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cmctnsmeo - 7-oea-ao. u:zénw ¢AFFIRM)>CEVAL..25 51964

changes to: Equal C TN
previous date: "22-Sep-80 19116:129" <RFFIRM>CEVAL..24) ' ./
~

(PRETTYCONPRINT CEVALCONS)

(RPA00 CEVALCOMS (s t Coval ("Conditional Evaluator”)

uses (f-then-eise expressions to represent all! propositional calculus operators

(not, and, or , implies, equiv) :

7. Coval implements only a small set of transformations on conditional expressions,
similar to those discussed by McCarthy and implemented praviously in the Boyer-Hoore
Theorem Prover. However, it is still “complote” with respect to propositional calculus
In that any valid formula in the propositional calculus (i.e., provable by truth table)
will be reduced to TRUE by the transformations. Ceval also incorporates a

"case analysis”

rule and basic rules for equality.)

(s Variables, properties and functions for interfacing with rest of XIVUS system.)

(PROP IsConstant TRUE FALSE)

(PROP OriginalName IfThenEise Equal)

(FNS » CevallnterfaceFNS)

{e (BLOCKS (CovalPropCalcBLOCK RssumadRndDenied 1fThenElise IfThenEise8 l{ThenElsel
1tThenEise2 Speciallf addFact addIntegerFacts falseBranch
trueBranch (ENTRIES IfThenElise I{ThenElse8 Speciallf)
(GLOBALVARS ContinuousEval)

(SPECVARS p q r)
. (NOLINKFNS . T))
(CevalEqualityBLOCK TestSubst UseEqHypsInPriorHyps UseEqualities Occursin
Hypotheses ApplyEqInPriorHyps
(ENTRIES TestSubst UseEqHypsInPriorHyps UseEqualities
Occursin) ’
(NOLINKFNS . T
(s T Functions which Implement the transformations on propositional calculus expressions.)

(RECORDS RssumedAndDenied) N

(FNS ¢ CevalPropCalcFNS) -(" )

(¢ T Functions which implement the "case analysis" rule, f (al,..., (if p then x alse y) s
yeeey8N)

-
(i p then 1 (al,...,x,...,an)
else f (al,...,y,...,8n))
when { is not if-then-else.)
(FNS = CevaiCaseRnalFNS)
(¢ T Functions which implement squality rules.)
(FNS « CevalEqualityFNS)

- (RECORDS # SEPTHEORYRECORDS)

(FNS % septheory)
(DECLARE: DONTEVALALOAD DOEVALeCOMPILE DONTCOPY COMPILERVARS
(RDDVARS (NLAMR) ,
(NLRML I¢ThenEise Speciallf)
(LANRY)

[DECLARE: DONTEVAL&LORD DONTCOPY
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(+ t Ceval ("Conditional Evaluator”) :
uses if-then-else expressions to represent all propositional calculus operators
(not, and, or , implies, equiv) ’ )
7. Ceval implements only a small set of transformations on conditional expressions, similar to those
discussed by McCarthy and implemented previously in the Boyer-Moore Theorem Prover. However, it i
"complete”
with ‘rcspect to propositional calculus in that any valid formula in the propositional calculus
(i.c.. provable by truth table) . . '
will be reduced to TRUE by the transformations. Ceval also incorporates a "case analysis™ rule and bas
rules for equality.) 1 ' ‘

(DECLARE: DONTEVALQLORD DONTCOPY
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(+ Variables, properties and functions for interfacing with rest of XIVUS system.) 1

wutprors TRUE IsConstant T _ - (j
wutPrors FALSE IsConstant 1 -
weutrrors If ThenElse OriginalName 1FeLse)

teuterors Equal OriginalName e

(rrrao CevallnterfaceFNS (RssociativeAndiatch MakeRnd MakeEqv Makelmplies MakeNot RemoveCommonParts HakeOr
Removelfs Removelfsl FindEqvs Removel fsCommonSubExps

RemoveliisFroml{ RemovelfsHelper Speciallf))
XN} '"ru .

(AssociativeAndMatch ,
(LAMRDA (x y) (+ D. Thompson “12-Feb-80 10:47")

(e« Thisroutine ... = )
Just what DOES this routine do?? 1 don’t have the slightest idea. (DHT))

(if y:0perator«ANDOP
then x:0perator=ANDOP and (EQUAL x:Arg2 g:argz) and (AssociativeAndMatch x:frgl y:Rrgl)
else (il x:0perator=ANDOP
then (EQUAL x:Arg2 y) and x:Argl
else (if (EQUAL x y)
then TRUED)

(MakeAnd
- (LAHRDAR (x 'y) (» D. Thompson ~28-Jul-80 13: 58%)

@)

(= o [ his routine crentes AND expreasions. kecping left assoclativity.)

Gl x=TRUE
then y
elsecil y=TRUE
. then x
elscif »«FALSE or ysFALSE
then FALSE
elscil y:0Operator=ANDOP
then (create Expression
Operator « ANDOP
Arguments «(<(MakeAnd x yiRrgl)
y:Rrg2>))
else (create Expression
Operator « RANDOP
Arguments «(<x y>])

(MakeEqv
(LAMBDR (x y) (¢ D. Thompson "28-Jul-80 13:54")

(e ¢ This routine crentes EQV expressions, keeping left associativity.)

(il »=TRUE
then y
elseil g.muz v . e >
then x v ¥
elseil x«FALSE : :
then (MakeNot
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elseil ye«FALSE
then (MakeNot )
elsrif y:OparatorsEQVOP
then (create Expression
Operator « EQVOP
Arguments ~(<(MakeEqv x yiArgl)
ytRrg2>))
else (creale Expression
Operator « EQVOP
Arguments «(cx y>))

(Makelmplies
(LANBOR (x y) (¢ D. Thompson "28-Jul-80 14:027)

(* « T his routine creates IMP expressions.)

(if »«TRUE
then y
elseif x«FALSE
then TRUE
elseif y=TRUE
then TRUE
elseil yeFALSE
then tMakeNot x)
elseif y:0perator=1nPOP
then (create Expression
Operator « IMPOP
Arguments «(<tMakeAnd x yiArgl)
ytArg2>))
else (create Expression
Operator « INPOP
Arguments «(<x y>))

(MakeNot
(LANRDA (expression) (» D. Thompson "28-Jul-80 14:11")
(PROG (extension operator)
(operatore-expression:Operator)
(RETURN (if (NLISTP expression)
then (if expressionsTRUE
then FALSE
elseif expressionsFALSE
then TRUE
else (creale Expression
Operator « NOTOP
Arguments «(<expression>)))
elseif operator=LTOP
then (create Expression
Operator « LEOP
Rrguments «(<expression:Arg2 expressiontArgl>))
elseif operator=LEOP
then (create Expression
Operator « LTOP
Arguments «(<expressiontArg2 expressionifrgl>))
elseif oparator=GTOP
then (create Expression
Operator « LEOP
Arguments «(<expression:Argl expression:Arg2>))
elseif operator=GEOP
then (create Expression
Operator « LTOP
Arguments «(<expression:Argl expression:fArg2>))
elseil operator=ANDOP
then (MakeOr (MakeNot expression:Rrgl)
(MakeNot expressiontfrg2))
elseif operators1NPOP
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then (MakeAnd expression:Argl (MakcNot expressionifrg2))
elseif operator=NOTOP
then expression:fArgl
elscil operator=0ROP
then (MakeAnd (MakeNot expression:fArgl)
(MakeNot expressionifrg2))
else (create Expression
Operator « NOTOP
Argumoents «(<expressions))

(RemoveCommonParts
(LANBDR (expression) _ (= D. Thompson "17-Sep-80 10: 23")

(e« This routine attempts to find commonality in the THEN and FLSE branches of an IF-expression, and
simplifics the proposition accardingly.)

evprassions (RemavelfsCommonSubExps expression)

thind done until done do (if (type? I{Expression expression:ThenPart)
hand (EQUAL expression:ThenPart:EisePart expression:EisePart)
then

(o (1M then (H B2 then X else Y) clse Y) ww (I (Bl and B2) then X else Y))

expression«(creafe I¢Expression
Test «(MakeAnd expression:Test
expression: ThenPart:Test)
ThenPart « expressioniThenPart:ThenPart
ElsePart « expression:EisePart)
elseif (type? 1fExpression expression:ElsePart)
h and (EQUAL expression:ThenPart expression:ElsePart:ThenPart)
then

(e (I B) then X clac (I B2 then X else Y)) mm (i (Bl or B2) then X else Y))

expressione (create IfExpression
Test «(MakeOr expression:Test
express ion:ElsePart:Test)
ThenPart « expression:ThenPart
EisePart « expression:EisePartiElisePart)
elseif (lype? 1(Expression expression:ThenPart)
" and (EQUAL expressiontThenPart:ThenPart expression:EisePart)
then '

(o (11N then (1 B2 then X else Y) else X) ma (If (BI Imp B2) then X else Y))

exprass ion«(creale IfExpression
Test «(Makelmplies expression:Test
' expression: ThenPart: Test)
ThenPart « expression:ThenPart:ThanPart
ElsePart « expression:ThenPart:EisePart)
elseif (\ype? 1tExpression expression:ElsePart)
h and (EQUAL expression:ThenPart oxprouIomEluPnrnElnPaM)
then

(o (M B then X clac (If B2 then Y clse X)) a= ( (B2 imp BI) then X else Y))

oxpressione(creafe [{Expression
Test «(MakeImplies axprassion:EisePart:Test
expression: Test)
ThenPart « expression: ThenPart
ElsePart « expression:EisePart:ThenPart)
else doneeT))
expression))
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( > (MakeOr , . ’
p— [LANBDA (x y) (+ D. Thompson "28-Jul-80 14:05")
— (=« 1 his routine crentes OR cxpressions, keeping left assaciativity.)
(il x=TRUE or y=TRUE
then TRUE
elseif x=FALSE
then y
elseil ysFALSE
then
elseif yiOperators1NPOP
then (Makelmplies (MakeAnd (MakeNot x)
ytArgl)
ytfRrg2)
elseif y:Oparator=0ROP
then (creale Expression
Operator « OROP
Arguments «(<(MakeOr x y:Argl)
y:frg2>))
else (create Expression
Operator « OROP
- Arguments «(<x y>))
8
(Removelfs '
[(LAMBDA (evpression needNotImpForm) (* D. Thompson “10-Sep-80 16:32")
(* = 1 his routine transintes c.\prcs.\lnn; In the internal if-then-else form into a form more sultable for
. autput, Involving the normal Boolean operatars.)
S
\»\—/
— ,
(il neodNotImpForm or ~(UserProtile *UseORinProps T)
then (Removelfs] expression T)
else (Findkqve (Removelfsl expression NIL))
: 9
(Removelfsl
(LAMRDA (expression needNotImpForm) (» D. Thompson "16-Sep-80 11:267)
(e« 1his routine transintes expressiona in the Internal if-then=-else form into a form more suitable for
~output, Involving the normal Boolean operators.) .
(il (NLISTP expression) ) ‘
then (+ a simple value. Just return it)
expression .
elseif (lype? 11Expression expression) :
then (+ operator I8 if-then-else.)
(if needNotImpForm
then (RemovelfsHelper (Removelfs] expression:Test T)
(Remavelfs]l expression: ThenPart T)
(Removalfs] expression:EisePart T))
else (RemovelfsFromlf expression))
elseif (lype? Qexpression sxpression)
then (» a Q-expression)
expressions(create Qexpression
expr «(Removelfs] expressiontexpr needNotImpForm) using expression)
(if expression:exprsTRUE
then TRUE
else expression)
(- else ' (= operator Is not {f-then-else.
g Reformulate any if-then-elses in the

arguments)
(creale Expression
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Operator -« expressioniOperator
Arguments «(for argument in expression:Arguments collect (Removelfsl argument
needNo t ImpForm])

(FindEqvs
(LAMADA (expression) (» D. Thompson "16-Sep-80 11:207)

(e « 1 his routine scarches an expression for possible equivalences, and performs the appropriate
substitutions.)

(il (NLISTP expression)
then expression :
elseif (lype? Qaxpression expression)
then (create Qexpression
expr «(FindEqvs expressiontexpr) using expression)
elseif ~(lype? 11Expression expression)
then (create Expression
Operator « expression:Operator
Rrguments «(for a in expression:Arguments tollect (FindEqvs a)))
elscif (EQUAL expressiontThenPart (MakeNot expressioniEisePart))
then (Makekqv (Findliqus expression:ThenPart)
(FindK.qvs expression:Test))
else (create 1(Expression ‘
Test «(FindFqve expression:Test)
ThenPart «(Findkqvs expression: ThanPart)
EisePart «(FindFqvs expression:EigePart])

(RemovelfsCommonSubExps ,
(LAHBDA (expression) (» D. Thompson "17-Sep-80 11:147)

(e « This routine uscs AssacintiveAndMatch to look for common subexpressions in the then and else part of
H{=then=clse expreasions. -
Fihink, Tranlly don’t know. (DHT))

(PROG (aam boo!Part elsePart thenPart)
(RETURN (if (type? 1{Expression expression)
then boolParteaxpression: Test
thenPar teexpression: ThenPart
elseParteoxpressiontEisePart
(il aam«(AssociativeAndMatch thenPart elsePart)
then (MakeAnd (Makclmplies booiPart aam)
elsePart) )
elseif aam-(AssociativeAndMatch eisePart thenPart)
then (MakeAnd (MakeOr booiPart aam
thenPart)
. elseif thenPart:OperatorsInPop
and (if (EQUAL thenPartiArg2 elsePart)
then (Makelmplies (Makclmplies boolPart thenPart:fArgl)
olsePart)
elseil eisePart:0Operator=1NPOP. .
and (EQUAL thenPart:Rrg2 elsePart:Arg2)

and aam«(AssociativeAndMatch thenPart:Argl e!sePart:frgl)

then (Makelmplics (MakeAnd (Makelmplies booiPart aam
elsePartifrgl)
eisePart:Arg2))
elseif oisePart:Operator=IHPOP
and (if (EQUAL elisePartifrg2 thenPart)

then (Makelmplies (MakeOr bootiPart aisePart:Rrgl)

thenPart)
elseif thenPart:OperatorsIMPOP ‘
and (EQUAL elsePart:Arg2 thenPart:Arg2)

and aam-(AssociativeAndMatch alsePartiRrgl thenPart:fArgl)

then (Makelmplios (MakeAnd (MakeOr boolPart aam)
thenPart:frgl)

10

BTl

e
()

O

=

(

P
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thenPartifArg2))
s else expression) »

( ) elge expression))

12
(RemovelfsFromlIf
(LAMBDOA (expression) (= D. Thompson "17-Sep-80 11:207)

(e & This routine rewrltes if=1hen=clse expressinns Into a form more suitable for output, involving normal
Booluwn operntors.)

(PROG (booiPart elsePart thenPart)
(RETURN (if (type? 1¢Expression expression)
then boo!Part«(Remavells] expression: Test)
thenParte (Recmovelfs] expression: ThenPart)

olsePart-(Removelfs] expreassion:ElgePart)
[SELECTQ boo!Part

(TRUE

thenPart)
(FALSE
sligePart)
(SELECTQ thenPart
(TRUE (SELECTQ elsePart
(TRUE (*ifBthen Telse Tmx T)
TRUE)
(FALSE (» B then T else F == B)
boolPart)
(PROGN (i{Bthen Telse Y == Bor Y)

(MakeOr booiPart elsaePart)
[FALSE (SELECTQ elsePart

* (TRUE (s i{B then Felse T == ~B)

(+ I T then X else Y == X)

(e f Fthen Xelge Y a= Y)

(MakeNot booiPart))
\) (FALSE
< (» If B then FelseF-- F)
FALSE)
(PROGN
(»1fBthen Felsc Y == ~Band Y)
(MakeAnd (MakeNot boolPart)
elsePart]
(SELECTQ olsePart
(TRUE (e if B then X else T = B or X)
(Makelmplics booliPart thenPart))
(FALSE (+ if B then X elsc F == B and X)
(MakeAnd boolPart thenPart))
(PROGN (+ Nothing else worked: try to remove common
sub-pleces.) )
(RemoveCommonParts (create 1{Expression
Test « boolPart
ThenPart « thenPart
EisePart « olisePart]
else expression))
13
(RemavelfsHelper
[LAMRDN (Test ThenPart EisePart) (+ D. Thompson "28-Jul-80 14:42°)
(i EiraPart=TRUE
then (Makelmplies Test TmnParn
elseif EisePar t=FALSE
then (MakeAnd Test ThenPart)
elseif ThenPar t=TRUE
then (Makelmplies (MakeNot Test)
’ ElsePart)
. elseil ThenPar tsFALSE
o then (MakeAnd (MakeNot Test)
¥5/ ElsePart)

elseil {PROG (aam)
(aam- (AssociativeAndMatch ThenPart ElsePart))
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(Gt aam
then (RETURN (MakeAnd (Makelmplies Tost aam)
ElsePart)) ~~
else aam-(AssociativeAndMatch EisePart ThenPart) ( )

(RETURN (if aam
then (MakeAnd (Makelmplies (MakeNot Test)
aam) ~
ThenPart)
elscif ThenPart:10perator=1nPOP and [if (EQUAL ThanPart:Arg2 ElsePart)
then (Makelmplies (Makclmplies Test ThenPart:Argl)
ElsePart)
else ElsePartiOperatorsIHPOP
and (EQUAL ThenPart:Rrg2 ElsePart:Arg2)
and (PROG (aam)
(aam- (AssociativeAndMatch ThenPart:fArgl
ElsePart:fArgl))
(RETURN (if aam
then
(MakeImplies
(MakeAnd (Makelmplies Test aam
EisePart:Rrgl)

. . . EisePart:Arg2]
elseif EigePartiOperator«IHPOP

and (il (EQUAL EisePart:Arg2 ThenPart)
then (Makelmplies (Makelmplies (MakeNot Test)
ElsePartifrgl)
ThenPart)
else ThenPart:Operator=INPOP and (EQUAL ElgePart:Arg2 ThenPart:Arg2)
and (PROG (aam)
(aam- (AssaciativeAndMatch EisePartifrgl ThcnPlMxﬂrgl))
(RETURN (if aam
then (Makelmplies (MakeAnd (Makelmplies (MakeNot Test)

aam)
ThenPart:Argl)
ThenPart:Arg2)

else (create IfRecord (“)
Test « Test ' -
ThenPart « ThenPart ~
ElsePart « ElsePart))

14
(Speciallf
(NLAMBDA (pY q7 r% ) (* R.Bates "25-Jun-79 14:58")

p/ «(EVRAL p’ )
(if p7 «TRUE
then (EVAL q7 )
elscil p7 «FALSE
then (EVAL r2 )
else (RESETVARS ((ContinuousEval))
(q% «(EVAL q7 ))
(rX «(EVAL r7 ))
(nerunn Gf (EoquAL qx rX )
then q2
elseif q2 =TRUE and r2 =FALSE

then p7 .
‘ else (I{ThenElsel px g% rz ))
)
[DECLARE: DONTEVALQLORD DONTCOPY
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[* (BLOCKS (CevalPropCalcBLOCK AssumedAndDenied If ThenElse IfThenElse0 If ThenElsel If ThenElse
addFact addIntegerFacts falseBranch trueBranch
(ENTRIES IfThenElse IfThenElse0 Speciallf)
(GLOBALVARS ContinuousEval)
(SPECVARSg ttrr)
(NOLINKFNS . T))

(CevalEqualityBLOCK TestSubst UseEqHypsInPriorHyps UseEqualities OccursIn Hypotheses
ApplyEqInPriorHyps (ENTRIES TestSubst UseEqHypsInPriorHyps UseEqualitie
OccursIn) _

(NOLINKFNS . T] 1

{DECLRARE: DONTEVALeLORD DONTCOPY
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(+ t Functions which implement the transformations on propositional calculus expressions.) 1
(DECLARE: EVALQCOMPILE '

(REcORD AssumedAndDenied (assumedTrue deniedTrue assumedFalse deniedFalse))
)

(Rpr00 CevalPropCalcFNS (RssumedAndDenied 1117 11ThenEise 1{ThenEise8 I¢ThenElsel 1¢ThenEise2 MergeQexsForl{8

Occursin TopLevellf addFact addIntegerFacts falseBranch trueBranch))
“(DEF INEQ

15

(AssumedAndDenied .
(LAMRDAR (p) (» R.Bates "20-Mar-80 15:45%)
(PROG (a\d temp xop)
(tempe <p>)
(a\d~ (create AssumedAndDenied
assumedTrue « temp
deniedFalse « temp))
(if (xopep:Operator):EQOP
then temp~(ReverseEquality p)
a\d:assumedTrue~ <temp | a\d:iassumedTrue> a\d:deniedFalse- <temp | a\d:deniedFaise>
(if xope'Equal\Integer )
then a\d:assumedTrus~ <<LEOP p:Rrgl p:fArg2> <LEOP pifrg2 p:Argl> ! a\d:assumedTrue>
a\d:rdeniedTrue~ <<LTOP p:Argl p:Rrg2> <LTOP p:Rrg2 p:Argl> ! a\dideniedTrue>)
elseif xop=LEOP
then a\d:deniedTrues <<LTOP p:Arg2 p:Argl> | a\dideniedTrue> a\d:assumedFalse~a\d:denledTrue
a\d:deniedFalse~ <<LTOP p:Argl p:Rrg2> <’Equal\integer p:Rrgl p:Rrg2>
<’Equal\Integer p:Arg2 p:Argl> | a\d:deniedFalse>
a\d:asgumedFalse+ <<LEOP p:Rrg2 p:Rrgl> | a\d:assumedFalse>
elseil xopsLTOP
then a\d:deniedTrues <<LEOP pifrg2 p:Argl> | a\dideniedTrue> a\d:assumedFalseca\d:deniedTrue
a\d:assumedTrue« <<LEOP p:Rrgl p:Rrg2> | a\d:assumedTrue> a\d:deniedTrue«
<<LTOP p:Arg2 p:Argl> <’Equal\Integer p:Rrgl p:Arg2> <’Equal\Integer p:Arg2 p:Argl>
| a\d:deniedTrue>)
(RETURN a\d}))

16

(1f1?
(LARHBDR (p. q r) (#» R.Erickson "28-Mar-80 11:43%)

(e« called by HThenklsch, who has extracted a Qexpression. I Assumed= Denled= NIL, we want to continue
normally, by calling YT henElscl. Otherwise, we will walt: some ancestor will rename us
(0 ns not 1o conflict with A/D) and renormalize. In this Iatter case. we just construct an IFOP expression.)

(if Rxsumed OF Denied
then. <IFOP p q r>
else (e we ask for reeval by IfThenElsel)
(IfThenFlrel p q r ™)

¢

"‘ 17
(IfThenElse
(NLAMRDR (p7 q% rZ ) (+ R.Bates " 8- Apr~80 08:47")

(e @ [T henklsc teats for the trivinl ps TRUE or FALSE, evals args under Assumed/Denled)

p7 «(EVAL pZ )
(il p7 10perators1FOP
then (I{ThenFlsel pr  (EVAL q% )
(EVAL r2 ))
elscif p7 «TRUE or (MEMBER pX Rssumed)
then. (EVAL q7 )
elseif p7 «FALSE or (MEMBER p% Oenied)
-then (EVAL rX )

-

(

3

"’
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clse (PROG (assumo\denied)
(assuma\denied- (Assumed And Denied p7 ))

- (a7 «(trucBranch assumeNdenied g7 r¥ ))
\ (r7 «falseBranch assume\denied r? ))
-/ (RETURN (if q7 =TRUE and r «FALSE and pX 10perator~sQOP
then <IFOP px qr rX >
elseil (EQUAL a7 rX )
then q7
else (IfThenKlse0 pz g2 r2 1)
18
(If ThenFlse0 ;
(LAMBOA (p q r) (» R.Erickson "28-Mar-80 12:53")
(* * 11 hent Ised peels Qexpressions out of the test part (may recurse), renames each Qex to avoid conflicts
with the other parts, then calls HThenFlsel. Arguments have been evaluted. using Assumed/Denied.
It we find a.Qex. we want to he carcful not 1o reevaluate the texpr, if it might have name conflicts with A/D
112 docs this stufl. Recursion (s aafe, since we show the caller the Qex.)
(il piOparator«QoP
then (if q=TRUE or qsFALSE
then (+(@QT )
(MergeQexsForlf0 p q r)
elseif reTRUE or reFALSE
then (+@Q T) _
(* T tells Merge that q.r are reversed.)
tMergeQexsForlf0 prq T
else (» p:Operators QOP, q.r nonsimple.
We punt, convert to "P imp Q and not(P) imp R"
S Pamav et renamcd separtely, but that's OK.)
tIf{'ThenFElse0 (I{ThenElscO p q TRUE)
(IfThenElse0 p TRUE r)
- FALSE))
) elseif q:0parator~=00P and r:Operator~=Q0P
A then ( no Qexpressions at all.
: No need to worry If If ThenElsel decides to
reevaluate.)
(I{ThenElsel p q
‘o elseif qeTRUE or’ q=FALSE
then ' (» r a Qex, q trivial.)
r+(RenameBoundVariables r (Frees p))
(create Qexpresgsion
) free «(UNION (Frees p)
rifree)
expr «(If1? p q riexpr) using r)
elseif reTRUE or reFALSE ,
then (+ q & Qex, r trivial.)
q+- (RenameBoundVar iables q (Frees p)) )
(create Qexpression
free «(UNION (Frees p)
4t free)
oxpr «(If1? p qrexpr r) using o
else
(e Onc ot qorrisa Qcx, and the nther may contain variables. Rather than be clever and rename the Qex
apninst the other and npainst p, we split up.)
UfThenElse0 (1{ThenFlse0d p q TRUE)
(IfThenElseO p TRUE r)
FALSE))
19
~ (If ThenElsel
‘\.J (LANBDR (p q r reeval)

(» R.Bates " 8-Apr-80 08:477)
(e o I{Thenkilscl peels IFOPS out of the test, calls HThenElse2)

O

N~
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(e o recvnle T menns p:test has changed, so we need to redo the EVAL in RESETVARS)

(if p:0OperatorsIFoP
then (HThenElse p:Test (1fThenFlse p:ThenPart (EVAL g)
(EVAL r))
(I{ThenFlse piEisePart (EVAL q)
(EVAL r)))
elseil reeval
lhen lif p=TRUE or (MEMBER p Assumed)
then (EVAL q)
elseil p=FALSE or (MEMBER p ODenied)
then (EVAL r)
else ((PROG (assume\denied)
(assume\den iede (Assumed AndDenied p))
(RETURN (JfThenkKlse2 p (trucBranch assume\denied q r)
: tfalscBranch assume\denied r}
else (' Thenklke2 p q e))

20

(IfThenElse?2
(LANRON (p q r) (» D. Musser "16-Jul-79 16:15")
(if (EQUAL q r)
then q
. else <IFOP p q r>))

21

(MergeQexsForlf0 : :
(LANBDA (teast simple other reverse?) (» R.Erickson “28-Mar-80 18:117)

(e » Callcd by I ThenElsed to do some of the repetitions work in merging Qexpressions into an IfThenElse.
test )a a Qcxpr. We have dFOP test simple others. simplc Is TRUE of FALSE. We rename test, other;
Merpc M A @QOP == (dFOP ==, reverac? means simple and other are switched in the IfThenElse.)

(PROG ((zense (simplesTRUE)))
tif reverse?
then sensec~sense)

(® ¢ “scpsc” is the lopical sensc of test. We have the [ollowing cases: -
“teat 1 other == test or other” “test F other == not(test) and other” “test other T -~ not(test) or other”
“test other B == test and other”)

(test~(RenameBoundVariables test (Frees other)))
(RETURN (if other:Operator=00P
then other«(RenameBoundVariables other (Variables test))
(create Qexpression
given «(< 1(if sense
then testigiven
else test:find)
| other:given>)
find «(< ! (if sense
then test:find
else testigiven)
| other:find>)
free «(UNION test:free othar: fres)
oxpr «(if reverse?
then (If1? testioxpr otheriexpr simple)
else (If1? testiexpr simple other:texpr)))
else (create Qexpression
given «(if sense
then testigiven
else test:tind)
find «(if sonse
then test:find
else testigiven)
free «(UNION test:frae (Frees other))
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expr «(if reverse?
— then (If1? testiexpr other simple)

23

24

25

( ) else (If1? testiexpr simple otherl)
- 22
(Occursin ~
(LANBDA (p q) . (» R.Bates "29-Mar-79 13:46")
til «caunL p o) v ‘
then 1
elseil (NLISTP ¢)
then NIL
else (or x in qtArquments thereis (Occursin p x1)
(TopLevellf
[LANBDAR (p) (» R.Erickson " 2-Nov-79 17:17")
(e = I'nsurc that p. unleas it is deperate. has an IFOP at the top level. This Is necessary If p is to be
cmbeddad inside a larper expression, becanse of the way we handle Assumedn and Denled.
Note that this call is inappropriate for unnormalized expra. which might have ANDOP etc'on top.)
(if p=TRUE or psFALSE
then p
elseif (NLISTP p)
then <1FOP p TRUE FALSE>
elseif p:OperatorsIFOP
then p
elscifl p:Operator=00P .
then p+ < 1 p> prexpre (Toplevellf preaxpr)
= P
) else <IFOP p TRUE FALSE>])
— _
(addFact o A :
(LANRDNR (fact) . (» R.Bates "23-May-80 10:43") '
(PROG (assume\denied) :
({act-(APPLY fact:l fact::l))
(if fact«FALSE Or (NEMBER fact Denied)
then Assumede <fact> Deniede <fact> (RETURN FALSE))
(il facteTRUE or (MEMBER fact RAssumed)
then (RETURN T))
(assuma\denieds (Assumed AndDenicd tact))
(Deniede < | assume\denied:deniedTrue ! Denied>)
(Rssumede < | assume\denied:assumedTrue | Assumed>)
(RETURN T))
(addIntegerFacts ,
(LANRDA (Axsume denied) (» R.Bates "17-Apr-80 13:117)
(PROG NIL
tfor (p temp) in assume do (if ptOperator=LEOP
then (if (MEMBER <’Equal\Integer | p:Arguments> Denied)
then (addFact <LTOP | p:Rrgumants>)
(+ km j and 1~= j imp 1))
(f (LISTP piArg2) and p:Arg2:0perator=ADDOP
and p:Arg2:Arg2=1
then (if (MEMBER <LTOP p:Arg2:Rrgl p:Argl> Assumed)
then (+ j le I+l and I¢j Imp I= j-1 and I+l= j)
AN taddFact <’Equal\Integer p:Rrg2:Argl
J\/ <DIFFOP ptfrgl 1>>)

(addFact <’Equal\Integer
<RDDOP p:Rrg2:Argl 1> p:Rrgl>)))
(for x in Assumed do (addFact <LEOP x:Rrgl p:fArg2>)
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(» Im jand jemk imp = k)
when x:0peratorsLEOP and (EQUAL xtArg2 p:Rrgl)) )
(for x in Assumed do (addFact <’Equal\Integer ! x:Rrguments>)
(» ikm jand jc= i imp I= j) /P>
when x:0perator=LEOP and (EQUAL x:Rrg2 p:Argl) S
and (EQURL x:Rrgl p:Arg2)) "

elseif piOperatorsLTOP —
then (if (MEMBER <LEOP p:Arg2 <ADDOP p:Argl 1>> Rssumed)
then (* ijand j le I+l imp I= j=1 and 1+1= j)

(addFact <’Equal\Integer p:Argl <DIFFOP p:fRrg2 1>>)
(addFact <’Equai\Integer <ADDOP p:Argl 1> p:Arg2>)))
when (LISTP p))
tfor p in denied do (if p:Operator='Equal\Integer
then (if (MEMBER <LEOP ! p:RArguments> Rssumed)
then (addFact <LTOP | p:Arguments>)
(* i~= jand i j imp ij)))
when (LISTP p))
(if dor a in Assumed thereis (NEMBER a Denied))
then (RETURN FALSE))

26
(falseBranch
ILANRDN (assume\danied rr7 ) (= R.Bates " 8- Apr-80 OR: 487)
(RCSETVARS ((Denied (< ! assume\daniedideniedFaise | Denled>))
(Assumed (< ! assume\denied:assumedFaise | Rssumed>)))
(RETURN (if (addIntegerFacts assume\denied:assumedFaise assume\denisd:deniedFaise)
then FALSE
else (EVAL rrZ ))
27
(trueBranch
[ILAHRDN (assume\denied qq? rr?7 ) (» R.Bates "30-May-80 12:197) P
(if [RESETVARS ((Denied (< | assume\denied:deniedTrus | Denied>)) , [ >
(Assumed (< | assume\denied:assumedTrue ! Rssumed>))) \;v
(RETURN (if (1?dlnlogchacls assume\denied: assumedTrus assume\danied:deniedTrue)
then NIL

else (EVAL qq% )
clse (EVAL rr? 1)

)
(DECL ARE: DONTEVALELORD DONTCOPY

7
\.,/‘}
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(» T Functions which implement the "case analysis” rule, §‘ (al,..., (if p then x else y)
@l '

(if p then f (al,..x,..an)

else f (al....,y...an))
when f is not if-then-else.) )

(kP00 CevalCaseAnalFNS (AnyinnerIfs Raiselfs RaiselfsHelper))

(DEF INEQ
28
(AnyInnerifs
(LANBRDA (x OtherOpFound) (» Edited by R.Bates on 23-JAN-78;
from veraion 12)
(AND (LISTP x)
(OR (AND x:0perator=1FOP (OR OtherOpFound (Anylnnerlfs x:Test T)
(Anylnnerlfs x:ThenPart NIL)
(Anylnnerlfs x:EisePart NIL)))
(AND x:0perator~=IFOP (for y in x:Arguments thereis (AnylInnerlfs y ™
29
(Raiselfs _
(LANRDA (%) : (* D.Musser * 9-Aug-79 15:16")
Gf (NLISTP x) :
then x
elscif x:0peratorsIFOP
then (IfThenFlse (Raiselfs x:Test)
(Raiselfs x:1ThenPart)
(Raiselfs x:EisePart))
elseif x:0perator«QUOTEQOP
then x
else (RaiselfsHelper x tfor y in x:Arguments collect (Raiselfs y))
NIL TD)
30
(RaiselfsHelper 4
(LANRDA (Original OldRrgs NewArgs AnylfFound) (» D.Musser * 9-Aug-79 15:18")

Gf 01dArgsaNIL
then (if AnylfFound -
then (RPPLY Original:Operator (REVERSE NewArgs))
else Original)

elseil 01dArgs: 1:0perators1FOP .

then (IfThenFlse 01dArgs:1:Test (RaiselfsHelper Original <01dArgs: 1: ThenPart ! OidRrgs::1> NewArgs T)

(RaisclfsHelper Original <01dArgs:1:EisePart ! O1dArgs:tl> NewArgs T))

else (RaiselfsHelper Original OldArgs:s]l <O1dArgs:L | NewRrgs> AnylfFound]) ‘

[OECLARE: DONTEVAL@LORD DONTCOPY
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(= t Functions which implement equality rules.) )

(RPAQQ CevalEqualltyFNS (Equal TestSubst UseEqHypsinPriorHyps UseEqualities Hypotheses ApplyEqInPriorHyps))
(DEF INEQ

31

(Equal
(LANBOR (x y) (+ R.Erickson " 1-Oct-80 16: 30")

(e's This function scems to he only uscd by EvalutcRule, except as a placeholder all over the place.
11 ¥ the remnant from before we had separate cquality operators. Used to check IsConstant, but not any more.)

tif (couAL x y)
then TRUE
i elscif (NUMBERP x) and (NUMBERP y)
i then FALSE
else <'Equal x y>))

32
(TestSubst
(LANRDN (new old x)
tif (Oceursin otd x)
then il (EQUAL x old)
then new
else (SUBST new old x))
else x))
83
(UseEqHypsInPriorHyps
(LANRDA “(x)
(il x:0perators1FOP
then (if x:ThenPart=TRUE or x:ElsePartaTRUE
then (PROG (y)
ty- (Hypotheses x))
tfor n'in y:11 when hiOperator=EQ0P do x«(ApplyEqInPriorHyps h x))
(RETURN x)) ’
else (PROG (y 2)
(y~(UseF.qHypsInPriorHyps xiThenPart))
(z+(llsekqHypsinPriorHyps x:EisePart))
(RETURN (if y=x:ThenPart and zex:ElsePart
then x
‘ else <IFOP xiTest y 2z>)
i else )
84
(UscEqualities

(LANRDA  (x)
Gif x:10perator~c1FOP
then x
else (PROG (y 2)
(if x:Tost:Operator=EQOP .
then y-(lUscFqualitics (TestSubst x:Test:RHS x:Test:LHS x:ThenPart))
z+(UseFqualities (TestSubst FALSE (create Equation
LHS « x:Test:RHS
RHS « xtTest:LHS)

siEIsePart;)
else y-(licckoualities x: ThanPart)
2o iiselaualitios x:E1-~mParts:
SRETURD (G yew:ThenPart @ne z- ieeR

a1
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85
) (Hypotheses
. [LAMRDA ()
i o Al xtOperators1FOP
TR e = then (if x:ThenPar t=TRUF
D R . then <<NOTOP x:Test> | (Hypothoses xxEInPaH) >
elseil x:E1seParteTRUE
then <x:Test 1 (Hypotheses xiThenPart)
>
36
(Applyl‘qlnl’riorﬂyps
] mmnn th x)
HhaviTest
then x
else (PROG (y 2)
(y~(TestSubst hiRHS hiLHS x:Test))
Gl %1 ThenPar t=TRUE
then 2z« (ApplyFqInPriorHyps h x:E1sePart)
(RETURN (if yex:Test and zox:EisaPart
then x
else <IFOP y TRUE z>))
else z- (ApplyEqInPriorHyps h x:ThenPart)
{RETURN (if yax:Test and zax:ThenPart
then x
else <IFOP y z TRUE>))
)
(RPA00 SEPTHEORYRECORDS (Arc Sepnode))
(DECLARE: EVALeCOMPILE
N (RECORD ArC (Name Val))
‘)\/ lmsconn Sepnode (Name . Outarcs))
(RPAQO scplhcory (AddRrc Separation SeparationContradiction UseSeparations normint))
(DEF.INEOQ
87
(AddArc : ~
(LAMRDR (g - c ) (» D.Musser "29-Apr-80 07:34%)
(s Assuming g isn transitively closed praph of nodes representing Integer varlables, and arcs labeled by
Intepar constants representing “scparations” between the variables, add the nodes | and j with separation ¢
nndd close the praph, returning the closed graph Nodes | and j and the separation ¢ correspond to the
Incquality relation 1+ ¢ ¢m J % 11 Is assumed that each node k in g Is connected to itself with an arc
Inheled with scparation 0 Only arcs with maximal scparation arc retained in the graph.)
til ~(sRssoC 1 q)
then g~ <(create Sepnode
Name « |
Outarcs «(<(creafe Arc
Name « |
Val « @)
»))
! g9>)
tif ~(snssoc § g)
then g~ <(create Sepnode
Name « |
Outarcs «(<(create Are
RN Name « |
1 )\, Val « 8
~— >))

| g»)
tfor node in g bind (jaru «{SASSOC } g)zOuurcl)
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collect (create Sepnode
' Name « node:Name
Outarcs «(PROG (oldarcs newarcs)
(newarcs«(for arc in node:Outarcs
join Gif (EQUAL arc:Name 1)
then djor arcl in jarcs bind check
eachtime check«(SRSSOC arcl:Nams

node:Outarcs)
when ~check
or (LESSP check:Val
arctVal+c+arci:Val)

collect (create Arc
Name + arcl:Name
Val «(arciValsc+arcl:Vall
(oldarcs«(for arc in node:Outarcs unless (SRSSOC arc:Name newarcs)
collect arc)) ‘
(RETURN < | oldarcs | newarcs>))

38

(Separation
(LANBDA (p) (» R.Bates “26-Jun-80 12:52")

(e Given n pradicnte expression p in the form produced by the XEVAL simplifier, convert it toa

“sepnrntion triple” (x ¢ v) representing the relation x o ¢ rel y, where “rel” is the less-than-or-equal,
cqunlity, or strictly=less=than relntion hetween intepers. If p cannot be put in this form, NIL is returned.

In the triple. x and y are Inteper termas or the constant 0 (but hoth cannot be 0) and ¢ iIs an integer

constnt By “tcrm” Is meant any nonconstant Integer expression in which the main operator Is nelther + nor
=)

tif p:operator MEMB <LEOP LTOP 'Equal\Integer >
then (PROG (diffaerence)
(diftferences(XEVAL <DIFFOP p:LHS p:RHS>))

(e The nbove could be (SIMPADIFF p:1 HS p: RHS) i p:1 HS and p: RHS were guaranteed to be in XEVAL canonical
form)

(RETURN (if difference:0Operator=ADDOP
then (if ditference:ArgliOperatorsNEGOP
then (+ form Is (+ (=) ==))
(if (FIXP difference:Rrg2)
then (» form is (+ (=x) ¢))
<8 difference:fRrg2 difference:fArgl:Argl>
elseif ditterence:Arg2:0perator~=NEGOP
then (s form 18 (+ (=X) y ==))
(if differance:frg3
then (if (FIXP ditference:frg3)
then
(s form Is (+ (-X) y ¢) where ¢ is an integer
constant)
<difference:frg2 difference:Arg3
difference:Argl:Argl>) :
else <ditference:Rrg2 8 difforence:fArglifrgl>))
elseif (FIXP difference:Arg2)
then (» form is (¢ x ¢))
«dif{ference:Argl difference:Arg2 8>)
elseif difterence:Operator=NEGOP
then <8 © differencerArgl>
else <difference 8 08>))

39

(SeparationContradiction
(LANRDA (g conjuncts lastpredicate negated)
tlor node in g thereis tfor arc in node:Outarcs
thereis (if (EQUAL arc:Nama node:Name) and (LESSP @ arc:Val)
then (il ShoulntegerSimplification
then (printout NIL .TAB8 8 "Contradiction found:" #

(* D. Thompson "27-Aug=-80 11:387)
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(PrettyPrint (N2BINARY
<ANDOP ! <
11 (REVERSE conjuncts)
(it negated
then .
<NOTOP lastpredicate>

else lastpredicate)
>»]

40

(» R.Bates "26-Jun-80 12:54")

then <IFOP predicate:Test (UseSeparations predicate:ThenPart graph conjuncts)

\_./
m
(UseSeparations
[LANBOA (predicate graph conjuncts)
(il (NLISTP predicate) or predicate:Operator~sIFOP
then predicate
else (PROG (sep x ¢ y thenGraph elseGraph equality? useEq)
(sep~(Separation predicate:Test))
(RETURN (il sep=NIL
. (UseScparations predicateEisePart graph conjuncts) >
else xesop:l
" cesop:2
yesep:3
(if predicate:Test:OperatorsLEOP
then thenGraphe(AddArc graph x ¢ )
elseGraphe(AddArc graph y 1-c x)
elseif predicate:Test:Operator=LTOP.
then thenGraphe(AddArc graph x c+l y)
eiseGraphe (AddArc graph y (<)
x)
else equality?eT)
(if ~equaiity?
I
N2

then (if (SeparationContradiction thenGraph conjuncts predicate:Test)
then (UseScparations predicate:ElsePart slseGraph

<<NOTOP predicate:Test> | conjuncts>)
elseit (SeparationContradiction elseGraph conjuncts predicate:Test

™

then (UseSeparations predicate:ThenPart thanGraph

<predicate:Test | conjuncts>)
else <IFOP predicate:Test (UscSeparations predicate:ThenPart

thenGraph
<predicate:Test
! conjuncts>)

(UseSeparations predicate:ElsePart s!seGraph

>)

<<NOTOP predicatetTest> ! conjuncts>)

else thenGraphe(AddArc (AddArc graph x ¢ y)

Y
(-¢)
x)

tif (SeparationContradiction thenGraph conjuncts predicate:Test)
then (if (SeparationContradiction (AddArc graph x c+l )

conjuncts
<LEOP <ADBOP x c+1> y>)

then (UscScparations predicate:ElsePart

(AddArc graph y 1-¢c %)
<<NOTOP predicate:Test>
| eonjuncts>)

else (UscSeparations predicate:ElsePart
(AddArc graph x c+l y)

<<NOTOP predicate:Test> ! conjuncts>))
else useEq~(UrcScparations predicate: ThenPart thenGraph

<predicate:Test | conjuncts>)

<IFOP predicate:Test useEq

(if (SeparationContradiction (AddArc graph x c+l-y)

conjuncts
<LEOP <RDDOP x c+l> y>)

then (if (SeparationContradiction (AddArc graph y 1-c x)

conjuncts
<LEOP <RDDOP y (1-c) >
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x>)

then useEq
else (UseScparations predicate:ElsePart
(AddArc graph y 1-c x)
<<NOTOP predicate:Test>
! conjuncts>))
elseif (ScparationContradiction (AddArc graph y 1-c x)
conjuncts <LEOP
<RDDOP y (1-c)
>
. x>)
then (UseScparations predicate:ElsePart
(AddArc graph x c+l y)
<<NOTOP predicate:Test>
! conjuncts>)
else <IFOP <LEOP <ADDOP x c+l> y>
(UscSeparations predicate:EisePart
(AddArc graph x c+l y)
<<LEOP <ADDOP x c+1> y>
. ! conjuncts>)
(UseSecparations predicate:ElsePart
(AddArc graph y 1-c x)
<<LEOP <RDDOP y (1-¢) > x>
| conjuncts>)
>)
>1)

4

(normint
(LANBDA NIL (» D. Thompson " 8-Sep-80 16:307)

(= ¢ 1 his routine iImplements the NORMINT command, a simple integer inequality solver.)

(PROG (result)
(CheckForQexpression CurrentPropn)
(result-(creale Qexpression
expr -(l]scScparations CurrentPropn:expr) ‘using CurrentPropn))
Gif (EQUAL result CurrentPropn) Or (EQUAL result~(EVAL result)
CurrentPropn)
then «if InRutoNechanism
else (printout NIL .TABB 8 "Normint had no effect.” T))
(RETURN NIL)
else (RETURN (Descend (Transform (creale Transformation
command «(’normint)
children «(cresult>))
_ NIL ’normint))
)
(DECLARE: OONTEVALeLORD DOEVRALeCOMPILE DONTCOPY COMPILERVRRS

trootovaR NLAMA

(aoprovaR NLAML 14ThenE Ise Speciallf)
tmoptovar LAMA »

)

(DECLARE: DONTCOPY
(FILENAP (NIL (3614 21674 (AssociativeAndMatch 3626 . 4222) (MakeAnd 8226 . 4846) (MakeEqv 4858 . 5524) (

Habelmplies 5528 . 6168) (MakeNot 6172 . 7833) (RemoveCommonParts 7897 . 18352) (MakeOr 18356 . 11181) (
Ramo.alfx 11105 . 11609) (Removelfs! 11613 . 13315) (FindEqvs 13319 . 14451) (RemovelfsCommonSubExps 14455 .
16522) (RamovelisFromlt 16526 . 18752) (RemovelfsHelper 18756 . 21891) (Speciallf 21895 . 21671)) (22677 36735

(AxsumadAndDenied 22683 . 24087) (1117 24091 . 24778) (l1ThenEise 24782 . 25886) (I{ThenElsa® 25818 . 28487)
(IThant Ise] 28491 . 29521) (IfThenEise2 29525 . 29732) (MergeQexsForlf® 29736 . 31781) (Occursln 31785 .
32017) (ToplLevellf 32021 . 32796) (addFact 32800 . 33455) (addIntegerFacts 33459 . 35817) (faiseBranch 35821 .
36247) (trueBranch 36251 . 36732)) (37878 38736 (Anylnnerlfs 37098 . 37584) (Raiselfs 37588 . 38895) (
RaiselfsHelper 38099 . 38733)) (38958 41842 (Equal 38962 . 39498) (TestSubst 39582 . 39788) (
UseEqHypsInPriorHyps 39712 . 48354) - (UseEqualities 40358 . 48997) (Hypotheses 41881 . 41267) (
ApplyEqlnPriorHyps 41271 . 41839)) (42102 51774 (RddArc 42114 . 44848) (Separation 44852 . 46297) (
SeparationContradiction 46381 . 47837) (UseSeparations 47841 . 58871) (normint 58875 . 51771)))))
sToP

L)
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