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%% %% %USVH « OLD @14:17 19-APR=1977 <B55> (964)

/aUSVWay
/®UT ILITIES FOR SVW PROLOG#/
/2BUNDY JAN 19745/

/*0PERATOR DECLARATIONS#/

t= 0P(202,rY,"-"), /«UNARY MINUS#/

= OP(30@, xXFY)":M), /#EXPONENTIATION®/

i= OP(41@,xXFY,". ") /#LIST CONS#/

i OP(493, XFYo"%"), /*BINARY MINUSa/

t= 0P(708D,XFX,">"), /#GREATER THAN®/

i= OP(70@) XFXs">="), /#GREATER THAN OR EQUAL TO®/
i= OP(B58, XFY,"&") , /#CONJUNCT 10 N# /

i= OP(Q5D,XFYs"#"), /#DISJUNCT ION®/

/® %, ¢, /, = ARE ALREADY DECLAREDa/

/e TRACING®/
PR(«MES) :- WRITE(«MES),NEWL INE,
PPR(TRUE),
PPR(«E&~EC) 3= TRACE(+E,2), PPR(«EC),
TRACE (#MES, «N) t= TFLAG(*M), «M<eN, !,
TRACE( «MES ,#N) $= WRITE(«MES),NEWL INE,
TFLAG(3) ,
TLIM(eN) 1= ASSERTD(TFLAG(«N)),
/BCONVENTIONS @, NO PRINTING

1. BARE MINIMUM

2, NORMAL PROTOCOL (DEFAULT)

3. GENERAL DEGUGGING
> 3, SPECIAL DEGUGGING=/

83



/BSETga/

MEMBER(+X,eX,®YS) = !,

MEMBER(*X,eY,«YS) - MEMBER(*X,«YS),

SUBSET(NIL,«YS) .

SUBSET (X, «XS, «YS) t= MEMBER(®X, *YS), SUBSET(+XS,«YS),
UNTON(NIL, «ySseyS) .

UNTONC®X ,&XS,«YS,=#S) :- MEMBER(*X,«YS), !, UNION(«XS,*YS,¢ZS),
UNTONC&X ,#XS,*YS,#Xs ¢Z5) = UNTONC«XSs«YSs«ZS),

SUBTRACT(NTL ,«YS,NIL) ,

SUBTRACT(«X,*#XS,+YS,«2S) i- MEMBER(«X,«YS), !, SUBTRACT(#XS,«YS,*2S),
SUBTRACT(#X,*yS,¢yS, ¢y, *ZS) i~ SUBTRACT (#xS,+yS,*«2S),

SETEQ(+SET1 «SET2) &= SUBSET(+SET1) 6 SUBSET(«SET2),

/#WORDS AND NUMBERS =/

INTEGER(&N) = NATNUM(eN)» !,

INTEGER(&N) 3= «N =44 "y"oeMs NATNUM(eM),
NATNUM(e#N) := &N =,., «M,NIL, CHECKLIST(DIGIT,*M),

30UND(«X) := THNOT(VAR(«X)),
NONVAR (¢X) := THNOT(VAR(*X)),

WORD (¢X) 2= «X =,4 (eH,«T) ., NIL, LETTERC(«H) .

CONCAT (¢ WL,«W2,«W3) 3= Wl =,y «LS1.NIL» *W2 =,, «LS2,NIL,
APPEN)(*LSi.*LSZ;*LS3)- «W3 =4, «LS3,NIL,

/#M1SCs/

/®1F THEN FLSE#/
COND(«P,«Q,«R) 1= «P, !, *0Q,
COND(«P,«0Q,«R) 1= «R,

/%PREDICATE APPLICATION®/

APPLY(«P,«ARGS1) -
“F  =,,¢1S,%ARG52, APPEND(«ARGS1,+ARGS2,+«ARGS),
“0 =,. ¢ S,%ARGS, !, «0O,

/eX AND Y ARE DIFFERENT SYMBOLS#/

DIFF(eX,+X) 3= ', FAIL,

DIFF(ex,=Y) ,




/#GENERATES NEW SYMBOL Q WITH PREFIX PREF&/

GENSYM(#PREF ,*Q) - VAR(*Q), CURRENT («PREF,«N),
DENY(couWT(~PQEFn*N)),+(~N.1.*N1),ASSERT(COUNT(hPREF.~N1)):
CONCAT(+«pREF,*N1l,* ) !,

CURRENT(«PRFEF,«N) := COUNT(«PREF,*«N), !,

CJRQE\‘T("PQFFIG) ]

/ocONDITIONAL GENSYM#/
CGENSYM(&PREF ,«X) = GENSYM(«PREF ,«X), !,
CGENSYM(«PREF,«X)

/#FIND ALL XS OBEYING P#/
FOUND(NIL) .,

FINDALL(*P,«DUM) :-

APPLY( &P, eX,NIL),» FOUNDCeXp),

DENY (FOUND (¢« XL )) »ASSERT(FOUNDC(«X s« XL)) sFAIL,
FINDALL(&P,eXL) 3= FOUND(eXL),

DENY (FOUND (#XL)), ASSERT(FOUND(NIL)), !,
/®F yNNY CALLS#/

/#JUST CALL®/
CALL(*L) - «L,

/%GARBAGE COLLECT CALL#/

GCC(+L) := ONCEANDFAIL(+«L).

GCe(el) = RETRIEVE(«L).

ONCEANDFATL(«L) := ¢L,» ASSERT(RETRIEVE(~L)), !, FAIL,
/olL1T ASSUMED FALSE SINCE NoT PROVABLE=#/

THNOT(«LIT) = «LIT» !, FAIL,

THNOT(eLIT),

NLC(eL) := SUBGOAL«DF(eL), !» FAIL, /#NON LOOP CALL*®/

NLC(eL) 3= «L,

CC(eL) = FPC(eL), ! /#CREATIVE CALLs#/
CC(eL) := CCFLAG(ON), DECLARE(«L), !,

CCFLAG(ON),
/%L CALLED REPEATEDLY=/
AGAIN(e L) = «L, PR(«L)» FAIL,

AGAIN(eL) := PR(THATS=ALL-FOLKS),

/eFUNNY ASSERTS#/



/®ASSERTION REMOVABLE ON BaCKUP &/
POSTULATE(«L) := ASSERT(«L),
POSTULATE(e ) 1= DENY(eL)sFAIL,
PASSERT(+ASS) :- ASSERT(#ASS), TR

/°PRINT ASSERT AT BOTTOM#/
PASSERTC(+~ASS) :- ASSERTC(«ASS),

CASSERTC (¢ ) :- ¢L,!, /®CONDIT]

CASSERTC (+1) ;- ASSERTC(+L), !,

TRUE .,

AR RN NN

ACE(«ASS,6),

TRACE("ASSI 6),

ONAL ASSERT#/

/#PRINT ASSERT=/



%4 %% %XTRACT o+ OLD @16:30 19-APR=1977 <055> (2477)

/2 XTRACTe/
/eMECHANICS EQUATION EXTRACTION ROUTINES#/
/#GATHERED BY ALAN BUNDY 8/9/76%/

/e ABSENT FRIENDS#/

CONVERT (X, eX),
SIMPLIFY(eX,*«X),
SIMSOLVE(«F,eX,«E),

/®MARPLES L GORITHMa/

/#3AS1S CASEws/
GETEQNS(NIL, «GS, «US, TRUE,NIL),

/8GET EQUATIONS WITH NO INTERMEDIATES#/
GETEQNS(«X,¢XS,«GS,«US,«E&«ES) «X,*X51)
3= MAKESL(¢X,*#SL), CHOOSEEQN(«SL,*E,«U,«US,0FF),
TRACE(EQUATION«U=FORMED,6),
WORDSIN(«E,«VS), MEMBER(«X,«VS),
UNTON(C&X ,«XS,«GS,*YS)» SUBSET(«VS,«YS),
TRACE(«E=SOLVES~FOR=¢X,5),
GETEQNS( «XS, X ,«GS ,« s «US, «ES, «XS1),

/#GET EQUATIONS WITH INTERMEDIATES#/
GETEAGNS(«X ,¢XS,+«GS,«US,«E&«ES, «X,¢XS1)
1= MAKESL(eX,*sL)» CHOQSEEQN(*SL,*E,«U,«US,0nN),
TRACE(ENUATION=«U=FORMED,6),
AORDSIN(«E,«VS),» MEMBER(«X,*«V3),
UNION(eX ,«XS,«65,«YS), SUBTRACT(«VS,«YS,*«ZS), DIFF(«2S,NIL),
APPEND(«XS,«2S,+«WS)
TRACE(«F=S0L VES=FOR-«X=BUT=1 NTRODUCES=«2S5,5)»
GETEQNS(#HNS, «X,¢GS,«U, «US, «ES, «XS1),

/®ASSUME X IS ELIMINABLE=/
;ETE'J\JS(’X -"XSI"GS)"US l.'ES i"x"'XSI)
1= TRACE (] -ASSUME=eX=1S-ELIMINABLE ,2),
GETEQNS(#XS, X «GS,«US,«ES,eXS1)
PASS(#N,«5,+US) := OLDEGN(«E,*N,«5), !, FAIL.,

PASS (¢ly «3,¢US) 1= UNUSED(eN,*«S,«US), !,

UNUSED(«NAMF p«STT,«US8) = MEMBER(*NAME-+«SIT,«US), !, FAIL,

UNUSED (CONSTACCEL=«N1»«SIT,«US) :- HEMBER((CONSTACCEL-*NZ)-FS]T.*US).
1EMBER ((CONSTAGCEL=eN3)=«SIT,«US) s DIFF(eN2,eN3), '» FAIL,



UNUSED(RESOLVE, (*PART,«PER,«DIR1),«US) ;=
MEMBER(RESNLVE=(«PART=«PER=«DIR2),«US),
MEMBER (RESOLVE=(«PART=«PER-+DIR3),«US),
DIFF(«DIR2,«DIR3), !, FAlL.

UNUSED(RELVEL, «PSET1=¢TIME,«US) ;=
MEMBER (RELVE L= (*PSET2=«T IME) ,«US), SETEQ(*PSET1,«PSET2), !, FAIL,

UNUSED(RELACCEL, «PSET1~«TIME,«US) :-
MEMBER(RELACCEL~(«PSET2-«TIME), «US),
SETEQ(«PSET1,#pSET5), !, FAIL,

UNUSED (e NALE,*SIT, «US),

CHOOSEEQN(«C1,+REST, «E,+C1=¢S, «US, «SW) :=
HAKEEQN ("E' "Cl'"Sl"USI"SN ) .

CHOnSEEON("Cl.“RESTl“E;"U)"US,"SN) -
CHOOSEEQN( «REST, «E,«U, «US, «SK),

MAKESL (¢ X, «SL) := EQNSLIST(«EQNS), TYPE(&X,«XTYPE),
SUBL IST(TEST («XTYPE) ,«EQNS,«SL),
TRACE(SHORTLIST=IS=«SL,7).

TEST(«EQN, «XTYPE) := RELATES(«EQN,«VTYPES) ,MEMBER(«XTYPE ,«VTYPES),
MAKEEQN( ¢E ,+N=«S ,¢US ,«SW) = OLDEAN(*E,#Ns«S)y» UNUSED(*N,+S, «US) +

MAKEEQN(«E, #N=eS, S, *SW) -
ASSERTD(CCFLAG(«SW)),
ISEON(«F ,#N=-«S5,«US), CASSERTC(OLDEQN(«f,+«N,«S)),

/#THE EQUATIONS#/

EQNSLIST (CRFSOLVE, STRACCEL ,RELVEL,»RELACCEL,
TIMESUM,D1STSUM, (CONSTACCEL=-1), (CONSTACCEL-2),CONSTVEL,
(CONSVENERGY=1), (CONSVENERGY=2) » AVERVEL]) ,

REL ATES(RESOLVE ,L FORCE, ACCEL,MASS]) - 1,
RELATES(STRACCEL,LACCEL]) := !,
RELATES(RELVEL,CVEL]) := 1,
RELATES(RELACCEL,CACCEL]Y) :-
RELATESCTI ME SUM, [DUR AT JONI)
RELATES(DISTSUM,LDISTANCE]) = !,
RELATES(CONSTACCEL-1,CACCEL, VEL»DURATIOND) = !,
RELATES(CONSTACCEL-2,[ACCEL ,DISTANCE,VEL,DURATIOND) &= !,
RELATES(CONSTVEL, CVEL,DISTANCE,DURATIOND) := !,

L
..
-

-
. LY



RELATES (CONSVENERGY=1,[VEL,DISTANCE]) := !
RELATES(CONSVENERGY=2,CVEL,DISTANCE]) :- !
RELATESCAVERVEL,CVEL,DISTANCE,DURATIOND)

L]
- -
ISEON(+FORCESUMz=MaeAseCOSTERM,RESOLVE=(«PART=¢PER=«DIR1) ,«US)
t- PERTOD(«PER), PARTICLE(+«PART),
FIXDIR(«DIR1),
PASS (RESOLVE ,(«P ART-+PER =¢DIRL), «US) ,
CC(MASS(*PART,«M,«PER)),
CC(ACCFL(*PART,«As«DIR2, «PER)),
COSFACT(«DIR1,«DIR2,«COSTERM),
SUMFORCES(«P ART, «DIR1s «PER, «FORCESUM) ,

ISEAN(28¢AN=¢A1=«A2,STRACCEL=(+SYS=«TIME),«US) :-
PUILSYS(«SYS,«pU|L,«STR,«P1,«P2,«TIME),
PASS(STRACCELs («SYS=«TIME) ,«US),

CC(ACCEL (¢PULL ,«AD3,270,«TIME)),
CC(ACCEL («P1,«A1,270,«TIME)),
CC(ACCFI («P2,«A2,90, «TIME) ),

ISFON(«V132¢V123,RELVEL=(LeP1,«P2,¢P3]1=«TIME),«US) :-
PART ICLE (¢P1), PART ICLE («P2),DIFF («P1,«pP2),
PARTICLE(*P3),DIFF(«P1,¢«P3),DIFF(«P2,«P3),PERIOD(«TIME),
PASS (RFLVEL, [*P1,¢P2,«P31=«TIMF, «US),
CC(RELVEL(«P1,¢P2,¢V12,«DIR12,+TIME)),
CC(RELVEL(«P2,«P3,¢V23,«DIR23,«TIME)),
CC(RELVFL(«P1,¢P3,«V13,«DIR13,«TIME)),
VECAND(«V12,«D1R12,«V23,«D1R23,«V123,«pIR13),

ISEQN(«A13=¢«A123 ,RFLACCEL=([+#P1,¢P2,+«P3]=¢TIME),«US) -
PART ICLE («P1), PART ICLE («P2), DIFF (+P1,«pP2),
PARTICLF («P3),DIFF («P1,eP3),DIFF(«P2,«P3),PERIOD(«TIME),
PASS(RELACCEL [ «P1,¢P2,«P3]=-«TIME,«US),
CC(RE|LACCEL(*P1,+P2,*A12,«DIR12,+«TIME)),
CC(RELACCEL(#P2,¢P3,«A23,+«DIR23,«TIME)),
CC(RELACCEL(«P1,+#P3,+«A13,«DIR13,+«TIME)),
VECADD («A12,«DIR12,+A23,«DIR23,¢A123,+DIR13),

[SEQN(«T=«SUM, TIMESUM=«P,«US) :~-
PARTITINON(«P,«PS), PASS(TIMESUM,«P,«US),
CC(DURATION(#P,+T)), SUMDURS(«PS,*SUM),

ISEON(«D=eSUM,NDISTSUM=(«P=«0BJ),*US) i= PARTITION(«P,+«PL),
CC(NDISTANCE(«0BJ,«D,*f))» PASS(DISTSUM,«P=«0BJ,+US) ,
SUMDIST(+0BJ,«PL,*SUM),

ISEQN(eVawjs (e A®eT), (CONSTACCEL=1)=(+P=+«0Bj), «US)
t= PARTICLE(+0BJ), PERIOD(«P),
ACCEL(«0BJ,+A,«DIR,«P), PASS(CONSTACCEL-1, («+P=+«0BJ),+«US),
ISATHNVAR(*«A), DIFF(«AsZERD),
CC(DURATION(®P,«T)), INITVEL(*0BJs*U,*DIRs«P),
FINVEL(«0BJ,*V,«DIR,*P),

ISEQN(eN=(eloeT)+((1/2)8eAa(+T:2)), (CONSTACCEL=2)=(«P=+«0BJ),«US)



t- PARTICLE(*0BJ), PERIOD(*P),

ACCEL( «OBJ ,* Ay «D IR ,«P) , PASS(CONSTACCE =2/ («P-«0BJ), ¢US) ,
ISQINVAR (+A),

DIFF (*A, 2ERO)» CC(DURATION («P,«T)),
INITVEL(*0BJ,*U,«DIR,*P), CC(DISTANCE(«0BJ,«D,«P)),

ISEQN( «V2eT=¢5,CONSTVEL= (¢«P=-«0BJ)s «US)
t- PARTICLE(«OBJ)» PERIOD( «P ),
VEL(*DBJ,*V,+DIR,«P), PASS(CONSTVEL, (¢P-«0BJ),«US),
ISQINVAR(*V), DIFF(«V,Z2ERD),
CC(DURATION(®P,«T)), CC(DISTANCE(*0BJ,«S,*P)),

ISEOM((1/2)-*V:Z-(1/2)¢~U:2=G#fH.(CONSVENERGY-l)-(*P-*O)p~US)
t= PARTICLE(«D)» PERIOD(«P),
PASS(CONSVENERGY=1 ,¢P=¢0,«US),
DBC(MOTION (+0s «P ATH, «START ,«SIDE ,*P) ),
FREE(«PATH,«P,+0),
DROP(+PATH,«START, «H),
F]”VEL(*O,“V;"DIRl:"P): INITVEL(‘-O.‘-U.*DIFQ,!-P).
ISEQN((1/2)aeVi2=(1/2)#¢U:2=G#eH, (CONSVENERGY=2)=(«P=¢0),«US)
:= DBC(MOTION(«0,«PATH,«START»«SIDE,«P)),
PASS(CONSVENERGY=2,¢P=¢p,«US),
FREE(*PATH,*P, D)
TYPICAL+*DROP («PATH,«START,«H),
CC(VEL(+«0seV,«DIRL,«P)),
INITVEL(«D,+U,«DIR2,¢P),
ISEQN(«AV=eN/eT, AVERVEL=(«P=¢0BJ), «US)
t= PARTICLE(«DRJ)» PERIOD(¢P),

AVERVEL(«0BJ,«AV,«DIR,«P) , PASS(AVERVEL »*P=-«0BJ,*US),
CC(DISTANCE(«0BJ,«D,«P)), CC(DURATION(«P,*T)),

/#SYMBOLS#/

AORDSIN(«E,NIL) := ISCONST(«E), !,

AORDSINC#E,NIL) i~ ISOCONST(«E), !,

AORDSIN(+E,«E,NIL) := WORD(«E), !,

WORDSIN(*E,«VS) 1= «E =,,¢S,«ARGS , SWORDSIN(*«ARGS,*VS),
SWORDSIN(NTIL #NIL),

SWORDSIN(+ ARG, ~ARGS, «VS)
1= WORDSIN(«ARG,«V1), SWORDSIN(«ARGS,+#V2)s, UNION(*V1,ev2,eVS),

[SOCONST(ZFRO) = 1,
[SOCONST («R) 3= MEASURE(*Q,«M), ISCONST(eM),

[SCONST(e«V) = [SHUM(*eV), !.



ISCONSTCeV) 3= CONST(*V), !.

ISCONST(&V) 3= «V =,,eS,NIL , !, FAIL,

ISCONSTC&V) 3= «V =,,eS,cARGS » !, LISCONST (¢+ARGS).
LISCONST (NIL),

LISCONST(eV.#VL) := ISCONST(¢V)» !, LISCONST(«vVL),
ISSYHM(*®E) := «E =,,«S,NJL .

COMP(«E) := «FE =,,+S.NIL , !» FAIL,

COMP (+E) ,

ISNUM(«E) := INTEGER(*E),

/% INFEQENCE® /

GIVENS(«GL) $= FINDALL(GIVEN,*GL),
GIVEN(g) .

SOUGHTS(#SL) ¢= FINDALL(SOUGHT,«SL).
SUMDURS (NI, @),

SUMDURS( «P ,«PS,«T+«SUM) = CC(DURATION(¢P,»«T)), !» SUMDURS (+pPS,+«SUM),

SUMDIST(«0BJ,NIL,D).

SUMDIST(«0BJ,*P,+PL,+D+«SUM) 3= CC(DISTANCE(«0BJ,*D,«P)),
ty SUMNDIST(«0BU,«PLs»SUM),

COSFACT(+DIR,#DIR,1) := !,
COSFACT(.DIR1,.DIR2,COS(wANS)) :=
INTEGER(«DIR1), INTEGER(«DIR2),
«ANS IS «DIR1-«DIR2, !,
COSFACT(#DIR1,«DIR2,COS(*DIRL=*DIR2)),

SUMFORCES(«PART,«DIR1,«PER,~FORCESUM) :=
FORCE(«PART, «FNRCE, «DIR2,«PER),
COSFACT(«DIR1,«DIR2,«COSTERM)»

FORCESUM(*SOFAR), DENY(FORCESUM(*SOFAR)),
ASSERT (FORCESUM( («FORCE#«COSTERM)+«SOFAR)), FAIL,

SUMFORCFS(«PART,«DIR1,«PER, «FORCESUM) :=-
FORCESUM (*FORCFSUM), DENY(FORCESUM («FORCESUM)),
ASSERT(FORCESUM(D)),



FORCESUM (D),

INITVEL(*0BJ,*U,«DIR,*P) 3 )
CC(TyITIAL(*Ps«BEGIN)), CC(VEL(*0BJ,«U,«DIR,«BEGIN)),

FINVEL(*0BJ,«V,+DIR,«P) i=
CC(FINAL (=P, «END)), CC(VEL (+0BJ,«V,«DIR,«END)),

VECADD (+MAG1,+«DIR, «MAG2, «DIR, «MAG1%+«MAG2,«DIR),
ISOINVAR (2ERD) = .

ISOINVAR(%Q) §= MEASURE(®Q,«M), ISINVARCeM), !
ISINVAR(&V) = TNVAR(eV), !,

ISINVARC®V) 3= ISNUM(&V), !,

ISINVAR(&V) t= ISSYM(eV), !y FAIL.

ISINVAR(«V) 3= «V =,,¢5,%ARGS » !, LISINVAR(*ARGS).
LISINVAR(NIL) = !,

LISINVAR(*®V,#VL) 3= ISINVAR(&V), LISINVAR(eVL), !,
FIXDIR(*DIR) i~ NONVAR(«DIR), !,

FIXDIR(272),
FIXDIR(D) .

ACCEL (+X,2ERO,+«DIR,«TIME) :- FIXED«CONTACT(«X,EARTH,«TIME),

ACCEL(+«PART,ZERO,«DIR,«PER) i~
VEL(«PART,«V,*DIR, «PER), ISQINVAR(«V),PERIOD(+PER), !,

ACCE( («PART,«A,«DIR, «T[ME) := NLC(RELACCEL («PART,EARTH,«A,«D R, TIMED),
RE|ACCEL (+PART ,EARTH ,« A, «DIR,«TIME) = NLC(ACCEL (#PART,«A,«DIR,~TIMED),
/%GRAVITATIONAL FORCE#/
FORCE(&PART,e«MaG,270,+TINE) :=

oARTICLE(*pART), CC(MASS(*pART,*M,«TIME) ),
/#TENSTON "IN STR]Np#®/
FORCE(+P ART,+T,«DIR,«TIME) :=

PARTICLE (#PART), FIXED«CONTACT («PART,*STRs«TIME),

STRING(+STR)» CC(DIRECTION(«STR,*DIR,*TIME)),
CC(TENSION(«STR, «T,«TINE)),

STRING(LEFT(®STR)) = STRING(«STR).
STRING(RIGHT(#STR)) = STRING(«STR),

INITIAL (&P, M) :a



PERIOD(*P), PARTITION(*®E,«P,«REST)» INITIALC(®E,eM), !,
INITIAL(&eP, M) =
PERIND(*P), PARTITION(*E,«PL),
NEXTTO(®P1,+#P,«PL), NLC(FINAL(«P1,¢M)), !,
FINAL(®P,eM) :=-
PERIND(*P), PARTITION(*E,«PLIST), LAST(¢P,«PLIST),
F'.IAL(..EI.'M)I :u
FINAL(&P ,&M) &=
PERIND(*P), PARTITION(eE,«PLIST), NEXTTO(«P,«P1,«PLIST),
NLCCINITTALC«P L, eM)), 1,
DROP («PATH,«START, ~(«D#TAN(«ANG))) :-
CONCAVITY(&PATH,STLINE),
INCL INE(«PATH, «ANG, «START), GROUND(«PATH,*D),

DROP («PATH,+START, «4SUM) &=
PARTITINN( «PATH, «PL) » SUMDROPS («PL ,«START, «HSUM) ,

SUMDROPS (N L ,«START, ),
SUMDROPS (¢p+«P| » «START ,¢H4+e«SUM) 1=

DROP(«P,«START,«H), !» FAREND(¢P,«START,«FINISH),
SUMDROPS («PL ,«FINISH,«SUM),

FREE(+«PATH, «PER,«0) = PARTICLE(+~0), PERIOD(*PER),
PATH(«PATH), PROBTYPE(ROLLER=-COASTER),

VE| («PART, «VEL,«DIR,«MOM) :=-
INITIAL(«PER, «MOM), VEL(«PART,«VEL»«DIR,«PER), ISQINVAR(«VEL), !

VEL(«PART, «VEL,«D[R, «MOM) :=
FINAL(&PFR,*MOM), VEL(«PART,»«VEL,«DIR»«PER)» ISQINVARC&VEL)» !,

TIME(«T) = PERIOD(eT), !,
TIME(«T) - MOMENT(«T), !,
MEASURE (ZERD,@) = !,
MEASURE(Gr 22) = !,

CCMEASURE(«N,¢y) t = ASSERTD(CCFLAG(ON)), CC(MEASURE(«Q,¢M)),

UNIT(ZERO,»«l)) = 1,
UNIT(G,FT/SFCS:2) := !,
INIT(*e0,«U) 1=
STANNDSYS («SYS), NUANTITY(«Q,¢D,«T), STANDUNIT(«D,+U,«SYS),
QJANTITY(en,1,S) - ISA(*Q,COFRI), !,

QUANTITY(*n,1,S) := ISA(«Q,ANG), !,



QUANTITY(«0,T,S) 1= ISA(*9,DURATION), !,

QAUANTITY(*0,LsS) 3= 1SA(«Q,0ISTANCE), !,

AUANTITY(*Q,M,S) := ISA(+Q,MASS), !,

AWANTI Ty (0, M (L/(T:2)),V) := ISA(~Q,FORCE), !.

QUANTITY(«Q,M8(L/(T22)),S) := ISA(«Q,TENSION),» !,

AUANTITY («Q, M8 (L/(T22)),V) = ISA(«Q,REACTION), !,

JUANTITy («0,Ma(L/T(T32)),V) 3= ISA(«Q,FRICTION), !,

AUANTITY(*0,L/T,V) = 1SA(«Q,VEL)» !,
JJANTITY(en,L/T:2,V) i= ISA(«Q,ACCEL), !,
QUANTITy (¢Q,L/T:2,V) = ISA(«Q,RELACCEL),
QUANTITY(#0,L/T,V) := ISA(«Q,RELVEL),» !,

JJANTITy(*0,1,8) :- ISAC«Q,DIRECTION), !,
TYPE (¢ Qs «QTYPE) = QUANTITY(«Q,«DIlM, «VS),

NAME (MAS3, M),

NAME (DISTANCE,L)
NAME(DURATION,T) .
NAME(VEL,L/T),

NAME (ACCEL,L/(T:2)).

NAME(FORCE,M&(L/(T:22))),

ISVECT () = QUANTITY («Q,«D.V),

ISSCAL(*73) := QUANTITY(«Q,«D,S),

/eDECLARATIONS#/

DECLARE(&L) = «L =,, «LS.+«aARGS,

NAME («QTYPE, «D IM),

DECLARECHECKS («ARGS), !» #PROP =,, «LS.NIL,

MESS(+PROP,«ARGS), ASSERT(«L),

DECLARECHECKS( «ARGS) &=
SEPERATE(+ARGS, «PARGS ,*FARGS, «NUM),
CHECKLIST(BOUND,»«PARGS) »

lQ...OO.......C.O..O...



MESS («PROP,[*Q]) !~
MAKE (*PROP,«Q),
TRACE(LET=«0=BE~-A=«PROP,2),

MESS(+«PROP,[+*0BJ,*0Q]) :-
MAKE (+PROP ,+Q) ,

TRACE(LE T=«Q=BE=-THE=«PROP=0F =+0BJs 2) ,

MESS («PROP,[*0BJ,«0Q, *TIME]) =
MAKE («PROP ,«Q) ,

TRACE(LET=+«Q=BE-THE~*PROP-0F =+ 0BJ- IN=¢TIME,2),

MESS («PROP,[+«0BJ,*Q, «DIR,*TIME]) ;-

MAKE (+PROP,+Q), MAKE(DIRECTION,«DIR),
TRACE(LET~¢Q~BE~THE-*PROP=0F =«0BJ, 2),
TRACE(IN=-DIRECTION=«DIR-AND-TIME=«TIME,2),

MESS (#PROP,[«0BJ1,¢0BJ2,«0,«DIR, «TIME])
MAKE («PROP,«Q), MAKE(DIRECTION,+«DIR

TRACE(| ET=+«0=BE-THE-«PROP=0F~«0BJ1~

)
RELATIVE-T0-+0Bu2,2).,

TRACE(IN=DIRECTION=-«DIR-AND-TIME=«TIME,2),

MAKE (+PROP,+Q) := GENSYM(«PROP,«Q), !,

MAKE («PROP,«Q),

AR RN

ASSERT(ISA(«Q,*PROP)),



Xe%%%MOTION ., OLD ©16:55 19~APR=1977 <p55>

/*#MOTION INFERENCE RULES &/
/#ALAN BUNpY 29/12/76%/

/RGENERAL NUESTION ANSWERING ROUTINE#/
AACCQUAL Y «QUAN) §=
«DUAL, FINDALL(PROVISO,ecONDLIST),
TRACE (¢QUAL-ODK=PROVIDED-«CONDLIST,2),
SOLVEALL («CONDLIST,«SOLNS),
SUBST (+SOLNS,«CONDLIST,»eNCONDLIST),
TRACE(NEW-CONDITIONS~ARE=-«NCONDLIST,2),
APPLY («QUAN,«NCONDL IST.NIL),

/eMAKING CONDI;I0ONS#/
/3SFE IF ITS TRUE®/
CONDITIONC«L) = «Ls!o

/®*SEE IF ITS FALSE=/
CONDITIONCel ) = NOT(eL), !'» FAIL,

/#0THERWISE NOTE 1T FOR LATER#%/
CONDITIONC«l) := POSTULATE(PROVISO(«L))»
TRACE(STORING-PROVISO=¢L,6).

/#NEGATION»/
NOTIXDY) = Y>=X.
NDT(X>=Y) 1= YDX,

/840T10N CHECK®/

MOTION(«PART,«PATH,«START)» «SIDE,«PER) :-
1P| ACE («PART, «PATH, «START,«S1DE, «BEGIN),
CUECTIMESYS( «PER ,+BEGI N» «END)) ,

(1754)

TRACE(CHECKING=MOTION-OF =«PART=0N-¢PATH-FROM=«START,7),

TRACE( QN =«SIDE=DURING=«PER,7 ),
MOTIONL(«PART, «PATH, «START »«SIDE,»«PER)»
CUECMOTSYS («PART ,+PATH,«START,» «SIDE, «PER)) ,

/8 GENERAL MOTION ON PATH®/  /=LETS THROUGH TOO MANY POSIBILITIES®/

OTIONL(eP ART, «P ATH, «START ,«SIDE,«PER) i~
INITIAL(«pER,«BEGIN),
GETSTARTED (¢ PART ,«PATH,*START, «SIDE, «BEGIN),
NOSTOPPING(«PART ,«PATH,«START, «SIDE, «PER),
NOTAKEOFF(«P ART, «P ATH, *START ,«SIDE ,«PER) ,
NOFALLOFF(+PART, «PATH, *START ,+SIDE,+PER),

/OPHREAK INTO SUBPATHg*/



MOT]ONL1(«PART, «PATH, »START,+S[DE,«PER) :=
ARRANGEPATH(«PATH, «START, «NPATHLIST),
MAKEPERIODS(«NPATHLIST,*PER,«PERLIST),

MULT IMOT TONC«P 4R T, «NPATHLIST,«START, «SIDE, «PERLIST),

ARRANGEPATH(«PATH, «START ,*NPATHLIST) -
PARTITIONC(«PATH, «PATHLIST),»
END( «P ATH, «START ,«END) ,
CONDREV(«FND,+~PATHLIST,«NPATHLIST),

MAKEPERTODS («NPATHL]ST,«PER, «PERLIST) :-
MAPLIST(MAKENNE , «NPATHLIST, «PERLIST),
ASSERT(PARTITI O (+«PER, *PERLIST)),
TRACE(LET-#PER-BE=DIVIDED=INTO~«PERLIST,?2),

/8DF AL WITH EACH SUBPATH#/
MULTIMOTION («PART,NIL,«START,«SIDE,NIL),

MULTIMOTION(#PART,«PATH,«PATHL,«START,«SIDE,«PER,«PERL) -
MOTION («PART ,«PATH,+START, «SIDE, «PER),
FAREND(&PATH, «START ,«FINISH),

MULT IMOT JONC «P ART, «P ATHL ,«FINISH,«SIDE,~PFRL ),

/*MAKE ONE PERIOD#®/
MAKEDNE(#PATH, «PER) 3= DECLARE(PERIOD(«PER)),

GETSTARTED(«PART,«PATH,«START,«SIDE,«*BEGIN) :=
VEL(«PART,ZERD ,«NIRy «BEGIN)» !,
CONDCINCLINE («PATH,ZERO, «START),
NUDGE («PART,2ZER0,«BEGIN) ,TOP(«PATH,«START)).

/® EADED IN RIGHT DIRECT[ON»/
GETSTARTED(«PART,«PATH, «START, +SIDE, ~BEGIN) -
INCLTNE(«PATH» «ANG ,=START) ,
VEL(«PART, «V,«ANG, «BEGIN),
COND IT IONC #V>ZERO) ,

/eDOWNHILL RUNa/
NOSTOPPING («PART ,«PATH ,«START»«SIDE, «PER) :-
ENOCeP ATH, «START ,«END) , OPPOSITE(+END,«0END),

SLOPE(«PATH, «HEND), DIFF («0END,«HEND), 1.

/oMAKES [T TO THE TOP#/
NOSTOPPING («PART ,#PATH,«START, «SI1DF, «PER) 1=~
FINVEL( P AR T, «V,«DIR, «PER), CONDITION(REALC*V)),

/eBELOW PATH®/
NOTAKENFF («PART, «PATH, «START,«SIDE, «PER) -

BELOW(«PATH, «START,«SIDE), !,

/eSLOPE DOFS NoT DROP AWAYa/
MOTAKEOFF(«PART,«PATH,«START»«SIDE,«PER) -
CONCAVITY(«PATH,«CONC), DIFF(«CONC,RIGHT), !,

/® [NSUFF JCIENT VEL TO TAKE OFFe/
NOTAKENFF(«PART, «PATH, «START,«SIDE,«PER) &=
CONCAVITY («PATH,RIGHT),
NORMAL («PATH,«DIR),
CC(HFACTIﬁ”(*"ATH'*PART;*W,*DlR,*PER)),



CONDITION (¢«N>=ZERD)

/#SUPP OR tEn» /
NOFALLOFF(«PART,«PATH,«START,«SIDE,«PER) -
ABOVE(&PATH, «START,«SIDE), !,

/#VERT 1CAL FALL®/

NOF ALLOFF(«PART,*PATH,«START,«SIDE,«PER) -
SLOPE(«PATH, «START), CONCAVITY(«PATH,STLINE),
INCLINE(«PATH,270,«START), !.

/oSTICKS ONa/
NOFALLOFF(«PART, «PATH, «START,«SIDE,«PER) :=
CONCAVITY («PATH,RIGHT) »
NORMAL («PATH,«DIR1),
CC(VEL(#PART,«V «DIR2, «PER)),
RADIUS«0OF«CURVATURE(«PATH,*R)
CONDITION((ev:2)#SIN(«DIR1)>=¢R&G), !,
/eFREEFALL®/
NOFALLOFF(«PART,«PATH,«START,«SIDE,«PER) -
CONCAVITY («PATH,«cONC), DIFF(«CONC,RIGHT),
ASSERT(FALLS«OFF(«PART,+PATH, «START ,«SIDE,«PER)),
v, FAIL,

/#0ESCRIBING PATHS#/

/#PATH WITH MONOTONIC SLOPE=/
MONOPATH(«PATH) 3= SLOPE(«PATH,LEFT),
MONOPATH(«PATH) t~ SLOPE(«PATH,RIGHT),
MONOPATH(«PATH) = SLOPE(«PATH,HOR) .

/PO INT1 AND POINT2 ARE OPPOSITE ENDS OF PATH®/

FAREND(«PATH,«POINT1,«POINT2) 3~
END(«PATH, «P0OINT 4, «END1) , OPPOSITE(«END1,«END2),
END(«PATH,«POINT2,«END2) .,

/#UPPER SIDF OF PATH®/
AZOVE(«P ATH, «START ,«SIDE) =
1ONOPATH(«PATH), END(«PATH,«START,«SIDE),

/#LOWER SIDF OF PATH®/
BELOW(~PATH,«START,«SIDEL) :=
MONOPATH(«PATH) »
END(«PATH, «START, «SIDE2), OPPOSITE(~SIDE4,+SIDE2).

/#START 1S THE ToP OF PATH#/ :
TOP(«PATH, «START) := END(«PATH,«START,«END), SLOPE («PATH,»«END) .

JePARTICLE 1S IN PLACE AT START OF PATH#/

INPLACE(«PART, «PATH1,«FINISH,*SIDE,«END) §-
DEC(MOTION(*PART,«PATH2,«START,«SIDE,«PER) ),
FAREND(«PATH2,«S5TART, «F INISH),
FINAL(*PFR,*END), !,

INPLACE(«P ART, «P ATH, «START ,«SI1DE2, «T IME) -
DR C( AT (¢ pART ,«START, «T IME) ),
SINDE(«PART,«START,«SIDEL,«TIME)»
FNOD(«PATH,«START, «END),



CONDVAL («FND, «SIDEL1,+SIDE2),

/aCONSECUTIVE PATHS HAVE THE SAME INCLINATTON

(ApD SMOOTHMESS CONDITION) =/

INCLINE(®PH2 ,«ANG, «PT) =~
PARTITION( «PHA ,«PHL) ,
NEXTTO(®PH1,«PH2,«PHL)»
NLCCINCLINEC«PHL,«ANG» «PT) )

/# YpU CAN'T BE IN TWO PLACES AT ONCE #/

AT (eMy «P1, «T) :-
CHECKLIST(BOUNDI["M."Plr"TJ) ’ DBC(AT("M;"pzu "T)),
DIFF(eP1,«P2), !, FAIL,

/8YOU GET TO YOUR DESTINATION BY TRAVELING THERE#/
AT («PART ,«P| ACE2,¢MOM2) =
FAREND (+pA TH,«pLACE2,«pLACEL),
INPLACE(«PART, «PATH, «PLACEL, «SIDE, «MOM1),
CUE(TIMESYS(«PER,«MOM1,¢MOM2)) ,
NLC(MOTION(«PART,«PATH,«PLACELl,*SIDE,«PER)),

/#CONDITIONAL REVERSE#/
CONDREV(LEFT,«LIST,«LIST),

CONDREV(RIGHT, «L ST, «RLIST) = REV(«LIST,*RLIST),

/#CONDITIONAL VALUE®R/
CONDVAL(LEFT»«SIDE,»«SIDE),
CONDVAL(RIGHT, «SIDE1,«SIDE2) :~- OPPOSITE(«SIDE1, «SIDE2),

/#PARITY CHANGER®#/
OPPOSITE(LEFT,RIGHT) .
OPPOSITE(RIGHT ,LEFT) .

/eCALL MARPIES TO UNPACK PROVISOS#/

SOLVEALL («CONDLIST,«ANS) -
SETUP(«CONDLIST, «ES, ¢«XS1), CRUNCH(*ES,#XS1,*ANS),

SETUP(«CONDLIST, «ES, «XS1) := SWORDSIN(«CONDLIST, «VARS),
GIVENS(#GS), SUBTRACT(«VARS,«GS, «XS),
TRACE(ATTEMPTING=TO=SOLVE=FOR=«XS=IN=TERMS=0F=«GS,5)
GETEQNS («XS,«6S,NIL,*ES,«XS1),
TRACE(FNOUATIONS=EXTRACTED, 2)s» PPR(+ES),

CRUNCH(«ES, «XS1,«ANS) =
CONVERT(«ES,«FS1), TRACE(CONVERTED=TO0,2), PPR(*«ES1),
SIMPLIFY(«F5l,+«ES2), TRACE(SIMPLIFIED=T0,2), PPR(*ES2),
MAPLIST(CCMEASURE ) «XS1,¢XS2), TRACE(UNKNOWNS=ARE=¢XS2,2),
SIMSOLVF («#£S2, «XS2,«ANS), TRACE(ANSWER-1S,2), PPR(«ANS),

/9 APOLOGIES FOR ABSENCE#®/
CRUNCH(*ES, ¢XS1,«ES) = TRACE(CRUNCH=-NOT=L0OADED,2),

SURST(«SOLNS,«CL,*CL) := TRACE(SUBST=-NQT=-L0ADED,2).




EVAL (+CONDS) - TRACECEVAL=-NOT-LOADED,2),

MINCeQ «MV «CONDS) := TRACE(MIN=NOT-LOADED,2),

/*DETAILED TNFERENCES FOR PROVISOS#/

/#RpDIUS OF CYURVATURE OF CIRCLE SEGMENT#/
RADIUS«OF«CURVATURE(«PATHrR) -
PARTOF («PATH,«CIRCLE), CIRCLE(*CIRCLE),
CC(RADIUS(«CIRCLF,»«R)),

/8PART=WHOLE REL,TIONSHIP#/
PARTOF (¢« WHOLE, «WHOLE ),
PARTNF (*PART ,«WHOLE) := BITOF(«PART, «WHOLE),

BITOF(+PART, ¢WHOLE) i~ PARTITION(«WHOLE,«PARTS),
MEMBER (#PART ,«PARTS) ,

/eVERT{CAL DROP OF CIRCLE SEGMENT®/

DROP(«PATH,«START, «R#(SIN(«DIR1)=SIN(«DIR2))) :=-
PARTOF («PATH «CIRCLE), CIRCLE(+CIRCLE),
FAREND(«PATH,«START,«FINISH),
ANGLE( «START ,«0IR1,+CIRCLE)s» ANGLE(«FINISH,*pIR2,«CIRCLE),
RADIUS(«CIRCLE,«R),

/eTYPICAL DROP WITHIN CIRCLE SEGHMENT#/
TYPICAL*DROP («PATH ,«START) «R#(SIN(«DIR1)=SIN(eDIR2))) :~-
PARTOF («PATH,«CIRCLE), CIRCLE(«CIRCLE),
CC(ANGLE (¢START»«DIR1,«CIRCLE))»
NORMAL («PATH,«DIR2),
RADIUS (*CIRCLE »*R) »

/#NORMAL Tn PATH#=/

/2 ALWAYS USE NORMAL OF LARGEST PATH=/
NORMAL («PATH ,«DIR) :=
BITOF(«PATH, «SUPERPATH)» NORMAL(«SUPERPATH,*DIR),

/#nNORMAL IS ANGLE AT TYPICAL POINT=/

NORMAL («PATH »«DIR) =
CC(TYPICAL#PQINT («PATH,»*X)))»
CCANGLE(«X,«DIR»«PATH)) .

/%AN OBJECT IS IN CONTACT WITH THE PATH IT MOVES ON#/
CONTACT(+«PART,«PATH, «PER) -
DBC(MOTION(«PART, «PATH, «START »«SIDE»+~PER) ),

/2PATHS ARF FIXED JN THE ROLLER-COASTER WORLD#*/
FIXE O« CONTACT(«PATH, EARTH, «PER) i~

PATH («PATH), PERIDN(«PER),

PRO3 TYPE (ROLLFR=-COASTER)

/#pPATHS ARE SMoOTH IN THE ROLLER=COASTER WORLD#/
COEFF(«PATH,2ERD) 1=
PATH(«PATH)» PROUTYPE(RNOL_ ER=-COASTER),



/#THE MASS OF A PARTICLE 1S CONSTANT#/
MASS (¢PART ,«M, «PER1) i~
PARTICLE («PART), PERIOD(«PER2),

DIFF(«PERL,*PER2), NLC(MASS(«PART,«M,«PER2)),

/®ACCEL TOWARDS THE CEyNTRE OF A CURVE®/
ACCEL(«PART,=(¢V:2),¢R,«DIR2)«TIME) i=
DBC(MOTION (¢PART,«PATH,«START» «SIDEs «TIME) )»
CC(VEL («PART,«V,«DIR1,«TIME)),
RADIUS €0 Fe CURV ATURE( «P ATHs «R )»
CC(NORMAL («PATH,«DIR2)),

/eREACTION®/

FORCE("PARTD.'N"'DIRI «TIME) :=
CONTACT («PART,«0BJ, «TIME),
CC(REACTION(«0BJ,«PART, ¢N,«DIR,«TIME)),

/®FRICTIONa/

FORCE(FPART. «F,«DIR, «TIME) :=~
CONTACT(«PART,«0B8J,¢TIME),
THNOT(COEFF(«0BJ,ZERD)),
CC(FRICTION(«0BJ,«PART,*F,«DIR,«TIME)),

M



KX%AXSCHEMA , OLD ©16:56 19-APR=1977 <@55> (170)

/#SCHEMATA (AND CUES)#/
/#ALAN BUNDY 28/2/77 a/

/eCUE IN SChEMA®/

CUE(eKEY) := SCHEMA(«KEY,*DECL,«ASS,«DEF),
TRACE (PUL| ING=IN~SCHEMA=«kEY,6) s NEW_ INE,
TRACE(DECL ARATIONS,7),CHECKLIST(CALL,«DECL) »NEWL INE,
TRACE(ASSERT]ONS,7), CHECKLIST(PASSERT,+«ASS),NEWLINE,
TRACE(DEFAULTS,7), CHECKLIST(PASSERTC,«DEF)sNELLINE, !,

SCHEMA (T IMESYS («PER, «#MOM1, «+MOM2) ,
[DECLARE(PERIOD(*pPER))yCC(INITIAL (*PER, «MOM1)),
CC(FINAL (#PER, «MOM2))],
[MOMENT («MOM1), MOMENT («MOM2)1,
£l .

SCHEMA(MOTSYS(«PART,«PATH,»«START,«SIDEL1,«PgR),
CCC(FAREND(«PATH, «FINISH, «START)), CC(FINAL(«PER,+«END)),
CCOINCLINE(«PATH,«ANG,«FINISH)), CC(VEL(#PART,«V,«ANG,«END))J,

[DBC(MOTION(+PART, «PATH,«START,«SIDE1, «PER)),

DBC(AT(«PART, «F INISH, «END)) 13,
[(+#V>ZERN ;= TOP(«PATH,*START), PROBTYPE (ROLLER-COASTER))]1 ).

CALL(*L) :=- «L,

AR SR NN



XXXXXFUNCC ., oLD ®@16:56 19-APR=1977 <@55> (180)

/eFUNC Ce /
/#FUNCTION CALL PREDICATE CALL &/
/oALAN BUNDY FER 19778/

/®DECIDE TYPE OF CALL®/

FPCleL) :~ TRACE(CALLING=¢L,7),FAlIL.
FPC(eL) := CHECKARGS(«L), !, FC(«L),
FPC("L) 1= e,

/8FUNCTION CALL#/
FC(eL) = STLLYC(*®L), !, FAIL,
FC(eL) 3= «Ly 1,

/2PREDICATE ARGS ALL BOUNDsa/
CHECKARGS(eL) := ¢L=,, «PROP,«ARGS, SEPERATE(¢ARGS,«PARGS,«FARGS «NUM),
CHECKLIST(BOUND,«PARGS) +

/®1S CALL SILLY?#/

SILLY(+L) 1= «L=,, «PROP,+*ARGS, SEPERATE(«ARGS,«PARGS,*FARGS ,«NUM),
CHECKLIST(BOUND, «FARGS)» SEPERATE(«NARGS,«PARGS, «NFARGS,«NUM),
“NL =.,, «PROP,«NARGS, DOBC(«NL), DIFF («FARGS, «NARGS),

/#SEPERATE FUNCTION AND PREDICATE ARGS#/

SEPERATE(L«0 ], C1,L«01, 1),

SEPERATE(C+«0BJ,«Q1,[*0BJ],[«Q],2),

SEPERATE([«0OBJ,«Qs «TIME],[«0BJ,«TIME], [«0],3),
SEPERATE(L«0BJ,«Q,«DIR,«TIME], [«0BJ,«TIME],[«Q,+«DIR],4),

SEPERATE (EO-OBJ].: "OBJZD «Q l"DIRI «T IME] l[.'OB‘Jll.'OBJZI “TIMEJ n["g a"DI R] '5)0

ARNNNY



%%%U%%CNVERT . OLD @102:34 29-APR=1977 <0p55> (818)

/®CNVERTe/
/eMECHANICS UNIT CONVERSION ROUTINES#/
/®GATHERED TOGETHER BY ALAN BUNDY ON 8/9/7¢#/

/#UNIT CONVERSION®/

CONVERT(+#ES,+ES1) :- STANDSyS(«SYS),
ASSERTD(CCFLAG(ON)), ECONV(*ES,«ES1),

SCONV(NILWNIL),

SCONV(«E,«ES,*E1,«ES1) = ECONV(«E,«E1l), SCONV(+«ES,6«ES1),

ECONV(TRUE,TRUE) i~ !,

ECONV(eE,+E) i~ ISCONST(«E), !,

ECONV(«E,«F) i- WORD(*E), QUANTITY(«E»1,ND),
ECONV(eE,«E1) :~ WORD(«E) , !, VCONV(*E,«E1),

ECONV(«E,¢F1) := «E =,,¢S,¢ARGS » SCONV(*ARGS, *ARGS1)
«C1 =,,e5,ARGS1 ,

VCONV(+#F,eF1) := VCONVI(*E,«EL1),!, =

VOONV(«E ,«F1) = VCONV2(*E,«E1)s !y
CASSERTC(VCONV1(*E,«EL1))»TRACE («E-GOES-TO=«E1,4),

VCONV2 (Vs eM) 3= UnyIT(eVseU) » STANDARD(&U,«U),
!y CCIMEASURE(«V,eM)),

VCONV2(eV,eM2) 1= UNIT(eV,eU)
, STANDARD(«U,«U1) » CC(MEASURE(«V,¢M)),
MCONV (&M, e, «M1,«UL), SIMPLIFY(«M1,«M2),
STANDARD (+U, «J1) ;= STANDSYS(«SYS), DIMENSTONS («U, «D),
STANDUNI T(«D ,~UL,¢SYS),
DIMENSIONS(LBS,M) := 1,

DIMENSTONS(TONS, M) = !,

DIMENS {ONS (HRS ,T) = 1.,

DIMENS IONS (MINS, T) = !,



00000000000000000000001

DIMENS IONS (SECS, T) - !,

DIMENSIONS(MLS,L) = !,

DIMENSIONS(YDS,L) = !,

DIMENSIONS(FTsL) $- !0

DIMENSIONS(INS,L) :- !,

DIMENSIONS («U,«U) := ISCONST(«U), !.

DIMENSIONS(«U,«D) := «U =,,eS,«ARGS ,
LDIMENSIONS(«ARGS,«DARGS), «D =,,+S,«DARGS ,

LDIMENSTONS(NIL,NIL),

LOIMENSIONS(«U,«UL,«DseDL) := DIMENSIONS (¢U,«D) ,
LDIMENSTIONS(«UL,«DL) »

MCONV (&M ,«l), «C,«M,«Ul) = FACTOR(«C,«U1,¢U),
INA(2240,LBS,TONS) .

INACKB»MINS, HRS) o

INA(64+,SECS,MINS),

INA(176@,YDS,MLS),

INAC3,FT,YDS),

INAC12,INS,FT),

FACTOR(1,*U,*«U) = ISUNIT(eU), !,

FACTOR(«U,«U,*U) i~ ISCONST(«U), !, /#FOR SQUARES ETC#/

FACTOR(«C,eUl,«U) := INA(«C,«Ul,«U), &,

FACTOR(«Cs»ellseU) := COMP(eUL),
11 =.-0""."ARG51 ’ |y =, ."SI*ARGS ’
SFACTOR(«CS,«ARGS1,«ARGS)s «C =,4,¢5,¢C5 » !,

FACTOR (1/¢C, «U1, «J) 3= BEFORE(«U,«U1)s» FACTOR(«C,+U,*U1),

FAGCTOR (¢«CLl.«C2,+U2,¢U) = INAC(«Cl,«Ul,«U),
FACTOR («C2,«y2,+~uUl), !,

SFACTORCNIL, NIL, NIL) &= 14

SFACTOR(#C ,+CS,«UL «US1,«U «US) 3= FACTOR(«C,*U1,~U),
SFACTQR(«CS, «US1,+«US),

BEFORE(*U,«U1) = DIMENSIONS(®U,*D), POSN(eD,*U, «P),
POSN(en,«U1,«P1), «P<epl, !,

POSN (M,LBS,1),

'® © © ©6 © © © © © © © © © © © © ©6 © 0 © 0 ©



POSN (M ,ToNS, 2) .,
POSN (T ,SECS, 1) .
POSN(T,MINS,2),
POSN(T,HRS,3),
POSN(L,INS,1),
POSN(L,FT,»2),
POSN (L ,YDS,3).
pOSN(L,MLS,4).,

ISUNIT(«U) t= POSN(«Ds«U,*N),

/eFIXING UNIT SYSTEM#/

STANDSYS(«SYS) &=
NOLOOP , SOUGHTS(«S|), CONVLIST(UNIT,«Si,eUL1),
SHORDSIN(eULL, «PULL), FIX(T L M. NILs«PUL1,«REM1,«SYS),
GIVENS(eGL) ,cONVLIST(UNIT,«GL,~UL2),
SWORDSIN(«UL2,«PUL2), FIX(egEM1,«uL2,+REM2,¢SYS),
FIXREST(«REMp,«SYS),DECLARE(STANDSYS («SYS) ),

SYSFOUND.

NOI 0OP := SYSSOQUGHT, !, FAIL.
NOLOOP := ASSERT(SYSSOUGHT).

SYSFOUND ¢~ DENY(SYSSOUGHT).
FIXOCNLp» s NL s SYS)

FIX(eD1l.#D(1,«L,«DL2,«SYS) i~
SUBLIST(NDIMENSIONS («D1)y«UL, «CANDL)» DIFF(*CANDL,NIL),
', VOTE(«CANDL,«WIN),
CGENSYM(SYS, «SYS), DECLARE (STANDUNIT («D1,«WIN,«SYS)),
FIX(eDL,eUL,*0L2, «SYS),

FIX(eD1,eD) 1,0yl ,%01,«DL2s «SYS) &=
FIX(*DLl.*ULI*DL?I*SYS)Q

VOTE (« CANDL, #d IN) =
LISTTOSET(«CANDL ,~CANDS) ,
MAPLIST(SCOREFACH(«CANDL), «CANDS,«PAIRSL),
FAVOURITF(«PAIRSL,+WIN,*SCORE),

SCOREEACH( «l) e, 3, NIL)

SCOREEACH( e, e, «N1,¢U,«REST) -
'y SCOREEACH («Uy U ,«N» #REST) »+(eN,1,eN1),

SCORFEACH(«l), U, «,¢«HD,«TL) t= SCOREEACH(«U,*U,eN,«TL),



FAVOURITEC(«U,¢«S) NILs®U,¢S) = !,
FAVOURITE((«U1l,«S51),ePL,*U2,¢52) i.
FAVOURITE(*pL,*J2,#52), «SiKes2 , !,
FAVOURITE( (¢#Uy «S)sePL» U ,*¢S),
FIXRESTONI |, #SYS),
FIXREST(T+L.MeNIL)&SYS) = !, DEFAULT(«SYS),
FI\VREST(#D ,+ L ,«SYS) ¢~
DEFAULT(«SYS2) ,STANDUNIT(e«D,«U,+SYS2),
NECLARE(STANDUNIT(#D,«Us«SYS)) ;FIXREST(*#pL,»*SYS),
DEFAULT(FLS),
STANDUNIT(T,SECS,FLS) := !,
STANDUNIT(L,FT,FLS) = !,
STANDUNIT(M,LBS,FLS) - !,
STANDUNIT(eU,*U,+SYS) := ISCONST(«U) »!.
STANDUNIT(«D,«U,«SyS) = ISSyM(«D), !,FAIL,

STANDUNIT(«D,*U,«SYS) := «D=,,(+S.+«DARGS) ,
HAPLIST(GTA'\JDUNIT( «5YS), «DARGS,«UARGS) , «-U-. . («S,«UARGS)
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/#FRAMES AND GO, OLD BITS OF XTRACT#/
/® FRAMES a/

FRAMEL (PU_LSYS («SYS, «PU L+ «STR,«P1,«P2,«TIME),

[ PROBTYPE(PULLEY),
CONTACT(«P1,LEFT («STR),*«TIME),
CONTACT(«P2,RIGHT(«STR),«TIME),
(DIRFCTION(LEFT(«STR)»90,«TIME)
(DIRFCTINON(RIGHT(«STR)»92, «TIME
STRINR(+STR)

PARTICLE («PULL) 1),

= 1),

) 1= 1),

FRAME2 (PULISYS(«SYS, «PULL,«STR,«P1,¢P2,«TIME),

C(TENSIONCLEFT(«STR),«T,«TIME)

t= TENSION(«STR,*T,»«TIME),

COEFF(«PULL,ZER0),ELASTIC(+STR,ZER0)),

(TENSION(RIGHT («STR) ,«T» «TIME)

i~ TENSION(«STR,*T)«TIME),

COEFF(«PULL,ZERO) ,ELASTIC(«STR,ZERQ)) 1.

FRAME3 (PULISYS(«SYS, «PULLs «STR,«P1,«P2,¢TIME),
[FIXEN~CONTACT(«PULL,EARTH, «TIME),

COEFF(«PULL»ZERO)»
ELASTIC(«STR,ZERO)»

MASS («PULL ,ZERD» «T IME) ,
MASS («STR, 2ERD,«TIME) 1),

FRAME(«CUE ,«L, «DEFAULTS) i~

FRAHEI(*CUEnhLi)uFRAMEZ(*CUE:*LQ):APPEND(*Ll.*LZ.*L).

FRAME3 («CUE, «DEFAULTS) ,

/¢ MARPLES ALGORITHM#/

GO := SOUGHTS(eXS), GIVENS(+«GS),

TRACE(ATTEMPTING=T0-SOLVE=FOR=«¢XS~IN=TERMS=0F=+GS,5),

GETEQNS (+XS,«GS,NIL,«ES,*XS1),

TRACE(FQUATIONS=-EXTRACTED,2), PPR(«ES) ,
CONVERT(#ES,+«ES1), TRACE(CONVERTED-T0,2), PPR(+*ES1),
SIMPLIFY(*FS1,«ES2), TRACE (SIMPLIFIED~TO,2), PPR(*ES2),
MAPL IST(CCMEASURE ) «XS1,¢XS2), TRACE(UNKNOWNS=ARE=¢XS2,2),
SIMSOLVF (¢ES2, «XS2,«ANS), TRACE(ANSWER-1S,2), PPR(+«ANS), ||

AR NN NN




	Contents
	Utilities
	Equation extraction
	Motion inference
	Schemata (and cues)
	Function call / predicate call
	Units conversion
	II
	Frames, GO


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}


{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":true}



