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LPTSPL VERSION 6(344)

FILE:

17-Nov-75
DSKA1:LM[400,414] CREATED:
QUEUE SWITCHES:

p000
2000
1]
"Y'
20
20
20 00
28 09
2000
0000
"1}
o
P00
2000

AAA

>>>rr» >
>>>>>>> >
TTTITTIX

29
]
020
"J')
o))
0089
21
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20
20
20
20
20

=
=4

=4
TIIXT XX

RUNNING ON LPT500
eSTART®» USER WELHAM B [40@,414] JOB

REQUEST CREATED: 15:07:30

17-NOV-75 15:02:00 <155>

/PRINT:ARROW /FILE:ASCII /COPIES:2 /SPACING:1 /LIMIT:50 /FORMS:NORMAL

FILE WILL BE RENAMED TO0 <@55> PROTECTION

220
rr
’

BBBB
B

B
BBBB
B

Dxw w®
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PRINTED:
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44 44
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4444444444
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44

17-NOV-75 15:07:56

//; /[ul

LM SEQ. 3238 DATE 17-NOV-75 15:07:46 MONITOR NETMON 5,87B V3 (AUG 12 T #STARTa



# LEGAL MOVES FOR PROLOG EQUATION SOLVING PROGRAM,

® BOB WELHAM 1975.
+8(0G,2), # INFIX CONJUNCTION.
+#(0G,1). # INFIX DISJUNCT]ON.
+=(DG,3) ., ® EQUATION SYMBOL.

# ARITHMETIC OPERATORS.

+:(GD.8), # EXPONENTIATION.
++(GD,4) . = ADDITION.
+-(GD,9). & UNARY MINUS,
+.(DG,6). # MULTIPLICATION.

P0E88EE0E00008005000000000000000008000808,
® LEGAL MOVES.

A2 22222222 2222222222 R0 2 X -0 2 0 X 2N
* LEGAL MOVES FOR SIMPLIFICATION.

+AX1( sU+B , #U , TRUE ).

+AX18( #U.8 , @ , TRUE ).

+AX20( *U:@ , 1 , TRUE ).

+AX30( P:eU , B , NONZERO(&U) ),

+AX4B( LOG(oUs1) » B » TRUE ).

+AX50( LOG(eU,eU) , 1 , TRUE ).

+AX68( *U.1 , *U » TRUE ).

+AXBO( sUi1 , =U » TRUE ).

+AXB5( 1:8U , 1 , TRUE ).

+AX98( #U+-1.8U » @ » TRUE ).

+AX91( 1+=1 , 0 , TRUE ).

+AX100( -1.-1 , 1 , TRUE ).

+AX101¢ -1:-1 , -1 , TRUE ).

+AX280 ¢ LOG(sU,oVisV) , ®V , TRUE ).
+AX201( ®U:LOG(=U,=V) , @V , TRUE ).



® LEGAL MOVES FOR ISOLATION.

+AX1000(
+AX10208¢(
+AX1040 (
+AX1050(

+Ax1pén(
+AX1072¢(
+AX1500(
+AX1510(

+AX1520(
+AX1530¢

+AX1540 (

+AX1550(
+AX1560(
+AX1570¢(
+AX1580(
+AX1590¢(
+AX1600¢(

+AX1610¢(

slU+ay=sd , =y
#U.8V=2W , =y
LOG(#U,eV) =al

#:aN==V , ay
#U

syteN==y , «U
sy:aV=aW , =aV
SIN(®U) =2y ,

Cos(=ur=av ,

TAN(=y) =2y ,
COSEC(=U)=eVv

SEc(eU)=av ,

CoT(=u)=av ,

ARCSIN(aU) ==V
ARCCOS(=y)=ay
ARCTAN(=U)=aV
ARCCOSEC(«U)=
ARCSEC(#aU) ==V

ARCCOT(=#U)=nV

=aW+=-1,a2V , TRUE ).

seW.eaVi~1 , NONZEROC(aV) ),

» ®Vzay:aW , TRUE )

=eVi(aN:i-1) #

=-1l.#V:i(aNi=1) » EVEN(®N) ),

=#Vi(aN:=1) , ODD(eN

=LOG(=UseW) , TRUE )

)

).

sU=2N.PI+=-1:aN.ARCSIN(®V) , ARBI

#U=2.¢N.PI+ARCCOS(#V) #
#U=2.eN.PI+=-1,ARCCOS(=#V) , ARBINT(#N) ),

2U=aN.PI+ARCTAN(#V)

»

ARBINT (&N)

v #U=#N.PI+-1:#N.ARCCOSEC(2V)

2U=2.sN.PI+ARCSEC(®V) #
#U=2.#N+PI+-1.ARCSEC(#V) , ARBINT(=N) ).

#U=eN.PI+ARCCOT(=V)
» #U=SIN(=V) , TRUE

» #U=C0S(=Vv) » TRUE

ARBINT (#N)

)

)

y #U=TAN(®V) , TRUE ).

sy » ®#U=COSEC(=V) ,

TRUE ),

» ®U=SEC(#V) ., TRUE ).

» ®#U=COT(eV) » TRUE ).

® LEGAL MOVES FOR COLLECTION.

+AX20022 (
+AX2001(
+AX2002(
+AX2010(
+AX2011¢(

+AX2P28(

(ay+sy), sy ,
(eV+l).o2W , =
2.8W , al+el
(ay+av) ., (ay+-
(ey+1).(aU+-1

sW:(ey+sV)

sy, 8W+aV, 24 , TRUE )
W+eV,=W , TRUE ).

» TRUE ).

1.8V) , ayi2+-1,8V12
) » &y:2+-1 , TRUE )

eWiey,sW:sVY , TRUE )

.

(4

TRUE ).

NT(2#N) )

).

ARBINT(=N)

).

).



+AX2021( ®y:(®y+1) , #y.sWiey , TRUE ).

+AX2022( #W:2 , #W.=aW , TRUE ).

+AX2500( SIN(2.2U).2:-1 » SIN(=U).COS(#U) , TRUE ).
+AX2510( CoS(2.=U) , COS(#U):2+-1.SIN(aU):2 , TRUE ).

+AX2520( SIN(#U+2V) , SIN(=#U).COS(aVv)+COS(aU) .SIN(eV) , TRUE ).

+AX2539( SIN(#U+-1.2V) , SIN(®U).COS(®#V)+=1,C0S(aU).SIN(®V) , TRUE ).

+AX2548( CoS(#u+aV) , COS(aU).COS(aV)+-1,SIN(®U),SIN(®*V) , TRUE ).

+AX2550( CoS(#U+=1,#V) , COS(aU).COS(=#V)+SIN(#U),SIN(®#V) , TRUE ).

# LEGAL MOVES FOR ATTRACTION.
+AX3000( LOG(eW,=U)+LOG(#W,=V) , LOG(#W,=#U.aV) , TRUE ).
+AX3001( LOG(®W,#U)+®A.LOG(aW,=V) » LOG(®W,aU,osViaA) , TRUE ),

+AX3010( (sy:aV)iaW , =Us(aV.#W) , TRUE ).

RACROBTUODDOVREBB VI AR ERITHEDEDRBIEB DRSNS,

# RECOMMENDATION LISTS.

spocacnonBORRCORBRERBERERERDERORARDROGRDRERIEY,

# ALL AXIOMS APPLIED LEFT TO RIGHT FOR ISOLATION
AND SIMPLIFICATION.

+[SOLATES(1000) .
+ISQLATES(1220).
+ISOLATES(1p40) .
+]SOLATES(1050) .
+ISOLATES(1060).
+ISOLATES(10870).
+]SOLATES(1500) .
+ISOLATES(1512) .
+]SOLATES(1520) .
+ISOLATES(1530) .
+ISOLATES(1540).
+ISOLATES(1550).
+]SOLATES(1560) .
+[SOLATES(1570),
+ISOLATES(1580).
+1SOLATES(1590).



+ISOLATES(1600).
+ISOLATES(1610).

$SIMPLIFIES(1).
*SIMPLIFIES(10).
+*SIMPLIFIES(20).
+SIMPLIFIES(30) .
*SIMPLIFIES(40).
*SIMPLIFIES(50).
+SIMPLIFIES(60).
*SIMPLIFIES(70).
*SIMPLIFIES(8D).
*SIMPLIFIES(85).
*SIMPLIFIES(90).
*SIMPLIFIES(91).
+SIMPLIFIES(65).
*SIMPLIFIES(100).
+SIMPLIFIES(101).
+SIMPLIFIES(110).
+*SIMPLIFIES(208).
+SIMPLIFIES(201).

+COLLECTS(2800:RTL) .
+COLLECTS(2001:RTL) .
+COLLECTS(2002:RTL).
+COLLECTS(20208:RTL) .
+COLLECTS(20821:RTL).
+COLLECTS(2P22:RTL) .
+COLLECTS(2010:LTR).
*COLLECTS(2011:LTR).
+COLLECTS(2500:RTL).
+COLLECTS(2510:RTL) .
+COLLECTS(252P:RTL).
*COLLECTS(2538:RTL).
+COLLECTS(2540:RTL).
+COLLECTS(255@:RTL) .

+ATTRACTS(2000:RTL).
+*ATTRACTS(20920:RTL).
+ATTRACTS(30@0:RTL).
*ATTRACTS(3@@1:RTL) .
+ATTRACTS(3919:RTL).

LSRRt E L R g
® ARITHMETIC.,

"I....G..Ol..DDOII.GBGG..D..G.GG“..“‘.GI.Q. .

+INTEGER(=-1).
*INTEGER(=1.,8N)-/~-NATNUM(®eN),
+INTEGER(®N)=NATNUM(&N) .



+NATNUM(&aN) -UNIV(aN,aM,NIL)-DIGITS(aM),
+DIGITS(NIL)-/.
¢DIGITS(®#D.aL)-CHIFFRE(2D)=DIGITS (&),

+0DD(®#N)=NATNUM(#N)-RESTE(#N,2,»R)-IDEN(8R,1).
+EVEN(2N) -NATNUM(®N)~-RESTE(&N,2,2R)-IDEN(®R,0),

+*NONZERO(=#N)=NATNUM(&N)-DIFF(®N,0) .,
+NONZERO(@X)=-SIMPLIFY(sX,®Y)=-IDEN(aY,0B)~/-FAIL.
+NONZERO(#X)~SORCHA ("ASSUMING NON-ZERO ")-SORTER(#X)=-LIGNE.

® EVALUATE AN ARITHMETIC EXPRESSION,

+EVAL(-1.-1.2N,#R)=/~-EVAL(&eN,®R).

+EVAL(-1,-1.1)-/.
+EVAL(®L+#M,8N)-/~EVAL(2L,*P)~EVAL(®M,2Q)~-ADD(#P,«Q,*N).
+EVAL(®#L.®M,®#N)=/~EVAL(aL,®P)~EVAL(®aM,#Q)~TIMES (2P, #Q,®N) .
+EVAL(®L:®#M,2N)-/-EVAL(&L,aP)~-EVAL(®#M,2Q)-POWER(eP,#Q,#N).
+EVAL (2N, #N)~-INTEGER(&N)~/.

+EVAL(=E,®#R)-FACT(2E=2R).

@ ADD,TIMES AND POWER WORK FOR PLAIN INTEGERS OR FOR INTEGERS

© PRECEDED BY ONE =1 ONLY.

+ADD(-1.eL,~-1.aM,-1.&N)=/-PLUS(=L,eM,*N),
+ADD(=-1,®L,8M,-1.aN)-INF(®M,®L)~-/-MOINS(®L,aM,=N),
+ADD(-1.#L,aM,aN)-/-MOINS (=M, 2L, 8N) .
+ADD(=L,~=1.#M,2N)=/-ADD(-1.aM,=L,#N).
«ADD(®L,eM,eN)-PLUS(2L,5M,aN).

+TIMES(=1.2,=-1.8#M,#N)=/=-MULT(%L,=2M,=N).
+TIMES(=1.8L,oM,=1,8N)=/=MULT (=L, 2M,2N).
+TIMES(®oL,=-1.2M,~1.8#N)=/=-MULT(&L,eM,®#N).
+TIMES (oL, aMs#N)-MULT(&L,»»M,#N).

+POWER(=1.2Ls#M,#N)-EVEN(®#M)~/~-POWER(®L ,#M, &N),

+POWER(=-1.sL,®M,-1.aN)-0DD(#M)~-/-POWER (=L, aM,®#N),

+POWER(#®L,1,8L)~/.

+POWER(®L, &M, #N)-NATNUM(#M)-MOINS (&M, 1, =P)
-POWER(&L,#P,»=2Q)~MULT (2L, #Q,eN) .

abobabpbaSaapdatpbpoptptatadutanatgnatotatan,

 UTILITY ROUTINES.

PRGBDOBDOSRBERDBCRDDOBRADDRECRGRRRURRET OISO,

® COUNT NUMBER OF OCCURENCES OF GIVEN CONSTANT IN GIVEN EXPRESSION.

+0CC(eX,aX,1)=/.



+0CC(NIL»®X,0)=/"

+0CC(®E,®#X,aN)-UNIV(®E,oF saE1 . 2E2.NIL) =/
-0CC(®E1,aX,eN1)-0CC(®E2, #X,#N2)~PLUS (aN1,aN2,2N),

+0CC(=E,aX,eN)-UNIV(®E,«F.2A)~-0CC(®#A,®X,aN),

+FREEOF (#E, aX)-0CC(=E,aX»#N)~-IDEN(®N,B),
+SINGLEOCC(=E,eX)=-0CC(=E,»X,*N)~IDEN(®N,1).
+CONTAINS(=E,2X)=0CC(=E,#X,aN)~-DIFF(2N,Q),

+*SUBSTITUTE (#SUB1##SUB2,20LD» ®NEW1#aNEW2)
=SUBSTITUTE(#SUB1,#0LD,=NEW1)
=SUBSTITUTE (#SUB2,=#0LD,aNEW2) .

+SUBSTITUTE(#U=aTERM» #0LD,#NEW)

~TRACE(SUBSTITUTING-#TERM-FOR~#U-IN-20LD)
-SUB(#U=TERM,#0LD, *NEW)-TRACE(GIVES~#NEW) .

+*SUB(#U=aT,sU,=T)~/.

+SuUB(eU=#T,oE,=E)-FREEOF (#E,2U) -/,

+SUB(eU=eT,asE,sR)=UNIV(=E,#F.aA, a_)
-SUB(®#yU=#T,#A,2B)-SUB(=#U=#T,=L,#M)-UNIV(®R,sF,#B,#L),

® LIST PROCESSING.
+MEMBER(#X,®L)-APPEND(aL1,aX.#2,%L).

+SELECT(®U, L, =R)-APPEND(®#L1,#U.5L2,=L)~APPEND(&L1,#L2,#R)
~TRACE(eU-SELECTED-FROM-LIST~sL).

+APPEND(NIL,®#L,=L).

+APPEND(#X.aL1l,#L2,#X.#L)~APPEND(®#L1,%L2,%L).

+SELECTA(®U,#C,#R)~APPENDA(=C1,#U&#C2,#C)-APPENDA(#C1,%#C2,4R)
~TRACE(#U~SELECTED-FROM=-CONJUNCTION=-%C) ,

+APPENDA(TRUE»=C,#C) .
+APPENDA(®#X&#C1,%#C2,#X8%C)~-APPENDA(#C1,%C2,+C),

@ GENERATE IDENTIFIERS DENOTING ARBITRARY INTEGERS.

+ARBINT(&N)-AINO(&X)~UNIV(#Xs &Y NIL)-UNIV(aNs(N,®#Y) . NIL)
-SUPP((+AINO(®#X)) .NIL)=-PLUS(#X,1,%2)
=AJOUT((*INTEGER(eN)) NIL)-AJOUT((+*AINO(®#2Z) ) NIL)
-SORTER(®#N)-SORCHA(" DENOTES AN ARBITRARY INTEGER")-LIGNE,

+AINO(D) .



+IDEN(eX,oX) .

*DIFF(eX»#X)=/-FAIL.
+DIFF(aX,2y).

+TRUE.

+PERM2(#X,aY,&X,aY),
+PERM2(2X,aY,8Y,eX) .,

CRPROVOT BN BBBIBISBRBIOVI BBV BB B RGBS O

e USER COMMUNICATION ROUTINES.

Q.QG‘.’Q.QEQGGBGGﬁQGGﬂ'Glb“O.G”QDGQQGG“&G'

+ANSWER(#ANS1#2ANS2)-/-ANSWER(5ANS1)
-LIGNE-SORCHA("OR")~-LIGNE-ANSWER(#ANS2),

+ANSWER (#ANS) -LIGNE-LIGNE
~-SORCHA("ANSWER IS ")-SORTER(®#ANS)-LIGNE-LIGNE.

+TRACE(®X)-TFLAG-/-SORTER(=X)~-LIGNE,
+*TRACE(=X).

+T-AJOUT((+TFLAG) .NIL). # TRACE ON,
+NT-SUPP((+TFLAG) .NIL). & TRACE OFF,

+SOLVE (#EQN&=*EQNS, #US)-/=SIMSOLVE(#EQNE#EQNS» #US, #ANS) .
+SOLVE(®EQN, #U)-SOLVE11 (#EQN» U, #ANS) .

canotaRptonpboRatRRERRRRRRE RO RRaR PO,

® ROUTINES TO APPLY THE LEGAL MOVE AXIOMS.

FROTHROVV O UDCHER NP RNV CD ROV CERBORDRpRRTE,

+APPLY(LTR,®AXIOM,=0LD, #NEW)
=UNIV(#AXIOMs,eN.NIL)
=“UNIV(#GOALs» (AsXo#N)«#0LDM.#NEW,*CONDITION.NIL)~#GOAL
=MATCH(=0LD,=0LOM)-2CONDITION



~TRACE(AXIOM=8AXIOM-LEFT=TO-RIGHT-ON=#QLD-GIVES-2NEW) ,

+APPLY(RTL,»#AXI0M,=0LD»#NEW)
=UNIV(aAXTIOM,#N.NIL)
“UNIV(=GOAL, (A.X+aN).#NEW,#0LDM,*CONDITION.NIL)=2GOAL
=MATCH (#0L0D»«0LDM)-*CONDITION
~TRACE(AXTOM=#AXIOM-RIGHT~-TO~LEFT-ON=#0LD~-GIVES=#NEW),

Sfatpbadtalitatdatatatpopiasptanadanptany,
® PATTERN MATCHER.
bhochadotadoandnsondpondarataontgontpuadge

+MATCH(aX,=#X) .

+MATCH(®#X+aY,#U+aV)=PERM2(aX, =Y, aP,#Q)
~MATCH(sP,eU)=MATCH(#Q,aV)=DIFF (#X+2Y,ay+sV),

+MATCH(aX,aY,®#U,8V)-PERM2(2X,sY, %P, sQ)
~MATCH(®P,2U)~-MATCH(#Q, #V)~DIFF (#X,8Y,sy.8V),

+MATCH(#X+aY+aZ,02+aX+aY)-DIFF (aX+taY+aZ,aZsaX+aY),
*MATCH(aX+aY+aZ,aY+eZ+aX)-DIFF (aX+aY+a8Z,4YsaZ+aX),

+MATCH(#X.aY.#Z, 88 ,#X.2Y)-DIFF (#X.aY.®Z,8Z aX,2Y),
+MATCH(2X.aY,.#2,8Y ,¢Z.aX)-DIFF(eX.0Y,22,2Y 22,.8X),

«FIN,
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