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Lz/71 TRACK 22 [ 21.19 14 SEPT 19731]
CREATED 20.05 14 9 1973

{9 22 361->DTRS;
VARS SLASH9 SLASH22;
LL/PROPSICPPRIC/GENIC/GENSYMIL/INPUTIL/TYPEIL/IDENTIL/EVALI] -> SLASH9;

[C/REWRITEIL/REDUCEIL/FERTILIZEIL/GENRLIZEIL/INDLIC/IND2IL/PROVE]]
-> SLASH22;

DTRACK(9);
APPLIST(SLASH9,DCOMP);

DTRACK(22);
APPLIST(SLASHZ2,DCOMP);

DTRACK(36);
DCOMP(L/DEFS1);

APPL.IST (ALLFNS,NORMDEF);
DTRACK(22);



[/ REWRITE] TRACK 22 [ 21.19 14
CREATED 12.19 1 8 1973

COMMENT “THIS IS THE NORMALIZE FUNCTION. IN-LINE COMMENTS EXPLAIN
THE REWRITE RULES APPLIED.‘;

VARS REWRITEFN;

IDENTEN => REWRITEFN;

FUNCTION REWRITE TERM;
VARS TERM1 TERM2 TERM3;

COMMENT “IF TERM IS AN EQUALITY';

IF HD(TERM)="EQUAL" THEN
HD(TL(TERM) ) ->TERML;
HDCTLCTL(TERM) ) ) =->TERM2;

COMMENT “ (EQUAL KNOWNL1 KNOWNZ2) => T OR NILY;
IDENT(TERM1, TERM2) =-> TERM3;

IF TERM3 = NIL THEN NIL; £XIT;

LF TERM3 THEN “"T“;EXIT;

COMMENT * (EQUAL BOOL T) => B0OL‘;
IF TERM1==1 AND BOOLEAN(TERM2)THEN TERM2 &XIT;
IF TERM2==1 AND BOOLEAN(TERM1) THEN TERM1 EXIT;

COMMENT ‘ (EQUAL (EQUAL A B) C) =>
(COND (EQUAL A B) (EQUAL C T) (COND C NIL T))*;
LF SHD(TERM1) = "EQUAL" OR SHD(TERM2) = "EQUAL" AND (SWAP;1)
THEN
L% "CUND", TERM1,
REWRITE([% "EQUAL", TERM2, "T" %1).,
REWRITE(C% "COND", TERM2, NIL, "T® %3) %1 -> TERM;

GOTO COND;

CLOSE;
COMMENT “ (EQUAL X NIL) => (COND X NIL T)*';
IF TERM1 == NIL OR TERMZ == NIL AND (SWAP;1)
THEN

% "COND", TERM2, NIL, "T" %1 -> TER’M;
GUTO COND;
CLOSE;

COMMENT ‘GO SEE IF ONE ARG IS A COND‘;
GOTO CONDARG;

COMMENT *TERM IS A COND‘;

ELSEIF HDC(TERM) ="COND" THEN

COND:
TLCTERM)->TERM3;
HD(TERM3)~>TERM1;

SEPT 19731



TLCTERM3) ->TERM3;
HD(TERM3)->TERM2;
HDCTL(TERM3))->TERM3;

COMMENT “ (COND KNOWN X Y) => X OR Y*;
IF TERML == NIL THEN TERM3; EXIT;
IF ISCONS(TERM1) THEN TERM2; EXIT;

COMMENT “(COND X Y Y) => Y3
IF TERM2 == TERM3 THEN TERM2; EXIT;

COMMENT “(COND X X NIL) => X'3
IF TERM1 == TERM2 AND TERM3 == NIL THEN T&RM1; EXIT;

COMMENT /(COND BOOL T NIL) => BOOL';
IF BOOLEAN(TERM1) AND TERM2 == "T" AND TERM3 == NIL
THEN TERM1; EXIT;

COMMENT “(COND X T (COND Y NIL T)) => (COND Y (COND X T NIL) T)*;
[F TERM2=="T" AND SHD(TERM3)="COND" AND
HD(TL(TL(TERM3))) == NIL AND HDC(TL(TL(TL(TERM3)))) == nT"
THEN
IF BOOLEAN(TERML)
THEN TERM1;
ELSE [% "COND", TERM1, "T“, NIL %1 CLOSE;
-> TERM2;
HD(TL(TERM3)) -> TERM1:
“T" => TERM3;
L% "COND", TERM1, TERM2, TERM3 %3 -> TERM;
CLOSE;

COMMENT “ (COND (COND A T2 T3) B C) => (COND A (COND T2 B C)
(COND T3 B C)) WHERE T2 OR T3 ISNIL';

IF SHD(TERM1) = "COND" AND
HD(TL(TL(TERM1))) == NIL OR HD(TL(TL(TL(TERM1)))) == NIL
THEN
GOTO CONDCOND;
CLOSE;

COMMENT “ (COND (COND A B C) D E)=> (COND A (COND B C E) (COND C D E))
AHERE D AND E ARE NOT NIL OR D AND E ARE T AND NIL‘;

IF SHD(TERM1) = "COND"

THEN

IF TERM2 ==z NIL AND NOT(TERM3 == "T") THEN GOTO SKIP;

ELSEIF TERM3 == NIL AND NOT(TERM2 =="T") THEN GOTO SKIP; CLOSE;
CONDCOND :

[F ISSTAR(SHD(TERMZ2)) OR ISSTAR(SHD(TERM3)) THEN GOTO SKIP; CLOSE;
REWRITE(L%Z"COND", HD(TL(TL(TERM1))), TERM2,TERM3 %1);
REWRITE([%"COND", HD(TL(TL(TL(TERM1)))),TERM2,TERM3%]1);
~->TERM3->TERM2;
LA "COND",HD(TL(TERM1)),TERM2,TERM3%I->TERM;
30TU COND;
SKIP:

CLOSE;

COMMENT “TERM IS A NON-COND, NON-EQ FUNCTION CALL‘;
ELSE



COMMENT “(FOO X (COND A R C) Y) =>
(COND A (FOO X B Y) (FOO X C Y))*;

CUNDARG:
TLCTERM) -> TERM1;
LUOPIF TERM1 /= NIL AND SHD(HD(TERM1)) /= "“COND"

THEN

TLCTERM1) =-> TERM1i;
CLOSE;

IF TERM1 /= NIL

THEN

HD(TERM1) -> TERM1;
L% "COND", HD(TL(TERM1L)), REWRITE(SUBST(HD(TL(TL(TERM1))),TERM1,
TERM)), REWRITE(SUBST(AD(TL(TL(TL(TERM1)))),TERM1,TERM)) %]
-> TERM; .
GOTD COND:
CLOSE;
CLUSE;
REWRITEFN();
[ERM
END

FUNCTION NORMALIZE TERM;

IF ATOM(TERM)THEN TERM EXIT;
REWRITE(HD(TERM) : :MAPLIST(TL(TERM),NORMALIZE));
END



L/ PROVE] TRACK 22 [ 21.2 14 SEPT
CREATEDA .53 27 7 1973

COMMENT “THIS FILE CONTAINS THE TOP-_EVEL THEOREM PROVER, "PROVE",
"PROVEL1® DOES ALL THFE WORK. MOST OF THE FUNCTIONS
BETWEEN HERE AND THERE ARE CONCERNED ONLY WITH QUTPUT, *;

VARS THM THMTIME STUCKTHM AVOIDSTARS VERBOJSE LASTPPRTHM REPORTFN;
1 -> AVOIDSTARS;

0 -> VERBOSE;

NIL ~=> SPECPROF;

COMMENT “THIS RECOGNIZES WHEN THE THEOREM HAS BEEN BEATEN TO DEATH, *;
FUNCTIUN FINISHED TERM;
VARS FUNSYM;
IF ATOM(TERM)
THEN 13
ELSELF (HD(TERM)=>FUNSYM; FUNSYM = "EQUAL"™)
OR FUNSYM = "CAR" OR FUNSYM = "CDR"™ OR FJNSYM = "CONS"
THEN
LUOPIF (TL(TERM)->TERM; TERM /= NIL)
THEN
IF FINISHED(HD(TERM)) THEN; ELSE 0; EXIT;
CILOSE;
1
ELSE 0; CLOSE;
END;

FUNCTION GENSKOLIST LIST;
MAPLIST(LIST,_AMBDA CONST;CONSPAIR(CONST,GENSKO(CONST,0));END);
END:

IDENTFN => REPORTFN; .

FUNCTION REPORT CODE CMT BRKCMT:;

VARS X3;

IF CODE = NIL THEN GOTO VERB; CLOSE;

IF CHAROUT /= CUCHAROUT 0OR NOT(VERBOSE)

THEN

CUCHARQOUT; CHAROUT -> CUCHAROUT; PR(CODE); -> CUCHAROUT;
CLOSE;

CODE :: PROFILE ~-> PROFILE;

REPORTFN();

VERRB:

THM -> LASTREPTHM;

IF ISFUNC(CMT) THEN CMT(); GOTO CHKSPEC;CLOSE;

[F VERB0OSE = 1 OR VERBOSE = 0.5 AND CODE rs= "E" AND CODE /= "N"
AND CODE /: uRu-

THEN
POPTTONC) sNL(4);PRSTRINGICMT) ;NL(2);
[F SUBSCRC(DATALENGTH(CMT),CMT)=10 THEN
THM=>LASTPPRTHM; PPR(THM); NL(2); CLOSE;
CLOSE;
CHKSPEC:

1973]



IF CODE = NIL THEN EXIT;
IF 5PECPROF /= NIL
THEN
IF EQUAL(CODE,HD(SPECPROF))
THEN
TL(SPECPROF) =-> SPECPROF;
IF HD(SPECPROF) = uswn
THEN
HD(TL (SPECPROF)) => X;
TL(TL(SPECPROF)) ~-> SPECPROF;
CUCHAROUT; CHAROQUT ~-> CUCHAROUT;
POPTTONC(); NL(4); PRSTRING(’INTERRUPT: *);PR(BRKCMT);NL(1);->CUCHAROUT;
I[F ISLINK(X)
THEN POPVAL(X<>L; GOONI1);
ELSE APPLY(VALOF(X)); CLOSE;
CUCHAROUT ;CHAROUT=->CUCHAROUT INL(1);PRSTRING(“RESUMED);NL(4)3->CUCHAROUT;
CLOSE;
EI.SE
CHAROUT=->CUCHARQUT;POPTTON(); NL(1); PRSTRING(‘PROFILES DIVERGE');NL(1);SETPOP
)
Ci.OSE;
CLOSE;
END;

FUNCTION REPORTIF TESTTHM;

1F EQUAL(THM,TESTTHM) THEN ERASE();ERASE();ERASE(); EXIT:
REPORT ()

END;

FUNCTIUN SETUP;
NIL -> PROFILE;
NIL -> FERTLIST;
NIL => GENRLLIST;
NIL => BOMBLIST;
NIL => PROVEFNS;
NIL => GENALIST;
NIL => INDVARLIST;
UNDEF =-> ENDTHM;
POPTIME -> THMTIME;
LF NOTCATOM(HD(THM)))
THEN

NL(2)5
PR(HD(THM) ) ;
TL(THM) -> THM;
CLOSE;
THM => LASTREPTHM;
THM => LASTPPRTHM;
IF VERBOSE

THEN SP(5); PR(POPDATE()); CLOSE;
NLCL)

END;

FUNCTION FINREPORT;
POPTTONC(C);



IF VERBOSE = 1.
THEN
IF PROVEFNS /= NIL
THEN
NL(5);PRSTRING(“FUNCTION DEFINITIONS: “);NL(2);
APPLIST(REV(PROVEFNS),
LAMBDA FN;
[F ISSTAR(FN) THEN EXIT;
PPR(L% FN, PROP(“DEFN",FN) %1);
IF PROP("PROGGEND",FN) = 1
THEN NL(1);PRSTRING(’ (PROGRAM GENERATZD)‘);CLOSE;
NL(2); '
END);
CLOSE;
IF FERTLIST /= NIL
THEN
NL(3);PRSTRING('FERTILIZERS: *);sNL(2);
APPLIST(REV(FERTLIST),
LAMBDA X;
PR(X)3PRSTRING(’ = “):;PPRIND(PROP("AUXDEFN",X)»5,0)sNL(2):
END);
CLOSE;
IF GENRLLIST /= NIL
THEN
NL(3); PRSTRING(’GENERALIZATIONS: *);NL(2);
APPLIST(REV(GENRLLIST),
LAMI3DA X
PR(BACK(X)): PRSTRING(® = Y)s5 PR(FRONT(X))3NL(2):;
END)
CLOSE;
Ci.OSE;
IF VERBOSE
THEN
NL(3);
PRSTRING(PROFILE: ‘)3 PR(REV(PROFILE));NL(2);
CLOSE;
END;

FUNCTION WRAPUP;

IHM => ENDTHM;

(POPTIME = THMTIME) / 16 -> THMTIME;

IF NOT(VERBOSE) OR CHAROUT /= CUCHAROUT

THEN

CUCHARQUT; CHAROUT -> CUCHAROUT;

NL(1); PPR(THM); NL(1); PR(THMTIME); NL(1);
-> CUCHAROUT;

CLOSE;

IF VERBOSE

THEN

NL(4);

PRSTRING(’/TIME: ‘);PR(THMTIME);PRSTRING(’ SECS.‘'):
NL(5);

CLOSE;

END;

COMMENT *THIS FUNCTION APPLIES FERTILIZATION AND IF THAT FAILS
TRIES GENERALIZING AND INDUCTING. IT IS CAREFUL TO WORK ONLY



ON THE FIRST CONJUNCT IF THE THEOREM IS A CONJUNCT. FOR THIS
IT GETS THE NAME "ARTIFICIAL INTELLIGENCE", BEING ABOUT THE
SMARTEST PROGRAM IN THE THEOREM PROVER.‘;
FUNCTIUN ARTIFINTEL THM;
IF FERTILIZE(THM)
THEN
1s
EXIT;
0 =-> CONJFLAG:
[F 4D(THM) = "COND"
THEN
IF HD(TL(TL(THM))) == NIL
THEN
L% “COND", [% "NOT", HD(TL(THM)) %13, HD(TL(TL(TL(THM)))), NIL %3 -> THM;
1 -> CONJFLAG;
ELSEIF HD(TL(TL(TL(THM)))) == NIL
THEN
1 -> CONJFLAG;
CILOSE;
CLQSE;
LF CONJFLAG
THEN
HO(TL(THM) ) ; (REPORT ("&", " (WORK ON FIRST CONJUNCT ONLY)‘',"ARTIFINTEL"));
ELSE
THM;
CLOSE;
=> INDTERM;
GENRLIZECINDTERM) -> INDTERM;
IF INDUCT(INDTERM)
THEN
-> INDTERM;
ELSE INDTERM; 0; ExIT;
I[F CONJFLAG
THEN _
[% "CUND", INDTERM,
APPSUBST (GENSKOLISTT (INDVARS) ,HD(TL(TL(THM))) ),
NIL %7;
ELSE
INDTERM;
CLOSE:;
1;
END;

COMMENT “THIS 1S THE THEOREM PROVER. ASTOUNDING IN ITS SIMPLICITY.
THE OUTPUT FUNCTIONS HAVE BEEN MOVED TO THE SIDE TO REVEAL THE
ESSENCE OF THE SYSTEM: BEAT THE THEOREM TO DEATH WITH

EVALUATION, NORMALIZE AND REDUCE. IF THAT FAILS, TRY A LITTLE

AT AND THEN MORE VIOLENCE.‘;

FUNCTION PRQVEL THM;

SETUP(); (REPORT(NIL, ' THEOREM TO BE PROVED:,"PROVE1"));

LOOP: (REPORT("/", IDENTFN,"PROVEL"))

THM => OLDTHM;

EVALUATE (THM) => THM; (REPORTIF("E", "EVALUATION YIELDS:',"PROVE1L",LASTREPTHM)

)
NORMALIZE(THM) -> THM; (REPORTIF("N", 'WHICH NORMALIZES TO:',"PROVE1",LASTREPTH
M));



REDUCE(THM) -> THM; (REPORTIF("R","AND REDUCES TO:',"PROVE1",LASTREPTHM));
[F FINISHED (THM)
THEN (REPORTIF(NIL,’ WHICH IS EQUIVALENT TO:",
"PROVEL1",LASTPPRTHM));
(REPORT(".",FINREPORT,"PROVEL"))

WRAPUP ()
CEXIT;
[F EQUAL(THM,OLDTHM)
THEN
(REPORTIF(NIL, ' WHICH IS EQUIVALENT TO:",
"PROVE1",LASTPPRTHM));
IF ARTIFINTEL(THM)
THEN
~> THM; (REPORT(",", " THE THEOREM TO BE PROVYED IS NOW::*,
"PROVEL1"));
EILSE
=-> THM;
THM => STUCKTHM; (REPORT ("q", " STUCK*,"PROVEL1"));
FINREPORT () ; WRAPUP();
EXIT;
CLOSE?
GOTO LOOQP;
END;

COMMENT “THE TOP-LEVEL. MAINLY CONCERNED WITH 1/0, LIKE
RECOGNIZING WHEN THE USER WANTS ALL THE THEOREMS IN THE STANDARD
FILE PROVED, OR WHEN HE HAS GIVEN YOU A THEOREM NAME RATHER THAN
A THEOREM, ‘;

FUNCTIUN PROVE THM;

VARS TOTTIME;

IF HD(THM) = "ALL"

THEN

3 -> TOTTIME;

APPLIST(GETTHM(THM),
LAMBDA THM;
IF AVOIDSTAR AND MEMBER("=",HD(THM)) THEN EXIT;
PROVEL(THM) ;TOTTIME+THMTIME~>TOTTIME; END) ;
POPTTONC);

NL(10);

PRSTRING(’TOTAL TIME: ‘);PR(TOTTIME);PRSTRING(’ SECS.');
NL (53
ELSEIF HD(THM) = "T»

THEN

PROVEL(THM: :GETTHM(THM) )
ELSE PROVE1(THM); CLOSE;
END;

FUNCTION LPPROVE LIST;
VARS LPLNFEEDS DDF2 PPRMAXLNS MARG2 THMNAME;



180 -> PPRMAXLNS;
79 -> MARG?2;
POPMESS(LLP80 THEOREMS PROVED1) =-> DDF2;
IF HD(LIST) = "ALL"™ THEN GETTHM(LIST) =-> LIST; CLOSE;
APPLIST(LIST,
LAMBDA X3
CHARQUT => CUCHAROUT;
0 -> LPLNFEEDS;
NIL(2) 3
IF NOT(ATOM(HD(X))) THEN HD(X);ELSE NIL; CLOSE;
-> THMNAME;
IF AVOIDSTAR AND MEMBER("#", THMNAME) THEN EXIT;
PR(THMNAME) ;
NL (1)
LAMBDA X3
DDF2(X);
IF X = 17
THEN
LPLNFEEDS+1->LPLNFEEDS;
IF LPLNFEEDS = 60
THEN
2 -> LPLNFEEDS;
SP(60);IF THMNAME/=NIL THEN PR(THMNAME);CLOSEsDDF2(17);:;DDF2(17);
CLOSE;
CLLOSE;
END -> CUCHAROUT;
DDF2(64);
IF VERBOSE = 0 THEN 0.5 -> VERBOSE; CLOSE;
PROVE(X);
END3 )Y
CHAROUT =-> CUCHAROUT;
DDF2(TERMIN)
END;



[/ IND11 TRACK 22
CREATED  11.06 25 7 1973

VARS RIDCARCDR FAILURES BOMBBAY ARGLIST SCORE

RECORDFNS ("CANDREC",[0 0 0 01)
-> FAILURES

-> BOMBBAY

=> ARGLIST

-> SCORE

-> DESTCAND

-> CUNSCAND;

FONCTION CARCDRSKO TERM;
LOOPIF ISLINK(TERM)
THEN
IF HD(TERM) /= "CAR" AND HD(TERM) /= "CDR"
THEN 0; EXIT;
HD(TL(TERM)) -> TERM;
CLOSE;
IF TERM = NIL OR TERM = 0 THEN 0; ExIT;
TERM;
1;
END;

FUNCTION COLLARGS BOMBLIST;
VARS ARGS BOMBS POCKET CONST;
NIL -> ARGS;
NIL -> BOMBS;
LOOPIF BOMBI.IST /= NIL
THEN
HD(BOMBLIST) -> POCKET;
TL(BOMBLIST) -> BOMBLIST;
PUCKET <> BOMBS -> BOMRS;
LOOPIF POCKET /= NIL
THEN
IF" CARCDRSKO(HD(POCKETY)
THEN
-> CONST;
[F NOT(MEMBER(CONST,ARGS))
THEN CONST::ARGS->ARGS; CLOSE;
. ELSE 0; EXIT;
TL(POCKET) -> POCKET:
CLOSE;
CLOSE;
BOMBS;
ARGS;
1;
END;

FUNCTION GETCANDS ANALYSIS;
VARS ARGS BOMBS CANDLIST;
NIL => CANDLIST; :
APPLIST (ANALYSIS,
[LAMBDA FAULTDESC;
I[F COLLARGS(HD(TL(TL(FAULTDESC)))M)

[ 21.2 14 SEPT 19731

DESTCAND CONSCAND;



THEN
-> ARGS -> ROMBS;
CONSCAND(1,ARGS,BOMBS,HD(TL(TL(TL(FAULTDESC)))))

:t CANDLIST -> CANDLIST;
CLUSE; '
END);
CANDLIST;
END;

FUNCTION MERGECANDS CANDLIST;
VARS CAND1;
CANDLIST;
LOOPIF TL(CANDLIST) /= NIL
THEN
HD(CANDLIST) -> CAND1:;
TL(CANDLIST) -> CANDLIST;
XAPPLIST(CANDLIST,
LAMBDA CAND2;
IF INTSECTP(ARGLIST(CAND1),ARGLIST(CAND2),NONOP =)
THEN
1L => XAPPFLAG:
J -> SCORE(CAND1)y;
UNTON(ARGLIST(CANDL),ARGLIST(CAND2),NONOP =)->ARGLIST(CAND2);
UNTON(BOMBBAY(CAND1),BOMBRAY(CAND2),EQUAL)Y => BOMBBAY(CAND2);
UNION(FAIILURES(CAND1) ,FAILURES(CAND2),EQUAL) -> FAILURES(CAND2);
SCORE(CAND2)+1->SCORE(CAND2);
CLOSE;
END);
CLOUSE;
END;

FUNCTION CHOOSEHIGH CANDLIST;
VARS HIGH ANS;
-10000 -> HIGH;
LOOPIF CANDLIST /= NIL
THEN
IF SCORE(HD(CANDLIST)) > HIgH AND SCORE(HD(CANDLIST))
THEN
SCORE(HD(CANDLIST))Y =-> HIGH;
HD(CANDLIST) :: NIL =-> ANS;
ELSEIF SCORE(HD(CANDLIST)) = HIGH
THEN
HD(CANDLIST) :35 ANS => ANS;
Cl.0SE;
TL(CANDLIST) -> CANDLIST:
CLOSE;
ANS;
END; ,
[CCONS RANDI1 RANDN21 [CONS RAND3 RAND41 CCONS RAND5 RAND61
{CONS RAND7 RAND8] [CONS RAND9 RAND10] [CONS RAND11 RAND121]
-> RANDCONS;

FUNCTION RATECANDS CANDLIST INDTERM;
VARS X3
APPLIST(CANDLIST,
LAMBDA CAND;
RANDCONS -> X;
ERASE(EVALUATE (APPSUBST(MAPLIST(ARGLIST(CAND),



ILAMBDA TERM;
CONSPAIR(TERM,HD(X),TL(X)=>X);
END), INDTERM)));

STEPCNT => SCORE(CAND);

END);

CANDLIST:;

END;

FUNCTION CHOOSENEW CANDLIST;
APPLIST(CANDLIST,
LAMBDA CAND;
1->SCORE(CAND);
APPLIST(ARGLIST(CAND),

LAMBDA TERM;

IF NOT(MEMBER(TERM, INDVARLIST))
THEN 1 + SCORE(CAND) =-> SCORE(CAND);
CLOSE;

EnND)

END);
CHOOSEHIGH(CANDLIST);
END;

CONSPAIR("CAR","CARARG") :: (CONSPAIR("CDR","CDRARG") ::NIL)
-> RIDCARCDR;

FUNCTION PICKINDVARS INDTERM:
VARS CANDLIST;
ERASE (EVALUATE (APPSURST(RIDCARCDR, INDTERM) ) )
GETCANDS (ANALYSIS) ~-> CANDLIST;
IF CANDLIST = NIL THEN 0; EXIT;
MERGECANDS (CANDLIST) -> CANDLIST;
CHOOSEHIGH(CANDLIST) -> CANDLIST;
[F TL(CANDLIST) /= NIL

THEN

RATECANDS(CANDLIST,INDTERM) => CANDLIST;
CHOOSEHIGH(CANDLIST) =-> CANDLIST;

IF TL(CANDLIST) /= NIL

THEN

CHOOSENEW (CANDLISTY =-> CANDLIST;

CLOSE;

CLOSE;
HD(CANDLIST);
1;
END;



L/ IND2] TRACK 22 [ 21.21 14 SEPT 19731

CREATED 24.15 31 5 1973

VARS CARCONSTS CANDREC JUSTCARSUBST CARSU3ST CARCDRINFO;

FUNCTION GENCARCONST L
MAPLIST(L,LAMBDA CONST;CONSPAIR(CONST,

IFf ISNUMSKO(CONST) THEN NIL; ELSE GENSKO(CONST,0)CLOSE;);END);
END;

FUNCTION SETUPSUBST;
VARS X Y;
NTL => CARCDRINFO;
NTL -> CARSUBST;
NIL => JUSTCARSUBST;
APPLIST(30MRBAY (CANDREC),
LAMBDA TERM;
HD(TERM) -> X;
HD(TL(TERM)) =-> TERM;
IF ASSOC(TERM,CARCDRINFO)
THEN
-> Y
IF X /= BACK(Y) ,
THEN "BOTH" -> BACK(Y); CLOSE;

El.SE
CONSPAIR(TERM,X) :: CARCDRINFO =-> CARCDRINFO;
CLOSE;
END);
APPLIST(CARCDRINFO,
LAMBDA X
IF BACK(X) /= “CDR"
THEN
CONSPAIR(FRONT(X),BACK(ERASE(ASSOC(FRONT(X).CARCONSTS)))) => Y;
IF BACK(X) = "CAR"
THEN Y :: JUSTCARSUBST =-> JUSTCARSUBST; CLOSE;
Y :: CARSUBST =-> CARSUBST;
ClLOSE;
END);
END;

FUNCTION CONJOIN L;

IF TL(L) = NIL

THEN HD(L);

ELSE % "AND", HD(L), CONJOIN(TL(L)) %3; CLOSE;
END;

FUNCTIUN NILCASE;
CONJOIN(MAPLIST(INDVARS,LAMBDA X;SUBST(NIL,x, INDTERM);END));
END;

FUNCTION INDHYP;
IF CARSUBST /= NIL



THEN
[F LENGTH(CARSUBST) = LENGTH(JUSTCARSUBST)
THEN APPSUBST(CARSUBST, INDTERM);
ELSE [% “"AND", APPSUBST(CARSUBST,INDTER4),
APPSUBST(JUSTCARSUBST, INDTERM) %1; CLOSE;
ELSE INDTERM; CLOSE;
END;

FUNCTION INDCONCL;

APPSURBST(MAPLIST(INDVARS,

LAMBNDA VAR;

CONSPAIR(VAR,[% “"CONS", BACK(ERASE(ASSOC(VAR,CARCONSTS))), VAR %1);
END), INDTERM);

END;

FUNCTION SIMPLEIND;
"VARS X;
BOM3BAY (CANDREC) -> X
LOOPIF X ,s= NIL
THEN
IF ISLINK(HD(TL(HD(X)))) THEN 0; EXIT;
TLIX) => X;
CLAOSE;
FATI.URES(CANDREC) =-> X3
LOOPIF X /= NIL
THEN ,
IF ISLINK(HMDC(TL(HD(X))))
THEN
I[f CARCDRSKO(HD(TL(HD(X)))) AND MEMBER((), INDyARS)
THEN Q; EXIT; :
CLOSE;
TL(X) => X
CLOSE;
1;
END;

FUNCTION SPECIAL1;
VARS X; ’

IF TLCINDVARS) = NIL

THEN

IF GENMEM([% "CDR", CONST %1,BOMBLIST,

LAMBDA; NOT (EQUAL ()) ;END)
THEN 0; EXIT;
FAILURES (CANDREC) =-> X:
LOOPIF X ,= NIL

THEN
IF ISLINK(HDC(TL(HD(X)>))) AND CARCDRSKO(HD(TL(HD(X)))) AND
() = CONST AND HD(HD(TL(HD(X)))) = "CAR" OR

ISLINK(HD(TL(HD(TL(HD(X))))))
THEN 0; EXIT;
TLIX) => X3
CLOSE;
13
ELSE 0; CLOSE;
END;

FUNCTIUN SPECIALZ;
LF TLCINDVARS) = NIL
THEN



I MEMBERID(T%"CDR",[%"CDR",CONST%1%1,BOMBLIST)
OR MEMAERID([%"CAR“,[%"CDR",CONST%1%1,BIMBLIST)
THEN 1; ELSE 0; CLOSE;

ELSE U; CLNSE;

END;

FUNCTION SPECPHYP;
CONJOINC([%
IF MEMBERID(I%"CAR",CONST%1,B0MBLIST)
THEN SUBST(CARCON1,CONSIT,INDTERMYy; CLOSZ,
IF MEMBERIN(L%"CAR",[%"CDR",CONST%]) %1,BIMBLIST)
THEN SUBST(CARCONZ,CONST,INDTERM);CLOSE,
If MEMBERID(L%"CDR",[%"CDR",CONST%1%1,BOMBLIST)
THEN INDTERM; CLOSE %1);
END:

FUNCTIUN SPECIALMODE;
VARS CARCON1 CARCON2 CONST 30MBLIST;
HD(CINDVARS) -> CONST;
BOMBBAY (CANDREC) -> RBOMBLIST;
BACK(ERASE(ASSOC(CONST,CARCONSTS))) -> CARCON1;
BACK (HD(GENCARCONST (% CONST %31))) -> CARCON2;

IF SPECIAL1()

THEN

(REPORT("S1",  (SPECIAL CASE REQUIRED) ‘»"SPECIALMODE"));

{% "AND", NILCASE(),

[% "AND", SUBST([%"CONS",CARCON1,NIL#%],CONST,INDTERM),
[% "IMPLIES", SUBST([#%"CONS",CARCON2, CONST %1,
CONST» INDTERM),
SUBST([%"CONS",CARCION1,[%"“CINS",CARCON2,CONSTZ]
CONST, INDTERM) %1 %] %1;

ELSEIF SPECIALZ2()

THEN

(REPORT("S2", ' (SPECIAL CASE REQUIRED)‘,"SPECIALMODE"));

C% "AND", NILCASE(),
% "AND", SUBST([% "CONS",CARCON1,NIL%]),CONST,INDTERM),

(% "IMPLIES", SPEC2HYP(),
SURST(L%"CONS",CARCONL1,[%"CONS",CARCON2,CONST%1 %1,
CONST,INDTERM) %1 %1 %1

ELSE

ERRFUN(’SPECTAL CASE NOT COVERED',10000);
SETPOP();

CLOSE;

END;

FUNCTIUN INDREPORT;

IF VERBOSE

THEN

PUPTTONC();

PRSEQUEN( INDUCT ON *, INDVYARS,PR);NL(2);
CLOSE;
END

FUNCTIUN INDUCT INDTERM;

(REPURT(NIL, MUST TRY INDUCTION.,"INDUCT"));
LF NOT(PICKINDVARS(INDTERM)) THEN 0; EXIT;

-> CANUREC:

%7



ARGLIST(CANDREC) -> INDVARS;

INDVARS <> INDVARLIST -> INDVARLIST;
GENCARCONST (INDVARS) -> CARCONSTS;

IF SIMPLEIND()

THEN

SETUPSUBST();

[% "AND", NILCASE(), [% "IMPLIES", INDHYP(), INDCONCL() %] %1;
ELSE SPECIALMODE(); CLOSE;
-> INDFORM;

(REPORT (INDVARS, INDREPORT, " INDUCT"));
INDFORM;
1;
END;



(/ VERB] TRACK 22 ’ C 21.21 14 SEPT

CREATED 17.16 9 5 1973

FUNCTION REPORTF1;

IF ISLINK(CODE) THEN NL(2);PPR(INDTERM);NL(2);CLOSE;

END;

OPERATION 1 TALK; 1 -> VERBOSE; END;

OPERATION 1 QUIET; 0 -> VERBOSE; IDENTFN -> REPORTFN; END;
OPERATION 1 WHISPER; 0 -> VERBOSE; REPORTF1 -> REPORTFN; END;

REPORTFN -> OLDREPFN;

19731



L/ FERTILIZI TRACK 2?2 [ 21,21 14 SEPT 19731
CREATED 19.49 17 4 1973

COMMENT THIS IS THE FERTILIZATION FUNCTION, AGAIN, IN-LINE COMMENTS
EXPLAIN ITS BEHAVIOUR.‘;

VARS FERTCODE FERTLIST;

FUNCTION FERTREPORT;
[F VERBOSE
THEN
PUPTTONC();
NL(4);PRSTRING(‘FERTILIZE WITH *);pPPRIND(TERM1,15,1);
PRSTRING(‘ . );NL(2);
CLOSE;
END;

FUNCTIUN FERTILIZE TERM;

VARS TERM1 TERM2 TERM3 LHS1 LHSZ2 RHS1 RHS2 X
IF SHD(TERM) /= "COND" THEN 0; EXIT;
HD(TL(TERM)) -> TERM1:

HDC(TL(TL(TERM))) =-> TERM2;
HDCTL(TL(TL(TERM)))) => TERM3;

COMMENT “FERTILIZE ONLY TERMS OF FORM (COND (EQUAL A B) C T)*;

IF SHD(TERM1) = “EQUAL" AND NOT(TERM3 == NIL) AND BOOLEAN(TERM2)
AND BOOLEAN(TERM3)
THEN :

HD(TL(TERM1)) =-> LHS1;

HOCTLCOTL(TERML))) -> RHS1;

IF ISREALLINK(LHS1) OR ISREALLINK(RHS1)
THEN GOTO NOFERT; CLOSE:

COMMENT +(COND (EQ A B) (EQ C D) 1) => (CIND (EQ C D)X 1 FU)
WHERE (EQ C D)X HAS BEEN CROSS FERTILIZED FROM (EQ A B)'s

IF SHD(TERM2) = "EQUAL"
THEN
HD(TL(TERM2)) =-> LHS2;
HO(TL(TL(TERM2))) -> RHSZ2;
IF OCCUR(RHS1,RHS2)
THEN
IF OCCUR(LHS1,LHS2)
THEN
IF CUNSCNT(RHS1) < CONSCNT(LHS1)
THEN
SU3ST(RHS1,LHS1,LHS2) => LHSZ;
ELSE
SUBST(LHS1,RHS1,RHS2) => RHSZ2;
CLOSE;
ELSE
SUBST(LHS1,RHS1,RHS2) =-> RHS?2;
CLOSE;
ELSE
IF OCCUR(LHS1,LHS2)
THEN SUBST(RHS1,LHS1,LHS2) -> LHS2;



ELSE GOTO NOXFERT; CLOSE;
CLOSE;

L% "EQUAL", LHS2, RHS2 #1 -> TERM2;
"X" => FERTCODE;

COMMENT “ (COND (EQ A B) (NON-EQ) 1) => (COND (NON-FQ)A/B 1 FU)‘;

E%SEIF (NOXFERT: "F» -> FERTCODE; OCCUR(LHS1,TERMZ2))
HEN
IF OCCUR(RHS1,TERM?2)
THEN
IF CONSCNT(RHS1) < CONSCNT(LHS1)
THEN SURST(RHS1,LHS1,TERM2) -> TERM2;
ELSE SUBST(LHS1,RHS1,TERM2) -> TERM2; CLOSE;
ELSE SUBST(RHS1,LHS1,TERM2) -> TERM2; CLOSE;
EILSE
IF OCCUR(RHS1,TERM2)
THEN SUBST(LHS1,RHS1,TERM2) =-> TERM2;
ELLSE GOTO NOFERT; CLOSE;
Cl.O0SE;
GENSYM("%",0) => X;
[% "COND", TERM1, NIL, TERM3 %1 =-> PROP("AUXDEFN",X):
1 -> PROP("BOOLEAN",X):
X :: FERTLIST =-> FERTLIST;
L% "COND", TERM2, "T", [% X %1 %1 -> TERM2:;
(REPORT(FERTCODE,FERTREPORT,"FERTILIZE"));
IF TERM3 == 1
THEN TERMZ2;
ELSE C% "COND", TERM2, [% "COND", TERM3, "T", TERM1 %3], NIL %3; CLOSE;
13
EXIT;

COMMENT *IF NO FERTILIZATION WAS POSSIBLE, RECURSE INTO
COMPONENTS FOR FIRST POSSISLE ONE:*;

NOFERT @
1 -> TERM3;
L% "COND", APPLIST(TL(TERM),
LAMBUA TERM;
IF TERM3 AND FERTILIZE(TERM) THEN 0 -> TERM3; ELSE TERM; CLOSE;
END), (IF TERM3 THEN ERASE(ERASE(),ERASE(),ERASE(),ERASE()); 0; EXIT)%]:
1;

END;



[/ REDUCE] TRACK 22 [ 21.22 14 SEPT 19731

CREATEU 19.48 17 4 1973

COMMENT *THIS IS THE REDUCE FUNCTION. IN-{LINE COMMENTS EXPLAIN
THE REWRITE RULES APPLIED.‘;

VARS REDUCE;

FUNCTION RENUCE1 TERM CONSLIST;
VARS TERM1 TERM?2 TERM3;
RECURSE:
COMMENT “IF TERM IS ATOM OR NON=COND, QUIT:;
IF ATOM(TERM) OR HD(TERM) /= "COND*®
THEN
TERM;
ExXIT;

COMMENT “GET COMPONENTS OF THE COND:‘;
HDC(TL(TERM)) -> TERM1;
HDCTL(TL(TERM))) -> TERM?;
HDCTLC(TL(TL(TERMY))) =-> TERM3;

COMMENT *I1F TERM1 IS NIL OR CONS, EVAL IT::
[F TERM1 == NIL
THEN
TERM3 -> TERM;
GOTO RECURSE; ‘
ELSEIF ISCONS(TERM1) OR MEMBERID(TERM1,CONSLIST)
THEN
TERM2 => TERM;
GOTO RECURSE;
CLOSE;

COMMENT /(COND ATOM A 8) => (COND ATOM R(A(ATOM/CONS)) R(B(ATOM/NIL)))‘;
IF ATOM(TERM1)

THEN

GUTO SUBSTCONS;

CLOSE:;

COMMENT / (COND (EQUAL A KNOWNLINK) B C) => (COND (EQUAL A KNOWNLINK)
R(B(A/KNOWNLINK))
R(C((EQUAL A KNOWNLINK)/NIL)));
IF HD(TERM1) = “EQUAL"
THEN
IF ISREALLINK(HD(TL(TERM1)))
THEN SUBST(HD(TL(TERM1)),HD(TL(TL(TERM1))),TERM2) ~> TERM2;
ELSEIF ISREALLINK(HD(TL(TL(TERM1))))
THEN SUBST(HD(TL(TL(TERM1))),HD(TL(TERM1)),TERM2) -> TERM2;
ELSE GOTO SUBSTTRUE; CLOSE;
GOTO ASSEMBOOL;
CLOSE;

COMMENT / (COND (COND ...) A B) => (COND R(COND) R(A) R(B))"';
IF HD(TERM1) = “COND"
THEN



REDUCEL1(TERM1,CONSLIST) -> TERM1;
REDUCE1 (TERM2,CONSLIST) =-> TERM2;
REDUCE1(TERM3,CONSLIST) -> TERM3;

IF TERM3 == NIL THEN GOTO CONTINUE; CLOSE;
[% "COND", TERM1, TERM2, TERM3 %1;
EXIT;

CONTINUE:

COMMENT < (COND BOOL A B) => (COND BOOL R(A(BOOL/T)) R(B(BOOL/NIL)Y));
IF BO0OLEAN(TERM1)
THEN
SUBSTTRUE:
SUBST(uT»,TERM1, TERM2) -> TERMZ;
ASSEMRBROOL :
L% "COND", TERM1,
REDUCEL1(TERM2,CONSLIST),
REDUCEL(SURST("NIL",TERM1,TERM3),CONSLIST) %1;
EXTT;

COMMENT * (COND RANDOM A 8) => (COND RANDOM RCA(RANDOM/CONS))

R(B(RANDOM/NIL))) '3
SUBSTCUNS:

(% "COND", TERM1, REDUCEL1(TERMZ2,TERM1 :: CONSLIST),
REDUCEL(SUBST(NIL,TERM1, TERM3),CONSLIST) %1;

END;

REDUCEL1(% NTL %) -> REDUCE;



L/ GENRLIZE]J TRACK 22 \ [ 21.22 14 SEPT 19731
CREATED 17.07 5 3 1973

COMMENT “THIS FILE GENERALIZES THE TERM A30UT TO BE PROVED BY INDUCTION,
WE GENERALIZE ON THE COMMON SUBTERMS ON EITHER SIDE

OF "EQUAL"™ AND “IMPLIES" STMTS, AND QUALIFY THE GENERALIZATIONS

WITH TYPE STATEMENTS, ‘;

COMMENT “FIND ALL COMMON NON-ATOMIC NON-PRIMITIVE SUBTERMS OF TWO TERMS.‘':;
VARS T2 GENRLTLIST ATOMLIST;

FUNCTION COMSUBT1 T1;
VARS X3
IF ATOM(T1)
THEN
OCCUR(T1L,T2);
ELSE
TLCTL) => X3
IF (1;L00PIF X/=NIL THEN LOGAND(COMSUBTL(HD(X))):;TL(X)=->X:CLOSE;)
THEN
IF NOT(LISPPRIM(T1)) AND OCCUR(T1,T2)
THEN
IF NOT(MEMBERID(T1,GENRLTLIST))
THEN T1 :: GENRLTLIST => GENRLTLIST;CLOSE;
1; EXIT;
CLOSE:
0;
CLLOSE;
END;

FUNCTION COMSUBTERMS T1 T2;

IF CONSCNT(T1) > CONSCNT(T2) THEN T1;72->T1->T2;CLOSE;
ERASE(COMSUBTL(T1));

END;

COMMENT “FIND ALL COMMON SUBTERMS OCCURRING ACROSS EQS AND
IMPLIES. ;

FUNCTIUN GENRLT1 TERM;
IF ATOM(TERM) THEN EXIT;

IF HD(TERM) = "EQUAL™
THEN
COMSUBTERMS(HO(TL(TERM))sHD(TL(TL(TERM))));
ELSEIF HD(TERM) = “"COND" AND HD(TL(TL(TL(TERM)))) == 1
THEN
IF ATOM(HD(TL(TERM)))
THEN;

ELSE APPLIST(TL(HD(TL(TERM)))»LAMBDA;COMSUBTERMS(HD(TL(TL(TERM))));
END); CLOSE;



GCLOSE:
APPLIST(TL(TERM),GENRLT1);
END;

FUNCTION GENRLTERMS;
VARS GENRLTLIST;

NIL => GENRLTLIST;
GENRLT1();
GENRLTLIST;

END;

COMMENT ‘QUALIFY THE GENERALIZATION BY ADDING TYPE STMTS*‘;

FUNCTIUN ADDTYPESTMTS LIST TERM;

VARS X;

IF LIST =
THEN TERM
ELSE
IF OCCUR(BACK(HD(LIST)),TERM)

THEN

TYPEEXPR(FRONT(HD(LIST))) => X;

IF HD(X) /= "CONSTTRUE"

THEN

L% "IMPLIES", SUBST(BACK(HD(LIST)),"X",X),
ADDTYPESTMTS(TL(LIST),TERM) %]

NTL

ELSE
ABDTYPESTMTS(TL(LIST),TERM);
CLOSE;
ELSE )
ADDTYPESTMTS(TL(LIST),TERM);
Cl.OSE;
CLAOSE;
END;

COMMENT *THIS FUNCTION MAKES A VERBOSE REPORT ON THE PROGRESS
OF GENERALIZATION.*;

FUNCTION GENREPORT;
IF VERBOSE
THEN
PORPTTON();
NL(2)3
PRSEQUEN(’'GENERALIZF COMMON SUBTERMS BY REPLACING *,
SURBSTLIST, LAMBDA P;PR(FRONT(P));PRSTRING(’ BY ‘);PR(BACK(P));END);
NLL(2)3
PRSTRING(’ THE GENERALIZED TERM IS:');
NL(2)3
PPR(TERM) ;
NL(2) s
CLOSE;
END;

COMMENT *THIS IS THE TOP-LEVEL FUNCTION. IT GENERALIZES ITS
ARGUMENT AS DESCRIBED, QUALIFIES IT, AND THEN PRINTS



A VERBUSE COMMENT IF NEEDED.';

FUNCTION GENRLIZE TERM;
VARS X SUBSTLIST;
GENRLTERMS(TERM) -> X3
IF X = NIL THEN TERM; EXIT;
MAPLIST(X,
LAMBDA T;
GENSKO("GENRL",0) =-> X;
CONSPAIR(T,X); '
END) => SUBSTLIST;
IF SUBSTLIST = NIL THEN TERM; EXIT;
SUBSTLIST <> GENRLLIST -> GENRLLIST;
ADDTYPESTMTS(SUBSTLIST,APPSUBST(SUBSTLIST,TERM))
-> TERM;
(REPORT("G",GENREPORT,"GENRLIZE"));
TERM;
END;



