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~HLECREATED M16-Jan-8.0 19121122" <AFFIRM>XEVAL.:6 70382 . . .' 

chan981 tOI DO\HARY\OP 

previoul datel " 1-Sep-79 19137130" <AFFIRM>XEVAL'IS) 

(PRETTYCOMI'RINT XEVRLCOMSI 

CRPAQO X EV A LeOMS [(FNS * XEVRLFNS) 
CBLOCI:S CXEVALBLOCI: 5 IMP\ASS IGN S IMP\R\ACCESS RLPHR RNO\ TO\RRG\LISTAPPLY\STATE APPLY\F\OF\X 

ARG\LIST\TO\ANO ARG\L1ST\TO\OP BINO\RRGS CONSTANT\TERM CONSTANT\FACTORS 
CONSTANT\MULT\FACTORS OEFINE\FUNC DEFINED? DISTRIBUTE DOMAIN DO\NARY\OP DO\POUER 
EOUnL\OURNTIFIEO UNIONHXEV EVENP FUNC\BOOY FORMRL\PARMS IN\SET? SIMP\RLL 
SIMP\A\SET SIMP\R\SUB SltlP\OIFF SIMP\OIV SIMP\EO SItIP\EOUIVALENT SIMP\USER\FUNC 
SIMP\GE SIMP\GT SII1P\II1P SIr.P\LE SII1P\LT SIMP\MOD SIMP\NE SIMP\NEG SIMP\NEG\LIST 
SINP\NEC\MULT SIMP\tIOT SIMr>\NOT\L1ST SIMP\POIIER SIMP\SOME SIMP\SUAP N\RDD N\AND 
NRRV\X NEG\MAX NEG\tlULT NEC\TERM Il\MRX N\MIN N\MULT N\OR ORDEREO\INSERT ORDERING 
PR U/T\PROVEO REMOVEPXEV PRI~iT\REIIR ITE SET\DEFINITION SORTIXEV SUPER\PUT\IN 
UNMATCHED\VS X\ROO\N X\RLPH~ X\RNO\N XEVRL XEVAL2 X\IF X\IMP X\MAX\N X\MIN\N 
X\MUL T\N X\OROERED\IIElillER? I(\OR\N X.EVRL \ TURN\OFF XEVAL \ TURN\ON COM.MONFACTORS 
FRCTORIZE FOUNDIN Gf.TFnCTOR5 GETMRXCONSTS GETNEGPIIR GETNUMDEN ISINT MK1NV MKPIJRL 
MI:OUOT NUMER ICAL REtlnFRCT RE fH1FRCTFROMLJST REMFROMALL REMORMUL T REMOVEFRCTORS 
cBLt:APPL YFNS SIMP\ASS IGN S II;P\RLL 5 ItlP\R\SET SIMP\R\ACCESS SIMP\R\SUB SIMP\DIFF 

SIMP\DIV SIHP\EO SIMP\EOUIVALENT SIMP\GE SIMP\GT SIMP\LE SIMP\LT 
SI"P\MOO SIMP\NE SIMP\NEG SIMP\N~T SiMP'PO~ER SIMP\SOME SIMP\SURP 
N\RDD N\RIlD N\liRX N\MIN N\MUL T N\OR X\ROO\N X\RND\N X\IF X\IMP 
X\MAX\t1 X\fllll\N X\MUL T\N X\OR\N MKINV Mt:OUon 

CGLOBRLVRRS CONTEXT RULETR ST~TE UFUNS UNDEFINED XEVIILTRACESET) 
CENTRIES XEVAL XEVAL\TURN\O~F XEVAL\TURN\ON SET\OEFINITION SIMP\NEG NEG\TERM 

GETNUMDEN lSINTl . 
(NOLlNrFNS • Tlll 

(DECLARE I DOEVALeCOMPILE (PROP MACRO NULL\5ET' SIMP\PAIR SIMP\PREF CONSTRNT? MKLISTPREF)) 
COECLAREI OONTEVALeLOAD DOEVALeCOMP ILE OOIITCGPY ceHlp ILERWIRS CADDVARS (NLRMAI 

(NLRMLI 
(LAMA SIMP\PREF]) 

(,RPAOO X EVA LFN S CALPHA nNO\TO\ARG\LIST RPPLY\F\OnX RPPLY\STRTE RRG\LIST\TO\RNO ARG\LIST\TO\OP BIND\ARGS 
CONMONF'RCTORS CONSTRNT? CON3rnlmFRCTORS CONSTRNT\MUL T\FACTORS CONSTANT\ TERM DEFINED? 
DErINE\FUNC DISTRIBUTE oelMnlN OO\Nf1RY\OP OO\POI~ER EOURL\OURNTIFIED EVENP FRCTORIZE 
FORMAL\"ARNS rOUI/OIN FUNC\BOOY GETFACTORS GETMAXCONSTS GETNEGPIJR GETNUMDEN IN\SET? 

\ 
IS INT HI: INV MI:LISTPREF Mt:PIIRL tWOUOT NRRY\X NEG\MRX NEG\MUL T NEG\ TERM NULL \SET? 
NUMERICAL N\ROO N\ANO N\rmX N\NIN N\MULT N\OR ORDERED\INSERT ORDERING PRINT\PROVED 
PR INT\REIIR ITE .REIIRFRCT REIIRFnc m;OIIL1 ST' REtlFROMRLL REMORMUL T REMOVE~EV REMOVEFACTORS 
SET\DEFINITION SINP\ALL SIMP\nSSIGN SIMP\R\SET SIMP\R\SUB SIMP\DIFF SIMP\OIV.SIMP\EQ 
S 1I1P\EOU IVALENT S ItIP\GE 5 IIIP\G T S IIiP\ HIP 5 ItIP\LE SIMP\L T SIMP\MOD SU1P\NE SIMP\NEG 
SIMP\NEG\L1ST SIMP\NEC\MlILT :51I1P\/IOT SIt1P\tIOT\LIST SIMP\PAIR SIMP\PmlER SII'IP\PREF 
SIMP\R\ACCESS S1/11'\5011E S I MP\Sllnt:- 5 ItIP\USER\FUNC SORTIXEV SUPER\PUT\ IN UNIONIXEV 
UNMATCIIED\YS XEvnL )(EVnL~ XE'IAL\TUIiN\OFF XEVRL\TURN\ON X\IIOD\N X\RLPHR X\RND\N X\IF 
X\IMP X\MRX\N X\MIN\N X\NULT\N X\OROEREO\MENBER? X\OR\N)) 

(OEF INEO 

(ALPHA 
(LAMBDR (F X VI 

(if F .. NIL 
then NIL 

elr.r.if (EDUnL Fill MEMI XI 
limn ..cSI:\II'\I'AIR X VI ! Fill> 

elm:il (OIU>Jo:IiIi\;G X FI11MEM1I 
thcn F 

elsc cFII "AI.PHA Fill X Y) 
>]) 

(AND\TO\ARG\lIST 
(LAMSOA' (PREF IXI 

( ... If F Is dcllned At X. then sets F 
(X) to Y. Returns the new F) 

( ... Chnnge' the expre8slo.n to A list of 

1 

2 





'-- ; 

(if (NLlSTP PREFIXI 
thr.n ~PRCFIX> 

chicH PREFIX: OPR.nNDop 
thcn PREF'IXlnRGS 

else .PREFI)(» I 

(A Pill Y\F\OF\X 
(Lnrmon (F Xl 

cif (;\ lil.l.\SET? F'l 
thr.n UNOEF INCo 

clr.r.il (EOUnl Fllll1EMl X) 
thr.n F'll:11[M2 

elr.cil (OB DEH INC; X FdlMEMll 
thr.n UNOEFINEO 

else cAI'I'I.YW\(W\X Fill XI) 

(A PI'L Y\STATE 
(lnNnon (S XI 

(il (DEFI;\I·:m S Xl 
thr.n cAI'I'I.Y\V\OV\X S Xl 

ChiC X] I 

(A IRG \LlST\TO\AND 
(lnNnon (nl I 

(if Ill.Nll 
then TRUE 

elr.cil Rl Ill-NIL 
then Al:l 

clr.c (:\1" LIST!' R I·:r IlNOOp Rl)) 

(A RG \UST\TO\OP 
(LRNOOR (Al OPR TOSSVRlUEI 

(if Ill.Nll 
then TOSSVRlUE 

elr.cil nlllloNi"l 
then Al:l 

else (;\11\ I.ISTPIU:r OpR Rl)) 

(UJND\ARGS 
[lnNDOA (STATE2 FARGS RCTRRGS) 

(if FnRGS.Nll 
thr.n STnT£2 

• 

elr.e(X\AI.PIIA (BIND\AHC;S STRTE2 FRRG3111 riCTARGSlll1 
FnRGSll RCTRRGS:l) 

(COMMONFACTORS 
(LANDOR (lX l VI 

(if LX~NIl or lV.NIl 
then NIL 

Pag_ 3.1 

nrr,uments) 

( ... Relurns F (X)) 

4 

( ... apply SlIlle S to clemen( X) 

( ... convert the Rrg list AL to a l'refl~ e:\pr 
with the AND operRtor)· 

6 

( ... Con\'ert the Reg list AL to a prefl:\ e:\pr 
with any n-ary 0)' OPAl 

7 

( ... Return., a new state with actual args bound 
\0 formnl nrg:,) 

8 

( ... Makes n list of fRctors common to factor 
list LX nnd L Y) 

-- -- -------





''--' 

() 

else (PROG 

(CONSTANT? 
(LnMBOA (n) 

(CONE FnCTORSI 
(CONE: .. cJn:M ",,'ACTFHOM US'!' LK L Vtl» 
(if CONE: 

then (RETURN <LYI1 f(CO~IMONF,\CTOHS CONE LYlll) 
>)) 

(if (NLlSTP LYtl) Dr .. (EOUAL LYd:OPR PIIROP) 
then (RETURN (CG:\Ii\IONFACTOHS LX LV::!»)) 

(FACTORS .. N I L> 
ICONE .. Tl 
[while GONE do (PROCN CONE .. cHEMAFIICTFHO:\ILlST LX LYdIARCl> 

(if cor~E 
then (PROCN LX .. GONE 

'ACTORS .. <lVdIRRGl I FACTORS>] 
(RETURN < , FACTORS I(CO;\t:\!O:\FACT()I~S LX LV:: 1) 

>)) 

(ij INUNBERP Al Dr A.NECINF Dr A.POS1NF Dr A.TRUE or n=FALSE1) 
( ... Returns T If A Is a'constant) 

9 

10 

(CONSTANT\FACTORS 
(LnNIIOn (X I 

(it (NUNIlERP X) 

( •• Return" a IIl1t WITH the NUMERICAL factor 
1)( X (jut. remaining factors second) 

then <x 1> 
clr.r.if CNLlSTP XI 

thr.n d x> 
clr.r.if XrOPR.NEGOP 

thr.n «- II 
XlnRGl> 

elr.r.ifx: OPR=MUl TOP 
then Ir.O:\STAi\T\~ltlI.T\FACTORS 1 NIL XdlRGS) 

clseif Xl0PR.INVOP and (NUMBERP XIRRG11 
then • X 1> 

else d X>l I 

11 
o (CONSTANT\MULT\FACTORS 

[LAMBOn 0; IILX TLXI 

(if TLX.NIL 

(oO Multlrly the const from each factor and 
rlncc In front of e:\rr) 

then (if IILX.Nll 
Ihen <I: 1> 

cl!ir.if HlXI11.Nll 
Ihr.n <I: HLXI!> 

elsc <I: (~I"I.JSTPJn:F MUlTOP (REVERSE HLX» 
>1 

else (PROG (X I 
(X .. TlXI1) 
(RETURN (il (I\i\JMJ':HIr.AI. Xl 

(CONSTANT\TERM 

then (r.ONST":\T\~I\;('T\I"ACTORS (DO\NARY\OP MUlTOP K X) 
e HLX TLXlll) 

elscH '(NJo:r;\'I'ER~1 Xl 
then (CONSTAi\T\~I\jJ.T\I"t\CI'OHS (SlMP\NEG Kl 

c:CSl~fP\NEG Xl I HlX> TlXIIll 
elsc (CONSTANT\MliI.T\FI\CTOHS K <X I HlX> TlXIIlJ) 

12 

\ (lAMBOn (LXI 
\~) 

(., Finds a numt'rlc ferm In sorted list LX If 
one (':\ISI8, else NIL) 

--------





c) 

~RFF'JR">XEVRl,JNDEXI6 

then NIL 

Pag8 3,3 

clneif (~IJMI·:RICA., lXI!) 
then LXII 

else cCONSTAN'.'\TJ·:Ri\I LXII 1)) 

18 
(DEFINED? 

elmIROn (F X I 
(if F.NIL 

then NIL 

( •• Relurn " If function F la defined? at X) 

ehmif (EQURL X FIIIMEM!) 
thl!n T 

elsl~jf (OIU)Jo:RING X FIIIMEMl) 
thr.n NIL 

clse cDl·:VINI·:m Fill XII 

14 
(DEFINE\FllNC 

(lANOOA (F PRRS BOOVI 

uruNS .. (X\A.,PHA UFUNS F (SJ~rpWAIH PARS BODY)) 

(. DEFINE\FIJNC dcflnes Ihe function F by 
pIlI"ng It Into UFlINS) 

(DISTR InUTE 
(lnMOOn ~OPCOOE X TERMS I 

,. For "1.-11 IHIII '" 11-:ItMS, AI'rly Ih" OI'C'III>I-: I" >: nlill III~' 1"1'111, Only worklilf orCODE la defined n-ary,) 

(if TERMS 

then cCDO\NARY\OP OPCODE X TERMSIl) I cDISTHlBljTI~ OPCOOE X TERMSII!) 
>]) 

(DOMAIN 
ILnMBDn, CF) 

,. Ihllll'lI III~ """\1"" (,III nrd~n'd ,~~I) ,,' IIIL' IIHIL'II"" F. Silh:C tile 11I1I.:llon Is ordered on flfat members, they· 
l'llIl 1'~·I'h:~t.lllr'" ,~UIII'"c\' In 1:'1 Ihe nnlu," sU 11\,,1 i,~ tllo: dOlllnlll,) 

cif F 
Ihen <FIlIMEMI ICDOMAIN Fill) 

>J) 

(DO\NA R Y\Or 
[LAMDDA (OrCODE X VI ,. R,DAICII "14-D«-79 14:43") 

16 

17 

( .. "\I'I'IIl.~ "I'C'OIlI. In Ihe nln:lllly XE\'''I.'' "ri'.~ :-. nlld y, ',I.~c Ihls rJ'Oc Inslc.ld of N\ADD. N\AND, N\MAX. N\MIN, 
N\I\II'1 I, nr N\Olt,) 

(if (NLISTP X) or -CEQUAL XIOPR OPCODE) 
. then (if (NLlSTP V) or .. (EQUAL VIOPR OPCO[l£) 

then (PROG (NEGFCN Z (M~FCN CGETP OPCOOE 'NRRYS») 
(if MI:FCN.N IL 

then CPRINTLINES OPCOOE "nOI defined as N-ary op ••••• "JJ 
(NEGFCN .. MI:FC~ 13) 
(MKFCN .. MKFCN 1.1) 

(Z .. CBLKAPPL V MI:FCH <x V (BL~ RPPL Y HEGFCN <X» 
>)) 



---------------------------------.- .------- --------------



( . 
-) 

(\ 
'----) 

(If (NLlSTP ZI or .. (EGLIRL ,:,OPR OPCODEI or (ORDERING ZIRRGl ZIRRG2) 
then (RETURN ,I 

el!lc (RETURN (SI~IP\PHJ:It· 2,OPR 2,RRG2 Z,ARGll 
clse (SIIPEH\PIiT\IN <x> VIRRGS OPCOCE)) 

rlseif (NLISTP VI Dr ~(EaURL V,OPR OPCODE) 
Ilum (SIJI'Jo:H\pIlT\IN <V> X,ARGS OPCODE) 

ChiCif (FLENGTH X) !II (F'LENGTH VI 
Hum (SI;I'I':H\plJT\JN V,RRGS X,ARGS OrCODE) 

else (!-iii P 1m \I' IJT\I N x, ARGS v, ARCS OPCOlJE 1 ) 

18 

(DO\POWER 
(L~MBOA (X VI 

(if (NUMBERP X) 

Co. Multlrly X by l.tseU Y-I times. 
NUMnERP Y musl be T And Y must be 
non-negAtive. ) 

then (if X=O and VmO 
then (SI:\IP\PRI':~' PUROP X V) 

el!;eil V~O 
Ihen 1 

else (lor J from 1 to V by 1 bind 2-1 do 2 .. 2*X finally 
clscil <ILEa v 0) 

Ih!!n (SI:\IP\I'RI':F PUROP x V) 
clsr.if V.I 

Ihen x 
clse (J)O\NARY\OPMULTOP )( mO\pO\vl-:H x V-ll) 

(RETURN 21») 

19 

(EQUAL \QUANTIFIED 
(LAMBOn (X VI 

(if ItILlSTP XI Dr (NLISTP V) 
Ihr.n (EaURL X VI 

Co< Are X. Y equivAlent e~pre.nlons e~cept for 
the quantified variAbles?) . 

clsr.if (EQUAL XIOPR VIOPR) 
Ihen (il XIOPR.RLLOr Dr X,OPR=SOMEOP 

Ihen (EQIlAI.\QIlt\NTIVIED x,nRC:: (:;UBST X:ARCl VIARCl Y,ARC2)) 
else (EQIJAJ.\QUANTIFllm Xlll \'111) 

(EVENP 
[LnMAOn (X) 

(IREMRINDER X 2).0) 

(fACTOn IZE 
[LnMBDn (X) 

C. I.~ X (mulil be NIJMBERP) even) 

20 

21 

(PROG (DIVISOR FnCTORS) 

{x .. (nilS X» 
(if X II 2 

Co< RClIIrn A list of ALL FACTORS of the number 
X) 

then (RETURN NIL» 
(F RCTORS .. N I LI 
(while (REtlnINOER X 2).0 do (PROCN X .. XI: 

F'ACTOR5~ <2 , FRCTORS») 
(OIVISOR~3) 

(while "LEQ DIVISOR*DIVISOR X) do (if IFEIln;I;IlCR X DIVISOR)=O 
Inen (PROGN X~X/DIVISOR 

FACTORS .. <DIVISOR I FACTORS» 

(RETURN (if X.l 
elu~ DIVlSOR .. OIVISOR.2» 

then FACTORS 
clse <x I FACTORS>]) 
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22 
(FORMAL\PARMS 

KUMBDA (F) 

(if (J)J·:~·I;\; En? UFUNS F) 

( ... Returns t~e formal param lIat of fune F. 
with aU rArAm de .• c:rlptora) 

Ihen (AJ'I'I.YW\CW\X UFUNS F) IMEMllI 

23 

(FOllNDIN 
[LAnnOA (X EXP) ( ... MAkea Iisl of occurrences In EXP 01 atom X 

uaed .AS An OPERA TOR) . 
. (if (NLISTP EXP) 

Ihen NIL 
else (PROG (FOUND) 

(if EXPloPR.X 
Ihcn FOUND.. <EXP> 

clse FOUNo .. NILI 
(EXP .. EXPIRRGS) 
(while EXP do (PRoGN FOUND .. < I<Fo\1:\ DI N X EXPllI I FOUND> EXP .. EXPIIU) 
(RETURN Fo.UNo]) 

(FUNC\1l0DY 
[LAnnOn (F) 

(if cnEFIi\:lm? UFUNS F) 

Ihen (AI'PI.\·W\O~·\X UFUNS FlIMEM2ll 

(GETFACTORS 
(LAtlnOA (X) 

(if (NLlSTP Xl 
Ihcn (if (NUI1IlERP X) 

Ihen (VACTORIZI': X) 
else <h) 

else if X I DPR=MUL TOP 
Ihen (PROG (FRCTORS) 

(FACTORS .. NILI 
(X"XlnRGS) . 

(. Returns the body of the function F) 

(. Oets R n.t of 'Actors 
(c:tc:ert sumll) In X) 

(while X dD (PROGN FACTORS .. < ! (GFTFACTORS X:11 I FACTORS> X"XII1» 
(RETURN FACTORS» 

clsr.if X I oPR .. PIIROP 
Ihen (PROG (FACTORS PURFACTORS) 

(FACTORS .. (e; I':TFACTORS XIRRGl) 
(PURF"ACTORS .. N III 

24 

25 

(while FACTORS dD (PROGN PIlRFRCTORS .. <cSIMP\PREF PURoP FRCTORS:! XIRRG2) 
FRCTORS .. FRCTORSI11» 

PIIRFACToRS> 

(RETURN PURFACToRS) 
clseif X I OPR.ROOOP . 

Ihen (PROG (FRCTORS) 
(X"XIARGS) 
(FACTORS .. (GJ':TFACTOnS XI1» 
(X"XIIl> 
(while X do (PROGN FRCTORS .. (CO:\I;\IO\FACTORS FRCTORS (GJ~TFACTORS X:l» 

X"XI11» 
(RETURN FRCTORS») 

. clse <bI) 

(GETMAXCONSTS 
(I.AMRDA (LX) 

,rROG (FACTORS NFACTORSI 

26 

(. Oet NlIMRERP constanta In ALL AROS of a MAX 
or MIN ARO IIl1t LX) 

-------- --~- ----



\ 
) 



( ') 

j 

(FnCTORs .. (G)·:TFACTORS (MKLISTPIH:F mloor LXll) 
(NFRCTORS .. N ILl 
(while FnCTORS do (PROGN (if (NUMBERP FilCTOR~i 11) 

then NFRCTORS .. «RBS FRCTORS:l) I NFACTORS» 
FACTORS .. FACTORSllll) 

(RETURN NFRCTORSI) 

(GETNEGPWlt 
(LRMI\OR (X) 

(PROG (FACTORS NPFRCTORS CHFACTORS) (~. SCI':! rn Ic., ncr, 1\tcrm rowers 

27 

(WITH .~Ir.1I of power CHANGED) from other 
FACTORS) 

(FRCTORS .. (G ET~·Ar.TORS Xl) 
CNprnc TORS .. N I U 
(CI(FRC TORS .. N ILl 
(while FACTORS do (PROGN (if (L1STP FRCTORS I i,) and FRCTORS: 1: OPR=P\.lROP and (NEG \ TERM FACTORS: 1: RRG2) 

then (PROCN NPFRCTORS .. <FRCTORS:l ! NPFRCTORS> CHFRCTORS .. 
d~l\lP\PHJo:F P\.lROP FRCTORS:1:ARGl (SIMP\NEG FRCTORS:1:RRG2» 

I CHFACTORS»1 
FACTORS .. FRCTORSI111) 

(if NPrRCTORS.NIL 
then (RETURN d X» 

else (RETURN dARG\I.IST\TO\OP (SOHTn;\I':V CHFRCTORSI 
MULTOr 1) 

(RETURN NILl) 

(GETNlIMDEN 
(LnMI\On (X) 

. (RI':~IOVI':FACTOHS X r'?FqCTORS) 

28 

(PROG (rnCTORS OENrACTORS TERM CHFRCTORS) 

(if (NL ISTP X) 

( ... RClurn.~ II.~t (numerator ~.denomlnator X) 
niter mnklnr. common denomInator If necessary) 

then (RETURN eX 1» I 
(if X I OPR.nooOl' 

then rRCTORS .. (C;I·:TVAr.TOHS (;\lKI.IST?HI·:r 11ULTOP X:ARGS» 
clr.e FRpORS .. (G I':TVACTOHS x» 

(DENFnCTORS .. NIL) 
(CIiFnCTORS .. NILI 
(while FnCTORS do (PROCN TERM~FRCTORSll 

(if (LISTP TERM) nnJ TERM:OPR=INVOP and .(MEMBER TERM DENFACTORS) 
then (PROGN OENFnCTORS .. eTERM ! DENFRCTORS> CHFRCTORS~ 

cTERMIRRGl I CHFRCTORS») 
FRCTORS~FRCTORSlll» 

(if DENFRCTORSeN IL 
tllI!n (Rr.TURN .x 1») 

(CHFRCTORS .. (A HG \J.JST\TO\OP (SOJrJ'1I X J·:V CHFRCTORS) 
MULTOI' 1» 

(RETURN dHJo:\IOIC\IIJI.'l' X DENFRCTORS) 

(IN\SET? 
(LRnI\On (X VI 

CIIFRCTORS>l) 

(X\OHJ)/O:HEI)\~IJo:\mJo:n? X VII 

(.; RC1\1nl.~ h)llledl vnlue of 
'X Is nn ckmcnt of y.O) 

29 

30 

(ISINT 
(l~MBDA (X) (oo Ret\lrn.~ T If e~l'resslon X Is" known to be 

Integer. ellJc NIl.) . 
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(. AI I \·"rt""k.~ ARJ: o:nlulcln(d 11I1~'I~l'r. nlily 1111· ...... : (\\'hidl QUOTIENT slmpllfle .• to) And EXPT to a 'negatlve . 
r"\\'n Itlllrll RLAI (Illlll-tllll:r.cr)) 

(if (FO\JI\;J)JN INVOP Xl 
then NIL 

else (PROG UHfEREFOllNO NOTFOLINOI 
umEREFOUNo .. (FOIlNDIN PIJROP Xl l 
(NOTFOUNO .. Tl 
(while NOTFOUNO and IJHEREFOUNO rin (Pf:OGN NOTFOUNO .. (if (SIMP\J.E. 8 IlHEREFOUNDllIARG2).TRUE 

(MI<lNV 
[LAtloon (Xl 

cif X~O 

(RETURN NOTPOUNOII 

. thr.n (SI\! P\PH 1':1-' INVOP Xl 
elr.r.il X.I'OSINF or X.NEGINF 
. thr.n cSI\1 p\pln:", INVOP Xl 
cl!jr.il X.l or X. (- 11 

thr.n X 
clr.r.H (NLlSTP XI 

then (S.I:'II P\PH EF INVOP XI 
c\!le (PROG (XNUIIOEN XNPl 

(XtWIIOEN .. IG ETN U:'II J))o;;\ x» 
[if ... (EOUnL XNUI10EN: EL2 1) 

then T' . 
else NILl 

~HEREFOUNO .. IJHEREFOUNO:ll» 

( ... Simplify the Inverse or an arithmetic 
e:tpres.glon X) 

31 . 

thcn (RETURN (J)O\NARY\OP MULTOI' XNUI1DEN:EL2 (MKINV XNUMOENIELll 
(XNP .. ((; 1':,(,1'; E(; P\XI H Xl I 
(il .. (EOunl. XNP,ELl II 

then (RETURN (J)O\;\AHY\OP I1ULTGP XNP:ELl (MKINV XNPIEL2») 
clse (RETURN (SII\I P\PIU:F INVOi> Xl)) 

(RETURN N ILl) 

(MI<lISTPREF 
[LnMOOn (XOp XnRCLISTI 

cXOP I XnRGLIST>11 

(MI<pwnL 
[L.nMOOn (LX VI 

(if LX.NIL 
then N'IL 

clse (OH DEH ED\I;\SERT (SII\IP\POWEH LXIl Y) 
cl\\KPWHI. LXlIl Vl) 

(MI<OllOT 
(Lnt.1[lOn (X VI 

(J)O\NhHY\OP MULTOP X c;\\KINV VlI 

(NARY\X 
(LAtltlOR· (LX OPNX) 

32 

(ofo Deline MKLlSTPREF (op;argJl,gt). op %. 

AROLIST) 

33 

( .. Takes ALL Itcm.~ In list LX to power Y and 
orders the result.g) 

(". Simplify the QUOTIENT 
mEAL c1lvl.llon) or X and Y) 

34 



-



(, 

\~) 

C'" Nllry'" Ih,- 1"1' It\'d nil X Aud 1111 1Il'III,' ,nil I"""," 11'11\ by I Ill' OI"'l'lIlor OPNX. Docs not take as Input or 

1'1",111\'" Il,~ 111111'111 Ihe tnl' '('\'('\ "1'Hlllnl',) 

dur X in LX bind 'r' .. NIL do Iii (NLlSTP Xl Dr .. (~aUf1L X,OPR OPNXl 
then y .. clXEVAI.2 Xl' Y> 

else Yo. < IIr.;AI\Y\X )(IRRGS OPNXl I Y:o) 
finnlly (RETURN Yl) 

(NEG\MAX 
[LIlMRDR CLX) 

36 

1+ Ihlllllllm': 1111 MAX (nr ~IIN rtr 1'111,1;) 1.'\ ,'''II'II.lu.:d NF.n\TERM, COllnt the- NEO\TERMs among the arguments to 
,lllll'UlllIl' II lilly IIlIllllllllh.-r IInu-NLU\II',R~I", II Ill', II,~I: IIRDERIN(I,) 

(lor X in LX hind COUNT .. O dD (il (NEG\TEI\M Xl 
then COUNT .. (COUNT-l) 

cl5e COUNT .. (COUNT+ll) 
finally (RETURN (if (MINUSP COUNT> 

Ihen T 
cl5cil COUNT gl 0 

Ihcn NIL 
clscil cORDERING LX (SI~II'\\Jo:G\LlST LX» 

(NEG\MlILT 
[LnMon (L x I 

(if LX.NIL 
Ihen NIL 

Ihcn NIL 
else TJ I 

el!a~il (i\EG\TII:R;\1 LXtll 
Ihr.n T 

else C NEG \;\1\ j I,T LX I Ill) 

(NEG\TERM 
lLRMBOn ' (XI 

37 

C" Returns T If any factor Is NEG\TERM) 

38 

CoO Itlllllll~ I II NH ilNF, -N'I~IF.R 1<'. • _ (y) " • '''' .. (NHi\TERMI .. ".)", " (," .. (NEG\TERM)" ... ) I B ", 

• Nl.li\IIIu\I1' NII~II.I{I('", mIHl'lIrg~N),I"III{\I"(+. ~L"":, ~(JN,) 

-c.iI XrNrGINF 
Ihr.n T 

elr.r.il (NUtlI1ERP Xl 
Ihcn (MWUSP XI 

Clfol:if (NLlSTP Xl 
11lI:n NIL 

ehicif X: OPR.NEGOP 
, Ih,:n T 

elfocif X:OPR.nooop or XIOPR.MRXOP Dr XIOPRcMINOP 
Ihr.n (:\I':(;\:'I'AX XIRRGSI 

elfol~il XIOPR~tlUL TOP 
limn (i\ EG \:'111 J 1.'1' X I RRGS I 

e\r.eil X:OPR:IINOP 
Ihr.n (:'\ j,:(; \,n:H;\1 X IIlRG1) 

elfocil XIOPR.OIVOP 
I hcn (:\ ,.:<; \'l'Jo: H;\I X: RRG 1> 

ehir.if X I OPR. PIIROP and (NUMBERP X I RRG2 1 
I hen (i\ I':G \'n: 1t;\1 X I RRG 11 

else N I~l ) 
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39 

(NtJll\SET? 
(~ (LnMnOn (X) 
\_) X.NILI) 

'-..-' 40 

,) 
\ .. J 

(NtJM ER leAL 
(LRMnOR(XI 

(il (NLISTP XI 
limn (NUMtlERP XI 

cl!ieif (CCTPROP XIOPR 'EVFUN).Nll 
Ihen Nil 

clGC (PROC (NUMONlV) 
(NUMONL V .. T) 
(X~XIRRCS) 

ro. RClllfJIs T If X Is A number or an 
c;~rn:s8Ion of only numbers) 

(while NUMONlY and X do (PROCN tlllI10IH.y .. (NmIERICAL XI1) 
X .. X III I I 

(RETURN NUMONlYll 

(N\ADO 
(LnMIlOn (X V NECXI ( .. Simplify the SUM of two Qrgument.~) 

(if (lISTP XI and XIOPR.ROOOP or (LISTP YI and Y:OPR=RDOOP 
Ihen (J)O\:\' AH Y\OP ROOOP X YI 

cl!ieif (NUtIIlERP XI and (NUMIlERP Y) 
Ihen X+Y 

clr,I!il v.o . 
Ihen X 

clr.r.if x.o 
Ihr.n V 

. clr.r.if x=pos INF and V.NrCINF or X.NEGINF anll Y"PIlSIfjF 
Ihr.n (SI'I p\plu:r nooop X YI 

cl!il!iI XaPOSINF Dr X.NECINF 
IIlIm X 

cl!icil VaPOS INr Dr V.NEC INF 
IIlI!n V 

el!jr.if (ECUnL X VI • 
Ih!!n (J)O\;\;AHY\OP MULTOP 2 XI 

elr.I!il (ECURl NEGX YI 
IIII!n 0 

dr.cil (Ll5TP YI nnd V:OPR=MRXOP 
Ihen ('IKI.lSTPHI-:r MRXOP (SOIrI'ttXEV mISTHIB\j'I'E nooop X YIRRGS))) 

r.1!ir.iI (LI5TP VI ami V:OPR=MJrIOP 
1I11!11 ('IKI.ISTPIU:F MINOP (SOHT .. XI-:V (DISTHIBIJTE nooop X YIRRGS»)) 

clr.r.if (LlSTP XI and XIOPR"MRXOP 
Ihcn (:\'KI.ISTI'HEr MRXOP (SOH'I'IIXI-:V (DISTHIHUTI'; ROOOP Y XIRRGS») 

el!jeif (lISTP XI ilntl XIOPR.MINOP 
Ihr.n ("J\L1STPHEF MINOP eSOHTIIXEV d)ISTHIBtrn: ROOOP Y X:RRCS)j) 

cl!ir.il (lISTP XI and (X,OPR.MUlTOP or X,OPR.INVOF) Dr (LISTP VI and (YIOPR=MULTOP or YIOPRaINVOP) 
Ihen (PROG (XFRCTORS VFRCTORS XNUI1DEtl VllUtiDEN RNUMI 

(XFRCTORS .. (r.O:\STA :\'1'\1" ACTl) I{S :0 I 
(vrnCToRs .. (CO:\STANT\FACTI1HS '(I I 
(if (ECUnl XFRCTORS:EL2 vrRCTORS:EL~1 nnd .CECURl XFRCTORS:El2 1) 

41 

Ihen (RETURN (J)O\NAHy\(!P IIULTOP cDO\i\AHY\OP ROOOP XFRCTORSIELl YFRCTORS:ELl) 
XFRCTORS: El21l) 

(XNUMOEN .. lr,I·:TNt;:\")Jt;i\i Xl) 
(VNUMOEN .. (GET;\ilj;\IJ)Ei\' V) I 
(if XNUMOEN:EL2al and VNUMOCN:EL2.1 

Ihen (RETURN (S"'P\PHI·:r nOD(lp >: YII) 
(RNUM .. (DO\N A H Y \01' nOOO? (])O\:"; t\ R Y\Or MUl TOP YNUMOEN: EL2 XNUMOENI ELl> 

cDO\i':AHY\OP tllJLTOP XNUMOEN:El2 YNUMOEN:ELl») 
(RETURN (if (NlISTP RNUMI or .CEounl. RNUM:OPR RDODPI 

Ihen (I\IKC)I;OT RNIJI1 eDO\NAHY\OP MUlTOP XNUI10ENIEL2 YNUMOENIEL2» 
. else (SI;\I P\PH 1-:)0' ROuOP ~ YI 

else (SI;\IP\PRI-:F RDOOP)( Yll 





42 

(N\AND 
ILnMR.f1n IX v NOTX) (. Slmrllfy logical Rnd of two argumentll) 

lif (LlSTP X) Dnd XIOPR.RNOOP or 'CLISTP v) and VIOPRaRNDOP 
( " then (I>O\N 1\ n Y\OJ> RNDOP X VI 
,j cl!il!il XeFnLSE or V.FRLSE 

'111I!" FRLSE 
',-./ el!ir.if ·X.TRUE 

'. : ...• ::. 

/ -'''. 
~.J 

thr." V 
cl!ir.iI V. TRUE 

Ihr.n X 
cl!;cif (1':Ql11\I.\QIJANTIFllm X VI 

limn x 
cl!ir.if cl':QI1AI,\QIJANTH'lIm NOTX VI 

. H1Im FnLSE 
cl!ieif CLlSTP XI ilnd XIOPR=IMPOP and (Jo:QIJ"l.\~)l;A~TIFJEI) X:RRGl VI 

thcn cDO\N" H ",OJ' nNDOP V XI RRG21 
elr.cil (LISTP VI Dnd V:OPR"lMPOP and (EQIJ"I.\QUANTIFllm X V:RRGl) 

thcn cJ)O\\;I\HY\OP RNOOP X VIRRG21 
else (~I :\1 P \ I' IU:~' ANOOP X VI) 

(N\MAX 
[LnnnOn (X V NOTX, 

(if (LISTP Xl Dnd X:OPR~MAXOP Dr (LISTP VI and V:OPR.MAXOP 
, then (I)O\;\i\Hy\OP MAXOP X VI 
else (PROG «R (S 1:\1 P\ I. E X VI) I 

(il RftTRUE 

(N\MIN 

thr.n (RETURN VI 
elscif R.FnLSE 

then (RETURN X) 
else (RCiURN (SI:\IP\PHEf MAXOP x Yl I 

[LAMnOn (X V NOTX) 

(if ILISTP Xl Dnd X:OPR.MINOP Dr (LlSTP V) and VIOPR.MINOP 
then (\)()\~ 1\ H Y \Or MINOP X VI 

else (PROG.( (R (SI:\I P\U: X VI)) 

\\HILT 

(il R.TRUC 
then (RETURN Xl 

chll!il R.FnLSE 
thcn (RETURN VI 

cis\! CR,ETURN cSIMP\PHJo:I" MHiO" X Yl) 

;' r,;:i\un (X Y INVkl 
(il (LISTP X) ilnd X/OPR.MULTOP Dr (LlSTP VI Dnd VIOPR~MULTOP 

thcn (DO\;\;" H nOp MUL TOP X YI 
Chil~if INUllBERP XI and (NUNBERP YI 

Ihcn X~Y 
elrodl (EQURL INVX YI 

IllI!n 1 
cl!icil V.I 

limn X 
elr.r.iI X.l 

tlmn V 
cl!icif (:,\I-:G\TI-:I\:\I Xl and (NI':G\TEH:\I Y> 

thim cJ)O\NAHY\OP MULTOP (SI~IP\;\;JI:G.X) 
(SI M P\N I':G YI) 

43 

l"' Simplify the 1I111xlmuIn of two expre.gSlon.9 .. 
NOTX III rrcsently Ignored In N\MAX, 80 any 
\'l\lue will dl',) 

44 '.' 

f ... Slmrllfy the mln~mum of Iwo ellpresslons. 
NOTX Is rrcsently Ignored In N\MIN. 80 Rny 
vllluc will dO).) 

45 

( ... Slmrllfy I'RODllCT of two arguments) 





.. 

(J 

cnFFIRM»XEvnl.INOEX;6 

cl!icil (i'\EG\'J'ER~1 Xl 
then (SI~II'\;'I;I·:r. mO\NARY\OP MUlTOP (SI:\IP\NI~G Xl 

V)) 
clr.r.H (:\Er.\TJo:n~1 Yl 

Ihr.n (SI~II'\i\;l':G <DO\NAny\Op MUlTOP X (SI:\IP\NEG V») 
clr.r.if X.POSINF nnd Y.POSINF 

Ihr.n POSINF 
~Ir.r.if X.POSINF or Y~POSINF or X.N~GINF or Y~NECINF 

Ihr.n (SI ~I p\I'ln:t' MUl TOP X Y) 
clr.cif X.O or Y.O . 

Ihr.n 0 
. clr.r.H (LlSTP X) an~ X:OPR.INVOP and (L1STP V) and V:OPR=INVOP 

Ihr.n (:\II\I;\lV <J)()\:\:Any\Op MUlTOP X:illlGl l':nRClll . 
cl!ir.H (WLlSTP Xl or X:OPR=ROOOP or XIOPR.PIHOP) Olmi (lISTP Y) and Y,OPRioINVOP 

Ihen (PROG (FnCTORS NEUX NEllY) 
(FnCTORS~(CO~I;\IONI"ACTnH!' (GETFACTORS X) 

(GETFAC';'OHS YIRRCl))) 
(if FRCTORSaNll 

Ihen (RETURN (SIMP\pHEF MUl.lOI' X VI» 
(NEI~X'~(H I·:~J(WKI·'ACTORS )( F,~CTO~S» 
(NEUV .. (:\II\I:\V cJn::\IOVJo:FACT()!~S Y:ARGI FACTORS»)) 
(RETURN (DO\N A H Y \OJ> IIUl lOP IleIlX NEIIV)) I 

clr.r.if «(NlISTP Yl or Y:OPR.ROOOP or Y:OPR.P\.I~OP) and (lISTP Xl and X,OPR.INVOP 
thr.n (PROC (FnCTORS NEIJY NEIIXI 

(FRCTORS~(CO:\I;\IOi\Jo'ACT()HS «; !':TI"ACTORS V) 

IGI':TfACTCIHS X:RRCJ))) 
(if FnCTORS.NIL 

Ihr.n (RETURII (SI:\IP\pREF NlIlrel' X Vlll 
(NEl/v .. (HE:\IOVI·:VAr.TOHS y f'ACTO~31) 
(NEIIX .. (:\I"i:'.:\, (IUo:MOVEFACTOI·:S X:RRGI FRCTORS») 

. (RETURN (DO\N A H Y\OP 'MUl TOP NEIIX NE~IYI) 
clr.r.if .(L1 S TP' X I and X: OPR.ROOOP 

Ihr.n (:\II\I.IS'I'PHEF ROOOP (SOHTItXI':\, IDISTHIBlJTE tlULTOP V X.IRRGS))) 
elr.r.if (L ISlI~ Yl nnll V10I'R.nooop 

Ihlm (:\11\ I.ISTI'HEJo' nooop (SOHTIIXEV (\)J:-:'I'HIIH;'n: t'IULTOP X V:RRGS») 
ci!;f!il (llSTP X) nnd X:OPR"PUROP ilnd (L1STP Y) ilnll '(IOPR=PtJROP lind (EQUAL XIARGl Y,ARGU 

. limn (SI\IP\I'O\\'I':H X:nRGl (-f)O\i\;AHy\np liooor XIARG2 Y',ARG2» 
clsr.il (LISTP XI and X:OPR=PIIROP and (EOURL x:nRGl V) 

thr.n (SI \1I'\I'O\vEH Y (1)0\1\: AH Y\OP n[)DOI' XIARG2 I)) . 
el!ll!if (L1STP VI and VIOPR .. PIIROP and (EOUAL YlnRGl XI 

limn (SI\II'\I'I)\VJo:H x <l>O\I\:AHY\OI' naoor Y:nRG2 1)) 
el!iI!il (llSTP Xl and (XIOI'R .. MnXOP or XIOPR .. t1WOI') and (L1STPY) and Y,OPR.JNVOP 

thr.n IPROG (rACTORSI 
(FRCTORS .. (e; 1':'1':\' A Xr.O\~T~ X: nRG:;» 
(F'RClORS~ (r.()~1 :\10;\1 "'ACTO liS «; !':'I'I" ACTOHS YI ARGU 

FRCTORSI) 
(RETURN (i\lKI.ISTPIU:i" X:OPR i1n::\IVHo:\IAl.l. X,RRGS FACTORS] 

elr.r.iI (L1STP VI nn~ (YIOPR .. t1nXOp or YIOPR=MINOPI illld (lISTP Xl and X,OPR .. JNVOP 
thr.n IPROG (FnCTORS) . 

. (FnCTORS ... (r. 10:'1':\' A x r.O:'\STS ','I nilG:;)) 
(F'RCTORS~ (r.O:\I~I()~FACTOJ{S (G I':'J'fo'ACTOHS XIRRGU 

• F'RCTORS) I 
(RCTURN (~II\J.ISTPln:Jo' YIOPR dU::\lfHO:\IALI, YIRRGS FACTORS] 

clr.r.iI ([ounL )( VI . 
Ihr.n (S"I P\I'()\\'EH x 21 

el!lr.if (L1STP Yl nnd YIOPR=MRXOP 
Ihen (PROG (t:LEXI 

(;::LEX .. (SI:\I r\u: 0 Xll 
lif ZLEX.TRUE 

Ihr.n (RETURN (:\IKl.JSTPHEF 1H1~11f' (SOHTl*XEV (DISTRIBI1TE MULTOP X YIRRGS] 
lif t:LEX.F'RLSE 

Ihr.n (RETURN (:\II\I.ISTPHEF l1;rlOl' (SORT#XI~V (DlSTRJBI1TE MUlTOP X Y:RRGS] 
(RETURN (SI~IP\pHlo:r NULTOP x V») 

clr,r.if (L1STP Y) and V:OPR.NINOP 
then (PROC (t:LEXI 

(;;LEX~(SI:\lP\I.E 0 XI) 
[if ZLEX .. TRUE 

Ihen (flETURN (l\fKI.ISTPRI·:F n:.NOf' (SORT.XEV (DISTRIBUTE MULTOP X VIRRGS] 
[il ZLEX.F'RLSE 

then' (RETURN (:\11\ I.ISTPRfo:F 1111),OP (SOR1'.XEV (DISTRIBUTE MUlTOP X VIRRGS] 
(RETURN (SI:\fP\pRI':F MULTOP ): V») 

clseif (LlST.P XI and XIOPR.MAXOP 

._-- ._---- -- - --

I 
I 

I 
i 
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( "\ 

CHtt'~n>~tvHL.'NUt~;b 

then (PROG (~LEVI 
(:LEV~(!'IMr\I.l·:·o VI) 
[if ,LEV. TRUE 

Ihen (RETURN (1\11\ t.IS'J'PIU:1' 11m'Or (SORT.XEV (DlSTRJUUTE MULTOP V XIRRGS] 
[if ZLEV.FnLSE 

then (RETURN (;\IKJ.1STPIU:r'II:J:op (SOR'I'.XEV (DlSTRlBUTJt: MULTOP Y X:RRGS] 
(RETURN (SI:\II'\pln:1" MULTOI' X V» I 

clnr.iI (LISTP XI nnd XIOI'R.MIHOP 
Ihcn (PROG (:LEVl 

<ZLEV~ (!'I :\11'\1.1': 0 V) I 
til ,LEV. TRUE 

Ihcn (RETURN (~IKJ.1STrRI·:F 11 NOI' (SOH'fIlXEV (})JSTRJUUTE MULTOP Y XIRRGS] 
[il ZLEVeFRLSE ' 

then (RETURN (~IKI.1STPIH:F I1f1XOP (SORT.Xl~Y (DISTRIBUTE .MULTOP Y XIRRGS] 
<RETURN (SI:\IP\pHEV MULTOI' X V») 

else ,(~ I ~I P\p In: I" MULTOI' X Yll 

(N\On 

46 

[LnnRDn (X V NOTXI 
,(iI (L1'STP XI ami XIOPR=OROP or (L1STP V) ilnd '(:crR=OROP 

Ihr.n (J)O\:\AHy\{)P OROI' x V) 

( ... Slmrllly thc 10LlIcai or of two arguments) 

el!ir.il X.TRUE Dr V.TRUE 
Ihr.n TRUE 

clr.dl X.FRLSE 
Ihen V 

elrod I V.FRLSE 
Ihr.n X 

elror.il (EQIJAJ.\QIJAi':'I'IFIJo:D X VI 
Ihr.n x 

elr.r.if (EQIJAJ.\QIJAi':'I'H"llm HOTX VI 
then TRUE 

else (SI:\II'\PREF OROI' X Yll 

\ ' ~/ 47 

'-, (OR DER ED\INSERT 

(. 
\,----) . 

[LRURDR (ELEM L I 

(+ 11I .• ul. dUlIllII FI LM IlIln Ih,· nrd~fld 1".1 I , Ii. Iii I 1111<1 tlie Ilxl n;tllrilcclarc ordcrr:d on function 
n'~1J1 !tINII.1 

(il L .. NIL 
Ihr.n ,ELEt!> 

elrocil (OHDJt:HING ELEM LIl} 
111I:n • ELEN I L> 

cIs!! .LIl I(ORDERI':J)\JNSERT ELEM LIllI 
>]) 

(OnDEIUNG 
(LRnBOR <U VI 

,(if UlUltRERP Ul 
thcn (il (NUMIlERP VI 

111I:n (J LED U VI) 
cl!;r.il (HUSTI' U) 

thr.n (if (HUMBERP V) 
. thr.n T 

. cl!ir.H (NLlSTP V) 
Ihcn (nLPHDRDCR U V» 

clsr.iI (NUMBERP VI or (NLlSTP V) 
Ihr.n T 

chir.H (EaUnL UII VII) 
Ihen (OJU)Jo:IU~G UIIl Vlll) 

else (01{ DEB I i\;G Ud Villi 

(0. ORDERING deflncs an ordering on 
,q-exrrC,qSIOll,q) 

48 



\ 
) 



cRrFr~M>X~VAL.INDEXI6 

(PRINT\PROVED 
(LnIlBOn C X) 

CPRINTlINES T "Proved" CINFlX\PRINT3 XI 
T]) 

(PR I NT\rt EW RITE 
[LnMBOn COLorOR" HEUFORM) 

cii RULETR 
IhcnCPRIHTlIHES T "R.wrltlnll" CINFlX\PRINT3 OLDFORMI 

"811" 

CINFIX\PRINT3 NE~FORMI 
T]) 
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50 

51 

(REMAFACT 
[LAtIODA 'CX FACTI 

cif (NL ISTP Xl 

I'" Removes (octor FACT from el'tpresslon X) 
('" Returns ,NIL If FACT Is not found) 

limn cif K .. rACT 
thr.n 1 

elsr.if (NlIMBERP FACTI Dnd CNUMBERI' X) Dud (REMA INOER X FACTh8 
then X/FnCT 

cl!lc NIU 
cl!jr.if (EQUnL X FACTI 

Ihen 1 
el!leif X: OPR=MULTOP 

Ihcn (PROG (XTERM' OLDT[RMS NOTFOUNDI 
(OLDTERMS .. NILI 
(NOTFOUNO .. TI 
(X .. K/ARGS) 
(while X and NOTFOUND do (PROGfI xn:FiII •. (HE~IAFACT XI1 FACTI 

(if xmm=rHL 
Ihen OLDTERrJS .. <Xd I OL01ERMS> 

clr.~ (PROCN NOTFOUND .. NIL 
(if .. (EQUAL XTERII 11 

then OLOTERMS .. <XTERM I OLDTERHS»» 

(RI:TURN (if NOTFOUND 
then NIL 

, else (AHG\J.IST\TO\OP (SOlrl' .. XEV < ICREVERSE DLDTERMS) I x» 

ellicif XIOPR.PUROP nnd (EOUAL FACTXIARCll 
MUL TOP 1] 

, IIlIm (~I~II'\I'O\\,I·:J{ FACT cJ)()\NAHY\()1' nDIlCI;J X:ARC2 (. 1») 
r.l!mif XIOPR.PIIIlOP nnli (LISTP FACTI and FACTIOPII"I'!mOp and (EQUAL XIARCl FACTIRRCU 

tlmn (SI\lP\I'()\\,I':I\ XIARGl (SIMP\J)IFF X,nIlG2 FACT:ARC211 
el!l/!jf X I OPR.AO[)OP , 

t'hr.n (PROG (X TERM OLDTERMS FOUND 1 
(OLDTr.iIMS .. NIU 
IFOUND .. TI 
(X .. X:ARCSI 
(while x Dnd FOUND do (PROCN Xl'ERII., (H E~f" FACT Xd FACT) 

(il XiERI1 .. rHL 
then FOUNO .. NIL 

else OLD TERMS .. <)cTERM I OLDTERMS» 
X"XI/l1 I 

CRETURN (if FOUND 

else NIL]) 

(R EMAFACTFROMLIST 
[LAMBDA (LX FRCT) 

then (:\1 K t.ISTPR 1':1" RIIDOI' (SOHT.XIW OLDTERMS» 
else NIL))) 

52 
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cRFFIRI1'>XEVRL.INDEX·16 

. (PROG fREMLlSn 

CREMLlST .. cln:l\I AFACT cMKI.1STPIH,:f MULTOP LX) 
FRCT)) 

CRETURN cif REML IST.NIL 
then NIL 

elGr.il (LISTP REMLIST) and RCr.LISTIOPRaMULTOP 
then REMLISTIRRGS 

else cREMLIST>I) 

(REMFROMALL 
(LAMBOA (LX FRCTORS) 

(fetch nRliS of cRJ':MOVEFACTOI\S (~IKl.ISTPlni" nocop LX) 
FRCTORS) ) 

(REl\fORMULT 
[LRMOOR CX FRCTORS) 

cif CLlSTP X) and X:OPR=nooop 
then (PROG WEIIX XRCM FL TERM) 

(x .. x:nRGS) 
(NEIlX .. N III 

.c while )( do CPROGN TERM .. X:l 
FL .. FRCTORS 

Plge .3.14 

(+ Rcmove fActor FACT from list of factors LX 
or rcturn NIL) . 

53 

Coo Rcm(lvc~ ALL Items In list FACTORS from 
t'vcry e~I'rcsslon In the list LX) 

54 

Co. Rcm(lvc.~ eAch frlctor from expression X If 
possible, cI~c multiplies X by Inverse) 
Coo FACTORS Is A list of Invc-rse TERMS only) 

(while FL do (PROr.N XREtl .. (HEMAFACT TERM FLIl) 
(if XREM 

then TERM .. XREM 
c15c TERM~IDO\NARY\OP MUL-TOP FLI1:RRGl TERM» 

FL .. FL:: 1» 
NEIIX .. <TERM ! NEIIX> X .. X:: 1» 

(RETURN (~IKI.1STPHJo:F ROOOP (SOHTnXl~:V NEIlXI 
else IHJo::\IOYI':V"CTORS X FRCTORS)) 

(R EMOVE-X EV 
[LRnOOn IX VI 

cif V.NIL 
then NIL 

elr.eil ([QURL X VIELl) 
'hen V::I 

dr.eif (OHDJo:HING X VIELl) 
,hen V 

else <VIELi HHEMOYE_XEV )( Vlll) 
>)) 

• 55 

(+ Delele element X from set Y) 

56 

(It EMOVEFACTORS 
[LAnOOn IX rnCTORS) 

(PROG IN[~X) ( ... ·Rcmovclt ~'IIch fActor In the list FACTORS 
from c:(rrc.'lslon X) 

cwhile FACTORS do (PROGN NEIIX .. (HE\I ""ACT X FACTORSIl) 

(RETURN Xl) 

cif NEIIX.NIL 
then (PROGN 

X .. NEIIX 

(INFIX\PRINT FACTORS:l) 
(PRIMl "CRNNOT 8E REMOVED FROM ") 
WJrIX\PRINT Xl 
(ERROR "REMOVEFACTORS ERROR") 
NILll 

FRCTORS .. FRCTORSlll» 





C~) 

'-.-.' 

c~FF'lRlbIlEVAL.INDE)(16 

(SET\DEFINITION 
[LRMnOR, (FU"NnME) 

P,,,,e 3.15 

57 

(PROG (U5EFUN EXPRESS PLIST CCLRUSE FTEST FTPRRT TClRUSE LPRRT FCLAUSE IFEIIP) 
(USErUN~rUNNnNEI ' 
(EXPRtSS~(GETP USE FUN 'EXPR») 

'(if nPR[SSaNIL 
then (ERROR "function not rlcognl~ad"») 

'(PLIST~EXPRESSI2) 
(CCLnUSE~EXPRESSI3) 

(if CCLRUSEI1 .... 'COND 
then (ERROR "body not If-than-olso"» 

(FTEST~CCLRUSEI2) 
(rlPRRT~rTESTI1) 

(TCLRUSE~rTESTI2) 

(LpnRT~CCLRUSEI121 

(rCLRU5E~LpnRTI112) 

ClFEXp .. (SI:\IP\pHn" IFOP FTPART TCLRUSE FCU1USEll 
(IFEXP .. (SUBLIS • «NEQ • NEI 

(EQUAL • EQ) 
(LESSP • L Tl 
(GRERTERP " Gn 
(LEQ • LEI 
(CEQ " CEll 

IFEXP)) 
(RETURN ml':'-I i\ 1':WlJNC USEFUN PLIST IFEXP1) 

(SIMP\ALL 
[LnnnOn (X VI 

(il V. TRUE 
tllIm TRUE 

Cl!icif VaFnLSE 
then FnLSE 

clse (~I :\1I'\p IU:I,' ALLOP II VB 

(SIM P\ASSIGN 
[LANRon he I v) 

CSELECTQ, I, SVNTnCTICTVPE 
[ArrayAcclil (If (NLlSTP II Array) 

then (create Arrilyllr I to 
Array ~ x 
Indox .. Illnoo)( 
V,llua .. v) 

(. slmrllfy for ALl. X (Y» 

Colo Edited hy R.DAtca on IO-FED-7S: 
from version 32) 

58 

59 

else (SIMP\ASSIGN x I l~rr'1y (creale Rrrayllrite 
Array ~(XI;:VAL (baslNameSublt IIArr.y l:C) 
Index ... i:lndex 

[RleordReel" (if (NlISTP IIRocordl 
then (create Roeordllril~ 

Rncord .. x 
Fiold ~ IIFleid 
V,lluo .. vI 

else (SI:\IP\ASSIGN x IIRncol"d 

[HlApOrF 1I,IReel" (if (NLlSTP i I HOClIlCir F i l!l 

Value .. vJ 

(creale RecordUrlte 
Record .. (XEVAL (b"INamISubst IlReeord x» 
Field .. IIFleid 
Value .. vl 

then (creale H1JpOr:i loUrlte 
HO.lpO .. F i 10 .. )( 
Pointor ~ ilPointer 
Valuo .. v) 

else (SI ~I P\ASSIG l\: )( II HeapOrF i Ie (create HeapOrF IleUr Ita 
HaapOrF I ~I .. <XEV AL (baseNsmeSubs t 

I I HespOrF lie x) 





............ 

u 
" ' ---' 

(PRIN·TLINES T" ••• Unracot,lnlzad var1ablo" I Tll 

(SIM P\A \SET 
ILmlROn en I X) 

(if INL ISTP AI 
limn (SI :\II'\PREt' RSETOP A. I X) 

elrod' n. OPR.ns!: TOP 
Ihen (if (SI:\II'\Jo:Q A.ARG2 I).TRUE 

Ihen (SI:\II'\A\SET A.ARGl I X) 
else (SI\,p\f'IH:r ASETOP A I X)) 

else cSIMI'\pln:.' ASETDP·R I Xl) 

(SII\II'\A \SUD 
ILnnDOn In II 

(if CNL ISTP R) 
tlmn (SI\II'\l'ln:I" nSUBDP R I> 

elsr.iI n: OPR"A:;C TOP 
Ihen IPROG (IINOEQ (SI:\IP\EQ I RIARG211) 

(if WOEDs TRUE 
Ihen (RETURN RIRRG3) 

clseil INOEO.FALSE 
Ihen (RETURN (SI:\IP\h\Slm R:IIPGl III 

elsc (RETURN (SIMPWIU:i" ASUllOP R Il 
el!mil n. OPR ~ sunpop 

limn (if (SI:\II'\i':I) I R.nRG21.TRUE 
Ihr.n (SI\IP\A\SliJ\ A:RRGl n:nRG;!1 

elsl!il (S 1:\11'\ I':Q I A: RRG31 .. TRUE, 
Ihen cSI:\II'\A\Sl;g R:ARGl A:ARG~:I 

ehie tSI:\II'\Pln:1' ASUBOP A I)) 
else ISI:\H'\I'HEr ASUBOP.A Il) 

(SIM I)\DIFF 
ILAMDOA C,)( Y) 

(J)q\NARY\Or AOOOP X cSI:\IP\NEG Y)I 

(SIM I'\DIV ' 
[LRMROIl CX Y) 

cil Y~O 
Ihr.n cSI :\11'\1'/\ EF OIVOP X 0) 

cl!il!i f X. 0 
limn 0 

elr.cil Vel and .cISI;\T X) 
Ihr.n X 

clsr.il INUMDERP X) am! (NUMBERP Y) 
Ihr.n X/Y 

el!ir.if (i"I':G\,n:n:\1 X) and (j\mG\TI-:RM YI 
Ihen cSI:\II'\I>IV cSI:\IP\~Jo:G XI 

(S I :\1I'\i\i I':G Yll , 
elr.cil (:,\EG\TI·:n:\1 XI 

Ihen (SI:\II'\:-.JI':G (SIMP\I>IV (SI:\IP\I\I':G Xl 
Yll 

clror.i' ci\I':G\TEH'\ YI 
Ihr.n cSI:\II'\i'iI':G ISIMP\I>IV X cSI:\IP\:\EG VIII 

elscif X .... POSINF and Y.POSINF 
,then 0 . 

Pointer ~ I.Polnter 
Value. v] 

r. ... Slmrllfy act A 8\1b I to X) 

Page 3.16 
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61 

(~, Simplify the value o( the Ith elemento( 
the: nrrAY A) 

(. slmrllly the dlfferene:c o( X and Y by 
nddlng X to mlnu.s Y) 

(. sllIlrlify Integer division of X by Y,l 

62 

63 

I 
: I 

i 





() 

('\ 
I ) 

"--

cl!icif X.POSINF or V.PDSINF' 
tllr.n (SI~I p\plu:r DIVOP X YI 

el!icil (EQUAL X V) 
th!!n 1 

e\!;r:iI (SI:\'P\!.T x VI-TRUE and cSIMP\L1'; 0 Xl-TRUE 
Ihr." 0 

elr.r.il (SI:\IP\J.T V XI-TRUE and (SIMP\l.Ii; X O).TRUE 
thr.n 0 

else (SI~1 p\pln;~' DIVDP X V) I 

64 

(SII\1 P\EQ 
(LAUROn (XV) (<to slmpIHy X «Iunl Y. Numeric denominator 01 

XEVALed form Is positive.) 
(if (EOllAL X VI 
. thr.n TRUE 

else (PROC (OIFFI 
(OIFF .. (jf (ORDEHI;\;G X Y) 

then (DO\i\,\HY\OP nJDOP '( (SI:\IP\NEG V)) 
el!;c (DO\;\ARY\OP ADD(lP Y (S\:\!P\NEG Xl 

(if DIFFeO 
Ihr.n (RETURN TRUE) 

c\scil (N Ii:'.! EIU C,\ J. OIFFl 
thr.n (RETURN FALSE) 

elr.eil (NLlSTP DIFF"l 
then (RETURN (SI:'.! P\pH EF EGOP (I ilIFF» 

c\seil (N\o:(;\TVIDI Dim 
thr.n (RETURN (SI :\II'\EQ 0 (S 1 :\II'\:\, 1':<; DIFF») 

elr.r.i I 0 I F'F I OPR=MUL TOP 
then (RETURN (SI:\\ P\PH EF EGOP (I (CONSTANT\F ACTORS DIFF) :EL2» 

el!;eil OIFFIOPR.OIVDP 
then (RETURN (il (NUMBERP D IFF I nR(;Z) 

Ihen ())O\i\AH nOp ANOOP (SI;\fP\LE (-OIFFIRRC2) 
OIFF:RRGl) 

c!,l:\1 P\J.E OIFF:RRGl OIFF:RRC2» 
else (SD!p\pln:I" [DOP 0 DIFFI)) 

else (RETURN (SI~1 P\PHEF EaOp 0 DIFF'I) 

(SIMP\EQlJIVAlENT 
(LntIROn (X Y) 

cif )(nTRUE 
tlmn'V 

clr.cil X.FnlSE 
Ih!!n cSI:\! P\NOT VI 

elm:il YaTRUE 
Ihr.n X 

elror.il V.rALSE 
Ihr.!) (SI \II'\;\OT XI 

elrodf (CQUAL X YI 
11ir.n TRUE 

clr.r.iI (eQUnl X (SI:\I P\i\OT V)) 
Ihen FnlSE 

else ,1M 1\ LlSTPH I·:r EQVOP (OHJ)EnEJ)\Ii'\~i':I\'J' X d>ll 

(SIMP\GE 
ILnM(lon IX V) 

(SI:\I P\J.E v X]) 

(SIM P\GT 
(UH1r.OA ex YI 

,SI:\I p\l:r V Xl) 

(<to slmpllly X logically equivalent to Y) 

(<to Slmrllfy X grenter or equnl Y) 

(of< Simplify X ) Y) 
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(SIMP\IMP 
[LR1100n ()( VI 

V .. e 11i\;:'I1 A TC:UJ':I>\yS CONTEXT VI 
(if X~TRUE 

Ihr.n V 
elr.r.if X.FnLSE or V.TRUE 

thr.n TRUE 
elr.r.if V.FnLSE 

thr.n eSI\, P\NOT XI 
el!ir.il (Ll5-TP VI nnd VrOPR.IMPOP 

then eSI:'IIP\I:\'P (DO\NAHY\OP RNDOP )( YrRilGH 
VrnRG21 

clse (SI :\11' \p H Jo: r I/1POP X VJ) 

(SIM P\lE 

r .. Slml'lIf), X Implle" Y. 
X IIl\d Y I1l1ve been XEVALed) 

(LlltlnOn ()(. VI . C .. Simplify X leu or equal Y) 
. (if X·NEGINF or V.POSINF' 

Ihr.n TRUE 
ch;r.il x.rOSINF or V.NEGINF' 

!lII!I\ r RI. Sf 
r.1r.r.iI ([OUnL X VI 

thr.n lRUE 
else (PROG (DIFF CONSTI 

(DIFFo.(I)O\NAny\Op RDOOP V (SI.\H'\~EG XII) 
(if (i\itiMI':HIC:AL DIFrI 

t1um (RETURN (if (N/':G\'n:H~1 DH'n 
then FRLSE 

else TRUE I) ) 
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[if (L1 STP D IFF') Rnd D IFF r OPR=Mn.~llp 
(-'j then (PROGN CONSTo.(r.O:\STAi\'I'\,/,EH~1 DIFFrflRGSI 
. ~ (if CONST 

. then (RETURN (if •. (~Jo:G \TEH M CONST> 
'........... then TRUE 

l) 

(SIMP\l T 
(LAllnon (X VI 

(if (LISTP DIFF) and DIFF:OPR=MINIlP 

cbc cSIi\IP\PREF LEOP a eARG\LIST\TO\OP CREMOVE CONST 
OIFFrRRGS) 

MRXOP NEGINFl 

then (PROGN CONSTo.(COi\STM;'I'\TEH:\' DIFF:flRGSl 
. (it CONST 

then (RETURN (if ,;'\ I-:G \TEH i\, CONST> 
tlH!n FRLSE 

ei:;[! (SIi\'P\PREF LEOP 8 cARG\LIST\TO\OP (REMOVE CONST 
OIFF:RRGS) 

(RETURN eSIMP\PHEr LEOP 0 Dim I 
MINOP POSINFl 

70 

eSI:'IIP\I.Jo: cDO\NARY\OP RODDP 1 XI 
VI) 

C" Simplify X ( Y) 

71 
(SIMP\MOD 

(LnnnOn ex VI ( .. Slml'llfy " modulo Y) 
(1)()\i\iARY\OP RDDOP)( <SI:\IP\NEG cDO\l\,\Hy\()P MULTOP y (SIMP\DlV X V)~ 

72 
(SIMP\NE 

(LRMBDA ex VI C" Slmrllfy X NE Y R8 "(not (X eqURI Y».· 





(j 

~Sl M P\i\;()'I' (SII\! I>\}':Q )( Yll 

(SIM P\NEG 
(LnMnOn (X I 

(if OlUIIIlERP Xl 
tlmn (-XI 

elr.r.i f X .flEG I NF 
tI;r.n P051flF 

clr.r.iI X" POS I HF 
lIir.n Ilr. G I NF 

clr.r.if INLlSTP Xl 
thl!n (SI\tP\l'ln:F HEGOP Xl 

Clfol!if X: OPR=NEGOP 
thr.n x:nRGl 

elr.r.if X: OPRrnooop 
111I!n c\II\LlSTI'IUr;F ROOOP (SI~IP\NEG\IIST XIRRGS» 

clr.l~iI X: orR.Mnxop 
Ihl!n (\II\I.ISTPHEF MINOP (SI~IP\NEG\I.lST XIARGS)) 

clr.r.if x:orR.MWOP 
llir.n (\11\ I.ISTPIU:I·' MRXOP (S)~IP\i\'I':G\I.IST XIARCS» 

elrol!il X:OPR"'lULTOP 
limn cS 1 \11'\:\ I~:G \M \l J.T NIL X I RRGS) 

elror.i f X: OPR = I NVOP 
thr.n (SI\II'\I'HEF INVOP (SI:\IP\NEG X:RllGl) I 

elr.r.if XlorR.OIVOP 
then (SI:\II'\pHI·:r DIVOP ·(SI:\IP\:\EG XdlHCll 

XIRRG21 
elr.l!il XIOPR=PUROP ilnd INUllBERP X:RRG21 tIml .,cl·;\,I·;I'\P X:ARG2) 

then (SI\IP\I'HIO:V P~ROP (SJ~IP\NI';G XIRllGl) 
XlnRG2) 

else (SI:\II'\I'HEF NEGOP XlI 

(SIM P\N EG \lIST 
ILI1fl1l0n (L X) 

(il LX 

then (OHDEHI':D\INSI':WI' (SI~IP\:\I':G LXIJ) 
. cSIMI'\NI':G\I.IST 1.>:1 Ill) 

(SIM P\NEG\MULT 
(LAnnOn (fILX TLX) 

(if TLXrNIL 
then (PROG (nRGS) 

(nRGS.(REVERSE HLXI) 

NOTE: thAt SIMP\NOT usually changes It back 
((I NE .. ) 

(0' Slmrllfy the ne/latlve of an arithmetic 
eXI're~,~Ir.>n) 
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c .. Mnke c'Ach element of the list LX negative) 

75 

C" Ncr,nte prmluct I:'Iy changing A NEO\ TERM 
(II rrc.,cnt) or by Adding 8 neg sign) 

(RETURN .MULTOP I (OHIH:HI-:D\I:\SJ:!\T cSI:\IP\NI~G RRGS:EL1) 

») 

else (if (I\: Jo:C;\TJo:H~t TlXr!) 

nRGSI: 1) 

thr.n .MUl TOP IIOH D1':IUr;D\I;\:SEH'I' lSI \\ P\;\iEG TLXlll 
< ICREVERSE HLX) I TLXII!» 

> 
else (SJ~IP\NEG\:\fIlLT <ilXd I HD> TlX::ll) 

76 
( \ (SIM P\NOT 
\~ (LRMBOR (X) 

(~, Slmrllfy logical negation) 

'-- (if X.TRUE 
( ... X III tAnl)J)lcol, Returns canonical) 





<RFFIRM;XEVRL.INOEX,G 

Ihr.n FRLSE 
r.lr.r.if X~f:nLSE 

Ihr.n TRue 
clr.r.il (NLl5TP X) 

Ihr.n (~I'IP\PHEF NOTOP X) 
cbeil" XI OPR.NOTOP 

Ihen x:nRGl 
clm~il X:OPR.LEOP 

Ihr.n IS"II'\I.T XIRRG2 XIRRGll 
cI!;l~if XI OPR.L Tor 

Ihl~n (SI\IP\I.E XdlRG2 XdlRG1) 
r.h;r.il XI OPR.Ncor 

Ihr.n 1\11\ I.I~TI'RI·:F EOOP XIRRGSI 
clr.rif XlorR.EOOP 

Ihr.n (\II\I.ISTI'HI·:r NEOP X:RRGS) 
r.lr.eif x:opp,nLLOP 

Ihr.n ISI\IP\SO:\IE X,nRGl (SI:\IP\;\;OT X:ilHG21) 
clr.,~i I x 1 orR, 50Mr.or 

t111~n (S""'\"I.!. XIRRG1 ISI:\II'\I\OT x:nflG2)) 
clr.(~i f X: aPR .ORor 

Ihr.n I""I.ISTPIU-:V RNOOP ISI:\IP\i\OT\l.IS'I' :<:r.RGS)) 
cl!;l~il x 1 aPR-ArmOr 

, limn I""I.ISTPHI·:VOROP ISIMP\i\OT\L1ST K:nRGS)) 
cln!! IS 1:\11'\1' n 1':1" NOTOP XIl 

, Page 3.29 
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(SIM P\NOT\LlST 
(LAtmOn ILX) 

lif LX 

I" Not',~ nil mcmbcr,~ of and/or argument list 
LX which I,~ already XEVALed) 

Ihen «)IU)EHED\I;'I;SI':W1' ISI\IP\;\;OT LXII) 
(SI:\IP\i\OT\J.IST 1'>:1:11) 

(SRMP\PAIR 
(LRMOn (X VI 

.. x I '(>)) 

(SIMP\POWER 
(Lntl[lOn, IX Yl ( .. Simplify X to the Y power) 

IPROG (FnCTORS) 
(RETURN lif V"l 

Ihen X 
ebeil II\EG\TER:\I V) 

Ihr.n I:\II\II\V (SI:\IP\PO\\'EI~ ;; (Sl:\IP\;\iEG V») 
el!icil VePOSINF and X=POSWF 

Ih!!n rOSINF 
cl!H~if X.POSINF or X.NEGWF or I'=P05INF or VaNEGINF 

thr.n ISI:\II'\I'HI':F P~ROP X Y) 

clror.if V.O 
Ihr.n 1 

c1sI~if XeO and INUMBERP VI 
thr.n 0 

clscif X.l 
Ihr.n 1 

elsl!iI ILlSTP Xl anriX: OPR"Pllr.OP 
thr.n (~I\IP\PO\\'I':H X:flRGl (J)()\i':AHY\OP MULTOP X,RRG2 V» 

dror.if ILlSTP XI and X:OPR=IIIVOP 
thr.n I\lKINV ISI:\IP\POWI':H :::fH!Gl Yll 

clr.r.if ILlSTP Xl Bnd FRCTORS .. (CJr:TI',\CTORS XI and ... (EQURL FRCTDRSIl X) 
thcn 

78 

79 

(. I h~'lI~~III~,~1 "~'I"rt' Ihl", I'r"'t'~I.~ .rnm th,' ,II~" \"h.;I'I: «(;Elr:ACTORS X). (x) which causes MKPWRL to Joop 
jllH'\'t I'. ) 





......... ' 

(:\I K LlSTPHEV MULTO? (M 1\ PWH L dREMOVE~'ACTORS l( FRCTORS) I FACTORS> V» 
elrocif (NUMBERP Yl 

thcn (if (NUMBrRP Xl 
then (\)O\PO"'I':H X y; 

cillcii III 5 TP X) nnu X I OPr =flODOP 
then (J)O\PO\\,I·:I\ X y; 

clscif 1i\;1':(;\'I'Jo:H\1 >l Clilil (EVI,:i\P VI 
then ISI~I p\PIUo:r r:m(IP (SI~1 P\:-\li:G Xl 

VI 
clse (~I~IP\PHJo:V PIHOP ~ Vll 

clse (SI:\I P\PR I':~' PIlROP X Yl) 

80 

(SIMP\PItEF 
(lRM[lOR x 

(for I from 1 to )( collect (I1RG X 11 I 

Coo Mnke,q A Il.qt O\1t of NOSPREAD Argument X 
,vln the INT ERLISP ARG function,) 

(81M p\n \ACCESS 
(LntlnoR (R F) 

(if CtlLlSTP R) 
IIII!" (~I'! p\pln:\" RECRCCESSOP R F) 

elsci t R I OPR· RECSE TOP 
Ihen (il R: RRG2.F 

thr.n R:RRG3 
, el!;r. (SI:\!P\R\Al.l.J-:SS R:RRGl Fl) 

else (SI~II'\PREF RECRCCESSOP R Fl) 

(SIMP\SOME 

81 

82 

/ \ (Ultl1101.l (X V) ( , C~' Simplify for some X 
CY» , ) 

(il V~TRUE 
Ihr.n TRUE 

elsl!il V.FnLSE 
Ihr.n FnLSE 

ehe (S"I !,\pln:r SOMEOP X VI I 

(SIMP\SWAP 
IUU1[lOn IR I J) 

Ii' ([Ollnl I J) 
Ihr." R 

cis!! (SI :\1\'\1' B Jo:F St.lRPOP R I J]) 

(SIM P\USEU \FUNe 
(LflMnOn (r nCTnRGSI 

(PROC ([NTRVSTnTE FORMflRGS FVRL) 
~[NTRVSTnTEhSTnTE) 

(FORl1flRGSh I VO It:\! " J. \p A H" SF» 
(STnTEh c1\ 1:\ J)\A U(;S NIL FORl1nRGS RC1'ARGS» 

,IFVnL • .cXJo:VAJ.Z (Flii\C\HOI)Y Fl» 
(STnTEh£NTRVSTnTE1 
(if ILISTP FVnu nnd FvnLIOPR~IFOP 

then IRETURN 1;\IKLlSTPIU:V F RCTfWGS» 
else II'HIi\;T\HI':WHITJo: 1;\II\I.ISTPHI,:r F RCTRRGS) 

, FVI1L) 
IRETURN FVRLl) 

83 

Coo slmrllfy ~;WAr ollth nnd .Ith element of 
IIrrRY A) 

84 

I'" EvalllRtt' user defined (unction,) 
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85 
(SORT-XEV 

(LRflOOA (LX) 

cif LX 

( ... Sorls Ihe Iisl LX Inlo the order defined 
hy ORDERING) 

thcn (OHDJo:RI';D\II\;SI';WI" LXI! (SOlrl'uXEV L:~:I!J) 

(SUPER \PlIT\IN 
ILRMBDR (LX YL OPCODE) 

86 

( .. "I'l'lll~ 1I-:1r~' "I' In "r(r:llld., rlllr\\'l.~c nlld rll'lkrl I X I.~ n nnry'd nnd Individually XEVALed list of Items to 
"l' rill 11110 Ih( nil llld~' rnlrwl~~' C{llIlrl1rld Xl-: \' t\ I. cd (bill 11(11 n~'l:cs.~nrlly "rdcH'd) AND (or OR. ADD, MUL T. MAX. 
!'.IINllt.q, '" I 

(PROG (X R Y ZLNOTX M~rCN TOSSVRLUE NEGrCN) 
(X~(GETP orCODE 'NRRYS)I 
(if XrNIL 

Ihcn (PRINTLINES OPCODE "1'101 dol/nod ar. n"ry op *~,,:,,;:"» 
(MI"FCI-I .. )(llI 
CTOSSVnLUE .. )( 12) 
('I-IrGFCN")(131 
(lor )( in LX dD (if .. (ECURL X TOSSVRLUCI 

then NOTX .. (BLrRPPLV NEGFCN eX» 
ZL .. NIL 
(whill: VL da (V .. VL:l) 

(R .. (RLrnpPLV M~FCN eX Y NOTX») 
(il (ECIUIlL R (SI ~I P\PR EF OPCODE X Y» 

or (ECURL R (SI~IP\PRI~F opeODE Y x» 
lhcn ZL .. <v I ZL> YL .. YLlll 

olon >: ~n 
NOTX .. (BLKRPPLY NEGFCN <x>} 
YL .. e I ZL I YLllh Zl .. NILl) 

Vl .. eX I ZL») 
(RETURN (AHG\J.IST\'J'O\Oj? (SOHT"XI':V VLI 

DPCDDE TOSSVRLU(1) 

(UNION-X EV ' 
ILnM£lon (X VI 

(if v·rUL 
!111m eX:. 

r.1r.r.iI ([ QUnL )( Y I Ell) 
thr.n V 

elr.cil (OHD/O:HING X Y:ELlI 
then ~X , Y> 

chiC ,V,ELl ICliN/ON.XI·;V )( YIIl) 
>J) 

(UNMATCIIED\YS 
ILRtl[lOn (X VI 

( ... Union., demcnt X into the sci Y) 

87 

88' 

(PROG <ilL CL SCL H C) 

CIIL .. (A N D\'I'O\" HG \ UST X» 
(CL~(AI\;J)\Tn\ARG\J.IST V» 

(~, Flnels elements of AND LIST Y not matching 
clcmcnls 01 AND LIST X) 

(H .. HL:1) 
CC~CLll) 

(while CL and HL do (i' (EQI;AJ.\~)J)Ai\TJ.vIJo:J) H C) 
then (il (1;\ \S J':T? 1 MPOP XEVRL TRRCESET> 

lhen (I'HI~iT\PHOVJm CII 
CL .. CL,11 
(if CL 

then c .. el: 1) 



\, 



/-'. 
I ' 
",-,'/ 

(if SCLaNIL ilnd CL.NIL 
then (RETURN TRUI:) 

elseif (OHDI':RIl\(; H C) 
then IIL .. HLIIl 

(if Hl 
then H .. IIL 11) 

else SCl .. <C I SCL_ CL~CL:11 
(if CL 

then C .. ClI1») 

else (RETURN (AHG\J.IST\TO\AND < 1 (RE'/I:R3E SCLl 1 Cl>l) 

(XEVAL 
IL0l10DR (PREFIX) 

(5INPLlf:Y\BR(nt: PREf:IX) 
~XI':VAJ.2 PREFIX» 

(XEVAl2 
(LRNODR (PREFIXI 

89 

90 

(. SIIlI rilly l 'I'll ~,'I"lIq III rrdi' "'1'111 h~' lil1llllll', (:11 II "1'< I'a lid a nd It,~ n rg,q, STATE nnd eNDS nre glohal 
\ 1111:. I'it q 'hll I '''111,1111 I h~ (II rJ lIlI rr";:ra 1I1 .';':111 "lid l \'alll:1I ill II ~(lllllillnnN, The ('rernlofll processed ,by 
hI n. 1 l"IIQ'l'l"lntild II'llh ·X'· ."lIt 1'01 till II' 11\\'11 fli ,:n ,,( XL \'.'\\. illr. tht'lr Rl'Illlmcnts, For the operators processed 
hy Iltn.n"", I'rt.tdld II'llh ·l'iJ~II"·, 1I11111';!IIIiIlIII,' "1'" XI:VI\I..11 hc:/ .. re Ihe ·SIMP'" funcllon Is applied.) 

(PROG ClNTTHI 
C1NTTH .. PREFIXI 
(if IIILISTP l'REf:IXI 

then (if (CO;\;STANT? PREf:IXI 
then (RETURN PREFIXI 

else (RETURN (APPI,Y\STATJo: STrlTE PREFIX)II 
else (RETURN (PROG (01' 01'2 01'3 EVLPREF XRRC5) 

(oP .. PREFIX:oPR) 
(if (I;\;\SI':T'! OP XEVf1L lRnCESET) 

then (PRiNTLINES 1 "==>" IlNFI>:\PRINT3 PREFIX) 
Til 

[EVLPREF .. (if (DJo:FI:'-:I·:m UFU:IS 01') 
then (SI~ll'\LSJo:I{W(;NC OP <for X in PREFIXIRRGS 

coilect ,XEV AL2 X») 
c1scif OP3~(GETP 01' 'EVRLRRGS) 

Ihcn (if (f OIHlL OP3 TRUE) 
I h,~n XRRGS .. (for X in PREF'IXI RRGS collect (XEVAL2 X» 

(X EVA l \ TllRN\OFF 
(LnM[lOn (L X) 

(if lx.tOLL 
tillm XEVOL TROCESET .. NIL 

c1sr.i1 LXnNIL 
then XEVRLTRRCESET 

C1:;I! ~nRGs .. PREF I x I RRGS) , 
OPZ"(GETP OP 'EVFUN) 
(ii I[ ullrtL OP2: 11EI'I2 'NRRGS) 

I h~n (BL~'RPPL y OP2: MEN1 <XRRGS» 
I!hl! <I\LI~npPL Y OP2: NEMl XRRGS» 

cbe (Ml\I.I~;·I'I'HI':1' OP (for X in PREFIXIRRGS collect ,XEVAL2 Xl 
(if c1N\SI':T? OP >:EVnLlr.nCESm . 

then (PRINTLINES T "c •• " (INFIX\PRINT3 EVLPREF) 
1» 

(RETURN EVLPREFl) 

91 

(': else XEVIKTRRCESET .. (RE~IOVI·:.XI':V LX:! XEV.:tLTRRCESETl 
\..J 'XI~:.v"J.\TllH~\On· LXlIlll 





.. 

/ ", 

~) 

'--

(XEVAL\TURN\ON 
(LnMROR (LX) 

(if LX.NIL 
Ihr.n XEvnLTRnCESET 

Page 3.24 

92 

else XEVRLTRRCESET .. tllNIOi\;.XJo:V LXI1 XEVRURRCESETl 
(XJ<:VAJ.\TUHN\ON LXIIlJ) 

(X\A DD\N 
(LntlROn (LX) 

cSllN:H\pIJ'I'\I';\; cNAln'\X LX ROOOP) 
NIL ROOOP)) 

(X\ALPIIA 
[LnMSOn (F X V) 

93 
t, 

( ... XEVAL's Rnd Il-ary's list LX and pairwise 
IIdds and orders elements) 

94 

I· III: h ddilltd nt x, thtn ,~t'l F (Xl to y, cl'll' ud" liJl'l'Allt (.\,y) to F) 

(if (;\; tJ 1.1. \S ET? F') 

thr.n .cSI7\I/'\pAIH X VI > 
clsr.iI (EOllnL X FrlrMEMll 

thr.n .cSI""\PAIH X Y)' I Fill> 
r.lsr.iI (OlmEHI;\;(; X FllrMEMll 

t,hr.n clSJMI'\1' A 11\ X V) I F> 
1!1r.t~ .Fd I (X\"I.I'II" FI rl X VI 

>ll 

(X\ANn\N 
[LnMBOn (LX) 

(SllJ'lo:H \P1i'J'\IN (N "H Y\X LX RNDOP) 
NIL RNOOPI) 

(X\IF 
[LnnAOR (TEST TPnRJ FPRRT) 

(PROG (X V Z OLOCONTEXT X\IFRESULTI 

(x .. cXKVAI.2 TEST» 
(OLOCONTEXT .. CONTEXT) 

95 

( ... XEVAL's Rnd n-My'sllst LX and pairwise 
lind's Rnd orders elements) 

96 

C" Simplify (If X then Y else Z). TEST to 
l1\'old c\,Rlulltln/.l bOlh Y and Z) 

[X\JFRESULT .. (if (SI'I!'\"I!' CONTEXT XI.TRUE 
then (X E V" 1.2 TPRRTl 

elseil (SJ7\IP\I~IP CONTE~T (SJ\IP\NOT XlI.TRUE 
then (XEV"J.2FPRRTl 

clse (RESETVRR UFUNS NIL 

(CONTEXT .. OLOCONTEXTI 
,(RETURN X\IFRESULT) 

(f'ROGU CONTEXT .. (DO\N A RY\OP RNOOP OLDCONTEXT ~) 
y .. (XEVA 1.2 TPnRTl 
CONTEXT .. <DO\NARY\OP ANOOP OLOCONTEXT (SIMP\NOT X» 
z .. (XEVAI.Z FPARTl 
(if (EOURL V 2) 

then Y 
el~eif (LISTP X) and X:OPR .. NOTOP 

then (SIM P\PREF JFOP XIRRGl Z Y) 
else (SIMP\PREF IFOP X V Zl 

97 



/\ , I 
\ 



() 

(~\IMP 
[LnMnOn (X y) 

(PROG COLOCONTEXT H C X\INPY) 

COLOCONTEXT~CONTEXT) 
. (H~ (X I':V" 1.2 X)) 

CCONTEXT .. cDO\NARY\OP RNOOP OLOCONTEKT H)) 
[X\INl'y .. cjf CONTEXTeFRLSE 

then TRUE 
cillc (SI~1 P\I~IP H cXEV A 1.2 Yl 

(CONTEXT .. OLOCONTEXT) 
(RETURN X\INPYJ) 

(X\MAX\N 
[LRMnOR (LX) 

(SIlPI':I\\PIlT\I~ cI\;AHY\X L)( nA)(OP) 
NIL MRXOP) 

(X\MIN\N 
[LnN(lOA (LX) 

c:oi1 1PEH\I'IlT\JN (i\ihHY\X LX NINOP) 
NIL NINOP]) 

(X \Mlll,T\N 
(LnN[lOR: (LX) 

cSllrEH\pIlT\IN (NARY\X LX MULTOP) 
NIL NUL TOP]) 

. .. 
(X \OR OER ED\MEMDER? 

(LAnDOR ,:LEN II 

(if L.NIL 
thr.n NIL 

cl!;r.il (EaUnL ElEM LII) 
thr.n T . 

c\r.~if (OHD\':IUNG ELEN L:ll 
then NIL 

rlsc (X\OR.DI·:H·I·:D\M I':~II\I':R? ELEtt L::11) 

(X\OR\N 
(LAfIOOn (LX) 

(SliI'EH\pUT\IN (NAny\X LX DROP) 
NIL OROI']) 

) 

(DECLnRE: OONTEVRLeLOnD OOEVRLeCOMPILE OONTCOPV 

( ... SlmplHy X Implies Y. 
UnnCC:ClIsAry to XEVAL2 Y If X Is FALSE) 

98 

( ... XEVAL's And II-ary'sll,.t LX and pairwise 
MAX's And orderll elementll) 

• 99 

' .. XEVAL',. nnd n-ary',.llst LX and l'alrwl,ge 
I\IIN's And orders element,.) 

100 

( ... XEVAL.'s Rnd n-ary's list LX and pairwise 
mUlllpllcs nnd orders elements) 

101 

( .. TESTS If I.he clement ELEM Is a member of 
the ordered list l.-) 

102 

( ... XEV At: sand n-ary's list l.-X And pairwise 
or's and orders elements) 

(OLOCI:1 X[VnL(\LOC~ SIMP\RSSIGN SIMP\R\RCCESS RLPHn nNO\10\RRG\LlST ~PPLY\STRTE gPPLY\F\OF\X RRG\lIST\TD\RNO 
nRG\LlST\TO\OP OINO\nRGS CONSTRNT\TERN CONSTANT\FRCTORS CONSTRNT\MULT\FRCTORS OEFINE\FUNC DEFINED? 
DISTRIBUTE DOnnlN OO\NRRY\OP OO\PO~ER EaURL\QUnNTIFIEO UNION#XEV EVENP FUNC\BODY FDRNRL\PRRMS IN\SET? 
SIHP\RLL SI~P\n\5ET 51~P\R\SUB SI~P\D~f SIMP\DIV SIMP\EQ SIMP\EQUIVRLENT SIMP\USER\FUNC SIMP\GE 

i ~. Slnp\GT SIMP\IMP SIMP\LE SIMP\LT 5IMP\MOO SIMP\~E SIMP\NEG SIMP\NEG\LIST SINP\NEG\NULT SlMP\NOT 
\.J S I MI'\NOT\L1 ST 5 I MP\POIlER' SIMP\SOtlE S ItlP\Sllnp NV,DD N\RND NRRY\X NEG\MRX NEG\MUL T NEG\ TERM N\MRX' N\M IN 

N\MUL T N\OR ORDERCD\ INSERT ORDER ING PR ltlT\PROVED REI10VE#XEV PRINT\REIlRIlE SET\OEF INIlION SDRTIXEV 
"'--' SUPER\PUT\lN UNNnTCIIED\yS )(\ROO\N X\RLPflR X\RNO\N XEVRL XEVRL2 X\1F. X\ItlP X\MRX\N )(\MIN\N )(\MULT\N 
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X\ORDERED\MEMBER? X\OR\N XEVRL\TURN\O~F XEVRL\TLlRN\ON COMMONFRCTORS FRCTORIZE FOUNDIN GETFACTORS 
C[TMnXCONSTS GETNEGPIJR CETNUMDEN ISINT tlKIIN MI:rlIRL Mt;QUOT NUMERICAL REMAFACT REMRFRCTFROMLIST 
REMfROMnLL REMORMULT REMOVE FACTORS 

] 

(BlIAPPLVFNS SIMP\ASSIGN SIMP\ALL SIMP\A\SET SIIIP\R\RCCESS SIMP\A\SUB SIMP\DIFF SIMP\DIV SIMP\EQ 
SIMP\EQUIVnLENT SII1P\CE SIIIP\GT SlliP\LE SIMP\LT Sll1P\MOO SIMP\NE SIMP\NEG SIMP\NOT 
S IMP\POIIER S IMP\SOME S IMP\5I1np N\n[ID N\RND N\tIRX N\MIN N\MUL T N\OR .X\RDD\N X\AND\N X\IF 
X\IMP X\MRX\N X\MIN\N X\MULT\" X\Or\N MKINV M~CUOT) 

(CLOnAL vnRS CONTEXT RULETR 'STATE UFUNS UNDC~ :r~CD XEVRL TRRCESETl 
(ENTRIES XEVAL XEVnL\TURN\OFF XEVRL\TURU\o/l SET\DEFINITION SIMP\NEG NEG\lERM GETNUMDEN ISINT> 
(HOL INI:FNS • Tl) 

(DECLnRE. OOEVALeCOMPILE 

(PUTPROPS NllLL\SET? MACRO (X (CONS cauon: N1Jl.U 
X))) 

(PUTPROPS SIMP\PAIR MACRO (X (CONS (QUOTf: CONS) 
X») 

(PUTfOROPS SIMP\PREF MACRO (X (CONS (QUOTl~ LIm 
. X») 

(PUTPROPS CONSTANT? MACRO [LRMBDR (R) 
(COND 

«OR (NUMBERP Al 
(EQ R NECINF) 
(EQ R POSII/~) 
(EQ R TRUE) 
(EQ A FRLSE]) 

(PUTPROPS M J< lISTPI~ EF MACRO (X (CONS COL'OT( GONS) 
Xli) 

) 

(OECLnRE. OONTEvnL<Lono DOEVRLsCOMPILE DONTCOPY COMPILERVRRS 

(nOOTOVnR N LA M A ) 

(nODTOVAR NLAML ) 

(nODTOW1R LA MAs IIIP\PREFI 
) 

(DECLARE I OONTCOPY 

(F I L EMP (N I L (339G G 7974 (nLPHn 3408 • 3833) (MID\ TO\nRG\LI ST 3837 • t 157) (RPPL Y\F\OF\X 4161 • 4518) ( 
npPLY\STnTE ~5:'2 • 4744) (nRG\LIST\TO\RtIO 4748 • 5071) (nnG\LlST\TO\OP 5075 • 5400) (BIND\RRGS 5484 • 5738) ( 
COHtlONrnCTORS 5734 • 6655) (CONSTANT? 6659 • 68831 (CONS TntmFRCTORS 6887 • 7467) (CONSTRNT\MUL T\FRCTORS 7471 
• 8308) (corISTANT\TERM 8312 • 8645) (OEFINEO~ 8G49 • 89)1) (OEFINE\FUNC 8995 • 9239) <DISTRIBUTE 9243. 9536) 
(DOrIn I N 9S~ 0 • !lS59) (DO\NRRY\OP 9863 • 11181) (00\1'011[1\ 11185 • 11881) (ECURL \QURNT IF lED 11885 • 12489) ( 
EVENI' 1241 J • 125(;6) crnCTOR IZE 12570 • 13352) (FORllnL \rnrll1S 13356 • 13635) (FOUNOIN 13639 • 14163) (FUNC\BODY 

14167 • 1431\8) «(;nrACTOR5 143!J2 • 15652) (GETIIRXCON5TS 15656 • 16179) (CETNEGPIJR 16183 • 17153) (GETNUMDEN 
17157 • 1821,,» ClN\SEP 18243 • 18445) CISINT IM4D • D~(,G) (MUNV 19250 • 201El6) (MKLISTPREF 20190 • 20388) 
(MIPURL <'03M .• 20697) (MIOUOT 20701 • 20915) IIInRY\X ~('919 • 21397) INEC\MRX 21401 • 22847) (NEG\MULT 22851 • 
22321). (NEG\TERM 22325 • 23:'10) (NULL\SET? 23214 • 23258) CNUI'1ERICRL 23262 • 23806) (N\RDD 23818 • 26411) ( 

N\nNO 26415 • 27JIG) (N\MnX :'7320 • 27940) (N\MIN 279/,4 • 285G4) W\MULT 28568 • 34604) (N\OR 34688 • 35287) 
ORDERED\! tl:;[RT 35211 • 35578) CORDER I NG 35582 • 3G230) (PR INT\PROVED 3G234 • 36326) (PRINT\REIJR ITE 36338 • 
36S1G) (R[tH1FnCT 36520 • 38643) (REMnFRCTFROMLlST 38647 • 39142) (REMFROMRLL 39146 • 39435) (REMORMULT 39439 

4038:') (R[tIOVC#X[V ~038G • 40733) (REMOVEFRCTOI1S 1,0737 • 41333) ISET\DEFINITION 41337 • 42258) (SIMP\RLL . 
1\22G2 • 42515) . (SIMI'\nSSICN 42519 • 43916) (SIMP\R\SET 439::0 • 44353) (SIMP\R\SUB 44357 • 45265) (SIMP\DIFF 
45269 • 454971 (SIMP\DIV 45501 • 46689) (SIMP\EQ 46603 • 48002) (SIMP\EQUIVRLENT 48906 • 48547) (SIMP\GE 48551 

• 48702) CSIMP\CT 48706 • 48842) CSIMP\IMP 48846 • 493:·4) (SIMP\LE 49398 • 50824) (SIMP\LT 58828 • 58998) ( 
SIMP\MOD 51002 • 51214) CSIMP\NE 51218 • 51489) (SIIIP\NcG 51493 • 52725) (SIMP\NEG\L1ST 52729 • 52985) ( 
S I/IP\NEG\lIUL T 52909 • 53642) (Sli'iP\NOT 53bi,6 • 54625) (5!i'iP\NOT\LlST 51i829 • 55135) (SHIP\PAIR 55139 • 55187) 
(SIMP\I'OIlER 55191 • 57003) (SIMP\PI1EF 57007 • 57271) (SIIIP\R\ACCESS 57275 • 57585) (SIMP\SOME 57589 • 57867) ( 
SI MP\Slfnp 57871 • 5B136) (S IMP\USER\FUNC 58140 • 587(4) (SDRTPXEV 58768 • 59021) (SUPER\PUT\ IN 59925 • 68263) 
IUNIONHXEV 60267 • 60G19) CUIfMRTCHED\YS 60623 • 616(7) (XEVRL 61611 • (1706) (XEVRL2 61719 • 63696) ( 
XEvnL \ TURN\Of"r 63610 • 63860) (XEVRL \TURN\ON 63[.6" . 64052) (X\RDD\N 6(.056 • 64305) (X\RLPHR 64399 • 64752) 
x\nrm\l~ G4756 • 65006) (X\ IF 65010 • 66035) (X\ HIP GG03~ • 6(546) (X\l1RX\N 66558 • 66898) (X\MIN\N 66884 
67054) ()(\MULT\N 67058 • 67316) (X\OROEREO\MErlBER? 137320 • 67721) (X\OR\N 67725 • 67971»») 
STOP 
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