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LPTSPL VERSION 6(344) RUNNING ON LPT500 
•START• USER WELHAM B [400,414) JOB LM SEQ, 3238 DATE 17-NOV-75 15:07:46 MONITOR NETHON 5,078 V3 (AUG 12 T •STARTo 

REQUEST CREATED: 17-NOV-75 15:07:30 
FILE: DSKA1:LH[400,414J CREATED: 17-NOV-75 15:02:00 <155> PRINTED: 17-NOV-75 15:07:56 
QUEUE SWITCHES: /PRINT:ARROW /FILE:ASCII /COPIES:2 /SPACING:1 /LIHIT:50 /FORMS:NORMAL 
FILE WILL BE RENAMED TO (055> PROTECTION 
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• LEGAL MOVES FOR PROLOG EQUATION SOLVING PROGRAM, 
0 BOB WELHAM 1975. 

•&<OG,2l, 
•#CDG,ll, 
•=COG,3l, 

• INFIX CONJUNCTION, 
• INFIX DISJUNCTION, 
o EQUATION SYMBOL, 

• ARITHMETIC OPERATORS, 

•:<GO• 8 >, 
++CG0,4l, 
+-CG0,9l. 
+, < DG, 6 > . 

o EXPONENTIATION, 
o ADDITION., 
• UNARY MINUS, 
• MULTIPLICATION, 

••••••••••••••••••••••••••••••••••••••••• 
• LEGAL MOVES, 
••••••••••••••••••••••••••••••••••••••••• 
• LEGAL MOVES FOR SIMPLIFICATION, 

+AXl < •U+0 , •U , TRUE l, 

+AX10( 0 U,0 , 0 , TRUE l. 

•AX20( •U:0 , 1 , TRUE l, 

+AX40( LOG<•U,U , 0, TRUE), 

•AX50( LOGC•U,•Ul , 1 , TRUE ), 

•AX60C •U,1 , •U , TRUE l, 

•AX80C •U: 1 , oU , TRUE l, 

+AX85C 1:ou , 1 , TRUE l, 

+AX90( •U•-1,•U • 0 • TRUE l, 

•AX91< l+-1 , 0 , TRUE l, 

•AX100C -1.-1 , 1 , TRUE l, 

•AX101C -1:-1 , -1 , TRUE l • 

+AX200C LOG<•U,oU:ovl , •V , TRUE l, 

+AX201< •U:LOGC•U,oVl , oV , TRUE l, 
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• LEGAL MOVES FOR ISOLATION, 

•AX1020( •U.•V=oW , •U=•W,ov:-1 , NONlERO<•Vl ). 

+AX1050( •U:•N=•V , •U=•V:<•N:-1) # 

•U=-l••V:<•N:-1> , EVEN<•N> ), 

+AX1060( •u:•N=•V , •U=•V=<•N:-1> , ODD<•N> l, 

+AX1070( •u:•V=•W , •V=LOG<•U,•Wl , TRUE ), 

+AX1500( S!N<•u>=•V , •U=•N,Pl+-1:oN,ARCSINC•Vl , ARBINTC•N> l. 

+AX1510( cos<•U>=•V , •u=2.•N.P!+ARCCOSC•V> # 

•u=2,0N,P!•-1.ARCCOSC•Vl , ARBINTC•Nl l. 

+AX1520( TAN<•u>=•v , •U=•N.Pl+ARCTANC•Vl , ARB[NT<•N) ). 

•AX1530C COSECC•Ul=•V • •U=•N,PJ•-1:•N,ARCCO~EC<•V> • ARB[NT(•Nl ). 

+AX1540< SEC<•U>=•V , •u=2,oN.P!+ARCSEC( 0 Vl # 
•U=2.•N,PI+-1,ARCSECC•V> , ARB!NTC•Nl ), 

+AX1550( COT(•U>=•V . •U=•N.Pl+ARCCOTC•V> . ARBINTC•N> 

+AX1560C ARCSIN<•Ul=•V . •U=SINC•Vl . TRUE ) . 
+AX1570C ARCCOSC•U>=•V . •U=COS<•Vl . TRUE ) . 
+AX1580C ARCTAN<•U>=•V . •u=TANC •V l . TRUE ) . 
+AX1590( ARCCOSECC•U>=•V . •u=cosEcc•v> . TRUE ) . 
+AX1600( ARCSECC•U>=•V . •U=SECC•Vl . TRUE 

+A Xl 610 C A RC COT ( •U l = •V . •U=COT<•Vl . TRUE 

• LEGAL MOVES FOR COLLECTION, 

+AX2000( <•U••v>.•w , •u.•w••V.•W , TRUE >. 

+AX201i'1 C < •V+1). •W , •W••V. •H , TRUE l, 

+AX2002( 2.•W , <>W+•W , TRUE l. 

) . 
) . 

+AX2010( <•u••v>.C•U•-1.•Vl , •u:2+-1,ov:2 , TRUE ). 

•AX2011( <•u+1).(•U+-1) , ~u:2+-1 , TRUE ). 

+AX2020C •W:<•U••Vl , oW:•u.•W:•V , TRUE l, 

) . 
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+AX2022< •W:2 , oW,oW , TRUE ). 

+AX2500( S!N(2.•U),2:-1 , SIN<•Ul,COS<•Ul , TRUE ), 

+AX2510( COS(2. 0 U) , cos<•u>:2+-1,SIN<•U>:2 , TRUE ), 

+AX2520C SJNC•U••V> , S!N<•Ul,COS<•Vl+COS<•Ul,SIN<•Vl , TRUE l, 

+AX2530C SJN(•U+-1,oVl , SIN(•U>,COS<•V>+-1,COS<•U>,SIN(•Vl , TRUE l, 

+AX2540< COS(*U+oV) , COS<oU),COS<•V>+-1,SINC*Ul,SIN(•Vl , TRUE >. 

+AX2550( Cos<•u•-1.•Vl , CQS(•Ul,COS( 0 V)+SJN(•Ul,SJN(•Vl , TRUE ), 

o LEGAL MOVES FOR ATTRACTION, 

+AX3000C LOG(oW,•Ul+LOGC•W,oV) , LOG(oW,oU,oVl , TRUE l, 

•AX3001C LOG<•W,•Ul+*A,LOG(oW,•V) , L~GC0 W,oU,ov:oA> , TRUE l, 

+AX3010C (ou:ov):ow , oLJ:(oV,oWJ , TRUE l, 

• RECOMMENDATION LISTS . 
••••••••••••••••••••••••••••••••••••••••••••• 
• ALL AXIOMS APP~IED LEFT TO RIGHT FOR ISOLATION 

ANO SIMPL!tlCATION, 

+!SOLATES(1000>. 
•ISOLATESC1020l. 
+ISOLATES<1040l. 
+ISOLATES<1050>, 
•!SOLATES(1060>. 
+ISOLATES(1070l, 
+ISOLATESC1500l. 
•!SOLATES(1510l, 
+ISOLATESC1520>. 
+ISOLATES(1530>. 
•!SOLATES<1540>. 
•ISOLATESC1550l. 
+ISOLATESC1560>. 
+ISOLATESC1570> . 
+JSOLATES(1580>. 
+1SOLATES(1590>. 
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• • • •!SOLATESC1600l . 

• +ISOLATESC1610> . 

• 
+S!MPLIFIEsc1>. • • •SIMPLIFIESC10l . 

• +SJMPLIFIESC20>. 
+SIMPLIFIESC30>. 

• +SIHPLIFIESC40l . 

• +SJHPLIFIESC50>. 
+SIMPLIFIESC6D>. 

• •SIMPLIFIESC70> . 

• •SIHPLIFIESC80>. 
•SIMPLIFIESC85l. 

• •SIMPLJFIESC90> . 

• +SJMPLIFIESC91>. 
+SIMPLIFIESC65l. 

• +SIMPLIFIESC100J, 

• •SIMPLIFIESC101l, 
•SIMPLIFIESC110l, 

• •SIMPLIFIESC200), 

• +SIMPLIFIESC201l, 

• +COLLECTSC2000:RTll, • •COLLECTSC2001:RTL>, 

• +COLLECTSC2002:RTLl, 

• •COLLECTSC2020:RTL), 
•COLLECTSC2021:RTLl, 

• +COLLECTSC2022:RTLJ, 

• +COLLECTSC2010:LTRl, 
•COLLECTSC2011:LTRl. 

• +COLLECTSC2500:RTLl, 

• •COLLECTSC2510:RTLl, 
+COLLECTS<2520:RTLl, 

• •COLLECTSC2530:RTL), 

• •COLLECTSC2540:RTLl, 
•COLLECTSC2550:RTLl, 

• 
+ATTRACTSC2000:RTLl, • • •ATTRACTSC2020:RTL> . 

• •ATTRACTSC3000:RTLl, 
•ATTRACTSC3001:RTLl, 

• +ATTRACTSC3010:RTLJ, 

• • • • • ••••••••••••••••••••••••••••••••••••••••••••• • • ARITHMETIC . 

• ••••••••••••••••••••••••••••••••••••••••••••• 

• +INTEGERC-1), 

• +INTEGERC-1.•NJ-/-NATNUMC•Nl, 
+INTEGERC•Nl-NATNUMC•Nl, • • 
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+NATNUMC•Nl-UNIV<•N,oH,NILl-OIGITS<•Hl, 
+OIGITSCNIL>-/. 
•OIGITS<•D.oLl-CHIFFRE<•Dl-OIGITS<•L>, 

•OODC•Nl-NATNUH<•N>-RESTE(oN,2,oRl-lOENC•R,1), 
•EVENl•Nl-NATNUHC•N>-RESTE<•N,2,•R)-IOEN(•R,0), 

•NONlEROC•Nl-NATNUHC•Nl-OIFFl•N,0), 
•NONlEROC•Xl-SIHPLIFY<•X,•Yl-lDEN(oY,0)-/-FAIL, 
•NONlERO<•X>-SORCHAC"ASSUHING NON-lERO "l-SORTERl•X>-LIGNE, 

• EVALUATE AN ARITHMETIC EXPRESSION, 

+EVALC-1.-1.•N,•Rl-/-EVALl•N••Rl, 
•EVALC-1,-1.1)-/, 
•EVAL<0 L••M,•Nl-/-EVAL<•L, 0 Pl-EVAL(oM, 0 Q)-AODC•P,oQ,•N>. 
•EVALC•L,•M,•N>-1-EVALC•L••P>-EVALC•H••Ql-TIMES<•P••Q,oN). 
•EVAL<•L:•M,•Nl-/-EVAL<•L••Pl-EVAL<•M,oQ)-POWERC•P,•Q,oN). 
•EVAL<•N••N>-INTEGER<•Nl-/ 0 

+EVAL<•E,•R>-FACTC•E=•Rl, 

• ADO,TIMES AND POWER WORK FOR PLAIN INTEGERS OR FOR INTEGERS 
• PRECEDED BY ONE -1 ONLY, 

+AODC-1,•L,-1,oM,-1,•N>-I-PLUS<•L,oM, 0 Nl, 
•ADD<-1.•L,oM,-1,•N>-INFC•M,*Ll-/-MOINS<•L,oM,•N>, 
+AOOC-1.•L,oM,•N)-/-MOINS< 0 M,0 L, 0 Nl, 
+ADOl•L,-1,oM,•Nl-/-AOOC-1.•M, 0 L, 0 N), 
+AOOl•L,•M,•Nl-PLUSC•L,•M,oN), 

+TIMESC-1,•L,-1.•M,•Nl-/-MULT<•L, 0 M,0 N), 
+TIMESC-1,oL,•M,-1,•Nl-/-MULT(oL, 0 M,0 Nl, 
+TIMESC•L,-1,•M,-1.•Nl-/-MULTl 0 L, 0 M,•Nl, 
+TIMES<•L,•M••N>-MULTC•L••M,•Nl, 

•POWER(-1,oL,•M,•Nl-EVENl•M>-I-POWERl•L, 0 M,oNl, 
+POWERl-1,•L,•M,-1,oN)-OOO<•M>-I-POWER<•L,oM, 0 N>, 
+POWER<•L,1,*Ll-/, 
+pOWER<•L••M,•N>-NATNUMC•M>-MOINSl•M•1,0 Pl 

-POWER<•L,op,oQ)-MULTC 0 L, 0 0,•Nl. 

• UTILITY ROUTINES. 

• COUNT NUMBER OF OCCURENCES OF GIVEN CONSTANT IN GIVEN EXPRESSION, 

•OCC(•x,oX,1)-/, 
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+OCCC NIL• •X ,0 )-/ • 
+OCCC•E,oX,oNl-UNlVC•E,•F.oEt.•E2.N!Ll-/ 

-OCCC•E1, 0 X, 0 N1)-0CCC•E2,oX,•N2>-PLUSC•N1,oN2,•Nl, 
+OCCC•E,0 X,•N>-UNIVC 0E,oF,oA)-OCCC•A,ox,•N> . 

+FREEOFC•E,•X>-OCCCoE,ox,oN>-IDENC•N,0> . 
+SINGLEOCCcoE,0 X>-OCC<•E••X,•N>-IDENC•N,1>. 
+CONTAINSC•E••X>-OCCC•E, 0 X,oN>- □ lFFC•N,0), 

+SUBSTITUTEC0SUB1#•SUB2, 0 0LO••NEW1#•NEW2> 
-SUBSTiTUTEC•SUB1,oQLD,oNEW1l 
-SUBST!TUTEC0 SUB2,•0LD,oNEW2>, 

•SUBSTITUTEC•U=•TERM••OLD,oNEW> 
-TRACE<SUBSTITUTING-•TERM-FOR-•U-IN-•DLD> 
-SUB<•U=•TERH, 0 0LD,oNEW>-TRACECGIVES-•NEW), 

+SUBC•U=oT,oE,oR)-UNIVCoE,oF.oA.•L> 
-SUBC•U=•T,•A,•81-SUB<•u=•T,oL,•Hl-UNlVC•R,oF.oB.•L> . 

o LIST PROCESSING, 

+MEMBERC•X,•Ll-APPEND<•L1,oX.•L2,•L> . 

+SELECTC•U,0L,•Rl-APPENDC•L1,•U.•L2, 0 L>-APPEND<•L1, 0 L2,•RJ 
-TRACECoU-SELECTE □-FROH-LIST-•L>• 

+APPENDCNIL,•L••Ll, 
+APPENDC•X.•L1,oL2,•X••L>-APPENDC•L1, 0 L2,•L>• 

+SELECTAC•U,•C,oRJ-APPENDACoC1,•U&oC2,oC)-APPENDAC•C1,oC2,oRJ 
-TRACEC•U-SELECTED-FROM-CONJUNCTIDN-•C>, 

+APPENDA(TRUE,oC,•CI, 
+APPENDAC•X&•C1,•C2,•X&•Cl-APPENDA(oC1,•C2,oC), 

0 GENERATE IDENTIFIERS DENOTING ARBITRARY INTEGERS, 

+ARBINTC•N>-AINO<•X>-UN!VC•X••Y,NIL>-UNIVC•N•CN,•YJ,NIL> 
-SUPPC<+AINOC•Xll,NIL>-PLUSC•X,1, 0 2> 
- AJ OUT< < + IN TE GER C •N > I . N IL J- AJ OUT C <+A I NO < • t) ) , NIL J 
-SORTERC•N>-SORCHA<" DENOTES AN ARBITRARY INTEGER">-LIGNE, 

+AINOC01, 
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•IDEN<ox,ox>, 

•OIFFC 0 X••X>-/-FAIL, 
•DIFFCox,oy). 

+TRUE, 

+PERM2(oX,oY,•X,oY), 
+PERM2<oX,oy,oy,oX), 

ooooooooooo•••••••••••oGoooooooo••••••••• 
• USER COMMUNICATION ROUTINES, 
••••••••••••••••••••••••••••••••••••••••• 
•ANSWER(•ANS1#oANS2l-/-ANSWERC•ANS1) 

-LIGNE-SORCHA("OR">-LIGNE-ANSWER<•ANS2l, 

•ANSWERC•ANSl-LIGNE-LIGNE 
-SORCHAC"ANSWER IS "l-SORTERC•ANSl-LIGNE-LIGNE, 

+TRACE<•Xl-TFLAG-1-SORTER(oXl-LIGNE, 
•TRACE<•Xl, 

+T-AJOUTC (+TFLAG) .Nill, 
+NT-SUPPCC+TFLAGl,NILl . 

• TRACE ON, 
• TRACE OFF, 

+SOLVE<•EON&•EQNS,oUS)-1-SIMSOLVEC•EQN&•EQNS,•US,•ANSl, 
+SOLVE<•EON,•Ul-SOLVE11C•EQN,•U,•ANSl, 

••••••••••••••••••••••••••••••••••••••••• 
• ROUTINES TO APPLY THE LEGAL MOVE AXIOMS, 
••••••••••••••••••••••••••••••••••••••••• 
+APPLYCLTR,oAXIOM,•OLD,oNEWl 

-UNIV(oAXIOM,oN,NIL> 
-UNIVC•GOAL,(A,X,•N>••DLDM,oNEW.•CONDITION,NIL>-•GOAL 
-MATCHcoOLO,oOLDMl-•CONDITION 
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-TRACE<AXIOH-•AXIOM-LEFT-TO-RIGHT-ON·•OLD-G!VES-•NEW), 

+APPLY!RTL,oAXIOM,oQLO,oNEW) 
-UNIV(oAXIOM,•N,NlLl 
-uNJV<0 GOAL,(A,X,oN),oNEW,•OLDM,°CONDITION,NIL>-•GOAL 
-MATCH<•OLO,•OLDH>-•CONDITION 
-TRACE(AX!OH-•AXIOM-RIGHT-TO-LEFT-ON-•OLD·G!VES-•NEW>, 

••••••••••••••••••••••••••••••••••••••••• 
• PATTERN MATCHER, 
••••••••••••••••••••••••••••••••••••••••• 
+MATCH(•X,•X>, 

+MATCH(0 X+oY,•U+oV)-PERM2(oX,•Y,oP,•Ql 
-MATCH(oP,•U>-MATCH!•Q,oV)-DIFF( 0 X+•Y,•U••V), 

+MATCH<•X,•Y,•U.•V>-PERM2(oX,•Y,•P,oQ) 
-MATCH(oP,•U>·MATCH<0 0,•V>-DIFF<•X.•Y,ou.•V>, 

+MATCH<•X••Y••2,•2••X••Y>-DIFF(•X••Y••2,02+•X+•Y), 
+MATCH(•X+oy+o2,0Y+•2••x>-DIFF<•X••Y••2,oY+•2••X>, 

+MATCH(oX,oY,•2,•2,oX,oY)-DJFF(oX,oY,*2,•2,oX,oY), 
+HATCH<•X.•Y.•2,•Y.•2,oX)-D!FF<•X.•Y.•2,•Y,o2,•Xl, 

+FIN, 
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