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L YLISF' INTRODUCTION - SECTION 1 3

e INtR~DUC~fON  - SECTION 1

Most Orogrrmmlng (anguagos are deslgyd with th# ldaa that the syntax
l houlci be struatured  to produoe efflolent cod0 f o r  the OomPUtOrr
Fortran  and Algol are out8tandlng rxrm~,lss, Yet4 I t  l a  a p p a r e n t  t h a t
HUMANS smnd more tjme with any glvsn Program than the COMPUTER.
Therefore, It has been our IntentIon to construct a language whloh Is
as tiansQar8ntly olwr and understandable to a HUMAN BEING as
possible, Considerable effort has boon spent to make the syntax

> oonciae and unoluttared, It rsduaos the number of parentheses
recrulred by LISP, Introduoes a more mnemonic and natural notatlon,
Qlarltlea the flow of c o n t r o l and DVrnl ts oomments, some
Wmetr-exore8~lana~ are added to lmorove the list-processing power of
LISP@ Strings and string mantoulat)on features, partloulaf(y useful
for Input/output, are Included, In rdd)tlon, a substantial amount of
rsdundanoy has been built Into the language, permltttng the
programmer to ohoose the most nrtural  way of wrltlng routines from a
variety of pos8lb~ilt)es,

b

LISP Is a Ilst=p?ooesslng and symbol-manlaulatlon  language created at
HIT by John MaCarthy and his students tMcCart)?y~ 19651, The
outstandlng feature8 of LISP are! (1) the simplest and mbst elegant
ayntax of any language In exlstenoer (2) high-level symbol
manloulatlon oambilltfes, (31 an efflclent 8rt of Il8t~~rooe8slng
arlnltlvos, and (4) an easily-urable DQWQP of rseurr'lon.
Furthernore, LISP automatloally handles all Inf8rnrl storage
management, freelng the u8er to conorntrate on problem solving, This
1s t h e  single mo8t imPortant ImDrovoment over the bther m a j o r
llat-i3tocesslng langurger IPL-V,
Important

LISP has found applioatlons In many
artlflclal lntelllgenoe invrstlgatlons,  lncludlng symbolic

mathmatlos, natural-language hrndllngr theorem proving ard Iogle,

Unfortunatelyr there are several Imeortwvt weaknesses in LISP*
Anyone who has attempted to understand a LISP program wrttten b*j
another programmer tar even by hImself a month earlIar) quickly
becolr#s aware of several dlfflcultlesl

A* The flow of control Is very dlfflcult to follow, In Cactr It
1s about as dlfflcult to follow as machlne language or f'ortron, This
makes understanding the purpo8a of routlnas  (lee, what do they do?)
dlfflcult, Slnoe comments are not usually PetmltCedr the programmer
Is unable to orovlde writton osslstanoe,

8, An Inordlnatr amount of tlme must be spent br anclng
oarentheses, whether In wrltlng a LISP program or Itry nu to
understand one, It Is frequently dlfflcult to determIne where one
exorssslon rnd8 and another beokm FormattIng utlllty routines
tworoW-prlntV halor but every LISP orogrammer knows the dublous
pleasure of laboriously !r!!tQhlrlg left and right parentheses fn a
fun&Ion,. when all he knowa Is that one Is mlsalng somewhere!:

Itc, Te notation of LISP (prefix notatlon for funotlons,
aarentheaes around all funttldns and arguments, eta,), uhfle unlfarm
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f?Offl a logIcIan’s point of VlOWt IS tar f?Om the most natural Or
mnemonic for a language, This olumsy notation also m a k e s  I t
dliflcult to understand L I S P  p r o g r a m s , Slnaa, MLISP programs are
translated Into LISP s-expresslons~  all of the elegance of MSP ts
breserved at the translated Wvali but the unpleasant aspeots at the
surface level are ellminatrd,

D# There are ImDortant omfs9lons In the llst~prooesslno
oaDabllltle9 of LISP, Those are somewhat remedled by the MLISP
~*meta~a~pr99910n9~~r eKDrss9lons which hiave direct
torres~ondenOa but instead are ttanalated Into s%noes

LISP
of LISP

Instructtons, The MLISP meta-expres;:;;; are the FOR rxpreWon,
WHILE eware9910nr UNTIL rxpr@ssfonr e~pres9lon, asslgnmsnt
axore~slon~ and vector bperatlons, The oartloular deflolency eaoh of
3hese attempts to o~ereome Is dtsoussed In the subseotlon of SECTION
3 dascrlblng the meta-exprasslon  In detail,

MLISP wa8 wrltten at Stanford Unlveralty by Horaoe Enea for the IBM
$60167 (Enear 29681, The Drssent author has Implemented YLISP on the
POP-10 time-shared CompUter. tie has rdwrl ttan the translator,
expanded and slmpllfled the syntax,
routines,

a n d  Improved the runatime
All of the ohanges and eddltlone are Intended either to

make the language more readable and understandable or to maka It more
bowerfulc

YLISP programs are f/rst translated into LISP programs, and then
these are passed to the LISP interpreter or corntiller, 4s its name
impliesl MLISP la a vmrta4JSPn language; MCISP programs may be
viewed as a superstructure over the underlylng LISP prooessor, All
of the underlylng LISP functlona are avallablo to MLISP prc>grams, In
addltlon to several oowerful MLISP run-time routines, the purpose of
hrvln8 suah a superstructure Is to Improve the readabi llty and

* wrhabl)Jty o f  LISP, long (Wtamous for its obsourlty, SSnoe L I S P
1s one of the most elegant and powerful symbo(-manipglaflon  languages
(but not one of the most rsadable)r It seems aoproprtate to try to
ta.cIIItate the use of It,

MLISP has been running for eevera I years on the Stanford POP=10
tlmo-shared computer, It has been dletrlbutad to the PEC User
Services Group (OECUS), The MLISP translator and run-time rbutln9s
llire themselves comalIed  LISP p r o g r a m s , The Stanford Vera/on runs
under the Stanford LISP 1,6 system Wuamr 19691, Some effort has
been made to keep the translator as maohlnk lndspendent as po8slbler
In theory MLISP aauk-d be \mplemsntsd on any machine wlth a working
LISP system by maklng only minor changes, The ono probable exoeptlon
to this Is the MLISP soannarl to enable acannlng (where most of the
ttme Is spent) to be as ef?lolent as cksslbler the translator uses
machlne language scann'lng routines, While these routine9 have
grert IY Inoreased trsnslatton speed (MLISP now translates at a rate
of 3000-5000 llnea per minute,), their use mean8 that someone wishing
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to Imolement MLISP on a 8y8t.m wlthout LfW 1,6 will hrvf~ to ye 817
l aulvqent 8oann@r gaokraor For thl8 reason, a whole gectlon of this
manual WW’ION 7) Is drvotod to oroa@ntlnQ an eautvalent scanners

Wh/la LISP was created with the goal of being machlna fndependrnt, It
hrrs turned out that no8t LISP 8y8toms have untaue fratuys8, The
rltuatlon Is so dlfflcult that Anthony H@arn haa attemPtad to deflnc,
Q uniform subset bf LISP 12 capable of asucbmbly under a wide range

f of crnlstlne oomollers and Int@fptetatu,n  called STANDARD LHP (Hoarn,
19691, MLISP help8 to allevlato
another level of machh Indeorndenoal

this sltuatlon b y  lntroduolna
to tmplement MLISP on a Ohen

LfSP system, on0 ohrngssl tha underlylng 'tranrrlatot rathap than the
wrtace syntax Or, Hoarn has also Oon8truoted an MLISP-llke
language oallod REDUCE (HEARk 1970),
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, SYNTAX - SECTION 2tl

T h e  oomoleto  MLISP  syntaw 18 oonta-jned In the following srotlon.
Several sets of meta-symbo(8  are used to simollfy the Presentatton of
the syntax:
(1) 0 - ANGLED BRACKETS enclose non-tsrmlnal symbols.

(2) 0 - BRACES enclo8s ootlonal elemsntsl Le. the elements lnslda
tray or may not be Wesent,

(3) 0" - These specjal meta-symbols enclose optional elements which
Fa bo present 0 or more times (l,e, the enolosed elements need

.- no r be present # but there I8 no llmlt to the number of times they
may oocur),

(4) ~3 - "HORSE SHOES" enclose alternatlve elements, which are
separated by qommas, The user may select any one of the errololsed
elements to form a legal syntactic e%presslon,

i

(5) The BNF 8ymbo(s I:= and I are usad to define syntax elements,
The left-hand side of the 84s symbol Is the syntax element being
defined; the right-hand side Is Its deflnltlon, The vartloal bar
(1) is used to lndbate alternatlve deflnltlons,

(6) All other symbols stand for themselves,

There a r e several features of MLISP that am not exPllolt/y In t h e
syntax8
(a) IGNORED CHARACTERS - All spaoo8, carrlago return8r l/ne teeds,

fom feeds, tabs, vertloal tabs, and a!tmodes are Ignored by the
* scanner,

(b) COMMENTS - Any sequence of oharaoters enclosed between percent
slsns W Is taken to be a Qomment, The scanner Mores
c~omment8, oonsjdering them to be oompletely non~exlstentr
AbCX<anythlng>XDEF  Is the same a$ AWOEF as far as the soannsr Is
c'oncrrned, NOTE: the comment symb.0)  iX> may not be used In any
other oapaclty than to start o r end a comment!! The
MLISP-defined atom PERCENT (value is X1 facllltates dealing with
the peroent sfgn In other oaoaoltlre,

The user should note that there 8re no %tatementzP in MLISP;
averythlng returns a value, won FOR-loop8, WHILE-IOORS, eta.

!
Therefore, all major syntaotlc entitles are Vtpre6slonb~,

b .
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'DISCLAIMER8 For reasons of slmpllolty, the syntan ProQantqd bolbw f@
8lightiy dtfforont from the one the tranlrlator aotually ~~08~ The
only dltferanoe IS that lnfk omrators do not all have thr same
prec@d@nee, Irptead they at@ orurnlzrd Into a pr@oodenoo (hfrParchy1
system, Examplor

A + 8 0 c - 0 CONS L

is the game as

,, From this It may be beon that + take8 Prcro@denor over +, and -4 and
al I three tak@ preoedlrno@ over CONS, The oompfrto or@oodanor 8ystom
is enplalned In the seatlon on InfIx oPcsritor8 (SUTION S,Sb, Glvino
lntln operator@ djfirront pr#o@dOno@!!J  helps to out down on the hmbrbr
at prrrnthe3@8 needad,--.
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. SWTAX - SECTION 2,2

<prowam>

<expreaslon>

i <Infl%,o~er~tOr~

.-
Cra9ular,lnfW

Cvrctor,/nflw>

<preflx~operator>

L
Crsgulaf,preflx>

<slmPl@,exPrr8rlon>

I <blook)

--.
f I=

: Ix
I

:;a
I

:;c

118
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

111

Wmple,expresslon>
(Ch3flx,operator> ~slmPls,rxoresslon>~*

<rsgular,lnflx>
<vs8tar,lnflx>

Creoular,lnflx> l

<re9ular,prsflx>
<Veotor,prefln>

c+, -1 -3
(ldanttfler)

<reaulrr,orsflx> l

<block>
<funotlon,daflnltlon>
CLAMBDAlexpteaalon>
<DEFINElexpresslon>
<IF,expresslon>
<FOR,expresslon>
<~~ILE,e~0resslon>
CUNTIL,ex0resslon>
~~ssl~nm~nt~expre8slo~>
Cfunotlon,calI>
<lnds#,exprrsslon>
<!lst,ewmauslon>
<Quoted,sxpresslon>
<atom)
(DrNx,omrator>  Qlmple,wcpp~qa10n>
( <expressJon> 1

BEGIN
~~declaratlon>  iI*
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<doclaraflon>

<Idantffler,llrt>

<functlon,def(nlt/sn>

<LAMBDA-oxprosslon>

C<rxorssslon>)
END

9

It* NEbJ <Idrntlflsr,llrt>
I SPECIAL <IdsntlflsrJist>

111 <Id@nti%r> (, <ldsntlfler>)+
I <.motv>

218 CEXPRI FEXPR, LfXPR, MACRO, (,fdsntifisr>
( ~lambda,ld@ntlfl~~,lIlf)  )t <sxprssrisn

8 11 LAMBOA
( ‘~lambda,ldsntlflsr,Itat> )I Csxprssslon

~lambda,~dsntlflor,llst>~~~ (SPECIAL) CIdontlflsr>
(1 (SPECIAL)  <Idontlfbr>M

I <amptO

~DEFIN~,sxprssr~on> 818 DEVNE <DEFINE,clauss> (1 CDEFINE,slause>)*

I!’ <OEF,INE,symbel>  PREFIX
I GWINLlsymbol> WRIEpIX) <altrrnats,nama>
.I CDcF(r&wmbol> (PREFIX)  {<rlternat@,name>)

ClntsgW <lntriwr>

118 <Idsntlflsr>
I <any oharaotor sxaspt X>

<a Ktsrnato,nams> $18 <Idsnt)flrr)
I <any oh0acter except X, I or ,>

~8 I F  <r~prrrslon>
THEN <oxprrsslon~ (ALSO <exor~s8lon>)+
~~L!S <oxpresslon> (ALSO <sxprss8~on>)+ 1

<FOR,sxprosslon> 118 <FORlolause> WOR,o/aussW*
coo, COLLU% ; <Idontlf!sr>a <sxprsssir

* (UNTIL Coxprsrslon>1
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gt= FOR (NM) CIdentlflsr> GIN, ON3 <mpresslon>
I FOR WEW) <Identlflor> texprasslon?

TO CgxPresslon> (BY <exk983lon>~

<WHILE-o%prssslon> 118 WHILE <exwesslon> ~00, COLLECT:, <sxpresslon>

<UNTIL-expro88lon> 188 cDO, COLLECT:, CsxpresslorQ UNTIL C8xpression)

<asslQnmont,exprrss~an)  tla <reqular,assl0nment>

<array-assignment>

i <Inda%,asslgnmrnt>

<drcomPosltion>

<a&umsnt-list)

(lndsx;,eXpfsSSiOn>

<list-sxrwesslon>

<quoted-exrvosslon>

tta
I

ur
I
I
i -

<array- assl9nment>
CInde%,rsshnmant>
<deoompoaltlon>

CIdrnClflrO  - <exorssslon>

<Idsntiflrr> (<argumsnt,l/st>) * (expresslod

<Idontiflrr> t<ar9umentJlat>~ * Wtpresslen?

CIdsntlflsr> ( targument,llat~ )
<LAM~~A,,,OrpressIon>  i ( <srQument,llst> 1

~stmple,expresslon>  I: <argumsnt,lfst> 3

< <argumrnt,llst> >

’ <s-WprasslorQ

<atom>
0
( <s-exprssslon~ e Cs-expression> )
( ts-exbrrss/orQ &I (s-exat8~alon~)*  :
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S Y N T A X  - SECtION 2,2

118 <ldantifi@r>
I <number>
I <8tr Ing). .

<idrntlflqr>

<I~tter> 8x8 CA, 81 c, or( Zr a, b, c, o( ZI -1 I, !=
I <Ilteraiiy,oharaoter>  <any oharacter wcwt

<numbor> 118 <tntogar>
I OctA& <ootai,lntwrr~
I <maI>

<Jntegor> (88 <dIgIt> ((digit>)@

<digIt, 818 cfb 1, 2, 3, 4, 3, 6, 7, 8, 91s

It= <ootal,diglt> (~ootal,dlglt>)*

<ootal,dlglt>

Crsai) 8:s <integer> tsx0onwW
I <integer> o <integer> CCWponrnW

CexponwW
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( SYNTAX - SECTION 2,s

Rerrorved word8 for MLI[SPt

8WIlJ FOR EXPR
NEW IN FEXPR
SPECIAL ON LEXPR
END TO MiCRO

r IC 8Y OVINE
THEN 00 LAWOA
ALSO COLLECT OCTAL
ELSE UNTIL WHILE

--.

Reaorved symbol8 for YCISP1

Symbola or.0defined in MLISPl

Symbol* !%JW Transiatlon

TOMES
QUOTIENT
PLUS
DIFFERENCE (MINUS If used as I prnfisri
PRELIST (se. SECTION r2)
SUFLIST
APPEND

(see SEgTI’ON  ka,

EWAL
NEWAL (see SECTION 3,2)
LEWAL hoe SECTION S,2)
GEfJUAL (see SECTION 5,23
WMBER
AN0
AND
OR
OR -
NOT
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, SYNTAX - sr=ctIoN 2,4

Atoms hrvlng MLISP-deflnrd valur8t

Atom

TRUE T 124
FALSE MI. non0
F NIL non@

CIRCLEX
COLON
COMMA
DASH
OBQUOTE
OOLLAR
EQSICN a_
LARROW

t;::
LSBR
PERCENT
PWoO

iLUss
R;l6R
RPAR
RSBR
SEMICOLON
SLASH
STAR
UNDERBAR

TAB
LC
VT
FF
CR
BLANK
ALTMOOE

Value

l

t
8
0

E

0

; ((oft angled braoket)
( (loft parenthebb)
C (loft muaro braoket)
x
a
+

; (right angled braokat)
1 fright parentha8l8)
i (right sqyap b+OkW

/
0

<tab>
<llno faed>
C ertlaal tab>
dorm had)
<orrriagr, return)
<blank)
<altmodO

13

Ancll (ootal)

26
72
34
53
42
44
73

137
74
30

133
43
54
53
47
74
31

133
73
57
52
30

11
12
13
14
15
40

175
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. SYNTAX - SECTION 2,s

Procadence of Intlx operator8 In MLLSP (from highest to lowest), The
foi IowIng t a b l e Is !nolud@d hera aureiy f o r  rsferrncsl If is
oxoialnod fully In S E C T I O N  3,3 0 Any function8 not pre8ent In the
tab18 baiow will hrvr thq default Prrocrdenos Waoodenc8 ioval 3) and
dafrult binding oowars,

Symbol

0 . TIMES
TIMES TIMES
#TIMES #TIMES
I QUOTIENT
QUOTIENT QUgTIENT
*QUO wuo

p*LUS

L
aPLUS

DIFFERENCE
@DIF

k

<default> 3 500 550

e APPEND
APPEND APPEND
qPPEN0 ‘qPf%JD
NCONC NCONC
CONS CONS
XcONS _ XCONS
CAT - CAT

EQ
NEQ

EQUAL
z
NEQUAL
LESSP
*LESS
zs
LEQUAL
GREATERP
*GREAT

Funotlon

PLUS
PLUS
aPLuS
DIFFERENCE
DIFFERENCE
@OIF

EQ 5 300 350
NEQ 5 300 350
EQUAL 3 300 350
EQUAL 5 300 330
NEQuAL 5 300 350
NEQUAL 5 300 350
LESSP 5 300 350
*LESS 5 300 350
LEQuAL s 300 350
LEQuAL 5 300 350
GREATERP 5 300 35pI
*GREAT 5 300 350

Proosdanoe
Cllnding Power
Left Rfght

tb0 730
700 750
700 750
700 750
700 750
700 750

600 650
600 650
600 650
600 650
600 650
600 650

4 5 0 4 0 0
450 400
430 400
450 400
450 400
60 400
450 4 0 0
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8 AND 6

:ND
AND 6
AND 6

1. OR

Z;R
OR
OR

7
7
7

15

300 350
300 330
300 350
300 3s0
300 3S0

200 230
200 290
200 250

100 lS0
100 lS0
100 150
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.  SEMANTICS - SUrfoN 3

Th\s so&Ion prcrgonta the mornlnu of,.erch of the elements In the
wntax, Flrrrt the syntaet10  Parts about to be explrln(ld  we (Irtcrd.
than tholr mranlng Is exolalnod In drtall, Flnallyr a serlea of
clxprfialorr Illu8tratss them, and fn many caaea thelr actual LISP
trrn8latlons l rl) given,

,
It Is assumed thert the user ha8 a working knowlcldgo of LISP, If not,
bhjSW’l8n’S PRIMER (Wel88manr 1967) pro+ihs II good tutorlrl.
McCarthy's PROGRAMMER'S MANUAL OlcCarthy, 1965) la the strndrrd
rofo-renos manual, In tiddltlon,  the u8.r should famlllarlte hlmaalf
with the manual for his LISP sysrtsm, 8lnee as waaf PoInted out, LISP
8ystams may vary from 0omDuter to oomputer,

In thl8 sectjon the aymbo( Q~@ means qqb translated Into’!,
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, SEMANTICS - SECTION 3,l

Qrogrrm) II+ <rxptosslon~  e . .

An MLISP program 18 an expreralon followed by a parlod, Usually the
program is a smrles of exDresslons enclosed In a BEGIN-END palpl l.e,
it Is black, This permits more than o n e MLISP rxpreerslon to b e
ttanrrlat@d  rt the s a m e  timr, Thr, translation of thr pro~rrtn gets
bound to the funotlon RESTART rftor  trrnslatlon  has been complrted,
Flxrmplet  lf the MLISP program Is

.*. BEGIN
NEW Xi
⌧ l READO☺

PRINtSTR("1  JUST RhAQ )1 CAT X)8
END,

-.e.
then RESTART would be dofined to be

(DEFPROP RESTART
(LAMBDA NIL
(PROG 00

WfQ x u?EAD))
(PRINTSTR (CAT (QUOTE "I JUST REAR ") X))))

EXPR)

BasIcally the RESTART iunotlon SVVOII to give a name to thr mrln body
Of the ptogrrmr so that tha UIOP oan exoouta hlb program at any timr,
b y  Cdl b'UJ it, For rxrmplrr typlno (REST?RT) to LISP Would oruso tho
above program to bo exacutod,

'Any exarrsslon whose translation Is NIL t 1.~0 funotlon daflrltlone
and DEFINE oxoresstons) a r e not lnoluded ln the REST4RT functlan;
only rxooutable (non-NIL)  expressIons rrs Included, EXIrnPJc)? If the
MLISP program 18

BEGIN
NEW XpYl
EXPR MAX O(IY)J If X h Y THEN X ELSE VI
fXPR TPRfNT  (x)J TERPRI PRINT #J
TPRINT MAX(X l READO, Y * READ(

END (

than RESTART would br defined to be

WEFPROP RESTART
(LAMBDA NIL
(PROG (X y) -

(TPRINT (MAX (S&TQ X (REAO)) (SCTQ Y (READ))))))
EXPR)
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, SEMANTICS - SECTION 3,2

<eipresslon>  !V <s1mple~oxprssslon>  {~lnflx,ooerator>  <8J~pJe,~xpresslon~~+. .

An 9xweS~Ion  I8 ond or more simple exPte8slons
OP@ rrrtorsl

Semtatod by Inf IX

CslmpIe,ex~fosslon~
r ~s~m~le,rxPrssslon~  <)nflx,omorrtor> <slmplo,sxp~rsslon>

Wm~ls,rxP~rsslon~ <fnflx,oorrrtor>  <slmpls,exprssslon>
<tnflx,opsrrtor> <slmpla,oxpresslon>

From thl8 descrlatloq, It awows that all Inflx oosrrtors h&ye the
s&me prscedenoe, H o w e v e r  1 several often-used LISP funotfon$ have
been Qlvon dlfferent"p?eosdencea  from the other@, This bfton on&bloc
o n e  t o  ellmln8t9 prrentho808 that would bo nooessrry to group the
terms In an l xPrrss~on, The grooodenoas  h a v e  bow oho8sn to bo as
n a t u r a l  and useful t o  thr, L I S P  p r o g r a m m e r  a s  posslbls, EXmlPlII~

L
A+B*C 05 D/E 1 XrY 8 PaW

is the same as

((A + WC)) 8 0) l (OPY) 8 (g=:w)),

but ths former 1s far mare roadable  then the latter, The prstedsnos
s y s t e m ussd Is exp(rlnod  In dstal4 I n  t h e  followlng  ssst(on on Inflx
operators (SECTION 3,3),

Exa~oles of oxPrrsslonst

16 r,
123,4%+10 -0
OCTAL 100 *

16
1,234SE12
64 (drclmrl)

b "THIS IS A STRING,"
"ANOTHER fl CAT "STRING" :

(QUOTE "THIS IS A STRING,,,)
L (CAT (QUOTE "ANOTHER "1 UJUOtf "STRING"))*

‘(A ttl,C) 0) * WJOTC (A (B,C) D))
CA, '(B,C),'O> * (LIST (QUOTE A) (QUOTE (B,C>, (QUOTE 0))
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A + 10
A+1
A - 10
A - 1

A / B - C
((A / 8) - Cl
QUOTIWT~A,W  - C
DIFFERENCEfA  / 8,C)

XOL
x = y
Li @ L2
Ll 0 L2 @ L3
4 CONS B CONS NIL
(A C O N S  8) C O N S  NIL

A + 8 GREATERP x0
A*8 + C CONS Ll4d.2
A CONS 8 8 C 1 -Y
x 8 7 8 Y 8 A/B
X EQ 'A 1 X EQ '8
AAEIIAC v -A A -B

A-B-C
A . B(I) - c
A e B + c
A - 8 + c
A*c3-C*O
A-8+C-O

IF FOOfX,Y) THEN
BEGIN NEW N)

N - X MAX Y;
X * Y + NIL;
PRINTSTR "HO HO"1
-PRINT N

ENd

(PLUS A 10)
(A001 A)
(QsJFFERE~CE  A 10)
(SUB1 4)

(OIFFERENCE  (QUOTIENT A 8) C)
@IFW%NCE (QUOTX'ENT A 8) C)
(DIFFERENCE  (QUOtfcNt A 8) C)
WIFWKNCE  (QUOTKNT A 6) Cl

(MEMBER X L)
tCQUAL X Y)
W'PENO Ll L2)
tAPPEN Ll L2 L3)
(CONS h (CONS B NIL))
(CONS (CONS A 81 NIL)

(GREATlfRP  (PLUS 4 81 10)
(CONS (PLUS (TIMES A 8) C) (APPEND Ll L2:
(OR (EQUAL (CONS A 8) Cl (NOT Y))
(AN0 (EQUAL X 7) (EQUAL Y (QUOTIENT A 6)1
(OR (EQ X (QUOTE A)) (EQ X (QUOTE t3W
(OR (AND A 8 C) (AND (NOT A) (NOT 8)))

(SETQ A (SETQ B Cl)
(SETQ A (STORE (8 I) Cl)
(TIMES A (SETQ B C))
(SET A (TIMES 8 C))
(TIM S A (SUQ 6 (TIMES C D)))ii!!
(SET0 4 (TIMES t) (SETQ C 0,))

(COND
UFO0 x Y)

(PROG (N)
(SETQ N (MAX X Y))
(SETQ x (SETQ Y NIL))
(PRINTSTR (QUOTE "HO MO"11
WU‘NT N W

ELSE PRINTSTR "HA HA" (T (PRINTSTR ( Q U O T E  “HA  HA”))))

DEFINE FOO PREFIX, A N D  6~ OR 1 100 130, SUFLIST 4 490 4 9 1 ;

EXPR MAX tX,Y)) fF x 2 Y THEN X ELSE Y

VOR NEW I IN L COLLECT <CAR I> UNTIL I 8 '(STOW;

W H I L E  A NEQ 'STOP 00 A * READ0

00 A * READ0 UNTIL h EQ ‘STOPs
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e SEMANTICS - SECTION 3,3

<~nfIx,aDorator~ ha <rraulaf,lntl.~>
I <vo8tat,lnflx~

<vrotor,lnt(x> t 0: <rraulor,lntlx> 0

A n  InfIx oberator Is Otthe? a rowl8r Inflx or a vector lnflx, A
racrulw Infix 18 any of the symbols lirt@d,
bho name of a

or an idrntlflor which IS
function trklng two argunontu, A v@otor lnf"fw tr a

regular Infix followed by the v@gtoy lndlgator  (01,

=.
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(A) Regular  Infixas

The normel L I S P  w a y  o f  wtltlnq. futwtlon crrllr 19 the Vreflx
nOtatlOn,n fho funcrtlon n a m e  oocurlng flrrt followed b y It8
rrgumentlst

PLUS(A,B),
MLISP p@tmlts funotlanr oalied wfth two argumanta to ba wlttan In
the Vnflx notWon,* t h e  functlon  n a m e  oeoutlng  bofwmn t h e
argumontivl

A-PLUS 8,
In addition t oertlpln commonly-wad LISP and HLISP funotlons have been
given abbrWatlon8r

A + B*
Below la a oomalrte Itat of fhesle abbrevlatlons, Ths uzlop o&n define
abbt@vtrtlona for his own funotlonr, or ohango the MLISP-daflnad
ono$l by ualng the DEFINE exarerlrlon  (SF;CrXqN 3,71,

--.

Abbravlrtlon Function

TIMES
QUOTIENT
PLUS
DIFFERENCE
PRELIST
SWLIST
APPENO
EQUAL
NI;=QUAL
LEQUAL
GCQUAL
MEMBER
ANO
AND
OR
OR
NOT

(May bs u8.d a@ a ~rofjx,)
OlINUS If u8ed  arr a profIx)
(3.0 SECTI,ON 5,2)
(see SECTION !3,2)

Ww SECTION !5,2)
(8.0 SECTION 5,2)
(see SECTION 5,2)

(Tht8 Is a prdfl%I not an InfIx,)

InfIx oPerator8 d o  riot all have the 8ama prsoedengel some t a k e
dOrltY OWr others when expressIona are parsed, Examglel

A+BrC-D/E

(A + (8 0 C)) - (0 / E),

A precedonoc, Wstem for fnfln oP@rators has been sat up (a) to halp
out down on the numb@? of* patenthesw! neededi and (b) beoaugo most
arogrammlna languagr$ hrva a Preo@d@ncre system, and so hayjng one IS
more natural to a Programmer than not having one,
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Lbt@d b@)OW IS the complete  pr@oedonce  system for lnflx OperatOrS In
MLISP, Any function which do.8 not appea r  expjldtly In the table
below will be rsdgned the default cmcedwtoe and bhlfng ~owcrrs
(unioB@ the u8crr assIgn dlfferont one8 with the DEFINE expr@$8hn),
For referenoor the table below I8 alno Jlrrted in SECTION 2,5,

Blndlno Power
Laft RlohtSymbol

SIMES
MIMES
/
QUOTIENT
MJUO

Fun&Ion Precsdoncs

TIMES
TIMES
VIMES
QUOTIENT
QUOTIENT
eQU0

700 750
700 750
700 7 5 0
700 7 5 0
700 750
700 75@

P*LUS
ePLUS

PLUS
PLUS
*PLUS
D!FFERENCE
DIFFERENCE
*DtF

600 6 5 0
600 6 5 0
600 6 5 0
600 6 5 0
600 6 5 0
600 6 5 0

(dofault> 3 500 5 5 0

e 4PPEND
APPEND APPEND
*4PPml "APPEND
NCQNC NCONC
CONS CONS
XCONS XCONS
C4T C4T

450 400
450 40k9
450 400
450 400
450 4 0 0
450 4 0 0
450 400

EQ -
NEQ

;oU4L
#
NEQUAL
LESSP
MXS

I :EQ"AL
CREATEW
*GREAT

ZEQUAL

EQ 5 300 3 5 0
NEQ 5 300 3 5 0
EQUAL 5 300 3 3 0
EQUAL 5 300 3 5 0
NEQUAL 5 300 3 5 0
rJEQu4L 5 300 3 5 0
LCSSP 5 300 3 5 0
'LESS 5 300 3 5 0
LEQU4L 5 300 350
LEQU4L 5 300 330
CREATERP - 5 300 3 3 0
GREAT 5 300 350
GEQUAL 5 300 350
EQUAL 5 300 3 5 0
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6 MEMBER 5 300 350
MEMBER MEMBER 5 3 0 0 3 5 0
MEMQ MCMQ s 3 0 0 3 5 0

(I AND 6 2 0 0 230
A AND 6 2 0 0 2 5 0
AND AN0 6 2 0 0 2 5 0

*

I OR 7 100 1 5 0

;IR .. OR OR 7 7 100 100 150 130

The reader has probably notloed that the last two oolumnr In this
trbl. are labled. Blndlng Power - Left and Right, Basically, the
"blndlng powers~~ of rn fnflx operator are the strangths with whlcrh It
"binds" or oull8 on the slsmonts to the left and right of It, The
oonoept of blndlng power8  Is sufflcilont t o  0omdrrtalY soeclf~ any
prscedenoe system, For oxnmpl% oonslder!

A + 8 0 C,

Both + and * are trying to attroh 8 as the second argument for the Ir
functIona (PLUS and TIMES), But the left blndlng power of 1) (700) IS
greater than the right binding power of + (650b 80 this exprs88lon
would be parsed1

As rnothor example, SUPPOSO the usiler has defined a two-argument
funotbn MAX, Slnco MAX does not ocour sxpllaltly In the preoedence
system above, the default blndlng ~owors (500 and 550) are used.
Then

A M4X B MAX C

is pa+rodr

(A MAX 6) MAX C

#Inca for default funotjons the right blndlng power Is greater than
the left blndlng powert This Is also true for all other fumtlons
exoept those on preoedenoe level 4, t h e  s-rxpresslon bullding
functions (APPEND, CONS, etc,), For a LISP user, ft Is not onl'y more
natural but more efflolent to have the assoofatlon of these funotlons
go to the rIghtI

4 C O N S  B CONS c c@Js ML

Is parsed!
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A CONS (B CONS (C CONS NIL)), *

The user should study the precedence iystem above, Paronthosns may
be used a t any tlme  to alter the assoolatlons of the preaedenos
sy$trm, but hopeful(y It has been constructed 0otefuJly anough s o
that the user will srldom have to do tl7lb.

AlI user-dsflnod  tnft% ~unof~On8  normally g e t rsslgned the default
blndlne wwr8~ Note that fhls moans that user-defined functions
normal !y takr Preccld@noe over some LISP and MLISP functlonr tthoae on
DrooCd8nO6 love18 4 - 7L However; the user can aadgn different
btndlns power8 to hja funotions, ot rven to the funotlona abover by
mean8 af the OVINE ' o%Drosrion (SECTION  3,7), Wth the  DEFINE
#xDresblon, he orn set up any Precedence system he ohoses,
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The ratlonrle  f o r  t h e  prooodenoo  syrtoml

25

1 01 TIMES, +TIMES
1, CUOTIENT, *QUO

2 +0 WJS, *PLUS
-# DIFFERENCE, @DIF

3 al I o t h e r s

4 @? APPENO, +APPtRO, NCONC Thedo are followed by functions which
CONS, XCONS operate on a-emresslonr  to build new
CAT 8-rxprosslons,

5 EQ
8# EQUAL
Z, NEQUAL
s, LEQUALI LESSP, *LESS
h, GEQUAI., CREATERP, #GREAT
C# MEMBFR, MEMQ

First oome the arlthmetlo funotlonrr,
whloh oDdrate only on number8 and
whloh Yleld only numerlorl valuea,

As 16 natwhIr multlPllcatfon and
dlvi8lon take Dr~Ood8nCo over
addtflon and $ubtractIon,

Then come all user-d@flned funotlon8,
and all LISP and MLISP funotlons not
listed hem @XDllDltlY,

Of lower Dreoedenoe are funotlons
which o p e r a t e  o n a-axDro8slonb~ but
whloh rlold only boolean valumt

6 8, A, AN0

.

Of lowoirt Drmrdanoe are functions
whloh operate only on boolean values,
and which Held only boolean value@,

7 J#bOR A8 Is natural, OR ha8 a lower
y:oadence than ANDs In fact OR haa

I Owalt prc)oedeno(l o f any
funotlon,

In addltlon to Infl x oDerators, Drmflx oDerator8 and the ass1 gnmsnt
operrtor (*I have al80 bean \mplemented uslng blndtng powers, The
blndlho powers for p+f/rco~  are -1 and 10001 those for the as&anmrnt
operator ape $001 and 0, These m a
expresrlon, They are I!rrt@d only for r

be changed by the DEFINE
re erenocbj the use of preflwes

and a38hnment  expret$hnS  Is e#Dlajned  better by the syntax,
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(8) Vector Inflwes

Vector lnflxes are a very powerfuJ MLISP conoept, They provide a
aonclse means of mapDing funotlons onto one or two Ilsts, 8 fad I lty
not readily avallabJe In LISP, They developed from the observation
that Ilsts may be regarded a s any~dlmen8fonal vector8, The LISP
system then beoomes an lnttnlte-dlmenslo~al  vector spaoe, Soalars In
this veotor  apace are atoms, Veotor Inflxe8 (and veotop prefixes)
a r e  a n attempt t0 define some Prlmlth OpWatlOns over th!S VeOtOf*
space ti BasIcally vector lnflws ars functions w h l o h  aPI) mrpp8d onto
tholr vector (IlSt) arWfWnt8  to Yl@ld  a WotOP (!/8t) o f  r@SUltS,
much Ike a two-argument MAPCAR,

Suppos(b V = (~1, ~2, flfi9 vm) and W 8 (~1, ~2, ,). wn) are two veotors
(Ime list& Addltlon of two veotors IS a6compllshed byI

v+ew = ='(vl+wl, ~2~28 fimm vk+wk)r where k a mlnhnL

Multlplloatlon by a soalarl

L
10 +. v s (lB*vl, 10*v2, )(e 10*vm)
v ** 10 1 (vl*lB, v2*10, @#) vWl0)

Multlpllcatlon of two scalarsI

10 *a 20 = 10 + 20 8 200

To Illustrate these vector Prlmltlvesr we will use them to write the
E,,clldean Inner product:

. k
V I w = Uvl + wl)

I=1
First Observe that If we CONS the functlon PLUS onto a ll8t of
number'rllr we get an executable exprs88lon1

'PLUS CONS '(1 2 3 4 5) = (PLUS 1 2 3 4 51,

Then:
E X P R  INNERPROD (V,W)r EVAL ('PLUS CONS V +r) W)

is the desired Inner produat funotlon using vector operatfgnq, It Is
worthwhlle notlne that we could also writer

EXPR INNERPROD (V,WN
BEGIN NEW SUMI

FOR NEW v IN v FOR NEW w IN W DO SUM * SUM + tv+w);
RETURN SUM

END
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o r  roulvrlently~

EXM IMN?PROD(V,W,I FOR NEW v IN V FOR NEW w IN WI P'LUS v+w. .

VectOf  oPerrtlon$,  however, provb fh@ most conols~ mrana of wrltlnb
the funotlon,

the n8Mt
DormIt

lo~lorl atop I n  the drwloomont  o f  veotor oarrrt/ons Is t o
virtually any two-rrgumont LISP, MLIJP or user-dofined

functlan to bo used 8s a vector op8prtort

v ** w s (vl * wlr v2 * ~2, eQq vk + wk)
V CONS. W 8
V FOO. W

(vl CONS wlr v2 CONS ~2, eo) vk CONS wk)
8 (~1 FOQ wl, ~2 YoO w2r e*t vk FOO wk)

whore ln oroh or8o“k  8 mln(l@noth VI length WI,

NotU
(0 The roault  o f  veotor  oporrtlons  l o  a vootor We, Itrth unl888

both rrgumont8  are 8orlats (rtomr),
(b) The loath of the rorult vaotor Irr the 8hort.r o f  the lengths of

th8 two vootor 8rgumonts, or the length of thr vsotor  a r g u m e n t  If
the othor rrgumsnt 18 a roalrr,

FolIowIng an Infli operator by th8 vaotor lndlortor  (@) do@8 not
ohango It8 preuodenco, In dot8rmlnlng the parelng of an 8xpr88slonr
the pre88nae of absence of l Is Ignored!

. A +o 6 8. C CONS* L

18 parrod oxa.atly th8 earn@ a8

A + B * C CONS L,
namrlti

In addltlon to two-argument vaot0r InfIxerr, one-argument vector
P?d IX@8 ate a l s o p8rmltt8dc Those a r e  dlscu88od In the fo)lowlng
88ctlon on ~reflx operators (SECTION 3,4), Examolot

ATOM. '(A B (0 0) = (1 T NIL T),
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Cxamlea  o f  lnflx operator8~

A + 10
A+1
A - 10
A -1

A/emC
:(A I W - C)

* QUOTIENT(A,B)  - C
DIFFERENCEtA / B,C)

Y c .L
x s Y
Ll @ L2
Ll a L2 8 L3
<A,BrC> 0 FOOfXrY)
A CONS 6 CONS NIL -
(A CONS B) CONS NIL
<A CONS 6)
A CONS I.63 8 X

I
A + B CREATERP 10
A@6 + C CONS L
A CONS B 1 C I -Y
ys7UY*A*B
X EQ 'A 1 X EQ 'B

Veotor Inflxrrs~

'(1 2 3) ++ ‘(4 5 6)
'(1: 2 3) a. '(4 5 6 7)

2 0. '(1 2 3)
2 a@ '.(l 2 3) +@ '(4 5

(PLUS A 10)
(ADD% A)
(DIFFERENCE A 10)
wuB1 A)

(DIFFERENCE (QUOTIENT A B) Cl
(DIFFERENCE (QUOTIENT A B) C)
(DIFFERENCE (QUOTIENT A B) C)
(DIFFERENCE (QUOTIENT A B) Cl

(MEMBER X L)
(EQUAL x y)
(APPEND Ll L2)
(APPEND L1 L2 La)
(APPWJ (LIST A B C) (FOO x y))
(CONS A (CONS B NIL))
(CONS CCOiJS A 8) NIL)
(LIST (CONS A 6))
(CONS A (APPEND (SUFLIST L 3) X))

28

WREATERP (PLUS A 8) 10)
(CONS (PLUS (TIMES A 6) C) L)
(OR (EQUAL (CONS A 8) C) (NOT Y))
(AND (EQUAL X 7) (EQUAL Y (TIMES A 8)))
(OR tEQ Y (QUOTE A)) (EQ x (QUOTE 8)))

s (5 7 9)
a (4 10 18,

8 (2 4 6)
6) 8 (6 9 12)

2 @e (-‘(1 2 3) +. ‘(4 5 6)) I Cl0 14 1 8 )

'(1 2 3) CONS@ '(A B C 0) 8 ((1 . A) (2 e B) (3 a Cl)
'((1 2) (3 4)) 6. ‘((A 8) (C D))g ((1 2 A 8) (3 4 C 0))

‘((A 8 Cl (0 E F) (C H 11, 9. 1 * f(A) (0) (6))
'((A 8 Cl (0 E F) (C H I)) 4. 1 5 ((B Cl (E F) (H I))

'("JOHN " "MARY ") CAT. '("DOE" "SMITH")
a ("JOHN UOE )( "MARY SMITH")

I "JOHN," CAT@ '("DOE" "SMITH") 8 ("JOHN-DOE o "JOHN-SM  I THVe
AT. ("JOHN," CAT. '("DOE" "SMITH"))

8 (JDHNIDOE JOWN,SHITH)
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6 SEMANTICS - SECTION 3,4

~~roflX,oprrator> I 8.8 ~rrwlar,prefIw>
I ~vrctor,ord’f  I )o

~rrgulrr,proflx> ;a+ ci, -8 -3
I (tdanttfler>

<v#otor,Pr@flx~ tar ~roaulor,Prefl~~ l

4 ptclflw opwrtor  ‘fr l lthot a re9ular pr@fl% or a veotor prefIxI A
reuulrr  ofoflx  18 any bf tha 8ymbol8 +I - o r or an ldentlfl@r
rwresrntbw any one-argument funcflon whle?the MLISP translator
know8 about, A voctor  prafl# 18 a regular orof h foll'bwed b y  the
vaotor tndtorfor (01,

Regular Prwx@8

the main purp0808 of proflxa8 are to alrrlfy~ewrarshs  a n d  t o
l Jlmkat@ Oarantho8o8, N O T  X 18 bettor than NOTWt though both are
legah and -X 18 oven' b e t t e r , T h e  transfator knkwr.about rll
onr-argument LISP and MLISP funatlonri I n  additionr the tran8,lator
not@8 al} on-atgumont EXPR's tran$lated, Later o n  tn the drogram
(I,@, aftor the funct]on definftlonk thrt funofion may br, u8ad I ik@
liny Othor twaflx, Uamplat lf the funatlon deflnltlon

EXPR FOO (X)j TERPRI PRINT X
oCQurrad In I PrOgramf than In thi roat of the program fbllowlng this
dofinltlon It would be Iaorl to ttoaf FOO a8 a pmflx.

This I8 ono way that thq translator oan be made awarl) Of u@rr-d@fln@d
D?Of b-8, Another way 18 to UIB tha OUJINE ewpra#sIon MECTSON 3,7Is

D E F I N E  F O O  PREUX
haa the affaot of 8tatlng Co the translator that the function FOO,
regardless of It8 deffnitlon (If anyL will only have on, argument In
the rert of the Drogram and 80 should tm treated aa a praffx,

Veotor proflxea

Veator prafkes are a wry Intrrosttng and very powerful ehnslon of
arefIx operatorr, The oono@pt of veotor operatkns  was eiDlafn@d in
the prrooedlng a@ctjon, T h e  bark ldra I s  t h a t  v e c t o r  preffisa
operrto on not Just ona4 but on a whole Hat of argument8, and they
return a whole Ilst of values, The prefix operafOr ia mappad o n t o
the lkt, with the ooeiator applllrd t0 eaoh r)kmant In it, This
wvabks many comDlsi  sxgrrs8~ons  t o be wrtttlrn c)oncJ$e(y, Vsotor
Dreffxe8  may al84 Operate on atoms (8ealars~ Instead of jfgt#,
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fxamn I@S of Dr@fl% opbratorsl

+X
-X
-X
NOT X
NOTW

ATOH ~OOtX,Y,t + 10)*
NULL CDR L
TERPRI, PRINT CAR L
l,.fNG'TH  I. + $0
-4 h =a 4 -c
NUMBERP X v =vATOM X

NOT ATOM X * READ0
NOT ATOM X 8 READ(_),
NOT ATOM X CONS READ0

Veotor  protlxw5I

ATOMa L
NOT. ATOM. I,.
-0 L
LENGTH@ L

+. ‘(1 2 3 4)
-0 ‘(1 2 3 41
NUMBERP@ ‘(1 2 3 4)
ADOle '(1 2 3 4)
0. sukm '(1 2 3 4)

- SECTION 3,4

X
(MINUS X)
(NOT X1
(NOT X1
(NOT X)

(ATOM (FOO X Y (PLUS t 10)))
(NULL (CDR L))
(TERPRI (PRINT  (CM? LB))
(PLUS (LENGTH L) 10)
(AND MOT A) (NOT 8) (NOT C))
(OR (NUMEKRP X1 (NOT (ATOM x,))

(NOT (ATOPI (SETQ X (READ))))
(AND (NOT (ATOM X)1 (READ))
(CONS (NOT (ATOM X)1 (READ))

(T T NIL T T)
(NIL NIL T NIL NIL)
(NIL NIL NIL T NIL)
(0 0 2 0 0)

(1 2 3 4)
(=,1 -2 -3 m4)
(T T T T)
(2 3 4 5)
(0 -1 -2 a31

AT@ '("THIS" "IS" "A" "LIST" "OF" "STRINGS")

ATO "STRINGS'
8 (THIS IS 4 LIST OF STRINGS)
s STRINGS

AT "STRJNCS" 8 STRINGS
STR. '(MORE STRINGS) n ("MORE" "STR~NSS")
STR '(MORE STRINGS) 8 "WORE STRINGS)"

ATOM. 10 8 T
ATOM 10 a T
NUMBER- 10 I f.
NULL. 10 P NIL

1
L CAR. '((A 1) (6 21 (C 3)) _ a

CDR. WA 1) (6 2) (C 3)) c
CADW '((A 1) (6 21 (C 3)) 3
NUMBfRP@ CADR. '((A 1) (8 21 (C 3)) 1

30
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a SEMANTICS - SECTION 3.5 11

Each of the remalnlng sub-sootlons fn SECTION 3 explalnu rn example
of a 8lmple axprrsafon, . .

4block) ;to: BEGIN
(Cd@olarrtlon> PI+
(<exprerslon> I)+
~<rxpr~rrlon>~

END

<declarat)on> 1 I+ NEW <Idontlf~rr,llrt>
I SqECIAL  CIdontlfler,llst>

CIdontlfkr,lltt> tl@ <~d@ntlfl@r> {# <Idantlflor>)+
I Wnpty>

A block Is th$ re@arvsd w o r d  BEGIN, followed by any number of
deolaratlon8 8eprreWd by ~emfoolons 010 follow8d by any number of
exprosslons a@porated by semloolongr followed by the rfsserv8d word
END, The last expressron need not havr a aemloolon aftor It9 A
dsclaratlon Is O[th@r of the reserved word8 NEW or SPECIAL, fol1ow.d
by an Idantlfler Ilatc A n  ldsntlfl@r I Iat I8 any number of
fdentlflrrs (possfbly none) a@Parrted by cornmad,

A block 1s tranrlatad IInto a PROC. Any varlesbl@s (Identjflers)
dea bred urrlng the NEW doolaratlon bwomo the PROG variables, Check
your LISP manual to see whether or not PROC vaffabl98 rre
automatlorlly Inltfali~ed to ML In your vor8lon  of L I S P ,  The 80OP@
Of-NEW variables 18 the UOOP@ Of the PROk 1~~ until the matohlno
END, N E W  variables m a y  also be dWer*d SPECIAL Each exp;S,sS~lo~
follow(ng the d$O[rrat!on8 until the END beoOke8 a 8tatement
PROG, fh@re should be a somloolon after eaoh sxpressionr with the
l xocrptlon that the last semlcolon It optIonale EN0 clo8e8 o f f the
PROC,;

SPECIAL declaratlong arc, 8omewhat unlqua In that thsy havar no
translatIOni InSt8ad they hav@ an effect gn ths translrtor, A flag
for the LISP l,b cornDIM Is put on the property llslt of @aoh
varlabto daolared SPECIAL, thl8 flao @nablo tha OomPlllrr to 0omPlle
frae vrrlablss and global varlablbs OorrectlY,

S P E C I A L  deolaratlons have the offoot of declrrlng thrlt varlrbl@,s
SPECIAL throughout the crntlrs brogramt regard1889 of the phYU/oal
jocatlon of the doolaratlofi In the ProWam@ thl8 enables the usor to
mark variables SPECIAL whetover It I9 convanlrnt to db sot and
almultaneowly  preventer the oompller (and user) from getting confU8Od
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when varlablos are gomatlmes WECIAL  and sometlmos not, It Is a OoOd
Idea to mrke SPECIAL variable names dlstlnot f?Om OthBr variable
r)ames as a way of keeping track of t-hem, For exanwb an exolamation
mark (!I could be Included In eaoh SPECIAL variable name; SPECIAL !A,
X8, IL I n  genorrl, the few@? vrr~rbl~s that have to ba doolared
SPECIAL, the hotter; the oodr for SPECIAL varlabloa runs somewhat
slower than that for nonW%CIAL onbe,

L

For the ua~r'a referenoefi the fOllowlnO SeCtIOn Is reproduced from
Quam's L I S P  1,6 m a n u a l  (Qurmr 19691,

In uompllrd functionup any variable whloh 18 bound in a
LAMBDA or PROG and has a free ooourrence elsewheie must
be dsolarod SPECIAL, CA variable I8 said to have a free
occurrence If It not bound In any LAMBDA or PROG
contalnlnq the occurrenos,J CAlsoJ vatlablell which are
U#ed In a functjonal oontext must be deolared SPECIAL or
else the ooi%ller will mistake them for undeflnsd EXPR's,

Slmllar raatrlotlons hold for many other LISP oompllers, It Is UP to
the user to make sure he understands ful lY the conventlons fat
cornpIlIng In hls LISP system, For the MLISP uaerc there la one
further restrIcttan: varlablas In the left-hand #id@ of a
decomPasltlon a s s i g n m e n t expresston (SECTION 3,111 murrf be dsolared
SPECIAL If the expressIon  la to work correctly,

AS w I th PROG'B, a value may be returned for a block bY using the
RETURN function, Labels  may be transferred to using the GO function;
labels are deolarsd b; ~;l&owlnq the label
3emlo0lon (e,g, L;),

Immediately with a
oolon,

Ina f0llowlns
However, the It8ratlon

~~rneta-8xpres31ona~~ deacr I bed sections  are to be much
reoommended  over l'abejs and GO transfers,
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BEGIN *
END

BEGIN *
Li x * READ(H

IF X EQ Y  T H E N  R E T U R N  T R U E
ELSE PRINT %Yh
GO LI

END

8EGIN N E W  XlrXbX3l *
S P E C I A L  XS,YdI
t * NIL1
xl * REAOO,
x2 * 10*x1 + 1;
IF FOO(Xl,Y,t) 8 X331 T H E N

PRINTSTR("ANSWER="  C A T  y)
ELSE x3 * x2 + Xl!
RETURN X3

END

BEGIN *
W'R MAX (x,y);

I F  X;1Y T H E N  X  E L S E  YI

E X P R  M A X - L I S T  (L,M);
IF  N U L L  L  THEN M  E L S E
M A X  LISTtCDR Lt MAX(M,CAR"

P R I N T  MAX,LIST(READ(),B)z
END

WWC N I L )

3 3

WROG N I L
L (SETQ X ( R E A D ) )

(C0rj0 ((EQ X Y) (RETURN  TRUE)) -
(T (PRINT %I$?  X VW)

(GO LH

(PROG  (Xl X 2  X3)
(SEfQ i! NIL)
(SETQ x l  (READ))
(SETQ X 2  !A001 cTlMES 10 XiW
(CON0

OANP  (FQO x i  Y z) (EQUAL x 3  11)
(PRINTSTR

( C A T  ( Q U O T E  "ANSwERf") VW
(I (SETQ X 3  ( P L U S  X 2  X1)1))
(REtURN xrf>>

(PROG  N I L
(DEFPROP  MAX

( L A M B D A  (X Y)
(CON0  ((CEQUAL  X Y) X1 (T Y)))

EXPR 1

(DEFPROP  MAX-LIST
(LAMBDA  (L M) (CON0

LH, ((NULL L) M)
(T (MAX-LIST  (CDR L)

(MAX M ( C A R  L))))))
EXPR)

( P R I N T  ~PAX,LIST  (READ)  0)))
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, SEMANTICS - SECTION 3,6

Cfunutlon,drflnltlon> 8 18 cEXPR, FEXPR, LEXPR, MACRO:, <ldentlflar>
( ~l~mbda,ldsnt~fler,~l~t>  1; <exprsssl~n>

: 82 LAWDA
( <Irsbda,ldentlfler,ll~t>  ); <axDreSSIOn>

<lambdaJdsntlfler,lIst> U= (SPECIAL) <Identlfler>
(,'(SPECIAL) <Idantlfler>)+

I <empty>

A function deflnltlon 1s one of the function typea: EXPR, FEXPR,
LEXPR, MACRO, followed by an identlfler (the name of v7a fun4t10n)r
followed by a LAMBDA variable list and LAMBDA body, A LAMBDA
exoresslon Is essentially the same thing, being the reserved Word
LAMBDA followed bf'a LAMBDA variable !lst and LAMBDA body, A LAMBDA
Identlfler list Is any numbar of Identlflers (possfbly none)
separated by oommas, Eaoh Identlfler may be preceeded by the word
SPECIAL, This and the SPECIAL deolarrtlon In blocks are the two ways
the user may declare variables  to be SOCIAL, (SECTION 3,5 dlbcusaes
SPECIAL varlrbles,)

When the MLISP translator enoounters a function deflnitlon, the
to) lowlng three steps occur:
(1) The comolete function deflnltlon Is translated,

(2) The function Is then Immediately defined (I,& the deflnltlon Is
oarrled out), wlthout waltlng for the rest of the program to be
translated,

(3j NIL Is returned as the translation for the expressIon,

Is carried out In the mlddle of ther
the user might rccidentall~ redefine some
would oause the rest of his program to be
guard against this, arach furctlon name Is

first checked to see If It already has a function deflnltlon of w
type1 If It doe3, a warning messoge Is prInted, If thh  hiwwnsr
ahange the name of the function and recomplie the program,

N o t e  that since s t e p (2)
transirtlon of the prowamr
LISP 6r MLISP function that
translated lnoorrectly, To

Usuallv a program con3irrta of a BEGIN-END palt encloslng a rJsrles of
function deflnitlons and other wpresslona, Function deflnltlona are

r not exeautable at run tlmsi Welt effect occurs at tranelrtlon time,
L In step (2) above, As steo ($1 states, NIL wlil be returned as the

tran8latlon for functfon * deflnltlons, All exeotuable exoresalons
will have non-NIL tranalatlons, In trenslatlns a program, all NIL
tranrlatlons are thrown out and only nonmNIL ones fatalned,
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~xr,,ppr of tunOtIon d@fhltlonat

ExPR N O T H I N G  04 PRINtSTR " T H I S  ISWT  MUCH  OF A FUNCTION’q

EXPR R E V  (I.)# I F  N U L L  L T H E N  N I L  E L S E  REVfCpR L) Q, <CAR L>)

F E X P R  OPEN  (X)0 EVAL <'INPUtr'DSKtrCAR  X>I

M A C R O  NOTJEMBER (X)1 < ' N O T ,  <‘M~MB~R,XE2Z,Xt33>>2.*

E X P R  FOOBAZ (X, S P E C I A L  Y);
BEGIN

NEW AI
IF X a REV(;) THEN A * y
ELSE BEGIN

OWN(FOO))
NOTHINGOI
CLOSE(FOO~~

ENDI
R E T U R N  < A ,  REV(A)>!

EN01 6

EXPR INNERJRODUCT  ( V ,  W)i E V A L  ( ' P L U S  C O N S  V  +. WI;
X ~hlr trkos the Inner voduot o f  t w o  vootor8  fIlat% K

$5

E X P R  INNER,PROOUCT  (VI W)C FOR NEH v IN V FOR NEW w IN kfl PLUS  V+wI
- % So do.8 thh, X
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Examales of LAMBDA expresglonst

ASS Urn@  that "F 0 0 " recmrrentsl a funotlon_whloh has bean doffno d to
the srmo al9 the L AMBRA mcm!Jaslon In each of the followlng BX amp I

EXAMPLE 1, .

r: rnliSP~ MAPCAR(FUNCTION(LAMBOA  (VI X CONS NIL), '(A B C))

IISP~ (MAPCAR (FUNCTION (LAMBDA (X) (CONS X NIL))) (QUOTE (A B 0))

maulvalsntlyr MAf'CAR(FUNCTION(FOO), ‘(A B C),

EXAMPLE 2,
. .

ml IsrJt LAMBDA (X
IF X E
IF NOT

e
ELSE P

(READO,

,Y)i
Q y THEN PRINTSTR "THEY ARE THE SAME" ELSE
ATOM X THEN PRINTSTR "FIRST IS NOT AN ATOM"

RINTSTR("X afi CAT X)1
READ())

I l2JP~ ((LAMBDA (X Y)
t CON0
((EQ X y) (PRINTSTR (QUOTE "THEY ARE THE SAME")))
((NOT (ATOM X)) (PRINTSTR (QUOTE "FIRST IS NOT AN ATOM")))
(T VRINTSTR (CAT (QUOTE "X I") X)))))

(READ)
(READ) 1

aaulvilentlyl FOO(REAO0, READ())

EXAMPLE 3,

rnilsor LAMBDA (X,Y,SPECIAL  Q)Z
LAMBOA ft)j

IF FOO(X) TYEN PRINT t ELSE PRINT Q;
tcx,vw I

(AR P+l, NIL)

IlsV ((LAMBDA (X Y Q)
((LAMBDA (2) (CON0 HFOO X) (PRINT 2)) (T W?IrJT Q)))) (LIST X Y)))

Ab
(ADO1 8)

~qulvalently: FOOtA, B+l, NIL)



MLISP SEMANTJcS - SECTION 3.7 37

8 SEMANTICS - SECTION 3,7

<DEFINE,owprosslon> t I+ DEFINE <OEFINE,olruse> (, <O~FINE~o~auso>~*
. .

<OEFINE~olruso~ 148 <OEFINElsymboJ) PRgFIX
I COEFINE,symbol> (PREFIX)  <altwnrts,name>
I ~D~FINE,symbol> lpREF!X) ~<altsrnats,nam~~~

WtrgeO <Intwor>

, <OEFINEgymbol> I Is <Idanflflsr>
I <any o h a r a o t s r  onoeDt 0 o r  X)

<alfrrnate,namo> 118 <ldsntlflor>.*
I <any ohrraotor SxoeDt )o %# I Or ,>

A O E F I N E  oxpresslon 18 o n r  o r more DEFINE oIau8os sodarated b y
commasB A OEFINE alruss  Is rn Idrntlftor or any ohara,otsr exoopt "
or X (the OKFINE  symbol), followed by any or all oft (1) ths word
PREFIX, (2) an alteynats name (rbbravlatlon)  for the OfFiNE symbol,
and (3) two Integers raprssentlne left and rloht bindIng  powwt) for
the DEFINE symbol, A n  altornats name 1s an idvtlflsr o r  a n y
charrotor @xoept 5 X, somlcolon !I) or oomma W,

The OEFINE l xpreaslon provldos a versatile mrrns of oommunloatlng
with the MLISP translator, As with funotlon defInltion#, the
trrnslatlon of OEFINE oxpresslons I8 NIL, Instead of a translatfbn,
the DEFINE sxprrsslon has an offoot on the translator. The sffaot 1s
to auslgn oertrln PrOP0rtl.s to the OEFINC symbol whloh the
translator will mk6 uss of In the rast of the programr The DEFINE
rxpresalon ~lll be explalnad by @xamplQ,s,

btamples o f  DEFINE  exprssslonst

(1) DEFINE FOQ PREFIX

Thjs Informs the translator that horeaftor In the Program t h e
function FOO I8 to b0 troatod Ilko a prefix ( S E C T I O N  3,411 Thts
means that FOO may be used wlthout prrsnthesos around its argument,
and It may ba used as a vsotor operator, Only ldsnt!flsrs which are
the namss of one-argument functions should be daflnsd t0 b6 orsflxos.

(2) DEFINE UNION u

This Informs the translator that ths symbol U 18 to bs oon8idsrrd as
an abbravlatlon for the function UNION, After fhls DEFINE: e~ppS6SlOn
has b66n translated, whonsvsr fho 6c6nn6r snoounterb uI I f  will
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Immrdlate(y convert tt to UNION, The effect of wrltlng u will be
exactly the Same a$ if UNION had been wrltten, The alternata name
may be an Id~Wfhr~ . .

DEFINE CAR a

would Oonvert every subsequent occurrence of a Into CAR, Alsor the
DEFINE  symbol Itself may be a sgec;lr( character1

w o u l d  ttrnalate alI Commas  In the rest of the program I n t o
Semleo-Ions,

DEFINE ; STOP

would translate every subsrauent occurrence of the word STOP fnto a
80m10010n, to 1 I luscrrte thlsn conSldor the following examplel

i

BEGIN
DEFINE CAR aI CDR d, kJLL nr

(PROG NIL

IF lf, THEN *, ELSE else)
WEFPROP rev

EXPR rev WI (LbWM (1)
If n I * nil (COND  ((NULL I) N I L )
elm rr,,td I) @ <a I>; (T (APPEND (re (CRR 1))

END (LI!h (CAR i))B)))
EXPR))

(3) ilEFINE UNION 360 370

this SPOOlfleS that the left and rlsht blndlng POWO~S for the
function UNION are to be 360 and 378 respeotlvely, Bfndhc!  powers
are exDialned In t h e  secth o n  lnflx opepatoys (SECTION j,3), The
v a l u e 3 ‘above  would Gove  UNION a oraoedence of between 4 and 3 ln the
orecsdrnuo system for Infix omrator8 h,f, S E C T I O N  3,3), Only
Identlflers rePresentIn one- and t w o - a r g u m e n t  fun&Ions (pyefkes
and infl%es) should be glvsn blndlng powers,

(4) D E F I N E  UNION  u 360 370

This defines u toP be an abbrevlatlon for UNION and s!multaneOusly

t sets UD left and rlght blndha  POYW~  for UNIW*
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(5) D E F I N E  F O O  PREFIX  a

This 8oeclfl.r t h a t  th8 function COO Iu t o  b8 treated a 8  II profix,
and that the symbol a is to b e  conrrf-dered an abbravlatlon for It,

( 6 )  O E F I N E  N O T  P R E F I X  - -1 1000

T h i s  apoolfl.8 t h a t  t h e  funotlon N O T  I s  t o  bo tr@atsd  a 8  a prrflx,
that the 8ymbol - Is to bo oons)derod an abbraviatlon for It, rnd
that lt8 loft and right blndlng OOWOPS are to b8 -1 and 1000
r.$p@ctlv@lY, T h e  eauivalent of thl8 axpre88lon h a s  a l r e a d y  b8en
executed for all one-argument LISP and MLISP funotionr,

(7) DEFINE UNION u 360 370, INTERSECTION n 380 390, RETURN PREFIX -1 0;

After thl8 OEFINEkprr88jon  haa been tran$lated,

RETURN A @ B u C 8 D n E @ F

would bo translated

(RETURN (UNION (APPEND A 8) (INTERSECTION (APPEND C 0) (APPEND E F)))),

rxacrtlY as If It had baen written

RETURN ( (A @ B) u ((C @ 0) n (E @ [I) 1,

U N I O N  I 8  glvon lower blndlng power8 than INTERSECTION, and both of
them hrvm lower btndlng DOWOM than the 400 and 450 blndlng Dower8 of
WI APPEND (SECTION 2,W, Setlng tha right  blndha  power of R E T U R N
ttj 0 ln8urrs that an entlre rxprosslon (In this oa88l A @ B u C n 0 @
E) will b e  trrnalated 18 It8 argument, rather than Just a simple
expresrrlon a8 would norma(ly be the oa8e (8lnoo RETURN I8 a ppef iXL
This. ls b*oau$e al I blndlno  powers I n  MLISP  are l a r g e r  t h a n  0r
therefore 8 all infIx oPeratar  will b l n d  UD their araument8  brfbre
RETUflN do88r In faot, anythlng with a rloht blndlng Power of 0 will
gobble UP l vowthbg untl I the n e x t  expre8slon-stower (r88erved
word, '9'0 *W% eta,),
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, SEMANTICS - SECTION 3,8

UFlexPrrsslon> I!= IF <expresalon>
THfN <@xcVo$slon> (ALSO <~xprsa~lon>)+
(ELSE COXR~QSS~O~>  (ALSO (exars8glon))e )

An IF (or oondlflonal)  expressIon 18 the reserved word IF, fbilowed
by any expres3lon, followed by the reserved word THEN end another

r l xores!Uon, oHlonally followed by any numbat of ALSO clau8e8,
Is oPttonally

This
followed by the reserved word ELSE and & third

oxwes8lon t rgatn optlonallv followad by any number of ALSO clausas,
An ALSO olau8e Is the reserved word ALSO followod by any expresston,

ConditIonal express/on8 get translated Into LISP COND's, In LISP 1 . 6
there may be more ?-ban one ex~res~lon after the predloate;  example:

(CON0 (Pi El) (P2 E2 E3) (P3 E4 ES E6))

1s a legal LISP 1,6 condltlonal expressIon, Where there (8 more than
o n e  ex~resslon, the axpresslons are eva(uat@d from left to right1 the

I:
value of the lr8t one becomes the ~1~8 of the FOND,

In the followIn@, El, E2, 63 (et rwremnt  any extve8slons,

IF El THEN E2 4 (CON0 (Ll E2) (T N I L ) )

IF El THEN E2 ELSE ES l (COND (El E2) ct E3))

IF El THEN E2 ALSO ES - (CON0 (El E2 E3) (7 E4 ES E6))
ELqE  E 4  ALSO  E 5  ALSO  E6

IF El THEN E2 ELSE 4 WOND (El E2) fE3 E4) (7 ES))
IF E3 THEN E4 ELSE E5

Nestlnia of conditionals la permItted to any degree of tofq~lexlty,
Eaoh ELSE term Is matched UP wlth the nearest prepeedlng THEN, unless
parenthecW8 are used to group the terms dlffersntly,

IF El THEN
IF E2 THEN E3 ELSE E4-+

WDND ;;lW;D X2 E3) (T Es)?)

IF El THEN d (CON0 (El (COND (E2 E3) (T NIL)))
(IF 112 THEN E3) (T E4))

ELSE L4

IF El THEN *

IF E2 THEN E3 ELSE E4-
(CON0 (El KDND (E2 E3) (T E4)))

(7 ES))
E L S E  E5
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IF x a $0 THEN PRINT  Y l

!F X # 10 THEN PRINT y l

E L S E  PRINT i!

IF i B B 8 C & 0 THEN -
IF XeL THEN PRiNT ‘MATCH
E L S E  P R I N T  ‘NOJATCH

E L S E  If fOO(A,BS 8 4 T H E N
I F  <X>oL T H E N  PaINT T
E L S E  P R I N T  NIL

ELSE PRINT ‘OH W E L LL

IF X s 100 THEN *
Y * 2*X ALSO CO L

E L S E  Ycx+l ALSO R E T U R N  <X,Y>

41 . .

.-
I

(COND  ((EQUAL X 10) ( P R I N T  y)) (T NIL))

( C O N 0  ((NEQUAL  X 10) ( P R I N T  Y))
tT ( P R I N T  ii),,

(COND
((AND A B C 0)

(CON0  ( ( M E M B E R  X L) ( P R I N T  ( Q U O T E  M A T C H ) )
(T (PRINT  ( Q U O T E  NO-MATCH)))))

((AND (FOO A B) ( N O T  C))
(CON0  ((MEMBER ( L I S T  X) L) ( P R I N T  I'))

(T ( P R I N T  NIL))))
tt ( P R I N T  (QUOTE OH_WEiL))))

t CON0
((LEQUAL  X 100) ( S E T Q  Y  ( T I M E S  2  X)1 ( G O  L
(T (SEtQ Y (ADO1  X1) ( R E T U R N  ( L I S T  X  y))))
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n SEMANTICS - SECTION 3,9

<FOR,exprrsslon> : jr <FOR,olause> J<FORlolauseP
coo, COLLECTr i <Idantlfler>~ <expression>
(UNTIL Qxpros8lonW

<FOR,claus@> Us FOR (NEW) <Idwtlfler>  CJNP ONa <wcprsstvlon>
I FOR (NEW) <Identlfler> (rxprrsslon)

A FOR expressIon  1s any number of FOR o I ausesr followsd by the
r@swV@d word DOr the rmervrd w o r d COLLCCtl or a rremloolon (1)
togethor with an Identlflrr whloh I8 a two-argument funotlon name.
This 1s followed by an l ⌧l)resslon (the fVbody" of the FOR-loop), which
Is oPtIonally followed by the reserved  word UNTIL and another
exore8810nc A F9.R alau80 Is the rederved word FOR, opt'fonally
tollowed by the reserved word NEW, fol (owed by an idontltler (the
oontrol variable), and followed by eltherr (a) the relretved word IN
or the to8erved word OIU, and an exprssr~on which eva(uteg to a list
(posalbly NIL11 o r (b) a left arrow (~11 followed by an expre68lon
which eva,luates to a number f the lower I Imlt), followed by the
teslerved word TO and another expresslon whloh evaluate8 to a number
(the upper Ilmlf), Th\s la optionally followed by the reserved Word
BY and 6 third 0xDres~lon which evaluate8 to a number (the
intrrment)c

The FOR sxprsselon (FOR-loop) I8 the most ~owetful meta-sxpresblon  In
HLISP, It Is deglgnad to faollltate dealing wlth lndlvldurl  e l e m e n t s
In ll8t8, The ML'fSP FOR expres8lon carries the development of LISP's
YAPLIST and MAPCAR f unctions to their lo$lcal conclusion, ExtVIslve
work has gone Into the d@slgn and lmglenentatlon of FOR eiprraslons.
Used thoughtfully, they can greatly !WWlfy manlpulatlng Iistr, The
F O R  expreaslon 18 not Just one, but many etxpresslon8;  thera IS an
unboundod number of oogalble exprosslons that may be built U P trek?
its syntax,

FOR exPressIon@ orov)d@ the ablllty toI
(A) Steo through a list, dealing with eaoh element In It Individually

(uge IN),

(8) Step through a list, dealing with the whole Jlst, the CDR of It*
the CDDR of It, the CDDOR of It, etc. (use ON),

W S t e p through a numerlcal range te,g, from 1 to 101 usIn any
numerlcal Increment (use '1, Thare are no restrlctlof78  on the1

Iv number@ Involved (lowerpnltp UOP@P llmlt, Increment),

(0) Step through any number of Ilsts and/or numerloal range8 In
barallel (use more than one FOR clauzW,
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(E) Make the control  varlablos local to the body of the F O R - l o b p  (use
N E W  o r t o  p r e s e r v e  thalr values w h e n  t h e  FOR-loop exits.
Contra I varlablrs should be epeolfled  to be NEW w h e n e v e r
aolslble, beoause the LISP oade for NEW varlablos I8 more
effla(ent, Unless you are jnterestod In th8 value of a oontrol
varlablo  after the FOR-loop sxlta, deolare It N E W ,

;F) Control the value r e t u r n e d  b y  t h e  FOR eworesslon, The value
using DO le thr, value of the FOR-IOOP body the last tfme through
the ,000; the value with COLLECT Is a Ilst forTed by APPEND'lno
together the values of the FOR4ooo body eaoh flme through the
IOOP, Altotnrthaly, any two-argument funotlon may b8 u88d to
aenerrte a FOR-e%pprerelon  valuet t h e flrat time through t h e
loopI the value of t h e  FOR-IOOP b o d y  beoomes  t h e  v a l u e  Of t h e
loop) oroh ruoo8rdlnQ time through, the t w o - a r g u m e n t  funotlon I s
apallled to the preViOu8 value of the loop and tb the @Urrent
value of the FOR-(OOP body to yield a new value for the loooN

(G) fermlnate l xeo&lon of the loop at any time (use UNTIL),

Example8

FOR NEW I IN X@Y FOR N*l TO %0 BY 2 DO PRINT <N,I> UNTIL 1 EO 'STOP

In thl8 examole, ffFOR NEW I IN XsYVf rnd "FOR NC& 70 10 BY 2" ape  “FOR
alau8eswt I and N are "oonfro  I varlabies? I Is "locsl" to the body
of the FOR-loop by vlrtuo of its beIn deolared NEW1 N 1s not local.
The exarosslon ~'X(,Y~~ {APPEND X Y) should evaluate to a list; I will
step through that Ilst, being set to the CAR of ltr the CAM Of It,
the CADOR af I t, etc, The control variable  N steps through a
numer  loal range (l-10) In Inorements of 2, The l xproslrlon "PRINT
<f;N>" 1 g the “ b o d y ”  of the FOR- I oop, T h e  U N T I L  uondltlon is “I EQ
‘ S T O P ” , Since 00 ls used, the value of the FOR-loop Is the value o f
"PRINT <I,N>” the la8t tlmo It was exeouted,

The exooutlon of FOR expressIon prooeeds as follows1
(1) The list or numerloal range for each FOR olauae Is ahocked, If

any Ilst la NIL, or If any numerloal range la @xhaurrtad,  then the
FOR-loop exits returnlns Its current valu8 (lnltlally NIL).
Before l xlttnQ, e a o h clause Is examined, If any olause ha8 a
oontrol vorlable whfoh wa8 deolared NEW, that o o n t r o l  variable l a
r e s e t to the value It had when the loop was entered, I f  any
olause h a s  a  Control  variable whloh w a 8  n o t  d e o l a r e d  NEW, and lf
the Hat or range for that olause Is exhausted, then that oontrol
variable I s  bet t o  N I L , OtherwIser the control varlabls lr left
set to the value It ha-d the  last  tine t h r o u g h  t h e  loopr,thls  may
be u8eful for determlnlng whloh ll8t8 or range8 were enhrugtedl
and how many tfmes the loop was executed.
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A numorlcal rango fs said t o  b e  nexhau8t@d~9 lf (a) the InorOmrnt
Is posltlve and the l o w e r  lhlt > tha UPPW Ilmlt, or tb) the
lnaremsnt Is negative a n d  the l.~wsr lhlt C t h e  UDPOr llmlte A n
lnorem~nt of 0 is, of oour8or Illegal,

(21 Newt, each oontrol vrrlable la a8ulgnod a  v a l u e , Thk value 1st
(ai) the CAR of Itr, list If IN 18 used, (b) the rntlre ltst If ON
Is u$ed# or (cl t h e  lowar llmlt  If a numerical rrngo 1s; usad,

r (3) Than the body at the FOR-1000 18 axwwtad, and I value Id
oomputed  f o r  t h e  looa a8 oxplalned  I n  (F) a b o v e ,

E

(4)..Flnal  IY~ the UNTIL oxww8lon (If any) Ir, @whirted, If Ita
value I8 t r u e r the FOR-(oop  wits lmmrd~at~ly~ NO oontro I
varlablecr are reset exoeot the on*8 dealared NEW, wh"kh at@ set
t o  t h e  v a l u e r ,  they had when the loop was entered, Thus all
non-NEW control  varlablaa will romaln 8et to the values they had
wtvn the UNTIL~~ondltlon begame true. This Is somettmerr useful
for tastlno how many times the 1060 was mW?uted,  rnd f o r
determlnlng the cause of tormlnrtlon. Examplet In

FOR 1 IN L DO PRINT I UNTIL 1 EQ 'STOP,
when the IOOD exits I wllI be set to NIL lf It got &II tho way
through the list L wlthaut enoounterlng the atom STOP1 otherwIse
It hill be 8et to STOP,

(5) If the UNTIL expresslon was fake (or non-existent), the I fsb
and numerlorl range9 are advanced as followa: (a) each Il8t IS
set to the CDR of ftselfr (b) In each numerical r a n g e ,  t h e
lncroment Is added to the lower llmlt to yield a new lower Ilmlt,

(6) T h e n  St80 (1) IS e x e c u t e d  WJa(nm

Contlnulng the oxample above, SURPOSO X r '(A 8 Cl and Y 1 '(0); then
e,eclJtlngl

FOR NSW I IN XSY FOR N*l TO 10 BY 2 DO PRINT <N,I> UNTIL 1 EQ 'STOP

would
(a) wlnt (1 A)

(3 8)
(5 C)
(7 0)

(b) return a value of (7 0)~ and

W leave N set to 7,
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The F O R  oxarm$lon

FOR NEW 1 IN X@Y  FOR N*l TO 10 BY 2 00 PRINT <N,I> UNTIL I EQ 'STOP

1s ooulvmlant  t o  the followlng  blookt

BEGIN NEW V, Lla l.2, I1
Cl * x @ YI
L2 * 1;

LOOP1 I F  N U L L  La I L2 GREATERP  1 0  THEN GO EXITi
I * CAR Ll)
N - L2;

Y
- P R I N T  CN,I>I

F I EQ ' S T O P  T H E N  R E T U R N  V,
L l  * C D R  Lli
L2 - L2-+ 21
GO LOOP1

EXIT, I F  N U L L  L2 T H E N  N  c NIL!
RETURN V;

ENOI
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gxanoles of FOR OXP~OS@IOW~ Suppose l. = ‘(A W,c)

FOR NEW I IN L DO PRINT I
. .

would print

FOR I IN I. DO PRINT  I would print

FOR NEW I ON L DO PRINT I

and return D

Set 1 t0 NIL
and return 0

w o u l d  Print

46

A
fB,C)
D

A
;B,C)
0

(A tB,CI  0)
(;B,C) 0)
(0)

and return (0)

FOR NEW I I N  l. COUECT P R I N T  <I> would print (A)
UB,C))
(0)

and return (A (B,C) 01

FQR I IN L COLLECT PRINT <<I>>

FOR NW I ON l. COLLECT PRINT I

1
FOR NEW I ON L ) APPEND PRINT I

b *

would print UA))
WB,C)J
((0))

set I to NIL
and return ((A) ((B.CH (0))

would Prtnt (4 (B,C) 0)

IF) u)
and return (A tB,C> D f&C) 8 0)

would have exactly the same effect
as the preosrdlng FOR exmabsbn.
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FOR I IN L DO PRINT I UNTIL NOT ATOM I would print A
(B,C)

set I to (8.C)
. . and roturn (B,W

FOR I ON l. 00 PRINT I UNTIL NOT ATOM CAR I
would ptlnt (A (B,C) 0)

UB,C) 0)
get I to ((B,C) 0)
and return WLC) 0)

POR NEW I IN L COLLECT PRINT <I> UNTIL NOT ATOM I
would print (A)

x. (cB,W
and return (A (B,CH

FOR I ON L COLLECT PRINT I UNTIL NOT ATOM CAR I
would print (A (BJ) 0)

((B,C) 0)
set I to ((B,C) 0)
and return (A (B,C) D (B,C) D)

FOR NEW I.4 TO 4 DO PRINT I would print 1
z
3
4

and return 4

FOR NEW 14 TO 100 BY 30 DO PRINT I would print 1
31
41
91

and raturq 91

FOR NEW I*10 TO -10 BY -5 DO PfVJT 1 would Print 10
3
0

* -5
-10

and returrr -10
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FOR 1*3,14 TO 8,69 BY 0,002 DO PRINT 1 UNTIL I L 3,2
Would print 3,14

. . 3,16
3,%8
32

set I to 3,2
and return 3.2

FOR NEW I IN I. FOR NEW J*). TO 10 COLLECT PRINT <I,J>
would print (A 1)

((B,C) 2)
(0 3)

and return (A 1 (B,C) 2 D 3)

FOR NEW 1 IN L FOR J'i TO 10 COLLECT PRINT <<I,J>>
would print ((A 1))

WB.C) 2))
((0 3))

set J to 3
and return ((A 1) ((f&C) 2) (D 3))

FOR J*l TO 10 COLLECT
FOR I IN L COLLECT PRINT <IrJ>
UNTIL NOT ATOM I

UNTIL Jlr3

and return

would print (A 1)
C(B,C) 1)
(A 2)
UB,C) 2)
(A 3)
((B,C) 31

set 1 to (B,C)
set J to 3

(A 1 (B,C) 1 A 2 WC) 2 A 3 (B,C) 3)

DECK *
FOR NEW SUIT IN '(SPADE HEART DIAMOND CLUB) S;OLLECT
FOR NEW IV1 TO 13 COLLECT

<<SUIT,ND;

;
would ret DECK *

((SPADE 1) (SPADE 2) eto, (SPADE 13) (HEART 1) (HEART 2) (ve 1
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As ka8 stated In (0) above, more than on@ Il’st or numerloal rang@ may
b e  atemod  through in orrall@l, Below are some oxamples 0) Paral  Iel
FOR's (*)I ._

EXPR PAIR-UP (VECTOR%, VECTOR2))
FOR NEW Xl IN VECTOR1 FOR NEW X2 IN VfvTOR2 COLLECT <%l CONS X2>I

‘(A B C) PAIR-UP '(1 3 !3 7 9, Ip W.1) (8,S) G,W)
'("JOHN" CDR) PAIRUP '("SMITH" (X)) IL (i"JOHN","SMITH")  (CDR X1)

vqctor ooeratlonrr aluo provldo  a n  lntere8tlno way t o  ~WOrn~l~s~ thlst

'(A B cl CONS+ '(1 3 5 7 9) a ((A.11 (BJ) (c,g))
~(~~JOHN~~ CDR) CONS* t(tWIIT~n (Xl) Z ((tt~O~N'r,t*SMIT~")  NOR Kj)

EXPR STRIP (ITEMS, VECTORII
BEGIN NEW VI

FOR V ON VECTOR FOR NEW I IN IfEFtS 00 NIL UNTIL J NEQ CAR VI
RETURN V

ENO?

'(a b Xl STRIP '(a b c d Q)
Vi b O) STRIP '(a b O d a)
‘(a b c) d o f) STRIP '(a b O d 01.

le3 (o d e)
c I (a b c d e)
a NIL

EXPR :WHEREIIN CX, VECTOR)1
BEGIN NEW V,Nt

FOR v IN Victor FOR N*l TO 1000 Do NIL UNTIL v 3 XI
RETURN IF NULL V THEN 0 ELSE N

END1

'a WHERE-IN '(b c a d) 0 3
'2 WhERE-IN '(b o a d) ID 0

(6) I #ilp Indebted to Larry Tesler for gugg@stlnQ thew exwnpleu,
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<WHILE~rxprssslon> :I+ WHILE <exPywslon>  =ool RkLEct~ <mPresslon)

<UNT~L,expresslon> : I= COO, COLLECT3 C6xpresslorO UNTIL <eXprSSSlon>

A WHILE oxprrsslon is the re@erv@d word WILE, followed by any
l xpresslon, followed by slthor of the reserved words DO or COLLECT

r and another repression (the "body" of the WHILE~IOOP), An UNTIL
expresslon IS dther of the reserved words DO or COLLECT, iolIow@d by
any sxPrssslon (ths "body" of the UNfIL4oop)r followed by the
rrwrv@d word UNTIL and another ax~ress[on~

WHILE and UNTIL rxprssslons ara two more of the MLISP
~~metr~expresslons~~, They have no direct counterparts In LISP, They
are translated Into LISP PROG's, Tholr e%soutlon Involws iteration;
i t  d o e s  not involve roourslon, Therefore, these loops may be
e%ecutOd any number of times wlth no danger of overflowlng the
pushdown list,

I The @x@cUtbn Of WWSLf ewpresslons ls carplod out as follows,
(1) The expression after the WHILE Is evaluated, If Its valus Is

NIL, then the loop exits returning its current value (Inltlally
NIL),

(2) Then the body of the WHILE-ioop Is evaluated and a new value for
ttw loop Is cornouted, As with POP e%presslonsr  DO and COLLECT
oontrol how the value of the WHILPloop Is built up, Wlth DC,
each time the body of t h e loop Is axeouted, the value thet

+ results becomes the valur of the WHILE-loop; with COLLECT these
values ora APPENDNed together, Then step (a) Is carried out
agaln.

UNTIL: expresstons we very slmllar to WHILE expresslons, The only
dlffarwm Is that I n  WHfl,J-l00~8  the test for the terminating
oondltlon Is made first and then the body Is exaouted) whereas In
UNTIL-loops It is made sooondr after the body has been executed,
This means that In UNTIL-loops, the body of the loop is sUr8 t0 get
executed at least once; but In WHILbloops  It may not be executed at
all, To get a drscrlptlon of UNTIL-IOOP~ ) just Interchange steps (1)
and (2) abovm In the dasorlptlon  of WHILE-loops,

r As an s%amPle of ths power of using COLLECT wlth WHILEqoops and
L lJNTIL4ooosr suppose an Input file oontains a sequence of lists In

the form!
*

(DEFPPGP <funotlon,namo> <lambda,body> Cfunctlon-tyoe%
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whfth Is a standard form for LISP 1,6 function d@flnltlong,  Suppose
It IS dealred to a8gamblo all the funotlon names ln the file Into a
I Ish orlntlna out eaoh funotlon name as It Is read, Eaoh of the
folloWh two r%or@ss~ons dors this,- Concjse strtemontq if ~omp1ex
o%pr@sslons suoh as this irr ORO af the primary purposes  of #JSP,

L * WHILE NOT ATOM X*READ() COLLECT <PRINT x[2]);

%*REAOOI L- COLLECT <PRINT Xf23> UNTIL ATOM X*REAR()1

ExamPIes  o f  WHILE axPrrsslonsr

WHILE A8B DO A*FOO(A,B)

WHILE ATOM X*READO. 00 PRINT X

WHILE XZl0 COLLECT PROG2(X * %+l,<FOO(X,Y)>)

WHILE 4X 0 L) 00 X-READ0

WHILE -STOP 00
BEGIN

NEW 1x1~) SPECIAL  1x1
1X c REAOW

Y l FOO(!X,REAR(),REAPO)j
IF IX EQ 'STOP THEN STOP*T ELSE PRINT Y

END

bcamplss of UNTIL  ~x~rasslonst

00 A*FOO(A,B) UNTIL A#B

00 PRINT X UNTIL NOT ATOM XcREADO

COLLECT PROG2fX * X+l,CFOO(X,Y)>1 UNTIL Xalca

00 X*REAOO UNTIL X c I.

00 BEGIN
NEW IX,Y; SPECIAL IX;
IX - READor
Y * FOOt:X,READ( ,READo 1
IF :x EQ 'STOP TH N STOP@1: f ELSE PRINT Y

END *
UNTIL STOP
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. SEMANTICS  - SECTION 3,11

tasslgnrrrnt,expresslon> 113 ~rogular,asalgnment>
I <array,asr(gnment>
I <Indox,asslgnmrnt>
I <droompo8ltlon>

<Identlfler> * Qxpr9sslon>

<arr8y,asslgnment> 81% <ldontlflrr> (Cargun?ent,ll8t>) * <expressIon>
I.*

(I I ndox,a88 I gnment> ~8 <ldsntl%r> C<argumrnt,ltuf)> c (expression)

<docomaosltlon)
. .

11%

The rsslgnment expression 1s one of the most powerful expressIon In
MLISP, With it, one can change the value of a varlablo, store into
an a r r a y ,  ohango a single element In a list leaving the other
elements untouohed,
In all casesr

o r  dooompo80  a list according to I, V;;Rl$e*f.
the value of an asslgnmsnt expresslon Is the

the exPressIon on the rfghf-hand side,
at

Maklng an 8sslgnment rxpresslon a <slmple~expreoslon> has
jntere8tlng  PtoRertyl  It removes the assignment Operatoy  (6,) fr01n tG
norm81 realm of lnfjx operators, In particular, when

. ATOM X * READ0

1s enoounteredr lt 1s reduoed aa follows:

ATOM X * READ()

<prefix,&erator> Cldentlfler> c CexpresslotQ

<Weflx_ber*tOr> <asslgnment,express~on>
b

Cprotlx~opWrtoO <slmPle,axarrsslon>

<slmolec~xPresslon>
4

<eiore8slon>

and so the prefix WUI modify the
However, for Inflx ODeratorb, when

entlre aardgnment oxpreaalon.

ATOM X 8 READ0
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is enoountevdr it 18 roduood a81

ATOM X 8 RcAot 1
4 . .

Cpreflx,operator) Cid@ntifier> WWx,opwrtor> Corprr8ulon>

<prrfl&errtor> Csimpl~,rxprrsllon~  Ctnflx,opvrtor> <anprr88lon>

<slmpIe,:xPr,srlon> Ctnflx,oDerrtor> <exorosslon>

<Wress!on>

and-so thra;i;flx will modify only fh@ IdenWhr, The asrlgnment
operator Ilko k ha8 an wtrmoly hloh loft bIndIng power
(bIndIng powers ere dlaou88rd In SECTION 3,3), and an rxtreme(y low
tight blndlng power, whloh It dams1 the ieft blndlng dower 18 $001
and the right 18 0, In other word8 1 the l'eft blndlng POWO~ of * Is
stronger than any-hffx  ot proflx # while the right blndlng.pbwrr of h
Is baakot than any InfIx or oroflx, Therefore,

ATOM X @ F?cAfQ) * ( A T O M  tSE=TQ  X (READ)))
wher@ar

ATOM X U READ0 * JAN0 (ATOM  X) (READ))
ATOM X CONS READ0 * (CONS  ( A T O M  XI (READ))

l t8t
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Regular aadunmont

The regular rrslgnmont Is; the a l - m o l e s t  o f  t h e  optlong, It Just
translates  I n t o  SET& the left-hand side mu8t be an ldenfjfleri the
right-hand  side may bo any expresslon. Examlet

x - Y+l a (SETQ X (ADD1 Y)>

Array as8lQnment

The array l aslgnment 1s the means for ator lng value1c) lnt0 a r r a y
oell8, LISP 1,6 permit8 l-5 djmenslonal arrays a8 a data struoture,
The assignment ooerator I8 bore translated Into STORE, The left-hand
sld. muwt be a SalI on an arrayi the right-hand side may be any
rxDre88lon, Examplet

A&J) c Y + 1 4 (STORE (A I J) (ADO1 YH

Inde% asalgnment

The Index aaslgnment provides  a moans for ohanglng  a Single element
in a Ilst, loavlng the other elements untouohed, This faclljty I s
not read1 ly available In LISP, The left-hand slda must be an
identlflor whoso value i8 a llatr followed by an lnde% lfst as ln
Index exprrsslons (SECTION 3,131; the right-hand side may be any
expressIon, The fndex llat Is used to reference the looaflon In the
Ilst which Is to be changed, Into Chls location Is plaoibd th8 value
of the right-hand sfde, Ewamplo? If

L = (A 6 (C 0) E F),
then

would ohango the value of L to

L = (A 6 (1 0) E FL

It h DermlSslble to plauo valu@a lnto 0ell8 whloh did not ailat In
t h e  original llatr In this ca8er NIL 18 placed Into any looatlons
that had to bo oreatwj, Examolel

would ohanw the value of L to

L = (A 6 (C D NIL NIL 1) E F),
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Oscomoosltton rssf8nment

Tl?o decomaoslt(on agglgnmgnt 19 the most oowerful In MLISP,  It
provldm a means of dsoomposlng a. list acoordlng to I *3smplatew.
the left-hand sldo is a slm~lo r%orosslon whloh 9hould svalurts to an
s-expreg8lon (the tomo(atg)l the right-hand side may bg any
gxprogglonr The tgmolrte Is an g*gxPresston oompoggd of vrtlablggr
eeoh at which 1s to be sat to the slcrmsnt In the oorresoondlno
locrtlon of thr rfaht=hand sldo, harcrafter oallgd the "RHS**,

On0 ward of orutfonr If the deoomPo9ltlon asslgnm9nt gnprgsslon Is
u s e d  In a oompllgd program@ all th9 v9,rlables in the temp(rts mu9t b9
dot Iired SPECIAL, Othetwlgg, the vatlablss will nbt bs aet
oorrWW,

Example:

'(X Y 3) *. '(A B (C 01 E FI

would @et

X to A
Y to B
t to (C D),

Rsgullrr assignment 9xpre99lon9 are a 9ubS.t of dsoomPo9itton
rgrlonmrnt OWr@gslOng, Any regular agglgnment, guOh agl

. x - Y+l

may be wrltten as a trivIaI daoomposltlon rsslgr!m@ntl

orovlded X Is deolafsd SPECIAL,

the deoompogltlon a99lQnmont oxpregslon ralggg the Interegtlng
posslbllky that goma Va?labl@8 may Ml I to get set bscaurg the
template structure In whloh they ocour dogs not oorrsgpond to the
;;;;iFur;,of$e rlght-h9nd slds ww, Any suoh var/able which

to an RHS valu9 I9 s9t to'NIL, A temolate .vrrlabls
will alhays be set to an RHS value If thg ternplats posltion In whloh
It oocurg Is V%ompatfblsV~ with the corrg8pondlng RHS posk'fon, The
only Vncompatlb(ef* ea8@ Is when the template posltlon Is II.
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nOn'~tOmlG 9m~~p~~9910nt a n d  th9 oorr88pondln@  RM poshton I s  an
atom a I n  thfb oags, a l l  v9rlabl99 ooouoylno the tncomPatlble
tomplato posltlon will bo sot to NIL,.. Example1

‘((X Y) t) *e ‘(A 8 (C 0) L F)

w o u l d  *at

f
x,Y to N I L Booauss the first t9mplata oosltlon Is a

Ijet CX Yb wherras t h e  first RHS PosItIon
Is an atom, A. fhus the fIrat tamolate
oo8ltlon Is V!comeatlbl9** with the %st RHS
posltlon~ and the varlrables In it are set
to NIL,

t to 8 Beoauge the soognd t9mplate pisitlon Is
fP90mpatlble" with the aeoond RN posltfon,

The CDR of th9 RHS mry bo obtalnod by 9 dotted p&lr In the tomplatrt
t

'of Y ) ii) *@ '(A 8 IC 0) E F)

would set

X to A
Y to 6
Z to HC 0) E FL

Sup;ose L = tA B (C 0) f 0, The ilst L Itself could be used as the
tsnplatot

: L ** '(1 2 (3 4 5 6 7) (8 9))

would 99t

A to 1 In thl9 case Al EL C, 01 E and F must all b e
B to 2 doolrred  SPECIAL,
c to 3
0 to 4
E to (8 9)
F to NIL,
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Flnal Iv, a f9mrtoh anythIng'@ symbol la avrllabla for uso In the
tgmplato! an und9rbrr (J, This symbol will mrtoh any amount of Ilst
afruetur9 neo9ssary to mrk9 the template match the RHS, Ewamplsl

‘f, X) ** ‘(A B (C PI E PI

would set

X to F Bsoause the template spsolfies  that the value
f o r th9
l lam8nt In

va;rt:bkH; should occur as the last
Ths underbar

(A 8 (C 0) E) In thl; oass,
mrtohsm

Using th
deoOFP49
9revlous
boaltlon
undorbar
EXACTLY
Y failed

a undo? bar symbol In a tsmPl8to oausss the evaluation of the
ltton a98hnm9nt 9xpre99  I on t o prooeod dlff9t9ntly:
Iv, my varlabls would be set It It was In a tomPlats
oompa tlble with the oorrsspondlng RMS poskion, Using

8, howe vrr‘; may rsaulre that the template struoture match
the RHS struoturm, Consldor the example above In which X and
to get set, W9 oould now write:

‘L tx Y) t ,) *@ '(A B tC 0) E: F)

whjoh would set

x to c
Y to D
2! to E,

Note1 nolther '(, (X Y) 2) nor '((X Y) Z ,) would Work4 bSc9U89 In
Wyo~l~;~  0;;; $0 R H S  w o u l d  have to be In the torrn (,,, (* #) e),

t 9nd In the sroond 0888 It would have to be In th9
fcpm ((0 *I * ,,,)I whloh I t  a l s o  I s n ’ t ,

Th9 uggr should exP9rimsnt with th9 d9aomPoaltlon aselgnmgnt to
gure -ho undsrstrnda Its oprrrtlon,

make
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Examol8s of a98lgnment 8rgrr991gn91

Regular asrlgnmontst

X*,+10
x - Y * Z * NIL
X . A + B * 10
x - A+B@C+O
NOT ATOM X * READ0* NOT ATOM X & READ{)
NULL A * B . FOO(x)
NULL A I 8 I COO(x)
NULLCA I 8 I FOOOH)
A + BEGIN

NEW TEMPz
TEMP l READ;)I

FWJT 'START4
RETURN TEMP

END

Array rsslgnments;

x(l) * A + 10
4(I,J) * FOOW
A(0) l A(1) * NIL
x(1) * A + B(0) l 10
A(I,FOO(J),K+l) - T
A~lJ,W,W * 'FIVE-D *
NOT ATOM X(11 c REAOO -
NOT ATOM XC&) 8 READ0 l
NULL A(1) * 8 h FOO(X) -
NULL AW I B I FOWX) -
NULLMl)  I B 1 FOO(X)) *

Index isslgnmsntsi

SUDPOS@ L = (A 8 ;C D) E ?I,

LCll * 1 would sot
LC23 * 1 would set
LCV l 1 would set
LC34 * 1 would set

i Lh181 L 1 would sot
LC2,3#21 b 1 would set

50

. .

(SETQ % (PLUS A 10))
(SETQ X (SETQ Y (SETQ t hfIL,))
(SETQ X (PLUS A (SET0 B 10)))
(SETQ X (TIMES A (SETQ 8 (PLUS C 0))))
(NOT (ATOM (SETQ X (READ))))
(AND (NOT (ATOM Xl) (READ))
(NULL (SETQ A (SETQ B (YOO x)>))
(OR (NULL A) B (FOO X)1
(NULL (OR A B (FOO X1))

(SETQ A (PROG (TEMP)
1 (SETQ TEMP (REAP))

WRINT (QUOTE START),
(RETURN TEMP)))

(STORE (X 1) (PLUS A 10))
(STORE (A‘ I J) (FOO x)1
(STORE (A 0) (STORE (A I) NIL))
(STORE (X I) (PLUS A (STORE (9 0) 10)))
(STORE (A I (FOO J, (ADO1 K)) T)
(STORC (A 1 2 3 4 5) WOTE FIVE,D>)
(NOT (ATOM (STORE (X I) (READ)~))
(AND (NOT (ATOM (X 1))) (READ))
(NULL (STORE (A 11 (SETQ 8 (FOO X1)))
(OR (NULL (A 1)) B (FOO X))
(NULL (OR (A 1, B (FOO X)))

L = (1 ;II (C D) f F)
L 01 (A 1 (C 0) E F)
L" (A B 1 E F)
L g (A B (I 0) E F)
L = (A B (C D) E F NIL NIL $1
L = (A (NIL NIL (NIL 1)) (c D) E F)
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, sEM4NTICS - SECTION 3,12

<functlon,cali> :¶a Cfdontlflar) ( <arwm@nt,JtBt> )
I <LAMBDA-s%vesslon) I ( <argument,l(st> )

resslon>
tY>

60

A funotlon  oall Isl an tdenttflrr (a funotlon name) or a WlBOA
@xPr*@dOn (a funttlon body) followed by an rrgum@nt  IlBt @nolO@$d in
barentheaob, An Wwm~nt llvt Is any number of OXprdS$jofj~, p088fbly
nonb raoaratad by commas,

L i t t l e  wed be #r(d about this, E~~~ntlally  t h e  o n l y  dlffl)pence
betW*en thb afld the LISP way of writing function aall 1~ that the
kctkn nam@ ha8 beon brought outslde the p~ranth~8ag,
argunOnt#

Aleo the
are 8eParatod by uommal,

arbltrvy eXDrU$iOn&
The aroumonts may br, a n y

B
hmolw of funotjon call81

FOO(X) * (FOO Xl
FOOobY,i!) d (FOO X Y t)
COO0 * VOO)
FOO(A+B, Cl *
COOtIF A THEN B ELSE C) l

(FOO (PLUS A 8) C)
WOO (CON0 (A 8) (T C)))

The' same funetlon calls, written au LAMBDA expres8fons:

LAMBDA(L)) FOCI(L); (X, * ((LAMBDA (L) IF00 L)) X)

LAMBDA- (A,B,CH
Foo(bB,01 *

(X,Yd)
((LAMBDA (A B Cl VOO A B C)) X Y t)

LAMBOAO; FOOOj () 4 ((LAPBOA NIL (FOO)))

LAMBDA (X,Y,;L),
FOO(X+Y, E);

(A,B,C)
d ((LAMBDA (X Y i!) (FOO (PLUS X V i!)) A B Cl

I LAMBDA <L)t FOOrL,; *
(IF A THEN B ELSE C)

((LAMBDA (L) ;FOO L)) (COND (A 8) (T C)))
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, SEMANTICS - SECTION 3.13

<lndrx,expre8slon> tl= <slmple~rxpre8sion>  E <aroument,lW>  1. .
<atgumwltJlat~ 8;~ <expre88lon) (, Cexpre88100)+

I <empty>

An Index expresston 1s a simple exbresslon8 followed by an argument
* Ilat onolosed In sauare brrokot8 CL An argument Hat ts any number

of oxpro8slons (Dosslbly none) separated by OommaI),

The'MLISP Index rxorsssion fills a orltlcal deflolanoy  I n  LISP1 there
Is no easy way to refrrenae  an arblfrary cell In a Il8t, CAR will
obtain the flr8t element, CAOR the oeoond, CAQDADDDDR the third
element In the fjfth elemonf of the Ilst, ato, But CADDADDDDR Is
nelthef (1) very under$tandable, not (2) variable, Th* latter I s
Important 8lnee It oaorsfonally happen8 that the u8or does not know
until runmtlme Whbh element  of a list ho will wl8h to acoo8ac

The MLISP Index expre8slon sllmlnatea these objsotlons, Lt5,3g 18
the same as CADDAODDDR, but ft 1s a good deal more readable,
Furthermore, the index arguments may contain  vwlables, in fact
exprasslons~ LCNI, LCI,J,KJ, LCZ"N), etc, The Index exptrsalon,
then, I8 a gen~rallzed vrrarlon of CAR, (A generallted verr'fan of CDR
also exlst8 (SUPLIST)  and Is Wplaln@d In SECTION 5.2 0)

When Index l xpresslons are cornoIled, they are exPanded by maoro8 Into
highly OP Imlzed cods!

L!5,33
jnsuto8 that the*

(CADDAn (CDPDDR L))
Tt; s

1
sxooutlon of Index emresslonr  w ll be very

9f I0l@nt In oompllsd otograms, In Interpreted programs, t t Is more
offlclont to Issue a call on a rutMIme funWon,

Examples of Index expresSlon8l

SuPPose L 10 (A I3 (C (0 El F) G H),

LClJ u A 4 (CAR l.)
LC21 ~8 4 (CADR L)
L133 s (C (0 E) F) * (CADDR L)
LC3,l;l = c 4 (cAAD0R'L)
LC3,2;13 8 0 + (WAR (CDADDR L))
'(A 8 CIC33 2 c + (dADoR iQUOTE (A 8 CW
GEWh'VALUEIC2J * * (CAOR (GET X (QUOTE VALUE)))
(Ll e L2)C1,21 @AbAR [APPENO LA L2))
(FOR NEk I IN I. COLLECT <CAR &2&N, M/3 + 13
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n SEMANTICS - SECTION 3,14

qlst,rxatrsslon~ : 18 c <argumont,llst~  )

<arwnent,ll8t> : ta ~oxprosalon~ (4 COxpre88lon>)*
I < e m p t y )

A Iht •~Pw~o~ 1s a loft angled bracket (0, followed by an* argument Ilst, Wlow@d by a rfght angled bracket 01, 4n argument
lbt 19 any  number  o f  exPressIona, po!Wb(y noner separated by
aommrsfi

this la the MLfSP 8qujvalQnt of the LISP LIST tunctlonl <A,B,C) Is
tran$lrted Into (LIST A 8 0, <h8,~Cd0,EIF> Into (LIST A 8 (LIST C
b) E F), eta, Anqted brrokets  are u8ed to make Ilsts oonclso and to
cut down further' on the number of
hnctlon callar

parsnthrsa8 Waded, As with
th@ arsummts lrwldo the lht brackets may be any

arbitrary exmmsslone,

Examples o f  list exptessl0nS~

0 l

< A > *

<A,B,C) d
<A,<B>,C> 4
<�A,8 CONS C CONS O> l

<X+lBr  MY>>,  NIL> *
<IF A THEN <B> ELSE C> d

(LIST)
(LIST A)
(LIST A B C)
(LIST A (LIST 8) C)
(LIST (QUOTE A) (CONS B (CONS C 0)))
(LIST (PLUS X 10) (LIST (LIST YH NIL)
(LIST (CON0 (A (LIST B)) (7 C)))
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. SEMANTICS - Sr;C(rION 3,15
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<quotod,oxpresrion) at8 d <a-rxprosslon>. .

Ita <atom>
I 0
I ( <s=axpr~Won> I <8~sxprWWpn? 1
I ( Q-expreaslon>  {W <8-exprrss?on>)*  )

*

A Quoted exprasslorl 18 the quote mark W followed by an
a-•xprar8lan, An MLISP S-OX~FWSIOQ IS Just the Same @3 a LISP
#-e+cor@s8lon,  exoapt that eaoh fdontlfler in It murt bo a legal MLISP
Idmntl%rc I n  pWtlculW8 any $peolal charaotQra (charaot#rr  whloh
are not MLISP httars or dlglts) must have t h e  Ilterrrlly crharroter
(3) In front of them,

Note that there Is ino fewor level of parentheses needed with t h e
MLISP quoted l xprarsion than with the LISP QUOTE function, This Is
part Of th@ effort to cut down on the number of parenthQ$eg reaulrad,

Examples of quoted express(onsl

@A
'NIL
' 0
‘(A B W
'(A&C)
'(a b 0)
@IA,81
‘(A B ?*C?* O E)
‘(Ar 16,01 (E,FL 0)
‘(A (8,c) ?a 0 I E)

(Q
ua
(0
(Q
(Q
(0
(Q
(Q
(Q
(Q

JOTE; A)
JOTE NIL)
JOTE NIL)
JOTE (A 8 Cl)
JOTE (A B C))
JOTS (a b 01)
JOTE (A,B))
JOTE (A B *C* 0 f))
JOTE (A i6d (E,F) 0))
JOTE (A CB,C, m O , E))
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e SEMANTICS - SECTION 3,16

<ldentlfler) IIS <Irtter2 ( Wetter>, <dIgit> )e

qetter> ::s cA4 Bt Ct,,, 2, a, bp 080*v x, -B I, I=,
I <Iltarally,tharacter>  <any,charactv exoapt 70

qiteral(y,character) 1:s 3

r

An Identlfler Is an MLISP letter followed by any nufnbgr OS MlJSP
letters or dIgIts, An MLW letter 1s any of the upper or lowor age
let.ters of the alphabet, or an underbar (-1
aolnt (I),

# colon (0 or exclamation
or any character exoept X areceeded b y  t h e I lteral ly

charaoter, The litorally character Is a auostion mar)< (71, The
oomrent character  (X) may not be Inoluded because LISP 1.6 won't
alloN It to be umd as anythlng exceH the start or and of a comment,

i

;;;;rb;;i 0;;;; and exclmmtlon Point arc, oonsldered to be letters SO
can orsil~ oreat@ UnUWal names for var)rbles, The

Ilterally  charrcter 1s a flag to thr translator to take the next
character llterally and conslder It to br, a (otter, even If the next
aharacter would ord]nart(y have a dlfferont meanfqg to MLISP, fhia
enables the user to Inolude virtually any charactor exaept % In
var lable names, HOweverr the user must be sure that hlrr LfSP system
won't objeot  t o  any  o f  the ohoracters  In hjs Idmtlfler$, Note; rl I
of the funetlon8 and varlrble naws used by th8 MLISP  translator
begln with 8n amaersand (6)~ 80 It Ia unwlss to US@ such names,

Exatr.ples  of Identlfisrsr

x *
Xl l

AVERYLONCSTRINCOFLETTERS *
A_VER!-LO~GISTRrNCIOF_LEftERS  *
x 4
Wl 4
averyl~ngstrlnsofletters 4
a,very,long,strlng,ofJetters  4
UPPERlandJower,caae,faENTIFIER  *

c
e

OSKt *
TTY1 4
ISYSTEM,VARI48LE,357a *
33 4
3) l*
31 *
AB?G?+DE *
?*,r : ~?#?~?s?t?c?,?C?J?c?> I)

x
X1
AVfRYLONGSTRINGOFLE~fERS
A.VERY-LONCIStRI~C,OFILEftERS
x
Xl
averYlon9atrlneofl~tt~~~
a,verY,long,strlng,ofJett0rs
UPPERland,lower,tase,IDENTIFIER

OSK  I

TTY1
ISYSTEM,VARIAsLE,357a
3
1
1 (an Identlfler, not a number)
AB~C+DE
*: t,ww )CJ,<>
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fi SEMANTICS - SECTION  3,17

(number) tts c t ntegcso
I OCTAL <octal,Enteoer>
I <real>

CIntrQer~ tlo <dIgIt, MdleltW*

<dlglt, Us ~0, 1, 2, 3, 4r 3, 6, 7, 8, 93

<octrl,lnteget) It= <octal,dlgW Moctel,dlgltN+

<oc$i,dlgk>  ff: =0, 1, 2, 38 4, 3, 4, 73

Oeal>

<sicponont>

: I+
I

$2 I

<Integer) CaHponent>
cinto9er)  O <Intog (CexDonentV

E {c+, -3) <Inteoer>

65

Three typo@ of numbers ato pormttted In ML,ISPI lntm$wlr (baa@ 18)~
Integers oroceeded by th. re8erved word OCTAL (base 8), and ~41
numbers (base 10 r(lafn), An Integer It 4ny secwnoa of dlaits, A
rea I n u m b e r  1s ejthrr an Integer followed by 411 exponent or two
\ntogers separated by a decimal Dolntr oDtlonally followed by an
exponent, An exponent 1s the Iotter E, OOtlonrlly followed by 4 PIUS
or minus slgnr followed by an Intwer, There should nwer be sp40es
between any of the parts of 4 number, exceot after the word OCTAL,

All number8 are taken to be decimal numbers unless prec@eded by the
word OCTAL, Octal number9  are Included beoause they are uged In many
oomPuter aoPllo4tlons, Exoonenta provide  4 compact way of
representIng very large or v@rY mall real numbors, Only fnfwer
e%ponentl) ato allowed 8 but they may be either positive or negaflvo,

P(us.W and minus (-1 algns 4~ not prrt of tho Wnt4x tar numbers
(eimept In the exponent), Plus and mlnu6 elm8 at4 dsllmjters~ and
they are treated as either Pretlx or lntlx operators by thm
translator,
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Examales of numberat

1
10
145968

987,005
1x+4

, 081
0,00@123E=5

OCTAL l0
OCTAk 144
OCTAL 777777

-145,12
x-145,12
+98765,43210
x+98765,43210

Note; ,l

L

4 1
* 10 --
4 145968

* 9,870051;2
4 1,3E5
* 1,0E=1
* 1,23E-9

* 0 (dooimal)
98 100 (deolmal)
* 262143 fdeolmal)

* (MINUS 1,4512E2)
a WIFFEWNCE X 1,4512E2)-=.
r) 9,8765432iE4
* V'LUS X 9,87654321c4)

Is not allowad; US@ @,l hwteadc

66
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) SEMANTICS - SECTION 3,18

Cstrlno) 2 ta ** (<any,chrraoter  except " or x>)+ "a.

A string Is a strlno quote ('% foll~wsd b y  a n y  sequanoe  of
charaoters exoept the string wote or X8 followed by 4 second strlns
auote,

Strlnss aipe a speofal MLISP data structure Introduced primarily to
facllltate InmWoutput, Sever41 etrlng manlpulatlon ferturss a r e
\nc+uded In MLISP to make strlno hrndllng easy@ These 4rs de$orlbed
in SECTION 5,l Woweverr MLISP Is not a strln9=m4nloul4tt0n
langua9eI It i/a Ilst-prooosslno and symbol-mrnloulat!on  Ian9uage.
Most of the strlna-handlho routlnet a r e  fairly tlms consumlng~
reaulrlno  4n elceoutlon time proportIonal to the length of the
string(s) Involved'; therefore@ If pos8lble llmlt string m4nlpul4tlon
to Input/output opsratlons, or nt least to operrtlons which 4re not .
oerformed often, If It Is neoessary to do a l o t  of strlns
manloulatln9, the user should aonslder usirw some other1 more
suitable, language, since MLISP processes strln9s Inefflolsntly,

Strlno are stored by LISP 1,6 as un-INTERNEO (l,e, not an the OBLIST)
rtoms having a print name oonslstlng of the charaGters In the string,
and lnoludlnla both string cwotes,

ExamDIes of strings:

‘1 ” *
“T-HIS IS A STRING" *
Vhls 18 a l s o  a strjng?*
"123,;~<~0?1*" l

" 1' *

WJOTE "(( 1
(QUOTE "THIS IS A STRING”)
(QUOTE *‘This la 4180  a str!ng?)
(QUOTE "123,:~<>0?;*")
(QUOTE " 11 1
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, USER OPE;RATION  OF MLISP - SECTION  4.1

ThlS SeotloO  tell8 the USO~ how to get a n  MLISP  program running,. .

(4) Tran8latlng MLISP Programs

There are two versions of HLISP, both rebldlng on the sy#tsm area
the dl8k:

68

o f

MLISP - a core Image contalng LISP and MLISP,

MLISPC - a core Ima9o oontWUn9 LISP, HLISPr PPRINT (the
"pretty-print" funotlons)r 'and the LISP complhb

Those OOPO Imagoa may bo loaded by tYPlnQ1

R MLISP or R MLISP <corr,slze>
and

R MLISPC or R MLISPC  <Qotr,slze>

L The COr$ site of MLISP ls 23K, and Of MLISPC 35K, Them should be -
auff Iclont to handle all but the largest programs, If 170% a larger
dOrO Sh Will have to be spe~ifled,

The MLISP bore Image should be used If the user wants to translate
his MLISP program and then execute It, The MLISW v@r~lon should be
used only If the user want8 to translate his MLISP program and then
aomplle It or Pretty-print out Its LISP translation, For large
(dabu99ed) br09rams, the most l fflclent use of core Is at;hlevsd by
complllng the M L I S P  orogram with MLISPC, and then readlng the
oompl lad oode Into a rWeshn LISP system (l,lr, contrfning nothing
e l s e  b u t  LISP), Comp)lfng the program has the followin advantages:
(1) 7h.e program runs about 10 tlmes faster compllad than Interprated,

(2) ML'ISPC lncorporatea some e l a b o r a t e  macros whl6h expand FOR~loops,
wILE~looPs, WTIbloo~s and I ride% expresstons Into hlohly
optlmlred oode, This further speeds UP their execution, MLISP
Is very complier orlsntedl by far the most efflclent axeautlon of
MLISP mrta~rxpresslona  Is by compiled code,

($1 Complied code teoulrss less
llst-structure  Interpreted code,

space than the corresdondlng

i (4) Function deflnltlons don’t have to be marked by the garbage
col Iector every time a garbage  c~llwtlon occurs (a signlfloant
time savlnw for large drograms),
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To avoId oonfurlon, two faot8 s h o u l d  be kept In mind when u8lng
MLISPI
(8) In WRITING your program, YOU ~11.1 be oommunloat(ns with MLISP.

All oxarosslons in the program mu8t be legal MLISP e%pre88fon8.

(b) In RUNNING your program, you will be oommunloatlng with LISP.
All @xprosslons to be oxoouted# read or prlntod must b e legal
LISP l xpre88lons,

After the u8or ha8 loaded I oora Irmaeo by typing  one of the two
oomend8 above, he may b@Oln f?wWatlno his MLHP program by oalllng
the top lovol funct'fon named@  Y O U  Quarrsod  It, trMLISP*r. Vl1.fSP~~ Is an
CEXPR whloh takes from 1 to 4 argumentrrr, Thetie aroumrntrr will be
explalnod by ewamples, The full command 1st

(MLISP (<devf'oe>) <fllr-name) (CT, NI,L, NIL NIL=) 1

where 0 and a:, mean ffoptional" and ffalfernatlvesff re8pectiv81yI A
<device> Is either a phy8)oal dovIce llke a dlrk o r doe tape WQa
;;Klg or DTAll)  or a proJo&-programmer  pair reprrssntlng  a dl8k a r e a

@ @ UdMU reprr8onts ClrDAVW
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Exa11;Ple9 of the too level function WLISP~?t

,R MLASP
@(MLISP FOO)

,R MLISP
e(MLISf' QSKl FOO)

,R MLISP
*(MLfSP t1,DAW FOO)

,R MLISPC
#(MLISP FOO T)

--.

,R MLISPC
@(MLISP FOO NIL)

b
,R MLISPC
*(MLISP FOO NIL NIL,

,R MLISPC
fi(flLISP DSKI fO0 NIL NIL)

,R MLISP
+(MLIS-P (FOO,BA@).

,R MLSSP
l (MllSf� DtAit tFOO,BAt))

,R MLISPC
*(MLISP MTA0r (FOO,BAZ)  T)

t

woul..d translate and exwute a program
on the dbk file FOO

would do exrctly the sww thing

would trarmlate and clxecuts a @togram
on DSK:FOO~l,DAV]

would translate a program on DSKtFOO
and oomplle It onto DSK1FO0,LAP

would trcrnNate a program 0n DSKxFOo
and PVtty-print the LISP tranrlation
onto DSK:~OO,LSP

would do the smo thlng~ eioI)pf that
the expaqsl on of all LISP and MLISP
macro8 Is wppraassd, Qrdlnarlly,
a11 maorof9 WOWOOP  macros8 PLUS,
*tc,l are expanded before ptlntlnol
which mables tha user to bee rxactly
what coda will be @xlcNtad,

would do 8xactly the same thlna

would translate and r)xet;ute a program
on DSKIFOOJ3Az

would translate and axecute a bragram
on DTAlUOO,BAZ

wou I d tronslatr L cvogram
MTABWOO,BAZ and oompl le It 02
DSK~~OO,LAP
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(8) Tranelrtlng Under Program Control

It I8 sometlmor derirorblo to oall the MLISP trafwlator under program
oontrol, This Ir, mado po$alble “ b y  the spmlal MLISP lunotlon
“MTRANS”, a function o f  n o  rrgumentrr Calling MTRANS ha8 t h e
followlnO  effoot,r
(1) An MLISP <aiprsrrion> Is road from the ourrently aelected lnwt

devloo, the ffrrt oharaoter read 8hould br fhr fIrat ohrraofw
I n  the oxprrralon, An MLISP <axmdwlon> dlffwr,  lrbm an MLISP
<proOfam> only fn that the la8t ohrraotor need not br a pwlod;
It m a y  bo any rukablo expro88lonmatopplna  oharaotar, u8urlly a
8emloolon (I),

(2) The LISP tranglrtlon 18 returned as tha value of MTRANS,

The funotlon nMLISPqf should not ba oal lad f r o m  wlthln  a prowam@
alnce it ha$ $av@7al side l ffeotr, whloh (Ire Generally Unde8jrfMble In
r’ptogram; for rxami(e, the funotlon RES
harr no ulda offoot&

Notor It MTRANS Is oall@d, the rntlre
l vellabla, This moan8 that prourama u8
Intarorotod,

A R T  ir redeflnsd, MTRANS

MLISP translator mult b a
ng MTRANS should bnly bo run
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(Cl Loading Compiled Programs

There Is a file aalled UTILS on the system area bf the dlsk
;plnlng r u n - t i m e  functlone, thli fI(s m u s t  br loaded  I! t h e UbOr

alther oomolled hle MLISQ program onto a @LAP tile or
orotty-orlnted  I t  o n t o  a ,LSP file, UTILS Is already loaded I n t o
both the MLISP and MLISPC core images, so that if the user sInply
wanta to tranrrlate and run hl8 MLISP programr the run-time funotlbns
will be avallabl~,

To raad In an MLISP program after If has been oomplled by N.ISPC, set
up . a LISP s y s t e m wl th  sufflolent 8lnary  Program Spaoe to h o l d  t h e
oomplled bode, and then tybel

(INC (INPUT DSK1 Wtlls,name~,LAW  SYSt UTILSH

t

The 1110 UTILS sh$uld alway be read In last sinoe one of the Wnos
lt do.8 I 8  s e t  IBASE a n d  BAS& ( t h e  Input a n d  output rrdtcte8  for
numbers) to 10 (LO, detlmal~~ Thereafter, al I number8 read or
written  will be Interpreted as deolmal numbers, The UIc)f shbuld be
careful to set IBASE to 8 (l,e, ootal) lf he wants to read 1~ more
LAP code, since LAP exoeots It8 numbers to be in ootal  form, and then /
reset IBASE to 10 atterward8,

the fal lowlns sequence  w o u l d  t r a n s l a t e  a n d  com~lle an VLISR Program
on the disk file FOO, and then read In the oompllad code!

,R MLISPC
*jMLfSP FOO T)

,,, <MLISP and comoflsr tYoeoUt> '8)

iv

,R LISP <core slxe~

ALLOC? ? f . <allocation> @ @ 6

@(I&C tINPUt DSKt (fOO,LAP)  SYSt UTILS))

rn)( <LAP typeout) et,
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, USER OPERATION OF MLISP - SECTION 4,2

Thjs sootlon  19 o n l y  fbr those hardy souls attempting to reoomttuot
MLISP o n  a LISP 1,6  sy8tem, BOlObi Is the 8wuonco of commands
nooossary to rea~samble b o t h  the MLISP  a n d  tha MLISPC oor(r jmrgrs,
In SECTION  4,3 Is Ifrtod the oontenta of the vrtlous MLISP 8ouroe
fl I@@,

To R@construat MLISP!

,R LISP 24

ALL&? Y
FULL ww2000
BIN,PRW,SP~8000
sPEc.pDL~I
REG, PDLy
WASH8,

AUXILIARY  FILESlY
SMILE?,
ALvINE?.,
TRACE?,
LAP?Y
OECI~AL?,

+tINC (INPUT DSKt
(MLISP,LAP)
(RUNFNl,LAP)
(RUNFW,LAP)
MINIT

_ SETQS))

,,,qYPo out>,,,

*(SCANNERlINITl
@*SCAN%

LOADER 1K CORE

#SCANNERZINIT)
NIL

,SAVf QSK MLISP

To Rwonatruot MLISPC:

,R LISP 34

ALLOC? Y
FULL WOS=3000

AUXILIARY  FI,LES?Y
SMILE?-
ALVINE?-
TRACE?,
LAP?Y
DECIMAL?_

*,(INC (INPUT DSK:
fMLISf’,LAP)
(MACROS,LSP)
fMACROl,l.AP)
(RUNCN2,LAP)
WPRINT,LAP)
(COHPLR,LAP)
PlINIT
SETQS))

,.,<tym  OUW..,

*(SCANNERlINIT)
&*SCAN$

LOADER 1K CORE

*(SCANNER2INIT)
NIL

,SAVE OSK MLISPC
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Thr correct oore images will now be savrd under VlLISP9~ and VJLISPC~~.
A little exPlanat]on about the8r two 8@qusnces  Is necessary, The
und@rbar (-1 In the first few ltnes -reote8ants a spauel this mrrrely
lnstructr LISP to use tha standard allocrtlon,  The line readlngt

(INC (INPUT QSKt VILISP,L4W t e 9 1

assumes that all of the LAP files Itsted have born oompi(@d by the
LISP compl Ior, Ths file COMPLR should be the L,ISP oompller /trelf.

The llne **SCAN% (f stands f o r ALTflOQE) loads the MLISP 8Ganner
Pa&W@, whloh muB,t have boon tompiled by MACRO and be In ,REL
format,

ft the mrohlne Irngurgo rroannw 18 not to be u8edr thm the LISP
scannar Ilsted In SECTION 7,3 should br eomplled by the LISP c6mPiler
and read In with the other LAP fll~s, Note1 all LAP flies must b e
rerrd before the fi lr SET& beoauso SETQS changes IBASE, th8 Input
radix for numbets, from 8 (oatal) to 10 (daclmal), LAP expeotlr IBASE
to b. 8,

b
If the LISP $cannsr Is used, the following llnss should be omlttrdt

*(SCANNERlINIT) :
**SCANS

LOADER 1K CORE

qSCANNER$INIT)
NIL
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, USER OPERATION OF MLISP - SECTION 4.3

Thl8 Is a r8feronco ftlo of thr, MLISP SOuroo fllas,

75 .,

Fl I8

MLISP

M 1 N i-T

SETQS

RUNFNl

RUNFN2

MACROS

MA$ROl

PPRINT

MEXPR

UTILS

SCAN,MAC

Contrnts

The MLISP translator funotlons -- In LISP

Inltlallratlon for tho MLISP translator (rraotwd
words,  abbrevlatlorm arscodenoesr @to,) -- fn LISP

Inlt~allrrtlon of tha MLISP globally-d@ftnrd atoms --
lnxLISP

BFOR, 800, BWHILE,  BINUEX -- In LISP

PRELIST, SUFLIST, STS, STRP, STRLENr AT, CAT, SEQ,
SUBSTR, PRINTSTR, NEQ, NEWAL, LEQUAL, GEQUAL -- In
LISP

8fOR, 800, 8WHILE, 8INPEXl NEQ, NEQUAL, LEQUAL,
GEQUAL -0 all m8ofOS1 ii MLISP

Maoro-rxpandjng fun&Ions for the file 'MACROS' -- In
MLISP

Functlonr for pretty=prlntlng  LISP exPres8\0ns -0 I n
MLISP

LISP-tedLISP convertor -- In MLISP

RUNFN2,LAP, SETQS -- ThlS may be a888mbiad by
oomplllng the fllr RUNFN2 and addIng the ftIS SETQS
to Tt,

The maohlned Ianguaes seannor for MLISP ~0 In DEC
MACRO
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a RUN-TIME  FUNCTIONS  - SECTION 5,1

Thj8 section dOSorlbS8  the strlnq-handllnq functions of MLISP, 0th.r
run-tlmo funotlons avaIlable to thie udor are deaoribed In the next
soctlon, Strlnqs  ape doscrlbod In SECTION 3'181 they l xlst prlm~lly
to faollltato lnput/outpute To makr strlnq handlfnq  easy, MLISP
Includes the followlng set of Prlmltlvoso

r STR (SOXP)  - "STRINGIFY"
This takes on0 atqumentr which may be any S-Sx~reSslon~  and
raturns a atrlng contalnlnq the charactors In that s-exprS8slon
4lnoludlng soaoos and parentheses)'

STRP (8.~~1 - "STRING PREDICATE"
This takes one arqumrntr whlah mry be any a-expressIon, Returns
TRUE lf the 84jtpr@ss!on Is a strlng~ NIL othQrwls&

STRLEN (strlnq) - "STRING LENGTH"
Thls takes one l rqumentc a strlnq, and returns an Intaqcrr eaual

t
to the number of charaotors In the strlnq (not courtjng the
strlnq quotas),

A T  (string) - "ATOM1W'
ThlS t a k e s one argument, a strlnq, and returns an atom havlna a
prlntnamo made IJD of the character8 In the strlnq (not lnoludlns
the string quotes),

CAJ' (strlnql, strlnq2) - "CONCATENATE"
This takes two argumclnts and returns a string made up of their
conoa tena t lon , The a r g u m e n t s  n@od not be etrlnqs, If Olther
areument Is not a string, It IS fltst converted to one, and then
the oonoatenatjon I8 oarfled out, CAT, boln$ # funttlon of two
af!quments~ may be usad ns an lnflx!
strlngl CAT strlng2,

SEQ (strlngl, strjng2) - "STRING EQUAL"
This takes two arguments, both strlnqs, and returns T It they are
ldentloal, NIL otherwla& The LISP funotlon EQ cannot br, used
because atrlnlds are atoms which are not on the OBLIST, As with
CAT, SEQ may br used aa an InfIxI

rtrlngl SEQ strIng2,

I
SUBSTR (strlngr start, length) - "SU6STRING"

This takes three arqumentsr the first bQlnq a strhg and the
athor two belnq Integers, It returns a Wbstrlng of the first



MLISP RUN-TIME F U N C T I O N S  - SECTION 54 77

rrgument bQglnning wlth the chamcter ln PosItIon  "start"
(CountlnG from 1) and oontlnulno for "lsngth" charaoters.
"length" need not be a number) If It Is not, then the rest of ths
strlnq Is taken, . .

PRINTSTR  (strlng) - "PRINT STRING"
This takes one argumcrnt0 a strlna # and prints It on the current
o u t p u t  device wjthout thm strlnq quotes,  followed  by a carrlage
return, The value of PRINTSTR Is the value of Its argument  (the
s a m e  a8 with PRINT),

Examples of the atrIng-handling funotloPst

$fR 'STRING
STR "STRING" -,
STR '(A (f3,C) 0)

STRP "THIS IS A STRING,"
S T R P  '(THIS IS NOT ONE)
STRP '1"

STRLEN "THIS IS A STRING,"
STRLEN STR 'STRING
STRLEN ""

AT "STRING"
AT "THIS IS A STRING,"
A 7 I' 't

STR AT "THIS IS A STRING,"
AT STR 'THIS? IS? A? STRING?,

"THIS IS A " CAT "STRING,"
"THIS IS A fl CAT rSTRING?,
"A PERIOD " CAT "0)"
"A PERIOD " CAT '(?J
“A PERIOD " CAT <PERIOD>

"STRING" SEQ "STRING"
"STRING" SEQ STR ,STRING
"STRING" SEQ "STRING,"

1 T
a NIL
8 T

a
l

0

ID "THIS IS A STRING,"
8 THIS/ IS/ A/ STRING/,

" ST R I, NG"
"STRING"
"(A (8 ) Cl 13)"

17
4
0

STRING
THIS/ IS/ A/ STRING/,
1 I IWal

"THIS IS A STRING,"
"THIS IS A STRING,"
"A PERIOD'(,~"
"A PERIOD (a)"
"A PERIOD L)"

T
T
NIL

SUBSTRV'THIS IS A STRING,",6,4) a " I S A "
SUBSTRVTHIS IS A STRING,",I00,5) a " 'f
SUBSTRV'THIS  IS A STRING,",5,100) s tt IS A STRING,"
SUBSTRV'THIS  IS A STRING,",5,'REST) 3 v IS A STRING,"

PRINTSTR "A STRING," cwlnts A STRING, va I ue a "A STRING,"
PRINT "A STRING," pr lnts "A STRING," va I UQ = "A STR!NG,"
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* RUN-TIME FUNCTIONS - SECTION 5,~

This 8QctlOn ds8orlbes some qeneraJ;ourpose routlnos that haVQ been
.ludqQd SufflclQntly useful t o  b e
iunctlons avrllable to the MLISP user,

Included In the set of run=tlme
All of thQ88 functIona are

short and have been oomplied, so that they require very little binary
ProQram spaoe and almost no ft.8 storage, The funttions NEQ, NEQUAL,
LEQUAL and GEQUAL are expanded by mawos when the MLISP program In
which they oocur Is oompllsd, this makes using these functions In a
oomplled program very efflolent,

PRELIST (list, Intsqer) - "PREFIX OF LIST"
This takes two arguments, 8 list and an Integer, PRELIST returns
a IlQt of ths=flrst "lnteqer" elements of Its flrst rrgument.  If:
there are fewer than "Integer" elemmts ln It, PRELIST returns as
many as It can (l,e, the whole list),

c

PRELIST may be abbrevlated 9 (up arrow)! PRELIST(L,6) 2 L96

SUFLIST (list, Integer) - "SUFFIX OF LIST"
This takes the game two arauments as PRELISV  a Ilst and an
Integer, SUFLIST returns a list formed by taklnq "Integer" CDR's
of Its first argument, If It exhausts Its first argument before
It runs out of CDR's, It stops at NIL (I.e. It will return NIL),

SUFLIST IS the "oompllment" of PRELIST In the sense that1

PRELIST(L,N) d SUFLIST(l.,N)  8 L

f'or al I IlStS L and for all Integers N, SUFLIST Is a
Qenerall~atlon of Ct)Rl

COR I. % SUFLIST(L,l)
COOR L 5 SUFLIST(L,Z)
CODR CDDQDR L 5 SUFLIST(L,H

SUFLIST Is more powerful than CDR because the seoond argument may
be a variable  (If fact, any QxPresslon~, thereby  perrn\tt]nq the
user to defer untli run-t/me his drclslon on how many CDR's to
take. s

SUFLIST may be abbreviated IL (down arrow); SUFLIST(L,6) i L&S
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NEQ (sgxplr sexp2) - "NOT EQ"
This trkas two argumsnts, whloh may be rny s-ex~ressfons~ and
returns TRUE If they are not EQ to rach other, NIL otherwIse,
The LISP translation Of X NEQ VI“

(NW X Y)
IS exoanded by macros tot

(NOT (EQ X Y))
If It 1s oomojled,

NEQUAL (8WD%, 30~~2) - "NOT EQUAL"
-This takes two apgumrntsI which may be anY ~@~pr~$sIgn~ and
returns TRUE It th my are not EQUAL to eaoh other, NIL otherwise.
Tha LISP trrnsl~tlon of X KQUAL VI

(NEQUAL X Y)
Is expanded by macro8 to:

(NOT (EQUAX X Y))
If It 1s ~OrnPll0d, NEQUAL  m8y b0 abbflvl8tOd  3 hotm@wkl  8hn)a

LEQUAL (numberlr number21 - "LESS THAN OR EQUAL"
This takes two argurn@nts, whlc;h should be itumbrrs, and returns
TRUE If thr first argument Is loss than or equal to the a@cond
one, NIL otherwjsa, The LISP trrnslrtlon of X LEQUAL YI

(LEQUAL X Y)
1s eXD t7d.d by m rO8 tOI

(NBT (GREATERI  X Y))
If It ls oompl lrd. LEQUAL may be abbrrv Mod L
(less-than-or-•auel slsn).

CEQUAL (numborlr  number21 - "GREATER THAN OR EQUAL"
This 1s the oonvorse o;WiEQUAL, It takes two arguments, whloh
shou Id be numberd), return8 T R U E  It the first wn;W;
girrater than or equal to the aacond ono# Nil, otherwIre,
trrnslrtlon of X CEQUAL YI

(GEQUAL X Y)
Is exP Wed by maor tog

(Nfh (LESSP % y))
If It la comDt led, GCSQUAL may ba abbrevlatsd 2
(grerterathan-or-equal slgn),
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Ex@mPhs Of these run=tlma functIonsI

‘(A 8 C D E) PRELIST 3 8
'(4 B C D E) + 3 8
'(A 8 C D E) 9 10 8
'(A 6 C D E) t 0 :

r '(A B c D E) SUCLIST 3 8
'(A B C D E) 4 3 8
'(A 13 C D E) i 10 t
'(A 6. C D E) 4 0 a

‘(A B c 0 El 9 3 @ ‘(4 6 c 0 E) b 3
'(A B c D E) 9 10 8 '(A B c D E) 4 10
'(A B c D El 9 0 @--.‘(A 8 C D E) 4 0

‘(A B C D E)&O ,= ‘(A 8 C 0 E)
‘(A B C D E)cll : CDR ‘(A B c D El

SECTION 512

. .
(A I3 Cl
(A k3 C)
(A B C 0 ET)
NIL

(0 Ii)
(0 E)
NIL
(A B C I? El

L: (A 8 C 0 El
f (A 8 i; D E)
8 (A B r; 0 El

II (A B C 0 E)
8 (B C D E)

F ‘(A B C D E)s2 f CDDR '(A B C 0 E) * (C 0 E)
L ‘(A B C D E)h3 E CDDDR ‘(A 6 C D El 8 (0 El

‘(A B C D E)h4 3 CDDDDR '(A 8 C D E) * (El
‘(A I3 C D El45 5 CDR CDDbDR ‘(A B C a E) = NIL

‘A NEQ '8 a T
'A NEQ '(A) 0 T
‘A #Q ‘A a NIL

‘(A-(&C)) NEQUAL ‘(A (8 C)) = T
'(A (B,C)l # '(A (B C)) x T
' A # ‘(A) 8 T
'(A (B,C)) # ‘(A (BJ)) 0 NIL

10 LEQUAL 20
10 5 20
10 I 10
10 I 0

10 GEQUAL 2 0
10 I 20
10 2 10P

c 10 1 0 .

T
T
T
NIL

NIL
NIL
T
T

80
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8 SAMPLE MLISP PROGRAM - SECTION 6,l

BEGIN
. .

')I Thl8 program 18 I n cluded t0 OrOVId an ~XWVDI~ of the MLISP
language, ft examines several waya of wrltlng the functfon REVERSE
In MLXSP, REVERSE was chosen because It le faml I lar to most people;
It reversea the top level of a Ilstr REVERSE '(A 8 C) = (C B A),

The function REVERSE may be wrltten In many ways In MLISP, Some of
the . way8 shown hers are not too efflclentr but they do serve to
illustrate different MLISP expreaslons, The method used In  e a c h
functbn Is explained In a comment included with the funatlon, X

X#################~###############################~####~#############%
X#####W DEFINE ALL THE REVERSE [UNCTIONS #####W#%
%####Y############Y###########################################~#####%

i
% REVERSE1 Just calls REVERSEfa with the list to be reversed  and NIL.
The NIL \nltlallrea REVERSEla's Becond argument, %

EXPR REVERSE1 (L); REVERSEla(L,NIL)!

X REVERSEla doe8 all the work for REVERSE%, It uses an IF expreeslon
and a recurlIve call on Itsqf, The reverse of I. la built up In the
second argument RL, X

EXPR REVERSE18 (L,RLU
IF NULL L THEN RL ELSE REVERSEla(COR LJAR L CONS RL);

% REVLRSE2  also uses an IF expreaslon and a returslve crll on Its8lf.
In this clever but fnefflclent vetsIon, the reverse of the rrst of
the list L Is APPEND'ed ((El to a Ilst oontalnlng the first element, %

EXPR REVERSE2 (L);
IF NULL L THEN NIL ELSE REVERSE2(CDR L) ga <CAR L>I

t X REVERSE3 Is an FEXPRj the-argument8 to it are unevaluated, It uses
a FOR expresslon as folfawst I Is sat to each member of the list L
and then Is CONSfed onto the reversed ljat RL, REVERSE3  doe9 not use
re0ur3lon, X
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FEXPR REVERSE3 (L);
BEGIN NEW RL) % PROG  VarlablOS  ark InitlalltOd  to NIL,%

RETURN FOR NEW 1 IN L DO RL + I CONS RLj
END; . .

X REVERSE4 Ir an ewam~lo of a FOR expforrslon using  a numerioal
lnorrm@nt, In the oprratton of the 1000~ I I8 inoramwited from 1 t o
;;a b,p,, of Lc For aaoh values th@ I’th element of L I8 obtalned

Index rxprrsalon LCI3 and th@n la CONS'sd onto the revoraed

EXPR REVERSE4 (L)j
BEGIN NEW RLz

RETURN FOR NEW I*1 TO LENGttl L 00 RL * L(IJ CONS RL;
ENO! =.

X PROGl Is Ilko PROGZ, oxcoot that PROGl'a valu@ I# the value of its
first (rather than its saoond) argument, Thl8  Irr not 8, fOvQrb0
functlonr but Ia used by rcrvarse functions which follow, X

E X P R  PRoCl (A,B)j A;

% REVERSE5 Is another FEXPR, I t  U803 0 WHILE expr~rrslon a s  fpllowst
while there I8 8tlli aomrthing Iqft in L, the no,xt element Is tak8n
off and CONS'od onto tha rrverrrrd list RL, Thl8 doe8 not u8e
recurslon, X

FEXPR REVERSE5 (L);
BE;GIN NEW RLJ
. RETURN WHILE L DO PROGl(RL * CAR L CONS RL,L ,. COR L),

ENOJ

X REVERSE6 ~808 an UNTIL expresslon (PO-UNTIL), Ths operatlon of
thla UNTIL-I• OD Is roughly the same a8 that of th@ WHILE-loop I n
REVERSES, The one different@ 18 that sines the body of the leap g@ts
crxscuted befor@ testlno If thora IS anythIng In l.1 an tnftfal t88t
must be Intludad to take car@  of tha trlvlal  ease whera REVERSE6 I s
aall@d with NIL a8 its argument, Thl8 doe9 not USI, rec~rslon, X
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EXPR REVERSE6 CL>;
IF NULL L THEN NIL ELSE
EEGIrJ NEW RLI

RETURN 00 PROGl(RL * CAR L CONS-'RL,L - COR L) UNTIL NULL Lj
EN01

i X REVERSE7 uses a standard LISP funotlon, MAPCAR,  togeth@r wltb a
LAMBDA expressIon, The operation of this Is very  slmlla~ t0 that of
REVERSE3, X

FEXPR REVERSE7 (L)r
BEGIN NEW RLI

MAPCAR(FUNCTION(LAMBDA(1);  RL * I CONS RL), L)r
RETURN RL1

END!
--.

X Of all the methods presentedr REVERSE8 Is the most unique to ML&P,
It usas a numerIcal FOR-loop, as dooa REVERSE41 In addltjon jt uses
Index expressIon 0n both thrr left and right sldas of the assignment
operator (-1, The Index exRreas,ton on the left Side retrlevss the
I'th Dosltlon ln the reversed llrrt RL, Into which Irr plaoed t h e
LEN-N+l'st element of L, LEN Is the length of L , The tirst Index
exorosslon Is used ta obtain a Qell~’ or POSITION In RL, whlJe the
second Index expressIon Is used to obtain the ELEMENT which 000uples
I oosltlon I n  L, X

EXPR REVERSE8 (L)r
BEGIN NEW RL,LENj

LEN * LENGTH LI
FOR NEW N&l TO LEN DO RLCNJ + LEtEN-N+lJ;
RETURN RLI

END?

% The LISP trana(atlon of this program Is llsted In the folIowIng
metIon, It has been PrInted using a Program called PPRINL an
s-ex~resdlon fOrmatt(ng (pretty-prlnttng)  Program. This program IS
wrItten In MLIW and Is Included wlth the MLISP system, (A1 I of the
flies In the MLISP system are llrtad In SECTION 4,3,) Note that

P FOR-loops, WHILE-loops and UNTIL-looos have been sxpanded by macro8

b into in-line code, X .

END,
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(DEFPROP REVERSE3
T . .

eFEXPR)

(DEFPROP REVERSES
T

*FEXPR)

(DEFPROP REVERSE7

84

(DEFPROP REVERSE1
(LAMBDA (L) (REVERSE14 L NIL))

EXPR)

(DEFPROP REVERSEI;'
(LAMBDA (L RL)
WND W'JULL L) RL) ct (REVERSEle (CDR L) <CONS (CAR L) RL)))))

EXPR)

(DEFPROP REVERSE2
(LAMBDA (L)

(CDND WULL L )  N I L )  (T (APPEND  (REvERSE2  (CDR L ) )  ( L I S T  ( C A R  L))))))
EXPR)

(DfFPROP  REVERSE3
(LAMBDA (Li
(PROG (RL)

(RETURN
(PROG (W 8LSfl I)*

(SETQ &LSTl L)
LOOP (CON0 ((NOT drLST&) (RETURN BV)) (T NIL))

(SETQ 1 (CAR QLSTlH
(SUQ 8V (SETQ RL ( C O N S  I  R L ) ) )
(SETQ 6LSTl (CDR 8LSTlH

FEXPA)
(GO LOOP)))))

(DEFPROP REVERSE4
(LAMBDA  (LJ
(PROG (RL)

(RETURN
(PROG (BV &LSTl 8UPPERl I)

(SETQ ULSTl 1.1
(SETQ 4UPPERl (LENGTH L))

LOof' KOND ((@GREAT 8LSTl WPERl) (RFJTURN QV)) (T NIL))
(SETQ 1 6LSTl)
(SE'lQ UV (SETQ RL (CONS (CAR (SUfLIST L (SUB1 I),) RL)))
(SETQ 6LSTl (ADD1 6LSTl))
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L

(GO LOOP)))))

(DEFPROP PROGl
(LAMBDA (A 8) A)

ExPR 1

(DEFPROP REVERSE5
(LAMBDA (L)
(PROG (RL)

(RETURN
(PROG (8v).I LOOP (COND (L (SETQ SV

(PROG1 (SETQ RL (CONS (CAR L) RL))
(SETQ L (COR L)))))

(7 (RETURN SV)))
(GO LOOP)))))

FEXPR) --.

(DEFPROP REVERSL6
(LAMBDA (L)
(CON0 ((NULL L) NIL)

(1 (PROC (RL)
(RETURN
(PROG C&V)
LOOP (SETQ SV

(FROG1 (SUQ RL (COW3 (CAR L) RL))
(SETQ L (CUR I.))))

(CON0 ((NULL L) (RETURN-BV))
(T (GO LOOP)))))))))

EXPR)

(DEFPROP REVERSE7
(LAMBDA (I.)
(FROG (RL)

(MAPCAR (FUNCTION (LAMBDA (I) (SEW RL (CONS I RL)))) L)
(RETURN RL)))

FEXPR):

(DEFPROP REVERSE8
(LAMBDA (L)
V'ROG (RL LEN)

(SETQ LEN (LENGTH L))
(PROG (BV 8LSTl 8UPPERl N)

(SETQ 8LSTl 1,)
(SETQ 8UPPERl LEN)

LOOP (CDND ((*GREAT 6LSTl 8UPPERl) (RETURN 8V)) (T NIL),
(SETQ N 8LSTl)
(SETQ 8V

(PROGZ tSETQ RL
(&REPLACE RL

(LIST N)
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(SETQ 8M001
(CAR

(SUFLIST. . L
(*DIF LEN NH))))

8M001H
(SETQ 8LStl (ADD1 BLSTW
(GO Loop) 1

(RETURN RL)))
EXPR 1
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, THE MLISP SCANNER - SECTION  7,1

The set of routines that returns the next 3okonv' (ldsntlfk,
number8 spsclal oharaater, string) In the Input 8tream 1s ganerally
aalled the '~scannerr~ for a language, It Is true of almo8t (Ivory
language that the maJorlty of oompllatlon time Is spent In the
acanner slnoe very ohataotet In a program has to be read In
/ndlvldually  and some seouence of tests made on It, This Is ths
plight of MLISP, and the best that can be done Is to makr the uaanner

I as fast and eftlolent a3 po33lble, Lynn Quam at Stanford has
developed a super fast, table-driven READ funotlon for LISP l,b I To
thk he h a s added a 80% of mrchlne ianquage functlov which may be
used .to qpeolfy the ~reol3s 3yntax for a token raturnrd by READ.
These routines actually modify READ's Internal character tables,  thus
glvlng the user a oompletely general table-driven aoanner, The
scanner for ML19 was obtalned In this way, It ha8 lnarearrrd
translation speed by a faotor of three (translation 8Peed 'IS now
30004000 Ilnes/mfn~tr), It has decreased -h3 8/i!@ of  the  t ransla tor
a s  Mll, since  using READ does not rwulr@ any add ItIonat LISP
functlans,

t

Since there Is no formal writeup 011 Quam’s READlmoJlfylng fun@tlons,
the followln~ la a reproduction o f hWtS of) Quam's Informal
descrlptlon,

LISP now uses a table drtven ScannBP, whose tab!8 rntly b@
modlfled by the u$er for the DUrpO3Q of imp~omenttng
Scanners for other languages1 For slmDllcMy, tha
tunctfons  for constructing  the aCannv tab I e Wtlal Iy
slve an ALGOL type scann8fl t h a t  ISI the ALGOt.
daflnltlans for IdentlfiarS~  strings and nrrmbW$, The
ALGOL table mayt~;ud~evlaW3d from by urslng addlt?orW.
tunctlons t o additIonal oharar>tere In
ldentjfjors, and to specify dellmIter for strlnas,

(SCANINIT oomment-start comment-end atrlngJ!tart strlnQ,end lIterally)
SCANINIT  sets up the LISP scanner to be an ALGOL-type
acanner with the, 3Peclal dsllmlters tot oomments and
strlws, MLXSP oalls (SCANINIT  X ‘x ” ” ?I,

(LETTER xl
LETTER 8Pec'ffles t o the acanner that x Is an
extra-letterr  and thus all~wa x to b8 In an ldentlf iv,
MLISP call3 (LETTER ,), (LETTER 0, (LETTER :I,

t (IGNORE ~1 *
IGNORE SP8O\ff@S  to the soanner  t h a t  x I3 not to be
returned as a dqllmitet from SCAN, but lnSt8ad will be
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hnor@d, H$WfOrd K Will stlll fUnOtl0~  8a a
botwwn idontiflor8 a n d  numborsc

fwm at0r
MLISP aalls (IGNORE

BLANK), (IGNORE CR), (IGNORE LFh (IGNORE FFh (IGNORE
VT), (IGNORE TAB), (IGNORE ALTYOOE),

(SCAN)
SCAN raad$ an &torn or drlfmltrr and rrots the wluo o! the
olobrl vrrjrblo SCNVAL to the value road# and return8 I
number torrorgionding
followul

t o  flw. wntactlc type read1 a 8

- Syntrotto  type Value of SGAN Value of SCNVAI.
<ldontlfler> 0 th@ unlntarnod idantjhr
<utrlna> 1 the rrtrlna
(numbor> 2 the value
<dollmltrr> 3 the ASCII numerloal v a l u ex. of the dillmiter

(SCANSET)
SCANSU modlfiw the LISP rroannor In REAP aooopdln# to
fh@ UW~ 8a*@lffoatlona.

(SCANRESET)
SCANRESET unmodjflw the LISP soannor to I t8 normal
atrt.r and muat be ecrll@d b@for* REAP ~111 work properly
onoo SCANSET i$ usad,
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, THE WASP SCANNER - SECTION 7,2

BEGIN . .

% fhls program presents a set of functions whloh Is aqulvalent to the
MLISP scanner, It 1s for the reference of users wanting to [mp(ement
MLISP on a LISP system wlthout Quam'a MAO-modlfylng funct fans. In
ardor to US0 these funatlons, the funotlon &SCAN In the MLISP
translator should be replaood by the @CAN funotlon below, and the
other fumtlons added where oonvsnlent, The functions below are
wrftten In MLISP, SO thslr LISP translations would aotually be used,

The sohnnor below ~(acas only two restrlotlons on the LISP system!
(1) There must be a READCH f unction, which reads the next charaefer

In the Input stream and returns that charactsr aq its vatus,

(2) There must be a READLIST funotlon, which takes as Its argument a
list of single characters and concatenates them, to form an atom,

These two functtons are taken to be prlmltlves, a n d they ars used
below wlthout further explanation, W’2N sets the global variables
BSCANTYPE and 8SCANVAL as fol lowsl

Syntactla Type Value of &SCANTYPE Value of BSCANVAL

Cldentlfler> 0 the Identlfler
Qtrlng) 1 the str lng
<number> 2 the number
Cdsllmiter) 3 the dellrrlter

:NEXt,CHAR Is always set to the next character In thr input stream
after the ourrent token has been obtalned, .

x

SPECIAL :INEXT,CHAR,?BSCANTYPE,?8SCANVAL,?iSX?&;

EXPR 38SCAN 01
IF NUMBERP :WXT-CHAR THEN SCAN,NUMW?O  E L S E
IF LETTERP(!NEXT_CHAR) THEN SCANIIDENTIFIER(NIL, jNEXT,CHAR) ELSE
IF !NEXTJHAR EQ RBQUOTE THEN SCANISTRING(<DBQUOTE)rRE~DCH(I)  ELSE
IF ICNOREP(!NEXT-CHAR) THEN

PROG2(DO NII. UNTIL 4GNOREP(!NEXt,CHAR c READCHO), ?&SCAN()) ELSE
IF INEXT,CHAR EQ PERCENT THEN

PROG2(DO NIL UNTIL REAOCHO EQ PERCENT 6 1N~XTICHARcR~ADeH0,?8SCAN())
E L S E  SCANJIELIMITER~); -
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,

CXPR SCANJOENTIFIER  (L,NEXf)j
IF NUMWRP NEXT l CET(NEXT,'LETTER) THEN

SCANJDENtIFIER(NEXt CONS Lr READCHO) CLSE
IF NEXT CO '1') THEN % Vie WSP Worally oharact.r (3) x

SCAN,ID~NtfF1~R(R~ADCHO  CONS SLASH CONS L, REAOCH())
ELSE BEGIN

')ICSCANTYPE c Or % Id@ntlfler type, %
;I&SCANVAL * REARLIST REVERSE L;
IF 01x38 8 CET(?USCANVAL,'?6TRANS)  THEN
BEGIN % Thfs $YmbOi h 8 been DEFINE'ed 88 sOm@thfng #be. %

?USCANTYPE - GET(?CSCA~AL,'?CTR~NSTYPE)I
?BSCANVAL * CEt(?&SCANVAL,'?8TRANS))

-- fNOt
INEXTJHAR - NEXT1 X Advanor fNExT,CHAR, X

ENDJ

EXPR SCAN-STRING t-'L,NEXT)i
IF NEXT NEQ OBQUOTE THEN SCAN,STRfNGfNEXT  CONS L, READCH())
ELSE BEGIN

P8SCANTYPE * /I % Strlno type, %
USCANVAL * READLIST REVERSE(OBQUOTE CONS L);
!NfXT CHAR * READCHO;

END) -
% Advance !NEXTmCHAR, %

EXPR SCAN-DELIMITER O!
BEGIN

?BSCANTyPE * 3; X DellmIter typo. X
OUSCANVAL * jNEXT CHAR) X Set ?8SCANVAL to the dol!mitrre X
IF 38x78 8 GET(?8SCANVAL,'?BTRANS)  THEN
BEGIN % Thir, $,Yl’llbO( ha8 b@Qn DEfIhE'ad a$ something 0180, %

38SCANTYPE: - GET(?BSCANVAL,'?8TRANSfVPE)I.
?8SCANWl. - GfT(?8SCANVAL,'?8tRANS);

END8
INEXT,CHAR * READCHOI X Advangc, :NEXT,CHAR, %

END1

EXPR LETTERP (CHAR)j GCT(CHAR,'LETTERB 1 CHAR EQ '331

EXPR IGNOREP (CHAR); GETtCHAR,'IGNOHE);

EXPR SREAD 0; PROG2(?8SCANO,SREADlJ)ll

EXPR SREADl Oi
I F  38SCANVAL  EQ LPAR 8 ?‘&SCAtJTYPfS  a $ THEN

PROC2(?8SCAN(),SRfAO2())
ELSE 38SCANVALj

x t %
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EXPR SREAD2 0;
IF 38SCANVAL EQ RPAR 8 38SCANTYPE 8 3 THEN NIL
ELSE BEGIN NEW JO

X - SREADIOI
. .

?8SCAN( 18
RETURNtX CONS SREAOSO)

ENDI

E.XPR SREAD3 0,
IF ')BSCANVAl. EQ PERIOD 8 38SCANTYPE t 3 THEN
BEGIN NEW Xi

% v %

X * SREADlO;
% WI, have a dOtfed PaIF (A.81 K

. ')bSCAN( 1;
% Get the “8" Paft, X

RETURN X
% Get rid of the ) X

END
ELSE SREADZO;
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% Sc@nnlng numberg, X

EXPR SCAN-NUMBER (1;
BEGIN NEW !IVALUE,IILENGTH,N,Xj ., SPEF;IAL !IVALUE,IILENCTHI

SCAN,INTEGERt!NEXT,CHAR,  0, 0); % Stan an Inteow, X
N - t IVALUE X Saw It, X

IF INEXTJHAR EQ PERIOD THEN % WO have a decimal number, X
BEGIN

SCAN,INTEGER(REAOCH(,,  0, 011 X Soan the drolmal  pa r t ,  X
N - N + :IVALUE/EXP(l0,0,!IL~NGTH)I

ENDi

IF INEXTJHAR  EQ 'E THEN % There 1s an exponent, %
BEGIN

$NEXT,CHAR - READCHO1 X Se0 If there I8 a + or 5 X
IF INEXT CHAR EQ PLUSS THEN % + x

PROCZ-ncl0,0,  !NEXTJHAR*READCH())  ELSE
IF INEXT CHAR EQ DASH THEN x -'%

PROG2~X~0,10, INEXT-CHAR*REAOCHO)
ELSE X@l0,0,
SCAN,INTEGER(tNEXT-CHAR,0,01; % Now get tha wponantr %
N * N @ EXPMJIVALUE)!

END;
X Now we've got the whoI@ numbor, %
?6SCANTyPE c 2r % N u m b e r  t y p e ,  %
38SCANVAL - NI % Value of the number, X

X INEXT-CHAR 18 already sot, X
END1

EXPR SCAN-INTEGER (NEXT,N,LEN)I X Soan an Inteow, X
. IF NUMBERP NEXT THEN SCAN,INtEGER(REAOCHO,  N*IBASE+NExT,  LEN+11
ELSE BEGIN

!IVALUE - NI X V a l u e  of t h e  Integer,  X
1ILENGTH - LEN) X # dlgltr In the !ntegerc %
!NEXT-CHAR l NEXT1

EN;D I
X Advqnoo !NEXT-CHAR, %

EXPR EXP (X,N)) % An wponent funotlon, %
IF N s 0 THEN 1,0 ELSE % T h e  ewponent  Ia 0 ,  X
IF N = 2*(N/2) THEN EXP(X*X# N/2) % It ta an even numb8ro %
ELSE X 0 EXP(X*X, (N-11/2)1 % Else Oddc %
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% Cdllng t h e  Collowlng  tunotlon wlll set UP the Property Ilah!J
needed by the funotfon rbovo, X

EXPR SCANINIT 0; . .
BEGIN

FOR NEW CHAR fN
'cABCDEFCHfJKLMNaPQRSTUVWX
ab~d~tghlJk~mnapqtatuvw~

PUtPROPfCHAR,T,'LETTER);
FOR NEW CHAR IN <8Le~K,CR,LF,rF,Vr,TAB,A~T~~D~>  DO,

PUTPROP(CHAR,T,~~C~~OPE)I

:NEXTJHAR * BLANK1
END;

x Start the scannv out with a blank, X

EXPR SCANSET 01 NW % Dummy deflnltlonse  %

EXPR SCANRE!$ET ()I--' NILi

X The LISP translation of this program Is tfstad the followIns
8ect ton, It has b e e n  prlntsd uslnp a Program called PPRfNT, an

iv.
SvxD~e3~lOn formatting (pretty-Prlntfng) Program. This program  I s
wr I tten In NISP and I s included with the MLISP system, (All of the
f/le~ In the MLiSP system are Ifqted In SECTION 4,3 ,) Not. that
FOR-/oops, W~ICE~!oops ad UN~1L~loo~s have been expanded by m~oros
Tnto In=lIne cade, X
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e THE ""LISP SCAPJNER - SECTION 7.3

(DEFPROP !I?IEXT-CHAR
T

SPECIAU

. .

(DEFPROP 8SCANTVPE
T

SPECIAL)

(OEFPROP 6SCANVAL
T

SPECIAL)

(OEFPROP 6X8
T

SPECIAL)

(;EFPROP IIVALUE

SPECIAL)

(OEFPROP IILENGTH
T

SPECIAL)

(OEFPROP 8SCAN
(LAMBDA  NII.
(CON0 ((NUMBERP !NEXT-CHAR) (SCAN,NUMBER))

((LETTERP INEXT CHAR) (SCAN IDENTIFIER NIL iNEXT CHAR))
WQ lNEXT,CHAR-OBQUOTE) Wt!AN,STRING (LIST OBQUbTE,  (READCH)))
WCNOREP INEXT-CHAR)

. U'ROG2 tPRoG MV)
LOOP t CON0

((NOT (IGNOREP (SEW :NEXT$HAR (READCH))))
(RETURN 8V))

(T (GO LOOP))))
. t8SCANM

((EQ WEXT,CHAR PERCENT)
(PROG2 (PROG (8Vl

LOOP (CON0
((AN0 (EQ UKAOCH) PERCENT)

(SEW lNEXT,F;HAR (READCH)))
(RETURN 8V))

(T (GO LOOP))))
t8SCANW

(t (SCAN,DELIMItER)H~
EXPR)

(DEFPROP SCANIIOfNTIFfER *
(LAMBDA (I. NEXT)

t COW
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((OR (NUMBERP NEXT) (GET NEXT (QUOTE LETTEiR)))
tSCANIIDENTIFIER (CONS NEXT L, (REAOCH)))

((EQ NEXT (QUOTE 3))
WANJDENTIFIER  (CONS (READCH) (CONS SLASH L)) (READCH)))

(7 (PROC NIL
(SETQ BSCANTYPE 0,)
(SETQ 8SCANVAL (READLIST (4EVERSE L)))
(CON0

r
((AND 8x8 (GET 8SCANVAl. (QUOTE CCTRANS)))
(PROC NIL

(SETQ BSCANTYPE (GET BSCANVAL WJOTE BTRANSTYPE)))
(SCTQ 8SCAWAL (GET BSCANVAI. (QUOTE BTRANS)))))

(T NIL))
(SETQ INEXT-CHAR NEXT,W)

L

(DEFPROP SCAN-STRING
(LAWDA (L NEXT) =.
(COND
((NOT (EQ NEXT OBQUOTC)) (SCAN,STRING (CONS NEXT L) (READCHW
(T (PROG NIL

(SETQ BSCANTYPE 1,)
(SETQ 8SCANVAL. (READLIST (REVERSE (CONS QBQUOTE L))))

EXPR)
(SETQ !NEXT/HAR (READCW)l)~)

(DEFPROP SCANJJELIMITER
(LAWDA NIL
(PROG NIL

(SETQ 8SCANTyPE 3,)
(SETQ 8SCANVAL INEXT_CHARl
(COND
((AND 8X8 (GET 8SCANVAL (QUOTE 8TRANSH).
(PROC NIL

(SET0 BSCANTYPE (GET BSCANVAL (QUOTE BTRANSTYPE)))
(SETQ 8SCANVAL (GET 8SCANVAL (QUOTE 8TRAWS)))))

tT NIL))
. (SETQ !NExT CHAR (READCH))))

EXPR) 1

(DEFPROP LETTERP
(LAMBDA (CHAR) (OR (GET CHAR (QUOTE LETTER)) (fiQ CHAR (QUOTE 1))))

EXPR)

(ClEFPROP  IGNOREP
(LAMBDA (CHAR) (GET CHAR (QUOTE IGNORE)))

EXPR)
P (DEFPROP SREAD
)I (LAMBDA NIL (PROG2 (&SCAN? tSREAO1)))

EXPR)
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(DEFPROP SREADl
(LAMBDA NIL
(COND
((AND (EQ 8SCANVAL LPAR, (EQUAL &SCANTyRE 3,))
(PROG2 (ISCAN) (SREAQ2)))

(T 8SCANVALW
EXPR)

(DEFPROP SREAD2
F (LAMBDA NIL

(CON0
((AND (EQ BSCANVAL RPAR) (EQUAL BSCANTyPE 3.1) NIL)
.-(t (PROG (X1

(SETQ X (SREADI!)
MSCAN)
(RETURN (CONS X (SREADWWW

EXPR)

(OEFPROP SREAO3
(LAMBOA NIL
(CON0
((AND (EQ USCANVAL PERIOD) (EQUAL 6SCANTyPE 3,))
(PROG (X) (SETQ X (SREADI))  (8SCAN) (RETURN X1))

(T (SREAD2W)
EXPR)

(DEFPROP SCAN-NUMBER
(LAMBDA NIL
(PROG (it AL E

x Y
:ILENCTH N X1

(SC N NTEGER !NEXT-CHAR 0, 0,)
(SETQ-N t1VAi.U~)
(COND ((EQ INEXT CHAR PERIOD)

(PROG NIL-.
(SCAN-INTEGER (READCH) 0, 0,)
(SETQ N

(*PLUS N
(*QUO IIVALUE

(EXP 10,0 IILENGTHWW.
(T NIL))

(CON0 ((EQ {NEXT CHAR (QUOTE El)
(QROG NIL-

(SETQ INEXTTCHAR (READOH))
(CON0
((EQ !NEXT,CHAR RLUSS)
(PROGZ (SETQ X 10,0),

(SETQ INEXTJHAR (REAOCHW)
((EQ INEXTJHAR OASH)
(PROG2 (SETQ X 0,10000000)

(SETQ INEXT,CHAR (REAOCH))))
(t (SETQ X 10JW
(SCAN INTEGER INEXT CHAR 0, 0,)
(SETQ"N (*TIMES N (EXP X !IVALUE)))))
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(T NIL))
(SET6 8SCANTYPE 2,)
(SETQ 8SCANvAL N))) . .

EXPR)

(DEFPROP SCAN,INTEGER
(LAMBDA (NEXT N LEN?
(COND ((NUWERP NEXT)

(SCAN IrJTEGER (READCH)
(*PLUS (*TIMES N IBASE) NEXT)
(ADD1 LEN)))

(T (PROG NIL
. (SEW !IVMAJE  NJ

(SET0 IILEWTH LEN)
(SETQ !NEXT-CHAR NEXT)))))

EXPR)

(DEFPROP EXP ='
(LAMBDA (X N)
(COND ((EQUAL N 0,) 1,0)

((EQUAL N (*TIMES 2, (*QUO N 2,)))
(EXP (*TIYES X X) MQUO N 2,111

I
1

(T (*TIMES x (ExP (*TIMES X X) (*QUO (SUB1 N) 2,))))))
H EXPR)

(DEFPROP SCANINIT
(LAMBDA NIL
(PROG NIL

(PROG (BV 8LSTl CHAR)
(SETQ 8LSTl

(QUOTE

. $ p p,q,e f 9 h 1 J k 1 mr-nvarstUvwxyz

LOOP (COND ((ijOT 8LSTl) (RETURN 6V)) (T NIL))
(SETQ CHAR (CAR SLSTl))
(SETQ BV (PUTPROP CHAR T (QUOTE LETTER)))
(SETQ 8LSTl (CDR BLSTl))
(GO LOOP))

(PROG (8V 8LStl CHAR)
(SETQ 8LSTl (LIST BLANK CR LF F-F VT TAB ALTMOQE))

LOOP (CON0 ((NOT 8LSTl) (RETURN BV)) (T NIL))
(SETQ CHAR (CAR 8LSTl))
(SETQ 8V (PUTPROP CHAR T (QUOTE IGNORE)))
(SETQ 8LSTl (CDR BLSTI))
(GO LOOP))

EXPR)
(SETQ !NEXT_CHAR BLANK)))

t (DEFPROP SCANSET
(LAMBDA NIL NIL)

ExPR)
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(DEFPROP  SCANRESET
(LAMBDA  N I L  N I L )

EXPR)
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