,
in which casetheiterationmustbe stoppedy anotherclause.Eachargumentexceptfor
<variable> will be evaluatedonce,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 Vv)))

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>. Priorto subsequenterations the expression<next> will beevaluatedand
assignedo <variable>.

1 lisp> (for (for v 1 (addl Vv))
(until > v 3)
(do (print Vv)))

wWnN -

nil
(with  [<variable-form>])

Eachagument<variable-form> is either <variable> or (<variable> <initial>). The
squarebracletsareusedto indicatezeroor moreoccurancesf <variable-form>. If the
first form is usedthenthe variablewill be setto nil prior to thefirst iteration. With the
secondorm thevariablewill besetto thevalueof <initial >.

(do [<form>])

The squarebraclets are usedto indicatezero or more occurance®f <form>. Each
expression<form> is evaluatedduringeachiteration. They areevaluatedn the orderof
their appearanceYou may usereturnwithin a <form>, it will causeanimmediateexit
from thefor.

Therearetwo clausesvhich allow for the evaluationof expressiondbeforethefirst itera-
tion, andafterthelastiteration.

(initially [<form>])

The squarebraclets are usedto indicate zero or more occurance®f <form>. Once
theiterationvariableshave beenboundto their valueseachexpression<form> will be
evaluated.They areevaluatedn theorderof theirappearance.

(finally [<form>])

The squarebracletsareusedto indicatezeroor moreoccurancesf <form>. After the
final iterationeachexpression<form> will be evaluated.They areevaluatedn theorder
of their appearanceThe useof the clausesalways and never (describedbelow), may
prevent evaluationof the argumentsto this clause. Thereare clauseswhich specify a
returnvalue,if noneof themareusedthenthevalueof thelast<form> will bethevalue
of thefor.
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1 lisp> (for (from v 1 3)
(finally Vv))

4

nil

2 lisp> (for (for v 1 (addl V))
(always (< v 3))
(finally Vv))

nil

The next few clausesare usedto build a valueto be returnedfrom for Exceptfor the
returnsandreturningclausesa secondargumentis usedin theseclausedo specifythat
insteadof returningtheresultit will be storedasthevalueof this secondargument.This
meanghatthe secondargumentshouldbe anidentifier, it will notbe evaluated.

1 lisp> (for (in v (0 1))
(collect (addl v)))
1 2
2 lisp> (for (n v (0 1))
(collect (add1l v) result))

nil
3 lisp> result
1 2

If morethanonereturnvalueis impliedthenanerrorwill result

1 lisp> (for (in v '(0 1))
(collect V)
(adjoin Vv))
*¥*xx For loops may only return one value

(returns [<form>])
Prior to returningfrom the for each<form> is evaluated.The orderof evalutionis left
to right. Thevalueof thelast <form> is returnedasthe valueof the for.A synorym for
returnsis returning.

(collect <form> <variable>)

This clauses usedto build alist. During eachiterationthe valueof <form> is addedat
theendof thelist. Theuseof the optionalargument<variable> is describedbove.

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

(ADJOIN <form> <variable>)
(ADJOINQ <form> <variable>)
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Theseclausesaresimilar to collect. The differenceis thatthe valueof <form> is only
addedto the list if it is not alreadyan element. To deteminemembershign the list
adjoinusesmembeyadjoinqusesmemg. The useof the optionalalgument<variable>
is describedabove.

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

nil

2 lisp> one

("one")

3 lisp> two

("one" "one")

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

Theseclausesare similar to collect. The differenceis that the value of <form> is ap-
pendednoncis usedwith the concclause)to theendof thelist. Theuseof the optional
argument<variable> is describedabove.

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

(one two two)

You shouldbe carefulwith conc. In the example,if concwereusedin placeof join the
computatiorwould neverterminate.

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

Theseclausesareusedto build a set. During eachiterationthe unionof <form> andthe
setbeingconstructeds computed.Setmemberships determinedwvith equalfor union,
andegfor uniong. The useof theoptionalagument<variable> is describedibove.

1 lisp> (for (in v (O 2) (0 12 3) (0)
(uniong V))
(3 210

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

Theseclausesaresimilar to unionanduniong. The differenceis thatthe intersectiorof
setsin constructednsteadof theunion. The useof the optionalargument<variable> is
describedabore.

1lisp> (for (n v (0O 2) (0 1 2 3) (0)
(intersectionq Vv))

0)
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(COUNT <form> <variable>)

Returnghenumberof times<form> evaluatedo a nonnilvalue. Theuseof the optional
amgument<variable> is describedabove.

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

(SUM <form> <variable>)

Returnghesumof eachevaluationof <form>. Theuseof theoptionalagument<variable>
is describedabove.

1 lisp> (for (in v '2 3 4))
(sum v))
9

(PRODUCT <form> <variable>)

Returnsthe productof eachevaluationof <form>. The useof the optionalagument
<variable> is describedabove.

1 lisp> (for (in v '2 3 4))
(product  v))
24

(MAXIMIZE <form> <variable>)

Returnghemaximumvalueof <form>. Theuseof theoptionalagument<variable> is
describedabove.

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

(MINIMIZE <form> <variable>)

Returngheminimumvalueof <form>. Theuseof theoptionalagument<variable> is
describedabore.

1 lisp> (for (in v 'L 2 3))
(minimize V)
1

(MAXIMAL <value> <test> <variable>)
(MINIMAL <value> <test> <variable>)
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Theseclausesare generalization®f the clausesnaximizeand minimize. Maximal de-
terminesthe greateswalueof <test> over all of theloop iterations. The corresponding
valueof <value> is returned.As a particularcaseit is possibleto returnthe valueof an
iterationvariablefor which somefunctionattainsa maximumvalue. The functionsused
for comparisonsregreaterpandlessp. The useof the optionalagument<variable> is
describedabove.

1 lisp> (for (n v (2 -2)
(minimal v (- (expt v 2) (* 7 V))
2

Theremainingclausesareusedto controlloop iteration.
(ALWAYS [<form>])

The squarebraclets are usedto indicatezeroor moreoccurance®f <form>. If there
is morethanoneform thenthe clauseis equvalentto (ALWAYS (and[<form>])). This
clauseis usedto specifya returnvalue,t is returnedif each<form> is non-nil during
eachiteration.If oneof the <form>s evaluatego nil thenthefor is terminatedandnil is
returnedthis meanghatagumentsof ary finally clausewill notbeevaluated.

1 lisp> (for (in v (1 0 2)
(always (> v 0))

(do (print Vv)))
1

nil
(never [<form>])

The squaredracletsareusedto indicatezeroor moreoccurancesf <form>. If thereis
morethanoneform thenthe clauses equivalentto (NEVER (or [<form>])). Equialent
to (ALWAYS (not[<form>])).

(THEREIS <form>)

If theargument<form> evaluatego a non-nil valuethenthefor is terminatedthevalue
of <form> is thereturnvalue.

1 lisp> (for (n v (-1 0 2)
(thereis (and (zerop V) V)
(do (print Vv)))

-1

0

(WHILE [<form>])

The squarebracletsare usedto indicatezeroor more occurance®f <form>. If there
is morethanoneform thenthe clauseis equivalentto (WHILE (and[<form>])). Loop
iterationstopsif any <form> evaluatego 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 squarebraclets are usedto indicatezeroor moreoccurance®f <form>. If there
is morethanoneform thenthe clauseis equivalentto (UNTIL (or [<form>])). Loop
iterationstopsif arny <form> evaluatego anonnil value.

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

1 lisp> (for (n v (-2 2)

(when (> v 0))

(do (print (sqrt V)
1.41421
nil

(UNLESS <form>)

Jumpto the next iterationif thevalueof <form> is non-nil.
The evaluationof a for expressionfollows a specificorder irregardlessof the orderin
whichyou placeclauses.

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

2. If aninitially clauses presentgvaluateits alguments.

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

4. If presentcheckwhenandunlessclauses.If ary conditionis not satisfiedthen
evaluatethe body. The body is constructedrom the clausesdo, collect, adjoin,
adjoing,join, conc,union,uniong,intersectionjntersectiongcount,sum,product,
maximize minimize, maximal,andminimal. Continueat step3.

5. If anfinally clauseis presentgevaluateits aguments.Returnthe value of the last
argumentunlessa returnsor returningclauseis present.Otherwiseevaluatetheir
argumentsyeturnthevalueof thelast.

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

Themappingfunctionslong familiarto LISP programmersrepresenin PSL.However,

we believe thatthefor construcidescribedabore or the simplerforeachdescribedelow

is generallymore useful, sinceit obviatesthe usualnecessityof constructinga lambda
expressionandis often moretransparentMappingfunctionswith morethantwo argu-

mentsarenot currentlysupported Note however thatseveral lists may beiteratedalong
with for, andwith considerablynoregenerality For example:

(let (G 0)
(mapcar | (function (lambda (x)
(setg i (addl i)
(cons i X))

may be expresseanoretransparentlyas
(for (in x I) (from i 1) (collect (cons i x)))

To augmenthe simplerfor loop presenin basicPSLthefollowing list iteratorhasbeen
provided:

(foreachU:any): any macio
This macrois essentiallyequialentto thethe mapfunctionsasfollows:

Possibldormsare: Settingx to successie elementsf 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 successie cdrsof 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 the context of for the JOIN is usedto appendsuccessie values.However, inside
foreachsuccessie valuesareconcatenatetbgether

1 lisp> (setgq x '(@a bc)y @ 2 3)

1 2 3)

2 lisp> (for (n u ’'(x y) (oin (eval u))
(A BC1l?23

3 lisp> X

(A B C)

4 lisp> (foreach u in ’(x y) join (eval wu))
(A BC1l?23

5 lisp> X

(A BC1l?23
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(map X:list FN:function): nil

AppliesFN to successiecdrsof X. Thefirstvaluepassedo FNis X, unless

X isnil.

1 lisp>

(map ’(one

(one two)

(two)
nil

(mapc X:list FN:function): nil
FN is appliedto successie elementf list X, nil is returned.

1 lisp>
one
two

nil

(mapc ’(one

two) #'print)

(mapcar X:list FN:function): list

Similar to mapcexceptthatthereturnvalueis a list of the resultsof each

applicatonof FN.

1 lisp>

(map ‘((one)

(one two)

(mapcanX:list FN:function): list

Similar to mapcarexceptthat the valuesreturnedby FN are nconcedto-
getherinsteadof beinglistedtogether TheargumentX maybe modifiedto

constructheresult.

(two))

'((one)

1 lisp> (setq this
((one)  (two))

2 lisp> (mapcan this
(one two)

3 lisp> this

((one two) (two))

(maplist X:list FN:function): list

Similar to map exceptthat the returnvalueis a list of the resultsof each

applicationof FN.

1 lisp>
((one

(maplist

two)

(two))

'(one

two) #'print)

# (lambda

(two)))

#(lambda () )

two)

# (lambda

(i)

(i)

i)

)
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expr

expr
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(mapconX:list FN:function): list expr
Similar to maplistexceptthat the valuesreturnedby FN are nconcedto-
getherinsteadof beinglistedtogether

1 lisp> (setg this ’(one two))

(one two)

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

Notethatthe nconchappensasthe mappingprocesgproceedsnot afterward. Therefore
theresultis notthesameasnconcingtheresultsof a maplist. Considemwhatwould occur
if

(mapcon this #(lambda (i) i)

hadbeenusedin theexampleabove. Mapconwould applyits secondargumentto its first
argumentgiving a partialresultof (onetwo). Noticethatthefirst amgumentto mapconis
egto this partialresult. Now mapconappliesits secondargumentto (two), the cdr of its
first agument.The partialresultbecomegonetwo two). However, thefirst agumentto
mapconhasbeenmodifiedbecausexconcwasusedto build the partialresult. The value
of the first agumentis now (onetwo two). The computationwill never terminate the
lengthof thefirst agumentto mapconwill continueto grow.

Do

(do A:list B:list [S:form]): any macio
The generalform follows, the squarebracletsare usedto indicatezeroor
moreoccurancesf anexpression.

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

A <varform> is eitheranid or alist of theform
(<var> <initial> <next>)

Therearefour basicstepsin the evaluationof a doform.

2. If <exit-test> evaluatego anon-nilvaluethe <result> formsareevaluatedandthe
dois exited, unbindingthelocal variables.Thevalueof ado is thevalueof thelast
<result> unlesghereareno <result>- forms,in which casenil is returned.

3. Thebody of the do, consistingof the <body> forms, is evaluatedin left to right
order

4. The <next> forms are evaluatedin parallel, the valuesare assignedo the cor-
responding<var>s ratherthan being bound. Oncethis is completethe process
continuesat step2.
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If <next> is omitted, the value of the corresponding<var> is left unchangeduring
step4. If both <initial> and <next> areomittedor if the <varform> is anid thenthe
variableis boundto nil in stepl andleft unchangediuringstep4.
Thefunctiondefinitionbelow illustratesthe useof do. Thisfunctionwill reversetheorder
of elementsn alist.

(de reverse (seguence)

(do ((local sequence (rest local))
(result nil  (cons (first local) result)))
((null local) result)))
(do* A:list B:list [C:form]): any macio

Do* is like do, exceptthe variablebindingsand updatingsare done se-
guentiallyinsteadof in parallel. Thefollowing is adefinitionof assoaising
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 had beenused,evaluationof the <initial> form (first local) would have resulted
in anerror Eitherlocal would be unboundor the value of local from the surrounding
ernvironmentwould have beenused.

(do-loop Alist B:list C:list [S:form]): any macio
Do-loopis like do, exceptthatit takesanadditionalargument,a prologue.

The generalform follows, the squarebracletsare usedto indicatezeroor
moreoccurancesf anexpression.

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

This is executedust like the correspondinglo, exceptthat after the initial bindingsare
establishedput beforetheexit testis first evaluatedthe prologueforms, consistingof the
<first> forms,areevaluatedn aleft to right order Notethatall of the <first> formsare
evaluatedexactly once,assuminghatnoneof the <first> formscausesnerror

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

Thefunctionscatchandthrow arevery usefulfor discontinuinga computation 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 single pieceof

code. With catchandthrow, control may be passedo andfrom totally unrelatedpieces
of code.

(catchTAG:id [FORM:form]): any Open-Compiledexpr
CatchevaluatesTAG to establisha namefor this catchey calledthe catch-

tag, andthenevaluateshe FORM's in a protectedervironment. If during

this evaluationathrow occurswith atagthatis the sameasthecatch-tagas

definedby thefunctioneq),catchimmediatelyreturnstheresultof theform

givenasthe secondargumentto the throw. If nothrow occurs,theresults

returnedby thelastFORM arereturnedastheresultof the catch. A catch-

tagof nil is consideredpecialjt senesto matchary catch-tagspecifiedoy

throw.

(throw TAG:id VALUE:any): NoneReturned expr
Throw evaluatesTAG to producea catch-tagandevaluates/ALUE to pro-

ducea resultvalue. At this point, an erroris signalledif thereis no actve

catchwith the samecatch-tag(as determinedoy the function eq). Other

wise, control is passedo the most recentsuch catch, and the resultsof
evaluatingVALUE becomeheresultsof the catch.

In the processof transferringcontrol to the catch,all interveningconstructsare exited.
Exiting a constructhatbindsvariableshasthe effect of unbindingthosevariables.
throwsignal*[Initially: nil] globalThisfluid variableis setto t if the mostrecentinvoca-
tion of Catchwasthrown to. throwsignal* is setto nil upona normalexit from a catch
andto t uponanormalexit from athrow.

throwtag*[Initially: nil] globalThisfluid variableis setto thecatch-tagpf themostrecent
throw

Thecatch throw pairsupplyaconstrucwvhichallowsfor somecontrolovertheevaluation
of anexpression Exceptionsanbe detecteduringthe evaluationof the expressiorand
appropriateactioncanbetaken. Thefunctionswhich follow definea simpleparser The
parseis doneinsidea catch.If thereareno errorsthentheresultof the parseis returned.
Whenan errorarisesthe computationis abortedwith a call on throw. An errormessage
is printedprior to abortingthe parse.

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

(de parse-np ()
(if  (memq (car *buffer*) ‘(@ 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 the useof catchandthrow with a nil catch-
tag, by examiningthrowsignal* andthrowtag*:

(catch-all HANDLER:function [FORM:form]): any macio
Has the samesemanticsas catchexceptthat all throws, independenof

catch-tagwill becaught.The HANDLER mustbe a functionof two argu-

ments.If athrow occurstheHANDLER will becalledonthecatch-tagand

thevaluepassedy thethron. TheHANDLER mayitself issuea throw, in

which casethe catch-allactsasafilter.

(unwind-all HANDLER:function [FORM:f orm]): any macio
This functionis very similar to catch-all. However, if nothrow occursthe
HANDLER will becalledonnil andthevaluereturned.

(unwind-protect FORM:form [CLEANUPFORM:f orm]): any macio
TheFORMis evaluatedand,regardles®of how it is exited (anormalreturn,

throw, or error),the CLEANUPFORMswill beevaluated Onecommonruse

of unwind-protects to ensurethatafile will beclosedafterprocessing.

(setg channel (open file ...))
(unwind-protect (process-file)
(close  channel))

This primitive canbe usedto implementarbitrarykinds of state-bindingvithoutfearthat
anunusuaketurn(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)
(setg ,name ,old-value)))))

1 lisp> (setqg number 5)

5

2 lisp> (bind (number 2) (print number) (/ number 0))
2

ek Attempt  to divide by zero in Quotient

3 lisp> number

5

Note: Certainspecialtagsareusedin the PSL system andshouldnot be interferedwith
casually:

$error$ Usedby erroranderrorsetwhich are
implementedn termsof catchandthrow,
(seeChapterl6).
$unwind-protect$ A specialcatch-tagplacedto ensure
thatall throws pauseatthe
unwind-protectmark”.
$prog$ Usedto communicatdetweerninterpretedrogs,gos.



Function Definition and Binding

8.1 Function Definition in PSL

Functionsn PSLareglobalentities.To avoid function-\ariablenamingclashesthe Stan-
dardLISP Reportrequiredthatno variablehave the samenameasa function. Thereis no

conflictin PSL,asseparatéunctioncellsandvaluecellsareused.

Thefirst major sectionin this chapterdescribesow to definenew functions;the second
describeghe binding of variablesin PSL. The final sectionpresentsinding functions
usefulin building new interpreterfunctions.

8.1.1 Function Types

Eval-type functions are thosecalled with evaluatedarguments. NoEval functionsare
calledwith unevaluatedarguments Spread-typéunctionshave theiragumentpassedn
a one-to-onecorrespondenceith their formal parametersNoSpreadunctionsreceve
theiragumentsasasinglelist.

Therearefour functiontypesimplementedn PSL:

expr  An Eval, Spreadfunction, with a maximumnumberof aguments. The
maximumdependsipontheimplementationin referringto theformal pa-
rametersve meantheirvalues.Eachfunctionof thistypeshouldalwaysbe
calledwith theexpectechumberof parametersasindicatedn thefunction
definition.

fexpr A NoEwal, NoSpreadunction. Thereis no limit on the numberof argu-
ments.In referringto the formal parametersve meanthe unevaluatedar-
gumentsgollectedasasinglelist, andpassedsa singleformal parameter
to thefunctionbody.

nexpr An Eval, NoSpreadfunction. Eachcall on this kind of function may
presenta differentnumberof arguments,which are evaluated,collected
into alist, andpassedn to thefunctionbodyasasingleformal parameter

macro Themacrois a functionwhich createsa nev S-expressiorfor subsequent
evaluationor compilation. Thereis no limit to the numberof aguments
a macromay have. The descriptionsof the eval andexpandfunctionsin
Chapterl1 provide precisedetails.

8.1.2 Noteson CodePointers

A code-pointemmay be displayedby the print functionsor expandedby explode. The
valueappearsn the corventionof theimplementatiore.g. (#<Code:AN>, whereA is

93
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the numberof agumentsof the function,andN is the function’s entry point). A code-
pointermaynot becreatedoy compress(SeeChapterl2 for description®f explodeand
compress.)The code-pointerassociatedvith a compiledfunction may be retrieved by
getdandis valid aslongasPSLis in execution.Normally a code-pointers storedusing
putd. It may be checled for equivalenceby eq. The valuemay be checled for beinga
code-pointeby the codepfunction.

8.1.3 Functions Usefulin Function Definition

In PSL, ids have a function cell that usually containsan executableinstructionwhich
eitherJUMPsdirectly to theentrypointof acompiledfunctionor executesa CALL to an
auxiliary routinethathandlegnterpretedunctions,undefinedunctions,or otherspecial
services(suchas auto-loadingfunctions, etc). The usercan passanorymousfunction
objectsaroundeitherasa code-pointerwhich is a taggedobjectreferringto a compiled
codeblock, or alambdaexpressionrepresentingninterpretedunction.

(putd Fname:id TYPE:ftype BODY:

lambda,code-pointer):id expr
Createsfunctionwith nameFnameandtypeTYPE,with bodyasthefunc-

tion definition. If successfulputdreturnsthenameof thedefinedfunction.

If thebodyis alambdatherearetwo possibleoutcomesWhenthe switchcompis setto
t the body will be compiledanda specialinstructionto jump to the startof the codeis
placedin thefunctioncell. If the switch*compis setto nil thenthebodyis savedonthe
propertylist undertheindicator*lambdalinkanda call to aninterpreterfunction

(lambdalink) is placed in the function cell.

If thebodyis a code-pointethena specialinstructionto jump to the startof the codeis
placedin thefunctioncell.

TheTypeis recordednthe propertylist of Fnameif it is notanexpr.

After usingputdon Fname getdwill returna pairwhich specifieghetype andthe body
of the definition.

Thefollowing switchesareusefulwhendefiningfunctions.

*r edefmsg= [Initially: t] switch
If *redefmsgis notnil, themessage
***  Function ‘FOO’ has been redefined
is printedwheneer afunctionis redefined.
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*usermode= (Initially: t) switch
Controlsactionon redefinitionof a function. All functionsdefinedwhen
*usermodeis t areflaggedUSER.Functionswhich areflaggedUSER can
beredefinedreely. If anattemptis madeto redefineafunctionwhichis 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 one can changethe settingof *usermode. After exiting the
breakloop, one mustanswerY, Yes, N, or No (Seeyespin Chapterl2).
If *usermodaeis nil, all functionscanbe redefinedreely, andall functions
definedhave the USERflag removed. This providessomeprotectionfrom
redefiningsystenmfunctions.

*comp = [Initially: nil] switdh
The value of *comp controlswhetheror not putd compilesthe function
beforedefiningit. If *comp s nil the functionis definedasa lambdaex-
pression.If *comp is non-nil, the functionis first compiled. Compilation
produce<ertainchangesn the semantic®f functions,seeChapterl9 for
information.

(getd U:any): nil, pair expr
If U is notthe nameof adefinedfunction,nil is returned.otherwise(expr,
fexpr, macro,nexpr . code-pointerlambda)is returned.

(copyd NEW:id OLD:id): NEW:id expr
Normally the function body andtype of NEW becomethe sameasthose

of OLD. However, if the switch*comp is setto t andthe body of OLD is

not compiledthenNEW will be setto the compiledversionof the body of

OLD. If nodefinitionexistsfor OLD anerror:

ol OLD has no definition in COPYD

is given.NEW is returned.

(remd U:id): nil, pair expr
Remaoresthe functionnamedU from the setof definedfunctions.Returns

the(ftype. function)pairor nil, asdoesgetd.If thefunctiontypeis notexpr

thenit wasrecordedon the propertylist whenthe functionwasdefined.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 loadedandthe switchcompis setto t.
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(de Fname:id PARAMS:id-list [FN:form]): id macio
Definesthe functionnamedFname of type expr. TheformsFN aremade

into alambdaexpressiorwith the formal parametelist PARAMS, andthis

is usedasthebodyof thefunction.

Previousdefinitionsof the functionarelost. The nameof the definedfunc-

tion, Fnamejs returned.

The COMMON moduledefinesthe macroDeFunwhich is equivalentto

de.

(df Fname:id PARAM:id-list [FN:form]): id macio
Definesthe functionnamedrFname of typefexpr. TheformsFN aremade

into a lambdaexpressiorwith the formal parametefist PARAM, andthis

is usedasthe body of the function. The parametetist shouldonly contain
oneparameter

Previousdefinitionsof the functionarelost. The nameof the definedfunc-

tion, Fnamejs returned.

(dn Fname:id PARAM:id-list [FN:form]): id macio
Definesthefunctionnamed-name pf type nexpr. TheformsFN aremade

into a lambdaexpressiorwith the formal parametefist PARAM, andthis

is usedasthe body of the function. The parametetist shouldonly contain
oneparameter

Previousdefinitionsof the functionarelost. The nameof the definedfunc-

tion, Fnamejs returned.

(dm Mname:id PARAM:id-list [FN:form]): id macio
DefinesthefunctionnamedFname pf typemacro.TheformsFN aremade

into a lambdaexpressionwith the formal parametetist PARAM, andthis

is usedasthe body of the function. The parametetist shouldonly contain
oneparameter

Previousdefinitionsof the functionarelost. The nameof the definedfunc-

tion, Fnamejs returned.

Thefunctionlist canbedefinedasfollows

(dm list (a)
(if (< (length a) 2) ()
(cons ’cons
(cons (second a)
(ncons (cons ’list (rest (rest a)))))))

Now considemwhatoccursduringthe evaluationof (list 1 2). Thelist (list 1 2) is passed
to thelist macrowhich returns(cons1 (list 2)) for furtherevaluation. The evaluatorwill
call the list macroagainfor (list 2). This secondcall on the macrowill return(cons2
(list)). Finally, (list) is transformednto nil by athird call onthelist macroandthe entire
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processvill terminateafterevaluating(consl (cons2 nil)). Noticethelackof distinction
betweerprogramanddataThedatastructurerepresentatioof thefunctioncall is passed
to thefunctionasits parameter

(ds Sname:idPARAMS:id-list [FN:form]): id macio
Definesthe function namedSnameof type macro. The syntaxof dsis
similar to thatof de exceptthata macrois definedinsteadof anexpr.

Perhapgshe behaior of this functionis bestdescribedvith anexample. The evaluation
of

(ds first (x) (car X))
will generatenexpressiorsimilarto

(dm first (@)
(prog ()
(setg a (cdr a))
(setg x (car a))
(return (list ‘car X))

which is thenevaluated. A sequencef assignmenstatementsire createdto initialize
eachparameteto its correspondingugument.Eachid within the body FN which is not
in the parametetist is quoted. It is anerrorto call a macrodefinedthis way with more
argumentsthanare specifiedby the parametetist. An error of this type will causethe
message

ek Argument  mismatch in SMacro expansion

to be printed. Whena call is madewithout enoughargumentshe additionalparameters
aresetto nil.
Thefollowing macroutilities arein theuseful module.

(defmacro A:id B:form [C:form]): id macio
Defmacrois a usefultool for definingmacros.The form of anapplication

of defmacrois given belowv, squarebraclets are usedto indicate zero or
moreoccurancesf anexpression.

(DEFMACRO<name> <pattern>  [<form>])

The patternis anlist, eachelements eitheranid or a pair. All of theidsin the pattern
arelocal variableswhich may be usedfreely in thebody (the jform¢,s).Whenthe macro
is calledthe patternis matchedagainstthe cdr of the macrocall, binding the ids of the
patternto their correspondingpartsof the call. Oncethe bindingis completethebodyis
evaluatedtheresultis thevalueof thelastform. Defmacrais oftenusedwith backquote.
Thefollowing examplesillustratethe useof defmacro.Thefirst is intendedto provide a
contrastwith ds.
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(defmacro car (S)
‘(car ,9))

(defmacro nth (s i)
(if  (onep i)
‘(car ,9)
‘(nth  (cdr ,s) ,(subl i))))

(deflambdaname:id PARAMS:id-list [FN:form]): id

Definesthe functionnamedname,of type macro. Deflambdais similar to
ds exceptthat the body of the definition is enclosedwithin a lambdaex-
pression.The numberof parameter®f the lambdaexpressions the same
asthe numberspecifiedoy PARAMS. Whenthe macrois appliedeachof
theargumentsareevaluatedandthenboundto the parametersf thelambda
expression. Finally, the body of the lambdais evaluated. Note that each
argumentis evaluatedonce. This may not be true hadthe macrobeende-
fined usingds. The following exampleillustrateswhendeflambdashould
beusedin placeof ds. The expansiorof thefirst versionof Checkcontains
two occurance®f (long-calculatiom), wherethe expansionof the second
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

macio

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

(backquote A:form): form

Backquoteas thefunctionnamefor * (accentgrave). With someprintersit
may be difficult to distinguishbetweernthe quoteandaccentgrave charac-
ters.For thisreasonijn theexampleswhichfollow 'expressions written as

(quoteexpression).You mustload USEFULto definebackquote.
In the previoussectionthe functionlist wasdefinedasa macro.

macio
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(dm list (a)
(if (< (length a) 2)
0
(cons (quote cons)
(cons (second a)
(ncons (cons (quote list)(rest (rest  a))))

)

The body of this definition is somavhat difficult to read. An abbreiated syntaxwas
developedto aid both the writer andthe reader The notation, called"backquote”(),
worksasan "anti-quote”. Unquotedformswithin its scopeareassumedo be constants.
To indicatethata form shouldbe evaluated pneshouldprefix theform with acomma(,).
Considettheredefinitionof themacrolist.

(dm list (a)
(f (< (length &) 2)
0
‘(cons ,(second a)
,(cons  (quote list) (rest (rest a))))))

While this is animprovement,the explicit construction(cons(quotelist) (rest(resta)))
cluttersup the appearanceThe applicationof consis thereto indicatethat we wantto
combinetheresultof (rest(resta)) with the identifierlist. The form ,(list (rest(resta))
will not give this effect, insteadit would createa list of two elements.The at-sign(@)
is usedin conjunctionwith the commato mean”splice-in” ratherthan”cons-in”. This
resultsin thefollowing defintion.

(dm list (@)
(f (< (length &) 2)
0
‘(cons ,(second a) (list ,@(rest (rest  a))))))

(unquote A:any): Undefined fexpr
Functionnamefor comma,. It is anerrorto 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 exampleswvhich follow aresimilar definitionsof anarithmeticif form. Thereare

four agumentsatestform, anegative form, azeroform, anda positve form. Oneof the
lastthreeformsis choserto be evaluatedaccordingto whetherthetestform is positive,
negative, or zero. Thefirst usesthe traditionaldm while the secondusesdefmacroand
backquote.Clearly the seconds muchsimpler To clarify printer output,thereareno
occurance®f the accentgrave charactein the first definition andthe seconddefinition
doesnot containanoccurancef the quotecharacter
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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 macio
Macroepandis a usefultool for delugging macrodefinitions. If given

one algument,macrogpandexpandsall the macrosin that form. Often

one wishesfor more control over this process. For example,if a macro

expandsnto alet, we maynotwishto seetheletitself expandedo alambda

expression.Thereforeadditionalagumentsmay be givento macroepand.

If thesearesupplied,they shouldbe the namesof macros,andonly those

specifiedareexpanded.

Low Level Function Definition Primiti ves

Thefollowing functionsare usedespeciallyby putd and Getd,definedaborve in Section
9.1.3,andby eval andapply, definedin Chapterll.

(funboundp U:id): boolean expr
Testswhetherthereis adefinitionin thefunctioncell of U; returnsnil if so,

tif not.

Note: Thefunctionalvalueof anidentifierwhich doesnot definea function

is actuallya call onundefinedfunctionT he evaluationof undefinedfunction

will resultin acontinuableerror.
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(fooundp U:id): boolean macio
Equialentto (not (funboundpU)), the function funboundpis described
above.

(flambdalinkp U:id): boolean expr
TestswhetherU is aninterpretedunction;returnt if so,nil if not. Thisis

doneby checkingfor the specialcode-addressf the lambdalinkfunction,

which callstheinterpreter

(fcodepU:id): boolean expr
TestswhetherU is a compiledfunction;returnst if so,nil if not.

(makefunbound U:id): nil expr
MakesU an undefinediunction by plantinga specialcall to the function,
undefinedfunctionin thefunctioncell of U. Seefunboundpabore for more
informationaboutundefinedfunction.

(makeflambdalink U:id): nil expr
MakesU aninterpretedunctionby plantinga specialcall to aninterpreter
supportfunction(lambdalink)functionin thefunctioncell of U.

(makefcodeU:id C:code-pointer): nil expr
Makes U a compiledfunction by planting a special JUMP to the code-
addressssociateavith C.

(getfcodepointerU:id): code-pointer expr
Getsthe code-pointefor U.

(code-numberof-argumentsC:code-pointer): {nil,integer} expr
Somecompiledfunctionshave the agumentnumberthey expectstoredin
associatiorwith the code-pointelC. This integer, or nil is returned.

8.1.7 Function Type Predicates

(exprp U:any): boolean expr
Testif U is acode-pointerlambdaform, or anid with expr definition.
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(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 pnemaywantit to dosomethinglittle different,or just
alittle bit more. Breakingandtracingfunctionsfor deluggingpurposesanbe thought
of in this way. Having a function keeptrack of the time spentin its executioncanalso
bethoughtof in thisway. TheWrapperanoduleprovidesa convenientfacility to support
this.

Whenafunctionis wrappedjts namebecomes referencdor two differentfunctiondef-
initions. In PSLit is possibleo createdistinctidentifierswhich have thesamename.The
original nameof the functionis associatedvith a new function calledthe wrapper In
generala wrapperdoesadditionalwork beforeand/orafter applyingthe original defini-
tion. Theoriginal definitionis associateavith anidentifierwhosenameis identicalwith
theoriginal namebut whichis notinterned.Applicationof getdto the original namewiill
returntheoriginal definition. Sinceawrappetis identifiedby anindicatoronthe property
list of its namegetdknows whento look elsavherefor the original function definition,
andputdknowsto altertheoriginal definition,notthewrapper

Typically awrappemaybeaddedo afunctionandlaterremoved. A functionpotentially
may be wrappedup inside more than one wrapperat the sametime. It is possibleto
redefinea wrappedfunction but if the orderor numberof formal parameterss changed
thenit will benecessaryo unwrapall wrapperdirst.

8.2.1 Noteson Writing Wrappers

This sectiondescribeguidelinesor writing wrappers.

If awrapperis puton afunctionthatis usedeitherdirectly or indirectly by the wrapper
body aninfinite recursionmay result. Functionsusedby the PSL interpreterare partic-
ularly susceptibleo 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. Furthermorea
modificationto the systemmay changetheserelationships.Somesystemfunctionscall
functionsthroughfunctionalvariablesor functionalvaluesstoredon propertylists. This
meanghatsomeof therelationshipbetweersystenfunctionschangeovertime.
Insteadof avoiding recursionintroducedoy wrapperswe candetectandrecover from it.
Wrapperbypasseslo this. A wrapperbypassis implementedhrougha fluid variable,
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calledthe controlling variablefor thatwrapper On entryto a wrapper the valueof the
controllingvariableis checled. A non-nilvalueimpliesthata previousinvocationof this

wrapperhasnot beencompleted.To avoid arecursve call on thewrapperacall onthe
wrappedunctionreplacesvaluationof thewrapper

If thevalueof thecontrollingvariableis nil thewrapperis evaluated During evaluationof

thewrapperthecontrollingvariableis setto t exceptduringtheapplicationof thewrapped
function,atwhich pointit shouldbe setto nil.

Syntacticallywrapperbodiesof thefollowing form aresupported:

(lambda <args>
(cond (<var> <wrapped-fn-call>)
(t (prog (<var> <id>*)
(setg <var> t)
<call-expr>*))))

<call-expr> = <expr>
| (<call-expr>*)
| (setqg <var> nil) <setg-and-wrapped-fn-call>

<setqg-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 < var >. It mustbeafluid variablewhosetop
level valueis nil.

Thenotationis BNF with theadditionof theregularexpressiori*” operator This opera-
tor is usedto indicatezeroor morerepetitionsof anitem.

Note that setf is not supportedn placeof setq. You shouldnot useapply in placeof
funcall or let in placeof prog. You caneliminateredundaninstancef (setq< var >
t) and (setq< war > 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
Wrap createsa wrapper nameis the nameof the functionto be wrapped.
wtype is anid which identifiesthe wrappertype, it mustbe a memberof
thelist wrapperstandard-ordefdocumentedbelon). BODY is alist which

shouldbe alambdaexpression.
Wrapredefineghefunctionalvalueof name.Theoriginal functionis renamedTheprint

representationf this nev nameis identicalto namebut theidentifiersaredistinct.

(setq

<var>

Y
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WhenBODY is a lambdaexpression(you are encouragedo usea lambdaexpression
for this agument) thenthe nev nameof the functionwhich is beingwrappedis substi-
tutedfor eachoccurancef wrappeffunction. Theresultof this substitutiorbecomeshe
definitionof thewrapper

WhenBODY is notalambdaexpressioradifferentmethodis usedto createthewrapper
BODY is embeddedvithin a lambdaexpressionwhich hasthe samenumberof argu-
mentsasthe function which is beingwrapped. Eachoccuranceof the form (wrapped-
invocation),is replacedoy anapplicationof thewrappedunction.

If COMPILE?is t thenthewrapperwill becompiled.

The wrapperspackagepermitsa function to have ary numberof wrappersof ary per
mitted type. For a giventype of wrapper a new wrapperalways enclosegreeisting
wrapperf thattype. However, you areadvisedagainstdependingiponthis ordering.

(remove-wrapper name:id TYPE:id): boolean expr
Remaesawrapperof type TYPE from the identifiername.If namedoes

not have awrapperof this typethenthereturnvaluewill benil, otherwiset

is returned.

(wrapped? name:id): boolean expr
Returng if thereis atleastonewrapperon name.

(wrapper-of-type? name:id TYPE:id): name:id nil expr
Searchegor a wrapperof the giventype on name. nameis returnedif a
wrapperis found,otherwisenil is returned.

(wrapper-typesname:id): list expr
Returnsalist of all thetypesof all thewrappersaroundthefunctionnamed
name.

(function-lambda-list FN:id, code-pointer lambda): list expr
Returnsa list suitablefor useasthe formal parametetist of a wrapper

for that function. If the functionis interpreted,the agumentlist of the

definitionis returned.If theactualargumentlist is not available,namedor

theagumentsareinvented.If FN is notalambdaexpressioncode-pointer

or identifierthenit is anerror.

***x%  EN is not a function.

It is alsoanerrorif FN is anidentifierwhich doesnot have afunctionalvalue.
Fkkkk FN is not defined as a function.
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(function-basic-definition name:id): name:id expr
Returnghebasicdefinitionof name whetheror nota setor wrapperss as-
sociatedwith it. Notethatgetdandputdoperateon this basicdefinition. If

you wishto redefinea wrappedunctionandthe numberor orderof formal
parametersvill changet is necessaryo first unwrapall wrapperdirst. Ap-

plicationsof the wrappedfunctionwithin the wrapperwill not be updated
whenthewrappedunctionis redefined.

wrapper-standard-order = [Initially: (tracebreakmeter)] global
Only wrappertypeswhich are memberof this list are legal agumentsto
primitivefunctionsthatoperateon wrappers.Thewrapperof eachfunction
are nestedso that eachwrappertype appearsearlierin wrapperstandard-
orderthanthe type of ary wrapperit encloses.Wrap wrapsaccordingto
this ordering,but changingthis list doesnot causethe orderingof existing
wrapperdo bechanged.

8.2.3 Examples

Assumethatfoo is acommonlycalledfunctionwhosearguments alarge datastructure.
You have foundthatfoo is sometimegalledwith an argumentof nil andwould like to
causeabreakwhenthis situationarisessothatyou candiscoverwherefoo is beingcalled
from.

Sincefoo is acommonlyusedfunctiona breakon eachentryto foo is unsatisactory A
traceof eachentry andexit is not sufficient — it doesnt 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 thewrappers modulebeingloaded
andthebreaktracéunctionbeingdefined(seeChapterl 7 for moreinformationon break-
trace). The wrappertype adviceis addedasthe innermostwrapperon the orderedlist
referencedy wrapperstandard-ordefassumingt 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

Theabove will work fine aslong asfoo is anexpr whichis notusedby theinterpreteror
by the wrappers moduleitself. In the moregeneralcase the function detug-foo must
have threechanges:

1. If foois notanexpr, thenall occurrencesf (wrapped-function< args >) mustbe
replacedoy (funcall’'wrapped-function< args >).

2. If foo is usedby the PSLinterpreterby thewrappers module,or by expression
in the wrapperbody thenit will be necessaryo know whenfoo is calledduring
the evaluationof foo’s wrapper This will allow you to bypassevaluationof the
wrappey you cansimply apply the wrappedfunction. Otherwisean infinite recur
sioncouldresult. The definition below usesthefluid variable(calleda controlling
variable)in-foo-wrapper?o achie/e this effect.

3. If foo is possiblyusedwithin the interpreter thenthe wrappermustbe compiled.
This meanghatif (not (interpretve-wrappetok? 'foo)), thenthe fourth agument
to thefunctionwrapmustbet, or wrapwill signalanerror.

Thereviseddefinitionof delug-foofollows.

(fluid '(in-foo-wrapper?)) % necessary initializations of
(setg 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?)
(setg in-foo-wrapper? t)
(cond ((null X)
(backtrace)
(breakpoint "Foo (x=nil)")))
(setg in-foo-wrapper? nil)
(return
(funcall 'wrapped-function X) % change 1
)
(not  (interpretive-wrapper-ok? 'f00)))) % change 3

Thefunctionbreak-on-conditiomvill causeentryinto acontinuabléoreakioopjustbefore
thefunctionfn is appliedif theresultof evaluatingtheform boundto bool-expr is non-nil.
A samplecall mightbe (break-on-conditiorfoo '(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, andassociatedaluesare usually storedin andretrieved from

the valuecell of thisid. If variablesappearasparametersn lambdaexpressionor in

prog’s, the contentsof the valuecell aresared on a binding stack. A new valueor nil is

storedin the valuecell andthe computatiorproceeds.On exit from the lambdaor prog

theold valueis restored.This s calledthe”shallow binding” modelof LISP It is chosen
to permit compiledcodeto do binding efficiently. For even more efficiengy, compiled
codemayeliminatethevariablenamesandsimply keepvaluesin registersor astack.The

scopeof a variableis the rangeover which the variablehasa definedvalue. Thereare
threedifferentbindingmechanisma PSL.
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LocalBinding  Only compiledfunctionsbind variableslocally. Local variables

occur as formal parametersn lambdaexpressionsand as prog
form variables. The binding occursas a lambdaexpressionis
evaluatedor as a prog form is executed. The scopeof a local
variableis the body of the functionin whichit is defined.

Fluid Binding  Fluid variablesare globalin scopebut may occurasformal pa-

rametersor prog form variables.In interpretedunctions,all for-

mal parametersnd local variablesare consideredo have fluid

bindinguntil changedo local bindingby compilation.A variable
canbetreatedasafluid only by declarationlIf fluid variablesare
usedasparametersr localsthey arereboundin sucha way that
thepreviousbindingmayberestored All referenceso fluid vari-

ablesareto the currentlyactive binding. Accessto the valuesis

by name goingto thevaluecell.

GlobalBinding In theory global variablesmay never be usedas parametersn

lambdaexpressionr as prog variables. This restrictionis not
enforcedin PSL. You areencouragedot to declareanidentifier
globalif it is usedasa parametem alambdaexpressioror prog.
For moreinformationseethe SectionFluid and Global Declara-
tions,Chapterl9.

8.3.1 Binding Type Declaration

(fluid IDLIST :id-list): nil

Theidsin IDLIST aredeclaredasfluid typevariables An id which hasnot
beenpreviously declareds initialized to nil. Variablesin IDLIST already
declaredluid areignored. It is anerrorto attemptto changethe type of a
variablefrom globalto fluid.

*¥*&x%  ID cannot be changed to FLUID

(global IDLIST :id-list): nil

Theids of IDLIST aredeclaredglobaltypevariables.If anid hasnotbeen
previously declared,it is initialized to nil. Variableswhich have already
beendeclaredglobal areignored. Attemptingto changethe type of anid
from fluid to globalwill resultin anerror.

***%x |D cannot be changed to GLOBAL

(unfluid IDLIST :id-list): nil
Thevariablesin IDLIST which have beendeclaredasfluid areno longer
consideredluid. Othervariablesareignored.

expr

expr

expr
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8.3.2 Binding Type Predicates

(fluidp U:id): boolean expr
If U hasbeendeclaredluid thent is returnedptherwisenil is returned.

(globalp U:id): boolean expr
If U hasbeendeclaredjlobalthent is returned otherwisenil is returned.

(unboundp U:id): boolean expr
If U doesnot have avaluethent is returnedptherwisenil is returned.

8.4 UserBinding Functions

The following functionsare available to build one’s own interpreterfunctionsthat use
thebuilt-in Fluid bindingmechanismandinteractwell with theautomatiaunbindingthat
takesplaceduring Throw andError calls.

(unbindn N:integer): Undefined expr
Usedin userdefinedinterpreterfunctions(like prog) to restoreprevious
bindingsto thelastN valuesbound.

(Ibind1 IDname:id VALUET OBIND:any): Undefined expr
Supportfor lambda-lite binding. The currentvalueof 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(Ibind1 IDnamenil).
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The Inter preter

9.1 Evaluator Functions Eval and Apply

Theevaluatoris responsibldor theexecutionof PSLprograms.Theevaluatoris available
to the userthroughthe function eval. This function givesthe operationaemanticsor
meaning to the programmingconstructfoundin PSL. With eval we have the ability to
evaluateconstructeaxpressionsTheability to evaluatelists which have the appearance
of expressionsighlightsthe programdataduality of LISP.

Apply representshe pieceof the evaluatorwhich is responsibldor invoking functions.
Any list whichis not quotedis takento beafunctionapplicationby the evaluator Apply
providesthe userwith atool to explicity invoke functions.

In eval, apply andthe supportfunctionswhich follow, errorsare continuable.Whenan
erroroccurstheuseris permittedto correctthe offendingexpressioror perhapsiefinea
missingfunction (seeChapterl6 for moreinformation).If the numberof agumentdo a
functionis notequalto thenumberof parameterspecifiedoy thedefinitionthentheerror

*eekk Argument  number mismatch

occurs. If thereis anid in the function position of a form, and thereis no function
definitionassociateavith it, anerroroccursandthe message

k% 'NAME’ is  an undefined  function

is printed. If the functionpositionis not occupiedby anid, lambdaexpressiornor code-
pointerthenit is anerrorandoneof thefollowing is printed.

wreek |ll-formed expression in EVAL ‘FORM’
wreek |ll-formed expression  ‘FORM’

Thefirst messagés displayedwhenthe erroris detectedwithin eval.

(eval U:form): any expr
Thevalueof theform U is computed.Sinceeval is a functionof type expr

it will receveits agumentalreadyevaluated.Sinceit will thenevaluatethe
argumentitself, it may seemasthoughthe evaluationis donetwice. The

argumentU cannotaccessocal variables.

As a basisfor discussionanapproximatiorto the actualdefinitionof eval is given.

111



112

(de eval (e)
(cond ((is-constant e) (denote e))
((idp e) (valuecell e))
(t (let ((fun (first e))
(args (rest €)))
(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 determinesf its agumentis a constant.Examplesof constantsare numbers,
strings,vectorsandquotedexpressionsFor themostpart,thefunctiondenotewill simply
returnits agument. However, if the constanis a quotedexpressionthenthe expression
is returnedasvalue.

1 lisp> (eval "STRING")
"STRING"

2 lisp> (eval (mkquote ’(one)))
(ONE)

An identifieris consideredh variable. In sucha case,eval returnsthe contentsof the

value cell of the identifier Of coursethings are not quite all that simple. This raises
a conceptualssueaboutwhento find the values. The issueis one of scopingrules.
Scopingrulescomeinto play whenfunctionsaredefined.In particular this involvesfree

variables(thosevariableswhich are not parameter®f the definition). Oneapproachs

staticscoping.This stratgy locateshevaluesof freevariablesatthetime thefunctionis

defined.PSL usesa secondapproacttalleddynamicscoping. Usingthis approachthe
valuesof freevariablesarenot determinedintil the functionis applied.

1 lisp> (setqg number 0)

0

2 lisp> (de bar () (foo) (addl number))
BAR

3 lisp> (de foo () (setg number 1))
FOO

% When bar was defined the value of number was O,
% 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

The PSL ervironment(the valuesassociateavith variables)will typically changeduring
evaluation.Whena functionis applied,the variablesspecifiedby its definitionareasso-
ciatedwith the agumentsof the application. As a result,the value of eachvariablehas
changed.As notedabove, the value of a variableis foundin its valuecell. However,

the definition andacces®f valuesdependsiponthe binding stratgy beingusedby the
implementationTwo commontechniquesreshallov binding(usedin thecurrentimple-

mentationof PSL),anddeepbinding. In adeepboundsystentheenvironmentis defined
by atableof namesandvalues.Eachtime a variableis setto a value,anentryis added
to thetable. To locatethe valueof a variablethis tablemustbe searchedWhenthereare
multiple definitionsfor a givenvariablewithin this table,the corventionis adoptedhat
it is alwaysthelatestvaluewhichis retrieved. With this stratgy we caneasilyrestorean
old value, by simply remaoving the currentvalue from the table. With shallav binding,
thevalueof avariableis positionedwith theid whichrepresentghevariable.In thiscase
thereis no needto searchfor a value. It is known to alwaysbein a fixedlocation,the
valuecell of theid. This secondechniquemakesfinding valuesmuchmoreefficient, but

it is muchmoredifficult now to keeptrackof previousvalues.

If the expressiorbeingevaluateds neithera constanibor a variableit is assumedo be a
function applicationform. Whenwe apply the function definition to the agumentswe
associatehe parametersf thedefinitionwith thearguments.This procesof association
is calledbindingandsimulatessubstitution.Within the new environmentthe body of the
functionis evaluated Noticewe do notexplicitly substituteahevaluesfor thevariablesn
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))

*xkk ‘ONE’ is an undefined function

Eval first looks at the function position, making surea function definition is available.
The mannerin which thefunctionis applieddependsiponthe type of the function. For
bothexprsandnexprsthe amgumentsareevaluatedn aleft to right orderby thefunction
evlis. Sincenexprsexpecta singleargumentthe agumentsaregatherednto alist. The
argumentgo anfexpr arenot evaluatedout they aregatherednto alist. Theremaining
function type to consideris macro. The entire function applicationform is passedo
macros.Theresultof applyingthe macrois thenevaluated.
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(apply FUN:id, function ARGS:any-list): any expr
Appliesthefunction FUN to thelist of agumentsARGS. Thefollowing is
anapproximatiorof 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 usesthe additionalfunctionscodeapplyandlambdaapplyto actuallyevaluatethe
body of the function. Theamgumentsn ARGS arenot evaluated(for example,by a call
onevlis). Thismayseemoddsincethetype of thefunctionmaybeexpr or nexpr. Apply
assumeshattheargumentsarein theform requiredfor bindingto theformal parameters
of FUN. Getcodepointereturnsthe code-pointerassociatedvith anid. The body of
a function which is not compiledis found on the propertylist of its name,underthe
*lambdalinkindicator

1 lisp> (setqg fn ‘’addl)

ADD1
2 lisp> (de fn (a) (subl a))
FN
3 lisp> (apply fn ’(1))
2
4 lisp> (apply ’'fn (1))
0
5 lisp> (apply ’'cons ’((addl 2) 3))
((add1 2) . 3) % NOT (3 . 3)
(funcall FUN:id, function [ARGUMENT :any]): any macio

Equialentto (apply FUN (list ARGUMENT1 ... ARGUMENTN)). This
functionis definedin the USEFULmodule.

9.2 Support Functionsfor Eval and Apply

(evlis U:any-list): any-list expr
Evlis evaluateseachelemenof U Thelist of resultsis returned.
(de evlis (p)
(if  (not (pairp  p))
0
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(cons (eval (first u))
(evlis (rest  u)))))

(idapply FN:id U:any-list): any expr
Appliesthefunctionreferencedby FN to theargumentist U. An equialent

form would be (apply FN U). Theuseof idapplyis moreefficient. If FN is

notanid it is anerrorandthemessage

*xekk ll-formed function expression
is printed.
(codeapplyFN:code-pointer U:any-list): any expr

The body of compiledfunction referenceddy FN is executedwith argu-
mentsin U.

(codeaalapply FN:code-pointer U:any-list): any expr
(code®alapplyFN U) is essentiallycodeapplyFN (evlis U)). Thediffer-
encebetweerthetwo is thatthefirst is moreefficientthanthe second.

(evprognU:form-list): any expr
The formsin U are evaluatedin a left to right order The value of the

lastis returned.This functionis usedin situationswherean applicationof

prognis implied. For example the definition of mary functionsconsistof

asequencef expressionsEachexpressions evaluatedandthevalueof the

lastis returnedwithout having to wrapthe definitioninsidea progn.

(de evprogn (u)
(if (pairp u)
(progn  (while  (pairp  (cdr u))
(eval (car wu))
(setg wu (cdr u)))
(eval (car u)))

nil))

9.3 SpecialEvaluator Functions, Quote and Function

(quote U:any): any fexpr
Quoteis usedto distinguisha constants-expressiorfrom onewhichis to

be evaluated. The returnvalueis U. Sincequoteis an fexpr U is never

evaluated.
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(mkquote U:any): list expr
Returngheresultof (list 'quoteU).

(function FN:function): function fexpr
Functionis similar to quote,exceptthat its argumentis a referenceto a

function. FN is eitherthe nameof a function, a lambdaexpression,or a

code-pointerlt is not correctto usequoteto suppresshe evaluationof an

expressionwhich represents function. The misuseof function caneffect

thewayin which codeis compiled,in particular applicationof themapping

functions(seeChapter???for moreinformation).
Useof the readmacro#’ will resultin an applicationof function. For example,if the

readerencountersgtfun the expressioFUNCTION FUN) will bereturned. This read
macrois partof theuseful package.

9.4 Support Functionsfor Macro Evaluation

(expandL:list FN:function): list expr
Expandis a corvenientway to expanda certaintype of macro. PSL sup-

portsfunctionslik e pluswhichacceptrny numberof agumentsThemacro

plusis actuallydefinedin termsof thebinaryoperatomplus2.For example,

(plus 1 2 3)

expandsnto
(plus2 1 (plus2 2 3))

FN shouldbe a functionwhich acceptdwo agumentsandL shouldbe a list of values
which areacceptabléo FN asarguments.

(de expand (I fn)
(cond ((not (pairp 1)) 1)
((not  (pairp  (cdr 1)) (car 1)
(t (list fn (car ) (expand (cdr 1) fn)))))

1 lisp> (dm plus (a) (expand (rest a) ’plus2))
plus

2 lisp> (macroexpand ’(plus 12 3)

(plus2 1 (plus2 2 3))

(robustexpandL: list FN: function EMPTYCASE: form): list expr
If thelist L is emptythenEMPTYCASEis evaluated ptherwisetheresult
of (expandL FN) is returned.



Input and Output

10.1 Intr oduction

Onecategyory of inputandoutputin LISPis "symbolic” I/0O. Thisallows a userto print or

readpossiblycomplex LISP objectswith oneor a few calls on standardunctions. PSL
alsohaspowerful general-purposkO.

Input from multiple sourcesand outputto multiple destinationsanbe donein PSL all

at the sametime. PSL providesl/O functionswith explicit specificationof sourcesand
destinationdor /0. On the other handfor convenienceit is often desirableto let the

sourceor destinationbe implicit. PSL providesthe full setof 1/0O operationshrough
functionswith animplicit sourceor destination.

The functionswith and without an explicit channeldesignatorargumentare described
togetherin this chapter In eachcasecalling the function with the implicit sourceor

destinations thesameascallingtheversionwith explicit channebrgumentandsupplying
thevalueof thevariablein* or out* asthechannel.

Thecurrentinput or outputchannelcanbe changedy settingor rebindingthe variables
in* or out*. Historically, the functionsrdsandwrs have beenusedfor this andthey are
alsoavailablealongwith their specialfeatures.

10.1.1 Organization of this Chapter

We first discussthe syntaxusedfor symbolicinput and output. The syntaxdescribed
appliesto PSL programsjnteractve typein,formatof datain datafiles, andto outputby

PSL programsexceptwhenspeciafformattingis used.

Functionsfor printing and readingfollow. All (textual) input and outputfunctionsare
discussedNext is open,for settingup inputandoutputwith files, plusrelatedfunctions.
A greatdeal of userinput/outputprogrammingcan be doneusingjust a subsetof the

functionsdescribedn thesefirst sections.

PSLincludesfunctionsthatload programmodulesandexecutecommandiles. They are

essentiato building of softwaresystemsvenif the systemitself doesno I/O. Functions
of thistypearedescribedext.

The sectionon I/0O channelgliscussesomefeaturesavailablefor switchingthe current
outputfrom channelto channel,and documentssomefluid variablesusedin directing

someof the system$inputandoutput.

Functionsin the next sectionactuallyoperateon objectssuchaslists andstrings! Since
I/O functionsscaninput andformatoutput,andsinceit is possibleto readfrom or print

to astring, /O functionscanbe usefulfor building stringsandfor scanninghem. Some
built-in functionsaredescribed.
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Thelasttwo sectiongdescribenechanismghatmalke possiblesomesophisticatedisesof
the PSLI/O system.Onedescribeshe mechanisnin PSLthatpermitswriting to astring
or takinginputfrom thetext buffer of atext editor. The otherdiscussethetablesusedby
thePSLscannerwhichis modifiable.

10.2 Printed Representationof LISP Objects

Most of this sectionis devotedto therepresentationf tokens.In additionto tokensthere
arecompositeobjectswith printedrepresentationdists andvectors.We briefly discuss
their printedformatsfirst.

"(" expression  expression o)
"(" expression  expression """ expression)
“[* expression  expression A

Of thesethe first two are for lists. Wherepossible,the first notationis preferredand
the printing routinesuseit exceptwhenthe secondorm is needed.The secondorm 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 standard$or representingokensareused:

e An id normally consistsof uppercasdettersanddigits. The first charactecanbe
adigit whenthefirst non-digitcharacters a plussign,minussign, or aletterother
than”E” or”"B”. Weexcludelowercasdettersbecaus¢hePSLreademwill normally
cornvertlowercasdettersto uppercaseAlthoughtheusermayuselowercasdetters,
the interpreteronly seesuppercaseThis corversionis controlledby the value of
the switch*raise,avalueof nil will suppresshis corversion.In additionto letters
andnumbersthefollowing charactergareconsideredlphabetidor the purposeof
notatingsymbols.

+-%$&*/ ;| <=>?2" _ " @
Thereis anescapeorventionfor notatinganid whosenamecontainsspecialchar

acters.In additionto lowercasdettersthefollowing characterareconsideredpe-
cial.

Pt () 01 #
JULIE % three ways to notate the same symbol

julie
JuLie
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+$

1+

+1 % this is a number, not an id
X" 2+y"2 % a single  symbol

e Stringsbegin with a doublequote (") andinclude all charactersup to a closing
doublequote.A doublequotecanbeincludedin a stringby doublingit. An empty
string, consistingof only the enclosingguotemarks,is allowed. The character®f
astringarenot affectedby the valueof the*raise. Examples:

"This is a string"
"This is a "'string™"

e Integersbegin with a digit, optionally precededy a + or - sign, andconsistonly
of digits. The globalinput radix is 10; thereis no way to changethis. However,
numbersof differentradicesmay be readby the following corvention. A decimal
numberfrom 2 to 36 followed by a sharpsign (#), causeghe digits (andpossibly
letters)thatfollow to bereadin theradix of thenumbermprecedinghe#. [Footnote:
Octalnumberscanalsobe written asa string of digits followed by the letter”B”.]
Thus63 may be enteredas8#77,0r 255 as 16#ff or 16#FF The outputradix can
be changedby settingoutputbase*.If outputbase?s not 10, the printedinteger
appearsvith appropriateradix. Leadingzerosare suppresse@nd a minus sign
precedeshedigitsif theintegeris negative. Examples:

100
+5234
-8#44 (equal to -36)

e Floatshaveaperiodand/oraletter’e” or”E” in them.Any of thefollowing areread
asfloats. The valueappearsn the format[-]Jn.nn...nnE[-Jmmif the magnitudeof
the numberis too large or smallto displayin [-]Jnnnn.nnnnformat. The crosswer
pointis determinedby the implementation.In BNF, floatsarerecognizedoy 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:
[+]-1[nnn][.]Jnnn{e|E}[+|-]nnn
nnn.
.nnn
nnn.nnn

Examples:
le6
2
2.

2.0
-1.25E-9

e Code-pointersannotbereaddirectly, but canbeprintedandconstructedCurrently
printedas

#<Code argument-count hexadecimal-address>.
e Anything elseis printed as#<Unknonvn:nnnn>, wherennnnis the hexadecimal
valuefoundin the agumentregister Suchitemsare not legal LISP entitiesand

may causegarbagecollectorerrorsif they arefoundin the heap. They cannotbe
readin.

10.3 Functionsfor Printing

10.3.1 BasicPrinting

(prinl ITM:any): ITM:any expr

(channelprinl CHAN:io-channel ITM:any): ITM:any expr
Channelprinis the basicprinting function. For well-formed,non-circular
structurestheresultcanbe parsedoy thefunctionread.

(prin2 ITM:any): ITM:any expr
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(channelprin2 CHAN:io-channel ITM:any): ITM:any

Channelprin2s similar to channelprinl,except that strings are printed
without the surroundingdouble quotes,and delimiterswithin ids are not
precededy theescapeharacter

Thefollowing exampleillustratesthe differencebetweerprinl andprin2.

ARGUMENT PRIN1 PRIN2
Al%WORD Al%WORD A%WORD
"STRING" "STRING" STRING

(print U:any): U:any

(channelprint CHAN:io-channel U:any): U:any
DisplayU usingchannelprinlandthenterminatetheline usingchannelter

pri.

10.3.2 WhitespacePrinting Functions

(terpri): nil

(channeltempri CHAN:io-channel): nil

Write an end of line character The numberof charactersutputon the
currentline (thatwhichis referencedyy channelposn)s definedto bezero
andthenumberof linesoutputonthecurrentpage(thatwhichis referenced
by channelposn)s incremented.

(spacedN:integer): nil

(channelspace€£HAN:io-channel N:integer): nil
N spacesrewritten.

(tab N:integer): nil
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(channeltabCHAN:io-channel N:integer): nil expr
Moveto columnN

(channelspaces ch (- N (channelposn ch)))

If the positionon the currentoutputline is pastcolumnN then channelterpris 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
Channelprintis asimpleroutinefor formattedprinting. TheFORMAT is a
string. The charactersf this stringareprintedunlessa ainterpretandprint
the otheragumentsto channelprintf. The following format charactersare
currentlysupported.
%b The next agumentis assumedo be an integer, it is passedo
spaces.
%c Thenext agumentshouldbe a singlecharacterit is printedby a
call onwritechar
%d Printthenext agumentasadecimalinteger.
%e Thenext aguments evaluatedby a call on eval.
%f Printanend-of-linecharacterf notatthebeginningof the output
line (doesnot usea matchingargument).
%I  Printthe next agumentusingprint2l, this is the sameas%w ex-
ceptthatlists areprintedwithoutthetop level pair of parenthesis.
Theemptylist is printedasa blank.
%n Printend-of-linecharactefdoesnot usea matchingargument).
%0 Printthenext agumentasanoctalinteger.
%p Printthenext agumentusingprinl.
%p Printthenext agumentusingprinl.
%r  Printthenext agumentusingerrprin,theresultis thesameas%p
exceptthata surroundingpair of quotesarealsoprinted.
%s Thenext agumentis assumedo beastring,thesurroundinglou-
ble quotesarenot printed.
%t Thenext agumentis assumedo beaninteger, it is passedo tah
%w Printthenext agumentusingprin2.
%x Printthenext agumentasa hexadecimainteger.
If thecharactefollowing % is noteitheroneof theabove or anotheo, it causesnerror
Thus,to includea % in theformatto be printed,use%.
Thereis no checkingfor correspondencbetweenthe numberof agumentsthat FOR-
MAT expectsandthe numbergiven. If the numbergivenis lessthanthe numberin the
FORMAT string,garbagewill beinsertedfor the missingargumentslf thenumbergiven
is greaterthanthe numberin the FORMAT string,thenthe extra onesareignored.
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rettyprint U:form): U:form expr
(prettyp p
PrettyprintsJ.

10.3.4 The Fundamental Printing Function

(writechar CH:character): character expr

(channelwritechar CHANNEL :io-channel

CH:character): character expr
Write one charactetto the device specifiedoy CHANNEL. All outputis

definedin termsof this function. The numberof characteroutputon the

currentline (thatwhich is referencedy channelposn)andthe numberof
linesoutputonthecurrentpage(thatwhichis referencedy channellposn),

are updated. Eachchannelspecifiesan outputfunction, it is this function

thatis appliedto CHANNEL andCH to actuallywrite the character

10.3.5 Additional Printing Functions

(prin2l L:any): L:any, nil expr
Prin2,exceptthatalist is printedwithoutthetop level parenthesedf L is
apairthenthereturnvalueis nil, otherwisethereturnvaluewill belL.

(prin2t X:any): any expr
(channelprin2t CHAN:io-channel X:any): any expr
OutputX usingchannelprinZzandterminateine with channelterpri.

(princ ITM:any): ITM:any expr
(channelprinc CHAN:io-channel ITM:any): ITM:any expr

Samefunctionaschannelprin2.

(errprin U:any): NoneReturned expr
Prin1with specialquotegto highlightU.

(errorprintf FORMAT:string [ARGS:any]): nil expr
Errorprintfis similar to printf, exceptthat errout* is usedin placeof the

currentlyselectecbutputchannel. Channelterpris calledbeforeandafter

printing if theline positionis greaterthanzero.
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(eject): nil

(channelejectCHAN:io-channel): nil
Skip to top of next outputpage.

10.3.6 Printing Statusand Mode

For informationon directingvariouskindsof outputseethe sectionon channels.

outputbase* = [Initially: 10]
Thisfluid canbesetto controltheradixin whichintegersareprintedout. If
theradixis not 10, theradixis givenbeforea sharpsign.

1 lisp> 16

16

2 lisp> (setq outputbase* 8)
8#10

3 lisp> 16

8#20

(posn): integer

(channelposnCHAN:io-channel): integer
Returnsnumberof charactersutputon the currentline of this channel.

(Iposn): integer

(channellposnCHAN:io-channel): integer
Returnsnumberof linesoutputon this pageof this channel.

(linelength LEN: {integer, nil }): integer

expr

expr

global

expr

expr

expr

expr

expr
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(channellinelengthCHAN:io-channel LEN: {integer, nil }): integer expr
For eachchannelthereis a restrictionon the length of outputlines. If

LEN is nil thenthe valuereturnedwill bethe currentmaximumlength. If

LEN is anintegergreaterthanzerothenit will becomethe nev maximum.

However, if theamgumentis zerotherewill be no restrictionson the sizeof

the outputlines. Thefollowing exampleillustrateshow this lengthis used.
PSLusesasimilar functionto applyoutputfunctionslike prinl.

(de check-line-length (length  ch fn token)
(when (and (> (+ (channelposn ch) length)
(channellinelength ch nil))
(> (channellinelength ch nil) 0))
(channelwritechar ch (char eal)))
(idapply fn (list ch token)))

The fluid variablesPrinLevel and PrinLengthallow the userto control how deepthe
printer will print and how mary elementsat a given level the printer will print. This
is usefulfor objectswhich arevery large or deep. Thesevariablesaffect the functions
prinl, prin2, princ, print, andprintf (andthe correspondingchannefunctions).

prinlevel = [Initially: nil] global
Controlshow mary levelsdeepa nesteddataobjectwill print. If PrinLevel
is nil, thenno controlis exercised Otherwisethevalueshouldbeaninteger.
An objectto beprintedis atlevel O.

prinlength = [Initially: nil] global
Controlshow mary elementsatagivenlevel areprinted. A valueof nil indi-
categhattherebenolimit to thenumberof componentprinted. Otherwise
thevalueof PrinLengthshouldbeaninteger.

10.4 Functionsfor Reading

10.4.1 ReadingS-Expressions

(read): any expr

(channelread CHAN:io-channel): any expr
Readsand returnsthe next S-expressionfrom input channel CHAN.

Valid inputformsare: vectornotation,dot-notationJist-notation,numbers,

strings,andidentifiers. Identifiersare interned(seethe intern function in

Chapterd), unlessthe fluid variable*compressings non-nil. Channelread

returnsthe valueof the globalvariable$eof$whenthe endof the currently

selectednputchannels reached.
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(de channelread (ch)

(let  ((currentscantable* lispscantable*)
(currentreadmacroindicator* 'lispreadmacro))
(channelreadtokenwithhooks ch)))

Channelreadisesthe function channelreadta@nwithhooks. Tokensare scannedwithin

the context of the scantable boundto lispscantable*. The scantableis usedto recog-
nize specialcharactetypes,for example,delimiterslike (, ), andspace.Thereadmacro
mechanisms usedto parses-expressiongseesection12.4.5for more information on
readmacros).PSLusesa humberof readmacroswvhich aredescribedelow.

( S-epression@aregatherednto alist until the matchingright parenthe-
sisis read. Both list anddot notationarerecognized.A pair or list is
returned.

) If aright parenthesiss readand a matchingleft parenthesisiad not

beenpreviously readthenit will beignored.

[ S-epressionsaregatherednto a vectoruntil a matchingright braclet

Is read.A vectoris returned.

The next s-expressiornreadis quoted theresultis of theform (QUOTE

S-EXPRESSION).

(chareof) If anendof file charactelis readwhile a list or vectoris being con-
structedthenthe following error will occur ***** UnexpectedEOF
while readingon channel.

‘N’ Otherwisethevalueof eof is returned.

Thefollowing readmacrosaredefinedin theuseful module.

# thisis like the quotemark’ but it is usedfor function insteadof
guote.For example#’namereadsas(FUNCTION NAME).

#/  thisreturnghenumericform of thefollowing charactereadwith-
outraisingit. For examplet#/ais 97 while #/A is 65.

#\ Thisisareadmacrofor char(seeChaptei6 for moreinformation).
Note that the agumentwill be raisedif *raise is non-nil. For
example#\a=#\A = 65.

#. Thiscauseshefollowing expressiorto beevaluatedatreadtime.
For example,' (1 2 #.(plusl 2) 4) readsas(1 2 3 4).

#+ The next two expressionsareread. If thefirst is a systemname
whichisthecurrentsystenthenthesecondxpressions returned.
Otherwiseanotherexpressionis readandit becomeghe value
returned.

#- Thenext two expressionsareread. If thefirst is a systemname
whichis notthe currentsystemthenthe secondexpressions re-
turned. Otherwiseanotherexpressions readandit becomeghe
valuereturned.
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10.4.2 ReadingSingleCharacters

(readchar): character expr

(channelreadchar CHANNEL:io-channel): character expr
Readsonecharactelaninteger) from CHANNEL. All inputis definedin

termsof this function. If CHANNEL is not openor is openfor writing

only, anerroris generatedlf thereis anon-zerovaluein the backupbuffer
associateavith CHANNEL, the buffer is emptied(setto zero)andthevalue

returned. Otherwise,the readingfunction associatedvith CHANNEL is

calledwith CHANNEL asamgument,andthevalueit returnsis returnedoy
channelreadchar

**&kk Channel not open

**x&kk Channel open for write  only

(readch):id expr

(channelreadchCHAN:io-channel): id expr
Like channelreadchabut returnsthe id for the characteratherthanits
ASCII code.

(unreadcharCH:character): Undefined expr

(channelunreadchar CHAN:io-channel CH:character): Undefined expr
Theinputbackupfunction. Chis depositedn the backupbuffer associated

with Chan. This function shouldbe only called after channelreadchas
called,andbeforeary interveninginput operationssinceit is usedby the
tokenscannerTheunreadouffer only holdsonecharactersoit is generally

uselesdo unreadmorethanonecharacter

10.4.3 ReadingTokens

Thefunctionsdescribederepertainto thetokenscanneandreader Globalsandswitches
usedby thesefunctionsaredefinedat the endof this section.
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(channelreadtoken CHANNEL:io-channel): {id, number, string} expr
This is the basicPSL token scanner The valuereturnedis anitem corre-

spondingto the next token from the input stream. An id will be interned

unlessthe switch *compressingis non-nil. If *compressings t thenthe

print nameof theid is passedo newid, otherwiseit is passedo intern.

Theglobalvariabletoktype*is setasfollows.
0 if thetokenis anordinaryid,
1 if thetokenis astring,
2 if thetokenis anumbeyor
3 if thetokenis anunescapedelimitersuchas
"(", butnot”!(” In thislastcasethevalue
returneds theid whoseprint nameis the
sameasthedelimiter.
Theprecisebehaior of thisfunctiondepend®ntwo fluid variables:
Currentscantables boundto avectorknown asa scantable.Describedoelow.
Currentreadmacroindicatoig boundto anid known asareadmacroindicator Described
below.

(ratom): {id, number, string} expr
Readsatokenfrom thecurrentinputchannel.

(channelreadtokenwithhooks CHANNEL:io-channel):

any expr
This functionreadsa token andperformsary actionspecifiedf thetoken

is markedasareadmacrounderthe currentindicator Readusesthis func-

tion internally Usesthe variable currentreadmacroindicatoifrrentread-
macroindicatorto determinehecurrentindicator

10.4.4 ReadingEntireLines

(readline): string expr

(channelreadline): string expr
A stringis returnedwvhich containseachcharactefrom thecurrentposition
of the scanneto the next end-of-lineor end-of-filecharacter

10.4.5 ReadMacros

At thetoplevel of PSL,anexpressions read,it is evaluatedandthentheresultis printed.
Normally a macrois expandedduring evaluation. The readmacrois a differenttype of
macro,it is expandediuringthereadingphase Whenthereaderncountersreadmacro



10.4. FUNCTIONSFORREADING 129

characterthe the macrois executedandthe resultis insertedin placeof thereadmacro
character

A readmacromustbeafunctionof two algumentsthefirst shouldrepresen&lO channel,
theseconda character A charactemwhich represents readmacromustbe setto oneof

two typesin the scantable. It may be eithera delimiter or a diphthong. Diphthong
correspondso doublecharactereadmacros,delimiterto single charactereadmacros.
In addition,theid which corresponds$o the charactemusthave a referencdo thename
of the functionon its propertylist. For a diphthongtheindicatormustbe lispdiphthong,
for adelimiterit mustbelispreadmacro.

The quotemacromay be definedasfollows. Note thatwe cannotuse’form in placeof

(quoteform) until we have definedthereadmacro.

(de doquote (channel ch)
(list (quote quote) (channelread channel)))

(put  (quote ') (quote lispreadmacro)(function doquote))
(putv  lispscantable* (char 1) delimiter)

This saysthatwhena singlequoteis read,PSL shouldreplaceit with alist consistingof
guoteandthe next expressionin the input (obtainedby an explicit call to channelread).
Sincedefining a characteras a readmacromakesit difficult to usethe characterin a
normalway, readmacrosshouldnot belettersor digits.

10.4.6 Terminal Interaction

(yespMESSAGE:string): boolean expr
If the userrespondsy or yes, yespreturnsa non-nil value. A response

of n or noresultsin a valueof nil. It is possibleto entera breakloop by
respondingwith b. After quitting the breakloop, onemuststill respondy,

yes,n, or no.

10.4.7 Input Statusand Mode

promptstring* = [Initially: "lisp>"] global
Displayedasa promptwhenary inputis takenfrom TTY. Promptsshould
thereforenot be directly printed. Insteadthe value should be boundto
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 charactersnput for ids throughPSLinputfunctions
areraisedto uppercase.If *raiseis nil, characterareinputasis. A string
is unafectedby *raise.

*compressing= [Initially: nil] switch
If *compressings non-nil, channelreadt@nandotherfunctionsthatcall it
donotinternids.

currentscantable*= [Initially: ] global
This variableis setto lispscantableby thefunctionread

currentreadmacmoindicator* = [Initially: ] global
The functionreadbindsthis variableto the value LISPREADMACRO. Its
valuedetermineshepropertylist indicatorusedin looking up readmacros.
Theusermaydefinea setof readmacrosusingsomenew indicatorandre-
bindthisvariable.Ordinaryreadmacrosmaybeaddedoy puttingproperties
onidsunderthe LISPREADMACRO indicator

10.5 File Systeminterface: Openand Close

(openFILEN AME:string ACCESSTYPE:id):

CHANNEL:io-channel expr
If AccessVpeis eqto input or output,an attemptis madeto accesghe

system-dependeRILENAME for readingor writing. If the attemptis un-

successfulan error is generatedptherwisea free channelis returnedand

initialized to the default conditionsfor ordinaryfile input or output.

If noneof theseconditionshold, afile is not available,or thereareno free channelsan
erroris generated.

*eekk Unknown access type

*eekk Improperly  set-up  special 10 open call
*xkk File  not found

**x&%  No free channels

If AccessVpeis eqto SPECIAL,nofile is openedlnsteadthe channels initialized asa
generalizednputand/oroutputstream.Seebelow.

(filep NAME:string): boolean expr
This functionwill returnt if file NAME canbe openedandnil if not, e.g.
if it doesnotexist.
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(closeCHANNEL.:io-channel): io-channel expr
The closing function associatedvith CHANNEL is called, with CHAN-

NEL asits agument.If it is illegal to closeCHANNEL, if CHANNEL is

not open,or if CHANNEL is associateavith a file andthe file cannotbe

closedby the operatingsystemthis functiongeneratesanerror. Otherwise,

CHANNEL is markedasfreeandis returned.

Hereis a simple exampleof input from a particularfile with outputsentto the current
outputchannel.This functionreadsformsfrom thefile MYFILE.DAT andprintsoutall
thosewhosecar is eqto its parameter Using unwind-protectwe are assuredhat the
channelandthefile), will beclosedin all casesincludingerrors.

(de filter-my-file (X)
(let  ((chan (open "MYFILE.DAT" ’input))
form)

(unwind-protect
(while  (neq (setq form (channelread chan))
$eofd)
(if (and (pairp form) (eq (car form) X))
(print form)))
(close chan))))

10.6 Loading Modules

Two corvenientproceduresireavailablefor loadingmodules Variousfacilitiesdescribed
in this manualareactuallyin loadablemodulesandtheir documentatiomotesthatthey
mustbeloaded.Loadablemodulegsypically existasFASL files .B files seethesectionon
the compilerfor informationon producingFASL files.

(load [FILE: {string, id}]): nil macio
For eachargumentFILE, anattemptis madeto locatea correspondingle.

If afile is foundthenit will beloadedby a call on an appropriatefunc-

tion. A full file nameis constructedoy usingthe directory specifications

in loaddirectoriesandthe extensiondn loadextensions*.The stringsfrom

eachlist areusedin aleft to right order for agivenstringfrom loaddirecto-

ries* eachextensionfrom loadextensions*s used.More informationabout
loaddirectories’andloadectensions*canbefoundbelow.

While thefile is beingloaded*usermodewill be setto nil. If afile cannotbe foundthe
call onloadwill beaborted.

*rxekk 'FILE’  load module not found
If either*verboseloadr *printloadnamess non-nilthen
*** Joading FULL-NAME

is printedjust prior to loadingthefile. Onceafile hasbeenloadedthe message
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*** FILE loaded

will beprintedif the*verboseloads non-nil. In addition,the nameFILE is addedto the
list referencedy options*. If anattemptis madeto load a file which hasbeenpartially
loadedthen

*** Warning: Load of FILE previously requested, but incomplete.

will beprinted. If FILE is foundto bein options*thenthe attemptto load FILE will be
ignored.

*** FILE already loaded

Notethatmemqis usedto determinef FILE isin options*. Thereforevhenyouusestring
argumentsfor loadingfiles, althoughidentical namesfor ids refer to the sameobject,
identicalnamedor stringsreferto differentobjects.

(reload[FILE: {string,id}]): nil macio
Reloadis very similar to load. The differencebetweerthe two is that for
eachnameFILE, thefirst occuranceof FILE in options*will be removed
beforeattemptingo loadthefile.

(imports FILES:list): nil expr
This function is alsousedto load modules. If importsis invoked as an-

othermoduleis beingloaded thenthe modulesspecifiedoy FILES will not

be loadeduntil the loading of the currentmoduleis complete. Otherwise

importsis identicalto load.

loaddirectories* = [Initially: list] global
References list of stringsto appendto the front of file namespasseds
argumentdo load, reload,andimports.

loadextensions*= [Initially: association-list] global
Referenceshea-list ((".b" . faslin) (".lap" . lapin))

The car of eachpair is a stringwhich representsn extensionto appendo
theendof thefile namegpassedsagumentgo load, reload,andimports.
Thecdris afunctionappropriatdor loadingafile of a particularextension.
For example,afile whoseextensionis B is loadedwith the functionfaslin.

options* = [Initially: nil] global
Oncea file correspondingo an argumentFILE to eitherload, reload,or
importshasbeenloaded,FILE will be addedto the list referencedy op-
tions*. An attempto loadafile by applyingloador importswill beaborted
if FILE is foundin options*. Reloadremovesthe first occuranceof FILE
from options*beforepassingts argumentto load.
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*verboseload= [Initially: nil] switch
If non-nil, a messages displayedwhen a requestis madeto load a file
which hasalreadybeenloaded whenafile is aboutto beloaded,andwhen
theloadingof afile is complete Since*redefmsgs setto thevalueof *ver-
boseloada non-nil valuewill alsocausea messagé¢o be printedwheneer
afunctionis redefinedduringaload.

*printloadnames = [Initially: nil] switdh
If non-nil,amessagés printedwhenafile is aboutto beloaded.

10.7 ReadingFilesinto PSL

Thefollowing proceduresreusedto readcompletefiles into PSL, by first calling open,
andthenprocessingeachtop level form in thefile. The effectis similar to whatwould

happerif thefile weretypedinto PSL.File namesarerepresentedly strings.File names
may begivenusingfull systemdependentile namecornventions.

*echo = [Initially: nil] switch
The switch echois usedto control the echoingof input. When(on echo)
is placedin aninputfile, the contentf thefile areechoedon the standard
outputdevice. Dskin doesnot changethe valueof *echo, so onemay say
(onecho)beforecalling dskin,andtheinputwill beechoed.

(dskin NAME:string): nil, abort expr
The contentsof thefile areprocessedasif they weretypedin. If the pro-

cessingof thefile is abortedthereturnvaluewill betheidentifierabortand
thefollowing errormessageavill beprinted.

*oekk DSKIN of ‘NAME’' aborted after N form(s)

A countof eachtop level form is keptasthey areprocessedyhichis thevalueN in the
errormessageOncein* hasbeenboundto the channelwhich representshe openfile,
eachform is processety afunctionsimilarto theonebelow.

(de dskin-step 0
(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,evaluatingand printing arethe sameasthose
usedin toploop(seeChapterl5 for moreinformation). If dfprint* hasa value (andthe
switch*defn is non-nil), thenit will be appliedto the expressionnsteadof applyingthe
functionsboundto toploopeval* andtoploopprint*. If dfprint* doesnot have a value
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(andthe switch *defn is nil), thenthe expressiorwill be simply be printedby a call on
prettyprint.

Dskinis flaggedignore. This meanghatwhenafile is compiled,a top level application
of dskinwill be evaluatedout not compiled. For moreinformationaboutthe flag ignore
seeChapterl9.

(lapin NAME:string): {nil, abort} expr
Almost identical to dskin. The differenceis that the function boundto
toploopprint*is not applied.In generalthis meanghatthe resultsof eval-
uationarenot printed.

Notethatlapinis not flaggedignoreasis dskin. This meanghata top level application
of lapinis compiledbut not evaluated.For moreinformationon how theflagsignoreand
eval effectcompilationseeChapterl9.

(faslin FILEN AME:string): nil expr
This is an efficient binary readloop, which fetchesblocks of code,con-

stantsand compactlystoredids. It usesa bit-tableto relocatecodeandto

identify specialLISP-orientecconstructs FILENAME mustbeacomplete

file name.

10.8 About I/O Channels

(rds CHANNEL:io-channel, nil): io-channel expr
Rdssetsin* to the valueof its agument,andreturnsthe previousvalueof

in*. In addition,if specialrdsactionis non-nil, it shouldbeafunctionof 2

argumentswhichis calledwith theold channehbsits first agumentandthe

new channehsits secondargument.(rdsnil) doesthesameas(rdsstdin®).

(wrs CHANNEL:io-channel, nil): io-channel expr
Wrs setsout* to the valueof its agumentandreturnsthe previousvalueof
out*. In addition,if specialvrsaction*is non-nil, it shouldbe afunction of
2 agumentswhich is calledwith the old channelasits first agumentand
the new channelasits secondargument. (wrs nil) doesthe sameas (wrs

stdout*).
Globalvariablescontaininginformationaboutchannelsarelisted below.

in* =[Initially: 0] global
ContainghecurrentlyselectednputchannelMay besetor reboundoy the
user Thisis changedy thefunctionrds.
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out* =[Initially: 1]
Containsthe currently selectecbutputchannel.May be setor reboundby
theuser Thisis changedy thefunctionwrs.

stdin* = [Initially: O]
The standardnput channel(but not in the Unix senseof standardnput).
Channel0 is ordinarily the terminalandthis variableis not intendedto be
setor rebound.

stdout* = [Initially: 1]
Thestandardutputchannel Like channeD, channell is ordinarily always
theterminal,andthis variableis notintendedo be setor rebound.

breakin* = [Initially: nil]
Thechannefrom which the breakloop getsits input. It hasbeensetto de-
faultto stdin*, but mayhave to be changedn somesystemswith buffered-
1O.

breakout* = [Initially: nil]
Thechanneto whichthe breakloop sendsts output. It hasbeensetto de-
faultto stdout*,but mayhaveto bechangean somesystemswith buffered-
10.

errout* = [Initially: 1]
Thechannelusedby the errorprintf.

specialrdsaction*= [Initially: nil]

specialwrsaction*= [Initially: nil]

10.9 I/O to and from Lists and Strings

(bldmsg FORMAT:string, [ARGS:any]): string

Printf to string. This canbe usedasa very convenientway of obtainingthe
printedrepresentationf anobjectfor furtheranalysis.In mary casest is
alsoa very corvenientway of constructinga neededstring. An error will
occuron overflov. Overflov occurswhenthe lengthof the resultexceeds
thevalueof maxtolensize.

ik Buffer  overflow  while  constructing error - message:
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global

global

global

global

global

global

global

global

expr

FORMAT
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(flatsizeU:any): integer expr
Charactetengthof prinl S-expression.

(flatsize2U:any): integer expr
Prin2versionof flatsize.

(explodeU:any): id-list expr
Explodetakesthe constituentcharacterof an S-expressionand forms a
list of singlecharacterds. It is implementedsia thefunctionchannelprini,
with alist ratherthanafile or terminalasdestination.Returneds a list of
internedcharactersepresentinghe charactersequiredto print thevalueof
U.

1 lisp> (explode ’foo)

f OO0

2 lisp> (explode ’‘(a . b))

¢ at L I bl

(explode2U:atom-vector): id-list expr
Prin2versionof explode.

(compressU:id-list): atom-vector expr
U is alist of singlecharacterdentifierswhichis built into a PSL entityand
returned.Recognizedare numbersstrings,andidentifierswith the escape
characterprefixing specialcharacters.The formatsof theseitems appear
in the "Primitive Data Types” Section,Section2.1.2. Identifiersare not
internedon theid-hash-tableFunctionpointersmay not be compressedf
anentity cannotbe parsedout of U or charactersireleft over afterparsing
anerroroccurs:

*xakk Poorly formed atom in COMPRESS

(implode U:id-list): atom expr
Compressvith idsinterned.

10.10 GeneralizedInput/Output Streams

All input and output functionsare implementedn termsof operationson "channels”.
A channelis just a small integer ! which has3 functionsand someotherinformation
associateavith it. Thethreefunctionsare:

I Therangeof channehumberds from 0 to MaxChannelswhereMaxChannelss a system-dependent
constantcurrently31, definedin themoduleio-decls
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1. A readingfunction,whichis calledwith thechannehsits aggumentandreturnsthe
integer ASCII valueof the next characteof the input stream.If the channeis for
writing only, this functionis writeonlychannellf thechannehasnotbeenopened,
this functionis channelnotopenThe readingfunctionis responsibldor echoing
character# 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
implementthe compresgunctiondoesnot.

Thereadfunctionmustalsobe concernedvith the handlingof endsof "files” (ac-
tually, endsof channelspndendsof lines. It shouldreturnthe ASCII codefor an
end of file character(systemdependentjvhenreachingthe end of a channel. It
shouldreturnthe ASCII codefor aline feedcharacteto indicateanendof line (or
"newline”). This may requirethatthe ASCII codefor carriagereturnbe ignored
whenread,notreturned.

2. A writing function, which is calledwith the channelasits first agumentandthe
integerASCII valueof thecharacteto write asits secondargument.If thechannel
is for readingonly, this functionis readonlychannellf the channelhasnot been
openedthis functionis channelnotopen.

3. A closingfunction,whichis calledwith the channelasits agumentandperforms
ary actionnecessaryor the gracefulterminationof inputand/oroutputoperations
to thatchannellf thechannels not open,thisfunctionis channelnotopen.

Theotherinformationassociatewith achanneincludesthecurrentpositionin theoutput
line (usedby posn)themaximumline lengthallowed (usedby linelengthandtheprinting
functions) thesinglecharactemputbackupbuffer (usedby thetokenscanner)andother
system-dependemtformation.

Ordinarily, the userneednot be aware of the existenceof this mechanism.However,
becausef its generality it is possibleto implementoperationsotherthanjust reading
from andwriting to files usingit. In particular the LISP functionsexplodeandcompress
areperformedoy writing to alist andreadingfrom alist, respectrely (onchannels3 and
4 respecitiely).

10.10.1 Usingthe "Special” Form of Open

If Openis calledwith AccessVpeeqto SPECIAL andthe globalvariablesspecialread-
function*, specialritefunction*, andspecialclosefunctionareboundto ids, thena free
channelis returnedandits associatedunctionsare setto the valuesof thesevariables.
Othernonsystem-dependentatuss setto defaultconditionswhich canlaterbeoverrid-
den.Thefunctionsreadonlychannelindwriteonlychanneareavailableaserrorhandlers.
The parameteFilenames usedonly if anerroroccurs.

Thefollowing globalsareusedby thefunctionsin this section.

specialclosefunction* = [Initially: nil] global

specialreadfunction* = [Initially: nil] global
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specialwritefunction* = [Initially: nil] global

10.11 ScanTablelnter nals

Thescantablecontrolsthebehaiour of thereader It canbemodifiedto extendthesyntax
of PSL or to aid the writing of otherparsers.This table containsinformationaboutthe
syntaxof eachcharacterlt is possibleto have sereraltablesdescribingdifferentsyntaxes
andto switchfrom oneto anotherby bindingthevariablelispscantable*.

The tableis a vectorof 129 entries,indexed by 0 through128. The first 128 entries
correspondo ASCII charactercode. Eachentry containsan integer betweer0 and 21.
Themeaningof thesenumberss givenbelow.

0...9 DIGIT: indicateghe characters adigit andgivesthe correspondingiumeric

value.
10 LETTER:indicateghecharacters alphabetic.
11 DELIMITER: indicatesthe charactelis a delimiter, the first characterof a

diphthongshouldnotbeclassifiedasa delimiter.

12 COMMENT: indicateghe charactebeginsacommentferminatedy anend
of line.

13 DIPHTHONG:indicateghecharacters adelimiterwhichmaybethestarting
characteof adiphthong.A diphthongs atwo charactesequenceeadasone
token.

14 IDESCAPE:indicatesthat the charactelis an escapecharacterthis charac-
ter is usedwithin id namesto referencea charactemwhich is not a digit or
alphabetic.

15 STRINGQJOTE: indicateghatthe characters usedto delimit strings.

16 PACKAGE: indicatesthatthe characters usedto introduceexplicit package

names.

17 IGNORE:indicateghatthe characters to beignored.

18 MINUS: indicateghatthe characterepresenta minussign.

19 PLUS:indicateshatthe characterepresents plussign.

20 DECIMAL: indicateghatthe characterepresenta decimalpoint.

21 IDSURROUND: indicateghatthe characters to actfor identifiersasa string

guotefor strings.

It may be tediousto insertanidescapecharactel!), beforeevery delimiter charactein
thenameof anid. By settingthetype of a characte(for example—), to idsurroundthis
canbeavoided.Every charactebetweertheverticalbarsis takenaspartof theids name,
asif ! werewritten beforeeach.Notethat!! correspondso! and!— to —.

(PUTV LISPSCANTABLE* (CHAR ’|) IDSURROUND)

"] % the same as !"

|dave| % the name of the id is dave not DAVE

Hil % the name is |!, the same effect is gotten
% by writing I
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lispscantable*= [Initially: asdescribedelow]
Lispscantable’associatesa type with eachcharacter It is a vectorof 129
entries.Thetypefor a charactelC is storedat index (CHAR C). Thetable

below lists eachcharacteunderits type. The 128'th entryis thediphthong

indicator LISPDIPHTHONG.

DIGIT 0 through 9

LETTER a through z, A through Z, #, $, &, *,
@1 ;’ :’ <! >! = A! — {! }! |’ N! 9
"A through "H, 7K, “Nthrough 7Y, "\,
~, 7, rubout

DELIMITER (D PR

COMMENT %

DIPHTHONG :

IDESCAPE !

STRINGQUOTE "

PACKAGE \

IGNORE null,  tab, line-feed, L,
carriage-return and space

MINUS -

PLUS +

DECIMAL

10.12 ScanTable Utility Functions
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global

/,

Thefollowing functionsareprovidedto managescantables,n theread-utils module.

(printscantable TABLE:v ector): nil
Printsthe entirescantablegivestheO ... 127 entrieswith the nameof the
characteclass.Also printstheindicatorusedfor diphthongs.

(copyscantableOLDTABLE: {vector, nil }): vector

Copiegtheexisting scantablé€or currentscantablef givennil). The128th
entry (the diphthongindicator),of the copy is setto theresultof a call on
gensym.

(putdiphthong TABLE:v ector D1:id ID2:id DIP:id): nil
InstallsDIP asthe nameof thediphthongld1 followedby ID2 in thegiven
scantable.

expr

expr

expr
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10.13 Binary ReadFunctions

Binary input and output are necessaryo provide an efficient accesdo large files e.qg.
for loadingor generatingpinaryfiles (e.g. faslin or faslout)or for communicatiorwith
other processor®.g. graphicsor databasgrocessors.Anotherimportantapplication
is the connectionbetweentwo or more PSL processor®n incompatibleplatforms. In
the following descriptionsHANDLE meanssomethingsystemspecificwhich in mary
casesshouldbetternot be interpretedoy the LISP evaluator Onecanvery well think of
HANDLE asa FILE* objectbelongingto the world of C’sio library. The resultsof a

binaryreadfunctionis usuallynot meantfor LISP evaluation,either

(binaryopenread FILEN AME:string): HANDLE

opensthe file FILENAME for reading. If the file cannotbe opened,an
errormessagé€ouldn’t  open binary file  for input will be
shavn, anerrorconditionis raised.

(binaryopenwrite FILEN AME:string): HANDLE

opensthe file FILENAME for writing. If thefile cannotbe openedaner
ror messageCouldn't  open binary file  for output will be
shavn, anerrorconditionis raised.

(binaryopenappendFILEN AME:string): HANDLE

openghefile FILENAME in appendmode.If thefile cannotbe openedan
error messageCouldn't  open binary file  for append will
be showvn, anerrorconditionis raised.

(binaryopenupdateFILEN AME:string): HANDLE

opensthe file FILENAME for update.If the file cannotbe openedan er
ror messageCouldn't  open binary file  for update will be
shawvn, anerrorconditionis raised.

(binarycloseFilepointer:handle):NIL
Closeghefile referencedy filepointer

(binaryread CHANNEL:handle): any
readsoneLISP item from file channelandreturnsit asvalue. Thereis no
way to distinguisherrorconditionsfrom normalreturnvalues.

expr

expr

expr

expr

expr

expr
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(binaryr eadblock CHANNEL:handle ADDR:int SIZE:int): int
readsSIZE LISP itemsfrom thefile into anarraypointedto by ADDR. The
numberof actuallyreaditemsis returned,ndicatingerror or end-of-fileif
thereturnedvalueis lessthanthe numberof itemsrequested.

(binarywriteblock CHANNEL:handle WORD:any): NIL
writesoneLISP itemin WORD to file channel.

(binarywriteblock Filepointer:handle ADDR:int SIZE:int): NIL

writes SIZE LISP itemsfrom the an arraypointedto by ADDR to thefile

referencedy Filepointer Thenumberof actuallywrittenitemsis returned,
indicating error if the returnedvalueis lessthanthe numberof itemsre-

guested.

(binarypositionfile CHANNEL:handle, SPECIAL:int): any
this correspondso C’s fseekoperation.The specialvalue (the addressps
well asthereturnvalueis systemdependentpleasdanvestigate.
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Top Level Loop

11.1 Intr oduction

Normally oneinteractswith PSLthroughatoplevel read-@al-printloop, it is the highest
level of controlandconsistof anendlesdoop thatreadsan expressiongvaluatest, and
printstheresult. Onehasan effect on the stateof PSL by invoking actionsthathave side
effects. Thistoplevel loop will catchall throws (thisincludeserrors).

11.2 The General PurposeTop Loop Function

Theuserinteractswith PSLthroughtoploop. The purposeof thisloopis to readexpres-
sionstypedat theterminal,evaluatethem,andtypetheresultbackontheterminal. Such
expressionsnay be enteredo seewhatvaluethey returnor to producea side-efect on
theglobalernvironment.

An expressiorwhich hasa sideeffect on the globalenvironment

(setqg base 10)

Anotherexampleof a sideeffect, thedefinitionof afunction
(de square (n) (* n n)

Evaluation,justto seewhatvaluethe expressiorreturns
(square 2)

A closeapproximatiorto the behaior of this loop is given by the following functional
description:

(de toploop (toploopread*
toploopeval*

toploopprint*)
(while t
(funcall toploopprint*
(funcall toploppeval*

(funcall toploopread®)))))

The actualtoploopof PSLis somavhatmorecomple thanthe simpleonedefinedhere
becauseét providesa few extrafeatureqthesearedescribedelow). Theimportantpoint
is thatthe primitivesrequiredfor writing suchaloop areall availableto theuser

143
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Syntacticallycorrectexpressiondave a well definedmappinginto PSL datastructures,
readaccomplisheshis mapping. For example,linear list notationis corvertedinto the
internaltree structurerepresentatiorstringsarestoredin a moreefficient non-listform,
and numbersareinternalizedto a form compatiblewith the arithmeticunit of the ma-
chine.Themostprimitive pieceof readis thescannerThis routinerecognizesharacters
specialto PSL. For example,space(, and). The scannelis alsoresponsibldor build-
ing the internalrepresentationf identifiers. The scannemustmale every referenceo
a particularid point to the sameinternalstructure. This is accomplishedt the time an
id is created.The charactesequencés comparedagainstsequencewhich have already
beenconvertedinto ids. This comparisoremploys an efficient searchtechniqueso that
noteveryid is comparedcurrentlya hashalgorithmis used).

The eval functionis responsibldor the evaluationof datastructuresnterpretedaspro-
grams.A throughdiscussiorof this canbefoundin Chapterl1.

Print displaysdatastructuresn a way which could later be typedbackin to read. Some
of the moreinterestingprint routinesdo prettyprinting. Thatis, they format the output
usingcornventionsbasedn the structuralnestingof the expressions.

Giving theuserthepowerto invoke all of theseoperatiorfrom his codeis avery powerful
featureof LISP which setsit apartfrom mostotherlanguages.

(toploop TOPLOOPREAD*:functionfTOPLOOPPRINT*:function

TOPLOOPEML*:function TOPLOOPMME*:string WELCOMERBANNER:string) nil  expr
This functionis calledto establisha nev Top Loop. It prints the WEL-
COMEBANNER andtheninvokesa Read-Ewl-Printloop, usingthefunc-

tions definedby TOPLOOPREAD*, TOPLOOPEMWL*, and TOPLOOP-

PRINT*. Sinceeachof theparameterto toploopis fluid they maybeexam-

ined or changed.Timing andhistory mechanismsre provided. A prompt

is constructedy prefixingTOPLOOPMME* with thehistorycount.As a

corvention,the nameis followed by a numberof right anglebraclets(>),

to indicatethe depthof toploopinvocations.

toploopread* = [Initially: nil] global
Whentoploopis calledthisid is boundto thefunctionusedfor reading.

toploopeval* = [Initially: nil] global
Whentoploopis 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: O] global

Depthof toploopinvocations.



11.2. THE GENERALPURPOSETOPLOOPFUNCTION 145

initf orms* = [Initially: nil] global
A list of formsto be evaluatedat startup (prior to calling main). Theforms
are evaluatedin a left to right order oncethe last form is evaluatedinit-
forms* is setto nil.

*output = [Initially: T] switdh
If non-nil,theresultof evaluatingtop level formsis printed.

*time = [Initially: nil] switdh
If non-nil, a stepevaluationtime is printedaftereachtop level form is pro-
cessedvithin toploop.

(hist [N:integer]): nil nexpr
Hist is calledwith O, 1 or 2 integers,which controlhow muchhistoryis to
be printedout:

(hist) Displayfull history.

(histnm) Displayhistoryfrom ntom.
(histn) Displayhistoryfrom n to present.
(hist-n)  Displaylastn entries.

Thefollowing functionspermitthe userto accessindresubmitpreviousexpressionsand
to re-examinepreviousresults.

(inp N:integer): any expr
ReturnN’th input atthislevel.

(redoN:integer): any expr
ReevaluateN’th input.

(ansN:integer): any expr
ReturnN’th result.

historycount* = [Initially: 0] global
Thenumberof entrieswhich have beenreadsofar.

historylist* = [Initially: nil] global
A list of pairs,the first elementof eachpair representsn input form, the
seconds theresultof evaluatingthe frst. Notethatthetop level evaluation
of historylist* will resultin acircularlist.
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11.3 Changingthe Default Top Level Function

As PSL startsup, it first setsthe stackpointerandvariousothervariables andthencalls
thefunctionmaininsidea catchform.

(catch  ’reset  (main))
By default, maincallsstandardlisp.

(de main ()
(funcall 'standardlisp))

(de standardlisp 0

(let  ((currentreadmacroindicator * ’lispreadmacro)
(currentscantable* lispscantable*))
(toploop  'read ’print 'eval  "lisp" "Portable Standard LISP")))

In orderto have asavedPSLcomeupin adifferenttoploop, thefunctionMain shouldbe
appropriatelyredefinedy theuser

(main): Undefined expr
An initialization functionwhich s calledafterthe stackis set. Its redefini-
tion allows the userto changehedefaulttop loop.



Err or Handling

12.1 Intr oduction

In PSL, asin mostLISP systemsyariouskinds of errorsare detectedoy functionsin
the processf checkingthe validity of their agumenttypesandotherconditions.Errors
arethen”signalled” by a call on an error function. In PSL, the error handlertypically
callsaninteractve breakloop, which permitsthe userto examinethe context of the er-
ror andoptionally make somecorrectionsand continuethe computationor to abortthe
computation.

While in the breakloop, the userremainsin the binding contect of the function that
detectedheerror;theuserseeghevalueof fluid variablesasthey arein thefunctionitself.
If the userabortsthe computation fluid andlocal variablesare unbound. In compiled
functions,dueto allocationof local variablesin the (system)stack,local variablesare
invisible to the errorhandlerandthe deluggingfacilities. Therefore compilationcanbe
recommendetbr fully dehuggedcode,only.

12.2 The BasicErr or Functions

(error NUMBER: integer MESSAGE:any): NoneReturned expr
Undertheinitial (andusual)valuesof a coupleof switchesthe errormes-

sageis printedandaninteractve breakloop (seebelow) is entered.If the

user’quits” out of the interactve breakloop, control returnsto the inner
mosterrorhandler

The usermay supplyanerrorhandler Theinteractve breakloop andthetop level loop
alsosupplyerrorhandlerssoif theusermakesno specialpreparationgontrolwill return
to anexisting breakloop or to thetop level of PSL.

Whenever a call on error resultsin returnto an error handley the error numberof the
errorbecomeghevaluereturnedoy the errorhandler Fluid variablesandlocal bindings
areunboundto returnto the erwvironmentof the error handler Global variablesare not
affectedby the processTheerrormessageés printedwith 5 leadingasteriskon boththe
standardutputdevice andthecurrentlyselectedutputdevice unlesghe standardutput
device is not open. If the messagés alist it is displayedwithout top level parentheses.
The messagdrom the error call is availablefor later examinationin the global variable
emsg*.

Note: the exactformat of error messagegeneratedy PSL functionsdescribedn this
documentnaynotbeexactlyasgivenandshouldnotberelieduponto bein ary particular
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form. Likewise, error numbersgeneratedy PSL functionsarenot fixed. Currently a
numberof differentcallson errorresultin the sameerrormessagandnumber

(continuableerror NUMBER:integer MESSAGE:any

FORM: form): any expr
Similarto error. If aninteractve breakis entereddueto a call on continu-
ableerroy the userhasoptionsof "continuing” or "retrying” (seeinforma-
tion onthebreakloop, belov). In eitherof thesecaseghe call on continu-
ableerromreturns. The valuereturnedis asdescribedn the documentation
of theinteractve breakloop.

The FORM amgumentis usedfor "retrying” after a continuableerror The FORM is

generallymadeto look lik e acall onthefunctionthatsignalledthe error(actualargument
valuesfilled in), andthe function signalling the error generallyreturnswith the value
returnedoy thecall oncontinuableerroior examplethecall onconterrorin theexample
below is equialentto thefollowing call on continuableerror:

(continuableerror 99 "Attempt to divide by O in DIVIDE"
(list 'divide (mkquote u) (mkquote V)))

The FORM amgumentmaybenil. In this caseit is expectedthatthebreakwill beleft via
"continue” ratherthan’retry”.

As in the exampleabove, settingup the errorform* cangeta bit tricky, ofteninvolving
mkquoteingof alreadyevaluatedarguments.Thefollowing macromaybe useful.

(conterror [ARGS:any]): any macio
Theformatof ARGSIis
(errornumber, formatstring, {arguments to printf },

reevalform). . . . . .
TheFORMATSTRINGis usedwith thefollowing agumentsn acall on bldmsgto build

anerrormessagelf the only agumentto printf is a string, the FORMATSTRING may
be omitted,andno call to bldmsgis made.REEVALFORM is somethingike (foo  x
y) which becomegqlist 'foo (mkquote x) (mkquote y)) to bepassedo
thefunctioncontinuableerror

(de divide (u v)
(cond ((zerop V)
(conterror 99
"Attempt to divide by O in DIVIDE"
(divide  u v)))
(t (cons (quotient u v) (remainder u Vv)))

)

(fatalerror S:any): NoneReturned expr
Thisfunctionallows neithercontinuatiomor evenareturnto ary errorhan-
dler.
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(de fatalerror (s)

(errorprintf ok Fatal error: %S" s)
(while t (quit))

nil)

12.3 BasicErr or Handlers

(errset U:form *EMSGP:boolean): any macio
ErrsetanderrorsetarethebasicPSL errorhandlerfunctions.

If anerroroccursduringtheevaluationof U, thevalueof numberfrom theassociateerror
call is returnedasthe valueof the errset. Thereareactuallya coupleof exceptions.If a
continuableerroris continuedby the userin the interactve breakloop, no specialreturn
to errsetis done.Also if theuserrequestshe computatiorto beabortedcompletelyback
to thetoplevel noreturnto errsetis done.

The booleanargumentis evaluatedwithout protectionof the error handler The fluid

variable*EMSGPis boundto theboolearvaluefor theevaluationof theform. If thevalue
of *EMSGP is nil whenan error occursno error messages printedandno interactve
breakloop occurs.In this casecontrolmustreturnto the innermosterror handlerexcept
for the caseof afatalerror

If errsetis returnedo in thenormalway, its valueis alist of oneelementthevalueof the
form. If errsetis returnedo via the errormechanismits valueis the errornumberof the
errorcall thatcausedhereturn.

(errorsetU:any *EMSGP:boolean*BACKTRA CE:boolean): any expr

Thisis anolderfunctionthanerrset.Errsetis generallypreferred.

In mostrespectserrorsetbehaesthe sameas errset. Seethe documentatiorof errset
above. Notethaterrorsetis anexpr, soU getsevaluatedonceasthe parameters passed
andtheresultis thenevaluatednside errorset.Sinceerrorsetitself calls eval on its first
argumenttherearelik ely to be problemswith compiledcodethatuseserrorset.

In additionto binding *EMSGP as errsetdoes, errorsetoverridesthe behaior usually
specifiedby the*BACKTRACE switch. Thebacktracéehaior of PSLerrorsduringthe
executionof aforminsideanerrorseerrorhandlers determinedy thesecongarameter
to theerrorset.

The following two switchesand one global variableare usedby the functionsin this
section.Useageof ary of thesecanbe considereddvanced.

*emsgp= [Initially: t] fluid
Fluid variablereboundby errsetanderrorset.Controlserrormessagerint-
ing during call on error If nil, no error messagewill be printedandno
interactve breakloop will be entered. If an unwind backtracehasbeen
requestedhroughthe backtracdlag or acall onerrorsetpnewill be.
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emsg*= [Initially: nil] global
Containghe messag@eneratedby thelasterrorcall. Particularlyusefulin
caseprinting of themessagevassuppressed.

*packtrace = [Initially: nil] switdh
Usedby the top level read-&al-print loop to control whetheran unwind
backtracewill be printedwhenerrorsoccuroutsidethe scopeof ary user
specifiederrorhandler

12.4 BreakLoop

Ondetectinganerror, PSLnormallyentersaread/@al/printloopcalledabreakioop. Here
the usercanexaminethe stateof his computationchangethe valuesof fluid andglobal
variables,or definemissingfunctions. He canthendismissthe error call to the normal
error handlingmechanisn{errorsetor errsetabove). If the errorwasof the continuable
type,hemaycontinuethecomputation By settingtheswitch*breakto nil, all breakloops
canbe suppressedandjust an error messagés displayed. Suppressingrror messages
alsosuppresselreakloops.

*br eak = [Initially: t] switch
Controlswhetherthebreakpackages calledbeforeunwindingthe stackon
error.

breaklevel* = [Initially: 0] global

Thecurrentnumberof nestinglevel of breaks.

maxbreaklevel* = [Initially: 5] global
The maximumnumberof nestinglevels of breakspermitted. If an error
occurswith atleastthis numberof nestedoreaksalreadyexisting, no entry
to aninteractve breakloop is made. Control abortsbackto the innermost
errorhandlerinstead.

Theprompt'lisp  break>" indicategshatPSLhasenterechbreakloop. A messagef
theform "Retry formis .. mayalsobeprinted,in which casetheuseris ableto continue
his computationby repairingthe offending expression. By default, a breakloop uses
the functionsread,eval, andprint. This may be changedoy settingbreakreader*,
breakevaluator*, or breakprinter* to theappropriatdunctionname.

errorform* = [Initially: nil] global
Containsan expressionto reevaluateinside a breakloop for continuable
errors.Usedasatagfor variousErrorfunctions.
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Severalids, if typedattop-level, arespeciain abreakloop. Theseareusedascommands,
andarecurrentlyM, R, T, Q, A, |, andC. They call functionsstoredon their propertylists
undertheindicatorbreakfunctionThesddsarespeciabnly attop-level,anddonotcause
ary difficulty if usedasvariablesinside expressions.However, they may not be simply
typedattop-level to seetheirvalues.Thisis notexpectedo causeary difficulty.

Themeaningof thesecommandsre:

M Displayerrorform*,thiscommancallsthefunctionbrealerrmsg.

R Retry Thistriesto evaluatetheretry form, andcontinuethe computationit evalu-
atesthe valueof errorform*. This is often usefulafter defininga missingfunction
or assigningavalueto avariable.This commancdcallsthefunctionbreakretry

C Continue.This causeshe expressionast printedby the breakloop to be returned
asthe value of the call on continuableerror This is often usefulasan automatic
stub If anexpressiorcontaininganundefinedunctionis evaluatedabreakloopis
enteredandthis maybeusedto returnthevalueof thefunctioncall. Thiscommand
callsthefunctionbreakcontinue.

Q Quit. Thisexits thebreakloop by throwing to theclosessurroundingerrorhandler
It callsthefunctionbreakquit.

A Abort. Thisabortsto thetoplevel, i.e., restartdPSL.It callsthe functionreset.

T Trace.This printsabacktraceof functioncallson the stackexceptfor thoseonthe
listsignoredinbacktrace&ndinterpreterfunctions*It callsthefunctionbacktrace.

| InterpreterTrace. This prints a backtraceof only interpretedfunctionscall on
the stackexceptfor thoseon the list interpreterfunctions*. It calls the function
interpbacktrace.

An attemptto continuea non-continuablerrorwith R or C printsamessagandbehaes

asQ.

ignoredinbacktrace* = [Initially: string] global
A list of function namesthat will not be printed by the commandd and
T givenwithin a breakloop (eval applyfastapplycodeapplycode&alapply
catcherrorseevprogntoploopbrealeval bindeval breakmain).

interpreterfunctions* = [Initially: string] global
A list of function namesthatwill not be printedby the command given
within a breakloop (condprogandor prognsetq).

Theabove two globalscanberesetin aninit file if theprogrammedesiredo do so.

(de new-nth (seq index)
(cond ((onep index) (car X))
(t (new-nth (rest index) (subl index)))))

1 lisp> (new-nth (@ b c) 2)
ek 'S’ is an unbound ID
*rekk 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 Detailsonthe BreakLoop

If theswitchbreakis t, thefunctionbreakis calledby erroror continuableerrobeforeun-
winding the stacksor printing a backtracelnputandoutputto/from breakloopsis done
from/tothevalues(channelspf breakin*  andbreakout* . Thechannelselectedn
entranceo the breakloop arerestoreduponexit.

breakin* = [Initially: nil] global
Sordschoosestdin*.

breakout* = [Initially: nil] global
Similarto breakin*.

Break is essentiallya read-&al-print function, called in the error context. Any fluid
may be printed or changedfunction definitionschangedgtc. The breakusesthe nor-
mal toploop mechanisn{including history), embeddedn a catchwith tag break. The
toploopattemptgo usethe parentloop’s toploopread* toploopprint*andtoploopeal*;
thebrealeval functionfirst checkgsop-level idsto seeif they have aspeciabreakfunction
ontheir propertylists, storedunderbreakfunctionThis is expectedo beafunctionof no
argumentsandis appliedinsteadof eval.

12.6 SomeConvenientErr or Calls

Thefollowing functionsmay be usefulin userpackages:

(rangeerror OBJECT:any INDEX:integer FN:function):

None expr
(stderror

(bldmsg "Index %r out of range for %pin %p" INDEX

OBJECT FN))

(stderror MESSAGE:string): NoneReturned expr
(error 99 message)
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(typeerror OFFENDER:any FN:function TYP:any):
NoneReturned

(stderror (bldmsg

"An attempt was made to do %p on %r, which is not
%ow"

FN OFFENDERTYP))

(usagetypeeror OFF:any FN:function TYP:any USAGE:any):
NoneReturned

(stderror (bldmsg

"An attempt was made to use %r as %win %p, where %wis
needed" OFFENDERUSAGEFNTYP))

(nonwordserror OFFENDER:any FN:function): NoneReturned
(typeerror OFFENDERFN "a words vector")

(nonpairerror OFFENDER:any FN:function): NoneReturned
(typeerror OFFENDERFN "a pair")

(nonlisterror OFFENDER:any FN:function):
NoneReturned
(typeerror OFFENDERFN "a list or NIL")

(noniderror OFFENDER:any FN:function): NoneReturned
(typeerror OFFENDERFN "an identifier")

(nonnumbererror OFFENDER:any FN:function): NoneReturned
(typeerror OFFENDERFN "a number")

(nonintegererror OFFENDER:any FN:function): NoneReturned
(typeerror OFFENDERFN "an integer")

(nonpositiveintegererror OFFENDER:any FN:function): None
(typeerror OFFENDERFN "a non-negative integer")

(noncharactererror OFFENDER:any FN:function): NoneReturned
(typeerror OFFENDERFN "a character")
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(nonstringerror OFFENDER:any FN:function): NoneReturned
(typeerror OFFENDERFN "a string")

(nonvectorerror OFFENDER:any FN:function): NoneReturned
(typeerror OFFENDERFN "a vector")

(nonwordserror OFFENDER:any FN:function): NoneReturned
(typeerror OFFENDERFN "a words vector")

(nonsequenceewwr OFFENDER:any FN:function): NoneReturned
(typeerror OFFENDERFN "a sequence")

expr

expr

expr

expr



Debugging Tools

13.1 The Debug Module

debug is aloadableoption. This moduleprovidesa basicdeluggingtool which provides
a breakpoinffunction,andfunctionsfor breakingandtracingfunctionsandmethodsse-
lectedby the user delug 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.
Wheneer abreakpoinis calleda continuablebreakloop is entered.This allows theuser
to examineor modify variablesyiew abacktraceandcontinueexecution.

Tracinggivesarecordof thesequencef callsmadeto a setof functionsspecifiedoy the
user Whena tracedfunctionis entereda messagés printedgiving the function name,
level of recursion,andvaluesof ary arguments.Uponfunction exit anothemrmessagés
printed,giving the valuereturnedby the function.

Breakingafunctionmeanghatthesystementersacontinuabléoreakloop bothbeforeand
afterevaluationof the body of the function. Within the breakloop the usermay inspect
and changevaluesof parametersandnon-localvariables,andthen continueexecution.
A breakon entry occursafter the function’s formal parameterfiave beenboundto the
actualagumentsbut beforeary of the formsin the function body have beenevaluated.
Thebreakon exit occursafterthe body of the brokenfunctionhasbeenevaluated.

13.1.2 UsingBreakand Trace

(tr [NAME: id]): list macio
If no agumentsare giventhena list is returnedwhich indicateswhich

functionsarecurrentlybeingtraced.Otherwise gacharguments treatedas

areferenceo afunction,andif possiblethe functionis setup for tracing.

Thelist which is returnedrepresentshe functionswhich have beenadded

to the setof functionsbeingtraced.
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(trst [NAME: id]): list macio
If no agumentsare given then a list is returnedwhich indicateswhich

functionsarecurrentlybeingtraced.Otherwise gacharguments treatedas

areferenceo a function,andif possible the functionis setup for tracing.

Thelist whichis returnedepresentghefunctionswhichhave beenaddedo

the setof functionsbeingtraced.Trst canbe usedonly for functionswhich

arenotcompiled.Additionally to theentryandexit messagedor eachsetq

assignmeninsidethefunctionthevariablenameandthevalueareprinted.

(br [NAME: id, method-specification]):list macio
If no agumentsare giventhena list is returnedwhich indicateswhich

functionsarecurrentlybroken. NAME is treatechsareferenceo afunction,

andif possiblethefunctionis setup for breaking. Subsequenarguments

will beprocessedThelist whichis returnedrepresentghefunctionswhich

have beenaddedo the setof brokenfunctions.

(untr [NAME:id]): list macio
If noagumentsaregiventhentracingis removedfor eachtracedfunction.

NAME is treatedas a referenceto a function, andif possible,tracingis

disabledfor this function. Subsequenargumentswill be processed.The

list whichis returnedcontainsthe namesof the functionsfor which tracing
hasbeenremoved.

(unbr [NAME:id,]): list macio
If noargumentsaregiventhenbreakingis turnedoff for eachbrokenfunc-

tion. NAME is treatedasareferenceo afunction,andif possiblepreaking

is disabledfor this function. Thelist which is returnedcontainsthe names

of the functionsfor which breakinghasbeenremoved.

13.1.3 SampleSession

Traceandbreakprintout goesto the standardoutputchannel. Becausanultiple nested
calls areusuallyshawvn, indentationand vertical barsare usedto line up function entry
andreturnmessagefr the samefunction.

(de add3 (al a2 aj)
(+ al (add2 a2 aj)))

(de add2 (al a2)
(+ al a2))

(de fact (n)
(cond ((zerop n) 1)
(t (times n (fact (subl n))))))
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1 lisp> (br add3)

In a break, t prints backTrace; c¢ Continues;
g Quits a level; a Aborts to top.
(ADD3)

2 lisp> (tr ’add3)

*eekk (QUOTE ADD3) is not a valid method-specification.
NIL

3 lisp> (tr add3 add2)

(ADD2 ADDB3)

4 lisp> (add3 5 6 7)

ADDS3 entry:

| Al: 5

| A2: 6

| A3: 7

| ADD3entry BREAK:

| NMODEBreak loop

5 lisp break (1)> c¢ % Continue
| | ADD2 entry:

|| | Al: 6

I A2: 7

| | ADD2value = 13

| ADD3exit 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):
|1 N: 0
| | FACTvalue # 5 =1
| FACTvalue # 4) =1
| FACTvalue # 3) = 2
| FACTvalue # 2) =6
FACT value = 24
24
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3 lisp> (trace)

(FACT ADD2 ADD3 ADDA4)
4 lisp> (untrace)

(ADD4 ADD3 ADD2 FACT)
5 lisp> (restr)

T

Tracingamacrowill happeratmacrogpandtime. Thevaluereturnedwill bethemacroe-
pandedform, andthusis quite usefulin determiningif your macroexpandedproperly
Notethatwhencodeis compliedthe applicationof a macrois expandedandthis expan-
sionreplacegshetheapplication.

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 (subl 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 Traced Function

Thebasicdefinitionof afunctionis the definitionwithoutany of thebreakor tracingside
effects. This basicdefinitionmay be accessethy the functiongetd. The basicdefinition
may alsoberedefinedoy usingthe function putdwithout interferingwith the break/trace
side effects, aslong asthe parametelist staysthe same. If you intendto changethe
numberor orderof parameteryou shouldfirst remove the break/tracevrapperdrom it
with untraceand/orunbr.



MiscellaneousuUtilities

14.1 Simulating a Stack

Thefollowing macrosarein the USEFUL package.They arecorvenientfor addingand
deletingthingsfrom the headof alist.

(pushITM:any STK:list): any macio
(pushitem stack)is equialentto
(setfstack(consitem stack))

(pop STK:list): any macio
(pop stack)does(setf stack(cdr stack))and returnsthe item poppedoff

stack.An additionalagumentmaybe suppliedto Pop,in which caseit is a

variablewhichis SetQd to thepoppedvalue.

14.2 Ring Buffers

Thecode-address-to-symbininctiontakesanintegeragument.andattemptgo find out
whatfunctionthataddresss in. If theaddressloesnotmapto arny function,the nameof
themostrecentlyloadedfunctionis returned.

(code-addess-to-symboADDRESS:integer): id expr
for example:
(code-address-to-symbol 16#38393)

Thisfunctionis availableby evaluating(loadaddr2id).

14.3 Word Vector Operations

Thesefunctionsaredefinedin $pu/\ectorfix.sl respthevectorfix module.

(mkwords N:integer): vector expr
Allocatesa vectorof N wordswith all elementsnitialized to zero.
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(truncatevector V:vector l:integer): vector
Truncated/ to | elements.

(truncatewords V:words l:integer): vector
Truncated/ to | elements.

(getwords WRD:words l:integer): any
Retrievesthel’ th entryof WRD.

(putwords WRD:words l:integer VAL:any): any
StoreVAL atl’th positionof WRD.

(upbw V:words): integer
Returngheupperlimit of wordsV.

expr

expr

expr

expr

expr



Compiler

15.1 Intr oduction

Theevaluationof anexpressiorwhich hasbeencompiledmaybedifferentfrom interpre-
tation. Someof the moreimportantdifferencesarelisted here. Subsequensectionsof
this chaptemwill discusghesedifferencesn moredetail.

The applicationof a macrois replacedy its expansion.Therefore the definition of the
macromustpreceedts use.Sincethe call on the macrohasbeenreplaceda redefinition
of themacrowill have nothave aneffect onthe compiledexpression.

A constantexpressions replacedby its value (seethe sectionConstantDeclarationfor
moreinformation)

Thereare somefunctionswhich are definedin two ways. One of theseversionswill
reducethe executiontime by not verifying thatthe agumentsareof correcttype. Which
functionis called from the compiledcodeis baseduponthe value of a switch. If the
switchis non-nilthenthefasterversionreplaceshe slower one. Notethataninstanceof
thefasterversionis not replacedby the slower onewhenthe switchis setto nil (seethe
sectionSwitcheshatControlthe Compilerfor moreinformation).

An attemptis madeto corvertrecursve controlstructurego iterative ones.

15.2 Compiling Files

It is bestto compilefilesusingpslcomp , aminimalversionof PSLcapableof compiling

files. Thesuccessfutompilationof afile shouldnotdependuponoptionalmodulesvhich

have beenoaded.Onsomecomputesystemshenamesf thefilesto becompiledcanbe

listedascommandine arguments WhenPSLCOMPIs broughtup thefollowing banner
is displayed.

PortableStandard.isp Compiler

Usage:PSLCOMPsource-file...

If anerroroccursthemessage

*xxk - Error  during  compilation of NAME

is printedandthe compilationis aborted.
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(compile-file FILE:string): {t, nil, abort} expr
This function is usedto compilefiles. A binary file is createdwith the

samenameexceptthatthefile typeis changedo b. Beware,it is possible

to overwritethesourcefile if the operatingsystemruncatedile namegthis

canbeavoidedby usingcompile-file-auxdescribedelow). If thefile name

is without a suffix then sl is assumed. This function will returnt if the

compilationwas successfulabortif after an error was signalledthe user

abortedthe compilation,or nil if the sourcefile wasnot found. Whenthe

sourcefile cannotbefoundthe message

Fokxkk Unable to find source file for: FILE

will beprinted.Priorto thecompilationthe message
----- Compiling SOURCE-FILE to BINARY-FILE

is displayed.In addition,oneof thefollowing two messagewill be printedwhencompi-
lation hasstopped.

----- Compilation of NAMEcompleted

----- Compilation of NAMEaborted

(compile-file-aux SOURCE:string BINARY:string):

{t, nil, abort} expr
Sincethis function is usedby compile-fileto compile files, mostof the

commentgoncerningcompile-fileapplyto compile-file-aux Althoughone

applicationof compile-filemay be usedto compilea numberof files, with

thisfunctiononly onefile canbecompiled.Theadwantageof usingcompile-

file-auxis thatthe nameof the binaryfile is givenexplicitly.

During the compilationof afile, if anatomicexpressions readatthetop level the
***  Warning:  non-list form ignored: ATOM

will be displayedandthe expressionwill beignored. A list whosefirst elementis not
atomicis savedfor insertioninto theaninitializationfunctionwhichis addedo thebinary
file by thecompiler(its nameis **f asl**initcode**). The processingf alist whosefirst
elementis anid dependsn large part uponvaluesfound on the propertylist of theid.
The EVAL flag will causethe expressionto be evaluated,using the currentbinding of
toploopeval*, and compiled. The expressionis only evaluated,againusingthe current
bindingof toploopeal*, if theid is flagged GNORE.AIl otherexpressiongrecompiled.
Compilationwill modify theervironment,in particular all macrodefinitionsareinstalled.
Note that althoughdefflavor is a macroit doesnot createa macrodefinition. It will
however modify the propertylist of the flavor name.

As expressionsareprocessea list of expressionss built. Whena function definitionis
madean applicationof putdis addedto thelist. Otherexpressionsvhich areintendedio
beevaluatedatloadtime werealsoadded.Thissequencef instructionswhich preseres
the orderin which expressionsvereread,is compiledasthe body of the initialization
function(named*f asl**initcode**).
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15.2.1 Order of Functionsfor Compilation

Functionswvhosetypeis notexpr mustbedefinedbeforetheir usein acompiledfunction,

sincethe type of a function affectshow it’s applicationwill be treatedby the compilet

The applicationof a macrois replacedby the expansionof the macro. For functions
whosetypeis fexpr it is necessaryo gatherthe unevaluatedargumentsnto alist. Calling

afunctionwhich is an nexpr requiresthatthe argumentsbe evaluatedand gatherednto

a list. Whenthe compiler cannotdeterminethe type of a function, becauset hasnot

beendefined,it assumeshatthetype of the functionis expr. Notethatit is not possible
to definea recursve function, whosetype is not expr, without first defininga dummy
version.

15.3 Compiling Functionsinto Memory

Functionscanbecompileddirectlyinto memoryby turningonthe switchcomp,by evalu-
ating(oncomp).Thiscompilationis accomplisheah partby acall onthefunctioncompd
from within the functionputd.

(compd NAME:id TYPE:ftype BODY:lambda): NAME:id expr
Thefunctioncompdis analogougo the functionputd.

Oncecompis setto t subsequenfunction definitionsare automaticallycompiledanda
messagef theform

***  (NAME): base <number>, length <number> bytes

is displayed.Unfortunatelythisinformationis of little useunlessonehappenso bedoing
somethindik e deluggingthe compiler

(compile NAMES:id-list): any expr
Thisfunctionis usedto compileresidenfunctions.It is possibleo compile

a functionwhich is beingtraced. Therearetwo warningmessageghich

may be printed.

***  NAMEalready compiled
Thisindicateghatthe functionassociatedavith thefunctionnameis alreadycompiled.If

thereis no functiondefinitionassociatedavith the namethenthe following messagevill
bedisplayed.

***  No definition for NAME

15.4 Compiler Err ors and Warnings

In additionto the errormessagementionedn this chapteythefollowing errormessages
may bedisplayed.n generalthefive starprefixis usedfor errormessageshethreestar
prefix for warnings. The display of warningmessagesanbe suppressetly evaluating
(off msg).
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*kxk - Too many arguments N

Therestrictionon the numberof agumentds basedn parton thefactthatagumentso
compiledfunctionsarepassedn generapurposeaegistersratherthandirectly on a stack.
Thecompilerwill generateodefor the offendingdefinition. Althoughthe codeappears
to becorrect,attemptingto applythefunctionwill resultin error.

ek Attempt  to compile  non-lambda expression  FORM

Thiserroroccurswithin the context of acall oncompd whentheexpressions notavalid
lambdaexpression.

***  NAMEhas not been defined, because it is flagged LOSE

If afunctionnameis flaggedLOSEthenit cannotberedefined Attemptingto compilean
interpretve definitionis consideredaedefinitionin this context.

*rekk ll-formed function expression  FORM

Theoffendingexpressioris aninstanceof functionapplication.Thismessagevill appear
if the functionis atomicandnot anid, or if the functionis a list which is not a valid
lambdaexpression.

*xkxx  Odd number of arguments to SETQ FORM
Thenumberof agumentgassedo a SETQmustbeeven.
*rekk |ncorrect number of arguments to NAME

The numberof agumentgassedo eitherapply, idapply, codeapplycons,go, or return
wasnotcorrect.

15.5 DifferencedetweenCompiledand Inter pretedCode

In the processof compilation, mary functionsare Open-Codedand hencecannotbe
redefinedor tracedin the compiledcode. Suchfunctionsarenotedto be Open-Codedn
themanual.Thecall onthefunctionis replacedy asequencef instructionsvhichmake
up the body of the function. Thistrick givesfasterexecution,but it requiresmorespace.
A call onamacrois anothetinstanceof opencoding.A PSL programusuallyconsistsof
alargenumberof relatively smallfunctions.Callingafunctionrequiresmanipulatiorof a
parametestackfor variablebindinganda control stackfor returninformation. Thetime
spentinsidea function may be smallcomparedo the time spentmaintainingthe stacks.
SomecommonlyusedPSL functionswhich are open-codedreand,or, apply idapply,
codeapplyreturn,go, cons,cond,case prog,progn,andprog2.
Unlessvariablesaredeclaredpr detectedto befluid or globalthey arecompiledaslocal
variables.This causesheir namego disappegrandsothey arenotvisible onthebinding
stack.In additionthesevariableswill notbe availableto functionscalledin the dynamic
scopeof thefunctioncontainingtheir binding.
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Thecompilerattemptdo do thefollowing corversions

(function(lambda...)) — > the lambdaexpressionis compiledinto a gensymed
name. If the functionalform of oneof the mapping
functions(map, mapc,maplist,mapcay mapconand
mapcan)s explicitly taggedfunctionthenthe call is

opencoded.
(setgnavanbvb...)— >  (setgnava),(setgnbvb)...
(nthsequenca) — > (carsequenceif n=1,

(cadrsequenceif n= 2,

(caddrsequenceif n= 3,

(cadddrsequenceif n=4

(pnthsequence) — > (identity sequencelf n=1,

(cdrsequenceif n=2,

(cddrsequenceif n=3,

(cdddrsequenceif n =4,

(cddddrsequencelf n=5
Thefollowing transformationgremadewhenthelist functionis appliedto lessthansix
argumentsWhentherearemorethatfive agumentghecompilerusegheconsexpansion
for additionalarguments.

(lista) — > (nconsa)
(listab) — > (list2 ab)
(listabc) — > (list3abc)
(listabcd) — > (listdabcd)
(listabcde)— > (listbabcde)
(apply(functionfoo) ...) — > (foo...)
(assoc..) — > (atsoc...)

If thelastclausewithin a condexpressions notof the
form (t ...) thenthecompilerwill addthe additinalclause(t nil).

(differencen 1) — > (subln)
(equal...) — > (eq...)
(geq...) — > (not(lessp...))

(intern(compress..)) — > (implode...)
(intern(gensym..)) — >  (interngensym..)

(leqg...) — > (not(greaterp..))
(lesspn0) — > (minuspn)
(member...) — > (memgq...)
(neq...) — > (not(equal...))
(not...) — > (null ...)
(plus2nl) — > (add1n)

(null (eq...)) — > (neq...)

(null (atom...)) — > (pairp...)

Priorto theapplicationof somefunctions,suchascarandcdr, thereis no verificationthat
thetypesof theamumentsarecorrect.
Sincecompiledcalls on macros fexprs, andnexprs aredifferentfrom the default exprs,
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thesefunctionsmustbe defined,or declared peforecompiling the codethat usesthem.
While fexprs and nexprs may be subsequentlyedefined.asnew functionsof the same
type, macrosare executedby the compilerto getthe replacementorm, which is then
compiled. Theinterpreterwould pick up the mostrecentdefinition of ary function,and
sofunctionscanswitchtypeaswell asbody.

Constantsvhich appeaiin codethatis to be compiledmay be collapsed.For example,
thefollowing codereferenceswo distinctstringswhich happerto 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 notedbelaw, the switches*r2i and*nolinke may causefunctioncallsto be replaced
by jumps. This meanghatthe backtraceof compiledfunctionsmay differ from that of
interpretedunctions.In additiona sequencef interpretedunctioncallscouldconsume
stackspacewhile compiledfunctioncallsmight not.

15.6 ConstantDeclaration

(define-constantNAME:id VALUE:any): any macio
The identifier NAME is declareda constantand its valuecellis setto

VALUE. This providesa meansfor informing the compilerthat the value

of anid is constantlf aconstantd is usedin suchaway thatduringevalu-

ationits valuewould be accessethe compilercanthensimply replacethe

id by its value.lt is possibleto useanid which hasbeendeclareda constant

asa local variablewithin a prog or asa parametename. It is possibleto

redefinethe valueof a constant.

Requesto setconstanNAME to adifferentvalue.

(constant? NAME:id): boolean expr
Returng if NAME hasbeendeclareda constanwith define-constanth-

erwisenil.

Thecompilerattemptdo replacefunctionapplicationgy the correspondingaluewhen-

ever eachof the agumentsis either constantor an applicationwhich may be replaced
by its value. The following is a list of all functionswhoseapplicationmay be evaluated
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during compilation. Clearly somefunctionslike conscannotbe evaluatedat compile
time.

Il = < << <= = > >= > " | =

absaconcacosacosdacotacotdacscacscdaddlalphanumbericlphapasecasecadasin
asindassasso@tanatan2atan2datandatomatsoc

bldmsgbothcasep

carcdrceilingchardowncasecharequalcharfont char greatergcharint charlesspchar
upcasehar char=char> constantgoscosdcot cotdcsccscd

degreestodmsdegreestoradiandifferenceadigit digit-chardigitp divide dmstodgreesim-
storadians

egeqcareqneqstrequalexpt

factorialfix fixp floatfloatpfloor

geqgetv

landlastcanastpairlengthleqlessplist Inot log log10log2 lor lowercaseshift Ixor
max2membememagmin2 minusminuspmkquotemod

nenegnotnth null

onep

pairpplus2pnth

radianstodgreesradianstodmsecipremainderestreserseound

secsecdsin sindsizesqgrtstring-not-greaterptring-not-lesspstring-repeastring-search
string-search-equatring- search-from-string-search-from-equsting-sizestring-trim
string-upcasestring-uppetboundstring< string<= string<> string=string> string>=
stringpsubsublsubstring-equadubstring=

tantandtimes2

upbv uppercasep

vectorempty? vectorfetch vectorsize vectorupperboundvector2list vector 2string
vectorp
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Thereis anotherfacility in PSL for definingconstants.You are encouragedo usethe
function define-constant.The following two functionsare documentecherefor com-
pleteness.

(defconst[U:id V:any]): undefined macio
Defconstprovidesfor the definition anduseof symbolicconstants.Each

U is definedto representhe correspondingalueV. ThevalueV is stored

on the propertylist of U, notin the valuecell. The macroconstis usedto

retrieve thevalue.

(constU:id): any macio
Constgivesaccesso thevaluedefinedby thefunctiondefconst.Thevalue
will beevaluated.

1 lisp> (defconst foo (addl 2))

(addl 2)
2 lisp> (const foo)
3

15.7 Fluid and Global Declarations

Fluid andglobaldeclarationsnustbeusedto indicatevariableghatareto beusedasnon-

local variablesn compiledcode.Thevaluesassociateavith local variablesarestoredon

astack.If avariablehasbeendeclaredylobalor fluid thenthecompiledcodewill instead
accesghevaluecell of thatvariable.In additionthe contentof the valuecells of special
variablesbeing usedas formal parametersnustbe presered. The compiler currently
defaultsvariablesboundin a particularfunctionto local. Note thatlocal variablesexist

asanorymousstacklocations thereforecalledfunctionscannotseethem.An undeclared
non-localvariableis declaredluid by the compilerwith thewarning:

***  NAMEdeclared fluid

The appearancef this messagenay indicatean additionalerror. If a previousfunction
usedthis namein the parametelist thenit mayhave to berecompiled.Thelocal variable
in the previous functionwill not refer to the samevariableasthe onerecentlydeclared
fluid, eventhoughthe namesarethe samein the sourcecodelisting.
Previousdocumentatiomasgivenusergheimpressiorthatit isillegalto bindanid which
hasbeendeclaredylobal. Thisis nottrue,anattemptto bind a globalvariablewill cause
thefollowing messagéo bedisplayed.

*** llegal to bind global VARIABLE but binding anyway

Thelack of distinctionbetweerglobalandfluid in PSLappeargo be dueto thefactthat
shallov binding is employed in PSL. In a deepboundsystemone hasto searchdown
a binding stackto locatethe value of a fluid id, which could get expensve. A global
declarationwithin a deepboundsystemwould allow the interpreterto assumehat the
valueof anid is in afixedlocation.Of coursen ashallov boundsystenthevalueof aid
is alwaysfoundin thevaluecell of thatid.
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15.8 Control Over the Time When Somethingis Done

Which expressionsreevaluatedduringcompilationonly, which arewritten to thefile to
beevaluatedatloadtime,andwhichdobothcanbecontrolledby theEVAL andiIGNORE
propertieof functionnamesin addition,thefollowing functionsmayalsobe used.

(commentoutcodeU:form): nil macio
Commenibutasingleexpression.

(compiletime U:form): nil expr
Evaluatethe expressiorlJ atcompiletime only.

(bothtimes U:form): U:form expr
Evaluatethe expressiorJ atbothcompiletime andloadtime.

(loadtime U:form): U:form expr
Evaluatethe expressioratloadtime only.

15.9 SwitchesThat Control the Compiler

Thecompilationprocesss controlledby a numberof 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 reducetheexecutiontime by notverifying thattheargumentsare
of correcttype. The nameof the slower versionwill have two properties,
FAST-FLAG andFAST-FUNCTION. The FAST-FLAG propertyreferences
a switchwhosevaluedeterminesvhich functionwill be calledfrom com-
piled code.An instanceof the slower functionis replacedoy thefasterone
whenthe switchis setto t. Of courseto make this corversionthe compiler
hasto know the nameof thefasterfunction. This nameis referencedy the
FAST-FUNCTION property
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Thepropertylist of thefunctionvectorfetchlooks somethindik e

(... (fast-flag . *fast-vectors) (fast-function . igetv)  ..)

Theexpressior(vectorfetchvectorindex) will bereplacedy theexpressior(igetvvector
index) if theswitch*fast-\ectorsis setto t.

*r2i = [Initially: t] switch
If non-nil, recursve calls are corvertedto jumpswheneer possible. The
effect of this is thattracingthis function will not show the recursve calls
sincethey have beeneliminated.ThefunctionRECURSIVE-RRCTORIAL
containsa recursve call which canbe corvertedto a jump. The resultof
compiling RECURSIVE-ACTORIAL is almostidenticalto that of com-
piling ITERATIVE-FACTORIAL whenr2i is non-nil.

(de factorial (n) (iterative-factorial @ n))

(de recursive-factorial (accumulator count)
(if (<= count 1)
accumulator
(recursive-factorial (* accumulator  count)
(subl 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 beevaluateds afunctioncall thenthecompiler

will generateaninstructionwhich will performtwo actionsduring evalua-

tion. Prior to jumping to the entry point of the function beingcalled, the
spaceallocatedon the stackfor local variable storageis reclaimed. Al-
thoughthe amountof spacereclaimedmay be small, this doesprovide the
calledfunctionwith morestackspaceln contrastwhenthis switchis non-

nil a pair of instructionswould be used,a call on the functionfollowed by

anexit. In this casethe stackspaces notreclaimeduntil the exit.



15.10. CONDITIONAL COMPILATION 171

*ord = [Initially: nil] switch
If non-nil, the compileris forcedto generatecodewhich evaluatesargu-
mentsof afunctioncall in aleft to right order It is possibleto generateode
which is more effecientwhenthis switchis setto nil. Argumentsarecur-
rently passedn registers.As the calling functioncomputesachargument
theresultis storedon the stack.Referenceso constantsieednot be gener
atedandthenpushedonto the stack,the otheragumentscanbe compiled
first, thenjust beforethefunctionis calledthe appropriateegisteris loaded
with the constant A similar aumentcanbe madefor variablereferences.
However, allowing for sideeffectswe mustbe surethatthe postponedalue
would bethesameasthatfetchedat the propertime.

*plap = [Initially: nil] switdh
If non-nil, the portableintermediatecode producedby the compiler is
printed. This is useful for examining compiler output prior to assembly
in particularit canbe helpfulin dehuggingmacros.

*pgwd = [Initially: nil] switdh
If non-nil, the actualassemblylanguagemnemonicsare displayed. This
flagis usefulfor examiningthecodewhichis generatedor theinitialization
function**f asl**initcode**.

*pcmac = [Initially: nil] switdh
If non-nil,boththe portableintermediateodeandtheassemblynnemonics
aredisplayed.After eachintermediatanstructionthe assemblynnemonic
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 macio
This is a conditionalmacrofor choosingsystemdependentodeduring
compilation.Theexpressiorfor thefalsecasedefaultsto nil if it isommited.

Theid mustbeamembeof thelist whosenameis systemlist*. An example

of its usefollows.

(if_system tops20 (setqg buildfileformat* "PL:%W"))
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15.11 Implementation Details

The outputfrom the compileris a list of instructionsin the order which they will be
executed Eachinstructionis alist, anoperatiorfollowedby asmary itemsasarerequired
by thatoperation. The compiledcodemay be executedby simulatingthe actionsof the
machineon eachelemenbf thesequenceln theinterestof efficiencgy, the compilerouput
is translatednto a sequencef actualmachinenstructions. An areaof memory(whichis

notgarbagecollected),s allocatedto receve the processedompileroutput. This areais

calledthe Binary ProgramSpaceor BPS.Thefunctionlap translateshe outputfrom the
compilerinto machinenstructions.

The functionsfaslout, faslend,and faslabortare usedby Compile-file-auxto compile
files. It shouldnot be necessaryor you to usedthesefunctions,they areincludedfor

completenesgvaluationof

(faslout name)

will causeghemessage

FASLOUT: (DSKIN files) or typein expressions

Whenall doneexecute(FASLEND)

to be displayed. Subsequengxpressionstypedin or readfrom files, are not processed
in the normal fashion. The following piece of code demonstratefiow 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 theinputis evaluatedandtheresultis printed. Setting*defn

to t andassociating functionwith the globaldfprint* allows for theredefinitionof what
is meantby evaluatingthe input and printing the resultof that evaluation. It the func-

tion boundto dfprint* which is responsibldor the compilationof expressions.Faslend
is provided to discontinuecompilation,faslabortis usedto abortthe compilation. The
only context in which the applicationof thesefunctionsmakessensas whena previous
invocationof faslouthasnot beenterminated.

woos EASLENDnot  within -~ FASLOUT
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16.1 Exiting PSL

(quit): Undefined expr
Returnfrom LISP andterminatethe PSL process.

(exitlisp): Undefined expr
Returnfrom LISP andterminatethe PSL process.

(exitwithstatus STATUS:integer): Undefined expr
Returnfrom LISP andterminatehe PSLprocessSTATUS is passedo the
callingcommandshellasreturnvalue.

16.2 Saving an ExecutablePSL

(savesystemMSG:string FILE:string FORMS:form-list):

Undefined expr
This recordsthe welcomemessagdafter attachinga date)in the global
variablelispbanner*usedby standardlisgs call on toploop,andthencalls
dumplispto compactthe coreimageandwrite it out asa machinedepen-
dentexecutabléfile with the nameFILE. FILE shouldhave the appropriate
extensionfor anexecutabldile. Savesystenalsosets*usermoddo t.

Theformsin thelist FORMSwill be evaluatedwhenthe new coreimageis started.For
example

(savesystem  "PSL 4.2" "PSL" ’((read-init-file "psl)))

lispbanner* = [Initially: ] global
Recordghewelcomemessaggivenby acall to saresystenfrom PSL.Also
containghedate,givenby thefunctiondate.
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(dumplisp FILE:string): Undefined expr
Thecoreimageis written asanexecutabldile, with thenameFILE. Better
usethefunctionsasesystem.

16.3 Init Files

Init filesareavailableto malke it easierfor theuserto customizeé®SLto his/herown needs.
Whenpsl or pslcompis executed,f afile .pslrcor .pslcomproon UNIX boxesor psl.rc
or pslcomp.rcon DOSor Windows systemss ontheusershomedirectory it will beread
andevaluated.

Theremainderof this sectiondescribegunctionsdefinedin the moduleinit-file. These
functionscanbe usedto implementinit files.

(userhomedir-string): string expr
Returnsafull pathnamédor theusers homedirectory

(init-file-string progname:string): string expr
Returnghefull pathnamef theusersinit file for the programprogname.

(read-init-file progname:string): nil expr
Readsandevaluategheinit file with nameprogname Read-init-filecalls
init-file-string with agumentprogname.Under UNIX the initfilenameis
concatenateffom”.” prognameand’rc”, suchthatatypicalinitfilenameis

.psircfor psl

(read-init-file "0sl")

16.4 MiscellaneousFunctions

(reset): Undefined expr
Returnto thetop level of PSL,unwind-protecformsgeta chanceo run.

(time): integer expr
CPUtimein millisecondssincelogin time.

(date): string expr
Thedatein theform "day-month-year”

1 lisp> (date)

"21-Jan-1997"
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(date-and-time): string
A stringis returnedwhich describeghe date,followed by the time. The

stringis of theform
"day-month-yeahours:minutes:seconds”

1 lisp> (date-and-time)
"21-Jan-1997  17:04:14"

16.5 GarbageCollection

(reclaim): nil

Reclaimis the userlevel call to the garbagecollector Active datain the
heapis madecontiguousandall taggedpointersinto the heapfrom active
local stackframes the binding stackandthe symboltablearerelocated.If
*gc ist, printssomestatistics.Incrementgcknt* andupdategctime*.

(known-free-space)integer
Returnghenumberof itemsavailablein theheap.

(free-bps):integer

Returnghenumberof itemsavailablein theBPS(Binary ProgramSpace).

*gc = [Initially: t]

*Gc controlstheprinting of garbagecollectormessagedf nil noindication
of garbageollectionoccurs.If non-nilvariousmessagewill bedisplayed.

1 lisp> (reclaim)
***  Gargabe collection starting

¥**  GC 1. 8-Nov-97 15:49:54, 50 ms (50 %), 218 recovered,

nil

As the exampleshaws, the amountof time (in milliseconds) requiredto do the garbage
collection,the numberof itemsrecorered,andthe numberof itemsavailablein the heap
aredisplayed. The first numberwhich follows GC representshe value of gcknt*. The
inclusionof the dateinto the messagéasbeenfound usefulfor calculationswvhich take

extremelylong.

gctime* = [Initially: O]

The total time (in milliseconds)spentin garbagecollection. When the
garbagecollectoris invoked, the time spentperformingthe collectionis

addedo thevalueof gctime*
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gcknt* =[Initially: O] global
Recordsthe numberof timesthat the garbagecollectorhasbeeninvoked.
Gceknt* may be resetto anothervalueto recordcountsincrementally as
desired.



CrossReferenceTools

17.1 Intr oduction

This chapterdescribegools which build crossreferencesandwhich aid in analyzing
LISP codefor building othercrossreference liketools.

17.1.1 RCREF - CrossReferenceGenerator for PSL Files

rcref is a StandardLISP programfor processinga setof PSL function definitionsto
produce:

1. A "Summary”showving:

e A list of filesprocessed.

e A list of "entry points” (functionswhich arenot calledor are calledonly by
themseles).

e A list of undefinedfunctions(functionscalled but not definedin this setof
functions).

e A list of variablesthat were usednon-locally but not declaredGLOBAL or
FLUID beforetheiruse.

e A list of variablesthat were declaredGLOBAL but usedas FLUIDs (i.e.
boundin afunction).

e A list of FLUID variableghatwerenotboundin afunctionsothatonemight
considerdeclaringthemGLOBALSs.

e A list of all GLOBAL variablespresent.
e A list of all FLUID variablespresent.
e A list of all functionspresent.

2. A "global variableusage™table,shaving for eachnon-localvariable:

e Functionsn whichit is usedasadeclared=LUID or GLOBAL.
e Functionsn whichit is usedbut not declaredefore.

e Functionsn whichit is bound.

e Functionsn whichit is changedy setq.

3. A "function usagetableshawving for eachfunction:
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Whereit is defined.
Functionswhich call this function.

Functionscalledby it.
Non-localvariablesused.

Theoutputis alphabetize@n thefirst sevencharactersf eachfunctionname.
RCREFalsocheckshatfunctionsarecalledwith the correctnumberof aguments.

17.1.2 Restrictions

Algebraicproceduresn Reducearetreatedasif they were symbolic,so that algebraic
constructactuallyappeaiascallsto symbolicfunctions,suchasaeval.
RCREFaddsthe eval flag to somefunctions,soit probablycannotcoexist with the com-
pilerin acoreimage.

SYSLispproceduresrenot correctlyanalyzed.

17.1.3 Usage

RCREFshouldbeusedn PSL:RLisp.To makeafile FILE.CRFwhichis acrosseference
listing for files FILE1.EX1andFILE2.EX2do thefollowing in RLisp:

LOAD RCREF;

OUT "file.crf”; ON CREF;

IN "filel.ex1”,"file2.ex2”;

OFFCREF;

SHUT "file.crf".

To processmorefiles, moreIN statementsnay be added,or the IN statemenimay be
changedo includemorefiles.

17.1.4 Options

*crefsummary = [Initially:NIL] switch

If theswitchCREFSUMMARY is ON thenonly thesummary(seel above)is produced.
Functionswith theflag NOLIST arenot examinedor output. Initially, all PSL functions
aresoflagged.(In fact,they arekeptonalist NOLIST!*, soif youwishto seereferences
to ALL functions,thenCREFshouldbe first loadedwith the command_.OAD RCREF
andthis variablethensetto NIL). (RCREFis now autoloading.)

nolist* = [Initially: thefollowing list] global

(andcondlist max min or plus prog prog2 progntimeslambdaabsaddlappendapply
assocatomcar cdr caarcadrcdarcddr caaarcaadrcadarcaddrcdaarcdadrcddarcdddr
caaaarcaaadrcaadarcaaddrcadaarcadadrcaddarcadddrcdaaarcdaadrcdadarcdaddr
cddaarcddadrcdddarcddddrclose codepcompressonsconstantpde deflist deletedf
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differencedigit divide dm ejectegeqnequalerrorerrorseieval evlis expandexplodeexpt
fix fixp flag flagp float floatp fluid fluidp function densymget getd getv global globalp
go greaterpdp internlengthlessplinelengthliter Iposnmapmapmapcmapcammapcar
mapcomaplistmax2membememagminusminuspmin2 mkvectnconcnotnull numberp
onepopenpagelengthpair pairp plus2posnprinc print prinl prin2 prog2 put putd putv
guotequotientrds readreadchremainderemd remflagremobrempropreturn reverse
rplacarplacdsassocetsetqgstringpsublissubstsublterpritimes2unfluid upbv vectorp
wrszerop)

It shouldalso be rememberedhatin RLisp any macroswith the flag EXPAND or, if
FORCEis on, without the flag NOEXPAND, areexpandedbeforethe definitionis seen
by the cross-referencprogram,sothis flag canalsobe usedto selectthosemacrosyou
requireexpandedandthoseyou do not. The useof ON FORCE;is highly recommended
for CREF

17.2 Scanalyzer

17.2.1 Intr oduction

The scanalyzemoduleis a tool for analyzingPSL functions, expressionsand source
files. It makesit easyto analyzePSLcodeandto write preprocessorf®r PSL.It supports
preprocessingf PSL codein muchthe way thatmacrogpanddoes,but is moreflexible

and extensible. The scanalyzemunderstandshe various PSL function types,including

macrosandhassomeunderstandingf eachof the PSL specialforms. Scanalyzefives
in SCANALYZER.SL, somesupportfunctions(including scanalyze-file)ive in XREF-

SUPPOH.SL.

Apologiesto JohnBrunner authorof "Standon Zanzibar”,for the nameof this facility.

17.2.2 Philosoply

The meaningof a pieceof LISP codecandependa greatdealon the context in which it
is compiledor evaluated.Virtually everythingin a LISP systemcanchangedynamically
andanalyzingthe meaningof codein theright context is a significantproblem.

This facility focuseson analysisof codethatis compiled,andit doessofor two reasons.
Oneis thatmostlarge systemswrittenin PSLrun compiled.The otheris thatonceLISP
codeis compiledthe meaningof the objectcodeis muchmorestaticthanthe meaningof
the correspondingnterpretve code.

Reliablesystemoperationdependson modulesbeing compiledin an ervironmentthat
is known and fixed asmuch as possible. To do this, we compile eachmodulewith a
compilerthatis startedafresh. After onemodulehasbeencompiledwe do not compile
othermoduleswith the samecompilet

To preciselyanalyzea module,we canstarta compilet To it we addtheanalysidfacility,
which should not changethe compilationcontext. We then analyzethe module, just
aswe would compileit. The analysisfacility mustbe sensitve to the samecontetual
informationthatthe compileris.

Many moduleshave someside-efectsonthe contet of compilation— definingamacrois
justoneof thethingsthataffectscompilationcontext. To besurethatamoduleis analyzed
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in theright context, theanalysisshouldhave the sameside-efectson compilationcontext
asthecompilationwould have.

17.2.3 Functions

(scanalyze-fildANPUT-FILE:string, pathname

OUTPUT-FILE:string, pathname): string expr
Appliesthefunctionscanalyze-fornjdefinedn section2.3.3)to everyform
in input-file. Scanalyze-fileassumeghat informationaccumulatesn the
list xref-assertionsAfter all the forms have beenanalyzed scanalyze-file
dumpsall theassertioninto output-fileasalist (reversingthelist first). The
assertiorn(< input — file > IS-SOURCE-FILE)s addedo thefront of the
assertiorlist.

File namedefaulting: As its agumentsscanalyze-filacceptdothfilename
stringsand pathnames.In ary casethe output-file agumentis defaulted
from the input-file agument. Any missing componentf the namein
output-filearedefaultedusingthe function meige-pathname-datiltsto be
thesameasin input-file, exceptfor thefile type (suffix). If thatis not spec-
ified in output-fileit is setto ".XD”, which is the tentatve 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.sI”"mydir:test-out.dat” the outputfilenamegenerated
is "mydir:test-out.dat”.

(scanalyze-brm FORM:form): form expr
This expectsan s-expressiorasits argumentandanalyzest asa top-level

form in a sourcefile. By recognizingwhich forms would be evaluatedat
compile-time Joad-time or atbothtimes,thiskeepgshecontext for analysis

the sameasthe context would befor compilation. Thoseformsthatwould

be compiledarepassedo the functionScanalyze.

Scanalyze-6rm recognizegorms suchascompiletimebothtimesandloadtime.It eval-
uateseachat compiletimeif thecompilerwould andanalyzesachif thecompilerwould
compileit. Actually, it recognizegshe IGNORE andEVAL flagsusedinternally by the
compiler This meanghatif analysids startedn the samecontet asa compilation,dur-
ing analysismacrosaredefinedin the sameway in bothcasesasarewconstsjf systems
expandthe sameway, the same’compiletime-loaded’modulesareloaded.etc.. In PSL
this meanghattheanalysiscontext very closelymatcheshe compilationcontext.
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(scanalyzeFORM:f orm ENV:form): form expr
Analyzegshegivenform (s-expression)n thegivenervironment.Thevalue
returneddepend®nwhetherthecallerhassetup valuesfor functionalvari-

ablesor propertieghatthis functionis sensitve to. If the callerhassetup

no specialactions,the valuereturnedshouldbe the samethat the function
MACROEXPAND wouldreturn.

17.2.4 Environment Arguments

Thecallercansetup speciakactionsthatarein two cateyories.Theseare”analysishooks”
and’preprocessingnooks”.

The ENV argumentgo variousthingsareervironments.An ervironmentis currentlya
list of "frames”. Eachframeis alist of 2 elementsThefirst identifiesthe type of frame,
currentlyalways’LOCALS. The secondis the "contents”, for localsa list of the local
variablenames.

17.2.5 AnalysisHooks

The scanalyzedefinesa numberof variableghatthe usermay give functionalvaluesto.

Somesupportthe userof this modulein analyzingcode. Othersprovide the meansto

preproces®r transformcode. The hooksare functionalvariablesof 2 args (expression
andervironment)to attachan analysisfunctionto. Eachof thesemusteitherbe NIL or

alist of functions. Thefirst threeof thesehooksare calledbeforeary preprocessingr

expansionof theform is done;thelastis calledafterall preprocessingndexpansionof

aform is complete.Scan-Macro-Hook€alledbeforeeachmacrois expanded Scan-Fn-
HooksCalledbeforedescendingnto any expr to analyzeat. Scan-Non-Rir-HooksCalled
with eachnon-pairexamined.

After-Expansion-Hook<Called with eachfully expandedexpression. Not appliedto

formssuchasmacrocalls,becaus¢hey areexpandedurtherbeforebeingreturned.

17.2.6 Properties

Thesearechecledrespectrely beforeandafteranexpressiorhasbeenexpanded After

expansionmeansthat the call hasbeenexpandeduntil it is not a macrocall, and all

subepressionhave beenexpandedalso. If the carof anexpressions anid thathasthe
appropriatgoroperty eachmemberof thelist thatis the propertyvaluewill befuncalled.
Thesepropertiesare checled at the samepointswherethe scan-xxxhooksare checled.
Thusit is of no useto give amacroa post-epand-scannensroperty Thepropertiesare:

- Pre-Expand-Scanners

- Post-Expand-Scanners

Pre-epand-scannersike precedencever scan-macro-hookandscan-fn-hooks.

17.2.7 Information Made Available By Scanalyzer

Current-Functiorm his hasthenameof thecurrentfunctionwherethatcanbedetermined.
FormssuchasDE and DEFUN thatexpandinto calls on PUTD with constantfunction
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namescausehis to bereboundnsideanalysisof thefunctionbodyamgument.
Current-Dp-Level-Form Containghe argumentthatwaspassedo the call on scanalyze-
form currentlybeingexecuted.

Top-Level-Code?s T for expressionsotnestedn ary invocationof thefunctionFUNC-
TION. Expression$or whichthisvariableis T areknown to be performedatinitialization
time.

17.2.8 ExpansionAnd PreprocessingHooks

Special-ExpandeBhouldbe a functionalvariableof 2 agumentsvhensetto a non-NIL
value. If it is, andif the similar functionalvalue of expand-speciallyds non-NIL, the
special-gpanderfunctionwill beusedto expandtheform.

Expand-Specially2f non-NIL, we usespecial-&panderto expandthe form. Non-Pair-
ExpandeEitherNIL or afunctionalvalueof 2 agumentsusedto expandexpressionshat
are”atomic”.

If any function or macro,etc.hasan ExprExpanderproperty its valuemustbe a 2 ar
gumentfunctionthat scansandexpandsexpressionsvhosefirst elementis thatid. This
moduleprovidessereralsuchfunctionssothatbuilt-in speciaformscanbeanalyzed.
Special-Expandeand Non-Rair-Expanderhave first priority. Then comesary Expr
Expandemproperty Thennormalprocessindy typeof function.

17.2.9 CrossReferenceSupport

Thefluid xref-assertionboldstheassertiongieneratedy xref-asserandxref-assert-list,
dumpedoutto afile by scanalyze-file.

(xref-assertA:assertion): assertion expr

(xref-assert-listL:list): assertion-list expr

Thesefunctionsaddthe singleassertioror list of assertionso xref-assertions.

(record-usageEXPR:form ENV:form): nil expr
Suitableasa functionto be appliedto each(non-atomic)expressionand

subepressiorbeinganalyzedlt is especiallysuitableasanafterexpansion

hook. Exceptfor variousspeciakcaseslescribedelow, record-usagmakes

anassertiorior eachexpressiorthatis afunctioncall. Theassertions of the

form, (<fn1l> CALLS <fn2>) where<fn2> is the function beingcalled

(carof the expression).<Fn1> is the current-functionor if thatis NIL, it

is thecurrent-file.
Record-usaggnoresnon-pairexpressionsexpressionghatarepairs(functioncalls)are

checledfor anopenfnor opencodgroperty which would imply thatthey arecompiled

in-line. No assertions madefor theseor for expressionsvherethe functionpart(car)is

notanid.
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If the function beingcalled hasa usage-assertgroperty the value of that propertyis
funcalledto make whatever assertionst will. Otherwiseif the functionis flaggeddont-
record-usageno assertions made.

(record-macmo-usageEXPR:form ENV:form): nil expr
record-macro-usags like record-usagequt it is for macrosandcmacros.
Thisfunctionis suitableasa scan-macrdook. Theassertiongeneratedby
thisfunctionin theusualcaseare(<fnl1> USES-MACRO <macrag>) or for
cmacros(<fnl> USES-CMACRO <cmacrg>).

(setup-some-xef-actions): t expr
Theprogrammewho likessomeof thefacilitiesin thismodule but doesnt
wanteverythingherecanjustloadthe module.If youwantto usethefacil-

ities anddefaultsavailablein the module,call this function. In additionto

settingup record-usagandrecord-macro-usages analysishooks,it flags
somesetsof functionsasnot having their usagerecorded. It alsosetsup
somespecialusageasserterfor certainfunctions.

Thevalueof eachof thesevariabless alist of functions(or macrosor both). The”setup”
function,above, flagseachfunctionon eachof thesdists asdont-record-usage.

kernel-fns = [Initially: A list of all defined
functionsin aPSLkernel.] global

useful-fns= [Initially: A list of frequently-usedunctions
andmacrosdefinedin the USEFUL library module.] global

object-fns=[Initially: A list of frequently-usedunctions
andmacrosn the OBJECTSmodule.] global

Thefollowing arespeciausageasserterfor 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 accesshe prettyprinterdescribedn this chapteryou mustloadthe modulePP
A prettyprintertakes asinput a streamof charactersand prints themwith aethetically
appropriatendentationsandline 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 defaultto be 75. You canmodify this by passing
thedesiredwidth to thefunctionline-width.

(pp-file SOURCE:string DESTINATION:string):

undefined expr
This functionis usedto prettyprintthe contentsof onefile into another
Theremustbe two argumentsthe first is a string representinghe source

file name the seconds a stringrepresentinghe destinatiorfile name.The

first agumentto 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 functionwill prettyprintthe PSL dataobjectE. Pp-objectwill also

accepttwo optional alguments. The output may be directedto a file by

including a string which representshe file name. Indentationis specified

with aninteger Both of theseoptional agumentsmust be precededoy
specialidentifiers,:indentfor indentation;sink for redirectionof output.
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18.3 Formats

Supposeave definethefollowing datastructurg(in thediscussiorwhichfollowsit will be
assumedhatthe selectorfunctionsform, root, andsuffix have beendefined).

(NAMED-FORM<form> <root> <suffix>)
Furthermoreywe wouldlike
(named-form  (+ left  right) argument 1)

to beprintedin theform:
argumentl: (+ left right)

Theformatdefinitionwhich follows couldbe usedto specifythatnamed-formshouldbe
printedoutin theabose way. Deformatwill corverteverythingwhich follows its second
amgumentinto a formattingfunction. In the examplebelow, this formattingfunctionwill
be usedto formatlists which have theidentifernamed-formastheir first element.When
suchalist is passedo it, thefunctioncreatesa sequencef formatinstructionsspecifying
whatshouldbe printedcorrespondingdo thelist.

(deformat  (named-form)  (item)
(template ¢ **"" [i 12 *} (root item)
(suffix item) (form item)))

The function templatecreatesa sequencef formatting instructionsfor its aguments
basedon directionsspecifiedby the template(the first agument). The templatein this
examplecanbe understoodasfollows: The and specifythatthe componentbetween
themshouldbetreatedasa singlelogical unit whenthey areprintedandthatanouterpair
of parentheseshouldbe printed. Thethree* s shov wherethe threecomponent®f the
datastructureshouldbe printed. The”:” specifieghata colonshouldbe printedafterthe
suffix. Thevector[l 1 2] correspondso a conditionalline break. If thereis sufficient
roomfor the form thena singlespaceis printed(this is specifiedoy the secondelement
of thevector).Otherwisealine breakfollowedby anindentatiorof two spacess inserted.

A templatemay consistof thefollowing symbols:

e The prettyprinterwill breakonto differentlines asfew logical blocksaspossible.
Theleft anglebraclet (<),denoteshe beginningof ablock, theright anglebraclet
(>), denotegheendof ablock. It is assumedhatthesebracletsbalance.

e Leftandrightbraceq and) arealsoto definelogicalblockswhichshouldbeprinted
within a pair of parentheses.

e Therearetwo differenttypesof blanks,the termsconsistenandinconsistentre
usedto describethem. Note that blanksmay only appeamwithin a logical block.
If eachblankwithin a block is consistentandthe block will not fit on the current
line of outputtheneachsub-blockof theblock will be placedonanew line, if each
blankis inconsistenthennew lineswill be forcedonly whenit is necessaryFor
example thefirst resultwill occurif the blanksareinconsistentthe secondf they
areconsistent.
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(one two three
four)

(one
two
three
four)

In generalif ablock will notfit on the currentline of outputtheneachconsistenblank

correspond#o anew line, inconsistenblankswill printasspacesinlesst is necessarjo

forceanew line. Thereis alengthandan offsetassociatedavith eachblank,if ablankis

treatedasa spacehenthelengthrepresentshe numberof spacesvhichwill be printed.

If ablankis treatedasa breakto a new line thenthe offsetis usedfor indentationon the

new line. Indentations from thehorizontalpositionof thefirst characteof theinnermost
logical block. For example,

(template  "'({ * { (* [c 1 1) } }

"(function (arg-one  arg-two)))
will resultin
(function (arg-one
arg-two))

assuminghatit is necessaryo force a line break. The consistenblank within the call
thetemplatespecifiesan offsetof one. Thefirst characteof theinnermostiogical block
is the secondleft parenthesisfrom its positionthe printer indenteda single space. A
blankis representetly avector thefirst entryshouldbeeitheran| or C, thesecharacters
designateéhetypeof theblank,| for inconsistenandC for consistentThesecondentryis
a positive integerwhich representt¢ength,andthethird is a positive integerrepresenting
indentation.The algorithmexpectsto find a blank after eachoccurenceof a right angle
braclet, if the formatswhich have beenprovided do not follow this corventionthenan
inconsistenblankwith lengthandoffsetsetto zerowill beinsertedaftertheright angle
braclet.

e An asterisk(*) is usedto make arecursve call ondispatch Dispatchis responsible
for applyingthe appropriatdormattingfunctionto anexpression

e Strings,thetext of thestringis includedin the output.

e A sublistof formatsymbolsmayalsoappeavithin thelist of formatsymbols.This
list may containblanksor asterisksandis usedrepetitively until a corresponding
list of expressionss 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 itemn)
(apply (get-template item)
(list item (addl depth))))
(t (default-template item (addl depth)))))))

It is usefulto know how this functionassociatea formatfunctionwith anexpression.If

theexpressions aninstanceof aflavor thenthedispatchfunctionwill searcHor aformat
functionassociateavith the nameof theflavor. For otheratomicexpressionsthetypeis
usedto locatea formatfunction. Currentlythereareformatfunctionsfor vectors strings,
numberscode-pointerandidentifiers. If the expressions alist andthe first elementof
this list is anidentifierthenan attemptis madeto find a formatfunctionassociatedvith

theidentifier Beforeresortingto a default a checkis madefor function applicationfor
whichthereis a separateefault formatfunction.

Functionapplicationis recognizedvhenthefirst elementof thelist is a lambdaexpres-
sion,anapplicationof getdto thefirst elementeturnsanon-nilvalue,or thefirst element
is anid whichis amemberof a globallist namedfunction_.names*.Thislist of function
namesis usefulfor prettyprintinga file sincea file will normally containa numberof
applicationsof functionsdefinedwithin the file itself. The fexpr add-functionsaccepts
any numberof functionnamesandaddsthento *function_names*.

With respecto lists, arny sub-expressiorbelov amaximumdepthis printedas#’ . Once
themaximumlengthof alist hasbeenreachedhedisplayof theremainingelementswill

be‘.... Themaximumdepth(initially 10) andlength(initially 25) canbe modifiedwith
thefunctionsnew-depthandnew-length.

18.5 SpecifyingFormats

(deformat NAME:pair PARAM:id-list [BODY:forms]): nil fexpr
Deformatis usedo defineformatfunctionsfor PSLexpressionsThecarof

NAME shouldbeallist of identifiers(it mayalsobe a singleidentifier),the
cdrshouldbenil for atomicexpression®r anintegerrepresentingminimal

lengthfor lists. PARAM is a list containinga singleid, whenthe format

functionis usedPARAM will be boundto the expressiorbeingformatted.
Formatsaredefinedby callsontemplate(describedelown).
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(template FORMAT:list [COMPONENT :form]): any macio
FORMAT is a list of format symbols(describedabore). EachCOMPO-

NENT shouldcorrespondo a call on dispatch(*), in FORMAT. If a sub-

list of format symbolsin includedwithin FORMAT thentheremustbe a
correspondingdjst of components.

Thisfirst exampleillustratesaformatfor quotedexpressionsFor example,ANY instead
of (QUOTE ANY). A minimallengthof two is given,sincethelist (QUOTE) shouldnot
beprintedas’. Theamgumentto quoteis formattedby a separateall on dispatch.

(deformat  (quote . 2) (item)
(template (" *)  (second item)))

The elementsof a vector shouldbe enclosedwithin squarebraclets. Sincethe length
of vectorswill vary alist of formatsymbolsis suppliedto be usedrepetitively for each
element.Thislist will bematchedagainst correspondindjst of componentgyvector2list
item). Eachelements formattedby arecursve call on dispatch.Elementsareseparated
by inconsistenblanks thereforeif theentirevectordoesnotfit onasingleline theouput
will besomethindike

[one two three
four]

(deformat  (vector) (item)
(template < """ ¢ [ 11} "™ >) (vector2list item)))

Giventhe expression(setgn-onev-onen-two v-two)

(setg n-one v-one
n-two v-two)

is preferredover

(setg n-one v-one n-two
V-two)

Thefollowing canbe usedto obtainthe preferredoutput.

(deformat  ((set setq) . 3) (item)
(template { *""<* N 111 *[c 120) >1D
(first item) (rest item)))

Thefirst form of ouputis obtainedby usinginconsistenblanksafter the names(n-one
andn-two) andconsistenblanksafterthevaluegv-oneandv-two). Whenthis expression
will notfit onasingleline the consistenblankswill correspondo line breaksandunless
a valueis too large to fit on an outputline, the inconsistenblankswill correspondo

spacesThezerooffsetassociateavith the consistenblankscorrespondso the block of

namesandvalues. This is why the namedine up within a column. If the innerlogical

bracletswereomittedthe outputwould look somethindike
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(setg n-one v-one
n-two v-two)

assuminghatthe expressionwould notfit on a singleline. Notice thatthe formatfor a
singlepair (nameandvalue)is usedrepetitively.

A formatfunctionmay containmorethanonecall ontemplate. Thetwo functionsbelow
areequvalent.

(deformat  (lambda . 3) (item)
(template "¢ * [ 1 1)) (first item))
(if  (null  (second item))
(template  '("()" c 11 (* [c 11)) }
(rest (rest item)))
(template (* [c 11D } (rest item))))

(deformat  (lambda . 3) (item)
(template  '{ * [ 1211 * [c 11]) }
(first item)
(cons (if (null  (second item)) ’I(1) (second item))
(rest (rest item)))))



The Objects Module

19.1 Intr oduction

Theobjectsmoduleprovidessimplesupportfor object-orientegorogrammingn PSL. It
is basednthe flavors” facility of the LISP machinewhichis the sourceof its terminol-
ogy. TheLISP MachineManualcontainsamuchlongerintroductionto theideaof object
orientedprogramminggenericoperationsandthe flavorsfacility in particular This dis-
cussionbriefly coversthe basicsof usingobjectsto give you anideaof whatis involved;
thenit explainsthe details.

19.1.1 Terminology

An objectdatatypds known asaflavor. It canbethoughtof in two parts:

1. A templatethatdefineshe characteristicsf theflavor.

2. A setof operationghatcanbe performedon theflavor.

Thetemplatethatdefinesthe characteristicef a flavor is known asthe flavor definition.
It is createdby the macrodefflavor. Eachoperationthatcanbe performedon an object
is known asa methoddefinition. They arecreatedby the macrodefmethod.Invoking an
operationon an objectis known assendingan objecta messageA createdobjectof a
givenflavor is known asaninstanceof thatflavor.

Exampleof aflavor definitionis:

(defflavor complex-number
(real-part
(imaginary-part 0.0)
)
0

gettable-instance-variables
initable-instance-variables

)

A flavor definition specifieghefields, or in our terminology the instancevariables that
eachobjectof that flavor is to have. In the exampleabove, the instancevariablesare
REAL-PART andIMA GINARY-PART. Thementionof theinstancevariablelMA GINARY-
PART indicatedthatby defaulttheimaginarypartof acomplex numbemwill beinitialized
to 0.0. Thereis no defaultinitialization for REAL-PART.

191
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Instancevariablesmay be strictly partof theimplementatiorof a flavor, totally invisible
to users.Typically though,someof theinstancevariablesaredirectly visiblein someway
to the userof the object. The flavor definitionmay specify”initable-instance-ariables”,
"gettable-instanceariables”,and”settable-instanceariables”. Theseoptionsmeanthat
the instancevariablesspecifiedare able to be initialized (initable), able to be accessed
by name(gettable),andableto be assignedand accessedsettable).None,someof, or
all of theinstancevariablesmay be specifiedn eachoption. In the exampleabove, both
REAL-PART andIMA GINARY- PART maybeinitializedandmaybeaccessetly name.
With the objectspackagehe programmercompletelycontrolswhatoperationsareto be
doneonobjectsof eachflavor, sothisis atrueobject-orienteghrogrammindacility. Also,
operation®on flavoredobjectsaregeneric.This meandhatthe operationcanbedoneon
anobjectof ary flavor, aslong astheoperationsaredefinedfor thatflavor of object. The
sameoperationcanbe definedfor mary flavors; andwheneer the operationis invoked,
whatis actuallydonewill dependntheflavor of the objectit is beingdoneto.

To seethe power of genericoperationsconsiderthefollowing example:

Saywe wishto write ascannethatreadsa sequencef charactersut of someobjectand
processethem. It doesnot needto assumehatthe charactersarecomingfrom afile, or
evenfrom anl/O channel.

Supposéhe scannegetsa characteiby invoking the GET-CHARACTER operation.In
this caseary objectof a flavor with a GET-CHARACTER operationcan be passedo
the scannerandthe GET-CHARACTER operationdefinedfor that objects flavor will
performedto fetch the character This meansthat the scannercan get charactergrom
a string, or from a text editor’s buffer, or from ary objectat all that providesa GET-
CHARACTER operation.The scanneis automaticallygeneral.

19.2 Creating Objects

Thefunctionmake-instancerovidesacorvenientwayto createobjectsof ary flavor. The
flavor of the objectto becreatedandtheinitializationsto be donearegivenasparameters
in away thatis fully independentf theinternalrepresentationf the object.

19.2.1 Methods

The function”=>", whosenameis intendedto suggesthe sendingof a messageo an
object,is usuallyusedto invoke a method.
Examples:

(=> my-object  zap)
(=> thingl set-location 2.0 3.4)

The first agumentto => is the objectbeing operatedon: my-objectandthinglin the

examples. The secondargumentis the nameof the methodto be invoked: zapandset-

location. The methodnameis not evaluated.Any furtheramgumentshecomearguments
to the method,andareevaluated.(Thereis a functionsendwhichis justlike => except
thatthe methodnamearguments evaluatedustlik e everythingelse.)

Onceanobijectis createdall operationson it are performedby methodsdefinedfor its

flavor. The flavor definition also definessomemethods. For each”gettable” instance
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variable,a methodof the samenameis definedwhich returnsthe value of thatinstance
variable. For "settable” instancevariablesa methodnamed’set-<variablename-" is
defined.Givenanew value,this methodsetstheinstancevariableto have thatvalue.

19.2.2 Protectionof Objects

Most LISP’s, and PSL in particular leave openthe possibility for the userto perform
illicit operationson LISP objects.Instance®f aflavor arerepresentedsordinaryLISP
objects(evectorsat present)soin asensat is quite easyto doillicit operationnthem:
justoperatedirectly on its representatio(do evectoroperations).

On the otherhand,therearemajor practicalpitfalls in doingthis. The representatioof
a flavor of objectsis generateciutomaticallyandthereis no guaranteehata particular
flavor definitionwill resultin a particularrepresentationf the objects. Thereis alsono
guarantedghatthe representationf a flavor will remainthe sameover time. It is likely
thatat somepoint evectorswill nolongerevenbeusedastherepresentation.

In addition,usingtheobjectspackages quite corvenient,sothetemptatiorto operateon
theunderlyingrepresentatiors reduced For delugging,onecanevendefinea coupleof
extramethods'on thefly” if needbe.

19.3 Referencelnformation

19.3.1 Loading Objects

Note: This file definesboth macrosand ordinary LISP functions. It must be loaded
before any of thesefunctions are used. The recommendeavay of doingthisis to put
theexpression(BothTimes(load objects))at the beginning of your sourcefile. This will
causehepackageo beloadedat bothcompileandloadtime.

19.3.2 Flavor Definition

Flavorsaredefinedby usingthe macrodefflavor This macrohastheform:

(defflavor flavor-name (varl var?2 ...) (inheritance-flavor-list)
optionl1 option2 ...):list macio

flavor-nameis thenameof theflavor beingdefined.varlvar2... aretheinstancevariables
of the flavor. Eachmustbe a symbolthatis the nameof the variable,or a list of two
elementsThelist form musthave thenameof theinstancevariable(id) asits first element
anda defaultinitialization form asits secondargument. Do not usenamedike "IF” or
"WHILE” for instancevariables:they aretranslatedreely within methodbodies(see
defmethod).Thetranslatiorprocesss notvery smart.For example,it doesnt distinguish
betweenformal parameterso methodswith the samenameasinstancevariables. For
safety if formal parametergarefoundthatmatchinstancevariables,anerrormessagés
issued.Althoughthe translationprocesssn’t smart,it at leastunderstandghe natureof
quote.
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The inheritance-flaor-list mustbe a list of one elementor the empty list. Whenthe
emptylist, it specifieghatno inheritancds usedin definingthis flavor (for a description
of inheritanceseesection10.3). Whena oneelementist, the elementmustbethename
of anotherflavor to inherit from. This otherflavor musthave alreadybeencompiledor
loadedor anerrormessag®vill beissued.

optionloption2... arethe optionsthat effect the instancevariablesand methodsof the
flavor. Recognize@ptionsare:

(INITABLE-INSTANCE-VARIABLES varl var2 ..)
(GETTABLE-INSTANCE-VARIABLES varl var2 ..)
(SETTABLE-INSTANCE-VARIABLES varl var2 ..)
(FAST-ACCESS-FOR-METHODSmethod1l method2 ...

INITABLE-INSTANCE-VARIABLES [make all instancevariables
INITABLE]
GETTABLE-INSTANCE-VARIABLES [make all instancevariables
GETTABLE]
SETTABLE-INSTANCE-VARIABLES [make all instancevariables
SETTABLE]
FAST-ACCESS-FOR-METHODS [accessll methoddast]

An emptylist of variabless takenasmeaningall variablegatherthannone so(GETTABLE-
INSTANCE-VARIABLES) is equialentto GETTABLE-INSTANCE-VARIABLES.
Initableinstancevariablesnaybeinitialized usingoptionsto make-instancer instantiate-
flavor. Seebelow.

For eachgettableinstancevariablea methodof the samenameis generatedo access
the instancevariable. If instancevariableLOCATION is gettable,one caninvoke (=>
<object> LOCATION).

For eachsettablanstancevariablea methodwith thenameSETF<name> is generatedlf
instancevariableLOCATION is settablepnecaninvoke (=> <object>- SEFLOCATION
<expression-). Settableinstancevariablesarealwaysalsogettableandinitable by im-
plication. If thisfeatureis not desireddefinea methodsuchasSETFLOCATION directly
ratherthandeclaringtheinstancevariableto be settable.
FAST-ACCESS-FOR-METHODSs usedto speedup messageendingfor a selectset
of methods. Methodsspecifiedin this option are accessedy a different meansthen
"normal” methodsThis optionshouldonly beusedwhen:

e It is known thatmessagesendingspeeds critical.

¢ A selectsetof methodof aflavor areknown to becalledveryfrequentlycompared
to therestof the methodsof thatflavor.

The ordermethodsare specifiedwith this option determineshe orderthey areaccessed
(speeddf methodlookup). Thus,the first methodspecifiedwill be accessethe quickest
and the last methodspecifiedthe slowest. If no methodsare given (the secondform
above), the objectspackagewill decideon its own order Specifyingno methodsshould
be usedonly if a flavor hasa few methods(i.e., lessthen10). If arny of the methods
specifiedarenot methodsof theflavor, awarningmessageavill beissuedandfastaccess
for it will beignored.
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As anexample,considerthe flavor TUNAFISH which has70 methods.It is determined
thatmuchtime is spentcalling five low level TUNAFISH methodsvhosenamesareA,
B, C, D, andE. Specifying:

(FAST-ACCESS-FOR-METHODSA B C D E)

in theflavor definitionof TUNAFISH will causemethodA to beaccessetlsterthenary
othermethod,B to be accessedlowver thenA, C slower thenB, D slower thenC, and
finally E the slowestof the five methods.Theremaining65 methodsof TUNAFISH will
beaccessedsslow or slowverthenE.

As its value,defflavor returnsallist of theform:

(flavor <flavor-name>)

Where<flavor-name> is thenameof theflavor beingdefined.Examplesof Flavor Defi-
nition

(defflavor complex-number
(real-part imaginary-part)
0
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 you mayrecall, methodsaredefinedusingthe macrodefmethodIt hastheform:

(defmethod  (flavor-name method-name) ([argl arg2 ..])
<expressionl>  <expression2>...): list macro

flavor-nameis the nameof the flavor a methodis begin definedfor. It mustbeanid.
method-namés the nameof this method.It mustalsobeanid.

argl arg? ... aretheagumentof the method. Theremaybe zeroor moreandthey must
all beids.

<expressiont <expression2 ... make up the body of the method.This body canrefer
to ary instancevariableof the flavor by usingthe namejust like an ordinaryvariable.
They canalsosetthemusingsetf. All occurrence®f instancevariables(exceptwithin
evectorsor quotedlists) aretranslatedo aninvocationof theform (EGETV SELFn).
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The body of a methodcanalsofreely useSELF like it were anotherinstancevariable.
SELF is boundto the objectthat the methodappliesto. SELF may not be setgedor
setfed.

Thevaluereturnedby defmethods alist of theform:

(method <flavor-name> <method-name>)

Where <flavor-name> and <method-name are simply the namesof the flavor being
definedandmethodbeingdefinedrespecitrely.

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

The mostcommonway instancesf a flavor are createds by usingthe function make-
instancelt hastheform:

(make-instanceflavor-name:id [initialization-sequence]):

flavored object expr
make-instanceakesasargumentsa flavor nameandan optionalinitializa-
tion sequence.

Flavor-namemustbeanid thatrepresentanexisting flavor.
Theoptionalinitialization-sequenceyhenspecified consistof alternating
pairsof instancevariablenamesandcorrespondingnitial values.Notethat
the instancevariablenamesare quoted,in the exampleabove, becausall
theargumentsareevaluated make-instanceeturnsanobjectthatis "initial-
ized?”

Examplesf make-instance

(make-instance ‘complex-number)
(make-instance ‘complex-number 'real-part 0.0
'imaginary-part 1.0)

An objectreturnedoy make-instances initialized asfollows:

First, all instancevariableswith initialization specifiedin the call to make-instanceare
initialized to the valuegiven. After this the objectsDEFAULT-INIT methodis ernvoked.
This methodis constructedy the flavor definition (defflavor). It initializesary instance
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variablesnot specifiedn thecall to make-instancéout having defaultinitializationsspec-
ified in the flavor definition. It thensetsall remaininguninitializedinstancevariablesto

thevalue*UNBOUND*. Thedefaultinitialization andinitializationto *UNBOUND* is

performedby the DEFAULT-INIT method.

If a methodnamedINIT is definedfor this flavor of object, it is invoked automatically
aftertheinitializationsjust discussedTheINIT methodis passedasits oneargument,a

list of alternatingvariablenamesandinitial values.Thislist is theresultof evaluatingthe

initializationsgivento make-instanceFor example,if we call:

(make-instance ‘complex-number 'real-part (sin  30)
'imaginary-part (cos 30))

thentheargumentto the INIT method(if any) would be
(real-part .5 imaginary-part .866).

TheINIT methodmaydo anything desiredo setup thedesirednitial stateof the object.
At presentthisvaluepassedo theINIT methodis of virtually no useto theINIT method
sincethevalueshave beenstorednto theinstancevariablesalready In thefuture,though,
the objectspackagemay be extendedto permit keywordsotherthannamesof instance
variablesto bein the initialization part of callsto make-instance.If this is done,INIT
methodswill beableto usetheinformationby scanningheargument.

For detailson how initialization is donewheninheritanceis in effect, seeUsing Inheri-
tance section10.3.

Anotherlesscommonwayto createanobjectis throughtheuseof thefunctioninstantiate-
flavor. It hastheform:

(instantiate-flavor flavor name:any[U:list)):

flavored object expr
This is the sameasmake-instanceexceptthatthe initialization list is pro-
vided asa single,requiredargument. The list mustbe a list of alternating
keyword namesandinitial values.

Example:
(instantiate-flavor ‘complex-number
(list 'real-part (sin 30) ‘’imaginary-part
(cos 30)))

19.3.5 MessageSending

Thereareseveralwaysto invoke a method:

(=> object:object method:id): any expr
Examples:

(=> r real-part)
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(=> r set-real-part 1.0)

Themessag@ameis not quoted.Argumentdo the methodaresuppliedasarlgumentgo
=>. In theseexamplesy is theobject,real-partandset-real-pararethemethodsand1.0
is theamgumentto the set-real-partnethod.

(sendobject:object method:id): any expr
Examples:

(send r ‘’real-part)
(send r ’set-real-part 1.0)

The meaningf thesetwo examplesarethe sameasthe meaningof the previoustwo.
Only the syntaxis different:the messag@ameis quoted.

(send-if-handlesobject:object method:id [U:any]): any expr
ConditionallySenda Message
Examples:

(send-if-handles r ’'real-part)

(send-if-handles r ’'set-real-part 1.0)

SEND-IF-HANDLES:Is like SEND, exceptthatif the objectdefinesno methodto handle
themessageajo erroris reportedandNIL is returned.

(lexpr-sendobject:object method:id [U:any] V:list):any expr
Senda messagéexplicit "Rest” ArgumentList)

Examples:
(lexpr-send foo 'bar a b c (list X Y))

Thelastargumentto LEXPR-SENDis alist of theremainingaguments.

(lexpr-send-if-handlesobject:any

method:id [U:any] V:list):any expr
This is the sameas LEXPR-SEND,exceptthatno error is reportedif the
objectfailsto handlethe message.

(lexpr-send-1lobject:object method:id V:list):any expr
Senda Messag€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 messagaameis quotedand that the agumentlist is passedas a single
agumentto LEXPR-SEND-1.

(lexpr-send-1-if-handlesobject:any

method:any V:list): any expr
Thisis thesameasLEXPR-SEND-1 gxceptthatno erroris reportedf the
objectfailsto handlethe message.

(ev-sendobject:any method:any V:list): any expr
EV-SEND:is justlike LEXPR-SEND-1,exceptthatit is anEXPRinstead

of a MACRO. Its solepurposeés to be usedasa run-timefunctionobject,

for example,asafunctionargumentto afunction.

19.3.6 Printing Objects

Objectscanprint out accordingto their flavor. If aflavor hasa channelprirmethod that
methodwill beusedby prinl, prin2, etc. to print objectsof thatflavor.

(=> any CHANNELPRIN channellevel prin1?): any method
A channelprirmethodmustaccepthreeargumentsachannelcurrentlya
smallinteger); eithernil or a numberwhich will indicatethe currentlevel

of nestingwithin lists, vectors,or otherobjects;anda booleanwhich will
indicatewhetherprinl-or prin2-styleprintingis beingdone.

Ordinarily, an objectshouldprint in theform #<flavor info ... >. If thelevel of printing
is notnil, printing of lists, vectors,objects etc. within the channelprirmethodshouldbe
donewith prinlevel boundto 1 lessthanits valueat thetime of entryto themethod.

19.3.7 Useful Functionson Objects

(object-type U:any): id, NIL expr
The object-typefunction returnsthe type (an id) of the specifiedobject,

or nil, if theargumentis not an object. At presenthis function cannotbe

guaranteedo distinguishbetweenobjectscreatedby the objectspackage

andotherLISP entities,but the only possibleconfusionis with vectorsor

evectors.

(flavor-defined?flavor-name:id): t, nil expr
Returng if flavor-nameis acurrentlydefinedflavor. Returnail otherwise.
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(declare-flavor < flavorname >< varl >< var2 >...):

undefined macio
(undeclare-flavor < varl >< var2 >...): undefined macio
*** Read these warnings carefully! *hx

Thisfacility canreducetheoverheadf invokingmethodn particularvari-
ables,but it shouldbe usedsparingly It is notwell integratedwith therest
of thelanguage At somepointa properdeclaratiorfacility is expectedand
thenit will bepossibleto make declarationgboutobjectsjntegers,vectors,
etc.,all in auniformandcleanway.

The declare-flaor macroallows you to declarethat a specificsymbolis boundto an
objectof a specificflavor. This allows the flavors implementatiorto eliminatethe run-
time methodlookup normally associateavith sendinga messagéo thatvariable,which
canresultin anappreciablemprovementin executionspeed.This featureis motivated
solely by efficiency considerationsand shouldbe usedONLY wherethe performance
improvements critical.

Details:if youdeclarehevariableX to beboundto anobjectof flavor FOO,thenwithin
the contextof the declaration (seebelow), expression®f theform (=> X GORP...) or
(SEND X 'GORP....) will bereplacedby functioninvocationsof the form (FOO GORP
X ...). Notethatthereis no checkmadethatthe flavor FOO actually containsa method
GORPRIf it doesnot, thenarun-timeerror”Invocationof undefinedunctionFOO’"GORP”
will bereported.

WARNING: Thedeclare-flaor featureis not presentlywell integratedwith the compiler
Currently the declare-flaor macromay be usedonly asa top-level form, like the PSL
FLUID declarationlt takeseffectfor all codeevaluatedor compiledhenceforthThus,if
you shouldlatercompilea differentfile in the samecompiler the declaratiorwill still be
in effect! this is a dangemuscrock, sobe careful! To avoid problems) recommendhat
declare-flaor be usedonly for uniquely-namedariables.The effect of a declare-flaor
canbe undoneby anundeclare-fiaor, which alsomay be usedonly asatop-level form.
Thereforejt is goodpracticeto braclet your codein the sourcefile with a declare-flaor
anda correspondingindeclare-flaor.

*** Did you read the above warnings???  ***

(object-get-handlerobject:object method-name:id): id expr

Notethatthe useof object-get-handlas notrecommendedt shouldonly beusedin the
mostcritical placeswherethetime to performa normalmessagsendis too slow andthe
declare-flaor facility cannotbe used.

Givenanobjectanda method-namepbject-get-handlereturnsthe nameof the function
thatimplementghis method.It is usedto repetitvely sendthe samemessagekor exam-
ple:
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e ((func-name  (object-get-handler obj ’'banana)))

(for

.(.c.lo (idapply func-name (list argl arg2 .. argn)))
) )

Thisis equialentto sendinghemessage:
(=> obj banana argl arg2 .. argn)

insidethefor but thelookupof thefunctionnamefor themessagsendis only performed
once.

MiscellaneousFunctions

(objects-version): NIL expr
Thisfunctionprintsa dateusedto checktheversionof theobjectspackage

in use. Whenbugsarereported,the versiondateshouldbe given. Older

versionof the objectspackagedid not have this functiondefined.

19.4 UsingInheritance

Inheritanceis a mechanisnthat allows a flavor to be definedin termsof otherflavors.
This allows objectsto be createdthat are specialization®r generalizationsf otherob-
jects. The object packagesupportswhatis called single inheritance— only one flavor
canbeinheritedfrom by anotheiflavor. Theflavor beinginherited,however, could have
inheritedfrom oneotherflavor, andsoon. Note thatthe LISP machinesupportanultiple
inheritanceallowing morethanoneflavor to beinheritedfrom atatime.

Thebestway to explain singleinheritancas throughanexample:

Supposeave have definedheflavor motherandthendefinetheflavor daughtem whichwe
specifiedthe inheritance-flaor-list to be mother The inheriting processcausesiaughter
to containall theinstancevariablesaswell asthe methodghatweredefinedfor mother
Thatis,adaughtermbjectcandealwith any of the instancevariablesandreceve ary of
themessagedefinedfor flavor motherwithout having to recreateéhem.

We refer to flavor motherasthe parentof flavor daughter and daughteras a child of
mother daughterin turn, can be the parentof other flavors. Eachchild inheritsthe
instancevariablesandmethodof its parent,ts parents parentandsoon.
Wheninheriting instancevariables,a child flavor hasasits instancevariablesthe union
of all thosedefinedfor its parentsandthosespecificallydefinedfor the new flavor. As a
result,it would not make senseo give a child flavor aninstancevariablewith the same
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nameasonein oneof its parents. For thisreasongduplicateinstancevariablesareflagged
asanerror.

Inheriting methods,however, is different. It is possibleto definea methodin a child

flavor with the samenameasa methodin oneof the parentsTheeffectis to overridethe
parents methodwith the child’s method,asfar asthe child flavor is concernedIn other
words,whensendinga messagéo an object,the methodexecutedis thefirst onefound

by searchingpbackwardfrom it throughits parentsFirstthe methodsdefinedfor the child

flavor aresearchedthenthechild’s parents methodsandsoon until oneis found.

As an exampleof overriding methods,the following code definesa flavor geometric-
object. Then,anew flavor squaras createdvith geometric-objecasits parent.Finally, a

flavor colored-squares createdvith squareasits parent.

(defflavor geometric-object
(name
size)
0 % A flavor  with no parents
)
(defmethod  (geometric-object display) 0
(printf "%w is %wunits 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) 0
(printf "%w is a square, %wunits 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) 0
color)

After thedefinitions flavor colored-squarbastheinstancevariables:
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color
side-length
name

size

andhasthe methods:
e get-color(asdefinedfor flavor colored-square)
e new-length(asdefinedfor flavor square)
o display(asdefinedfor flavor square)

¢ set-namdasdefinedfor flavor geometric-object)

19.4.1 Warning on Inheritance Usage

TheCommonlisp objectspackagewill beincompatiblewith theexisting objectspackage
asfar asinheritances concerned.In Commonlisp, aninheritedinstancevariablecan-
not be accessedby simply referringto it within a method. Also, the way variablesare
initialized is quitedifferent.

To accessnheritedinstancevariables,you mustdo the equivalentof sendingthe object
a messageo get the instancevariables value. For example,referringto the instance
variablebananan a methodfor the flavor fruit, a referenceo bananan PSL becomes
somethindike (=¢ self bananajn Commonlisp. Whenyou referencanheritedinstance
variablesin PSL and performances important,you shouldclearly mark them. If per
formanceis not anissue,make the instancevariablesgettableandreferto themby their
method.This alsoappliesto settablanstancevariables.

Usesof the INIT methodmay alsohave to be changedecauséhe new objectspackage
performsobjectinitializationin adifferentway. Avoid theINIT methodf youcan,if you
cant markit for changdor Commonlisp objects.

In this way, transitionto Commonlisp will bemucheasier

19.4.2 Using SELF and MYSELF with Inheritance

Supposanadditionalmethodwasdefinedfor flavor geometric-object:

(defmethod  (geometric-object display-me) 0
(=> self display))

Now supposea display-memessages sentto an objectof type square.Which method
for themessageédisplay’ shouldbe usedby display-me?Shouldit look up the methodin
the context of theflavor wherethe methodwasdefined(geometric-objectpr the context
of theflavor thatrecevedthe original messagé¢square)?'heansweris to provide a nev
symbol,MYSELF. MYSELF meando look up messages the context of the objectthat
recevedthe original message SELFlooks up methodsin the contet of the flavor it is
definedin. If display-mewasrewrittenas:
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(defmethod  (geometric-object display-me) §)
(=> self display)
(=> myself display))

and sentto an objectof flavor square,then the first display would be that definedin
geometric-objectandthe secondwould be the one definedfor square. If the display-
me messageavas sentto an objectof flavor geometric-objectself and myselfwould be
identical.

19.4.3 Inheritance and Initialization

You may have noticedthat thereis ambiguityin the ordera newly createdobjectis ini-
tializedwhenthe objectusesinheritance Wheninheritances used,initialization is per
formedasdescribeabove with thefollowing additions:

Whenthesonflavor’s (i.e., theflavor givenin the make-instancer instantiate-flaor call)
DEFAULT-INIT methodis executedthefirst thing it doesis call its fathers DEFAULT-
INIT method.Thesecondhingit doesis executeits fathers INIT method|f it exists.
Notice thatif the fatherflavor usedinheritancejts DEFAULT-INIT methodwould first
call its grandathers DEFAULT-INIT andINIT methodsandsoon.

19.4.4 Making Changesto Inherited Code

Theinheritanceschemausedin this facility is static— all of thework is doneat compile-
time. This hassomeimplicationsfor compiling objectdefinitionsthatuseinheritance:

e All of theparentsof aflavor mustbeloadedor compiledbeforecompilingthe new
child’s definitions.If thisis notthecaseanerrormessagevill beissued.

¢ If achangeis madeto a parentflavor, including the additionof a nev methodor
changinginstancevariables,all of the childrenwill have to be recompiledto use
it. You do not have to recompilethe children,however, if anexisting methodof a
parentis redefined.

19.5 DebhuggingInformation

Any objectmaybedisplayedsymbolicallyby invokingthemethodDESCRIBE e.g.(=>
x describe).This methodprints the nameof eachinstancevariableandits value,using
theordinaryLISP printing routines.Flavoredobjectsareliable to be complex anddeeply
nestedor evencircular This makesit oftena goodideato setPRINLEVEL to a small
integerbeforeprinting structuresontainingobjectsto controlthe amountof output.
Whenprintedby thestandard.ISP printingroutines,flavoredobjects"appeaasevectors
whosezerothelements the nameof theflavor.

For eachmethoddefined thereis a correspondind ISP functionnamed
<flavor-name>$<method-name> . Suchfunctionnameshaow upin backtraceprint-
outs.

It is permissibleio definenev methodson thefly for deluggingpurposes.



Vectorsand Such

20.1 Vectors

A vectoris a structuredentity in which randomelementsmay be accessedavith anin-
tegerindex. A vectorhasa singledimension. Its maximumsizeis determinedoy the
implementatiorandavailablespace A vectoris denotedy enclosingts elementsvithin
squarebraclets.

[10 TEN]
[COLORS (RED BLUE)]

Built-in Vector Creationand Copying Functions

(mkvectUPLIM:integer): vector expr
Definesandallocatesspacefor a vectorwith (add1UPLIM) elementsac-
cessedsO... UPLIM. Eachelemenis initializedto nil. If UPLIM is-1, an
emptyvectoris returned.An erroroccursif UPLIM is lessthan-1 or if the

amountof availablememoryis insufficientfor a vectorof this size.

*xxk A yector of size UPLIM cannot be allocated

(make-vector UPLIM:integer INITV AL:any): vector expr
Similarto mkvect,exceptthateachelementis initializedto INITVAL. Note

the differencebetweenthis function and make-string, (seethe sectionon
creatingandcopying stringsin Chapter6). This function createsa vector

of (add1UPLIM) elementsvheremake-stringcreatesa string of UPLIM

characters.

Thevectorcreatedoy this functionwill contain(add1UPLIM) references$o INTVAL as
opposedo creatinga copy of UPLIM for eachentry.

1 lisp> (setq array (make-vector 1 (make-vector 1 0))
[[0 0] [0 O]

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 elementdrom thelist ARGS. The sizeof the vectorwill

be equalto the numberof elementsn the list ARGS. Eachelementof the

vectoris initialized to the correspondinglementrom ARGS

(copywectortofrom NEW:vector OLD:v ector):

NEW:vector expr
The elementof NEW aresetto the correspondinglementsf OLD The
elementsarenot copied.

1 lisp> (setgq 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
(copywector V:vector): vector expr

Createa new vector with the elementdnitalized from the corresponding
elementof V. Theelementf V arenotcopied.

1 lisp> (setg 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 provided herehave well-chosemmamesand definitions,they provide the option of
generatingefficient code, and they are consistentwith the estheticpreference®f our
community

20.1.2 The Operations

This sectiondocumentgunctionsin the library moduleslow-vectors. Thereis another
library modulecalledfast-vectors Thefast-vectorsmoduleprovidesalternatedefinitions
for thesefunctions. Whenthe switch fast-vectorsis non-nil the compilerwill usethese
alternatedefinitionsto produceeffiecientcode.However, therewill notbeary verification
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thatagumentsareof correcttype (in addition,it is assumedhatnumericagumentsare
within a properrange). If invalid agumentsare used,then at bestyour codewill not
generatecorrectresults,you may actuallydamagethe PSL system. Therearetwo side
effectsto loadingfast-\ectors. The slow-vectorsmodulewill be loadedandthe switch

fast-vectorswill besettot.

(vector-fetch V:vector l:integer): any
Accessesinelemenbof aPSLvector Vectorindexesstartwith 0. Thething
storedin thatpositionof thevectoris returned.

(vector-store V:vector l:integer X:any): NoneReturned
Storesinto a PSLvector Vectorindexesstartwith O.

(vector-sizeV:vector): integer

Returnsthe numberof elementsn a PSLvector Sinceindexesstartwith
index 0, the sizeis onelargerthanthe greatesiegal index. Seealsojust
below.

(vector-upper-bound V:vector): integer
Returnsthe greatestegal index for accessin@r storinginto a PSL vector
Seealsojustabove.

(vector-empty? V:vector): boolean
Trueif thevectorhasno elementgits sizeis 0), otherwiseNIL.

20.1.3 Built-in Operationson Vectors

expr

expr

expr

expr

expr

Thesepredatethefast-vectors(f-vector)andslow-vectors(s-vector)library modules.

(getvV:vector INDEX:integer): any

Returnsthe valuestoredat positionINDEX of thevectorV. Thetype mis-
matcherrormayoccur An erroroccursif theINDEX doesnotlie within O
... (upbv V) inclusive:

*xekk INDEX subscript is out of range

(putv V:vector INDEX:integer VALUE:any): any

StoresVALUE in the vectorV at positionINDEX, VALUE is returned.

A type mismatcherrorwill occurif V is notavector If INDEX is either
negative or greaterthan(upbv V) thenanerroroccurs.

expr

expr
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*eekk Subscript INDEX’  in PutV is out of range

(upbv U:any): nil, integer expr
Returngheupperlimit of U if U is avector or nil if it is not.

20.2 Word Vectors

Word-vectorsor w-vectorsarevectorlik e structuresin which eachelements a"word”
sized,untaggecentity. This canbethoughtof asa specialcaseof fixnumvector in which
thetagshave beenremoved.

(make-words UPLIM:integer INITV AL:integer):

word-vector expr
Definesandallocatesspaceor a Word-Vectorwith

(add1UPLIM) elementseachinitialized to INITVAL.

(make-bytesUPLIM:integer INITV AL:integer):

byte-vector expr
Definesandallocatesspacdor a byte-vectorwith

(add1UPLIM) elementseachinitializedto INITVAL.

20.3 General X-Vector Operations

An x-vectoris eithera vector string,word-vectot or byte-vector Eachmayhave several
elementsaccessetly anintegerindex. A valid index for anx-vectorX is from 0 to (size
X). Thusan x-vectorX will have (add1(size X)) elements.The functionsdescribedn
this sectionmayalsobe appliedto lists.

(sizeX:x-vector): integer expr
Returnghesizeof x-vectorX, thesizeis theindex of thelastelement.

(indx X:x-vector l:integer): any expr
Accesdghel’ th elemenbf anx-vector An erroroccurdsf | is eithernegative
or exceedghesizeof X.

¥rxk Index ‘I’ out of range for X in INDX

(setindx X:x-vector l:integer A:any): any expr
DefineA to bethel’'th elementof X. If theindex | is outsidethe rangeof
X thenit is anerror(seeindx for a descriptionof themessage).
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(sub X:x-vector B:integer S:integer): x-vector
Extracta subrangeof anx-vector startingat B, producinga new x-vector
of sizeS. Notethatanx-vectorof size0 hasoneentry.

(setsubX:x-vector I1:integer S:integer Y:x-vector):
x-vector
Storesubrangef Y of sizeSinto X startingat|1. Returnsy.

(subsegX:x-vector LO:integer Hl:integer): x-vector

Returnsan x-vectorwhosesizeis (subl(- HI LO)), beginning with the
elementof X with index LO. In otherwords,returnsthe subsequencef X
startingat LO andendingjust beforeHl.

1lisp> (setgq a’[0 12 3 45 6]
[0 1 2345 6]

2 lisp> (subseq a 4 6)

[4 5]

(setsubsedy:x-vector):Y:x-vector

Thesizeof Y mustbe (sub1(- HI LO)) andY mustbe the sametype of
x-vectoras X. ElementsLO through(sub1HI) in X arereplacedby the
elementof Y. Y isreturnedandX is changediestructvely.

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
Concatenat@ x-vectors.Currentlythey mustbe of sametype.

(totalcopy S:any): any

Returnsa uniquecopy of the entirestructure,.e., it copieseverythingfor
which storagés allocated everythingbutinumsandids. Like copy (Chap-
ter5) totalcogy will notterminatewhenappliedto circularstructures.

1 lisp> (setgq 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 2))
T
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Addendum

Sinceits earlierversionsstartingin the 80’s, PortableStandard_ISP hasundegonesev-
eralchanges.

PSLwasdevelopedfor mainframesystemse.g.of /370andVaxtyperunningproprietary
operatingsystemsof the manugcturers. Today mostPSL versionsrun on workstations
with RISC processorsunninga Unix typeoperatingsystem.

TodayPSLis mostlyuseda deliverly vehiclefor LISP basedsystemse.g. the computer
algebrasystemREDUCEandnotasa LISP dialectof its own right.
Thesupportandmaintainancéor PSLis mostlydoneat ZIB in Berlin.

Recently theinternalrepresentationf identifierswaschangedn orderto supporta 256
charactesetandcasesensitvity. Thiscausesbinaryincomptibility of .b fileswith older
versionssuchasPSL3.4.

This documentdescribeghe changesand newer developmentsor 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 otheroperatingsystemsuchasVMS, MVS, DOSetc,andit doesnot
apply for distribution on diskettes(e.g. all PC systems|BM RS/6000,NeXT). Please
readspecialinstructiongbelow) for the systemmentionedabove.

The Installationproceduredescribedbelonv usescsh syntax. If you don't have cshin-
stalledon your system pleasechangehe commandsccordingly

PSLis storedasasinglefile treewith two directoriesonthetop level, calledbin anddist,
wherethelatercontainsall sourcesandsomemorebinaryfiles.

Theinstallationis relatively simple.

26.1.1 Readingthe tape

The tapecontainsa compressefdile tree. Pleasecd to the directorywhereyou wantto
storethefiles (calledPSLrootdirectorylateron) andenter

dd if=/dev/tape ibs=51200 | uncompress | tar -xf -

Pleaseaeplace/dev/tapein the abore commandwith the correctnameof yourtapedrive.

221
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26.1.2 Readingthe tapefor IBM RS/6000

The PSLfile treefor theIBM RS/6000is configuredin the sameway asfor otherUnix
typeworkstationsTheinstallationneedsanadditionalstep.
Theinstallationproceduredescribedelov assumeshatyou usethe C-Shell. If you use
differentshellspleasechangecommandsccordingly

To readthe tape,make a directorywith a namelike .../psl, cd to thatdirectory anddo,
afterputtingthetapeinto thedrive,

tar -xf /dev/rfdO

Youfirst needto install a syscallinto the AIX system.In order to do this, YOU NEED
SUPERUSERPRIVILEGE. Toinstallthesyscall,do

su
cd ./dist/kernel/ibmrs/syscall
Jinstall

Jinstallsysc

exit

The scriptinstall compilesandinstalls the requiredsystemcall. The scriptinstallsysc
in the samedirectoryinstallsthe systemcall only. With ary rebootof the systemit is
mandatoryto run installsyscin the directory ./dist/kernel/ibomrs/syscalllt is suggested
thatthis is includedinto the AIX bootfiles. The sourcesof the syscallcanbe foundin
Jdist/kernel/ibmrs/syscatbo.

26.1.3 ReadingDiskettesfor LINUX 386

The PSL file treefor LINUX is compressean to 3 diskettesfor distribution. The 3
diskettesrequireabout4 megabytesof disk spaceto dump. However, you mustthen
retuild the binary files for your machinebeforeyou can do anything. Instructionson
doingthisaregivenbelow. If thefilesfor yourmachinearebuilt, thefile treethenrequires
about30 megabyteduringthe build (but lesswhencomplete).

To readthe diskettes,make a directorywith a namelike .../psl, cd to thatdirectory and
do, afterputting DISK # 1 into thefloppy diskreader

tar -xf /dev/fdOH1440
install_psl

Thescriptinstallpsl promptsfor the otherdisksandwill uncompresshefiles.

If thereis anincompatibility betweerthe deliveredexeutableandyour Linux version,or
whenyou upgradeyour Linux versionandPSL becomesnoperableyou mustrecompile
theexecutableépsi:

cd $pxk/linux
cclnk

After this stepyou shouldrekuild theimagefiles usingthe scriptsin $psl/distrib
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26.1.4 Customizing Makefilesand scripts

In the next stepthe systemmust get knowledgeaboutthe PSL root directory and the
machinearchitecture.The correctnamefor the architecturan the PSL file treecanbe
foundin thetablebelow.

Machine Operating  system PSL MACHINE name
CDC 4xxx EP/IX mips_cdc ++
Convex CXxxxX 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 lbmrs

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 lIris/Indigo Irix64 Mips_iris_64

Sun 3 SunOS sun ++
Sparc SunOS (Solarisl.x) Sun4

Sparc Solaris  2.x Solaris

UltraSparc Solaris  2.x Ultrasparc

++ This version may be not supported in future version.

The scriptdist/distrib/nevroot.cshwill modify variousMakefilesand scripts,especially
dist/psl-nameslt mustbe startedwith the PSL root directoryand MACHINE nameas
parametere.g.for a SparcunderSUNOS:

dist/distrib/newroot.csh pwd’ Sun4

After thatthefile dist/psl-namegontainsthe settingsfor the PSL specificervironment

variablessuchas$psys.It mustbereadin by the PSLuserto insurecorrectoperation,e.qg.

for aSparcmachineunderSunQOS:

setenv.  MACHINE Sun4
source <PSL root directory>/dist/psl-names
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Thisinstallationis designedor usagewith multiple machinetypes,it savesdisk spaceby
sharingthe PSLcode(.slfiles). ThevaariableMA CHINE is usedto specifythemachine
type. If you install a singleversionof PSL it may be usefulto replaceMA CHINE by
thecorrectvaluein thefile < PSLrootdirectory >/dist/psl-namesin this casethe user
doesnot needto specifythe MACHINE ervironmentvariable.

To testthe installation,you cantry the following commandswhich aresupposedo run
withouterrormessage:

$psys/psl
(load inum)
(quit)

If you changefiles, e.g. whenyou receve a bug fix, pleaseput thefile into the correct
place, cd to the directory $psl and simply say make. This will compilethe file (and
maybesomefiles which dependonthis), andproducenew binaries.

26.1.5 Printing Documentation

Thedocumentatiorior PSL (Users Manualandsomemoredocumentsganbe foundin
thedirectoriesdist/docanddist/Iptanddist/manua(in ITeX or plain ASCII print format)

26.2 Newunexecprocedure,Image model

PSLs formerunexec model(Savesystemvasto produceexecutablesn the senseof the
operatingsystem(mostly a.outfiles). This hasled into maintainanceroblemswith var-

ious new file formats(e.g. ELF, COFF)anddynamicloading. Influencedby the model
developedfor the PSL on PersonalComputersfor all nev PSL versionsfor newv ar-

chitectureshe so calledimage model is used. This simply meansthat the command
savesystem doesnot write an executablefile but it putsall the LISP datainto a file

suchthattheinformationcanbereloadedafterwards. Thereloadis doneby the program
$pxk/bpsl  whenthe-f parameteis used. The dumpfilesnamesgetthe sufiix .img ,

e.g.thecommand

(savesystem  "Banner" "dir/file" initform)
producesfile dir/file.img which canberestartedy issueinghe command
$pxk/bpsl  -f dirffile.img

The LISP datawritten to thefile are: SYMVAL, SYMPRP, SYMFNC, SYMNAMand
SYMGET, hashtable andtheallocatedpartsof bps and heap. Thisreducegshe
amountof disk storageuseddrastically

To insureproperreloading the programbpslcanbe usedfor reloadingof imagesonly if
thesewerewrittenfrom its own coreimage.A checkfor thisis providedusinga datetag
schemewhich mustbe the samein bpslandimagefile. The errormessagé€ant start
imagewith this bpsl meanghatthe checkwasnot successfuandyou have to producea
new imagefile. This normally happensvhenthefile bpslis retuild.
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In very rare casesafter dramaticchangesn the ervironment(generallyspeaking),you
may get the messageCant relocatethe image In this case,pleasetry to reluild the
images If thisfails (it shouldnot), pleasery

Spxk/bpsl  -f dirffile.img -g 1000000

If this works properly you maytry to reducetheg value. In ary casepleasesenda note
thetheauthorof thisdocument.

26.3 Dynamic configuration of Heap Size and Binding
Stack

The PSLworkspaceddeap and Bindingstack  canbeenlagedatruntime. This
is oftennecessarjor programghatallocatea lot dynamicstoraggheap)or usevariable
bindingintensvely.

If heapspacegetslow, the garbagecollectortries to increaseheapsize automatically
This is a reactionto an emegeng situationthoughandit is tried after mary garbage
collections.Moreover, dependingn the history of the PSL sessionthe systemmayfind
itself unableto allocatetherequesteanemorycausinganLISP errorcondition.A manual
increasef heapsizeis muchbetterfor overall performance.

The Binding stackis not enlagedautomatically becausen caseof on infinite loop the
PSL memorywould blow up andit would take a very long time until the userwould see
aproblem(if atall).

Two functionshave beenaddedo PSLfor handlingheapandbindingstacksize:
(set-heap-size N:Integer or NIL): Integer or NIL expr

If calledwith NIL it returnsthe numberof LISP itemsin heap. If calledwith a
number(which is countedin items and shouldbe biggerthat the currentsizein
items)PSLtriesto allocatethe memory If successfulthe argumentis returned|f
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
anumber(which is countedin itemsandshouldbe biggerthatthe currentsizein
items)PSLtriesto allocatethe memory If successfulthe argumentis returnedjf
not, NIL is returned.

26.4 Sizeof AddressSpace

Thetradition PSL modelis high tagged , i.e. atagwhich describeghe datatypeis
storedin thehighbits of aLISPitem. In mostcaseghe numberof bits usedfor taggingis
5, whichlimits theaddresspaceo bitsperword - 5 bits. This hasnotbeena problemfor
alongtime for thewidely used32 bit microprocessoarchitecturessincethe swap space
availablewasmuchlessthatthis number E.g on a Sparcsystemyou canuseabout100
MB LISP workspaceabout7000000LISP items.

For the time beingthe 64 bit microprocessordo not suffer from this limitation. A low
tagged versionof PSLis underdevelopmentalreadysincel1990.
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26.5 Arbitrary Precisioninteger Support

Theefficientsupporiof Arbitrary Precisiorintegers(’Bignums”) is crucialfor acomputer
algebrasystem.This versionof PSLtriesto exploit thegivenmachinehardwareasfar as
possible e.g. usingdoublesizemultiplicationanddivisionin hardwarewhereavailable.
Becauseof the different processomarchitectureghe optimal internal representatiorof
bignumsmayvary betweernworkstationssvenwith samenumberof bits perword.

The PSL manualmentionsthe modules‘big” and“nbig” which arewritten in the true
spirit of portablesoftwarebut theseareunfortunatelynot very efficient. We recommend
to usetheload modulezbig instead.In all versionghis loadmodulecontainghe bignum
versionwhich we have foundto beoptimal.

26.6 Monitoring of Performance

26.6.1 SPY (Unix only)

TheUnix profil systemcall providesa facility to getinformationaboutthe cpuconsump-
tion in a LISP program.A simpleinterfacewasbuild to be ableto turn profiling on and
off andto mapthe resultson to the LISP addresspace.For details,pleasereferto the
sourcecodein $pxu/spy.sl

(spywhole  N:Integer): void expr

Turnson profiling for the whole bpsspace.N mustbe a power of 2, definingthe
grainfor the profil call. Typical valuesare4 and8. Returnsnil

(spyprint): void expr

Turnsoff the profiler. Printsprofiler informationafter mappingit to the LISP ad-
dressspacej.e the name=f LISP functionsareprintedtogethemwith their relatve
cpuconsumptionThevariable&spyminimumé& definesghecutoff for spyprint, i.e.
functionswith lessthan&spyminimumé& ticks will not be printed. Returnsnil

(spyon fwa Iwa tslice bucketsize power): void expr

This is a completeinterface for the profil call. AllocatesWarray spacefor the
Unix profiler andturnson profiling. fwa andlwa arethe addressesf the first and
last word of codememorywhich shouldbe inspectedtslice is the timesliceand
not suportedon mostUnix systems. It is a parameterffor compatibility reasons.
Bucketsizemustbe a power of 2 andpower is the base2 logarithmof bucketsize.
Typical valuesare4 or 8 for bucketsizeand?2 or 3 for powerresp.Returnsnil

(spyoff): void expr
Turnsoff profiling usingthe Unix profil systemcall. Returnsnil

Example:



26.6. MONITORING OF PERFORMANCE 227

(load spy zbig)
NIL
(spywhole  4)
NIL

(null (setqg aa(expt 3000 10000)))

NIL

(spyprint) % This was done on a SUN4 PSL
214 39.5% BPLUSAZ2

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 seethatthecommandnull  (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 PSLs C runtime support. In this
casethehighpercentagés dueto thefactthatthe (old) SFARC implementatiorperforms
integermultiply anddivide in softwarei.e. in nonLISP code.

26.6.2 Qualified timing

Qualifiedcountingis usedto measureghe cputime spendbetweercall andreturnfrom a
function,notnecessarilgpendwithin thebodyof thefunction. It givesanoverview about
thecoststhata call of particularfunctioncausesThe sumshowvn asresultmaybebigger
that100percentjf afunctionandits calleearebothmeasuredr if gctimeis accumulated.

(qualtime S:list): void macio
Startsqualifiedtiming for thelist of functionscontainedn list. Returnsnil
(print!-qualtime): void expr

Printsthe accumulatedimingsandnumberof callsfor all functions.Resetoun-
ters.Returnsnil

Example:

(load qualified-timing zbig)
(off usermode)
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(qualtime gtpos times2)
(null  (setqg aa(expt 3000 10000))) % this will be measured

(print-qualtime)

*kkkkkkkhkkk Q u al Ifl ed T| m | n g *kkkkkkkkkkkkk

*¥**k  Qverall Cpu time : 5083  *xx**

**k TIMES2 * calls : 18 * time : 5797
¥ GTPOS * calls : 5560 * time : 935

26.6.3 Qualified counting

For our own applicationst hadturnedout to be usefulto know the callersof a function
especiallywhenthe functionis calledvery, very often, e.g. basicroutineslike generic
arithmetic. To provide this a modulequalified countingwas generatedising a similar
syntaxlik e qualifiedtiming.

(qualcount S:list): void macio
Startsqualifiedcountingfor thelist of functionscontainedn list. Returnsnil
(print!-qualcount): void expr

Printstheaccumulateaall countingandthe callersfor all functions.Resetoun-
ters. Printing will be suppressed the numberof calls is lessthanbordenalue
(default=20) Returnsil

(reset!-qualcount): void expr
Resettsheaccumulatedall countingandthecallersfor all functions.Returnail
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)
*kkkkkkkkkkkk Cal |S for fu nCtIOn FAS LI N kkkkkkkkkkkkk

kkkkhkkkkkkkkk Cal |S for fu nCtlon INTER N kkkkkkkkkkhkkkk

number of calls : 306 from READ-ID-TABLE

* % 114
* % 18
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26.7 Compiler Modifications

In orderto optimizethe codegeneratiorfor the RISC processorsvhich (in mostcases)
have a conceptof delayedbranchesa speciaabptimizationphasefor the PSL compiler
was build to fill the delayslots. This new compiler phaseis called lapopt it collects
several optimizationswhich work on the generatedtreamof instructions(thelap code).
This optimizationphaseas enabledby default, it is controledby the switchlapopt, andit
canbeturnedoff andon by

(on lapopt) and (off lapopt)

A sampleof optimizedcodecanbefoundin thefollowing sectionon disassemble.

26.8 Disassembler

For mostimplementationf PSL, a disassemblefor compiledfunctionsis available
which givesinsightinto the 'real’ code. It is a tool for codeoptimizationonly andnot
meantto give insightfor the’normal’ LISP user

Example:

(load
NIL
(disassemble ‘get)

disassemble)

( ** Function GET at 16#36110)
00036110 9DE3BFAO save rl4,-x’60,r14
00036114 3B3E0000 sethi -x’20000,r29
00036118 21360002 sethi -X'9FFFE,r16 Alloc
0003611C A2100002 or ro,r2,r17 (frame
00036120 9930601B srl rl,x’1B,r12
00036124 80A3201E subcc r12,x’1E,r0
00036128 32800007 bne,a L0003
0003612C 82100006 or ro,ré,rl
00036130 9930A01B srl r2,x’1B,r12
00036134 80A3201E subcc ri2,x’1g,r0
00036138 22800005 be,a L0004
0003613C 88100006 or r0,r6,r4
00036140 82100006 or ro,r6,rl
LO0O03:

00036144 81C7E008 jmpl r31+8,r0
00036148 81E82000 restore r0,0,r0

etc

26.9 Moreunsupported software

A few partsof the PSLsystemor applicationsareno longerusefulor cantbe supported.

2

1)
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26.9.1 Oload not supported

We discontinughe supportof OLOAD, whichallowsonsomeversiondo link in external
routinesinto PSL at run time usingthe systemloader As alternatve we recommendhe
usageof sharedmemory(seebelow). An examplehow to usean sharednemorybased
oloadsubstitutds underdevelopment.

26.9.2 Portable CommonLisp Subset(PCLS) not supported

If youwantCommonLISP, pleaseuseCommonLISP.

26.10 Shared Memory Interface (Unix only)

ThePSLsharednemoryinterfaceprovidesall functionfor operatingwvith sharednemory
regionsandsemaphoreSeee.g. Unix manpagedor shmop,shmget,shmctl,semop,semctl,setmg
etc.) The definitionsof theseman pagesareusedin the paragraph.Using the memory
addressnap mechanisndescribedbelow,it is easyto write ones own sharedmemory
application.

In therestof this paragraphwe describea simplemodelimplementatiorof a’pipe’ using
sharednemoryanda semaphoreThis codeis containedn thefile $pu/shmem.sl.

(shm!-open S:pair M:Mode): any expr

If S= 0 anew sharednemoryareais allocated. OtherwiseS is expectedto be a
dottedpair of shmidandsemidof anexisting sharednemory Legal modesarein-
put_create,output_create,input and output. A list consistingof channelnumber
shmidandsemidis returned.

(independentdetachshm C:channel): any expr
Detacheghesharednemoryregion usedby C, closeshechannel.
(readfromshm  C:channel): any expr

Waits until the sharedmemoryregion is readablereadsan expressionandresets
themodeto writable. Returnghe expression.

(writetoshm C:channel E:expression): list expr

Waitsuntil thesharednemoryregionis writeable printstheexpressiorusingprin2.
Returnghevalueof prin2.

Thefollowing C programworkstogethemwith thePSLpartsuchthatit printsthemessages
readfrom sharedmemorywhenthey arereadyfor printing. It mustbe startedwith two
paramemtersiamelythe shmidandthe semidto synchronizevith the PSL part.

#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 Socketinterface (Unix only)

to beadded....

26.12 PipeInterface (Unix only)

The Pipeinterfaceestablishes pipe asa PSL channelfrom which (or to which) normal
PSLread/writeoperationanbe used.Pipesarespeciallyusefulto supplydatato other
processes.g.REDUCEusest to senddatato a plot program.

(pipe!-open S:string M:Mode): integer expr

Startsa processand executeshe commandn jstring¢,. The modemustbe either
Inputor Output. Returnsa channel.

Pipesareclosedwith a normalclosecall. Thiswill kill the procesghathasbeenstarted.
If this processhouldsurvive,you have to useabandonpipe.

(abandonpipe  channel): void expr

Closeschanneblwithoutkilling theprocessstartedby pipe!-open.Returnanil

Example:
(load pipes)
(setg chn (pipe!-open "uname"))

(channelread chn)
(close  chn)

26.13 Mapping of LISP Addresseso C addresses

This paragrapltappliesfor somearchitecture®nly, e.g. the IBM/RS, HP PA-Risc
and MIPS wherethesystemarchitecturaiseshigh’ bitsin theaddressewhich conflict
with the PSL taggingmechanism.(Sethe paragrapton the Size of the Addressspace
above). The consequencef this is that using the inf operationfor calculatingthe C
equvalentfrom a LISP addressloesnotwork here. The easiestvay (without explaining
thereason)f mappingfor thearchitecturess:
IBM/RS (mkstritem)
HP PA-Risc (mkvecitem)
Mips (wshift (inf item) 2)
Linux_elf (mkfixn item)

On Corvex systemdhe’high’ bit is theleftmostone. Thereforethe tag bits startat bit 1
andtheinf rangeis limited by 26 bits. Theinf operationworksasexpected.
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