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orAtF IRlbCEVAL.INDEX. 25 

(FILECREATED .. 7-0ct-88 18,25,18" <AFFlRM>CEVAL .. 25 51964 

pr.vlou. dlt., "22-S.p-88 19116,29" <AF'F'IRn>CEVAL .. 24) 

(PRETTYCOnPRINT CEVALCOnS) 

(RPAOO CEVALCOMS U, t CIvil ("Condl t lonll EVllultor") 
U.I. If-thln-II.I .xpr ••• 'on. to r.pr ••• nt .,1 propo.'t'on.' c.lculus 0plr.tors 
Cnot, Ind, or , IMpII .. , Iqulv) 
7.. Clv.' IMpllMlnts only I .MIII •• t of tran.forM.tlons on condlt'on.' .xpr.sslons, 
slMII.r to tho •• dl.cussld by I'IcC.rthy Ind IMpl.M.nt.d pr.vlously In th. Boy.r-l1oor. 
Th.or.M Prov.r. How.v.r, It I. stili "coMpletl" w!thr'.plct to proposlt'on.' c.'cu'us 
In th.t .n\l v.lld forMula In the propo.'tlonal c.'culus (f ••• , provabl. by 'ruth ·t.bl.) 
wi II b. r.duc.d to TRUE by th. tr.n.forM.tlon •. C.val .Iso Incorporat ••• 
"CII. .n.' \1"." 
rul •• nd b •• lc rul •• for .quallt\l.) 

(, Varlabl •• , prop.rtl ••• nd function. for Interfacing with r •• t of XlVUS sy.t.m.) 
(PROP I.Con.t.nt TRUE FALSE) 
(PROP Orlgln.,N.m. IfTh.nEI •• Equal) 
(FNS , C.v.,lnt.rf.c.FNS) 
I, (BLOCKS (C.vIIPropC"cBLOCK A.sum.dRndO.nled IfTh.nEI •• IfTh.nEI •• e IfTh.nElsel 

IfThanElse2 Speclillf addFact addlnt.gerFact. fal.eBr.nch 
trueBranch (ENTRIES IfTh.nEI •• IfTh.nEI •• e Sp.c,.,lt) 
(GLOBRLVRRS Contlnuou.Ev.') 
(SPECVARS p q r) . 
(NOL INKFNS • n) 

(C.vIIEqullltyBLOCK TestSubst UsaEqHypslnPrlorHyps U.eEqulll".s Occurs In 
Hypothese. ApplyEqInPrlorHyps 
(ENTRIES TestSub.t U •• EqHyp.InPrlorHyps U •• Equ.'I" •• 

Occurs In) 
(NOLINKFNS • Tl 

(, f Function. which Implem.nt the tr.n.form.tlons on propo.'t'on.' calculus .xpr ••• ,on •• ) 
(RECOROS As.um.dAndD.nl.d) 
(FNS , C,vIIPropCllcFNS) 
(, t Function. which hlpl,"'.nt the ·c .. e Inll\lul." rul •• f (al ...... (ff p 'h.n x ., •• \I) 

• 
(If p th.n f lal, .... x ..... ln) 

., •• f (ll •••• ,\1, ••. ,.n» 
when f I. not If-then-el'I.) 

IFNS , C.vIICa.IAnaIFNS) 
I, t Function. which I",ple"'ent .quall t\l rul ••• ) 
(FNS , C,vIIEqullltyFNS) 
IRE CORDS , SEPTHEORYRECORDS) 
(FNS , .epth.or\l) 
(DECLARE, DONTEVALeLOAD DOEVALeCOI1PILE DONTCOPYCOI1PILERVARS 

(ADOVARS (NLAI1A) 

(DECLARE I DONTEVALtLOAO DONTCOPY 

---------

(NLAI1L I fThenE I •• Spec III If) 
(LAnA] ) 

, ••• ,In) 

.~ 

) 

,--,,' 



.ArrJRn~C[VAL.IND[X.2S 

(. t C('val ("Conditional Evaluator") 
IU(,~ if-th('n-else expressions to represent all propositional calculus operators 
(nnt; and. or • implies. eqlliv) . 
1.. Crval implements only a small set of transformations on conditional expressions, similar to those 
dhclIs.'.('d by McCarthy and implemented previously in the Boyer-Moore Theorem Prover. However. it i 
"complrte" 
with rrsl)"ct to propositional calculus in that any valid formula in the propositional calculus 
(i.e .• prnvable by trllth table) 
will br rl'dllced to TR UE by the transformations. Ceval also incorporates a "case analysis" rule and bas 
rules for equality.) J .. 

IDECLAREI DONTEVAL,LOAD DONTCOPY I 
I 
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cAF'FIRn;c£VAL.IND£X.2S 

. (. Vatiablt's, properties Illdfunctions for interflclng with rest of XIV US system.) 

, . 
, " 

CPUTPROPS TR U E IsColistall! n 

CPUTPROPS FALSE IsColistalit n 

CPUTPR,OPS IfTht'IiElst'OrigiIlIINlme IF£LS£) 

fPUTPROPS EquII OriginllNlme EQ) 

CRPAOO CrvalinterflceFNS CAlloe'.' 'vIAndn.'eh n"IeIAnd n"tlEqv n"tl'hlpili' n"tINo' RlIllOVICOllllllOnP.rt. ".teOr 
RIIIIOVIU. 1t,1II0Ylltal F 'ndEqv. ItlIllOVln.collllllonSubExp. 
RIMovltt.FrOMI' RIMOVII,.Hllplr Spiel_II'}) 

"'" """0 

(Aunciativ(lA ndMatclt 
(LRMDDA Cx y) 

c •• 'hi, r"ulllle .. ' -

c. D. Thoml'son "12-Feb-80 10:47") 

.hul "'hnl nnES Ihb routine do?? , don'l hRVe Ihe sllchlest Iden. CDHT» 

(if ",IOplr"tor.ANDOP 
then IUOpltl'ator.ANDOP and CEQUAL xIArg2 YIArg2) and CAf;socialiveAndMatch xlArgl YIArgl) 

else (il IIIOplr"tor.ANDOP 
then (EQUAL xIArg2 y) and xIArg1 

else cif (EDUAL x y) 
then TRUEJ) 

(MaJ..pAnd 
(LAMDDA he 'y) 

(if II. TRUE 
then y 

el!lcif ",.TRUE 
then x , 

eli;eif oFALSE Dr y.FALSE 
then FALSE 

elscit ",IUpII'"tor.ANOUP 
then (create £xprl •• lon 

Oplr"tor • ANOOP 
Argu"'ln t ... c< cMakeAnd II yl Arg1) 

",I Arg2>)) 
else (create £lIprl •• lon 

(MaJ{pEqv 
ILAMODA he v) 

Oplr.'or .. ANOOP 
ArguMln" .«x y>J) 

c. D. Thoml'son "28-Jul-:80 13:58") 

C.D.Thoml'son "28-Jul-80 13:54") 

C •• 1 hi' routine ('renlu EQV ul're.ulons, teerlnr. left Rlsocllltlvity.) 

cit II.TRUE 
,then II 
elseif y. TRUE 

then II 
elseil x.FALSE 

then (MakeNot y) 

1 

2 

o 
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.AFFIRn-C[VAL.INO[K.2S 

elsr.if y.FAL S[ 
then cMaJ..r.Nnt )I) 

elsr.if yl Ope,.a to,..EOVOP 
then Ccreate Exp,..lllon 

Op.,.ator ~ EQVOP 
ArguM,nt ... cccMakcEqv Ie YIArgll 

VI Arg2>)) 
else Ccreate Expr.I.lon 

(Makt'hnplles 
ILnnsnR he V' 

Op.rator .. EOVOP 
Argu •• nt. "CCIe V») 

c •• I IIh rnllllllC crClltc~ IMP c.trrCUlrtnR.) 

cif ... TRUE 
then y 

elsr.if ".FALSE 
thr.n TRUE 

elsr.if y. TRUE 
thr.n TRUE 

elsr.il y-FnLSE 
then c:\lakrNnt x) 

elsr.if YIOp,,.ato,..II1POP 
then Ccreate Expr.llion 

Op.,.ator .. JI1POP 
A"guM,nt ... cccMakcAntlle YIArgll 

YIArg2>)) 
else (creale E"p,..lllon 

Ope,.ato,. .. II1POP 
A"guM.ntl ~C<1e y>J) 

(MakrNol 
ILnMnnR C,"p".sllonl 

(PROG C."t.nllon op.,.ato,.) 
(op.,.ato""'''P''.lllonIOp.,.ator) 
(RETURN (il CNLISTP '''P,..lllon) 

then (it ."p,. ... lon.TRUE 
then FALSE 

elseit .Kp,., .. lon.FALSE 
then TRUE 

else (create EKpr.lllon 
Operator .. NOTOP 

elseif op.,.ato,..L TOP 
A"9~m.ntl "(c,Kpr.I.lon»») 

then (create EKP,..lllon 
Op,,.ato,. .. LEOP 

(. D. Thomrson '2B-Jut-BO 14:02') 

(. D. Thomrson '2B-Jul-BO 14: n') 

A,.gum.ntl "(c.lCp,,.sllonIA,.g2 .lepr.lllonIArgl>)} 
elseit op.rator.LEOP 

then ccreate EKpr.sslon 
Operllto,. .. LTOP 
A"guments "Cc.Kp,.es.lonIA"g2 .Kp,. ••• lonIA,.g1») 

elseif ope,.ato,..CTOP 
then Ccreale E"pr.sslon 

Operator .. LEOP 
A"guM.nt ... (c.Kp,. ... lonIArgl .Kpr ... lonIArg2») 

elaei' op.,.ator.CEOP 
then (create EKpr •• llon 

Op.rator .. LTOP 
ArguM.nt. ~cc'Kp,. ••• lonIArgl .Kpr ••• lonIArg2») 

elseit op.,.a tor.ANOOP 
Ihen cMakr.Or cMakr.Not ,Kpr ... lonIArgll 

(MakcNot .lCpr ... lonIArg2») 
elaeit op.r.tor.II1POP 

hg. 5.1 

5 
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then ll\fakt!And ellprnl,IonlAr91 IMakeNol. Ixprl .. lonfAr92» 
els!!iI oper·~tor.NOTOP 

then .lIpr.lllon:Ar91 
elseif op.rltor.OROP 

then eMakcAnd IMakcNol .lIpr ... lonIAr911 
. eMakeNnt .xpr ... lonIAr92)) 

elle Ccrelle Expr'lllon 
Op.rltor • NOTOP 
ArguM.ntl.e<')lpr •• llon>l) 

(1tl'mOVI'CommonParts 
[LAnBO," 1.lIp,.-... lon) (. D. Thomraon '17-Ser-80 10: 23") 

,. , 1 hl~ r"Iullle ntl~·mrl .• In rind cnmmonnllty III Ihr TIIEN Rnd ELSE branches of an IF-ellpreaalon. and 
1111111'"11" Ihe rrnpfllllllnn R,cnrcllnr.I~·.) 

I",.,r ..... lon.,. I RrmovrifRGnmmonSllhF.xpR .lIpr ... lon) 
ebind don. unlil don. do Iii Clype? IfEKpr ... lon .lIpresslonITh.nPartl 

and IEQUAL .xpr •• alonITh.nPlrtIEI •• Plrt Ixprl~.lonIEI •• "rt) 
then 

'.111 III Ihcn Ilf HZ 'htll X eille Y) ebe Y) •• (If eRl And RZ) Ihen X else Y)) 

Ixpr.I.lon.ecreate IIExpr.sslon 
Tnt .eMakcAnd .xpresslonIT .. t 

Ixpr •• llonITh.nPartIT •• t) 
Th.nPart • ellpre.llonITh.nPartITh.nPart 
EllePart • ellpr ••• lonIEI.ePart' 

elseil etype? IIExpre •• ion expr.ssion:EI.ePart' 
and IE QUAL .. press I onl ThenPar' expre .. 1 on: E 1 •• Par t: ThlnPart) 

then 

(. III 11,1 111('11 X ellle cu. nz Ihrn X ds(' YI) •• (If (Rlllr R2) Ihcn X else Yll 

Ixpre •• lon.(create IIEllpre,.lon 
Te.t .eMakflOr expr •• slonIT.st 

.xpr ••• lonIE IsaPart ITI.t,) 
Th.nPart •• xpr ••• lonITh.nPart 
ElsePart • 'lIpre •• lonIEllePartIEI •• Part' 

elleil (type? IIExpre .. lon ,lIpr ••• lonIThenPartl 
and eEQUAL .lIpr .... 1 onl Th.nP,r tr Th.nPar t l)lpr ••• I-onl E 1 •• Par II' 

then 

1-,111 III thcnlll nz Ih('n X rl .• e Y) rlRe XI •• (If eRl ImrR2) then. X else Y» 

Ixpr ... lon.,;(create IfEllpresslon 
T ••. t .. (Makclmplies .xpres.lon:Te.t 

. l)lpres.lonIThenPartIT •• t, 
Th.nPart· • ,xpr.sslon:ThenPartIThenPart 
E IlePart • ellpresslonlTh.nPartlE II.Part) 

elleif (type? IfExpr ... lon ,lIprnslonIEI •• Partl . 
and IEQUAL e)(prnslonl ThenPart .xprel.lonl EI •• Plr tIE 1 •• Par t). 

then 

I. I Ifill then.X dlle (II n2 then Y eille XII •• (II (n2 ImrRI) then X elllr Y)) 

Ixpr.I.lon .. Cereals 

IIII! don ... nl 
IlIprl.llonll 

- ---.. _. -' -' - ~~-------' 

I fExprall Ion 
T •• t .. eMakchnp.lies Ixprll.lon:EI.IP,rtlT .. t 

Ixprl •• lonIT •• t' 
Th.nPlrt .. Ixprl.llonITh.nP,rt 
EII'Plrt ... ,xprl •• lonIEII.P,rtIThanPart) 

6 
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·RrrIRM~CEVRL.INOE~.2S Pig, S.3 

(Makt'Or 
(UIMoR Cl( \I) 

cif " .. TRUE or \I. TRUE 
thr.n TRUE 

elsr.iI ".rRLSE 
then \I 

elr.r.if \I.F"RLSE 
then I( 

elseil YIOperator.IMPOP 
then cMak"lmpli ... ~ cMak ... And cMakr.Nol )() 

ylRrgl1 
\lIRrg21 

elsr.il YIOperator.OROP 
then Cereate E"presslon 

Operator .. DROP 
Rrguments .. (dMakr.Or )( YIRrgll 

\II Rrg2») 
else ccreate ["pr.sslon 

Op.rator .. oR'OP 
Rrgum.nt ... c<)( Y>]) 

(Rrll1ovrlfs 
(LRMBDR C.~pr •• slon n •• dNotlmpF"orm) 

, 

(. D. Thompson "28-Jul-80 14: OS") 

(. D. Thompson "JO-Sep-80 16: 32") 

c •• J IIh rl1l1lhl(- Irnn~lnlc~ e.'rrc .... lnn~ In the Internnl II-then-eiRe form Into a form more suitable for 
""'r"t_ hu·o"·lnr. tIlt" nflrmnl "nolenn opernlnrR.) 

c if nlUldNo II IftpF"orlft or - CUaerPro f II, • Us.oR I nProps Tl 
then cR"rnovrlr"l npr.llion Tl 

else (FinllJo:qv,; cR ... movr.H,,1 npr.llion NILl) 

(Rrmovelfsl 
(LnMRDR (."pr.llion n •• dNotlmpFoI"III) (. D. Thompson "16-Sep-80 11: 26") 

( •• J hh rfl,"lnc trnn~ln'(· .• ('.\pre.~ .• lnn .• In the InternAl II-then-eIRe form Into a form more suItable for 
fllI'r'"_ In\·fll\,lnr. th( lIormnl DnokRn operAtor .•. ) 

(if (NlISTP ,,,pr.lllon) 
thr.n (. a sImple value. Just return It) 

.ltpre •• lon 
elsr.iI "ype? I fE"pr.lllon .ICpr.lllon) 

thr.n (. operator Is If-then-else.) 
(if n •• dNot IlftpF"orm 

then cRr.movr.HRHr.lpC'!r cRr.movC'!HIII .ICpr ... lonITl6t Tl 
cRr.movclrlll .ICpr ••• lonITh.nPart T) 
cRr.movn)fd .ICpr ... lonIEI .. Plrt T)) 

else (Rr.movr.1fIlFromlf .)(p ..... lonll 
elscil ctype? a.ICpr.s.lon .ICp ..... lon) 

then (. a Q-e)lprcsslon) 

else 

.ICpr ••• lon .. (ereate a."pr.sslon 
.ICpr .. (Rr.moyr.lfRl .xpr ••• lonll)(pr n •• dNotlmpForm) using .xpr.sllon) 

(If I><pr ... lonll)(pr_TRUE 
then TRUE 

else ."pr .. llon) 

(create Expr ••• lon 

(. ('perntor Is not If-then-else. 
Reformulate any If-then-elses In the 
arguments) 

8 

9 
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Op.ra\or· •• xpr ••• lonIOperalor 
RrCjU"nll .. dar arCjullllnl in IICp ..... lonIArCjulII.nl. coiled CRemovelfsl ergulllent 

n'ldNo tJlllpF orllll ) 

(FlndEqv$ 
(LRnDDn Clxpr ... Ion) (. D. Thompson ·16-Sep-BO 11:20·) 

(. - I hi.' r(llllln(' "('Anh('., an Urn'Alllnn for ronl"l(' tfJlIlvlllence .• , and rerforms the appropriate 
""""tlnltllln". ) 

(II CNL ISTP ,lIpr ... lon) 
Ihr.n IlIpr ... lon 

eh;r.if Hype? Olllpr ... lon .xpr ... lon) 
Ihr.n ctreR.le O.lIp ..... lon 

.xpr .. C.'indJo:qvf; .xpr ... lonllxprl uling Ixprlsslon) 
elleif .. Hype? IfEwpr ... lon .xpr ... lonl 

Ihen Ctreale Expr ••• lon 
Op.rator ... xpr ••• lonIOp.rator 
Ar9u",.nts .. clar a in ,lfpr ... lonIArgu",.nts tailed CFindEqvlI a») 

elseil CEOUAL .lfpr ... IO"ITh.nPart cMakr-Nnl .xpr ... lonIEI.IPerU) 
Ihen cMakrl-:qv c.'indl-:qvII; .xpr ... lonITh.nPart) 

c.'in.n:qvf;lxprl .. lonl T .. t)) . 
else Ccreale I 'EMp,.. .. I on 

TI.t .. C.'in.n:qvII; Ixprl.ilonIT •• U 
ThlnPart ... c.'indJo:qvf; Ixpr.sslonl ThonPar" 
EI.IPart .. cFin.lF.qvf; Ixpr.sslonIEla.ParlJ) 

(R t'tnC)v.rl f~C01l11110llSubExp5 
(L.AI1BOA .Clxpr ... lonl (. D. Thompson ·17-Sep-BO 11:14·) 

C- - I hh ,II"IIn(' 1I.'C~ 1\""ocIRth'('l\ndMR'ch 'n Innk for commnn subt'llpresslons In the then and elae part of 
II-thcn-l ht c:.'rn.,.,lnn.,. -
I thln~. I. r",IIy dn,,', ~"nw. (!lIH)) 

IPROG laalll boolParl .1 •• Part th.nPartl 
(RETURN lif Itype? l'Exprl •• lon .xpr ••• lon) 

Ihen·booIPart ... xprl •• lonITI.t 
th.nPart"lxprl •• lonITh.nPart 
II •• Part ... xpr ••• lonIEI •• Part 
cil aalll .. CAf;!;nr.ialivr.AndMalr.h th.nPart .lsaPart) 

Ihen IMakeAn.1 IMakr.lmplir-1I; boolPart aalll) 
II •• Part) 

else if aa", .. 1 AR!;nciativr-AnciMatch II •• Part ·th.nParH 
Ihen IMakeAnd IMakeOr boolParl 11111) 

ellell 
th.nPar t) 

IhlnParl,Oplrator.I"POP 
Ind (if (EOURL thinPartlRrg2 ll&aPart) 

Ihen (MakCllmplics (MakcJmpliclI boolPart thlnPartlArg!) 
llsaPart) 

ellell 11I8PartIOplrator.J"POP . 

10 

11 

and (EQUAL th.nPartlArg2 .I •• PartIArg2) 
and IIrn .. (ARRociativcAndMatch th.nPartlllrg1 •. I •• Par.tIArg!) 

Ihen (Maknlmpliell (MakeAnd (Makelmplies boolPart a.lII) 
el.IParttRrgll 

IIIIPartIA"g2» 
elleil .I.IP.rttOp'l'ator.J"POP 

Ind (il (EQURL .IIIP'l'tIAl'g2 th.nPart) 
Ihen (Makclmplimi (MakeOr boolPart 11 •• ParttArgll 

th.nP.rt) 
ellell th.nPartIOp.rator.J"POP 

and (EQUAL .I •• PartIArg2 th.nPartIArg2) 
and .alll .. CAsllociativeAndMatch .I"P'l'trArg1 th.nPertrA"gU 

then cMakelmplioll (MakcAnd (.MakeOr boolPart .. rn) 

thlnPar t I Rrgll 

(J 

() 
~ 

.() 



( ) 
lise .lIpr.lllon) 

elle .lIpr ••• lon]) 

(Rt'Dnovt'lhFromlf 
Il~"BDR (.lIpr ••• lon) (. D. Thompson "17-Sep-BO 11: 20") 

( •• 1 hl~ routine rcwrltc .• If-Ihcn-chc c;(rre~~lonli Inlo R (arm more suitable (or output.. Involving normal 
n .. "luII' nrtrntnu. ) 

(PRDG (boolPart .1 •• Part th.nPart) 
(RETURN (If (type? IfEKpr ••• lon .xpr.sslon) 

then booIPart~(Rr.mnvClIrlll IItpr"llonITest> 
th.nPar t ~ (Rcmnvd fill .xpr.n Ion I ThenPar t) 
.1 •• Part~ (RClmovclfd .lIpr.BllonIEII8Part> 
(SElECTQ boolPart 

ITRUE (. If T then X else Y .... X) 
th.nPlrll 

(FRLSE 
.IIIPlrll 

(SElECTQ th.nPlrt 

(. If F then X else Y a. Y) 

(TRUE (SELECTQ .11.Part 
ITRUE (. II B then T else T •• T) 

TRUE) 

(FRLSE 

(FRLSE (. If B then T else F •• B) 
boolPlrl) 

(PROGN C. If B Ihen T else Y .. = B or Y) 
(MakeOr boolPart .11.Part] 

(SELECTQ .lsoPart 
(TRUE Co II B Ihen F else T ~ _-B) 

(MakeNot booIPlrt» 
(FRLSE 

(PROGN 

(. If B Ihen F else F •• F) 
FRLSE) 

(. If B then F else Y •• -B Rnd Y) 
(MakeAnd (MakeNot boolParl) 

.1 •• Part] 
(SELECTQ al.IPlrt 

(TRUE Co liB Ihen X else T ... B or X) 
(Ma~clmpIiCll; boolPart Ih.nPart) 

(FRLSE (0 IfD Ihen X else F ... B Rnd X) 
(MakcAnd boolPart th.nPart) 

12 

(PROGN. Co Nothing else worked: try 10 remove common 
sub-pieces. ) 

(RcmoveCommonParts (create 1 fExpress Ion 
Tesl .. boolPart 
ThenPart .. thenPart 
EI •• Part ... 1 •• Partl 

else .lIpr ••• lon]) 

(R rill 0\'(' 1 r~1I ('Iper 
(LnMAOn (T •• I ThlnPart EI •• Plrt) 

(il [I ,;ePar'. TRUE 
thr.n (:\IaJ..rlmplirll Tnl Th.nPlrl) 

elr.r.if E 1 •• P"r hFALSE . 
then (MakelAn.1 Tnt Th.nPlrll 

elseil Th.nPar h TRUE 
then (Makrlmplir.1I (MakClNol TIIII 

. E I .. Parll 
elseil Th.nPar I.FALSE 

then (MakrAn.1 (MakrNnt T •• I) 
EI .. Parll 

elscll IPROG (IBIII) 

(1'", .. (AF;F;ncialivcAndMalch Th.nPlrt EIIIPartl) 

15 

C. D. Thompsnn ·2B-Jul-BO 14: 42") 
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(if 11m 
then (RETURN cMakcAnd (MakdmpliClI Tost aam) 

EI"Part)) 
else IIm .. (A';(I;oeialivcAndMaleh EI .. Parl ThenPart) 

(RETURN (if lam 
then (MaknAnd (MakclmplicG (MakeNot Tesl) 

11m) 
ThlnParlJ 

elseif ThlnPar" Oplra lor.I"POP and [if (EQUAL ThllnPar I I Arg2 E I"Par t) 
then (Makr.Jmpli(!'; (Makdmplies TI.I ThlnParllArgU 

E I"Part) 

elleif E I .. Par II0plralor_IHPOP 

,lSI EI.IParl,Oplrator_I"POP 
and (EDUAL ThlnPart:Arg2 EI •• PartIArg2) 
and (PROG (11m) 

Cllm" (AssociativeAndMatch ThlnPar I I Argl 
E l'ePar t I ArgU) 

(RETURN (if aam 
then 
(Makelmplies 

(MakcAnd (MakeImplies Tlst 
E l.ePar t I RrgU 

EI.IParIIArg2J 

and lit (EQUAL E I .. Par I I Arg2 ThlnPar t) 
then (MakclmpliclI (MakdmpliclI (MaknNot Tilt) 

EI'IPartlArgll 
ThlnPart) 

else ThlnParllOplralor_IHPOP and (EQUAL EI.IParIIArg2 ThlnParllArg2) 
and (PROG (11m) 

(IIm .. (AlllloeialivcAndMatch ElliParhArgl ThlnPartlArgl» 
(RETURN (II 11m . 

aam) 

then (Makclmpliell (MakeAnd cMakeImplies (MalteNot Tilt> 
aam) 

else (create I fRecord 
Tesl .. Tesl 
ThenParl .. ThlnParl 
Ei.IParl .. EI.IParl]) 

(S pee i :11 If 

) 

IHlnMRon CpT qT r7.) 
pI .. IEvnL pI ) 
(if pI .TRUE 

then (EVAl q1. ) 
elseil p7 _I'AlSE 

then (EVAL r'f. ) 
else (RESETVARS «(Conti nuousEval» 

(q'/. .. (EVAl q7 » 
(r'f. .. (EVAl r7 » 
(RETURN (if (EDUAl q'f. rJ) 

then q1 
elscit q1 • TRUE and r% .I'ALSE 

then p7. 
else (IfThcnEIGnl p% q% rX J) 

IDECLAREI DONTEVALtLOAD DONTCOPY 

ThlnPar I I Argl> 
ThlnPar h Rrg2] 

14 

(. R. Bille .• "23-Jun-79 14: .58") 
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[t (BLOCKS (CevaIPropCaIcDLOCK AssumedAndDenied IfThenElse IfThenElseO IfThenEJsellfThenElse 
addFact addlntegerFacts fabeRranch trueBranch 
(ENT R I ES I fThen Else I fThen EbeO Speciallf) 
(GLORALVARS ContinuousEval) 
(SPECVARS p q r) 
(NOLlNKFNS . T)) 

(CevalEqualltyBLOCK TestSubst UseEqHypslnPriorHyps UseEquaUties Occursln Hypotheses 
ApplyEqlnPriorHyps (ENTRIES TestSubst UseEqHypslnPriorHyps UseEqua1itle 

Occursln) 
(NOLlNKFNS . T] ] 

(DECLARE I DONTEVALtLOAD DONTCOPY 
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(.t Functions which implement the transformations on propositional calculus expressions,) 1 

'DECLARE I EVAL,COMPILE 

(RECPRD AS5UII1edAndDenied C."uMdTru. d.nl.dTru •••• ulII.dF.'" d.nl.dF.'"» 
J 

(RPADD CevalPropCalcFNS (A .. ulII.dAndD,nl.d Ifl? IfTh.nEIIi IfTh.nEllie IfTh.nEI •• l lfTh.nEI .. 2 ".rg.a.IC.Forlf8 
Occur.ln TopL.v.llf .ddF.ct .ddlnt.g.rF.ct. fal •• Br.nch tru.Branch» 

(DEFINED 

(I'~~'.Ull'dAndDenied 
'~Al1nOA (p) 

(PROG (a\d t.lllp xopl 
Ct'lIIp~ <p>1 
C.\d~ u:reate A .. ulllldRndDln I.d 

.llullladTru. • t.lllp 
d.nl.dF.II •• t.lllp» 

cil (xop~pIOp.ra'or)IEQOP 
then "lIIp~(R.v.rlaEqu.'I'y p) 

(. R. Bates "20-Mar-BO 15:45") 

.\dlallulII.dTru.~ <'elllp I .\dl.llulII.dTrue> .\dld.nledF.' ••• <'.1111' I .\dld.nl.dF.I •• > 

,. 

cH xop.'Equ.'\ln"\I.r . 
thena\dl.ISUIII.dTru.~ «LEOP p,Ar\ll PIRr92> <LEOP PIAr92 P,Ar91> ! l\dl ••• u",.dTrU8> 

a\d'c1.nI8dTru.~ «LTOP plAr\ll PI.Ar92> <LTOP P,Ar92 plAr91> I .\dld.nl.dTrU8» 
elseit xop.LEOp 

then .\d,d.nl.dTru •• «LTOP PIAr92 p1Ar91> , .\dld.nl.dTru.> .\dl ••• ulII.dF.I •••• \dld.nl.dTru • 
• \dld.nl.dF.'". «LTOP PIAr91 PIAr92> <'Equll\ln"\I.r p,Ar91 PIAr92> 

(lrI? 

<'Equ.I\lnt.~.r p,Ar92 p,Ar91> , .\dld.nl.dF., •• > 
a\dl •• lulII.dFal.,. <cLEOP PIAr92 p:Ar\ll> , .\d, ••• ulII.dF., •• > 

elseil xop.L TOP 
then a\dld.nl.dTru •• ccLEDP pIAr\l2 p,Argl> , .\d,danl.dTru.> .\d' ••• ulII8dF.I •••• \d'd.nl.dTru • 

• \dla .. ullladTruit .. «LEOP PIAr91 p,Arg2> I .\d'.lIulII.dTru.> .\d'd.nl.dTru .... 
eeL TOP p,Ar92 P,Ar91> c'Equ.l\lnt.g.r p,A"91 PIAr92> c'Equ.I\lnt'9.r ptArg2 p1Ar91~ 

I .\d,d.nl.dT"u.>1 
(RETURN. .'dJ.l 

(LAMBDA (p. q rl (. R. Erlcleson "2B-Mar.,.BO 11: 43") 

, •.• Cllllul "y If' heIlFl .• cO. whn hn~ ulrnctc:" n Qc:~rrC:Mlnn. I( Assumed. Denied. NIL. we want to continue 
n"rlllnlly. "Y (nlllnr, liT hcnEI .• c:I. ('Jthcrwl~c:. we will wnlt: some ancelltor wJII rename us 
hn n. IInl I" ennfllel with A/O) and rennrmnll7e. In thllllAller CRIIC:. we just construct ail IFOP ellpresslon.) 

cif AII.ulII.d or O.n I.d 
then· .. .IFOP p q r> 

else . 
. (HThr.nEllu~1 P q r TJ) 

,'. 
(I(Tht'n.EIsl' 

'NlAI1RDA, (p1 q7. ,,7, 

(_we asle for reevAI hy IfThenElsel) 

(. R~ Bates" B-Apr-BO OB: 47"). 

(- - IIlhcnEhc. tuU fnr. tht·trlvlnl r- TRUE or FALSE. evals argsunder Assumed/Denied) 

pt ... ([VAL pI I 
(if pI ,Op.r.tor.IFOP 

then (H'I'hrn":I!IC!1 p7 ([VAL q% » 
(EVAL "X ., 

elseif p1 .TRUE or· ("E"BER pI AllulII.dl 
then .. C[VAL q7. » 

els.eif pi .FAL.S,E Dr ("["BER pX D.nl.d' 
. then (EVAL rlf ) 

15 

16 
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else (PROG (1IIIu",.\den led) 
(1tIlu"'a\danlad .. CA""umrdAndDr.nir.d p7 )) 
Cql ~Clrur.l\ranr.h 'lIu",e,denled q7 rJ» 
Cr7 ~cfal"r.J\ranr.h IIlu"'a\denled r7. )) 
CRETURN cll qT .TRUE and rX -FALSE and p% IOplr.tor--aop 

then cJFOP pX qX rX > 

(HfThenF.beO 
(LAnOOA Cp q r) 

elaell (EOUAL q7. r%) 
then ql 

else (IfThcnl<:h,cO pX qX r% J) 

c. R. Erickson "28-Mar-80 12:53") 

c· • III helll hC1l rt'CI.~ Qe'rn·~.'lnn.~ Ollt nllhe It'lIl rnrl (may recurse). renames each Qell to avold conflicts 
"'"11 Iht· IIlhn rnru. Ihcn CRIIII IIThenF.l .• eJ. Arr,lImcnl.' hAve been eVAluted. using Assumed/Denied. 
II "·t" '111,1 A Qt·,. we \\'nnl tn he ('Rrt'llli nnt Itt rt'CvAIIIAle Iht' :t'lIrr. If It might have name conflicts with A/D. 
III~ ,h.c, III" ,'11111. Ru;'lIulttn I .• Aalt' •.• Ince we ahow Ihe CRller the Qell.) 

cH pIOpar.tor.OOP 
then (if q. TRUE or q.FALSE 

then 
cl\fcrgr.QclI"."nrHO P q r) 

elseit r.TRUE Dr r.FALSE 
then 

else 
cMr.rgrQr.uForIfO p r q Tl 

(. CQ Tn . 
c. T tells Merge that q. r are reVersed.) 

c. p:Orerator.QOP. q.r nonslmple. 

18 

We punt. convert to "P Imp Q and not(P) Imp R" 
; I' 1II11\·.'~tt HIIAIIIC,I .~tr"nlld~·. hilt IhAI' .• OK.) 

• 

CIfThr.n.:I"r.O (IfThr.n.:I"cO p q TRUE) 
clfThcnF:IGcO P TRUE r) 
FALSE) ) 

elsr.if qIOplr.tor ... OOP and rIOper.tor-_OOP 
then 

clf'J'hrnEI"r.l p q r) 
elseil q. TRUE Dr' q-FRLSE 

then 
r~CRena",.8oundVarl.bl •• r CFre •• pI) 
(creste Olwprlilion 

frll ~CUNION (Frle. p) 
rlfrll) 

.xpr ~(lfl? p q rllllpr) uling r) 
elllr.iI r_ TRUE Dr r.FRLSE 

then 

else 

q~CRln.",.BoundV.rl.ble~ q CFre •• p») 
Ccreate Olxpreilion 

fr.e ~CUNION CFr •• 1 p) 
ql frll) 

Iwpr ~clfl? p qlellpr r) ullng q) 

c. no Qellpresslons at .all. 
No need to worry If IlThenElsel decides to 
reevaluate. ) 

C- r a Qn. q trivia!..) 

(. q a Qe". r t~lvlal.) 

C. (Inc' (I, 'I nr r I.~ 'I Qt." nnd the nlher Dlny ('onlnln '·lIrlahles. Rllther than be clever and rename the Qell 
Ar.AI"~1 Iht (It her An,1 Ar.nln~t r. we Ar"l lip.) 

cIfThr.d:l"rO CIfThr.nl<:J"r.O p q TRUE) 
cIfThcnl<:I~r.O p TRUE r) 
FALSE]) 

(lfThel1 [bel 
(LAnOOA (p q r reev.l) 

( •• II J hcnJ:l.~el rt'CI.~ 'ForA ollt 01 the lelt. cII1I9 IIThenElle2) 

c. R. BRtes " I-Apr-80 08: 47") 

19 
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( •• r«\'I1I. l' menn .• r' luI hM ('hnnr.ed.~n we n«-<I 10 .. edo Ihe EVAL In RESETVARS) 

(if pIOp.rlllor.IFOP 
then (HThrn.:Ir;fl pIT •• t (UThen.:Ir;c p,Th.nPart (EVAl q) 

(EVAL r» 
dfThflnJ<:Ir;c p,EI .. Part (EVAL q) 

(EVAL r») 
elseif r.lvlll 

then Ilf pe TRUE or ("EMBER p Allutned) 
then (EVAL q) 

elseif peFALSE or ("EMBER p Oen led) 
then (EVAL r) 

else (PROG (1I"utne\denl.d) 
(1II1utne\den led .. (Ar;/lumcd AndDcniClI p» 
(RETURN (IfThcnEI"e2 p (trucRranchaliutn.\d.nl.d q r) 

(falto;cRranch a .. utn.\d.n led rJ 
else (IfThrnEIr;e2 p q rJ) 

(J fTlll'l1 E l~l'2 
ILnMllon (p q r) 

(if ([QURL q rI 
then q 

else dFOP p q r>J) 

(Ml'rgrQl'x ~ForlfO 
(LnMBOn (Ioal alMpl' other rever.e?) 

(. D. Musser '16-Jul-79 16: 15') 

(. R, Erickson '28-Mar-80 18: 1\') 

( •• ("1111('(1 hy lIT h(nFl~tflln dn ~nmc nllhe- rt'rellllnll~ work In merglnr. Qe~rresslons Inlo An lfThenElse. 
Inl h n 1)( 'rr, We hR\'r <IFor le .• 1 ~Imrl(' olher>. ~Imrlc I~ TR tiE of FALSE. We rename test. other; 
",err( 1111" A <Q(W -- <Iror --». rrve-r,.r? meAn, •.• Imrlc And nlhc'r are switched In the IfThenElse.) 

(PROG «.enae (,ltnple.TRUE») 
(il rlv.r,,? 

then •• n' .... '.n •• ' 

( •• -.'tll.'C- h the lur.kAI .• ('n~e nf le .• 1. Wr hAV(' the fnllnwlng CASt'S: -

"Inl I ulher -- 1(,.QI nr nlhu- '1(' .• 1 F olhe-r -- nnl(le-st) And olhrr' 'tellt other T -- nOI(test) or other' 
"lc .• 1 IIllKr F -- te .• 1 Rnd nlhe-r") 

(11,1 .. (RenameBoundVllrlabla, le.t (Free. other») 
(RETURN (if olhlr,OperaloreQOP 

then olh.r .. (RenllmeBoundVarlables other (Variable, t •• t» 
(create aexpr •• ,lon 

glvan .. « ,(if sensa 
then 1111 I given 

else llIil: find) 
, olher:glven» 

find .. « ! (if .. nn 
then ".tl find 

else 1lIllglven) 
olher,llnd» 

Iraa .. (UNION le,I,lree olher,lree) 
Ixpr .. (if revar,e? 

then (If I? le.l,expr other,expr .IMpl.) 
else (1ft? IlIlIIxpr .llIIple o,lherllxpr») 

else (create aexpr."lon 
glv.n .. (if .an .. 

then Intlglven 
else 11111 find) 

'Ind .. cif 'llnse 
then till' find 

else 1lIllglven) 
'r.e .. (UNION le'lllr~e (Free' other» 

20 

21 
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expr ~(" reVlr.l? 
then (tfl? '1"llxpr o'hlr .Imple) 

else (Irl? 'e"le~pr .I~ple o'hlr]) 

(Or.r.llr~ I n 
(lnnRon (p q) 

(il ([DUAL p q) 

then T 
elseil (NLlSTP q) 

then NIL 
else I'or x in ql ArCJUlftln', thereis cOc:c:urllTn p xl) 

(1ropL('vrlIf 
[L"nBOA (pI 

(. R.Bates "29-Mar-79 13:46") 

(. R.Erlckson" 2-Nov-79 17:17") 

, •• I:IHllrc IIlnl r. IInlc.,~ It I~ dcr.t·rnlc. hA., An IFor AI Ihe lor Icvcl. This Is n('('essary If p Is to be 
tllll',"<I,.1 "Hlcle a Inrr.t:r nrrc.,.,lnn. "('('91..,C (If Ihe WAy WI.' handle A~.,umedn and Denied. 
Nfll,· Ihlll Ihh cnll h Innrrrnrriale fnr IInnormnll7N e~rr8. which might have ANDOP elc'on top.) 

(if p. TRUE or p.FALSE 
then I' 

el!lr.il (NLlSTP pI 
,hen <IFOP I' TRUE FALSE> 

elsci' pIOpI,.ator.IFOP 
then p 

elsci' PI Oplra 'or.OOP 
then p .. < I p> pllxpr~(Topl.cvcllf plixpr) 

p 
elsl! <IFOP p TRUE FALSE>]) 

(llddFar.t 
[LnM[lO~ ( I ae I I 

(PRO~(aBsum'\denlld) 
(l .. et .. (APPLY laetll I .. etlll» 
(if l .. el.FALSE or (MEMBER fac' Denlld) 

then Assumed .. <lac'> D.nlld .. <facl> (RETURN FALSE» 
(i' facl.TRUE or (nEMBER fac' Allulfted) 

then (RETURN Tl) 
( .... u"'.\d.n I.d .. (A~~lJmr.rl AndDr.nir.d fac'» 
(D.nl,d .. < I allulft.\d,nl.dld.nlldTrUI I Denlld» 
(Assumed .. < I aIIUIft.\d.nlldlallumldTru. I AlluMld» 
(RE TURN TJ) 

(. R.Bates "23-May-1I0 10:43") 

(;}ddJ nt(,~l'rFacts 
[LnM[lOn' , .... Ulft. d.n I.d) (. R. Bates "J7-Apr-80 13: 11") 

(P.RDG NIL 
('or (p I.lftp) In 'uUMI do (if pi OperatoraLEOP 

then (I' (MEMBER <'Equal\ln'.g.r I pIArgulftln'l> Dlnlld) 
then (adrIFac:t <LTOP I pIArgu"'lntl» 

(. 1(. j And 1-. j Imp I<j» 
(If (L1STP pIArg21 and pIArg2IDplra,or.ADDOP 

and pIArg21Arg2ml 
then (If (MEMBER <LTDI' pIArg21Argi plArgl> Alsumed) 

then (. j Ie 1+1 and I<j Imp I. j-I and I+t .. j) 
(addFac:l <'Equal\ln'lg,r pIArCJ21Argi 

<DIFFOP plArg! 1») 
(addFacl <'Equa1\ln'.ger 

<ROODI' pIRrCJ21ArCJl 1> pIRrgl»» 
dor x in Ruu"'ld do caddFact <LEOP xlRrg! pIRrCJ2» 

22 

23 

24 

25 
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c. Ie-land je .. k Imp Ic .. k) 
when MIDpa,.ato,..LEOP and (EQUAL l<IA,.g2 plArgll) . 

dar I( in' Assumed do (addFaet <'Equal\lntagar ! l<IArgumant.» 
(. Ie. j Bnd je. I Imp I. j) 

when ICIOperator.LEOP and (EQUAL l<IArg2 plArgH 
and (EQUAL MIA"gl p1A"g2H 

elleit plOperator.LTOP 
then (il ("E"BER <LEOP pIArg2 eADDOP plArgl 1» Assumed) 

when (L ISTPp» 

then ( •. I<j and j I~ 1.1 Imp I. j-I and 1.1 .. j) 
(add Fact <'EquI'\Integer plArgl <DIFFOP plA,.g2 1») 
(add Fact <'EquII\Integ.r <ADDOP plArgl 1> pIArg2>))) 

ciar p in denied da' (if PIOpe,.lto,..'Equll\lnteCJe,. 
then (If ("E"BER <LEOP I pIA"guments> Assumed) 

then (addt'ad <L TOP I pIA"CJuments» 

when (LISTP p» 
(If (lor I in Assumed thereil ("E"BER I Denied» 

. then (RETURN FALSE]) 

(. 1-8 j and 1<8 j Imp I<j») 

(ral~~nrllnf.h 
ILnMROn (I .. uma\dllnled ,.,.'1) (.R.Dllt~II·8-Apr-8008:"8·) 

(R[S[lVARS (COan lad (e I aalume\danledldan ladFa Iia t Dan lad,.» 
(Allumad « ! Illuma\dantedllslumadFltsl , Alsumed,.») 

(RETURN (il (arM I nl r.gr.r f'ael f; IlIuml\dln Iidl allumldF I t II Issume\den I Idl den I adF II se) 
then FALSE 

elle (EVAL ,.,.X ]) 

(trurnra nch 

) 

ILAMRnn (lisume\danied qq'1 ,.,.7) (. R.Bat~!I·~O-May-8012:19·) 
(i' IR[S[TVnRS CCDenled Ce I Illume\dlnledldlnlldT,.UI , Dlnlld,.» 

(Assumld c< 'lIssuml\don ledllllumedT,.ue , Allumld»» 
CRETURN cif carlrllnll'gr.rt"aelf; IIIlume\dlnledIIIlUmadT,.UI IlIum,\danled:denl,dT,.u,) 

then NIL 

elsl! (EVAL ,.,.,/ J) 
else CEVAL qq7. ] 

IDECIARE: DONTEVALELOAO OONTCOPY 

-----.--~ 
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(. f Functions which implement the "case analysis" rule. f (a 1 ..... (If p then x else y) 
..... an) . 

• 
(if I) then f (al ..... x ...... II) 

ebe f (al ..... y ..... ln» 
when f 15 not If-theil-else.) 

(RPAOO CevalCaseAnalFNS CAnylnnl,.lf. R.I.lIfIRlllllIfIHllpl"U 
COErINEO 

(A nylnnt'rlfs 
(LAnAOn (x OthlrOpFound) 

(ANO (L ISTP x) 

(. Edited by R.BRles on 23-JAN-7B: 
from vera Ion 12) 

(OR (ANO xIOplr.tor.IFOP (OR· OthlrOpFound (AnylnncrJf~ XITI.t T) 
cAnyJnncrlfFi xIThlnp.,.t NILl 
cAnylnncrJf~ xlElleP.rt NILl» 

(ANO xIOplr.tor ... IFOP clor v in xlArgull1lnt. thereis (AnylnnerUs V TJ) 

(Rai~('lh 
(LAnAOn he) (_ D.Musser" 9-Aug-79 IS: 16") 

(if (NLlSTP x) 

then II 
elseif III0per.lor.IFOP 

then (lrThrnEIf;,. (Rail;,.If~ xlTnl) 
(Rai~,.If~ xIThlnP.rt) 

. (Rai~,.lr~ xIEIIIP.rtll 
elseil )( I Oplr'lor.OUOTEOP 

then II 
elsr. (Raif;,.H~H,.lp,.r x ('or V in xlArgUll1lntl collect (RaillcIfIl V» 

NIL TJ) 

(Raht'lhHelper 
(LAnnOn (Or Iglna I OldArgl NIIiArgl Anvl fFound) (_ D. Mu .... er" 9-Aug-79 IS: 18") 

(if OIIlArg,.NIL 
then (if Anyl fFound . 

then (APPLY Orlgln.IIOplr.lor (REVERSE NlwArgl») 
.else Orlginall 

28 

29 

80 

elsr.if 0 I dAr 1.111 1: Oplr. tor.IFOP . 
then (IfTllrnl':I,;c OldRrgslllTI.t CRaiFi,.If~Hclprr Orlgln.1 cOldRrgll1:ThlnP.rt ! OldRrgslIl> NlwArga n 

. cRail'lllr .. Hdpcr Orlgln.1 cOldRrg511lEIIIP.rt ! OldRrgsllb.NtillRrgs T» 

) 
else (Raif;rlff;Hr.lpllr Or Igln.1 OldRrgllll cOldRrglll I NIIIRrgl> Rnyl fFoundl) . 

IOECLAREI OONTEVALtLOAO OONTCOPY 

I 

I 
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(. f Fllnctions which implement equality rules.) 

CRPnoo Cl'valEqualltyFNS (Equal T •• tSub.t U .. EqHypslnPrlorHyp. U •• Equalltl •• H\lpoth •••• ApplyEqlnPrlorHyp.» 
(,DEFINED 

(Eqllal 
IU'"bOn hc. II) (. R. Eric kson • I-Oct-80 16: :,:\0·) 

f.·. 1 hI., '""cllnn .'tl:,"11 In "I: only u.'t'eI "y J;\"Allllt'RIIII:. ellcepl IU A plAceholder All over the plAce. 
It I. lilt' rnll"nnl frnm "dure we: hnd .'c:pnrnle equAllly opc:rAloFli. UaM to check IsConstAnt. but not any more.) 

cil (rOUAL x y) 
then TRUE 

elseif CNUMBERP )C) and CNU"BERP II) 
then FALSE 

else ctEqual x II>J) 

(T('~t Sub\t 
[LnMnOn CnRW old x) 

(il (Ori-lIr"ln old x) 

. then cif CEQUAL x old) 
then n.w 

else CSUBST n.w old x» 
else x J ) 

(U~('r::'1IIy".,sI It Priorll"yps 
(lnnnOn (x) 

cil xIOpe,."to,..JFOP 
then [If xIThlnPa,.t.TRUE or xIEI •• Part.TRUE 

then CPRDG (II) 
cV" (HypttthcRCR x)) 
Clor h in Ylll when hlOplrator.EQOP do x .. cApplyEqlnPriorHyps h x» 
(RETURN x» . 

else (PRDG cII ~) 
Cy. C(JRr.Jo:q H ypdn PrinrHypR XI Th.nPar t» 
Cr. clIRcJo:qHypdnPriorHYPR XIE ISiPart» 
(RETURN cif \I-xlThenPart and ZDICIEI .. Part 

elle xl) 

ell 5(' ['111 a Ii t irs 
Ilnnnon ("I 

cif xIOp.,.ato,.-.IFOP 
then IC 

else (PROG cII :r). 

then x 
else dFDP XITlit Y z>J 

cif ICITlitIOp.rator_EOOP 
then lI.cUf;c":qualiticf; CTCf;tSubf;l IC:TlltIRHS lIIT.stILHS lIITh.nPart)) 

z.cUsc":qualilics CTCRlSubsl FALSE ccreate Equat Ion 

xIEI •• ParO) 
else y .. (' l"r.Eo II ali t ir.!I; x I ThllnP",r tl 

Z .. :ij1;r.i-:rlllaliticlI x:£I-.. P",r:': 
;;:ZTar.:; (i: \I""": 7!1~!'I!'lIrl and :,-,.;:, J"~:> -; _ 

~~i";~ i'; 

-:dL~ <l}·O~ ~~ ~.-~~ ~:.. i) 

- ._- ---~--------

lHS • XIT •• tIRHS 
RHS .. XIT •• tllHS) 
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.RH·IRn~CEVRL. INt); . P8g' 9.1 

(HI ypol hrses 
[LnnROn h) 

lit x I Operillor-IFOP 
then cif )(1 ThenP", la TRur 

then •• NOTOP J<IT .. t> I cHypotheF;Cl: xlEluPart> > 
elseil x I E luPar h TRUE 

then <xIT .. , I CHypOlhcF;CF; MIThlnPartl 
>J I 

(ApplyEq InPriorHyps 
"!Hlllnn (h x I 

,;! .".VITIII 
Ih!!n M 

els~ (PROe Cy zl 
Cy .. (T(,F;'SlJh~t hlRHS hlLHS MIT .. I» 
(it x I ThenPar h TRUE 

then z .. (hpplyEqlnPriorHy,,~ h )lIEIBaPart> 
(RETURN (it yaX1Te.1 and zDMIEIlaPart 

then x 
. else dFOP y TRUE z») 

else z .. chpplyEqlnPriorHyp" h xlThenPart> 
(RETURN (i' Y2x:Tesl and ZaXIThenPart 

then x 
else <IFOP y Z TRUE») 

(RPnaa SEPTHEORYRECORDS (Rrc Sapnode» 
(DECLRREI EVRL@conPILE 

(RECORD A rc (Nil"" VIII» 

(RECORD Sepnode (NII",e • DutarCI» 
) 

(RPnoO st't)tht'ory (RddRrc Sepllrllt Ion Separat 10nContrlld let Ion UsaSapllrat lonl normlntl) 
COEF·INEa 

(AddArc 
[LnnRDR (g I· c J) (. D. Mlls.~er "29-Apr-80 07: 34") 

( ... \"'III11II1I~ I'. I .• " Irnn .• III\·cly cto.u·cI r.rnrh of noclcM r~rr~.'~nllnr. In'cr.cr vArlllhte.<. And arcs lAbeled by 
In"rcr ,·",,,,"n' .• rcrrr .• enlinr. ".,crnrnllnn.," helwc'cn thc vnrlnhlcM. ndel Ihe noeles I And j with sepnrlltlon c 
"'111 d".e Ihe r.rllrh. rtllUnlnr. Ihe cle •.• cd ernrh Noeles I And J nnd the sepAralion C correspond to the 
11It'I"IIllIy Iclllll"n I. c ~. J'l.. " I.. A.,sllmc·cI Ilml endl nodc k In g Is connected to Itself wIth an arc 
IIlt-tlc.1 "'"h .• er"r"llll" 0 Only Arc .• with mn.llmAI sernrAlion Are relAlned In the graph.) 

(il • fSRSSaC I g) 
then g ... (create Sepnode 

Name .. I 
OutarCB .. «(create Rrc 

I 9» 
(il • (SnSSOC J g) 

then 9" <Ctreate Sipnode 
Nam, .. J 

Narnl to I 
V.I .. 8) 

Dularci .. c<Ccreale Rre 

I g» 

Narnl .. J 
V.I .. 8) 

('or nod, In 9 bind IJ .• rCI .. (SRSSOC 9) IDularc~) 

85 

86 

37 



cDllectccreate Sipnodl 
N.ml ~ nodllN.ml 
Out'rci ~CPROG Cold.rci nlw.rcs) 

[nlw.rcl~Clor .rc In nodllOut.rel 
ioin cil CEQUAL .re I N.ml I) 

then clor .rel in J.rel bind chicle 
eachtime chaele ~ (SASSOC .re 11 N .... a 

nodIIOut.rcl) 
when -chaele 

or CLESSP ehaelely.1 
.rely.l+e+.relIY.I) 

called Ccreate Arc . 
N."'I .. .rc 11 N.ma 
Y.I .. (.rcly.l+c+.relly.l] 

Cold.rel~Clor .re in nodalOut.rel unlell CSASSOC .reIN •• a naw.res) 
collect .re» 

(Srparation 
[LAnBDR Cp) 

CRETURN c , old.rCI , naw.rel>J) 

(. R. Bates "26-Jun-80 12: 52") 

Ce (IInll n rrllll':,IIe ""rreulnn r In the fnrm rrnchu·td hy the XF.V AL slmrllfler. convert It to a 
" •• rill IIl1nll trtrl.· (~ c y) rt'rrc.u·nllllr. Iht rt'lnllnll ., • c rei y. where 'rel" Is the les .• -thnn-or-equnl. 
C:'I'IIIIII~', nr ~trktl~'-h'~~-""'n rt'tnllnll h.'lwet'n tnlcr,t'r .•. If r cnnnnt hC' rut In thta form. NIL. (s returned. 
III till trtrk .. , nll,I y nre Inler,trlt'nll~ nr tht C('n.otnnl 0 (hut hoth cnnnot be 0) And c I. An Integer 
CIIII 0111 II I lIy 'Ierm' I~ mC'nnl nn~' nnncnnatnlll Inter,er urrellslon In Which the maIn orerator Is neither + nor 
-.) 

cif pi 0plr.lor MEMO <LEOP LTOP 'Equa 1\lntllJar > 
then CPROG Cdlffaranea) 

Cdl"aranCI~CXEVRL cDIFFOP plLHS pIRHS») 

38 

'e I II(· n''''''e cn"h' "c (SIMr\OIf"F r: I. liS r: RIIS) If r: I liS And r: RH5 were gUArAnteed to be In XEVAL canonical 
~~m) . 

(RETURN cil dlf'lranCI:Oplrator.ADDOP 

(S"paraf ionContradict ion 

then cil dllflrancaIArglIDplr.tor.NEGOP 
then (_form Is (+ (-x)--» 

cif CF IXP d If 'IrlnCII Arg2) 
then ,e form I" (+ (-x) e» 

cl dlf'lrlnCIIArg2 dlfflrlncllArgllArg1> 
,llelf d I IflrinCII Arg21 Oparator ... NEGOP 

then ,e form Is C+ (-x) y --» 
cif dlf'lrlnCIIArg3 

then (If (FlXP d If 'Iranell Arg3) 
then 

(. form Is (+ (-x) y c) where c Is an Integer 
constAnt) 

cdl IflrincIIArg2 d I ffe ... enca:Rrg3 
d~ "lrlncIIArgllRrgl» 

else cd I "Irincil Rrg2 8 d If forlnCl1 Rrg11 ArlJ1>)) 
allei! (FJ XP d I If Irlncal Rrg2) 

then (. form Is (+ x c» 
cdlffiraneilArg1 dlfflrinellRrg2 8» 

alseil dl IflrlnellOplrator-NEGOP . 
then c8 8 dlfferlncIIRrgb 

else cd I' farinci 8 8>J) 

(LAnnOA C9 conjunct. IlItprldleatl nlgatld) (. D. Thomrson '27-Aug-BO 11:3B") 
('or· nodi. in 9 therel. tlor arc in nodllOutare. 

therei. ci' (EQUAL .relNam8 nodllNaml) and (LESSP 8 .rcly.I) 
then (II Showln.tlglrSlmpl If Icatlon 

then (printout NIL .TRBI 8 "Contr.dletlon foundl" , 

----- -----
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TJ) 

(U~rSrparatlon5 

Pagl 9.3 

(PrlttyPrlnt (N2BINRRY 
<RNDOP ! < 

II (REVERSE conjuncts) 
(If negated 

then 
<NO TOP 'astprldlcatl> 

else 'Istprldlcltl) 
»J 

40 

[LOMRnn ("redlc/lte graph conjuncts) (. R.Bates ·26-Jun-80 12:54·) 
(if (NLISTP predicate) Dr prldIClteIOplrator •• IFOP 

then "rldlcatl 
else (PROG (.Ip x c y thlnGraph 11.IGraph Iquallty? u'IEq) 

(11" .. (Scparalion predlcatllTllt» 
(RETURN (il up.NIL 

then dFOP prldlcltllTlit (UscScparatiom; prldlcatelThlnPlrt graph conJuncts) 
, (l]l';cScparationl'; prldlcatIIE,,,Part vraph conjunct.) > 

else X""P I 1 
c""p:2 
Y"'I,,:3 
(If predlcate:TIII:Operalor.LEOP 

then IhlnGraph." Adtl Arc graph x c y) 
elseGraph .. (AddArc graph y l-c x) 

elseil prld II: a II: TIS I: Opara lor.L TOP. 
then IhenGraph .. (AddArc graph x c+l y) 

IIIIGraph .. (AdtiArc graph y (-c) 
x) 

else Iquall ty? .. Tl 
(il .aqua Illy? 

then (il (ScparationContradict.ion thlnGraph conjuncts predlcate:Test) 
then (tJ~cScparations predlcate:EI.eParl el.eGraph 

«NOTOP predlcate:Te.t> I conjuncts» 
else if (ScparationConlradiclion elseGraph conjuncts prldlcatllTe.t 

Tl ' 
then (UscScparations pred Icate: ThenPart thcanGraph 

<predlcatelTest I conjunct.» • 
else dFDP predlcatelTast (lJscSeparalions predlcatel'ThenPart 

thlnGraph 
<pred I ca tel Tes t 

! conjuncls» 
(tJscScparalions predicltelEI.IPart el.eGraph 

«NOTDP predlclteITe.t> I conJuncts» 
» 

else thenGraph .. (AddArc (AddArc graph x c y) 
Y 
(-c) 

x) 

(il (ScparalionConlradiclion thenGraph conjuncts predlcateITe.t> 
then (if (ScparationConlradiction (Add Arc graph x c+l y) 

conjuncts 
<LEOP <RODOP x c+l> y» 

then (tlscScparations pred i ca te: E I sePar t ' 
(AddArc graph y l-c x) 
«NOTOP predicateITa.t> 

I conjunct.» 
ellie (1!scScparalions pred ica ta: E I lePar t 

(AddArc graph x c+l y) 
«NOTOP pradlcate:Test> I conjuncte») 

elli!! u •• Eq .. (tJscScparalions pradlcatelThenPart thenGraph 
<predlclteITe.t I conjuncts» 

<IFOP predlcate:Test useEq 
(if (ScparalionContradiction (AddArc graph x c+l' II) 

conjuncls 
<LEOP <ROOOP x c+l> y» 

then (if (SeparalionConlradiction (AddArc graph y l-c x) 
conjunct. 
<LEOP <RODOP y (I-c) > 
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x» 
then useEq 

else (UflcScparations pred IcatelE I sePar t 
(Add Arc graph y l-c x) 

. «NOTOP predlcateITe.t> 
, conJuncts») 

else if (ScparationContradiction (Add Arc graph y l-c x) 
conjunctl <LEOP 

<RDDOP y Cl-c) 
> 

(normint 
ILnMRDn NIL 

x» 
then (UflcScparationr:; pred I ca tal E IlePar t 

(AddArc graph x c+l y) 
«NOTOP predlcate:Te.t> 

, conjuncts» 
else <IFOP <LEOP <RDDOP x c+l> 1,1> 

(Ur:;cScparations pred I ca t e: E I sePar t 
(AddArc graph x c+l y) 

«LEOP <RDDOP x c+l> 1,1> 
! conjuncts» 

(UflcScparations pred Icata: E IsePart 
(Add Arc graph y l-c x) 
«LEOP <RDDOP y (I-c) > x> 

, conJuncts» 

(. D. Thompson" 8-Sep-80 16:30") 

(- • I IIh r'"nllnc Imrlrmcnl.q Ihe NORMINT commnnd, A simple Inlcr,er InequAlity solver.) 

) 

(PROG (reau I I) 
(Checkrorae~pre,slon CurrenlPropn) 
(re,ull~(treate ae)(pre"lon 

expr .. (lJflcScparationl': CurrenlPropnlexpr) using CurrentPropn» 
(i' (EaUAL result CurrentPropn) or (EaURl re~ult~(EVAL result) 

then (if InRulollechanlslII 
CurrenlPropn) 

• else (printout NIL .TRBO 0 "Norllllnl had no ellect." T» 
(RETURN NIL> 

else (RETURN (Oucend ITrans f or III (create Trans I ormlll Ion 
cOlllmand .. ('norllllnl) 
chi Idren .. «resull») 

NIL 'normlnl) 

(DEClnR£: OONTEVALeLOAO DOEVRLeCOIIPILE DONTCOPY COIIPILERVRRS 

(ROOTOVnR NlA MA 

(RDDTOVnR NlAMl IfThenEI .. Specl.llt) 

CRODTovnR LA M A ) 
) 

(DECLnRf: OONTCOPY 
(rllEMnp (Nil (3614 21674 (AssoclallveRndMatch 3626 . 4222) (IIlIkeAnd 4226 • 4846) (IIakeEqv 4850 • 5524) ( 

Malel~pl la, 5528 • 6168) (IIakeNot 6172 • 7893) (R,lIIovaCollllllonParls 7897 . 10352) (IIakeOr 10356 • 11101) ( 
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Rft~n .... Jf. 11105 • 11609) (Ra,"ovalfsl 11613 • 13315) (FlndEqvs 13319 . 144511 (Re,"oveIfsComlllOnSubExps 14455 • 
J6577) (R.~ovell,rr-olllif 16526 • J8752) (Ra,"ovall,Helpar 18756 • 2J091) (SpeclalIf 21895 . 21671» (22677 36735 
(RK~II~ftrlnndDanled 22689 • 24887) (IIJ? 24091 • 24778) (1lThanElse 24782 • 25806) (1lThenElseO 25810 • 28487) 

(IIThnnElsel 28491 • 29521) (1IThenEI,e2 29525 • 29732) (IIergeasxsForII829736 • 31701) (Occurs In 31785 • 
32017) (Toplevellt 3202J • 32796) (addFacl 32808 • 33455) (addIntegerFacls 33459 • 35817) ('alseBranch 35821 

362471 (irueBr-anch 3625J • 36732)) (37878 38736 (RnyInn,r-Ifs 37898 • 37584) (RalseIfs 37588 • 38895) ( 
RalsollsHelper- 38099 . 38733» (38950 41842 (Equal 38962 • 39498) (TestSubst 39582 • 39788) ( 

I) 

U.e[qH~~KlnPrlorHyp. 39712 • ~8354) (UseEqualltlel 48358 • 48997) (Hypotheles 41801 • 41267) ( ( 
Appl~EqlnPrlor-Hyp. 41271 • ~J839» (~2182 51774 (RddRrc 42J14 • 44848) (Separation 44852 • 46297) 
Sep~ratlonContradlcllon 46381 • 47837) (UseSeparallons 47041 • 50871) (norMlnl 58875 • 51771»») 
STOP 
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