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(FILECREATED "28-Sep-81 19:11:46" <AFFIRM>LOGIC •• 31 73239 

changes to: UnspecifiedLHSides 

previous date: "26-Sep-81 16:41:36" <AFFIRM)LOGIC .. 30) 

(PRETTYCOMPRINT LOGICCOMS) 

(RPAQQ LOG/CCOMS [(RECORDS LGraphEntry) 
(FNS * EqualityFunctions) 
(PROP (Equal0p EQOP) 

Equal) 
(P (replace EQOP of EQOP with T) 

(replace Equal0p of EQOP with EQOP» 
(FNS * LOGICFNS) 
(* '1") 
(FNS * UnificationFunctions) 
(* '1") 
(FNS * ChainingFunctions) 
(* '1") 
(FNS * InstantiationFunctions) 
(* '1") 
(FNS * RulesFunctions) 
(* '1") 
(FNS * RenamingFunctions) 
(* '1") 
(FNS * SkolemizationFunctions) 
(FNS • NoChangeFunctions) 
(VARS (PRIMEDELIM (QUOTE #» 

(PRIMELIMIT 2) 
(NEWSYM80LCHAR (QUOTE $» 
(ShortenLessPrimesList (LIST 92 39 (CHCON1 PRIMEDELIM») 
(LeftUnification NIL» 
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[VARS (Accept (QUOTE (Accept" another equation from the terminal instead"») 
(AddRuleOptionList NIL) 
(Instead (QUOTE (Instead" accept another equation from the terminal"») 
(KeepAsIs (QUOTE (Keep" it as it is (this may result in a stack overflow!}"» 

) 
(Reverse (QUOTE (Reverse" it"») 
[ReverseAndYes (QUOTE «Reverse" it") 

(Yes ", reverse it" RETURN 'Reverse] 
(Suppress (QUOTE (Suppress" it (put it .on the list I"BadEquationsl")"») 
(TreatAsEquat1on (QUOTE (Treat" it as Equation == TRUE"») 
(Yes (QUOTE (Yes NIL] 

(DECLARE: DONTEVAL@LOAD DOEVAL@COMPILE DONTCOPY COMPILERVARS 
(ADDVARS (NLAMA) 

[DECLARE: EVAL@COMPILE 

(NLAML Qexpression) 
(LAMA]) 

(RECORD LGraphEntry (LExpr LStatus» 
] 

(RPAQQ EqualityFunct;ons (Equal ityFromlf EqvWithQex GetEqual0p ReverseEqual ity affirmed?» 
(DEFINEQ 

(EqualityFromlf 
[LAMBDA (x) ('D.Taylo,"73·Sep·7916:44'" 

(ff x:Operator=IFOP 
then [ff x;ThenPart=TRUE and x:ElsePart-FALSE 

then <EQVOP x:Test TRUE) 
elseif x:ThenPart=FALSE and x:ElsePart=TRUE 

then <EQVOP x:Test FALSE) 
else (PROG (thenEq elseEq) 

(ff x:ThenPart=TRUE 
then elseEq"(EquBlityFromlf x:ElsePart) 

(RETURN <elseEq:Operator elseEq:LHS 
<IFOP x:Test elseEq:LHS elseEq:RHS») 

e/seff x:ElsePart=TRUE 
then thenEq"( EqualityFromlf x: ThenPart) 

(RETURN <thenEq:Operator thenEq:LHS 
<IFOP x:Test thenEq:RHS tnentq:LHS») 

else;' x: TheilPa r~r I.:"S[ 
then elseEq"(EqualityFromlf x:ElsePart) 

(RETURN <ANDOP elseEq <NOTOP x:Test») 
else;' x: ElsePart=FALSE 

then thenEq .. ( EquBlityFromlf x: ThenPart) 
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(RETURN <ANDOP thenEq x:Test» 
else thenEq"( EqualityFromlf x: ThenPart) 

e 1 seEq"( EqualityFromlf x: E 1 sePart) 
(If (EQUAL thenEq:LHS elseEq:LHS) . 

then (RETURN <thenEq:Operator thenEq:LHS 
<IFOP x:Test thenEq:RHS elseEq:RHS») 

else (PRINTLINES T " •••• can't make equality out of " T) 
(PrettyPr1nt x) 

else x) 

(EqvWithQe~ 
[LAMBDA (x) 

<EQVQP x:LHS (EVAL x:RHS) 
>]) 

(GetEqualOp 
[LAMBDA (type) 

(If type:EqualOp 

(ERROR!] 

else (type:EqualOp"(ExtendName EQOP type]) 

(ReverseEquality 
[LAMBDA (eqexp) 

(eqexp:Operator eqexp:RHS eqexp:LHS>]) 

(affirmed? 
[LAMBDA NIL 

(0 D.Musser "18.Jul.7916:11") 

(0 D.Musser "24.Jun.79 12:31") 

(0 D.Musser "25·Jun·79 18:43") 

(0 D.Thompson" 1.Nov-79 17:44") 

(0 ~ This routine determines whether or not/he rewrite rule database Is convergent. -
An AFFIRM command tunction.) 

(PROG (Cont~adictionFound (rulelimit NIL) 
(rulecount 0» 

(Completer NIL '1 emma] ) 

(PUTPROPS EqualEqua/Op Equal) 

(PUT PROPS Equal EQOP T) 
(replace EQOP of EQOP with T) 
(replace EqualOp of EQOP with EQOP) 
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(RPAQQ LOG/CFNS (AddHypothes i s App lyA 11 EqHyps App lyEqHyp Check IntroducedExp r Comp 1 eteSubs ConstOrder 
EqvFromlf GetConjunct ListOfConjuncts NonvarSubexpressions Operators 
PutForm SecondaryOperators operato~sl» 

(OEFINEQ 

(AddHypothesis 
[LAMBDA (hypo propn) 

(0 0 Given an hypothesis and a quantified expression. add the hypothesis) 

(CheclcForQexpression prop n T) 
(cre.te Qexpress10n 

(0 R.Erickson "15-Sep.80 17:12") 

expr "«I FOP hypo propn:expr TRUE» using propn]) 

(ApplyAIIEqHyps 
[LAMBDA (x) (0 D.Musser "10-Aug-79 14:19") 

(0 x is an expression in implication torm (result at Removeils). Substitutions are performed based on equality 
hypotheses. tor each implication that is contBined in x. Choice at which substitutions /0 perform is based on 

6 
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contents of non-local variablo ReplacoList. If ReplaceList is NIL. all equality r,ypotheses are used to make RHS for 
LHS.subStitutions. If ReplaceL,st is no'! NIL. and a LHS occurs in Rep/aceLisr then RHS tor LHS substitution is made; 
otherwise If RHS occurs in ReplaceList then LHS for RHS substitution is made; otherwise. no substitution is mede.) 

(if x:OperatorcANDOP 
then < ANDOP (ApplyAIIEQHyps x. A rg 1 ) 

(ApplyAIIEQHyps x: A rg 2) > 
e/seif x:Operator-JMPOP 

then x'" < IMPOP (ApplyAIIEQHyps x: Arg 1) 
(ApplyAIIEQHyps x: Arg2) > 

(for i from 1 bind h eschtime h"'(GetConjunct x:Argl i) when (IsEq h:Operator) 
do (if Replacelist"NIL or (MEMBER h:lHS ReplaceList) or (MEMBER h:RHS ReplaceList) 

then x~( ApplyEQHyp h x» 
repestuntil h=NIL) 

x 
e/seif x :Operator=IFOP 

then <IFOP x:Test (if (IsEq x:Test:Operator) 
then (App/yEQHyp x: Tes t (ApplyAIIEQHyps x: ThenPa rt) ) 

else (ApplyAIIEqHyps x: T he nP art) ) 

flise x]) 

(ApplyEqHyp 
[LAMBDA (h x) 

(ApplyAIIEQHyps x:ElsePart) > 

(0 D.Musser "1'-Jun~79 22;25") 

(0 h is an equation. x is a predicate expression. Performs a substitution based on hand Rep/aceList 
(non-local variable). as described in the comment in ApplyAIIEqHyps.) 

(if x = h 
then x 

elseif x:Operator=ANDOP or x:Operator=IMPOP 
then <x:Operator (ApplyEqHyp h x:Argl) 

(ApplyEQHyp h x: Arg2) > 
e~eif ReplaceList=NIL or (MEMBER h:LHS ReplaceList) 

then (UCI\SUBST h:RHS h:LHS x) 
elsei' (MEMBER h: RHS Repl aceList) 

then (UCI\SUBST h:LHS h:RHS x) 
else x]) 

(Checklnt roducedExp r 
[LAMBDA (expr propn restriction except) (0 RErickson "3-Feb-8117'74") 

(0 ° The user has supplied an expression which is to be added to the Oexpression propn. We wish to chec'k on the free 
variables which occur in this expression; If they pass the test. we return them. otherwise cause an error. 
Variables in except are always aI/owed.) 

(PROG (frees given find bads) 
(frees ... (Frees expr») 

~ (given+-(for v in propn:given collect v:Operator» 
(f i nd~ (for v in prop n : fin d 'collect v: Ope ra to r) ) (0 this ;Operator business is strange. but widely-done.) 
(SELECTQ restriction 

(given (if bads+-(LDIFFERENCE frees < ! given! except» 
then (AffirmError <"The free variables" (Shorten bads) 

"are not universally-quantified in the proposition." 
» )) 

(NIL (if bads+-(LDIFFERHJCE frees < ! given! find! except» 
then (AffirmError <"The free variables" (Shorten bads) 

"are not bound in the proposition." »» 
(SHOULDNT») 

(RETURN frees]) 

(CompleteSu bs 
[LAMBDA (sublist ex) (OR.Bales"14-Dec-7914A3") 

(if (LITATOM ex) 
then (P R OG (val) 

(val~(FASSOC ex sublist» 
(RETURN (if va 1 

then (CompleteSubs sublist val::l) 
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else ex»} 
elseil (LISTP ex) 

then <ex:Operator !(fo, z In ex:Arguments collect (Comp/eteSubs sublist z» > 
e/s_' 81tH 

(ConstOrder 
[LAM.BDA (x y) 

(II (LISTPx) " 
tli.1i (if (LIST P y) 

then (EXTENT x) It (EXTENT y) 
e/s. NIL) 

e/self (LISTP y) 
then T 

e/seif (EQUAL x y) 
th.n NIL 

./se (ALPHORDER x yJ) 

(EqvFromlf 
[LAM.BDA (x) 

(. edited: " 6·Apr·79 09;26") 

(. R.Bates "18.Jun·79 17;26"). 

(. x is assumed to be of the form (/fThenElse p q r). Returns the equation (p eqv (if (q eqv not r) then q else p)) 
(where RHS is simplified; note that if (q eqv not r) simplifies to TRUE then result is (p eqv q); otherwise resuit 
is a conditional equation)) 

<EQVOP x:Test (EVAL <IFOP <EQVOP x:ThenPart <IFOP x:ElsePart FALSE TRUE» x:ThenPart"x:Test» 
>J) 

(GetConjunct 
[LAMBDA (x i) (. R.Bates "23.Jan-B0 13:40") 

(. x is a predicate expression. 115 a positive Integer. Resuit Is the i·th conjunct in x. where the conjuncts are 
numbered from left to right in print order. If there are fewer than i conjuncts. result is NIL.) 

(CAR (F NT H (LlstOfConjuncts x) 
iJ) 

(UstOfConjuncts 
[LAMBDA (ex) 

(II (LISTP ex) and ex:Operator"ANDOP 
then <!! (LlstOIConjuncts ex: Argl) ! (ListOfConjuncts ex: Arg2) > 

else <ex>J) 

(Nonva rSu bexp ressions 
[LAMBDA (x) 

(If (LISTP II) 

(. Computes list of al/ nonvsriable subexpressions of x 
(including II itself)) 

then <x ! (fo, y In x :Arguments Join (NonV8,Subexp,essions y» 
>J) 

(Operators 
[LAMBDA (ex) 

( •• Returns a list of all symbols which appear in operators positions in ell.) 

(REMOVEOUPLICATES (op.'8to,s1 exJ) 

(PutForm 

(. R.Erickson "13·Dec·79 18:53") 

() 
'::3;;;;/ 
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(0 alist is a nonempty list ((a 1 . b1) '" (an, bn)), ResuN is con/unction of equations a 1 • b 1 and .. , 
and an • bn lin internal form).} 

(PROG (result) 
(alist~(REVERSE alist» 
(result~ <EQOP alist:l:l alist:l::l» 
(for pair in alist::l do result+- <ANDOP <EQOP pair:l pair::1> result» 
(RETURN result]) 

(Seconda ryOpe rato rs 
[LAMBDA (lhs) (0 R.Erickson "12.Dec.79 13:23") 

(0 0 all operators Which occur in this LHS and are not primary) 

(REMOVE lhs:Operator (Oper8tors lhS) 

(operators 1 

) 

[LA~lBDA (ex) (0 R.Erickson "13·Dec·79 18:53") 
(if (LlSTP ex) 

then <ex:Operator !(for a in ex:Arguments join (operBtors1 a» 
>J) 

[DECLARE: DONTEVAL@LOAD DONTCOPY 
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(RPAQQ UnificationFunctions (LeftUn if 1 ab 1 eWi thSomeSubexpres s ion LeftUnif i er OccursUs i ngB i nd i ngs 
Unifier Unify1 
UnifyWithSubExpressions» 

(OEFINEQ 

(left Unifia bleWithSomeS u bexp ression 
[LAMBDA (x y) 

(OR (t.eftUnifier x y) 
-c~NotLeftUnifiable 
(if (LISTP y) 

then (for a in y:Arguments unless (ATOM a) thereis (LeftUnifiableWithSomeSubexpression 
x a) 

(leftUnifier 
[LAMBDA (x y) 

(RESETVARS (MatchBindings (LeftUnificat1on T) 
u) 

(u .. ( Unifier x y» 
(RETURN (if u-:'NotUnif1able and (Matcher (SUBLIS u x) 

(SUBLIS u y» 

(Occ u rsU sing Bindings 

then <MatchBindings u> 
else 'NotLeftUnifiable) 

[LAMBDA (x y) (0 R.Bates "14-Dec-7!114:43") 
(If (EQUAL x y) 

then T 
e/seif (LIT ATOM y) and -(y : IsConstant) 

then (if (FASSOC y UnifierBindings) 
then (OccursUsingBindings x (F ASSOC Y Un; fie rB; nd i ngs) : : 1» 

e/seif (LISTP y) 
then (for z in y:Arguments thereis (OccursUsingBindings x z) 

(Unifier 
[LAMBDA (x y) 

(RESETVARS (UnifierBindings) 
(RETURN (if (Unify1 x y) 

then (for b in UnifierBindings col/ect <b:1 

else 'NotUnifiable) 

(Unify1 

! (CompleteSubs Un; fie rB i nd i ngs 
b: : 1) 

» 

[LAMBDA (x y) (0 R.Bates "14·Dec·79 14:43") 
(ff (LITATOM x) end -(x : IIConstant) 

then (if (FASSOC x UnifierBindings) 
then (Unify1 (FASSOC x UnifierBindings)::1 y) 

e/seif (E QUAL x y) 
then T 

e/seif (OccursUsingBindings x y) 
then LeftUnification 

else UnifierBindings" «x! y> ! UnifierBindings» 
e/seif (LITATOM y) and -(y : IsConstant) 

then (if (FASSOC y UnifierBindings) 
then (Unify1 x (FASSOC y UnifierBindings)::1) 

e/seif (OccursUsingBindings y x) 
then NIL 

else Unif1erBindings" «y ! x> ! Un1f1erBindings» 
elseif (NLISTP x) 

then (EQUAL x y) 
e/seif x :()peratorcy :Operator 

then (for z in x:Arguments as win y:Arguments always (Unify1 z w]) 
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(UnifyWithSu bExp ressions 
[LAMBDA (x y) 

(PROG (z) 
( z .. (Unifier x y» 

Wednesday 30 Sep 81 15:56 

(RETURN (n z·'NotUnifiable 
then (for 8 in y: Arguments unless (ATOM a) join (UnifyW;thSubExpressions x 8» 

else (z>]) 

lDEClA~E: DONTEVAL@LOAD DONTCOPY 
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/') ~RPAQQ Ch8iningFunctions (Chainings Chainingsl ChooseChainingsAndNarrowings TryChainingsAndNarrowings) \~...' 

(DEFINEQ 

(Chainings 
[LAMBDA (x) 

(REMOVEDUPLICATES (Cheinings1 x]) 

(Chainlngs 1 
[LAMBDA (x) 

(if (NL,ISTP x) 
then NIL 

elseif x:Operator=IFOP 

(. D.Musser "25-Apr·79 10:16") 

(0 D.Musser "25.Apr-79 10:16") 

then < !! (UnlfyWithSubExpressions x: Tes t x:ElsePart) ! !(UnifyWithSubExpressions x:Test 

!!(Cheinings1 x:Th&nPart.) !(Cheinings1 x:ElsePart) > 
else NIL]) 

(ChooseChainingsAndNarrowings 
[LAMBDA (x level choice substitutions) (·R.Bates"4-Sep-8015:19") 

(PROG (clist c chainingNo subs psubs) 
(c1ist .. (Chsinings x» 
{if clist 

then chainingNo"choice:l 
{if chainingNo 9t (FLENGTH c1ist) 

then {printout NIL . TABO 0 "Only" (FLENGTH clist) 
" choice{s) at level " 
(level+l) 

. T) 
(AffirmError» 

c"(FNTH c1ist chainingNo):l 
(printout NIL T . TABO (leve1*5) 

chainingNo "I" (FLENGTH clist) 
": "1/ (PrettyPrint (PutForm c) 

x"{EVAL (SUBLIS c x» 
(RETURN (if choice: :l=NIL 

T) ) 

then subs"{for c in < ! subst itut ions c> join c) 
psubS"{ PutForm subs) 

. (let psubs T 'choose) 
else (ChooseCheiningsAndNerrowings x level+l choice:: 1 

< ~ substitutions c»» 
e~e(AffirmError (CONCAT "Ext~a arguments: " choice) 

NIL T]) 

(TryChainingsAndNarrowings 
[LAMBDA (x level substitutions) (·R.Bates "4-Sep-80 15:28") 

(PROG (tlist result psubs temp) 
(clist .. ( Che/nings x» 
(if clist 

then (RETURN (for c in c1ist es chainingNo from 1 
do (if c=NIL 

then (AffirmError 
"Search came up with the null substitution; 

Please send transcript to PV ~roup" 
'mild) 

else (printout NIL T .TABO (leve1*5) 
chainingNo "/" (FLENGTH c1ist) 
": "1/ (PrettyPrint (PutForm c) 

result"(EVAL (SUBLIS c x» 
(if result=TRUE 

then (printout NIL . T ABO 0 

T» 

x:Tl:lenPart) 

"Proved by chaining and narrowing" 
T "using the substitution" T) 

psubs"{ PutForm (for c in < ! subst itut ions c> 
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[DECLARE: DONTEVAL@LOAD DONTCOPY 

---- --- ----- ------------
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join c» 
(PrettyPrint psubs) 

Page 11 

(RElURN (let psubs T 'search» 
else (if temp .. ( TryChainingsAndNarrowings result level+1 

< 

then (RETURN temp]) 

! substitutions 
c» 
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(RPAQQ InstBntiBtionFunctions (CircularSubs CircularSubslrnstance Instance? InstanceQ 
InvalidDependencies SkolemizeProperly» 

(DEFINEQ 

(CircularSubs 
[LAMBDA (sub11st) . 

(PROG (deps (xpanded NIL) 
(0 ediled: "12.SEP.78 16:3S") 

. . (circularity NIL» 

(0 given a subSlilUlion lisl. relurn a IiSI of vars which participale in Ihe first delecled circularity. 
deI's: first level variable dependencies. xpanded: elements of deps liken to transitive closure) 

(deps"'(for s In sublist collect <s:l !(Freess::1) 
>)) 

(for d in deps until circularity do (CircularSubs1 d: 1 NIL» 
(RETURN circularity]) 

(CircularSubs1 
[LAMBDA (gofrom wherebeen) 

(PROG (res) 
(0 R.Ssles "23·Jan-BD 12:58") 
(0 retllrn the full dependencies 

(Instance 

(including reflexive) for variable "gofrom ". If wa run 
into wherebeen elements. hall and note circularity) 

(RETURN (If res"(fASSOC gofrom xpanded) 
then (for been in wherebeen when been MEMB res do circu'larity" 

<been! circularity» 
< ! res> _ 

elseif res+-(FASSOC gofromdeps--) 
then; (ir gOf rom MEMB whe rebeen 

else 

then circularity" < !! c.ircularity 
! (for x in wherebeen refJeetuntii x=gof rom 

collect x) 
.. » . 

res" <res:t !(for x in res'::l';until circular,tty 
join (Circ,ulafSubs1 x <gofrom ! wherebeen») > ..•.. 

xpand~d" < res 

<gof rom>]). 

--- -' ... " 

xpanded> res 
(0 assert gofrom -memb wherebeen) 

[LAMBDA (subs qex) (0 R.Erickson "2D.Feb.80 14:07") 

(0 0 subs is a Sublist. from atomic variable 10 vallie. (Values might be atomic.) We perform the instantiation. 
fiddling wilh Skolem fns. Correctness uncertain. Returns just the :expr part of qex.) 

(0 • Our format. as I understand II. is the following: Given and Find lists contain Skolem tunctions. showing the 
variable dependencies. In the expression. Given variables will be Skolem functions. any time after Instance has been 
called. (For this reason. some TheoremProver commands call Instance with subS. NIL. Surely it would be possible to 
establish this Invlrllnt from the start.) Find variables stert out alomic. and will stay Ihat way until prerurbed 
(Instantiated OR rendered Given by lemma application and Inslance); they never get changed back to atoms from Skolem 
fns. apparently. RWE.) . 

(PROG (qsubs exl rules) 
(qsubs" < ! subs lefor v in qex:given col/ect <v:Operator ! v» 

> ) (0 a sublist which. besides instantiating atoms. also 
expands any atomic givens out to Ihe ful/thing.) 

(exl"(CompleteSubs qsubs qex:expr» 

(0 • slep 2: Inslantiate any Sko/em finds. This is done es rewrite rules, so we handle dependency lists properly. 
(For example. find "i(j,k)" with (j k) in subs calises "i(xx 1)" 10 be 1) Note thlt. beceuse Oitne oenaVior of 
Oreduclion. the arlty of finds in ex 1 may be less that that in the find list. In such cases. any references in the 
new vallie to missing ergs will become free. (Forexample,1f the find list contains "i(j.k) " and subs includes 
(j k), then an occurance of "j(xx)" will translBle to k.J Such free references will be untouched by CompleteSubs.) 
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(rules"(for v in qex:find when (FASSOC v:Operator subs) and (OCcursAsOperatorln v:Operator 
. qex:expr) 

bind value collect (0 e rule assigning the new vallie) 
(value"(Complet"Subs (for s in qsubs 

unless s: 1 MEMB v: Arg.uments 
collect 

«<EQOP v value»») 
[if rules 

then ex1"(RESETVARS «UsingRuleList T) 
(RuleL1st rules» 

(RETURN (EvalRules ex1] 
(RETURN ex1]) 

(0 expand fully any nonargument variables. anJlor 
instantiate] 

s) 
(SUBLIS subs v:Operator») 
(0 RuleLisi has entries with CAR tha equation] 

(Instance? 
[LAMBDA (s'ubs qex) 

tlIL] ) 

(InstanceQ 
[LAMBDA (qex) 

NIL» 

(Invalid Dependencies 
[LAMBDA (varlist qexpr) 

(0 R.EriCkson " 16-Sep-80 17:52"] 

(0 R.Erickson " 16-Sep-80 17:53"] 

(0 edited: "6-Apr-79 08:50"] 

(0 returns a list (bag] containing given or find vars from qexpr which. directly or indirectly. have Skolem 
dapendencies.upon vars in varJis!. and which. therefore, varlist items may not depend on. Not reflexive: 
x is permitted to depend upon itself var/ist + result are names -

(PROG 

no Sholem args.] 

(qs deps) 
(qs" < ! q.expr:given ! qexpr:find» 
(deps"(for V in qs collect (CompieteDeps qs v») 
(if (NLISTP varl1st) 

(0 list of Sholem fns wi ergs :] 
(0 list of lists (Skfn ... all it depends on)] 

. then varlist .. <varlist» 
(RETURN .(for v in varlist join (for d in deps when v MEMB d::1 collect d:l]) . 

(SkolemizePrope rly 
[LAMBDA (expr context) (0 R.Erickson "17-Sep-80 12:37") 

) 

(0 0 given an expression, ensure that its variables have been properly Skolemized. Otherwise. prob'tems may show up 
in normalization or commands like complete. If expr Is a non-Qexpression. one 'may supply context. a Oex which tells 
the sense of vars.) . 

(if (type? Qexpression expr) 
then (create Qexpression 

expr "(Instance NIL expr) using expr) 
elseif context 

then (CheckForQexpression context T) 
(lns'ance NIL (crea'e Qexpression 

expr .. expr using context» 
else expr]) 

[DECLARE: DONTEVAL@LOAD DONTCOPY 
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(RPAQQ RulesFunctions (AcceptNewRules AddAutoRules AddRule Completer CriticalPairs ReadRules .' 
ReportContradictionAndAbort Rule addRuleCannot addRuleDirection 
rulequan) ) 

(DEFINEQ 

{AcceptNewRules 
[LAMBDA (kind) (0 D.Thompson "29-0ct-80 17;30") 

(0 0 This routine Iccepts rules from the terminl/. after the user has Inswered "ACCEPT"to I system question during 
Knuth·Bendlx convergence processing.) 

(PROG (done rule rules) 
(If [UNDONLSETQ (until done do (printout NIL .TABO 0 kind ,) 

(if rules~(ReadRules Terminal CommandTerminator kind) 
then done"T 

(for r inrul es 
do (if rule"(pexec r l) 

. and (NoFreeVarsInRule rule kind) 
then (AddRule rule kind T) 

else done~NI L)}) 
(if done 

else (printout NIL .TABO 0 "Try again:"] 
else (printout NIL .lABO 0 "(returning to previous rule processing ... )" T]) 

(AddAutoRules 
[LAMBDA (rules source auxInfo) (0 R.Erichson "26.Aug-8114;05") 

(0 rules is a list of equllities; source an Itomic hey. one of (reflexive distinct nochange); auxlnfo the target 
nlmes. mlY be long) 

(0 • Automatic rules hive liready been computed; this is a central place for their entry. We may print a message.) 

(if rules 
then (0 all but reflexive Innounce themselves) 

(AddRule 

(SELECTQ source 
«distinct nochange) 

(printout NIL .TABO 0 "Generating" , (LENGTH rules) 
, "'" source ", rules for the functions:" ,) 

(AFFIRMMAPRINT NIL (Shorten auxlnfo) 
T T» 

NIL) 
(PROG'«ContradictionFound) 

(ru1 e1 imit) 
(rulecount 0» (0 rebind these vars because oflhe archaic limit 

mechanism.) 
(for rule in ru1 es do (AddRule rule Rul eTypes: Automat; c T» 
(if Completion 

then (Completer NIL RuleTypes:Automatic]) 

[lAMBDA (equation kind ruleReadln sentenceStarted) 
(CLISP:(RuleList UNDOABLE) 

(Unchecked UNDOABLE» (0 D.Thompson "13-Nov-80 13;25") 

(PROG 

(0 CLISP; delcarations are ignored at present! RE 7180) 

(0 0 Makes the equllion Into a rewrite rule. if possible. and adds if to global list Unchecked. 
Checks rule for variable sets. self.looping. If UsingRuleList. rules are added to RuleList; otherwise. they are 
edited Into Lisp.) 

(reducedEquation directive au keyList optionL1st question) 
(if ProvingMode 

then (11stOneRule equation:LHS RewriteRuleOp equation:RHS» 
(if ProvingMode and (PROGN question""Shou1d this be set ~p as a goal 

(AFFIRMUSER NIL 'N question»='Y 
to be proved? .. 
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th~n (Makelheorem (ExprloNode equation» 
else (0 try to make it a rewrite rule.J 

(if ru1elimit Bnd (IGEQ ru1ecount rule1imit) 
then (0 rechecking •• was interrupted last time.) 

(AffirmError "RuleCount > RuleLimit!"» 
(if ru1eReadln 

then 

(0 0 only nead to simplify rule if reeel in. Since otherwise these are already simplified rules from Completer 
interactions.) 

reducedEquation~(Eva1uateRule equation) 
(if (AnywhereSound reducedEqua t ion: LHS: Arguments reducedEquat ion: RHS) 

then (printout NIL (if sentenceStarted 
then " ... Whoops!" 

else NullString) 
.lABO 0 

"The ~rguments to a rule may not be bound on the right-hAnd-side!" 

" (listOneRu1e reducedEquation:LHS RewriteRuleOp 
reducedEquation:RHS» 

(AffirmError» 
(if -(EQUAL reducedEquation equation) 

then (if reducedEquation=TRUE 
then (if ruleReadIn . 

then (printout NIL "Rule simplifies to TRUE."» 
(RETURN) 

elseif reducedEquat i on" FALSE 
then (ReportContrBdictionAndAbort) 

else equat ion .. ( if reducedEquat i on: Operator= I FOP 
then (EQUBlityFromlf reducedEquation) 

./seif reducedEquat ion: Ope rator=QOP 
then (EQvWithQexequat ion) 

else reducedEquation») 
elseif equat10n:Operator a IFOP 

then equation~(EqualityF,omlf equation» 
direct ive"( addRuleDirection equat ion ru1 eRead In sentenceStarted) 

(0 direction unseen) 
(if directive:l,,'Reverse 

then equation" <equation:Operator equation:RHS equation:LHS» 
(if directive:2 

then (0 user has not seen) 
(printout NIL (if sentenceStarted 

then "a new" 
else "New") 

Page 15 

, "rule" Colon .TABO 5 " (li~tOneRule equation:LHS RewriteRuleOp 
. eguation:RHS» 

(if CautiousComp1etion . 
then question""Ok? " keyList .. <Yes Suppress TreatAlEquation> au .. ( 

AFFIRMUSER NIL NIL question keyList NIL NIL AddRuleOptionList) 
(if au-'" Yes . 

then (0 Suppress or Treat) 
directive:1"au») 

(if (ATOM equation: LHS) 
then (Repo,tContradictionAndAbort» 

(SELECTQ directive:1 
<equation! BadEquations») 

(0 save the old one to check later) 
(Suppress (/SET 'BadEquations 
(Instead 

(PROGN 

(AcceptNewRules kind) 
(/SET 'Unchecked (MERGE «(if (LISTP Unchecked) 

(if directive:l='Treat 

and (FIXP Unchecked:-l:1) 
then Unchecked:-1:1+1 

else (COUNT equation:LHS» 
equation» 

Unchecked T») 
(0 a real rule) 

then equation~ <EQVOP equation TRUE» 

(if ru1 elimi t 

(0 CAUTION: the primf.ry operator of the original rule 
will now be on the LHS. so its type matters.J 

then rulecount~rulecount+l) 
(if UsingRu1eList 

then (/SET 'RuleList «equation !(Operators equation:LHS) 
> ! RuleLlst,» 

else - (0 orliy compiled rules have LetrHandSicies recorded) 
(CompileRuleIntoLisp equation kind» 

(/SET 'Unchecked (MERGE «(if equation:RHS=FALSE 
then 1 

else (COUNT equation:LHS» 
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]) 

(Completer . 

!equation» 
Unchecked T» 

(0 Unchecked is in ascending order by LHS size) 

[lAMBDA (equations kind) (0 R.Erickson ··26.Aug-8113:24") 
(PROG (erset rule1 newrule uncheckedw1thrule1 removedK1nd) 
. (erset~(ERSETQ 

(PROGN (for equation inequat10ns do (AddRule equation kind T» 

[for number from 1 while Unchecked 
do (if UserInterrupt 

then Userlnterrupt~N.Jl 
(printout NIL . TASO 0 

(0 changes Unchecked listJ 

"Interrupted. Type command(s), then type ok; to continue." 
T) 

(if (RESETVARS «Completion NIL» 
(RETURN {Dtvs Terminal )))='aborted 

then (AffirmError») 
(rulel~Unchecked:1: :1) 
(/SEt'Unchecked Unchecked::1) 

(0 undoable (pop Unchecked)) 
(printout NIL .TABO 0 number Slash (number+(FlENGTH Unchecked») 
(newrule~(SimpI1fyRule rule1» 
(if newrule"FAlSE 

then (ReportCont redictionAndAbort) 
elseif newrul e"TRUE 

then (RemoveRule rule1) 
elseif -(EQUAL newrule:lHS rule1:lHS) . 

end -{ EQUAL (Eque/ityFromlf newrul e) : lHS rul al : lHS) 
end -(EQUAL newrule:lHS rulel:lHS) 

then removedKind~(RemoveRule rule1) 
(AddRule newrule removedKind) 

(0 changes Unchecked) 
else uncheckedwithrulel~(RulesThatMightInteract rule~ 

(forr in Unche.cked 
collect r:: 1 ) ) 

(for ruleZ in uncheckedwithrule1 unless rulel=NIl 
do (printout NIL Period) 

(newrule~(SimplifyRule ruleZ» 
(If newrule:Operator=QOP 

then newrule~{EqvWithQex rule2» 
(if newrule"FAlSE . 

then (ReportContradictionAndAbort) 
elseif newrul e"TRUE 

then (RemoveRule rule2) 
(if (EQUAL rule1 rule2) 

then rule1t-NIl) 

Page. 16 

40 

elseif -(EQUAL newrule:LHS rule2:LHS) 
and -{EQUAL (EqualityFromlf newru:le):LHS rule2:liiS) 

then removedKind~(RemoveRule rule2) 
(if (EQUAL rule1 rule2) 

then rulel~NIl) 
(AddRule newrule removedKind) 

(0 changes Unchecked) 
else (for cp in {CriticE'IPeirs rul e1 

{ RenBmeVariebles 
rule2 
(Frees ru 1 e 1) ) ) 

eBchtime (printout NIL Exclamat·ionPoint) 
{newrule~(1f RuleList 

when newrule-aTRUE 
do (if newrule=FALSE 

then (EvalRules cp) 
else (EVAL cp») 

then (ReportContradictionAndAbort) 
else (printout NI L . TASO 0 .. From" , # 

(listOneRule rulel:LHS 
RewriteRuleOp 

-rulel:RHS) 
nand ll t, # 
l)lstDneHuleruleZ:LHS 

RewriteRuleOp 
rulEo~RHS; 

"we obtain" ,) 
{AddRui •. (DeclareVBriBbles newrule) 

RuleTypes:Lemma NIL T) 

() 
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(if erset 
then 

(printout NIL .. "Affirmed." T) 
T) » 

rulecount"NIL 

(0 changes Unchecked) 
] 

(0 no limit) 

else (AffirmError (if -Contradictionfound 
then "Interrupted by Control-E.") 

NIL T]) 

(CriticalPai rs 
[LAMBDA (r1 r2 onlyOneWay) (0 D.Musser "2B-Jul-79 20:33") 

(0 r1 and r2 are rewrite rules with nonoverlapping variablE! sets; result is list of critical pair equations' 
(alpha • beta) corresponding to superpositions of left hand sides of r1 and r2) 

(PROG (nvs CpS) 
(nvs"( NonvarSubexpressions r2: LHS)) 
(if onlyOneWay 

then nv s"nv s : : 1) (0 avoid duplicate consideration of entire r1:LHS with 
entire r2:LHS) 

(cps .. (for ex in nvs bind s alpha beta eschtime s"'(Unifier rl:LHS ex) 
when (if s='NotUnifiable 

then NIL 
else alpha"'(SUBLIS s (SubstWhenEq rl:RHS ex r2:LHS)) 

beta"(SUBLIS s r2:RHS) -(EQUAL alpha beta) . 
collect <r2:0perator alpha betu») 

(if -on lyOneWay 
then cps" < !! cps ! (CriticslPsirs r2 rl T) 

» 
(RETURN cps]) 

(ReadRules 
[LAMBDA (fileOrAtomList terminator kind) (oD.Thompson"19·JuncB017:29") 

(PROG (ruleSeq) 
(RETURN (if (ruleSeq"(parse 'ruleSeq fileOrAtomL ist terminator» 

then (for rul e rec in rul eSeq: rul e bind exp r 
collect (. compute the proper expression form) 

(ReportContradictionAndAbort 
[LAMBDA NIL 

ContradictionFound+-T 
rulecount .. NIL 

(expr"rul~rec:expression) 
(if rulerec:expression# 

then expr" <EQOP expr rulerec:expression#) 
elseif e);pr:Operator=EQOP 
elseif kind MEMB '(axiom lemma) and (Transla:te expr) 

. :Type='Boolean 
then expr .. <IFOP expr TRUE FALSE) 

else (printout NIL .TABO 0 "The formula" , # 
(PrettyPrint expr T) 

expr]) 

T "isn't an equation." T) 
(AffirmError)) 

(0 R.Bates "2·JAN·79 09:10") 

(PRINTLINES T "Contradiction found." T) 
(ERROR!]) 

(Rule 
[LAMBDA (lhs% ) (0 R.Erickson "29-Jan·BO 15:58") 

(0 0 Given the left.hand side of a rule. produces the text Clf the rule with the proper EqualOp. 
This will work for delns, etc; the global variable KindOfR~'le gets set.! 

<[if lhs% :Operator:EqualOp 
elseif (Extension lhs% :Operator T)='Interface 

-- .-----
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then 

lhs% :Operator:EqualOp~EQOP 

(e must compute relevent Equal operator. 
Needn~ be undoable.J 

else (0 We need to be able to compute the EqualOp here for 
compatibility with old files which didn't heppen to 
compute it in time.) 
(e compute in the foreign type. 
Hope we don't get "pleese declare" errors.) 

lhs% :Operator:EqualOp~(GetEqua/Op (TypeOfExpression (Shorten lhs% ) 
(Extension lhs% :Operator) 

1 hs% 
(RESETVARS {(ListingFlag T) 

(REPORTFLAG NIL) 
(UseRules T» 

{RETURN (APPLY lhs% :Operator lhs% :Arguments)}} 
»} 

(addRuleCannot 
[LAMBDA (rule auxmessage sentenceStarted) (e D.Thomf>son H19-Jun·80 16:58") 

(e 0 Cannot make it B 'rule, what now? Returns one of Suppress, Trest, Keep, Insteed.) 

(PROG (question keyList) 
(printout NIL (if sentenceStarted 

then "an e" 
./se "E") 

"quat ion which cannot be made into a rewrite rule"} 
(for m in (MKLIST auxmessage) finelly (printout NIL Colon) do (printout NIL , m)} 
(listOneRule rule:LHS RewriteRuleOp rule:RHS) 
(question~"What now, boss?") 
(keyList~ <Suppress TreatAsEquation Instead KeepAsIs>) 
(RETURN (AFFIRMUSER NIL NIL question keyList NIL NIL AddRuleOptionList]) 

(addRuleDi rection 
[LAMBDA (rule ruleReadIn sentenceStarted) (e D. Thomf>son H29.oct-80 15:28") 

(e 0 Computes the proper treatment for the new rule. May be a priori, or may ask user; asks approvel if not read in 
or if a priori. Return value: lis one of (NIL (as Is) ,Reverse, Suppress. Treat. Instead (another)) Return value:2 • T 
if user has Not seen/approved this rule.) . 

(PROG (leftvars rightvars bothvars diffvars lu ru apriori ask keyList que~tion result1) 
(leftvars--(SORT (FreeVars rule: LHS})} 
(rightvars~(SORT (FreeVars rule:RHS») 
( 1 u~ ( LeftUnifiable WithSomeSubexpression ru 1 e : L HS ru 1 e : R HS ) ) 

(e will be non-NIL if left hend liideis left-unifiable 
with some subexpression of right hend side -
thus L->R is forbidden) 

(ru~( LeftUnifiableWithSomeSubexpression rul e: RHS rul e: LHS}) 

[n (EQUAL leftvars rightvars) 
then 

(e 0 veriables the same- would one direction loop?) 

(if lu end -ru 
then apriori--'Reverse 

./seif ru end -1 u 

(e will be non-NIL if right hand side is left-unifieble 
with some subexpressionof left hend side­
forbids R->L) 

then (e ok) 
e/seif 1 u end ru 

then ask~(eddRuleCennot rule "because it would loop" sentenceStarted) 
(0 Returns one of Suppress Treet Keep Insteed) . 

else (e no unificetions; cen't force direction) 
(if ruleReadIn 

then (e accept quietly) 
else (0 generated rules must be confirmed for direction) 

(printout NIL (if sentenceStarted 
then "a p" 

else "P") 
"ossible new rule:" T .SP 5 # 
(listOneRule rule:LHS RewriteRuleOp rule:RHS)} 
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question~"Ok7 " keyList~ <Yes Reverse Suppress TreatAsEquation 
Instead> 

Page,19 

ask~(AFFIRMUSER NIL NIL question keylist NIL NIL AddRuleOptionList) 
(. one Of Reverse Suppress Yes Troal fnstead) 

}) 
else 

( •• leflvars -EOUAL rightvars. This will force our choice of direclion, We must check for unifications, unless 
ultimate LHS is a variable.) 

bothvars~(INTERSECTION leftvars rightvars) 
diffvars~(Shorten (lDIFFERENCE (UNION leftvars rightvars) 

bothvars » 

(if (EQUAL bothvars leftvars) 
then 

(if ru and (LISTP rule:RHS) 
then ask~(addRuleCsnnot 

else apriori'" Reverse) 
else if (EQUAL bothvars rightvars) 

then 

(if lu and (LISTP ru1e:LHS) 

(. lor user message only) 

(. leftvars is proper subset of rignrvars , so R'>LJ 

rule <"because vars" ! diffvars 
"force its reversal, but it would loop" 

> 
sentenceStarted) 

(. rightvars is proper subsat of leftvars .leave as 
L·>R) 

then ask"(addRuleCannot rule <"because it would loop, and vars" 
! diffvars "prohibit reversal" > 

sentenceStarted» 
else (if (ATOM rule:LHS) and (ATOM rule:RHS) 

then (ReportContrsdictionAndAbort) 
else ask~(addRuleCannot rule <"because of variables" diffvars> 

sentenceStarted] 

( •• Assert: apriori is NIL or Reverse. ask is Suppress Treat Reverse Instead Yes or NIL) 

(if aprioriand ruleReadIn 
then (printout NIL (if sentenceStarted 

then ..... Whoops!" 
else "") 

.TABO 0 "The equation" , # (listOneRule rule:LHS RewriteRuleOp ru]e:RHS) 
"can't be made into a rewrite rule without rever~ing it." T) 

question~·Ok7 .. keyList .. < ! ReverseAndYes Instead Suppress TreatAsEquation 
KeepAsIs> 

'ask .. (AFFIRMUSER NIL NIL q~estion keyList NIL NIL AddRuleOptionLi5t) 
(. one 01 Reverse Instead Suppress Treat Keep) 

) 
(resultl"(SELECTQ ask 

«Keep Yes) 
NIL) 

«Instead Reverse Suppress Treat) 
ask) 

(NIL aprior;) 
(AffirmError "Illegal case from addRuleDirection" 'internal)) 

(RETURN <resultl ! -ask>]) 

(rulequan 
[LAMBDA (rules context) (·'R,Erickson "24-0ct-79 13:49") 

(. any NEW variables to arise In rules should be disjoint Irom each other end Irom existing vers in context. 
Note:we assume rules will not have variables arise which equal existing ones (or that this is harmless) !J 

(PROG «f (for v in context:find collect (if (LISTP v) 
then v: 1 

else v))) 
sub s) 

, (RETURN (for r in rul es collect (sub<-NIL) 
(for v in (FreeVars r) when v -MEMB f 

do (s~(SetupName v (MakeExtension v CurrentType») 
(if s 

then (. Changed name) 
sub<- «v ! s> ! sub> newru1evai'~· 
«5> ! newrulevars> 

(SUBLIS 
else newrulevars" «v> ! newru1evars») 
5 ub r]) 
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(RPAQQ RenamingFunctions (AnywhereBound ChooseASymbol Dt3ClareVar;ables FreeVars rreeVarsl Frees 
Freesl NPrimes New$Symbol NewSymbolFrom NotThisSymbol 
Numerify Primes PrimesToMatch RenameBoundVariables 
RenameVariables SetupName TreatFreeAsGiven Variables 
Variablesl finds» 

(DEFINEQ 

(AnywhereBound 
[LAMBDA (vars exp) (0 R.Erickson" 9·JAN·7916:44'" 

(AND (LlSTP exp) 
(ff exp:OperatoraQOP 

then (for var in vars thereis (FoundIn var exp:given) or (FoundIn var exp:find)} 
. or (AnywhereSound vars exp :expr) 

else (for x in exp:Arguments thereis (AnywhereSound vars x]) 

(ChooseASymbol 
[LAMBDA (x ext type) (0 R.Erickson "23.Feb.8118:22") 

(0 given x·\anything. seek a derived symbol y' suchthat y' in CurrentContext translates via root y to a symbol with 
extension "exl". and type "type ", We may need to declare, vie AddDeclarations and ISET y. Relurn y'\extl 

(PROG (ypar ye ype) 
(if -x 

then (CannedMessage 'internalArg T <NIL 'ChooseASymbol ») 
(ypa rOo( Sho rtenLes s Prime s x» (0 shon rOOI. Seek $s as needed' 
(while (NotThisSymbol ypar ext type) do ypar"(New$Symbol ypar)} 
(ype<-(ExtendName ypar ext» 
(ff -(FASSOC ypar CurrentContext) 

then (AddDeclarations <ypar !(create ExpressionWithType 
Expression <- ype 
Type'" type) 

(/SET ype ype» 
(ye+-( PrimesToMBtch ype x» 
(/SET ye ye) 
(RETURN ye]) 

(Decla reVariables 
[LAMBDA (rule) 

» 

(0 R.Erickson "20.Feb·81 19:07") 

(0 The rewrilerule may contain variables wilh any eXlension, primed and unprimed, and which may not be decle.red. 
Since Ihe rule is aboullo be added and Ihus printed. Ihe user will see Ihese vars He should be able to type them. 
We declare as necessary (SET already performed.) Return the (ule with substitutions performed.) 

(PROG « v a rs (Variables ru 1 e ) ) 
sub avoid) 

(sub"(for v in vars bind s when s<-(SetupNBme v (MakeExtension v CurrentType) 
vars) 

collect <v ! s») 
(RETURN (SUBLIS sub rule]) 

(FreeVars 
[LAMBDA (x) 

(0 0 Returns all unbound variables (as opposed to Skolem conslants)) 

x .. ( Free Va rs 1 x) 
(INTERSECTION x x]) 

(FreeVa rs 1 

(0 R.Erickson" 2.Nov·79 11:29") 
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(if (LITATOM x) and -(x: IsConstant) 
then <x> 

elself (LlSTP x) 
then (if x:Operator-QOP 

then x: free 
elself x:Ope-rator-ALlOP or x:Operator=SOMEOP 

then (REMOVE x:Argl (for yin x:Arguments::l join (FreeVars y») 
elsa (for y In x:Arguments join (FreeVars1 y]) 

(Frees 
[LAMBDA (x) 

x"(Fr"s1 x) 
(INTERSECTION x x]) 

(Frees1 

(- edited: "12·SEP.78 20:40") 
(- like FreeVars but returns operators too) 

[LAMBDA (x) (- edited: "13·SEP·78 10:07") 
(If (LITATOM x) and -(x : IsConstant) 

then <x> 
e/self (LlSTP x) 

then (If x:OperatoraQOP 
then x:free 

(NPrimes 

e/seif x:Operator-ALLOP or x:Operator=SOMEOP 
then (REMOVE x:Argl (for y in x:Arguments::1 join (Frees y») 

else (PROG (op) 

(0 we must distinguish Sko/em functions, which we return, from things like l/ThenE/se. The former have themselves as 
values, while operators, like sub\SeQ, have NOBINO) 

(Opo-x:1) 
(opo-(If (EVALV op)=op 

then <op> 
else If (EVALV op)"'NOBIND 

then NIL 
else If OTVSCOMPLAI N 

then (ERROR "Otvs function atom has bad value:" cop (EVALV op) 
» 

else if (LISTP op) 
then (Frees op) 

else NI L» 
(RETURN <I! op !(for y in x:Arguments join (Frees y» 

>]) 

[LAMBDA (name) (- R.Erickson '"24·Sep·8116:37'") 
{for x on (UNPACK (Shorten name» until x:1"'· or x:l=PRIMEDELlM 

finally (RE1URN (If x 
then (if x: 1· ' , 

(New$Symbol 
[LAMBDA (old) 

./se 0]) 

(PROG (unpack result) 
(unpack"(UNPACK old» 

then (FLENGTH x) 
else (Numerify x:: 1 name» 

(- D.Thompson '"lg.Aug.80 11:15'") 
(- given /I short name. generate a new one using 
NEWSYMBOLCHAR, 
(- edited: '"14·SEP·78 21:08'"' 

(for ct on unpack bind c eachtime c .. ct:1 while c-=NEWSYMBOLCHAR and c-=SingleQuote 
do result .. <c ! result> finally result .. < !! (DREVERSE result) 

NEWSYMBOLCHAR ! ct» 
(RETURN (PACK result]) 
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(0 R.Erickson "24.Fcb.81 17:06") 

(. 0 By adding and r,moving primes. seek some version of x which is not in variablesToAvoidJ 

(PROG (xl pre post xi) 
(if -x 

then (AffirmError "Affirm bug: NIL in NewSymbolFrom" 'internal» 
(pre~(ShortenLeSSPrimes x» 
(post~(Extension x» 
(for i from 0 do xl"(MakeExtension (PACK <pre !(Primes i) 

> ) 
post) 

repeatwhile xl MEMB variablesToAvoid) 
(lSEr xl xl) 
(RETURN xl]) 

(NotThisSymbol 
[LAMBDA (sym ext type) 

(PRDG (ewt) 
(ewt"(FASSOC sym CurrentContext):NEW) 
(RETURN (AND ewt (OR ewt:Type-=type (Extension 

-zextJ) 

(Numerify 
[LAMBDA (atoms context) 

(. try to avoid excess primes- stert with none) 

(. R.Erickson "25-Feb·81 16:38") 
(0 given a short symbol. rettHn T if its interlace 
appears in Current Context with the wrong extension or 
type) 

ewt:Expression) 

(- R,Erickson "24·Sep·8116:36") 
to list of cheracters. context variable for error.! 

( •• Given charecters whiCh followed PRIMEDELIM in a variable; since the first is not quote. this must be a number, 
as in )(,# 5. Check to make sure the user didn't enter junk. like seq'# or inc'# a.J ' 

(if -atoms 
then (CannedMessage 'illegal T <'variable (Shorten context) 

> ) ) 
(PROG (t) 

(t .. O) 
(for x in atoms do (if (SMALLP x) 

then 
t"(lO*t)+x 

(. add digit on the right) 

else (. nonnumeric) 

(RETURN tJ) 

(Primes 
[LAMBDA (n) 

(if fI leq PRIME LIMIT 
then (to n collect ") 

else <PRIMEDELIM n>]) 

(PrimesToMatch 
[LAMBDA (root primed) 

(CannedMessage 'illegal T <'variable (Shorten context) 
x»» 

(. R.Erickson "23·Feb·8118:23") 

( •• root is primeless extended name. which we wish to give as many primes as in the name "primed") 

(PACK « Sho rten root) ! (Primes (NPrimes primed» 
TypeSeparator 
«Extension root) or (CannedMessage . internalArg T <root' t-nmesloMatch ») 
>J) 

- -----~--- -~~~~~~~-
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{PROG (boundVariables s sub bYe avoid) 

(0 R.Erickson "10-NOV-78 18:2S") 
(0 The bound variables ot Oexpression ex thet IIlso 
appesr In list variables are rena mad.} 

(boundVariables" < !(lor v in ex:given collect v:l) lefor v in ex:find col/ect v:l) 
» 

(bVe"(for v in boundVariables col/ect (if (Extension v) 
-=CurrentType 
then (MakeExtension v CurrentType) 

else v») 
(avoid"(lor v in variables collect (if (Extension v) 

-=CurrentType 
then (MakeExtension vCurrentType) 

else v») 
(sub"(lor v in boundVar;ables as ve in bVe 

eachtime (0 avoid. variables to avoid. with this extension. 
s. new version ot symbol. if diflereni trom old.} 

(S .. ( SetupNeme v ve < I ex: free ! bVe») . 
when s collect <v ! s») 

(RETURN (SUBLIS sub ex]) 

(RenameVariables 
[LAMBDA (ex vars) (0 R.Erickson "24.Feb-8117:11") 

(0 The vlriables in expression ex are renamed. it necessary. to avoid conflict with those in the list vars. 
This is LOCAL. IN EFFECT: no declarations are mede (since the names may be inappropriate tor global use)) 

(PROG (exvars avoid) 
(exvars .. ( Variables ex» 
(avoid" < ! vars ! exvars» 
(RETURN (SUBLIS (lor v in exvars bind nv when v MEMB vars 

collect (nv"(NewSymboIFrom v avoid» 
(avoid" <nv ! avoid» 
«v ! nv>)) 

ex]) 

(SetupName 
[LAMBDA (var extended stayfrom) (0 edited: " 6.Apr-79 08:47") 

(0 if necessary (wrong extension or in avoid). changas the name of var. declares it. adds to avoid, and returns new 
name. else NIL. uses + sets free: avoid. var may be a MEMB of staytrom. Any new symbol will be disjoint from avoid 
and staytrom) . 

(PROG (s (au « ! avoid! stayfrom»» 
(if var-=extended 

then s"'(ChooseASymbol var CurrentType (RemoteTypeOf var» 
(if s MEMB au 

then s ... { NewSymbo/From S au» 
avoid" <s ! avoid> 

else (if var MEMB avoid 
then s"(NewSymbo/From var au) 

avoid" <s ! avoid») 
(RETURN s]) 

(TreatFreeAsGiven 
[LAMBDA (x) (0 edited: "12·SEP-78 16:39") 

(if x:Operator=QOP 
then (if x: free 

then (create Qexpression 

else x) 
else (creste Qexpression 

given .. «! x:given !(for v in x:free collect <v» 
» 

find "(for v in x:find collect <! v ! x:free» 
free .. NIL 
expr .. x:expr) 

given "(for v in (Frees x) collect <v» 
find" NIL 
free" NIL 
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(J......,. (Variables 
[LAMBDA (ex' 

expr .. x]) 

(REMOVEDUPLlCATES (Variables1 ex]) 

(Variables1 

Wednesday 30 Sep 81 15:56 

(0 result is a list of all variables in expression ex) 

[LAMBDA (ex) (0 R.Sates "12.FEB.7915:1S") 
(if (LIT ATOM ex) end -( ex : IsConstant) 

then <ex> 
e/seif (LISTP ex) 

then (if ex :Operator=QOP 
then <!!(for v in ex:given collect v:l) !!(for v in ex:find col/ect v:l) 

! ex:free> 
else (f01 a in ex:Arguments join (Variables1 a») 

else NIL]) 

(finds 
[LAMBDA (expr qex) (0 R.Sates "14.Dec.79 14:43") 

(0 returns a list of the names of a/l find vars occuring 
in expr) 

) 
(for v in. (FreeVars expr) when (FASSOC v qex:find) collect v) 

[DECLARE: DONTEVAL@LOAD DONTCOPY 
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(RPAQQ Slco/emizationFunctions (AddArg CheckForQexpression CompleteDepslntroduceQOP MakeQexpressions 

(DEfINEQ 
Qaxpression Qreduction RemovalfsQ ZapSkolemrunctions» 

(AddArg 
[LAMBDA (arg expr) 

(flpr:Oparator arg 

(CheckForQexp ression 

expr:Arguments)]) 

[LAMBDA (qex internal) (0 R.Erickson N1S.sep.80 17:11") 
(If -(type? Qexpression qex) 

then {AffirmError ("Not a quantified expression" qex) (If internal 

(CompleteDeps 
[LAMBDA (sklist ex) 

(if (I,.ITATOM ex) 
then (PROG (val) 

(val~(fASSOC ex sk1ist» 
(RElURN (if val 

then 'internal]) 

(0 R.Bates "14.Dec·79 14:43") 
(0 given a sko/em fn. return list of fn and names of all 
if depends on. sklist is sko/em dependencies.) 

. then (REMOVEDUPLICATES (CompleteDeps skl ist val» 
else <ex»» 

elseif (LISTP ex) 
then < ex: 1 ! (for d in ex: : 1 join (CompleteDeps sk lis t d» ) 

./se. (ex)]) 

(JntroduceQOP 
[LAtoIBDA (x) 

(,cr •• t. Qaxpression 
free .. (FreeV.rs x) 
given .. NIL 
find .. NIL 
expr .. x]) 

(MakeQexp resslons 
[LAMBDA .(qs env) 

(0 • ansure th.t eveiy element of qs is TRUE or a Oexpression) 

(for q in qs collect (if qaTRUE or (type? Qexpression q) 
. then q 

else (cre.te Qexpression 
expr ~ q using env]) 

(Qexpresslon 
[NLAMBDA (g% fd% f r% ex%) 

(0 R.Erickson "16-Aug-79 17:00") 

(0 R.Bates "28-Jul-80 10:48") 

(0 0 See Insi.nce for description of form.t for quantification. We rebind AssumedlDenied since. when we EVAL· 
qex:expr, there may be n.meconflicts which would cause improper simplification,) 

(PROG (fv qex subs Assumed Denied) 
(DECLARE (SPECVARS Assumed Denied» 
[fv"(for v% In fi'% :: 1 join (Frees (EVAL v% ] 
(qex .. (cr •• te Qexpression 

given. .. g% 
find" fd% 
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free" NIL 
expr .. ex% » 

(qex .. ( RenameSoundVsrisbles qex fv» 
(subs"(for v 'X. /17 fv when (Extension v% ) 

-"CurrentType 

Wednesday 30 Sep 81 15:156 

col/ect <v% '(ChoOseASymbol v% CurrentType (RemoteTypeOf v% » 
>)) 

(RETURN (Qreduction qex:given qex:find (SUBLIS subs fv) 
(SUBLIS subs (EVALqex:expr]) 

(Oreduction 
[LAMBDA (givenL ist findl ist freel ist expression) (. R.BBles "14·Dec·7914:43") 

(if (ATOM expression) 
then expression 

e~eif expression:Operator=QOP 
then (PROG (9 fd fr) 

(exp ress ion .. ( RenameSoundVariables exp ress i on 
< '( for x in g i v e n lis t collect x: 1 ) 
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'(for x in findList col/ect x:l) , freeList>)) 
(g"expression:given) 
(fd"expression:find) 
(fr"freeL ist) 
(for x in expression:free do {if (FASSOC x givenList) 

(RETURN (creste Qexpression 

then fd"(for y in fd collect (AddArg x y» 
n/seif (FASSOC x findL ist) 

then gO'{ for y in 9 collect (AddArg x y» 
alseif -(MEMBER x fr) 

then fr .. <x , fr>)) 

given .. « , givenList , g» 
find .. « , findList , fd» 
free .. fr 
expr" expression:expr») 

else (create Qexpression 

(RemovelfsO 

given .. givenList 
find" findList 
free" freeList 
expr .. expression]) 

[LAMBDA (x needNotImpForm) (oD.Thompson"9-Mar-8018:15") 
(if x:Operator-QOP 

then {if x:expr=TRUE 
then TRUE 

else (create Qexpression 
expr "(RemoveIfs x:expr needNotImpForm) using x» 

e~e (RemoveIfs x needNotImpForm]) 

(ZapSkolem Functions 
[LAMBDA NIL (0 R.Bales "29-Jan-BO 12:46") 

(0 ° Whenever the curren! expression changes. we are called. This is because Ihe arily of sko/em fns may vary 
bel ween propos/lions) 

(if SkolemFunctions 
then (for f in Sko 1 emFunct ions do (lPUTD f NI L» 

(/SET 'SkolemFunctions NIL]) 

76 
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(RPAQQ NoChangeFunctions (AddLEntry AddSpecifiedLHS InitialLHSGraph MoreGeneralExprs MoreGeneralThan 
NilLHS ReplaceVarsWith UnspecifiedLHSides» 

(DEFINEQ 

(AddLEntry 
[LAMBDA (axp status) (0 R.Erickson "21-Sep-8118:46") 

(0 exp an expression wilh NIL for vars. slalUs an 
:LSlalUs value. Smashes LGraph fr&ely. see 
UnspecifiedLHSides.) 

------- -- --- --
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(0 0 Ensure that exp has an entry in LGraph. If stetus is non-NIL. set :LStatus to it. Ensure that all parents have 
:LStatus. 'general. If entry is new. create siblings siblings with :LStatvs. NIL. Celler gvarantees that exp's args 
are mede of only constructor fns and NIL. We also know that no parents halle :LStatus. 'exact.) 

(PROG (old parentTuples s1bInsertions) 
(ff,old~(SASSOC exp LGraph) 

then 
(if status 

then (old:LStatus~status)) 
else 

(00 Add self) 

(push LGraph (create LGraphEntry 

(0 0 Parents. siblings) 

LExpr .. exp 
LStatus .. status))) 

(parentTupl es~( MoreGeneralExprs up») 

(0. 0 Ensure parents are there. with proper :LStatus.) 

(0 ensvre proper status) 

(0 reentrant triples. See MGE for format. 
Wewill smash.) 

(for tuple in parentTuples do (AddLEntry (COPYALL tuple:1) 
'general) ) 

(if old 
else 

(0 0 Generate and add siblings, which will be different for each parent.) 

(for tuple in parentTuples bind eonstrs oper do 
(0 :3 is the function removed from us to make parent. 
What other constructors might have baen used?) 

(oper .. tuple:3:aperator) 
(eonstrs~(Construetors 

(RangeType oper»)). 
«MEMB oper eonstrs) or (SHOULDNT» 

(0 caller lied) 
(eonstrs~(REMOVE oper eonstrs) 

(0 for siblings) 
(for e in constrs 

do 

(0 create a sibling by smashing our common site in parent. Which site is tuple:2: 1. Remember to set back when done. 
since this Is pos·sibly a shared copy.) 

(AddSpecifiedlHS 
[LAMBDA (lhs) 

(tuple:2:1 .. (NilLHS e» 
(AddLEntry (COPYALL tuple: 1) 

NIL) 
(0 : 1 reflecls the change. sibling is unrelated.) 

) . 

(tuple:2:1"NIL) 
(0 restore)] ) 

(0 R.Erlckson "21-5ep.fi119:38") 
(0 Ihs is an expression. We smash LGrep.~ freely.) 

(0 0 Ihs corrasponds to the left-hand side of a rule. If il is built on non-constructor functions. we ignore it. 
/( it is less general than an existing "exact" entry. we also do nothing. If there are already entries less general 
than It. we remove them. It is added. with :LStatus "exact", and any needed "general" parents and "NIL" siblings ere 
inserted. See UnspecifiedLHSides for format of graph.) 

(PROG (n11Exp entry) 
(nilExp"(ReplaceVarsWith lhs NIL» 

(0 0 already in LGraph?) 
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(if (NonConstructorsUsed IhS) 
then 

elseif entry"(SASSOC nilExp LGraph) 
then 

(ff entry:LStatus='gerera1 

(0 ship) 

(0 Chech status. If there 8re existing. less general 
entries. they must be pruned out; 
uncommon.) 

then (. prune) 
LGraph"(for 19 in LGraph unless (MoreGeneralThen nilExp '9:LExpr) 

col/ect 1 9 ) ) 
entry:LStatus"'exact 

else 

entry .. (AddLEntry nilExp 'exact» 
(RETURN entry]) 

(0 not in the graph. We need to add self. siblings. and 
parents. All will have the usual :LStatus'! 

(tnitialLHSG raph 
[LAMBDA (fn) (. R.EricKson "27·Sep·81 14:72") 

(. fn extended) 

(0 0 Return a graph with e single, most general entry. See UnspecifiedLHSides for format.) 

«create LGraphEntry 
LStatus .. NIL 
LExp r .. ( NilLHS fn)) 

>] ) 

(MoreGeneralExp rs 
[LAMBDA (expr) (. R.Erickson "22·Sep·81 14:54 ") 

(. an expression with NIL for vars) 

(0 0 Compute those expressions which are one step more general than expr. Returns a list of triples. 
:7 is unique. and has NIL in place of a single function call in expr:Arguments. :2 points to the tail in:1 
beginning with than NIL. :3 is the funcion and args which were removed: since we omit only one call al a time. its 
arguments will be NIL .• 
Thus. rriple:2:7~triple:3 implies triple: 7 equal expr. ~ Note that we may return nothing. and never change 
expr:Operator.) 

(for topTail on expr:Arguments bind arg prefix suffix genArg ref when arg .. topTail: 1 
join 

(. 0 loreach nontrivial argument arg. compute generalizations. First, the common stuff.) 

(prefix"(for tail on expr until tail=topTail collect tail:l» 
(0 all stuff before arg) 

(suffix .. topTail: :1) (0 all stuff after arg.! 

( •• Assert: (EQUAL expr <!prefix arg !suffix>)) 

(0 • If arg is not a simple fn call, recursion will do the work.! 

(if genArg .. (MoreGeneraIExprs arg) 
then 

(for tup in genArg col/ect « 
else 

ref" <NIL ! suffix> 

«< ! prefix ! ref> ref arg»]) 

(MoreGeneralThan 
[LAMBDA (expl exp2) 

(. generalized; translete its tuples) 
prefix tup:l ! suffix> tup:2 tup:3» 

(. do i1 here. only one generalization: <I NIL.> to 
NIL) 
(0 t8i1 for reentrant poir.ter) 
(. list of one tuple) 

(0 R.Erickson "77.Sep·81 19·28") 
(. bOTh expressions have NIL instead of vars. so we 
don't worry about variabie names.) 

( •• Can exp1 be obtained from exp2 b.y replacing one or mor~ fjJnction calls with NIL? Eg. either f,,:pl is NIL or 1,~ey 
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are similer function calls. differing in at lellst one IIrg bye generalilation.) 

(OR -expl (AND (LISTP exp1) 
(LENGTH exp1)~(LENGTH exp2) 
exp1:0perator c exp2:0perator -(EQUAL expl exp2) 
(for al in expl as a2 in exp2 a/weys (EQUALa1 a2) or (MoreGenera/Than aI82]) 

(NilLHS 
[LAMBDA (fn) (0 R.Elickson "22·Sep.lJl 22:32") 

(0 fn extended atom) 
"-

(0 0 Relurns (fn NIL NIL ... > 10 Ihe rlphl number Of args. Used In Ihe "nochanpe" package.) 

(PROG (lefts nils) 

(0 0 Depends on the facllhat there is exaclly' one LHS for interlaces. The interlace hils one more arg than Ihe 
flinClion, liS II Clllch for excess args.) 

(lefts.(LeftHandSides (ExtendName fn IEXT») 
(if -1 efts 
. then (Affi rmError <"no interface" fn> 'internal» 
(n115 .. (to (LENGTH lefts:l:Arguments)+ -1 collect NIL» 
(RETURN <fn ! nils>]) . 

(ReplaceVarsWith 
[LAMBDA (exp new) (0 R.Elickson "17.Sep-B119:54") 

(0 0 anyaloms In non.funclional positions in exp are replaced with new, even lop-level. Like UCI\SUBST. bad name. 
except III'gel is aI/liars.) . 

(If (USTP up) 
then <up:Operator ! (for arg in exp:Arguments col/ect (RepleceVersWi,h arg new» > 

else newl) 

(UnspeclfiedLHSides 
[LAMBDA (fn) (0 R.Elickson "2B-Sep-8119:11") 

(0 fn an extended atom.) 

(0 • Given I function name. returns a list of Iype-correct left-hand sides. These are the most.generallhsides which 
may not be unHled (in either. direction) with eny Ihsides of usel·supplied rules. In this computation we ignore any 
Ihside. whose arpuments contain con-constructor functions. Maybe we print a messaga for these.) 

( PROG (specified LGraph unspecs withVars) 
(specified"(LeftHandSides fn» 
(If ";specified 

then 
(SHOULDNT» 

(LGraph.( /nltlalLHSGraph fn» 
(for lhs in specified do (AddSpecifiedLHS 1hs» 

(0 LGrllph is used freely by the graphfns) 

(0 no rules 8t all. Cal/er·lied.) 

(unspecs"Uor entry in LGraph unless entry:LStatus col/ect entry:LExpr» 
(withVars"Uor exp in unspecs col/ec' (GeneralLHS exp») 
(RETURN withVars) 

( R PAQQ PR/MEDELIM If) 

(RPAQ PRIMELIMIT 2) 

(RPAQQ NEWSYMBOLCHAR $) 

(RPAQ ShortenLessPrimesLis' (LIST 92 39 (CHCONl PRIMEDELIM») 

( R PAQ LeftUnification NIL) 

(RPAQQ Accept (Accept" another equation from the terminal instead"» 

(RPAQ AddRu/eOptionList NIL) 
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(RPAQQ Ins teed (Instead M accept another equation from ~he terminal"» 

~ ., (RPAQQ KeepAs/s (Keep" it as it is (this may result in a stack overflow! )"» 
(~~~L./ 

(RPAQQ Reverse (Reverse Mit"» 

(RPAQQ ReverseAndYes « Reve rse " it") 
(Yes ". reverse it" RETURN 'Reverse») 

(RPAQQ Suppress (Supp ress " it (put it on the 1 i st %"BadEquat ions%")"» 

(RPAQQ Tre.tAsEQulltion (Treat n it as Equation z .. TRUE"» 

(RPAQQ Yes (Yes NIL» 
(DECLARE: DONTEVAL8LOAD DOEVAL8COMPILE DONTCOPY COMPILERVARS 

(ADDTOVAR NLAMA ) 

(ADDTOVAR NLAML Qexpression) 

(AODTOVAR LAMA) 
) 
(DECLARE: DONTCOPY 

(FILEMAP (NIL (1774 4070 (EqualityFromIf 1786 . 3181) (EqvWithQex 3185 . 3336) (GetEqualOp 3340 . 3531 
) (ReverseEquality 3535 . 3695) (affirmed? 3699 . 4067» {4450 11662 (AddHypothesis 4462 . 4801) ( 
ApplyAllEqHyps 4805 . 6345) (ApplyEqHyp 6349 . 7043) (ChecklntroducedExpr 7047 . 8235) (CompleteSubs 
8239 . 8700) (ConstOrder 8704 .9050) (EqvFromlf 9054 . 9569) (GetConjunct 9573 . 9979) ( 
ListOfConjuncts 9983 . 10169) (NonvarSubexpressions 10173 . 10478) (Operators 10482 . 10738) (PutForm 
10742 . 11163) (SecondaryOperators 11167 . 11420) (operatorsl 11424 . 11659» (11879 14399 ( 
LeftUnifiableWithSomeSubexpression 11891 . 12153) (LeftUnifier 12157 . 12448) (OccursUsingBindings 
12452 . 12895) (Unifier 12899 . 13186) (Unify1 13190 . 14122) (UnifyWithSubExpressions 14126 . 14396» 

(14565 17361 (Chainings 14577 . 14730) (Chainingsl 14734 . 15142) (ChooseChainingsAndNarrowings 15146 
. 16192) (TryChainingsAndNarrowings 16196 . 17358» (17559 24052 (CircularSubs 17571 . 18183) ( 

CircularSubsl 18187 . 19257) (Instance 19271 . 22122) (Instance? 22126 . 22249) (InstanceQ 22253 . 
22376) (InvalidDependencies 22380 . 23319) (SkolemizeProperly 23323 . 24049» (24304 45000 ( 
Acc~ptNewRules 24316 . 25204) (AddAutoRules 25208 . 26348) (AddRule 26352 . 31324) (Completer 31328 
35060) (CriticalPai~s 35064 . 36090) (ReadRules 36094 . 36954) (ReportContradictionAndA~ort 36958 . 
37190) (Rule 37194 . 38¢23) (addRuleCannot 38427 . 39200) (addRuleDirection 39204 . 44094) (rulequan 
44098 . (4997» {45361 57452 (AnywhereBound 45373 . 45777) (ChooseASymbol 45781 . 46792) ( 
DeclareVar1ables 46796 .47526) (FreeVars 47530 . 47781) (FreeVarsl 47785 . 48189) (Frees 48193 . 
48454) (Freesl 48458 . 49519) (NPrimes 49523 . 49878) (New$Symbol 49882 . 50563) (NewSymbolFrom 50567 
. 51275) (NotThisSymbol 51279 . 51764) (Numerify 51768 . 52666) (Primes 52610 ~ 5~800) (PrimesToMatch 
62804 . 53215) (RenameBoundVariables 53219 . 54413) (RenameVariables 54417 . 55089) (SetupName 55093 . 

55875) (TreatFreeAsGiven 55879 . 56455) (Variables 56459 . 56637) (Variablesl 56641. 57105) (finds 
57109 .' 57449» {57680 62128 (AddArg 57692 . 57769) (CheckForQexpression 57773 . 58046) ,(CompleteDeps 
58050 . 58696) (IntroduceQOP 58700 . 58842) (MakeQexpressions 58846 . 59226) (Qexpression 59230 . 
60198) (Qreduct10n 60202 . 61365) (RemovelfsQ 61369 . 61709) (ZapSkolemFunctions 61713 . 62125» ( 
62292 72294 (AddLEntry 62304 . 65082) (AddSpecifiedLHS 65086 . 66737) (InitialLHSGraph 66741 . 67143) 
(MoreGeneralExprs 67147 . 69127) (MoreGeneralThan 69131 . 69873)' (NilLHS 69877 . 70639) ( 
ReplaceVarsWith 70643 . 71086) ,(UnspecifiedLHSides 71090 . 72291»») 

'STOP 
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