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0 

INA(2240,LBS,TONS). 

INAC60,MINs,HRSl. 

INAC60,SECS,MINS). 

INAC1760,YDS,MLS,. 

INA(3,F'T,Yos>. 

A 

fACTOR(+-C,+-U1,+-U) ;- COMPC+-U1J, 
~u1 =-.~+-.+-ARGs1 • +-U ~ .. +-S.~ARGS , 

SFACTOR(+-CS,+-ARGS1,+-ARGS) • +-C ~ .... S ... CS , ! . 

~ACTOR<•C1.+-C2,+-U2,+-U) :- INA(+-C1,+-U1,+-UJ, 
tACT0R(+-C2, ... u2 ... u1>, ! . 

SFACTOR([J,[J,(J) :~ ?. 

S~ACiORC+-C.+-CS,+-U1.+-US1,+-U,+-USl :- rACTOR(~C,+-U1,+-Ul, 
• SFACTORC+-CS,+-US1,+-US). 

BEFOREC+-U,+-Ul) :- DIMENSIONS(+-U,+-0), POSNC+-O,•U,•PJ, 
POSN(+-Q,+-Ui,+-P1), +-P<~Pi, !. 

P0SNCT,MINS,2l. 

POS~JCL, INS, i) • 

POSN(L,FT,2). 

PDSNCL,MLS,4). 



/-1i,!S L A GR01 ND CALL?*/ 
GROUNDTESTC•~,GROUNO) :- hl~ .• •PROP,•ARGS, 

CHEGKLISTC80UNO,•ARGS>, !• 

GROUNDTEST(hl,GEN). 

l•tS LA PURE RELATION•/ 
ruNcTEST(hL,PRro> :- hL= .. hPROP.hARGS, 

ISRELN(hPROP), :. 

l•IS LA FUNCTION CALL?•/ 
ruNcTEST(hL,FUNc> :- hL~ .. •PROP.hARGS, 

SEPERATEChPRoP,hARGS,hPARGS,hrARGS>, 
CHECKLISTC80UND,..,PARGS), !. 

FUNCTEST{hL,PRED). 

/*IS CALL ST,LLY?*/ 
SILLY(hLJ :- hL= .• hPRoP.hARGS, SEPERATE(hPROP,•ARGS,•PARGS,•FARGS>, 

SEPERATE<•PROP,hNARGS,•PARGS,hNFARGS), 
.NL=·· hPROP.hNARGS, 1C.NL>, orrrchFARGs,•NFARGs>. 

/*SEPERATE FUNCT10N AND PREDICATE ARGSo/ 
SEPERATEC""PROp,.ARGs,.PARGS,•FARGS) :­

ARGSTRUCC•PROP,•ARGROLES), 
SORTOUT<•ARGROLES,•ARGS,,-,pARGS,•FARGS). 

SORTOUTC[J,[J,[J,CJ). 
SORTOUT(TIMF.+-ARS,•A.•AS,•A.hPAS,•FAS) :~ 

SORTOUT(h.ARS,•AS,hPAS,hFAS), ! . 
soRrourcoBJ.•ARs, ... A.•As.•A.•PAs,hFAs> .­

soRTour c,-, ARS, hAs, ... PAS ,•FAS>, ! . 
SORTOUTCVAL.•ARS,•A.hAS,•PAS,•A.•FAS> :­

SORTOUT<,.,ARS, ... As, hPAS ,,.,FAs>, ! . 
SORTOUT(ANG.•ARS ,hA.hAS,•PAS ,""A·hFAS) :­

SoRTOUT(•ARS,•AS,•PAS,•FAs> # !. 
SORTOUTCQUAN.hARS,hA.•AS, ... PAS, ... A.•FAS) :~ 

soRTOUT(hARS,t-AS,+-PAS,hFAsL !. 

/•IS PROP A PURE RELATION NAME*/ 
i SREU~ ( <E--PRoP) : -

MEMBER(~PR0P,[FIXED<E--CoNTAcT,FrXED,CoNrAcT,CONSTAGG~L,C0NSTVEL, 
POINT,PATH,MOMENT,PERIOD,SOLID,FORCE,FREE,PROBTYPEJ). 

l•INfORMATION ABOUT QUANTITY FUNCTIONS•/ 
/•------~--:----------------------~~--•/ 

/*STRUCTURE oF ARGUMENTS{;/ 
ARGSTRUC ( D!JRAT I ON, [TIME, QUAN]). 

ARGSTRUC(+--PROP,[OBJ,ANGJ) :~ 
MEMBER(~PROP,[NORMAL,TANGENTJ). 

AR GS T RU C ( i, PROP , CO 8 ,J , QUAN J ) : -
MEMRER(hPROP,[CONSTLENGTH,GROUNO,RAOIUS,coEFFJJ. 



~-

MEM9ERC~PROP,[MASS,TENSION,DrSTANCE,VARLFNGTHJ>. 

ARGSTRUC<•PROP,COBJ~OBJ,•QUANJ> :­
MEMBER(•PROP,[DROP,TYPICAL•DROPJ). 

ARGSTRUC(•PROP,[08J,ANG,08JJ) :­
MEMBERC•PROP,[ANGLE,INCLINEJ). 

ARGSTRUC<•PRDP,COBJ,QUAN,ANG,TIMEJ) ;­
MEMBERC~PRQP;[ACCEL,VELJ>. 

A RGST RU cc hP RO P. rn BJ, o sJ, Q u ,,Hi. ANG, T 1 ME J > : ,,. 
MEMBER(•PROP,[RELACCEL,RELVEL,REACTIONJ). 

/•ARGUMENT STRUCTURE FOR NON QUANTITIES •I 

ARGSTRUC(hPROP,CTIME,VALJ) :~ 
MEM8ERC•PROP,[JNITIAL,rINALJl. 

ARGStRUCCTYPICALhPOINT,COBJ,VALJ). 
ARGSTRUC(AT,[OBJ,VAL,TIMEJJ. 
ARGSTRUCC•PROP,(08J,VAL,08J:J) :-

MEMBER(+-PROP,(END,FARENOJ). 
ARGST~UC(FARENQ,[0BJ,08J,VALJ). 

l•TYP[ AND nIMENSION INFORMATION ABOUT FUNCTIONS•/ 

TYPEINFO{+-PROP,OIMLESS,1) :-
MEM13E R C ,t,,PROP, C ANGLE, I NCL HJE, NORMAL, T,ANGENT, COEF F' J), ! . 

TYPrINFO(MASS,MASS,M) ;- !. 

TyPEINFo<+-PROP,LENGrH,L) :­
MEMBER(+-PRQP,[CONSTLENGTH,VARLENGTH, 

DISTANCr,OROP,fYPICAL•OROP,GROUND,RADILJSJ), !, 

TYPr:::INFO{lJURATION,DURATION.T). 

TYPEINFOC•PROP,VEL,LIT> := 
MEMBER (+-PROP, [VEL, REL VEL J), ! . 

TYPEjNFO(+-PAOP,ACCEL,L/CT!2)> :­
MEi'18ER C +-PROP. C ACC[L,, RELACCELJ > , ! . 

TYPElNFOC•PROP,FORCE,M*CL/(T:2))) :­
MEMBER(~PROP,(FORCE,TENSION,REACTIONJ), !, 



LIS}INB DF dbuti1 16-SeP-77 

~- oP(700,xfx,Cin,inta,frc~J) . 

. /* F LILL. Dffi ABASE U1 ILIT I.ES 
----~-« ----- .. -..----- -~--­... ~---··-·· .. -·-- ........ ,_, .... ,---------~ ... 

Puts assertion X into dnLabcrse D 

X ir1 IJ 
' 

X from D 

I* TITese furrct ions ape ver-siorfs :Jf th,c1se used b:1 D1J.¥~ Wa.~re-n in 
WARPLJ\fJ P ~r·ogrum:r. Nore efficient ver-sions cnn h1:::-utt::tined if 
t.tH:~~ ar:.? compiled since some bits of ~riseudG r.:.=r .. ulusr cun be 

X into DB ;- X==:i=[F,=aAJ, nc-Lme(F,tL.,==--J), I is L /.\ 7;; 
!tE:m( 1,DB~ (Set ,Li st.) J, .sinto(X,Set. }:1 tnclude{A,Li st ,X)= 

i ncludE:( D, _;_;. 
includef[V, .. Al,[(51,DB>; .. Listl,X) : 

{~ccP(Y)~ !, -5int:o(X,BiJ; rn:rme\Yi[L,==r-J), 1 1~ L /-~.._ 7, 
item(I,I(B!?S2) :z sinto()f~S2-)), irH:lud:e(P,,List ,Xla 

X in DB:- X= .. lP, .. AJ, na■e(F,CL, .. _J), I is L /\ 7, 
item(l,DB7(SetrList)), nonvar(Set), 
((mutch(A,List,S),sin\X,S~);sinlX1Set)J, != 

ritatch([Xi=~AJ1[_::.~Listl,S) ;;- v~r(Xl, !, ftratch(A::List,S)~ 
■atch(_,[(S,_), .. _l,S). 
mcttcJ1\[X::==-J1[( __ 1I(t:i),=•-J,S); nctme(X,[L,:r=-J), 1 is L ~/\ 7, 

ite■ C-O,£CX,_,_,_,_,_,_,_),X). 

ite■ Cl,£(_,X,_~_,_,_,_,_),X). 
lte■ C2,£(_,_,X,_,_,_,_,_),X). 

tt2m(4,£(_,_1_~_1X1_:_1_J,X): 
ite■C~,£(_,_,_,_,_,X,_,_),X). 

ite■(6,£(_,_,_,_,_,_,X,_),X). 

~~int.c.i(X,SJ ~- va.r-(S), !:: S=set( ___ ,X,_)~ 
s i nt u ( X r: set. {Si,_, S2)) :- ( a.t.r-ttncloni, ! , s into ( X 1 81 ) ; s i nt. o ( X, 82.) ) a: 

l.-. 
li IS 

I 
I 

_/ 

I 
I 

J 

I 



sirdX,S) ::--vcrr(S), !, fctiL 
sin(X,set(_,X,_)). 
sin(X,setCS,_,_)) :- sinlX,S). 
sin(X,set(_,_,S}) :- sin(X,S). 

atr·amiom ::-- rec.or·cie:ci(rOD,Ph er>crstdF), N1 is: N+1, record{r(NDh 
! , 0 i s N mod .:z. 

X from DB:- item(I,DB,~Set,_)t, sin(X,Set) .. 



/*FUNCTION CALL - PREDICATE CALL*/ 
/*ALAN BUNDY 30/12/76*/ 

/*VA~UE OF FUNCTIONS*/ 

/*DECIDE TYPE OF CAlL*/ 
+-Q : ::: .. FUN : -

+-FUN=•• +-PROP.+-ARGS, 
SLOTINC .. Q,+-ARGS, .. NARGS>• 
+-NF'UN ~ •. .,.PROP.+-NARGS, 
COND CCHECKLI ST (NONVAR, .. NARGS), UC ( .. PROPS, .. ARGS, .. Q >,•TRUE), 
CONO<CHE~KL!STCNONVAR,+-ARGS),FC( .. NFUN),•NFUN>. 

/•FUNCTION CALL*/ 
F"CC .. NF'UN) :- .,.NFUN, ! · 

/*SLOT VALUE INTO ARG LIST*/ 
SLOTINC+-Q,CJ,C .. QJ>. 
SLOTINC .. Q,C .. OBJJ,C+-OBJ,+-QJ). 
SLOTINC .. Q,C .. 08J,+-TIMEJ,C+-OBJ, .. Q,~TtMEJ). 
SLOT!N(+-Q,C+-OBJ,+-O{R, .. iIMEJ,C+-OBJ, .. Q,+-OIR,.,.TIMEJ). 
SLOTlN(+-Q,C+-08J1,+-0BJ2,+-DIR,+-TlMEJ,C+-OBJ1/+-08J2, .. Q,+-OIR,+-TIMEJ>~ 

/*UNIQUENESS CHECK FOR CONFIRMATION CALLS*/ 
UC< +-PROP, +-A RG S• .,.Q ) : -

SORT IN ( +-X, .,.ARGS, .. OARGS > ,· 
+-OF'UN :- .... PROP, +-OARGS, 
OBC< .. OFUN>, 
OIFF'C ... X, .. Q), !,F'AIL4 



l*RE:.COVEH DE:.SCRlPl ION Of- GUAHl ITY*/ 
, f-lNllDE:.SC LG, _(HYPE, _OBJ, JtHG, _ 1 IME) :-

~, GUANlllY(_G,.JllM,_VS,Jrutt,_PROP), 
DlMOF(_GTYPE,..Dltt), 
SEPERATE(JtRGS,_PARGS,_FARGS,JruM), 
_DESC; .. _pRQP.-ARGS, -1lESC, 
SPLIT1(_pARGS,_QBJ,_TIME), SPLIT2(-FAR6S,-ANG). 

/*SPLIT PREDICATE ARGS INTO BITS*/ 
··SPLIT1 ( CJ,_OBJ,_TIME). 
SPLITi(t_QBJJ,_QBJ,_TIME). 
SPLIT1 ( t_OBJ,_TIMEJ,_QBJ,_TirtE). 
SPLIT1 ( LOBJ1 , _QBJ2, _ TIMEJ, _QBJ1 , _TIME) .. 
SPLll 1 ( [_OBJ1 ,_QBJ2,_ TIMEJ ,_OBJ2,_TIME). 

l*SPLll FUNCTION ARGS 10 GE.T ANGLE*/ 
SPL112([_GJ,_AH6). 
SPL1T2([_Q,JtN6J,-AHG). 

GUANTITYLlhi ,S,2,COEFF) :- KIN:DL(hCOEFF), ! . 

OOANTITYLfhT,S,2,DURATIOi't) :- KiltDLCbDURATION), ! . 

GUANTlTYLG,L,S,3,LENGTH) :- KINBLll,LENGTH), ! . 

GUAMTITYLG,M,S,3,MASS) :- KIWDL(hMASS), ! .. 

OOANTITY(_G,M*(L/(T:2)),V,4,FORCE) :- KiltD(_Q,FORCE), !. 
I 

OOAMTITY(_G,M*<UT(T:2>>,V,5,FRICTION:) :- KIND(_G,FRICTION), !. 

OOANlllYLCh-UT,V,4,lJEL) :- KlMDLG,,VEU, ! .. 

GUAWTlTY(_(hUT:2,V,4,ACCEL) :- KHtDLG,ACCEL), ! . 

GUAMTITY(_Q,UT:2,V,5,RELACCEL> :- KIND(_G,RELACCEL>, !. 

GUAHTITY(_(hL/T,V,5,RELVEU :- KIW-DLG,RELVEU, ! • 

ItIMOF(DIMLESS,1). 

DIMOFOiASS,M>. 

DIMOF( LEN6TH,U .. 
?;-. 

DIMOF(t1l!RATION, n .. 

DIMOF(VEL,L/T). 

DIMOF<ACCEL,U(T:2)). 

DlMOF(FORCE,M*(U(T:2))) .. 

0 



ISSCAL(_Q) :- GUANTITY(_Q,Jl,S,..NUM,-PROP). 

SEPERATE<E-Gl,EJ,C_QJ,1). 
SEPERA-TE([_OBJ,_QJ,[_OBJJ,C_QJ,2). 
SEPERA-TE(C_OBJ,_11,_TIMEJ,C_QBJ,_TIMEJ,C_QJ,3). 
SEPERATE<C-□BJ,_G,JlIR,_TIMEJ,E_QBJ,_TIMEJ,C_G,_DIRJ,4). 

SEf'ERATE(t_OBJ1,_QBJ2,_G,_DIR,_TIMEJ,C_QBJ1,_0BJ2,_TIMEJ,C_G,_DIRJ,5). 

ME.SS(_PRQP,t_QJ) :­
ttAKE<-PROP,_Q), 

rTRACE(LET-_Q-BE-A--PROP,2). 

MESS<-PROP,t_OBJ,_GJ) :-
MAKE <-PROP, _Q) , 

TRACE(LET-_Q-BE-THE--PROP-OF--□BJ,2). 

ME.SS(_PROP,C-□BJ,_Q,_TIMEJ) :­
rtAKE(J'ROP,_Q), 

.•• , -~ , TRACE(LET-_G-BE-THE-J'ROP-OF-_QBJ-I»-_TIME,2). 

MESS(_PROP,t_OBJ,_Q,_DIR,_TIMEJ) :­
rfAKE(_PROP,_Q), MAl<E(DIRECTION,_DIR>, 
TRACE<LET-_Q-BE-THE--PROP-OF-_QBJ,2), 
TRACE<IN-DIRECTION-_DIR-AND-TIME--TIME,2). 

MESS(JiROP,t_OBJ1,_0BJ2,_G,_DIR,_TIMEJ) :-
MAKE<-PROP,_Q), MAKE<DIRECTION,JlIR), 
TRACE(LET-_Q-BE-THE-J'ROP-OF-_QBJ1-RELATIVE-TO-_OBJ2,2), 
TRACE(IN-DIRECTIOH--DIR-AHD-TIME-_TIME,2). 

f 



contains 

entr!::I points 

internals 

•Jses 

db active 

db Passive 

va1·iables 

(@1) 

+ 
+ 

+ 
+ 

.BRICK 
BRICK 

set ecwations, (@1) 
make eGuati ons. (@2) 

seteGns<t,t,t,-,-). 

chooseeGn(5),finddesc(4),relates(2), 
relates(2),PrePare(4),indeP(3),useless(3), 
srind(3),setobJ(2). 

BRICK 
BRICK 
BRICK 
BRICK 
BRICK 
BRICK 
BRICK 
BRICK 

NONE+ 

NONE+ 

NONE+ 

io ro•Jtines, 
list routines, 
set routines, 
evaluation routines, 
multilist routines, 
arsument list routines, 
t!::!Pes, 
make eGuations. 

seteGns(EJ,Gs,Us,true,EJ>. 

seteGns([XlXsJ,Gs,Us,( E & Es ),EXIXs1J) 
:- ccflas := off, 

trace('\nI am now trYins to solve for ¼t without introducins anw unkr 
chooseeGn(X,E,U,Us), 
( trace('\n EGuation: ¼t\n of t!::!Pe: ¼t formed.\n',tE,UJ,3~ ; 

trace('\n EGuation reJected+\n\n',3>, fail 
) ' 
wordsin<E,Ws), 
look(seteGns1,CX,Xs,Gs,WsJ,CXJ), 
memberchk(X,Ws>, 
subset(Ws,CXIGsJ), 
trace('\n This eGuation solves for zt.\n',EXJ,3>, 
! ' 
seteGns(Xs,EXIGsJ,EUIUsJ,Es,Xs1). 

seteGns(EXIXsJ,Gs,Us,(E & Es>,EXIXs1J) 
:- ccflas := on, 

trace('\nNo luck - I will now accePt unknowns in solvins for ¼t.\n',C 
chooseeGn(X,E,U,Us), 
( trace('\n EGuation: ¼t\n of twPe: ¼t formed.\n',EE,UJ,3) ; 

trace('\n EGuation reJected.\n',3), fail 
) ' 
wordsin(E,Ws>, 
look(seteGns2,EX,Xs,Gs,WsJ,EXJ), 
memberchk(X,Ws>, 
union([XIXsJ,Gs,Ys>, 



subtractlWs,Ts,LsJ, 
aPPend(Xs,Zs,Nxs>, 
trace('\n This eauation solves for ¼t but introduces ¼t.\n',CX,ZsJ,3) 
seteans<Nxs,CXlGsJ,CUIUsJ,Es,Xsl). 

seteans([XIXsJ,Gs,Us,Es,Xsl) 
:- trace('\nI am unable to solve for Xt.\n',CXJ,3), 

look(~eteans3,CXJ,CXJ), 
fail. 

chooseean(Q,Ean,CEanamelEainfoJ,Used) 
:- finddesc(Q,QtwPe,TwPes,Ar~s), 

look(chooseeanl,CQ,QtwPe,TwPes,ArssJ,CQJ), 
relates(QtwPe,Ealist>, 
member(Eaname,Ealist), 
PrePare(Eaname,_,Ar~s,Eainfo>, 
look(chooseean2,CEaname,EainfoJ,CEanameJ>, 
indeP(Eaname,Eainfo,Used>, 
makeean(Ean,Eaname,Eainfo). 

finddesc(Q,Q~wPe,TwPes,TP> 
:- kind(Q,QtwPe,Pred,Pos>, 

ar~struct(Pred,N,TwPes,_), 
numlist(l,N,Nlist), 
mlmaPlist(insert(Q,Pos),CNlist,Varlist,TPJ>, 
L =•• [PredlTPJ, 
de L. 

insert(Q,Pos,[Pos,_,QJ) :- !. 

insert(Q,Pos,[_,Var,VarJ). 

relates(force,Cresolve,momentsJ). 
relates(mass,[resolve,momentsJ). 
relates(ansle,CresolveJ). 
relates(vel,Cconstvel,relvel,constaccel-N,consvenersw-NJ). 
relates(accel,Cresolve,constaccel-N,relaccelJ) • 

. relates(duration,Ctimesum,constvel,constaccel-1,constsccel-2J). 
relates(len~th,[moments,lensthsum,constvel,constaccel-2, 

constaccel-3,consvenersw-NJ). 
relates(moment,CmomentsJ). 

PrePare(resolve,t6,CLine,_,TimeJ,C[ObJ,AnsJ,TimeJ) 
:- Seneralise(Line,Gline>, 

Point_of(Gline,P>, 
nee samePlace<P,ObJ,Time>, 
twPe(Particle,ObJ), 
Point_of(Line2,P>, 
minimal(Line2>, 
incline(Line2,Ans,P). 

PrePare(resolve,t8,C01,02,Val,Ans,TimeJ,C[ObJ,An~J,TimeJ) 
:- twPe(Particle,01), ObJ - 01 ; 

twPe(Particle,02), ObJ = 02. 



prePare(relvel,t8,CObJ1,0bJ2,Val,Ans,TimeJ,CCObJ1,0bJ2,0bJ3J,TimeJ) 
:- twPe(Point_of_ref,ObJ3), 

di ff< ObJ3, ObJl), 
diff(ObJ3,0bJ2>+ 

PrePare(relaccel,t8,CObJ1,0bJ2,Val,Ans,TimeJ,CCObJ1,0bJ2,0bJ3J,TimeJ) 
:- twPe(Point_of_ref,ObJ3>, 

diff(ObJ3,0bJ1), 
diff(ObJ3,0bJ2>+ 

PrePare(moments,_,L,A) 
:- writef('PrePare moments :\nL = Xt\nA = ',CLJ>, 

ttwfl1Jsh, 
read(A) + 

indeP(Eaname,Eainfo,Used) 
:- not member(CEaname,EainfoJ,Used>, 

not 1Jseless<Eaname,Eainfo,Used), 
! + 

1Jseless(resolve,CCPart,DirJ,PeriodJ,Used) 
-:- select(Cresolve,CPart,XJ,PeriodJ,Used,Rest>, 

member(Cresolve,CPart,YJ,PeriodJ,Rest). 

useless(relvel,CObJs,TimeJ,Used) 
:- member(Crelvel,X,TimeJ,Used), 

setea(ObJs,X). 

useless(relaccel,CObJs,TimeJ,Used) 
:- member(Crelaccel,X,TimeJ,Used), 

setea(ObJs,X). 

useless(constaccel-N,Eainfo,Used) 
:- select(Cconstaccel-XIEainfoJ,Used,Rest>, 

member(Cconstaccel-YIEainfoJ,Rest). 

~eneralise(Line,Gline) 
:- I* ??constraint?? *' 

de Partition<P,Plist>, 
twPe(line,P), 
member(Line,Plist), 
! , 
generalise<P,Gline). 

seneralise(Line,Line). 

I* END OF BRICK get eauations+ *I 

I* BRICK make eauations. 

entrw Points 

(@2) 

+ 
+ makeeGn(?,t,+). 



internals • isform(3) • • 

uses • BRICK search • 
FILE infer. 

db active • oldean(3) • • 

db Passive • partition(2) • • 

variables • NONE. • 

makeean<E,N,S) :- oldean<E,N,S), !+ 

makeean<E,N,S) 
:- isform<E,N,S), 

cassertz(oldean<E,N,S>>, 
look(makeean,tE,N,SJ,tNJ), 
! • 

isform(F=M*A,resolve,CCPart,DirJ,Period]) 
:- cc mass(Part,M,Period>, 

accel_cmPnt(Part,A,Dir,Period), 
sumforces(Part,Dir,Period,F). 

isform(Msum=zero,moments,CPoint,TimeJ) 
:- Point_of(Rod,Point>, 

t~pe(rod,Rod), 
nee incline(Rod,Dir,Point>, 
summoments(Point,Rod,Msum,Dir,Time). 

isform(V13=V123,relvel,CCP1,P2,P3J,TimeJ) 
:- cc relvel(P1,P2,V12,Dir12,Time>, 

cc relvel(P2,P3,V23,Dir23,Time>, 

control, 

cc relvel(P1,P3,V13,Dir13,Time), 
vecadd<V12,Dir12,V23,Dir23,V123,Dir13). 

isform(A13=A123,relaccel,CCP1,P2,P3J,TimeJ) 
:- cc relaccel(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). 

isform<Av=D/T,avervel,CObJ,PeriodJ) 
:- cc distance(ObJ,D,Period), 

cc duration(Period,T). 

isform(S=V*T,constvel,CObJ,PeriodJ) 
:- nee constvel(ObJ,Period), 

cc vel(ObJ,V,Dir,Period>, 
cc duration(Period,T>, 
cc distance(ObJ,S,Period). 



1srormlv=u~(A~1,,constacce1-1,LuoJ,~er10aJJ 
:- nee constaccel(ObJ,Period), 

cc accel(ObJ,A,Dir,Period), 
cc duration(Period,T>, 
initvel(ObJ,U,Dir,Period>, 
finvel(ObJ,V,Dir,Period). 

isform(S=<U*T>+<A*(T:2)/2),constaccel-2,[0bJ,PeriodJ) 
:- nee constaccel(ObJ,Period), 

cc accel(ObJ,A,Dir,Period), 
cc duration(Period,T>, 
initvel(ObJ,U,Dir,Period), 
cc distance(ObJ,S,Period). 

isform(<V:2)=(U:2>+2*A*S,constaccel-3,CObJ,PeriodJ) 
:- nee constaccel(ObJ,Period), 

cc accel(ObJ,A,Dir,Period), 
cc distance(ObJ,S,Period), 
initvel(ObJ,U,Dir,Period), 
finvel(ObJ,V,Dir,Period). 

isform<s*H=((V:2)/2)-((U:2)/2),consvenerSY-1,CObJ,PeriodJ) 
:- de cued<motion(ObJ,Path,Start,Side,Period)), 

nee free(Path,ObJ,Period>, 
nee droP(Path,Start,H), 
finvel(ObJ,V,Dirl,Period), 
initvel(ObJ,U,Dir2,Period). 

isform<s*H=((V:2)/2)-((U:2)/2),consvenersw-2,CObJ,PeriodJ) 
:- de cued(motion(ObJ,Path,Start,Side,Period)), 

nee free(Path,ObJ,Period), 
nee twPical_droP(Path,Start,H>, 
cc vel(ObJ,V,Dirl,Period>, 
initvel(ObJ,U,Dir2,Period). 

isform(T=Sum,timesum,C_,PeriodJ) 
:- de Partition(Period,Ps>, 

cc duration(Period,T>, 
sumdurs(Ps,Sum). 

isform(S=Sum,lensthsum,CPath,TimeJ) 
:- de Partition(Path,Pts>, 

cc varlensth(Path,S,Time>, 
sumlensth(Pts,Sum,Time). 

I* END OF BRICK make eauations. *I 

:-end. 



cont.a ins BRICK 
BRICK 
BRICK 
BRICK 
BRIC!"~ 
BRICK 
BRICK 

t.op l eve 1 , 
schemata, ( @2) 
search c,::mt.rol, (@3) 
normal form, (@4) 
sameclass, (@5) 
t~Pes, (@6) 

arsument list routines. 

/* BRICK top level. (@1) 

)!{/ 

entr-~ Points 

int.er·nal s 

1..1ses 

db active 

db Passive 

va1·iables 
( 

so:- soushts(Xs>, 
:.iivens(Gs>, 
solve<Xs,Gs,Es,Xsl>, 
crunch(Es,Xs1,Ans>, 

: so, 
Ga(t,t), 

• • 

set1..1p(J),solve(4)crunch(3), 
soushts<1>,sivens(1). 

lJRICK 
BRICK 
BRICK 
BRICK 
BRICK 

set eGuations, 
io routines, 
set routines, 
invocation ro1..1tines, 
aPPlication routines, 

BRICK evaluation routines, 
Proviso(1),subst(3). 

: sousht<l>,siven(l). 

NONE. 

NONE. 

trace('Answer is %t\n',CAnsJ,2). 

Ga ( Qual, Qi.1an > 
:- C~ual, 

findallCX,Proviso<X>,Condlist>, 
trace('%t ok provided :%1',[Qual,CondlistJ,2>, 
setuP(Condlist,Xs,Gs), 
solve(Xs,Gs,Es,Xsl), 
crunch(Es,Xsl,Ans>, 
subst(Solns,Condlist,Ncondlist), 
trace('New conditions are 1%1',CNcondlistJ,2>, 
aPPl~(Quan,CNcondlistJ). 

setuP(Condlist,Xs,Gs> 
:- wordsin(Condlist,Vars>, 

:s{i vens (GE->, 
subtract(Uars,Gs,Xs>. 

(@7) 

--- -------



solve(Xs,Gs,Es,Xsl) 
:- trace('\nAttemPtins to solve for %tin terms of %t\n\n',[Xs,GsJ,2>, 

seteans(Xs,Gs,[J,Es,Xsl>, 
trace('\n\n\7Eauations extracted: %c\n',[EsJ,2). 

crunch(Es,Xsl,Ans) 
:- trace('\nRest of Prosram not loaded\n',2>, 

abort. 

soushts(Slist) 
I- findall<X,sousht<X>,Slist). 

givens(Glist) 
:- findall(X,Siven(X),Glist). 

/* END OF BRICK toP level.*/ 

/* BRICK schemata. 

entry Points 

internals 

uses 

db active 

db passive 

variables 

cueCKeY) 

• • 

• • 

cue<+>. 

schema(4). 

BRICK 
BRICK 
BRICK 
BRICK 

io routines, 
aPPlication routinesf 
normal form, 
search control. 

PROGRAM DEPENDENT • 

NONE • 

NONE. 

:- schema(KeY,Decl,Ass,Def), 

defs<X> -

trace('Pullins in schema %t\n',[KeyJ,3>, 
KeY =•• [TYPelArssJ, 
trace('\nDeclarations (%t)\n',[fypeJ,4>,checklist(call,Decl), 
trace('\nAssertions (%t)\n',[fypeJ,4),checklist(dbentrY,Ass>, 
trace('\nDefaults (%t)\n',[TwPeJ,4),checklist(defs,Def>, 
trace('\n\n',4), 
dbentrwCcued(Key)), 
trace('\n%r\n\n',[-,50J,4), 
! • 

I- trace(' %t\n',[XJ,4>, 
assertz(X). 

schema(Pullsys_stan(SYs,Pu11,Str,Pl,P2,Time>, 
[ ~ue(Pullsws_maJCSYs,Pull,Str9Pl,90,P2~270,Time)) J, 



[] ). 

schema(Pullsws_maJ(Sws,Pull,Str,P1,Dir1,P2,Dir2,Time>, 
[ cue(Pullsws_min(Sws,Pull,Str,Dirl,Dir2,Time>>, 

nee end(Str,Lend,left>, 
nee endCStr,Rend,riSht) J, 

[ constaccel(Pl,Time>, 
constaceel(P2,Time>, 
fixed_contact(Pi,Lend,Time>, 
fixed_eontact<P2,Rend,Time>, 
(relaecel(Pl,Pull,Al,Dirl,Time> 

:- nee elastic(Str,zero>, 
nee relaeeel(P2,Pull,A1,Dir2,Time) >, 

(relaceel(P2,Pull,A2,Dir2,Time) 
:- nee elastie(Str,zero), 

nee relaccel(P1,Pull,A2,Dir1,Time> > J, 

schema(Pullsws_min(Sws,Pull,Str,Dir1,Dir2,Time>, 
[ cue(strinssws<Str,Lbit,Pulpt,Rbit,Time>>, 

cc isa(particle,Pull) J, 

[ Probtwpe(Pullew,Time>, 
fixed_contaet(Pull,PulPt,Time>, 
tansent(Lbit,Dirl>, 
tansent(Rbit,Dir2>, 
(tension(Lbit,Tl,Time> 

:- nee elastie(Str,zero>, 
nee coeff(Pull,zero), 
nee tension(Rbit,Tl,Time> >, 

Ctension(Rbit,T2,Time> 
:- nee elastie(Str,zero>, 

nee eoeff(Pull,zero>, 
nee tension(Lbit,T2,Time> >, 

Ctension<Str,T3,Time) 
:- nee elastic(Str,zero>, 

nee coeff(Pull,zero>, 
nee tension(Lbit,T3,Time) > J, 

[ coeff(Pull,zero>, 
mass(Pull,zero,Time> J ). 

schema(strinSsYs(Str,Lbit,PulPt,Rbit,Time>, 
[ cue(linesys(Str,Lend,Rend>>, 

cue(linesws(Lbit,Lend,PulPt)), 
cue(linesws(Rbit,PulPt,Rend>>, 
cc isa<strins,Str>, 
cc isa(strins,Lbit>, 
cc isa(strin•,Rbit) J, 

C Partition(Str,CLbit,RbitJ), 
concavitw(Lbit,stline>, 
concavitw(Rbit,stline> J, 

C elastic(Str,zero), 
mass(Str,zero,Time> J ). 

schema(Pathsys(Name,Lend,Rend,SloPe,Conv>, 
C cue(linesws(Name,Lend,Rend)), 



[ concavitYCName,Conv>, 
slope(Name,SloPe) J, 

[ coeff(Name,zero> J ). 

schema(rodsws(Rod,Time>, 
[ cue(linesws(Rod,End1,End2>>, 

cc incline(Rod,Dir,End1), 
cc separation<Endl,End2,D,Dir,Time), 
cc c_of_sravitw(Rod,Cofs) J, 

[ concavitw(Rod,stline>, 
seParation(Endl,Cofs,D/2,Dir,Time) J, 

schema(line_motion(Part,Path,Time>, 
[ cc end(Path,Start,left>, 

cue(motion(Part,Path,Start,left,Time)) J, 

[ Probtwpe(motion-in-a-straisht-line,Time), 
concavitw<Path,stline>, 
slope(Path,hor) J, 

schema(motion(Part,Path,Start,Side,Time>, 
[ cc farend(Path,Finish,Start>, 

cc final(Time,End>, 
cc incline<Path,Ansl,Finish>, 
condturn3(Path,Start,Ans1,Ans2>, 
cc vel(Part,V,Ans2,End>, 
cc tYPical_Point(Path,Point), 
cc initial(Time,Besin> J, 

[ at(Part,Finish,End>, 
fixed_contact(Part,Finish,End), 
fixed_contact(Part,Start,Besin>, 
fixed_contact(Part,Point,Time) J, 

[ (probtwPe(motion-in-a-straisht-line> 
:- nee constvel<Part,Time> \\ 

nee constaccel<Part,Time> >, 
CV> zero 

:- toP(Path,Start>, 
nee ProbtwPe(roller-coaster,Time> > 

schema(linesws(Line,Lend,Rend>, 
[ csenswm(line,Line>, 

cc end(Line,Lend,left>, 
cc end(Line,Rend,risht>, 
cc isa(Point,Lend), 
cc isa(Point,Rend> J, 



schema(timesys(Per,Mom1,Mom2>, 
[ ccreate(Period,Per>, 

cc initial(Per,Moml>, 
cc final(Per,Mom2>, 
cc isa(moment,Moml), 
cc isa(moment,Mom2) J, 

[ J ) • 

I* END OF BRICK schemata. *I 

I* BRICK search control. 

entry Points 

internals 

uses 

db active 

db Passive 

variables 

de P :- soal(P,db,nocreate>. 

(@3) 

• • 

• • 

nee P :- soal(P,Both,nocreate>. 

cc P :- soal(P,Both,create>. 

PC P :- soal(P,Both,nocreate). 

soal(P,Acc,Cn> 
:- not subsoal(exact,P>, 

access(P,L,Acct>, 
method(Acct,Acc,L,Cn). 

cc(t), 
nee<+>, 
pc(t), 
ccreate<+,?>, 
declare(+). 

soal(2),Prove(5),postmortem(6) 
hisher_truth(4),functest(2),sroundtest(2), 
sillY(1),makPrvals(3),Prarss(2), 

BRICK 
BRICK 
BRICK 

NONE, 

normal form, 
arsument list routines, 
multilist routines. 

method(edb,_,[Lacc,LuPJ,nocreate) :- Lace. 



method(dbinf,Acc,L,Cn> 
:- Sroundtest<L,Gs>, 

functest(L,FP), 
prove(Acc,L,GS,FP,Result), 
Postmortem<L,GS,FP,Cn,Result). 

Prove(inf,L,sround,func,fail) :- silhdL), ! • 

Prove(inf,L.,src)1.1nci,Pred,s1.1cc) :-- L, ! • 

Prove(Acc,L,Gs,Pred,succ> :- hisher_truth(Acc,L.,Gs,Pred), 

Postmortem<P,Gs,func,create,fail> :- deref<ccflas,on>, declare<P>, ! • 

Postmortem<P,sround,Pred,create,fail) :- cibentrw<P>, !. 

hisher_truth<Acc,L.,Gs,FP) 
I- L. =•• [Pred!ArssJ, 

isok(Pred), 
arsstruct(Pred,N,TwPes,_), 
mlmaPlist(rePtime,[TwPes,Arss,TPJ>, 
NL=•• [PrecilTPJ, 
prove(Acc,NL,Gs,FP,succ>. 

rePtime([TYPe,Ars,SuPtJ> 
:- tYPesatis(TwPe,time>, 

! ' 
nonvar C A1·s), 
subtime(Ars,Supt). 

:i.sok(constvel), 
:i.sok(constaccel). 
:i. sok ( fi!•{ed). 
i '!:;ok <contact) • 
isok(fixed_contact). 
:i.sok(at). 
isok(·free). 
i e:.1-\J.~ { ~T~r\}-\-f•_t.~~•;':'.", ~I.,_ 



sroundtest<L,sround) 
: ··- at.orr,ic ( L .. ), 

Sroundtest(L,sround) 
t -- nonva1' ( L), 

L =•• [PredlArssJ, 
checklist(Sroundtest<sround>,Arss>, 
! • 

Sroundtest<L,sen>, 

f •Jnctes t ( L, func) 
I- L =•• EPredlArssJ, 

arsstruct<Pred,N,_,FmaP), 
memberchk(val,FmaP), 
mlmaPlist(farssbound,[FmaP,ArssJ>, 
! • 

functest<L,Pred). 

farssbound([ars,XJ> :- nonvar(X). 
farssbound([val,_J). 

sill!:dL) 
:- L =•• [PredlArssJ, 

arsstruct(Pred,N,_,FmaP), 
mlmaPlist(valtovar,[FmaP,Arss,TPJ>, 
NL=•• [PredlTPJ, 
·?(NL>, 
diff(Arss,TP). 

valtovarC[val,Ars,VarJ>. 

valtovar([ars,Ars,ArsJ>. 

/*----------------------------------------------------------------------*/ 
cc:-Peate(TYPe,X) 

:- csensYmCTYPe,X>, 
( isa(Tl,X) -> CTl=TwPe \\ erl'or(c:-reate,[X,TYPe,Tll,break)) 

; asserta(isa(TYPe,X>>, 
trace(' Let %t be a new %t\n',EX,TYPeJ,1>,. 
trace(' %t unit-asserted bY ccreate,\n',[isa(TYPe,X> 

) . 

declare(L) 
:- L =•• [PPedlArssJ, 

al'Sstruct(Pred,N,TYPes,FmaP), 
mlmaPlist(makprvals(Pred),[FmaP,TYPes,ArssJ,ObJ>, 
mlmaPlist(Pral'Ss(ObJ),[FmaP,TYPes,ArssJ>, 
·t. race ( $ • \n' , 1 ) , 
dbentT'Y(L), 
! . 



------ - ll"liHi.-p FVS ls ....... reo' I .. ,:H'::l' I ',., .. I r U!..•-...•,. 

i---· ViH'(0bJ), 
X == 0bJ, 
! • 

makPrvals(Pred,[val,T,XJ,0bJ) 
:- twPesatisCT,ansle> 

-> csenswm(ansle,X), 
trace(' in direction %t',[XJ,1> 

; csenswm<Pred,X>, 
trace(' Let %t be the %t of %t',[X,Pred,0bJJ,1). 

PrarssC0bJ,[ars,T,XJ> 
:- diff(0b~h)O, 

( twPesatis<T,Paritw> -> trace(' on the %t',[XJ,1) ; 
twPesatisCT,Point> -> trace(' at %t 1 ,[XJ,i) ; 
twPesatisCT,Point_of_ref) -> trace(' relative to %t',[XJ,1) 
twPesatis(T,Path) -> trace(' on the %t 1 ,[XJ,i> ; 
twPesatis<T,Period) -> trace(' durins %t',[XJ,1) ; 
twPesatis(T,moment> -> trace(' at %t',CXJ,1) 

) + 

/*----------------------------------------------------------------------*/ 

senswm < PPef, C~ > 
:-- var(CD, 

cderef(Ss(Pref>,1,X>, 
N is X+1, 
SS (pref) : == N' 
concat<Pref,X,Q). 

csenswm <Pref, Q > : -· senswm (Pref, Q), ! . 

csenswm(_,_). 

/* END OF BRICK search contPol. */ 

/* BRICK normal form. 

ent.rw Points 

uses 

❖ • 

• • 

dbentrw<+>, 
acce'!:1-s < +, 'f, ·y) , 

update<+, ·r, ·? > , 
dodse < +, 'f) • 

nfrec(2),reckind(1),defn(6), 
ifGuansC2),merse_sp(3),merse_sePC4). 

BRICK 
BRICK 
BRICK 

i o ro1Jt i ne'::>, 
aPPlication routines, 
multilist routines, 



*l 

BRICK 
BRICK 
:fJRICK 
BRICK 

miscellaneous routines, 
search contr-ol, 
sameclass, 
ar-sument list routines. 

db active 

db Passive 

variables 

+ • 

• • 

• • 

PROGRAM DEPENDENT, 

PROGRAM DEPENDENT • 

NONE .. 

dbent r·w ( P) 
1-- 1.mj,t(P), 

! , 
1 .. 1Pdate ( P, L, UP) , 
nfpec(UP,L). 

dbentl'Y(P) 
I- dodse(P) -> error(cover,[PJ,continue) 

; asserta(P), 
trace(' %t assel'ted\n',[PJ,4). 

rdrec ( edb, L > :- L, ! • 

nf!'ec(edb,L) :- errop(nfr-ec2,[LJ,continue). 

nf1•ec ( dbinf, L) 
:- ?(L) -> error-(nfrec3,[LJ,continue) 

; recorda(L), 
trace(' %t entered into data base.\n',[LJ,4), 
1·eckind(L). 

reckind(L> :- functor-<L,P,A), nokind<P,A>, !. 

r·ecv..i nd ( L > 
:- L =•• [PredlAr-SsJ, 

arsstruct(Pred,N,TwPes,FmaP), 
numlist(1,N,Nlist>, 
mlmaPlistCifval(Pred>,CNlist,FmaP,TYPes,ArssJ>, 
! • 

reckind(L) 
:- error(reckind,[LJ,continue>. 

ifval(Pred,CN,val,TwPe,ArsJ> 
:- not inteSeT'CArs>, 

twPesatis(TwPe,Guantitw>, 
( kind(Ars,TwPe,Pred,N) \\ 

asst(kind(ArS,TYPe,Pred,N)), 

) . 
trace(' Note: %t (of twPe %t> was used in a %t definition (%t)\n' 

[ArS,TYPe,Pred,NJ,2) 



no~!. i nd ( T'oush, 1 ) + 

nokind(solid,i). 
nokind(isa,2). 
nold.nd (kind, 4). 
nokind(GuantitY,3). 
nokind(c-ued,1). 
nokind(Partition,2). 
nokind(sloPe,2). 
nokind(c-onc-avity,2). 
nokind(c-onstac-c-el,2). 
nokind(ProbtYPe,2). 
nokind(Point_of,2), 

l*----------------------------------------------------------------------*I 

uPdate(P,L,TYPe) 
:- defnCP,TwPe,LL,Context>, 

setupd(TYPe,LL,L>, 
! , 
chec-klist(c-c-,Context>. 

setuPd(dbinf,X,X). 
setuPd(edb,CX,YJ,Y>. 

accessCP,LL,TYPe) 
I- defn(P,TYPe,LL,Context>, 

! , 
c-hec-klist<nc-c-,Context). 

dodse(P> 
:- defn(P,TYPe,L,_), 

( TwPe = edb \\ diff(P,L) ). 

defn( isa(T,X),edb, 
[ tYPe(T,X>, asst(isa<T,X>> J, 
[ J ) • 

defn( initial(Per,Mom),dbinf, 
bndw(Per,Mom,left>, 
[ J ) • 

defn( final(Per,Mom),dbinf, 
bndw(Per,Mom,risht), 
[ J ) • 

defn( vel(ObJ,V,Dir,Time),dbinf, 
relvel(ObJ,earth,U,Dir,Time>, 
[J ). 



defn( initvel(0bJ,V,Dir,Per),dbinf, 
relvel(0bJ,earth,V,Dir,Start>, 
[ initial(Per,Start> J >. 

defn( finvel(0bJ,V,Dir,Per),dbinf, 
relvel(0bJ,earth,V,Dir,Finish>, 
[ final(Per,Finish) J >+ 

defnC tansent(Path,Dir),dbinf, 
incline(Path,Dir,X>, 
[ tYPical_point(Path,X) J ). 

defn( normalCPath,Dir),dbinf, 
ansle(Path,Dir,X>, 
[ twPical_Point(Path,X) J >. 

defn( fixed_contact(0b1,0b2,Per),edb, 
[ fixed_contact(0b1,0b2,Per>, .merse_sP(0b1,0b2,Per> J, 
[J ). 

defn( samePlace(0b1,0b2,T>,edb, _ 
[ ( sameclass(0bl,0b2,_,touch(T)) I diff(0bl,0b2) >, 

merse_sp(Qb1,0b2,T> J, 
[ J ) • 

defn( concurrent<P1,P2,left),edb, 
[ sameclass(P1,P2,_,initses>, _ J, 
[] ). 

defn( concurrent(Pl,P2,risht),edb, 
[ sameclass<P1,P2,_,finses>, _ J, 
[ J ) • 

defn( factor<C,U1,U2>,edb, 
[ sameclass(U1,U2,C,fac>, _ J, 
[J ,. 

defn( seParation(P1,P2,R,A,T>,edb, 
[ sameclass(P1,P2,CR,AJ,seP(T>>, merse_sep(P1,P2,CR,AJ,T) J, 
r::1 ) • 

defn<X,dbinf,X,[J). 

/•----------------------------------------------------------------------*/ 
asstOO 

:- X -> error(asst,CXJ,continue) 
ii asserta(X), 

trace(' %t unit-asserted.\n',[XJ,4). 

merse_sp(X,Y,T) 
:- merse<X,Y,_,touch(T>>, 

rePeat( subtime<Subt,T) I merse(X,Y,_,touch(T)) >, 
trace(' %t is in the same Place as %t durins %t.\n',[X,Y,TJ,4>. 



repeat( subtime(Subt,T> I merse<X,Y,Rel,seP(T>> >, 
trace(' %t and %tare seperated bw %t durine %t.\n',tX,Y,Rel,TJ,4>. 

/* END OF BRICK normal form*/ 

• 
/* BRICK sameclass. (@5) 

entr~ Points sameclass<f,f,1,+>. 
~ 

internals 

1..1ses 

db acti\_..e 

db passive 

variables 

sameclass(X,Y,Rel,Ta) 
:- var(X), 

ncinvar(Y), 

• • 

• • 

• • 

! , 
sameclass<Y,X,Rel,Ta>. 

sameclass<X,Y,Rel,Ta> 

reP(6),toroot(6),totiPs(6), 
treeacc(5), 
treeir(3), 
treeid(2). 

NONE • 

ina(3),inaf(3),slink(4). 

touchdd(3),Partition(2). 

NONE. 

:- Ta=•• [TreelArssJ, 
treeid(Tree,Id), 
reP(X,R,Re11,Tree,Id,Arss>, 
reP(Y,R,Rel2,Tree,Id,Arsi>, 
treeir(Tree,sc,[Rel1,Rel2,RelJ>. 

reP(Z,R,Re,Tree,Id,Arss> 
I- var(Z) -> totiPs(Z,R,Re,Tree,Id,Arss> 

; toroot(Z,R,Re,Tree,Id,Arss). 

toroot<Z,R,Re,Tree,Id,Arss> 
:- treeacc(Tree,Z,W,Re1,Arss>, 

l ' 
toroot<W,R,Re2,Tree,Id,Arss>, 
treeir(Tree,tt,CRe1,Re2,ReJ). 



totiPs<Z,R,Re,Tree,Id,Arss> 
I- treeacc(Tree,W,R,Rel,Arss>, 

totips(Z,W,Re2,Tree,Id,Ares>, 
treeir(Tree,tt,[Re1,Re2,ReJ). 

merse(X,Y,Rel,P> 
:- P =•• [TreelArssJ, 

treeid(Tree,Id), 
toroot(X,XR,Xrel,Tree,Id,Arss), 
toroot<Y,YR,Yrel,Tree,Id,Arss), 
treeir(Tree,merse,[Xrel,Yrel,Rel,Q4J), 
< XR =YR\\ treeuP(Tree,XR,YR,Q4,Arss) >, 

build(X,Y,Rel,P) 
:- P =•• [TreelArssJ, 

treeid(Tree,Id), 
toroot<X,XR,Xrel,Tree,Id,Arss>, 
torootCY,YR,Yrel,Tree,Id,ArSs), 
treeirCTree,build,CXrel,Yrel,Rel,Q5J>, 
( XR = Y \\ treeuP(Tree,XR,Y,Q5,Ares> >• 

1•----------------------------------------------------------------------*/ 

treeid(touch,_). 

treeacc(touch,X,Y,_,[TJ) :- ?(touchdd(X,Y,T>). 

treeuP(touch,X,Y,_,[TJ) :- recorda(touchdd(X,Y,T)). 
' 

treeir(touch,_,_). 

treeacc(initsea,X,Y,_,[J) :- ?(Partition(Y,[Xl_J)). 

treeir(initses,_,_). 

treeacc(finsea,X,Y,_,[J) :- ?(partition<Y,Plist>>, last<X,Plist). 

treeid(fac,1). 

treeacc(fac,X,Y,Rel,[J) :- ( ina(Rel,X,Y> \\ nonvar(X) , inaf(Rel,X,Y> >+ 

treeuP(fac,X,Y,Rel,[J) :- assertaCina(Rel,X,Y>>• 

treeir(fac,sc,[R1,R2,R1/R2J). 
~rP~ir(¥ac,tt,[R1,R2,Rl*R2J), 



treeir(fac,build,[XR,YR,RR,RR/XRl). 

treeid(seP,[0,Dirl). 

treeacc(sep,X,Y,Rel,[Tl> :- slinkCX,Y,Rel,T). 

treeup(seP,X,Y,Rel,[Tl) :- asserta(slink(X,Y,Rel,T)). 

treeir(seP,sc,[Rl,R2,RELl) I- vecadd(REL,R2,Rl). 
treeir(seP,tt,[R1,R2,RELl> I- vecadd(R1,R2,RELJ. 
treeir(seP,merse,CXR,YR,RR,Q4J) :- vecadd(RR,YR,Z>, vecadd(Q4,XR,Z>. 
treeir(seP,build,CXR,YR,RR,G5J) :- vecadd(Q5,XR,RR>. 

/* END OF BRICK sameclass. */ 

internals 

uses 

db act.ive 

db Passive 

variables 

tYPe(TYPe,X) 
:- nonvar(X), 

! , 
isa(Atl::IPe,X), 

• • 

: 

• • 
-> • 

• • 

tl::IPev ('r,?) , 

tl::IPe(·ht), 
oftl:.~Pe ( T',? > 11 

t!:.!Pesati s C +, 'f) • 

tYPet Pee1.1 < 2) • 

BRICK miscellaneous routines. 

NONE • 

NONE. 

NONE • 

( var(Type) -> tYPesatis(AtYPe,Tl::IPe) 
? t!:o!F·E:?'::-ati s ( AtYPe, Tl::IF•·e), 

tYPe(TYPe,X) 
:- t!:o!Pesatis(AtYPe,TYPe), 

isa(At!:.!Pe,X). 

t!:.!PesatisCT1,T2> 
:- var(Tl) -> tsl(T1,T2> 

; ts2(Tl,T2). 



tsl<T,T>. 

ts1(Tl,T2> 
I- tYPetreeuCDes,T2>, 

tsl(Tl,Des). 

ts2CT,T>, 

ts2(Tl,T2) 
:- tYPetreeu<Tl,Parent>, 

ts2(Parent,T2). 

/•----------------------------------------------------------------------*/ 
tYPetreeu(paritY,entity). 
tYPetreeu(item,entitY). 
tYPetreeu(GuantitY,entitY). 
tYPetreeu(notation,entitY), 

tYPetreeu(obJect,item>. 
tYPetreeu(time,item>. 

tYPetreeu(line,obJect>, 
tYPetreeuCPoint_of_ref,obJect>. 

tYPetreeu(strinS,line). 
tYPetreeu(path,line). 
tYPetreeu(rod,line), 

tYPetreeu(PP,Point_of_ref). 
tYPetreeu(Place,Point_of_ref). 

tYPetreeu(Period,time>. 
lYPetreeu(moment,time). 

lYPetreeu(constant,Guantity). 
tYPetreeuCscalar,GuantitY), 
tYPetreeu(ansle,Guantity). 

lYPetreeu(force,scalar). 
lYPetreeu(vel,scalar>. 
tYPetreeu(accel,scalar>. 
tYPetreeu(mass,scalar>. 
tYPetreeu(lensth,scalar). 
lYPetreeu(duration,scalar), 
twPetreeu(moment,scalar). 

tYPetreeu(number,notation). 
twPetreeu(unit,notation), 
lYPetreeu(dim,notation), 
lYPetreeu(dim_system,notation). 

/* RRTCK ar~ument list routines. 



entrw POiQtS • • 

internals + • 

uses • • 

db active • • 

db Passive • • 

variables • + 

arsstruct(duration,2, 
[period,durationJ, 
[ars,valJ ). 

arsstruct(normal,2, 
[line,ansleJ, 
[ars,valJ >. 

arsstruct<tansent,2, 
[line,ansleJ, 
[ars,valJ ). 

arsstruct(ansle,3, 
[line,ansle,PointJ, 
[ars,val,arsJ ). 

arsstruct(incline,3, 
[line,ansle,PointJ, 
[ars,val,arsJ ). 

arsstruct(?,1,?,?> • 

NONE+ 

NONE • 

NONE • 

NONE+ 

NONE+ 

arsstruct(distance,3, 
[particle,lensth,PeriodJ, 
[ars,val,arsJ ). 

arsstruct(seParation,5, 
EPoint_of_ref,Point_of_ref,lensth,ansle,timeJ, 
Ears,ars,val,val,arsJ ). 

arsstruct<sround,2, 
[line,lensthJ, 
[ars,valJ ). 

arsstruct(droP,3, 
[path,Point,lensthJ, 
[ars,ars,valJ ). 

arsstructCtwPical_droP,3, 
[path,Point,lensthJ, 
[ars,ars,valJ ). 

arsstruct(radius,2, 
Cline,lensthJ, 
[ars,valJ ). 

arsstruct(constlensth,2, 
[line,lensthJ, 
[ars,valJ >. 



arsstruct(mass,3, 
[obJect,mass,timel, 
[ars,val,arsl >• 

arsstruct(tension,3, 
[strins,force,timeJ, 
[ars,val,arsJ ). 

arsstruct(reaction,5, 
[obJect,obJect,force,anSle,timeJ, 
[ars,ars,val,val,arsJ ). 

arsstruct(vel,4, 
[Point_of_ref,vel,ansle,timeJ, 
[ar~,val,val,arSJ ). 

arsstructCrelvel,5, -
[Point_of_ref,Point_of_ref,vel,ansle,timeJ, 
[ars,ars,val,val,arsJ ). 

arsstruct(accel,4, 
[Point_of_ref,accel,anSle,timeJ, 
[ars,val,val,arsJ ). 

arsstruct(relaccel,5, 
[Point_df_ref,Point_of_ref,accel,ansle,timeJ, 
[ars,ars,val,val,arsJ ). 

arsstruct(coeff,2, 
[path,constantJ, 
[ars,vaJ.J ). 

arsstruct(eJ.astic,2, 
[strinS,constantJ, 
[ars,val] ). 

arsstruct(bndw,3, 
[~eriod,moment,ParitYJ, 
[ar:~.hval,arsJ ). 

arsstruct(initiaJ.,2, 
[Period,momentJ, 
[ars,valJ J. 

arsstruct(final,2, 
[period,momentJ, 
[ars,v;:~lJ >. 

arsstructCisa,2, 
[twPe,entityJ, 
[arS,<1~rsJ >• 

arsstructCtwPicaJ._Point,2, 
[line,PointJ, 
[ars,valJ ). 



[Point_of_ref,Place,momentJ, 
[ars,val,arsJ >. 

arsstruct(end,3, 
[line,Point,Paritwl, 
[ars,val,arsJ ). 

arsstructCfarend,3, 
[line,Point,PointJ, 
Cars,ars,valJ >. 

arsstruct(farend,3, 
[line,Point,PointJ, 
[ars,val,arsJ ). 

arsstructCcenter_of_sravitw,2, 
[obJect,PointJ, 
[ars,valJ ). 

arsstruct(ouantitw,3, 
[ouantitw,number,unitJ, 
[ars,ars,arsJ ). 

arsstruct(stanunit,3, 
[dim,unit,dim_swstemJ, 
[ars,ars,arSJ ). 

/* END OF BRICK arsument list routines. *I 

:-end. 



, 

/*INFER*/ 
/*MOTION INFERENCE RULES*/ 
/*ALAN BUNDY 29/12/76*/ 

/*MAKING CONDITIONS*/ 
/*-----------------•/ 
/*SEE IF ITS TRUE*/ 
condition<L> :- L,I. 

/*SEE IF ITS FALSE*/ 
condition(L) :- nott(L), !, fail. 

/*OTHERWISE NOTE IT FOR LATER*/ 
condition(L) :- Postulate(Proviso(L)), 

traee('Storini Proviso I %t,\n',[LJ,3). 

/*NEGATION*/ 
nott(X>Y> :- Y>=X. 
nottCX>=Y> I- Y>X. 

/*MOTION ON A PATH*/ 

/*MOTION CHECK*/ 
motion<Part,Path,Start,Side,Per> :­

inPlaee(Part,Path,Start,Side,Besin>, 
eue(timesws(Per,Besin,End>>, 
traee('CheekinS motion of %t\n\t\t on %t\n\t\t from %t\n\t\t on %t\n\t\t dur: 

[Part,Path,Start,Side,PerJ,4), 
motionl(Part,Path,Start,Side,Per), 
eue(motion(Part,Path,Start,Side,Per)). 

/*GENERAL MOTION ON PATH*/ /*LETS THROUGH TOO MANY POSIBILITIES*/ 
motionl(Part,Path,Start,Side,Per) :-

nee initial(Per,Besin>, 
setstarted(Part,Path,Start,Side,Besin>, 
nostoPPinS(Part,Path,Start,Side,Per>, 
notakeoff(Part,Path,Start,Side,Per), 
nofalloff(Part,Path,Start,Side,Per). 

/*BREAK INTO SUBPATHS*/ 
motionl(Part,Path,Start,Side,Per) 1-

arranSePathCPath,Start,NPathlist>, 
makePeriods(NPathlist,Per,Perlist>, 
multimotion(Part,NPathlist,Start,Side,Perlist). 

arranSePath(Path,Start,NPathlist) :­
de Partition<Path,Pathlist), 
de end(Path,Start,End), 
condrev(End,Pathlist,NPathlist). 

makePeriods(NPathlist,Per,Perlist) :­
maPlist(makeone,NPathlist,Perlist>, 
~sserta(partition(Per,Perlist)), 



/*DEAL WITH EACH SUBPATH*/ 
multimotion(Part,[J,Start,Side,[J), 

multimotion(Part,[PathlPathlJ,Start,Side,[PerlPerlJ) :-
PC motion(Part,Path,Start,Side,Per>, 
farend(Path,Start,Finish>, 
multimotion(Part,Pathl,Finish,Side,Perl>. 

/*MAKE ONE PERIOD how does declare workTT*/ 
makeone(Path,Per> I- ccreate(period,Per), 

setstarted(Part,Path,Start,Side,Besin) I­
nce vel ( Pa1·t, zero ,IH r, Be:!'Hn >, ! , 
( horizontal(Path,Start) -> 
nudse<Part,Besin) ; toP(Path,Start> >. 

/*HEADED IN RIGHT DIRECTION*/ 
setstarted(Part,Path,Start,Side,Besin) :­

alonsCPath,Ans,Start>, 
nee vel(Part,V,Ans,Besin), 
condition<V>zero). 

/*DotJNHILL. RUN*/ 
nostoPPins(Part,Path,Start,Side,Per> I-

de end(Path,Start,End), OPPosite(End,Oend), 
de sloPe(Path,Hend>, diff(Oend,Hend>, !. 

/*MAKES IT TO THE TOP*/ 
nostoPPin•<Part,Path,Start,Side,Per> :-

nee finvel<Part,V,Dir,Per>, eondition(real(V)>. 

/)!(BEL.OW PATHllV 
notakeoff(Part,Path,Start,Side,Per) :­

below(Path,Start,Side), ! • 

/*SLOPE DOES NOT DROP AWAY*/ 
notakeoff(Part,Path,Start,Side,Per> :-

de coneavitw<Path,Conc>, diff(Cone,risht>, !. 

/*INSUFFICIENT VEL TO TAKE OFF*/ 
notakeoff(Part,Path,Start,Side,Per> :­

de eoneavitw<Path,risht>, 
nee normal(PathvDir>, 
cc reaetion(Path,Part,N,Dir,Per), 
~ondition<N>=zero>. 

/*SUPPOl:;:TED*l 
nofalloff(Part,Path,Start,Side,Per) :­

above(Path,Start,Side), ! • 

/*VERTICAL. FALL*/ 
nofalloff(Part,Path,Start,Side,Per) :-

de sloPe(Path,Start>, de eoncavitw(Path,stline), 
nee ineline(Path,270,Start), ! • 

/*STICKS ON*/ 
nofalloff(Part,Path,Start,Side,Per> :­

de coneavitw<Path,riSht), 
nee normal(Path,Dir1), 
cc vel(Part,V,Dir2,Per>, 
nee radius(Path,R>, 
,-,nnrii tion ( nn 2) *sin ( Di rl >>=R*s), ! • 



,-✓ *FREEFr':lLUIV 
nofalloff(Part,Path,Start,Side,Per) :-

de concavitw(Path,Conc>, diff(Conc,risht>, 
asserta(falls_off(Part,Path,Start,Side,Per)), 
!, fail+ 

/*PARTICLE IS IN-PLACE AT START OF PATH*/ 
inPlace(Part,Pathl,Finish,Side,End) I-

de cued(motion(Part,Path2,Start,Side,Per>>, 
farend(Path2,Start,Finish>, 
nee final (Per,End), ! • 

inPlace(Part,Path,Start,Side2,Time) I­
nce at(Part,Start,Time>, 
de side(Part,Start,Sidel,Time), 
de end(Path,Start,End), 
condval(End,Side1,Side2). 

/*YOU GET TO YOUR DESTINATION BY TRAVELING THERE*/ 
at(Part,Place2,Mom2> :-

farend(Path,Place2,Place1), 
inPlace(Part,Path,Place1,Side,Mom1), 
cue(timesws<Per,Mom1,Mom2>>, 
PC motion(Part,Path,Placel,Side,Per). 

/*DESCRIBING PATHS*/ 
/*----------------*I 
/*PATH WITH MONOTONIC SLOPE*/ 
monoPath(Path) :- de slope(Path,left). 
monoPath(Path) :- de sloPe(Path,ri•ht). 
monoPath(Path) :- de sloPe(Path,hor). 

l*POINT1 AND POINT2 ARE OPPOSITE ENDS OF PATH*/ 
farendCPath,Point1,Point2) :-

de end(Path,Point1,End1>, DPPosite(End1,End2>, 
de end(Path,Point2,End2). 

!*UPPER SIDE OF PATH*/ 
above<Path,Start,Side> 1-

monoPath(Path>, de end(Path,Start,Side). 

/*LOWER SIDE OF PATH*/ 
below<Path,Start,Sidel> :­

monoi,.~ath <Path), 
de encl(Pathi>Star·t,Side2), oPPosite(Side1,Side2) • 

/*START IS THE TOP OF PATH*/ 
toP(Path,Start) :- de end(Path,Start,End>, de sloPe(Path,End). 

/*USE TYPICAL POINT OF WHOLE CIRCLE*/ 
tYPical_Point(Path,Point> :­

bitof(Path,Circlel, de circle(Circle>, 
cc twPical_pointCCircle,Point>. 

/*PARITY DEALING*/ 
!*--------------*! 

/*PARTICLE IS INSIDE OR OUTSIDE OF CONCAVITY IN PATH*/ 
in~id~CPart,Path,Ti~e) :- wh_side(Part,Path,Par,Par,Time>+ 



outside(Part,Path,Time) :- wh_side(Part,Path,Parl,Par2,Time>, 
OPPosite(Parl,Par2>. 

wh_side(Part,Path,Ans,Ne,Time> :-
de cued(motion(Part,Path,Start,Side,Time>>, 
de end(Path,Start,Par), 
twist(Par,Side,Ans>, 
de concavitw(Path,Conv>, norm(Conv,Nc). 

/*CONDITIONAL ABOUT TURN*/ 
condturn2(Ph1,Ph2,Ansl,Ans2> I-

de coneavitw(Phl,Convl>, norm(Convl,Ncl), 
de eoncavitY(Ph2,Conv2>, norm(Conv2,Nc2>, 
condturn1(Nc1,Ne2,Ans1,Ans2). 

condturnl(Par,Par,Ans,Ans> :- !. 
condturn1(Par1,Par2,Ans1,Ans2) :­

DPPosite(Par1,Par2>, aboutturn<Ans1,Ans2). 

condturn3(Path,Start,Dir2,Dir1) :-
de concavitw(Path,Conv>, norm(Conv,Nconv), 
de end(Path,Start,Par), condturn1(Par,Neonv,Dir2,Dirl). 

!*NORMALIZE PARITIES*/ 
norm(stline,left) :- J. 
norm(Par,Par). 

/*CONDITIONAL REVERSE*/ 
condrev(left,List,List). 

condrev(risht,List,Rlist) :- rev(List,Rlist). 

/*CONDITIONAL VALUE*/ 
condval(left,Side,Side). 
condval(risht,Side1,Side2) :- DPPosite(Side1,Side2). 

/*PARITY CHANGER*/ 
DPPDsite(left,risht). 
OPPDSite(risht,left). 

/*PARITY TWIST*/ 
twist(Par,Par,risht). 
twist(Par1,Par2,left) :- DPPosite(Par1,Par2>. 

/*PART-WHOLE RELATIONSHIP*/ 
1•----------------------•1 
/*PARTS OF PERIOD*/ 

subtime(SubP,P) 
:- twPev(Period,SubP), 

twPev(Period,P>, 
bitof(SubP,P). 

subtime<M,P> 
I- twpev(moment,M>, 

twPev(Period,P), 
tiPof(TiP,P), 
nee bndw(TiP,M,Psr>. 

/*PARTS OF A PATH*/ 

subPath(SubP,P) 
:- twPeY(Path,SubP), 

~WP~V{P~th9P)v 



subPathCPt,P) 
I- twPeV(Point,Pt>, 

' twpev(Path,P>, 
tipof(TiP,P>, 
Point_of(TiP,Pt>. 

Point_of(Line,Point) 
:- de end(Line,Point,Par) ; 

nee twPieal_PointCLine,Point> ; 
nee e_of_sravitw(Line,Point> ; 
?( Point_of(Line,Point) >. 

/*PART OF TREE*/ 

Partof(Whole,Whole). 

Partof(Part,Whole) :- bitof(Part,Whole). 

bitof(Part,Whole> 
I- de Partition(Whole,Parts>, 

member(Partl,Parts>, 
Partof(Part,Partl). 

/*TIP OF TREE*/ 

tiPof(TiP,Tree) 
:- de partition<Tree,Subtrees>, 

J , 
fuember(Subtree,Subtrees>, 
tipof(TiP,Subtree). 

!*LINE IS SMALLEST*/ 
minimal(Line> :- thnot(bitof(Subline,Line>>. 

!*LENGTH*/ 
1•------*I 

/*DISTANCE TRAVELLED BY OBJ DURING PER IS D*I 
distanee(ObJ,D,Per> :-

de eued(motion(ObJ,Path,Start,Side,Per>>, 
nee varlen•th(Path,D,Per). 

/*IF CONSTANT LENGTH IS KNOWN THEN IT IS ALWAYS LENGTH*/ 
varlensthCX,D,T> :- nee eonstlensth<X,D>. 

/*LENGTHS OF CO-INCIDENT PATHS ARE EQUAL*/ 
varlenath(Pathi,D,Time) :-

de eoneavitw<Pathi,stline), 
farend(Path1,End1,End2), 
nee sameP1aee<End1,End3,Time>, 
nee sameplace(End2,End4,Time>, 
farend(Path2,End3,End4>, 
diffCPath1,Path2), 
de eoneavitw<Path2,stline>, 
nee varlensth(Path2,D,Time). 



droP(Path,Start,-<D*tan(Ans>>> a­
de eoncavitY(Path,stline>, 
nee incline<Path,Ans,Start>r de sround(Path,D). 

droP(Path,Start,Hsum) :-
de Partition(Path,Pl), sumdroPs(Pl,Start,Hsum>. 

/*VERTICAL DROP OF CIRCLE SEGMENT*/ 
droP(Path,Start,R*<sin(Dirl)-sin(Dir2))) :­

Partof(Path,Circle>, de cirele(Circle>, 
farend(Path,Start,Finish>, 
nee ansle(Start,Dirl,Cirele>, nee ansle(Finish,Dir2,Circle>, 
nee radius(Circle,R). 

/*TYPICAL DROP WITHIN CIRCLE SEGMENT*/ 
tYPical_droP(Path,Start,R*<sin(Dir1>-sin(Dir2))) :­

Partof(Path,Circle>, de eircle(Circle>, 
cc ansle(Start,Dirl,Circle>, 
rice r,or11,al (F•ath,I•i r:~), .., 
nee radius(Circle,R). 

sumdroPs([J,Start,O>. 

sumdrops([PIPlJ,Start,H+Sum> :-
nee droP(P,Start,H>, !, farend(P,Start,Finish>, 
sumdroPs(Pl,Finish,Sum>. 

sumlensth([PIPlJ,D+Sum,Time> :­
cc varlensth(P,D,Time>, 
!, sumlensth(Pl,Sum,Time). 

/*RADIUS OF CURVATURE OF CIRCLE SEGMENT*/ 
radius<Path,R) :-

Partof(Path,Circle), de circle(Cirele), 
cc radius(Circle,R). 

/*ANGLES*/ 
/*··-·------•/ 

/'*INCLINATION OF HORIZONTAL LINE*/ 
incline(Line,O,Point) :-

de slope(Line,hor>. 

/*INCLINATION OF STRAIGHT LINE*/ 
ineline(Line,Ans,Pointl) :-

de coneavitw(Line,stline>, 
Point_of(Line,Point2>, diff(Point1,Point2>, 
nee incline(Line,Ans,Point2). 

/*CONSECUTIVE PATHS HAVE THE SAME INCLINATION 
(ADD SMOOTHNESS CONDITION>*/ 

ineline(Ph2,Ans1,Pt> l­
t!:i!Pe(path,Ph2), 
de Partition(PhO,Phl), 
nextto(Phl,Ph2,Phl), 
nee ineline(Ph1,Ans2,Pt>, 
eondturn2(Ph1,Ph2,Ans1,Ans2). 

/*FIND ANGLE OF MINIMAL PATH*/ 



bitof(SubPath,Path), nee ansle(SubPath,Ans,Point>. 

/*ANGLE IS AT RIGHT ANGLES TO INCLINE*/ 
ansle(Path,Ansl,Point> :-

nee incline(Path,Ans2,Point>, riShtturn(AnS2,AnS1). 

/*INCLINATION ALONG PATH FROM ONE END*/ 
alons<Path,Ans,End) I-

de concavitw<Path,Conc>, norm(Conc,Nc>, 
de end(Path,End,Lr>, 
nee incline(Path,Inc,End), 
condturnl(Nc,Lr,Ine,Ans). 

/*IS PATH HORIZONTAL AT POINT*/ 
hor•j.zontal (Path,Point) :-- nee ineline(Path,O,Point). /J tJ I,;. 

hor·izontal (Path, Point) : -· nee inel ine (Path, 180, Point). ~ ~ 

/*ALWAYS USE TANGENT OF LARGEST PATH*/ 
tanSentCPath,Dir) :-

bitof(Path,SuPerPath), nee tansent(SuPerPath,Dir). 

/*TANGENT IS INCLINE AT TYPICAL POINT*/ 
tansent<Path,Dir) :-

cc tYPical_pointCPath,X>, 
cc incline(Path,Dir,X>. 

/*ALWAYS USE NORMAL OF LARGEST PATH*/ 
normal<Path,Dir) 1-

bitof(Path,SuPerPath>, nee normal(Superpath,Dir). 

/*NORMAL IS ANGLE AT TYPICAL POINT*/ 
normal(Path,Dir) I-

ce tYPical_point(Path,X), 
cc ansle(Path,Dir,X>. 

/*CONTACT*/ 
/*------------*/ 

./*POINTS ARE IN CONTACT IF THEY ARE IN THE SAME PLACE*/ 
eontact<X,Y,T> :- nee samePlaee(X,Y,T> • 

.l*AN OBJECT IS IN CONTACT WITH THE PATH IT MOVES ON*./ 
eontact<X,Y,T> I-

de eued(motion(X,Y,Start,Side,T>>, nee solid<Y>. 

/*FIXED CONTACT CANNOT BE MOMENTARY*/ 
fixed_contaet(X,Y,T) :- thnot(twPe(period,T>>, !, fail. 

/*FIXED CONTACT WITH EARTH MEANS FIXED*/ 
fixed_contaet(earth,X,T) :- nee fixed(X,T). 

fixed_eontaetCX,earth,T) :- nee fixedCX,T>+ 

/*POINTS ARE IN FIXED CONTACT IF THEY ARE IN*/ 
/*THE SAME PLACE FOR A PERIOD*/ 
fixed_contset<X,Y,T> :- tYPe(period,T), 

nee samePlaee<X,Y,T>, diffCX,Y). 

/*FIXEDNESS CANNOT BE MOMENTARY*./ 



/*THE EARTH IS FIXED*/ 
fixed(earth,Time). 

/*OBJECTS IN MOTION ARE NOT FIXED*/ 
fixed(ObJ,Time) :-

de eued(motion(ObJ,Path,Start,Side,Time>>, !, fail. 

/*UNSUPPORTED PULLEY IS ASSUMED FIXED*/ 
fixed(Pull,Time> :-

de eued(Pullsws_min(Sws,Pu11,Str,Dir1,Dir2,Time>>, 
forall(nec(samePlaee(Pull,Point,Time)) I diffCPoint,Pull), 
de Partition(Str,[Lbit,RbitJ> I de end(Lbit,Point,risht)). 

/*PATHS IN THE ROLLER COASTER WORLD ARE FIXED*/ 
fixed(Path,Time) I- twPe(Path,Path>, twPe(time,Time>, 

nee probtwPeCmotion,Time). 

/*PARTS ARE FIXED IF WHOLES ARE*/ 
fixed(Bit,Time) :- subPath(Bit,Path>, nee fixed(Path,Time). 

/*OBJECTS IN SAME PLACE AS FIXED OBJECTS ARE FIXED*/ 
fixed(ObJl,T> :- twPe(Period,T>, nee samePlace(ObJ1,0bJ2,T), 

nee fixed(ObJ2,T>. 

/*ARITHMETIC*/ 
l*----------•1 

/*ANGLES ARE AT RIGHT ANGLES*/ 
rtans(X,Y> I- Z is X-Y, 0 is Zmod180. 

/*TURN ANGLE THROUGH 90 ANTI-CLOCKWISE*/ 
rishtturn(Ans1,Ans2> :­

eval(Ans1++90,Ans2>. 

/*TURN ANGLE THROUGH 180*/ 
aboutturn(Ans1,Ans2> :­

eval(Ans1++180,Ans2). 

cosfact(Dir,Dir,1) :- 1. 
cosfaet(Dir1,Dir2,eos(Ans)) :­

eval(Dir1--Dir2,Ans). 

vecadd([Mas1,DirJ,[Mas2,DirJ,[Mas,DirJ> 
:- var(Masl>, eval<Mas-Mas2,Mas1) ; 

var(Mas2>, eval(Mas-Mas1,Mas2) ; 
eval<Mas1+Mas2,Mas), 
! • 

I* MOMENTS*/ 
!*---------•/ 

summoments(Pointl,Rod,Msum,Dir,Time> 
:- foreaeh( Point_of(Rod,Point2) I diff(Point1,Point2), 

moments(Point2,Point1,M,Dir,Time), 
+, 
M, 
Msum 

) . 



moments(Point2,Point1, F*D ,Dirl,Time) 
:- cc seParation(Point1,Point2,D,Dir1,Time>, 

rishtturn(Dir1,Dir2>, 
sumforces(Point2,Dir2,Time,F>, 

/*FORCE*/ 
I*--·--····*/ 

sumforces(Part,Dir,Time,Gforce+Pressure+Others) :­
sravitational(Part,Dir,Time,Gforce>, 
reactional(Part,Dir,Time,Pressure>, 
aPPliedforces(Part,Dir,Time,Others>. 

!*GRAVITATIONAL FORCE*/ 
Sravitational(Part,Dir,Time,M*•*Costerm) I-

ce mass(Part,M,Time>, cosfact(270,Dir,Costerm), 

!*REACTION FROM CONTACT*/ 
reactional(Part,Dir,Time,Forcesum> 1-

foreach(candidate<Part,Cand,Time>, 
reac(Part,Cand,Force,Dir,Time),[t,OJ,Force,Forcesum>. 

/*SOURCE OF REACTIONAL FORCE*/ 
candidate(Part,earth,Time) :- fixed(Part,Time). 

candidate(Part,Point-Line,Time) I-
nce samePlace(Part,Point,Time>, diff(Part,Point), 
Point_of(Line,Point>, minimal(Line>. 

!*REACTION OF EARTH ON A FIXED OBJECT*/ 

reac(Part,earth,Costerm*R,Dir,Time) :- !, 
cc reaction(earth,Part,R,Dirl,Time>, 
cosfact(Dir,Dir1,Costerm). 

reac(Part,Point-Str,Costerm*T,Dir,Time) :­
twPe(strins,Str>, !, cc tension(Str,T,Time>, 
de end(Str,Point,Par), cc incline(Str,Dirl,Point>, 
condturnl(left,Par,Dir1,Dir2>, cosfact(Dir,Dir2,Costerm). 

I* REACTION OF A PATH *I 

reac(Part,Point-Path,Nforce+Friction,Dir,Time) I­
nce soJ.id(Path), ! , 
normal_reac(Part,Path,Point,Nforce,Dir,Time), 
( rouSh(Path) I de cued(motion(Part,Path,Start,Side,Time>> -> 

friction(Part,Path,Point,Friction,Dir,Time> ; Friction= zero). 

/*OTHERWISE ZERO *I 

reac(Part,Point-Path,zero,Dir,Time). 

!*NORMAL REACTION OF PATH*/ 
normal_reac(Part,Path,Point,Costerm*R,Dir,Time> :-

cc an•J.e<Path,Dir2,Point>, wh_side(Part,Path,Ans,Nc,Time>, 
condturn1(Nc,Ans,Dir2,Dir1), 
cc reaction(Path,Part,R,Dirl,Time), 
cosfact(Dir,Dir1,Costerm>. 

/*SLIDING FRICTION*/ 
¥riction(Part,Path,Point,Costerm*Mu*R,Dir,Time) I-



cc incline(Path,Dir2~Point>, 
de cued(motion(Part,Path,Start,Side,Time>>, 
condturn3(Path,Start,Dir2,Dir3>, 
cosfact(Dir,Dir3,Costerm). 

/*ADDITIONAL APPLIED FORCES*/ 
aPPliedforees(Part,Dir,Time,Other) :­

foreaeh(foree(Part,F,Dirl,Time),cosfaet(Dir,Dirl,Costerm>,C+,OJ, 
Costerm*F,Dther). 

/*CONSTANT VELOCITY AND ACCELERATION*/ 
constvel(ObJ,Time) :- de relvel(ObJ,earth,V,Dir,Time>, isGinvar<V>. 

eonstvel(ObJ,Time) :- de relaeeel(ObJ,earth,zero,Dir,Time). 

constvel(ObJ,Time> :-
de cued(line_motion(ObJ,Path,Time>>, 
foreach(ncc(samePlace(ObJ,Point,Time))&diff(ObJ,Point>, 

reac(ObJ,Point,Force,O,Time),[t,zeroJ,Force,zero). 

constrelvel(ObJ,Earth,Time) I- constvel(ObJ,Time>. 

/*CONSTANT ACCELERATION*/ 
constaccel(ObJ,Time) :-- constvel(ObJ,Time>, ! , fail. 

constaccel(ObJ,Time) :- de relaeeel(ObJ,earth,A,Dir,Time>, isGinvarCA). 

constaccel(ObJ,Time> :- false, 
forall(dc force(ObJ,F,Dir,Time),isGinvar(F)). 

/*DISABLED, NEEDS RETHINKING*/ 

/*VELOCITY::/V 
l*--··--------*I 

/*RELATIVE VELOCITY BETWEEN TWO POINTS OF REFERENCE*/ 
relvel(P1,P2,zero,Dir,Time> I-

nce fixed_contact(P1,P2,Time>, 

relvel(Part1,Part2,Vel,Dir,Mom) :-
subtime(Mom,Per), nee eonstrelvel(Part1,Part2,Perl, 
nee relvel(Part1,Part2,Vel,Dir,Per). 

relvel(Part1,Part2,Vel,Dir,Per> :-
subtime(Mom,Per>, nee constrelvel(Part1,Part2,Per), 
nee relvel(Part1,Part2,Vel,Dir,Mom), 

relvel(Endl,MidPt,Ra,Dirl,Time) :-
de cued(strinssws(Str,Lbit,MidPt,Rbit,Time)), 
farend(Str,End1,End2>, 
farend(Bitl,Endl,MidPt>, alons(Bit1,Dir1,End1), 
farend(Bit2,MidPt,End2>, alons(Bit2,Dir2,MidPt>, 
nee relvel(MidPt,End2,Ra,Dir2,Time). 

relvel(P1,P2,A,Dir,Time> :-
nee fixed_eontactCP2,P3,Time>, 
nee relvel(P1,P3,A,Dir,Time). 

relvelCP1,P2,A,Dir,Time) :-
nee relvel(P2,P1,A,Dir1,Time>, 
aboutturnCDirl,Dir). 



/*------------*/ 

/*ACCELERATION COMPONENT*/ 

/*ACCEL TOWARDS THE CENTRE OF A CURVE*/ 

aeeel_emPnt(Part,-(Vl2>*Costerm/R,Dir2,Time) I­
de eued(motion(Part,Path,Start,Side,Time>>, 
thnot( de concavitw(Path,stline) >, 
cc radius(Path,R>, 
cc normal(Path,Dir3}, 
cosfact(Dir2,Dir3,Costerm>, 
cc vel(Part,V,Dirl,Time>, !. 

accel_cmPnt(Part,A*Costerm,Dirl,Time) :-
cc aecel(Part,A,Dir2,Time>, eosfact(Dir1,Dir2,Costerm). 

/*RELATIVE ACCELERATION BETWEEN TWO POINTS OF REFERENCE*/ 
relaceel(P1,P2,zero,Dir,Time) :-

nee fixed_contact(P1,P2,Time). 

relaccel(Part1,Part2,zero,Dir,Per) I- nee eonstrelvel(Partl,Part2,Per>, 
twPe(Period,Per>. 

relaccel(Endl,MidPt,Ra,Dirl,Time) :-
de cued(strinssws<Str,Lbit,MidPt,Rbit,Time>>, 
farend(Str,End1,End2), 
farend(Bit1,End1,MidPt), alons(Bitl,Dirl,Endl), 
farend(Bit2,MidPt,End2), alonS(Bit2,Dir2,MidPt), 
nee relaecel(MidPt,End2,Ra,Dir2,Time). 

relaccel(P1,P2,A,Dir,Time> :-
nee fixed_eontaet(P2,P3,Time>, 
nee relaceel(P1,P3,A,Dir,Time>. 

relaceel(P1,P2,A,Dir,Time> :-
nee relaccel(P2,P1,A,Dirl,Time), 
aboutturn(Dirl,Dir). 

/*TIME*/ 

bndwCP,M,Par) 
:- nonvar(M>, 

?(bndw<P1,M,Par1>>, 
adJCP,Pl,Par,Parl). 

bndw<P,M,Par> 
:- var<M>, 

adJ<P,P1,Par,Par1>, 
?(bndw(Pl,M,Parl>>. 

adJ(P1,P2,Par,Par) :- concurrent<P1,P2,Par). 

adJ(P1,P2,Par1,Par2) 
:- OPPosite(Parl,Par2), 

consecutive(P1,P2,Par2). 



eonseeutive(P1,P2,left) :- eonsec(P1,P2>. 

eonseeutive(P1,P2,risht) :- eonsecCP2,P1>. 

consee(P1,P2) 
:- consec1(Q1,Q2), 

eoneurrent(Pl,Ql,risht), 
coneurrent(P2,Q2,left). 

eonsee(Q1,Q2) 
:- de Partition<E,Plist>, 

twpe(period,E>, 
nextto(Q1,Q2,Plist). 

sumdurs([J,O). 

sumdurs([PlPsJ,TtSum> 
:- cc duration<P,T>, 

! , 
sumdurs(Ps,Sum). 

I* MISCELLANEOUS*/ 

free(Path,Part,Per> 
I- forall( nec(samePlace(Part,Point,Per>>, PDint_ofCPath,Point> >, 

nee eoeff(Path,zero), 
thnot(foree(Part,F,Dir,Per)). 

ProbtwPe(motion,Per) 
:- nee probtwPe(roller-eoaster,Per> ; 

nee ProbtwPe(motion-in-a-straisht-line,Per). 

coeff(Path,zero) 
:- twPe(Path,Path>, 

nee probtwPe(motion,Time>. 

eoeff(Path,Mu> 
I- bitof(Path,SUPPath), 

nee coeff(SuPPath,Mu). 

roush(Path) :- thnot< nce(coeff(Path,zero)) >. 
t 

solidCX> I- bitof(X,Y>, nee solidCY>. 

mass(Part,M,Per1) 
I- twPe(Partiele,Part>, 

twpe(time,Per2>, 
diff(Perl,Per2), 



Plaee<X> :- tYPe(point,X>, nee fixed(X,Time>~ 

/*======================================================================•/ 
:-end .. 



Various initialisations for MECHO. 

const(s). 

const(zer·o). 

ina(2240,lbs,tons>. 
ina(60,mins,hrs). 
ina(60,secs,mins). 
ina<1760,~ds,mls). 
ina(3,ft,~ds). 
ina(l2,ins,ft.). 

inafClOO,centiCX>,X>. 
inafClOOO,milliCX>,X>. 
inaf(l/1000,kiloCX>,X>. 

:- ccflas i= on, 
tflas := 4, 

isa(Point_of_ref,earth). 



MECHO 10.1 

:- consult<losic), 
consult.(xtr-act), 
consult.(infer), 
cons1.1J. t. ( in:i. t.). 

version 
:-- nl ,nJ., 

tab<B>,write('------------------------------'>,nJ.,nJ., 
tab(B),wr:i.te(' MECHO 10.1'),nl,nJ., 
tab<B>,write('------------------------------'>,nl,nl, 
tab<B>,write(' ( DEBUG version 4 loaded )'),nl,nl. 

:- version. 
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.COPY PRQG:: 'A 

.RUN NEWJO8[4~0,422J 
*:..,,• •NoLc•, . 
*?~CONSULT<PROG). 
*?.:SAVE(' 'PROG. IS' I) t 

{}?""RUN. 
*I-ENO• 
.DEL PROG 
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UNI1 CONVEkSlON ROU1INES*/ 
/Hi/~-iHf kE:Ji l O[·if:.1 HEf-: HY ALAN BUHDY ON 8/9 /76*/ 

t•UNll CONVfRSlON*/ 

CON VF l-fl (. i:-S, _f-f;j i : - s·1 ANDSYS ( _ SYS) , 
RE· ! NAC"l C Cf:Fl A(; C _ SW) ) , ASSFt-:1 AC CCFLAG (ON) ) , LGONV ( _fS, -1-.S:t ) • 

ECONV<1RUf,1kUf) :- !. 

t'~CON"}(_.f:, __ f._) :- WORD(_f_)r Klf½Il(_E,_F 1Rf~JJ), 
1 YPE INFO ( _f-'RElJ, DlMLf-_SS, 1), ! . 

S1ANiiA~;i!LU,_\lj) :- SHiNIISYSLSYS), lilMENSlONSLU,-1!), 
s·1t·1NDUNJl (_~11,_Ii:1 , __ fiYSJ= 

UlKENSlONSCL~S,M) :- !. 

UlKENSlONS(lONS,M) :- !. 

UIKENSlONSCSfrS,1) :- !. 

UJMENSJONSCMLfi,l > :- !. 

• 

• 

• 



llHifNSHINS(F·1 ,L > :- ! . 

l!HffNSHINSONS,t) :- ! . 

l!HffNSHINSLl!,_11) :- lSCDNSl LU), ! . 

--- ll] Nt· NSH!NS L!J '_Jl) =- _u =-.. __ s. _.Af-!GS 
tJ1lMFi\/SlONSLARGS,_J1ARGSh __ .iJ = .. _S._llr➔RGS. 

LJIH!LNSH!NS( U, D). 

Ll!lMENSlONf;( _u. _.!JL, _11. _11u :- DIMENSIONSLU,_Il) 
LIJlME.NSl DNS ( _l!L, _I!U. 

f*CONVERSHJN f-AClORS Hf-_HffEN UNilS*/ 

f-JNllfsEF'L f:*_(:J ,_!l,_.fO :--
) f·.ff:1 ( _ C :1 .. t ! , -· UJ ) 1 ! , f--1 NDRF:i-.2 ( _(J. , __ U1., _f.!) • 

~ HE R (; t ( _ C 1 _ ilj , _ u;:-; J : -
f-1 NliRH' L f::l , _ i J:l , _JtU , F 1 N11RH' L [;2, __ u;~, _J-{2J , 
COND( l!Jf- !- ( _J,;1, _R;:,), f,ssF R1 ~l ( J NA ( _(:*_(;1/ _(.;2, _f-{1, _R2)), lkUF"). 

JNA(60,KJNS,HkS). 

JNA(60,SFGS,MINS>. 

1NA(11/60,YDS,MLS). 

1 NA ( j 2 , lNS , FI ) . 

JSLINJ1LU) :- lilMc·NSH.lNSLU,_D). 

NDL fl(lf·' , SQU[;Hl S ( __ Si ) , [;(H-.!{.JL] 81 ( UN 11 , _SL, _uu > , 
SWOF:l"!S:J N LliU "_f'UU > " F lX Cl . L i'f. D, _f-'llL! , _fl:H11 , _SYS) , 
GJVE-NSL GI > ,UiN\ll J.Sl WNi-J ,_f:iL,_JIL2), 
f:;t<JORilS} .N (. ,l 11 -~', _ PUL?) , FIX ( J:F Hi , _f-'UL2, _J.:£-.N2, _SYS); 
f-1 XRf fn ( _J·,f M2, _ f;YS) , ?lSfF ffl A ( Sl AND SYS ( _fi'fS) ) , 

• 



SYSF l)l!Nl!. 

NDLOOP :- SYSSOUGHl, !, f-All. 
NOLOOP :- ASSEHlA(SYSSOUGHT>. 

SYSFOUND :- k~lkACT(SYSSOUGHl). 

f-lXL.11:l ._JIU , __ UL,_JIL.2,_S''fS) :-
f;ll:t:U Sl (l!lMFNSlONSLll1), _lJL, _f:ANIJU, DIFF CCANDL, [J), 

! " VC!lt(_.CANIJL ,_WJN>, 
CGF NfiYM (SYS"_ SYE;) , ASSF Xl A ( Sl ArWUN 11 ( JJ1 , -~n N, _SYS> ) , 
f-lXLHL'i ,_ill ,_J1L.:".', __ f-i'fS). 

f-IXL H:l ._JIL.:l ,_,!!l ,_ ilL_JlL?,_f'.YS) :­
f-IXL 11t:l ,_Ul ,_JJL~,1 ,_SYS). 

!JOH L CANI"!t ,_ mN> :-
l J sn OSF l ( - f:ANI!l ' __ f:ANDS) ' 
Mr:lif-'l J Sl <SCCJRE-i-ACH L f;ANI!U , _f:ANDS, J'A 1 HSU , 
f-NJOURI-! f (_f-'Alf.:Si ,_J.HN. __ SCOf-,E:). 

SCOf-,f: fACHLl!; _ ll. O, [ J). 

SC ORF H;(:H L ii,_!!. ___ N1 , _ U. _J-,Un ) :-
! ' SC!Jfff F t1CH L u' __ u. _N' _,kf: fn ) '_m 1 s _N+i. 

f-;CDRf-.F ACM (_!!,_ii. __ N, _Hll, _J L > - SCOREEACH ( __ u, _u. _N, _ 1 U. 

f· AVOUk 1 ·1 !:-. ( ( _ u1 . _Si > . __ f-'L, _u2.. _S2J : -
f-AVOURl l t: { _J·'L, _U2~ _.S2J, _81 CS2. , ! . 

f· AVOU!i:1 lt: ( ( _.LI. _S). _PL., _u. _S). 

f 1.XRE· s·1 ( _JJ. _Jil , _SYS) :-
l!H P1Ui ·1 C ftfS2) ,Sl ANl.lUNl l (.J1,_,ti, __ SYE;?), 
P,SSF ffl F'I( ST ANI!l!Nl"I (_JI' _i I' _SYS))' f-lXRE: ST ( ... JIL;, _sys). 

81 AN11UNI1 n ,SFf;S,f-LS) :- I 

S1ANI.!UN:i"!U,f-"i,Hf1) :- !. 
E;°!i!}NHUNil (rhU:S:1f-LS) :- ! . 

S1ANDUNJl LJ1,_Jl,_SYS) - _Ji= .• LS. ___ l!ARGS) , 
HAF'l J S"i ,: Sl AN DUN 11 (_BYS) , _JJPiRGS,. l!AfWS) , _u::a-.. ( _s. _,UARBS) . 

HEASUk~(G,32) :- !. 

• 

• 



ASSER1 A((:CFLAG(ON)), C:C(MEASURE: (_(hJJ)). 

UNll (2f.KO,_!I) :- !. 

llN11 L CJ,_ LI) :--
STANI1SYSL RYS), KlNJJLfJ,_J-'RE:.1.1), 0 

1 YPE-J NF (l( _ f-'Rf Ji,_ 1 YPE:, _11), S1 ANDUNl 1 ( _Ji, _.l!,_SYS). 

0 

c 
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/itVELOCITY RATIONALitEo-1~1 ~--11 L~ 

'*--~~--~~--~----~-~~-~*/ \ ~~ 

/*ASSERTING NEH VEL RELATIONSi,·/ fi,,Jlr i,., 

AssvELc•oBJ,~vEL,~orR,~TIME> :R 

REPc~oBJ,.REP,TOUCH(•TIME)), 
RECPRCRELVEL<•REP,EARTH~•VEL,•DIR,•TIHE),4>, 

ASSRELVEL<•OBJ1,•0BJ2,•VEL,•DIR,•TIME) :~ 
REP(•08J1,•REP1,TOUCH{•TIME)>, REPC•OBJ2,•REP2,TOUCHC•TIME>>, 
RECPR(RELVEL(•R£P1,•REP2,•VEL,•DIR,•TIME).4), 

l*FINOING RELATIVE VELOGITYS*I 
RELVEL(•OBJ,•OBJ,~ERO,•DIR,•TIME) ;~ !, 

RELVELC•OBJ1,•09J2,VEL,•DIR,TIME> :~ 
REPC•OBJ1,REP1,TOUCHC•TIME>>, REPC•OBJ2,•REP2,TOUCH(•TIME>l, 
? CRELVEL<•REPi,•REP2,•VEL, .. 0IR,..,TIME) > ~ ~:. 

/•SINGLETON TREE FOR EARTH•/ 
REP<EARTH,EARTH,TOUCH(..,TIME>), 

/*ABOVE DOES NOT DEAL WITH: *' 
I* COMMUTATIVE PROPERTY or RELVEL*/ 
/o SPECIAL STRINGSYS RULE•/ 
/o TIME INHERITANCE*/ 

' 
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f;f:~i)(J"i ( .. F'i !} __ ,:~!0Cf"f1 ? _JiJ !•' _/'1:i , _ -i J f"H:") :1 

::=;f,i.:Cicn ( ·-P:? !•t - ~:f}Ci"f:? 7 - F~:? ·:: - t:t/ 7 - 1 lt-iF } !} 

VFCADDJ (_R3,_A3,_Rl ,_Al,_R,_A>, 

SCHJ:=JJi:~1 ( i~iJI! ( _ f,~(1f1 !' -· -i lf·lE~) , 
[ClfF ( LJr.u: sy·:3 ( _ f;.:i)f! :-1 -~ F-t·{O:! 7 _F ?~It2) ) y 

NFFl·r~E=~c ( ~)E}·:E}\t:!1 .. f IDt·-! ( _[fB . .Ji :.: _(IBJ2 ~ _II :1 ..... t1t·-!G :.~ _ Tit-iE) !J __ N) :--.. 

! , SMi:Ji.JJE \ .... ccB.Ji :] _cn:{~J2 !} _Ii !l _1-:1NG :-i _ Tir11::) = 

CCCEND(_! JNF,_FND2,RIGKT>>, 
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~ !-l :::_ .. ;.:~ ~~- --· 
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:-.. £- ~t,._ t _:,::. ~M:f ... ':: ·.~ ._.:;.,.. _>. ~ ~ - .... 

;-,;:--· '·'"t(:"f_~Ef-~•; .=--:-:' -~ -~--,,. _,,.-,. 

[N, UJ 

- i 

...... ;-
l 

,. 
l 

'J 

' . ' 



u-, ILIT(£S L REF£f<£1\JC£ Hf\Nl)LINc; 

i 

11 



t~rit. r-~= ( r£-::i-:-:;., ;~) •i 

t.::i-it. r~:! ( n-itE;r1t . .; ;~~) ❖ 

:- entrs(addl,2); 
:- entr8(Putconstr,2). 
t .... 

setrnfC2>, isrnf(2), closernf(1), 
sethvC2), ishvC2>, c1osehvC1), 
setsubJC2), issubJ(2), 

setmv(2), ismv(2), ismv1(2), ismood(2), 
setPlur(2), currview<2), 
setPPC3), PPC3), 
per(2), last(2), sname(2), level(2), islastC2), 
Per(2}, findconstr(2), PutconstrC2>, 
in (-:-:: r·1 t. i c:t r1 (7.: ;j ( ::~~ ) 7 

loSsubJC2), loSobJC2), 
PrsentCl), prass(l) J). 

r-::! 1 e l ( -f-~; ·1=-) v 

·rcJit=;~ ( ➔• Y ~f) -r 

:- mode data1Ct,?). 

mode identl<t,?). 

:- mode ident3(t,?). 

lossubJ(G,X) :- ismoodCactv,X>, !, issubJ(G,X). 
loSsubJ(G,X> :- ismood(passv,X>, !, PP(b8,G,X>. 

loSobJCG,X) :- ismood(passv,X), !, issubJCG,X). 

/* SENTENCE OUTPUT 

2rsentCsent(rCR,H,S,O,M,P>,_,I,p(L,N,_))) :-

DArASTR.L 

FIELDS 

nl, nl, Print(final-parse-of-N-followins-from-L>, nl, nl, 
Print(roles-filled), nl, Pnotvar<R>, Pnotvar(H>, Pnotvar(S), Pnotvar(O), 
Pnotvar(M), PSlist(P), nl, fail. 

F·:• -CZ-€-!f"!t-.( ~-··) ❖ 

nl, call(assertall(A)), nl, fail, 

Pnotvar(X) :- write(X), nl. 



roles(sent(R,_,_,_),R). 
data<sent(_,D,_,_),D), 
Per(sent(_,_,T,_l,T). 
ident(sent(_,_,_,I),I). 

rolel(r(X,_,_,_,_,_),X). 
role2(r(_,X,_,_,_,_),X), 
role3(r(_,_,X,_,_,_),X). 
role4Cr(_,_,_,x,_,_,,x. 
role5(r(_,_,_,_,X,_),X . 
role6(r(_,_,_,_,_,X),X. 

data1Cd<X,_,_,_),X), 
data2(d(_,X,_,_),Xl. 
data3(d(_,_,X,_>,X>, 
data4CdC_,_,_,X),X), 

identl(P(X,_,_),X). 
ident2(p(_,X,_),X). 
ident3(p(_,_,X),X>, 

rnf(X,R) :- roles(X,Rs>, rolel(Rs,R), 
hv<X,H> :- rolesCX,R>, role2CR,H). 
subJ<X,S) :- roles<X,R>, role3CR,S>. 
obJ(X,0) :- roles(X,R), role4CR,O). 
mv(X,M) :- rolesCX,R>, role5(R,M). 
pps(X,P) :- rolesCX,R>, role6(R,P), 
addl(X,A) :- data(X,D>, datalCD,A>, 
refsCX,R) :- data<X,D>, data2(D,R>. 
constr(X,C) :- dataCX,D>, data3(D,C). 
rnent<X,M> :- dataCX,D>, data4(D,M>. 
lastCX,L) :- identCX,I>, identl(I,L), 
snameCX,N) :- identCX,I>, ident2(I,N), 
levelCX,L) :- ident(X,I>, ident3(I,L), 

/* PRIMITIVE FUNCTIONS ON FIELDS *I 

setrnf<S,X) :- rnfCX,rnfCS,F>), 
isrnf(S,X) :- rnfCX,T>, notvar(T), T=rnf(S,F>, var\~J. 
closernf(X) :- rnfCX,rnf(_,closed)), 

sethv<V,X) :- hv(X,hv(V,_)), 
ishv(V,X) :- hv(X,W>, notvar(W>, W=hv(V,F>, var(F). 
closehv(X) :- hv(X,hv(_,closed)), 

setsubJ(O,X> :- subJ(X,subJ(O)), 
issubJ(S,X) :- subJCX,T>, notvar(T), T=subJ(S), 

setobJCS,N,X) :- obJCX,obJCNtS,_)). 
addobJCS,N,X> :- obJCX,obJ(_,NIS)). 
isobJCS,X> :- obJCX,0), notvar(O), O=obJ(NiS,_), var(N), 
isobJ(S,N,X> :- obJCX,O>, notvar< □ >, O=obJ(A,B>, 

<A=MtS;B=MtS>, notvar<M>, M=N. 

setmv(I,X> :- mvCX,I>. 
ismvCV,X) :- mv(X,mainverb(Vl,_)), notvar(Vl), V=Vl. 
ismvl(I,X) :- mvCX,J), J=mainverbCV,Il>, potvar(V), I=J. 
ismoodCH,X> :- mv<X,mainverb(_,[_,Ml, •• _J)), notvar(Ml), Ml=M. 

setPlur<N,X) :- mv(X,mainverb(_,[N, •• _J)). 

currviewCW,X) :- mv(X,mainverb(_,[_,_,w1, .• _J)), notvar(Wl>, W=W1. 



pp(P,C,X) :- PPs(X,Q), Sin(pp(P,C,F),Q), var(F), F=closed, 

islast(S,X) :- last(X,T>, notvar(T), T=S, 

findconstr(C,X) :- constr<X,L>, sin(C,L), 
PUtconstr(C,X) :- constrCX,L>, lastof(L,[C,,._J), 

mentioned(G,X) ment(X,M>, lastcf<M,CG,,,_J). 

:- end. 



entrs(notvar,l), 

t:1r,t. r1:::: ( i:i :i. ri ;; ~~) ❖ 
(:--:=rit~ r~t ( }-""i.· r i rit.:: l ) -~ 
er:t. r=:: { .:=:PF.,,er1i.:l, ::5) ~ 

er1t P::-.:! ( rit::r1cfet 7 t ) ❖ 
f?r:t .. r-~::: ( c! i ·f•1-:,., ~-~) y 

erit- r~::( i r-1 :1 ;.;~) ❖ 
entrs(Sround,1). 
t::::r·it r~:: ( t. r·c::c:E: ~ ::;~) -:-
entrY ( l i stl ensth12 >. 
t::1 r!t- r~== ( !~?er!~-=-~;n :r=-;2 J -~ 

notvar(1), notlistCl), nondet(l), 
r~t-:=set. ( ()) :1 

Sensym(2), sensYmlist(2), csensym(3), 

listlensth(2), thnot(l), 
in(2), Sround(1), PlurC2), 
trace(2), tlim(l), PrintCl>, 
diffC2>, diffall(l) J). 

sens~mlist(t,t). 
listlensth<+,->. 
iri(·f!-3-?·) ❖ 

·f.:. r·-=~c-c-~ ( -i"--1 + J ❖ 
;.::.• r :L rft. ( ··}·) + 

sin(X,[_,.,YJ) :- Sin(X,Y). 

notinCX,L) :- sin(X,L), !, fail, 

lastof([_, •• XJ,Y) :- lastofCX,Y>. 

-;:;r1a:Ji:: ( i< :1 [ J(, ❖ -~ •••• ]) 

·;::.r·tc::c~ { )( :1 [ .... !•t ❖ -~ t.] ) 

rit:Jt.li':::.t.([]) :- .. t~-= f·.::1i1 + 
notlistcr_, •• _J) :- !, fail. 
r·1ot.1 i. ~;t. ( .... J ❖ 

nondet(X) :- var(X), l 
! -:-

nondet([J) :- !, fail. 
nondet([_, •• XJ) :- nondet(X). 

reset:- eraseall(c(_,_}). 

:=.=Jt:::1 r!·:::-~:!¾Tr(F~,c~) ~- r•f.tC:1:#'f"i:i!?()(c:·(f=i:1f•.!)7f:~t-r-):I i:,.•:1"•-::;.:;:-E(f"t.i·~~;F i4l is~ r~!-}--:t:1 

record(c(P,N1)), name<P,Na), BPPend(Na,[N1J,R>, name(Q,R), !, 
senssm<P,Q) :- record(cCP,49)), name(P,Na), aPPend(Na,C49J,Rl, 



;.:.f.s;=.~:~ ( 1::1:i157 f;) t -- r-1orrc!et. ( A J , ! :-= ~::l-':.-f-:"ef"ICI ( :B, Arc:} ❖ >/;f; **;f:: ;¾~./ 

Sapp(A,B,C) : aPPend(A,B,C). 

senssmlist(P,ES, •• SsJ) : 
sensYmlist(_,[J) ;- !. 

li·=:;t.lf::,1-i::Jt.f .. 1(():-i f:] J t-·· ! + 

!, senssm(P,S>, senssmlist(P,Ss). 

listlensth<N,[_, •• XJ> :- inteser<N>, !, Mis N-1, listlensth(M,X). 
listlensth(_,[_, •• _J). 

csensYm(test,_,_) :- !. 
c:·:=:J~::-!riSl:?rfi ( __ , .... }' G) ~ -·· =.&rt:tt.Jr-1=:.i ( C"J) 7 ! -~ 
csensym(_,C,G) :- sensYmlist<C,G). 

:i.T·i()(,I..l-L.:l) : L.1===L.~~:-' ! , ·f·c::il ❖ 

~t.r·r()(:1[X:i + ❖--]-_ .. ) ❖ 

inCX,[_, •• LlJ-L2) :- in(X,L1-L2). 

J.=Jr·,:J:Jrif.'i ( J() t-- ~-/i:=r-( ;-() :1 ! , ·f*E:j_ l ❖ 

::=Jr·c;tJ!-iCi([)(, ❖ ~ .... ]) : ,.__..,.-=::r·(X)!-= !r ·f.::=iI¼ 
sround([_, •• XJ) ;- !, sround(X). 
5_:J rotJr1s:1 ( - ) ❖ 

/* TRACING AND PRINTING *I 

tlim(N) :- eraseall(tflasCX))? record(tflas(N)), !. 

Print(X-Y) :- Print(X), fail. 
Print(X-Y) :- !, Put(32), write(Y), 
Print(X) :- Put(42), Put(32), write(X). 

diff(X,X> :- !, fail. 

diffall(CA, •. AsJ) : difflCA,As>, diffall(As). 

c.1 i ~f~f l ( __ :-= (]) ❖ 

diffl(A,[A, •• _J) :- !• 

diffl(A,[_, •• AsJ) :- diffl(A,As). 



:- moduleCdistri,C 
distrib(5), Siveall(5) 

:- mode distrib<+,+,+,+,+>. 
mudc dislC+,t,+,+,+>, 

t .... mode dis2(?,+,+,+,+), 
mode dis12C?,t,+,t,+). 
mode siveallC+,+,?,+,+>. 

1) l ST R. I B, UT I O N o{!-

P !Z O PERT/ ES Ct..7'(rh3 o&JE < 

distrib(A,CBJ,N,F,X> :- Cnondet<A>,!,act(N,A,B,F,X,nondet)) ; 
(!,disi(A,B,N,F,X)), 

distrib<CAJ,B,N,F,X> :- I, dis2CA,B,N,F,X), 
distribCA,B,N,F,X> :- dis12CA,B,N,F,X), 

dislCCA,,,AsJ,B,N,F,X> :- act(N,A,B,F,X,detl, dislCAs,B,N,F,X). 
disi(CJ,_,_,_,_), 

dis2(A,CB,,,BsJ,N,F,X) :- act<N,A,B,F,X,det), dis2CA,Bs,N,F,X>. 
dis2(_,fJ,_,_,_), 

disl2C[A,,,AsJ,fB,,,BsJ,N,F,X> :- act(N,A,B,F,X,det), dis12(As,Bs,N,F,X). 
dis12(CJ,CJ,_,_,_), 

siveall(A,K,R,F,Xl :- nondet(A>, !, act<K,A,R,F,X,nondet). /* *** */ 
siveall([J,_,CJ,_,_) :- !. 
siveall(CA,.4AsJ,K,CR, •• RsJrF,X> : act<K,A,R,F,X,det), Siveall(As,K,Rs,F,X>. 

act(K,A,B,F,X,nondet) :- !, call(tYPelt(A,E,X>>, act(K,E,B,F,X,det). 
act(makeProP(P>,A,B,F,X,~> :- !, call(makePrDP(P,A,F,X,B)). 
act(makePartCP>,A,B,F,X,_) :- !, call(makePartCP,A,F,X,B>>• 
actCmakeadJ,G,A,F,X,_) :- !, callCmakeadJCA,G,F,X>>, 
act(L,A,B,F,X,_) :- L=,,[Fn, •• AsJ, aPPend(As,CA,B,F,XJ,Al), H= •• [Fn,.,A1J, 

c:~~=~11 (f~i)-: 



:- module(read,[ 
readsent(l), final 1), 
vowel(l), consonCl , letter(l), 

:- mode readsent(-). 
:- mude restsentC+,-), 
:- mnda restword(-), 
:- mode word(+,-). 
:- mode tolcC+,-). 

/* READING IN SENTENCE 

readsent(S) :- set(L), restsent(L,S>, !. 

restsent(L,CWJ> :- final(L), !, name(W,[LJ), repeat, gat0(1~l­
restsent(L,CW,.,Ws]) :- restword(Ls>, word([L,.,LsJ,W), readsent(Ws). 

restword([L,,.LsJ) :- setO<L>, diff(L,13), diff(L,32>, !, restword(Ls), 
restword(CJ), 

final(46), 
final(33), 
finalC63). 

word(Ls,W> :- tolc<Ls,Ll>, nameCW,Ll), 

tolc([L, •• LsJ,CM,,,MsJ) :- ucletter<L>, !, Mis L+32, tolc(Ls,Ms>. 
tolc([L, •• LsJ,[L,.,MsJ) : tolc(Ls,Ms), 
tolc([J,[J). 

vowel(97), vowel(l01). vowel(105), vowel(lil). vowelC117), 

conson(X) :- vowel(X), !, fail. 
conson(X) :- inteser(X). 

ucletter(X) : X>64, A~Y!, 

letter(X) :- (ucletterCX);lcletter(X)), !. 

disit(X) :- X>47, X<58. 

:- end. 



:- entrB(defref,3). 
:- entr~Csetref,4). 
:- entr~(initcands,4). 
:- entry(satall,3). 

defnPC3), dofoc(2), select(4) 

t .... Hf!._":iJ::."! 

fif\J:..i::.-: 

fii{Ji:1€"! 

initcands<-,+,+,->. 
selectCt,t,?,+>. 
cfj_ ·fr!,.::~1 J. ( ·l ;1 -}· Y --- ) ❖ 

/* Settins UP a new reference 

Those from definite noun Phrases 
Those from Pronouns 

s£-,-, INC.. uP 
R.EFERE tvCES 

defnP(G,C,X) :- initcandsCR,[hasname(C,R),,._J,X,Ca), 
trace(candidates-for-G-as-C-selected,3), value(Ca,G), 
clef· r•f:::·f { (3 r c;a r ;z~) v 

defref(G,_,_) :- sround(G), 
defref([GJ,Ca,X> :- !, setref(G,Ca,det,X>. 
defref<G,Ca,X) :- nondet(G>, !, setrefCG,Ca,nondet(T),X), 

setref(T,Ca,tYP(G),X). 
defref(G,Ca,X> :- listref(G,Ca,X>, atlCdiffallCG>,X,_). 

dofoc(G,X> :- mentCX,L>, lastof(L,L1), 
initcands(G,Cin(G,L-Ll),sround(G), •• _J,X,Ca>, 
focvalue(Ca,G), focref(G,Ca,X). 

focref([GJ,Ca,X) :- !, flatcands(Ca,C), setref<G,C,det,X>. 
focref(G,Ca,X> :- nondet(G), !, flatcands(Ca,C>, defref(G,C,X), 

setof(Ca,S>, findrefCG,_,test<S,_,_),_,_,X), 
focrefCG,Ca,X> :- flatcands(Ca,C>, listrefCG,C,X>, setof(Ca,S>, 

atl(Sin(G,S>,X,_). 

listref([G,,.GsJ,Ca,X) :- setref(G,Ca,det,Xl, listref(Gs,Ca,X), 
listref(CJ,_,_), 

setref(G,Ca,T,X> : 
lastof<L,Cref<G,I,testC_,_,Co>,Ca,T>, •• _J), sensYm(ref,Il, 
addl(X,A), lastof(A,Co), 

ProducinS a flattened ~ai,d 

flatcands([J,[J). 
flatcands([p(C,_),,.CsJ,R) :- flatc(C,R,Rl>, flatcands(Cs,R1). 

t·· 1 c::t~c· ( [ J w f:;~ ;: t=() ~ 

flatc(CA,,,AsJ,[p(A,_),,.R1J,R2) :- flatc(As,Rl,R2), 

/* Givins it an initial candidate list*/ 

initcands(G,Li,X,C) :- addlCX,A>, lastof(A,Co>, record(c([J)), 
satall(Li,Co,X), recorded(c(L),P>, rec(P,L,G>, 

initcands(_,_,_,L) :- recorded(cCL),P), erase<P> ❖ 



satallCL,Co,X) : L/[Co,XJ. 

rec<P,L,R) :- cand(L,R>, !, 
rec(P,L,R) : erase<P>, record(c([p(R,_), •• LJ)), 

/* Selectins from a set which mas be a reference 

• select(all,S,S,_) :- !, 
select(one,S,G,X) :- !, onerefCS,G,X>, putconstr(one<S,G>,X>. 
select(other,S,G,X> :- !, onerefCS,G,X>, constr<X,C), prev(S,C,P), 

difrallCG,P,A>, add(test,A,X>, putconstr(other(S,G>,X>. 
select(last,S,G,X) :- I, onerefCS,G,X>, constrCX,C), Prev(S,C,P), 

lensthCP,L>, Li is Lt1, listlenSthCLl,S>, difrall(G,P,A>, 
add(test,A,X), Putconstr(other(S,G>,X>. 

select(some,S,G,X> :- !, someref(S,G,X>. 

/* Pickins an obJect from a set - set candidates*/ 

listcandsCS,Cs,G,CJ,X) :- sround(S>, !, setof(Cs,S), 
listcsndsCS,Cs,G,trivCG,E),X) :- nondet(S), !, 

findref(S,_,_,C,nondet(E),X), COPSCa(C,Ca). 
listcsndsCS,Ca,G,sinCG,S>,X> : initcands(G,sinCG,S>,X,Ca), 

oneref<S,[GJ,X) :- listcandsCS,Ca,G,L,X), defrefCCGJ,Cs,X>, addtest(L,X,_). 

/i Selectins more than one member*/ 

someref(S,[Gl,62, •. ZJ,X> :- listcands(S,Ca,E,L,X>, defref([Gl,62,,,ZJ,Ca,X>, 
nextfor([Gl,82,,,ZJ,E,L,X), 

nextfor(S,E,L,X) :- sround(S), 
nextforCS,E,L,X) ;- tsPelt(S,E,X), addtest(L,X,_), 

/* Findins previous!~ mentioned choices*/ 

Prev(_,C,_) :- var(C), !, fail, 
PrevCG,CotherCG,[GlJ),.,LJ,CGl,,,GsJ) - !, PrevCG,L,Gs), 
Prev(G,[one<G,[G1J),,,_J,[G1J) :- !, 
PrevCG,[_,.,LJ,P) :- Prev(G,L,P), 

difrall(G,[Gl,,,GsJ,Cdiff(G,Gl),.,LsJ) : difrall(G,Gs,L>, !, 
difrall(G,EJ,[J), 

:- end. 



: entrs(coPsca,2). 
:- entrs(filterl,2). 

entrs(addtest,3). 

instantiateC2>, add(2), ,ddC 7 )- test(2) J>, 

ffiCiCff!:.:. 

fi:CJCft~ 

ffi c; et f:::1 

ffrCJCft~-:C 

:.c.sttif::,::: 11 j_ r·1 ( -i· f! ·t·) ❖ 

;::11 iri (-}· :; ·t· J + 

i ri rti -2? r· I-~-( ·t-, -}· ; ❖ 

t~ r-.::~r1"=:~c-.::: ( ·f· "? ·t·) .,. 

fcand(t,t,-,+,+,->. 
riPPle(?,-,+,+,+>. 

refsof<+,t,t,?). 

t)fALII\JG wiTI-\ 

f\DJJ £- TES! ASS£1<.T1 o 

/* Test to see if in obJect is a suitable candidate for a ref*/ 

notcand(C,I,C,T,X) :- trscand<T,X,CI, •• _J), !, fail. 
notcand(_,_,_,_,_). 

trscand(test<T,U,Co>,X,L> 

/* Havins assisned possible values safels to refs in a Particular 
list, we must check th~ v,liditw of others which have become 
instantiated on the was *I 

check([I, •• IsJ,X,L> :- sin<I,L>, !~ check(Is,X,L> 
. I* That R was in the list of those looked at *I 

checkCCI, .• IsJ,X,L) :- findref(_,I,T,_,_,X), trscand<T,X,L>, 
lastof<L,CI, •• _J), checkCis,X,L>. 

/* When extra tests have been added, 
the existins candidate lists*/ 

I* That one wasn't*/ 

is necessary to trs and Prune 

filter(I,X> :- findref(G,I,T,Ca,Y,X>, trace(filterins-reference-for-G,4>, 
(Sround(G);fcand(Ca,I,G,T,X,F>>, t, trace(filterins-for-G-over,4>, 

masterfilter(_,tsp(R),X) :- !, findref(R,_,test(T,_,_),Ca,_,X), 
ndfilterCT,Ca), ndvalue(Ca,R). 

masterfilter(_,_,_). 

ndfilterCT,_) :- var(T), 
ndfilterCL,Ca) :- coPYca(Ca,C), someallin<L,C), transca<C,Ca). 

I* Deal with list candidates for nondet refs */ 

coPsca([p(C,F), •• CsJ,[p(C,G>, •• DsJ) :- varCF>, !, copyca(Cs,Ds). 
coPsca([_, •• CsJ,Ds) : 

someallinCCL, •• LsJ,Ca) :- (allinCL,Ca)itrue>, I, someallinCLs,Ca). 
sameallin([J,_). 



allin([A, •• AsJ,Ca) :- inmark(A,Ca>, allin(As,Ca). 

inmarkCA,CP(A,in>,,._J) :- !. 
inmark(A,[_, •• CsJ) :- inmark<A,Cs), 

transcaCC,[p(_,F),,.CsJ) :- notvar<F>, !, +rpncc?(C ■ r~,. 

transca([p(C,F>,,.C1J,[p(C,out),.,C2J) :- varCF>, !, transca<C1,C2), 
transca([_,,,C1J,[_,,,C2J) :- transca(Cl,C2). 
·t r•.3ri·sc .. ~:: ( [ J !} []) ❖ 

fcand([J,_,_,_,_,_). 
fcand([p(C,F>,.,CsJ,I,6,T,X,out) :- var(F), notcandCC,I,G,T,X>, !, F=out, 

trace(candidate-C-invalid,4), fcand<Cs,I,G,T,X,_), 
fcand([p(C,Fl), •• CsJ,I,G,T,X,F) :- var(Fl), !, trace(candidate-C-valid,4), 

fcand(Cs,I,G,T,X,F), 
fcand([_,.,CsJ,~,X,F> :- fcandCCs,R,X,F) • 

. /::{{ P-it1 t.t::; t.f·,.:;:: t.. l:-t i f""!1:f i riS s. ¾Ti .:::Cil~~ t.:itI r-j_ ri:.~ t.f·1t::: ":; f? tTi:..=s. t.·;:; dcr r1c:t. i •t:fu-:::: .i. ii ~_; .. p LPPt.-.J•:· 1· i I<. ❖ 

Finally, if the flas is set, Possible consemuences must be followed uP 

riPPle(F,_,_,_,_) I, trace(no-rePercussicns,4). 

trace(value-is-G-and-trYins-rePercussions,4>, 
·fiit.erJ. (i~l~i<J ❖ 

•f'ilt-f~r·I(l},_._) :--· s:,,./-t:::r(l)):; ! ❖ 

·f•ilt.er-l([F.:,.i ❖ f;:s.J:i}Z) t-·· ·f•i1t.E:t1~(f~:J:tJr ~f:i.lt.erl(fi~::.y)():1 !~ 

/* APPendinS add assertions to the sentence add list *I 

addCL,X> :- addCadd,L,X) • 

. ::::(.itj.;:;:;~:-( [] 7 .... ) t -- ! ❖ 

.;:~ci;:)~~p([L.1::; ❖ ~i __ ·;::.J7[L.J.7 ❖ ❖ f-'1]) ~-- ! y ~•=J1N1-:::-F·~L .. 7.:-7!!)-J t-!·~:-i ... ~-:(,:::z_;:J-··{;:•:::•=•f=r·L.i:.Jf1·-~t_1.---rt,-:::::Ji:-:-J~ .• }> ❖ 

addaP(L,CL,,._J) •- lra~e<acld-ass~r-\iuo-L-maJ~,3). 

/* APPendins test lists to the relevent ~1aee~ 
and followins UP consmuences 

test(L,X) :- add(test,L,X). 

add(test,L,X) :- addtest(L,X,R>, filterl(R,X>, !. 

addtest([J,_,_) :- !. 
addtest([L, •. Lsl,X,R) :- !, atl(L,X,Rl>, addtest(Ls,X,R>, refaPP(R1,*1R). 
addtest<L,X,R> :- atlCL,X,R>. 

/* APPendinS a ref list onto another without duPlications 
and avoidins one ref *I 

r•f:2·f~:;F•r~(L:,_,_) 4·-· i./ar(L~>:1 ! ❖ 
refapp([I,,,IsJ,Il,I2) :- CI=I1;snocCI,I2>), !, refaPP(ls,Il,I2>, 

/* Gettins a list of refs from a list of a~~erLiu11 arsuments *I 

refsof([J,_,_,_) :- !. 
refsof(CA,,.Asl,L,X,R> varCA>, findref(A,I,_,_,_,X), 

refsof(As,L,X,R). 



Csround(A) ; (setref<A,Ca,det,X),findrefCA,I,_,_,_,X),snoc(I,R>>>, 
!, refsof(As,L,X,R), 

ref"":.s~j•f ( (f"=1 !/ -=· -.. lis] s L. :1 ;·<, F~) t ·- .;:::t.c::rf1i c· ( t=i):: ! -1 r·ef·scJf" (,t~i'="i-r L, ;"{ 1 f~) ❖ 

refsof([T,,.AsJ,L,X,R) :- T=,,[_,.,AlJ, refsof(Al,L,X,R), refsof(As,L,X,R). 

/* Deal with one test assertion, chansins ref structures as needed*' 

atl<L,X,R) :- L=,.[F,,,AJ, refsofCA,L,X,R>, incorPCR,L,X), 
trace(test-assertion-L-made,3), 

:i.r-1(:cir"¥-... (f-;~:-1 L.:.:~<J i--- r.../sr-~:F~J :t ! :1 i=~c1·::11 (;:<:11::':1) 'i 1-ss.t.c;·f·(i~FC:) :.; j,/·rr~~ ... <] t 

I* If a test assertion contains no refs, te~L if true*' 
incorP(R,L,X) :- Putin(R,L,R,X>, 

PUtin([I,,,IsJ,L,I1,X) :- findref(_,I,testCT,V,_),_,_,X), lastof(T,CL,,,_J), 
refapp(l1,I,V), Putin(Is,L,Il,X), 

/* FORCE A REFERENCE TD BECOME INSTANTIATED*' 

i r?;:; t--t:~ri t i c~t.e ( f( ~ )() ! -- r-ic:at .. r.../.=:: r· ( F:) :: ! -v 

instantiate(R,X> :-findre~<R,_,testC_,V,_),Ca,_,X), !, cand(Ca,Rl, 
f i 1 t.~e r-1 ( t.} 11 )() + 



:- entrs(value,2), 
entrs(focvalue,2). 
entrs(ndvalue,2). 
entrs(findref,6). 

findC3), cleanuPrefs(1), tsPelt(3) 

:- mode matchl(+,+,t>. 

❖ 
❖ 

rrrc::?je 

riit.id=::: 

Lt=: f iJ:-::: { .~. ~ .. j.). -

s. fi.•:= ff:.: f-~ .. ( -}· ? ·y ;,: -- ) ❖ 
constlensthCf,?), 

I* HANDLING OF REFERENCES 

Fop.__ 

Sentence datastructures have a reference field, D~ce~~ed bs, es, 
r·;2f·s. ( )( :i L.) -~ 

L. i ~~- 2: 1 t s. t i::;•f" :i. ric1E::t.:::: r·rrt i rr-:;t.E;< l ~-::r1:.~t.!--1:; \-~1ir·1c1·:;t~: -1z~r!t-r~ i £~:s. .a r·e o·f t..J-tt::: «:·:: ::•p1 

ref(V,I,TT,Ca,Y>. 
Here, Vis the variable standins for the obJect referred to, 

I is an uniaue atom identifier for the reference 
and TT is a term of the for~ 

t.2:. t. ( ~r !! !.} 1 [:c:r) ❖ 

In this, T is an indeterminate list of tests, 
Vis a list of dentifiers of 1 refs 1 referred to in these 
Co is the context for the tests (that is, the set of 

sentence assertions to be consulted is the add list - Co>, 
Ca is a determinate list of candidates (each beins of the 

form p(C,F), where C isl.e name of a definite world 
obJect and Fis a flas. The obJect is a candidate iff the 
flas is a variable>. 

Y 1s Ll1e reference tYPe (det/nondet(TYP)/typ(Nondet)) 

variable or identifier*/ 

-·-firicir-ef·(F:~,I~ ... f,C:7~.{:J~-() t-· at.c,ffI(I) i:: ! 7 r·e-::-f··:::;\)(!!L.);1 

Sin(ref(R,I,T,C,Y),L), !. 
findref(R,I,T,C,Y,X> :- refsCX,L>, sin(refCR1,I,T,C,Y>,L>, R==Rl, !. 

/* Findins the tsPical element of a nondet ref*/ 

tsPelt(S,E,X> :- refs(X,L>, findrefCS,_,_,_,nondetCE>,X>. 

/* AusmentinS deduction to make use of the sentence add list. The 
facility provided is slishtlY stronser than losical deduction, 
The only obJects Present in deduced assertions are definite 
obJecls (ana variables interpreted in a universalls auantified 
sense>. Thus the ssstem makes use of the 'rule': 

If p(x1,x2,,.xn) holds and 
for i=l,2,,.n Yi is xi or a candidate for x1 

Then p(s1,s2,,,Yn) holds. 

R.OU1 I NE 



L/CC,XJ :- find(L,C,X>. 
L/C :- call(L/C). 

find(L,C,X) :- L=,.[F,,,A J, cop~(A1,A2), M=,,[F, •• A2J, addlCX,A>, 
in(M,A-C>, matchl(A2,A ,X>. 

ff1i:rt.c-t11 ( [ J, [ J :: __ ) ¼ 

matchl([M,,,RJ,CN,,,SJ,X) : sround<M>, !, M=N, matchlCR,S,X). 
matchl([U, •• RJ,[C, •• SJ,X) :- findrefCV,_,_,T,_,X), 

!, candCT,C), matchlCR,S,X), 

.. -~· :*~ t~J CJ t-£-? t~ /·i.::::t. ~== r-f:.., f· i~~.i 1. t~i-l rt t) c· ~== r) cf j_ cj 4.=::: t. E:: l i :=:; t. i ~;;; :::: ~ ~= 1 1 iI: e .-1 i r·f-i t. i -:S J. I =~ t~ c~ 1-t 2: -:../ f!.~ 

r1c} c~,c:!rtr::i i €.:1~tt:.:.,s. ;t::1.:-

cand([J,_) :- !, fail. 
cand([p(C,F>,,._J,C) :­
cand([_,,.LJ,C) :- candCL,C), 

·;;1t:":::t .. cif· ( [] 11 []) -:~ 

setof([p(_,F),,,LJ,C) :- notvar(F), !, setofCL,C). 
setof([p(C,_),,,LJ,[C,,.CsJ> :- setofCL,Cs), 

/* The value of a candidate list is the uniaue member 
one and a variable if there is >1 member. 
Otherwise the Predicate fails 

value(Ca,CGJ> :- !, seek(Ca,_,G), 

value(Ca,G) :- setof(Ca,C>, lensthCG,L1), lensth<C,L2), compare(L1,L2,C,G). 

seek([J,V,U> :- !, 
seek([p(_,F),,.LJ,V,R) :- notvarCF>, f, seek<L,V,R>. 
seek([P(C,~>,,,LJ,C,R> : 

focvalue(Ca,CGJ) :- !, value<Ca,[GJ), 
focvalueCCa,G) :- nondet(G>, !, value(Ca,[GJ), 

(~_:;ri.t:JtJ!""it.:1(i3) ~-=:-t7't-1er,:=::;tl1(·-C:.;:,G)) 7 ! + 
focvalue(Ca,G) :- value(Ca,[GJ). 

setlenSth(Ca,G) :- constlensth(Ca,L>, !, listlensthCL,G>. 
setlensth(Cs,G) : minlensth(Ca,L), !, ndlensth(G,L>, 

constlensth([p(C,_),,,CsJ,L) :- lensthCC,L>, constlensth(Cs,L), 
constlensth(CJ,_), 

minlensth(Ca,L) :- cand(Ca,C>, lensth(C,L>, ltall(Ca,L), 

ltall([p(C,_),.,CsJ,L) :- lensth(C,Lll, L=<Ll, ltall(Cs,L>, 
1 i.:--=~ 11 ( [ J 7 -- ) ~ 

ndvalueCCa,R> :- setof(Ca,C>, ndlensthCR,Ll), lensth(C,L2), 
compsre(L1,L2,C,R), 

r:rlI f:'!:r .. f:.:;t./1 ( X f (:) i -·~ \/~: r· ( ){) ~ ! ❖ 
ndlensth([_,,,LJ,N> :- ndlensth(L,Nl>, N is N1+1, 



/* CLEANING UP REFERENCES*/ 

cleanuprefs(X) :- refs(X,L>, cleardets<L,X>, clearndets<L,X), 

c·It:::aPcit!t~s(L.r .... ) !-· \l.:;:r·(i..} ~ ! ❖ 
cleardets([ref(R,_,test(_,V,_),Ca,det), •• RsJ,X) :- var<R>, cand(Ca,R>, !, 

filterlCV,X), cleardets(Rs,X>. 
cleardets([_, •• RsJ,X) :- cleardets(Rs,X), 

c:.I;::-:-=:=1--r·tcit:t.~ .. (i_7 __ )- t--· t./c::r·(l_) ;f ~-: 
clearndets([ref(R,~,_,Ca,nondetCE>>, •• RsJ,X) :- nondet(R), !, setof(Ca,R>, 

!, findref<E,_,test(_,V,_},_,_,X), filterl<V,X>, clearndets(Rs,X>. 
clearndets([_,,,RsJ,X) :- clearndets(Rs,X>, 





vsCV,T,A,M,N,CA1,,.WlJ,W2>. 
verbsr(mainverb<V,EN,M,T,AJ>,X,Wl,W2) : vs<V,T,A,M,N,Wl,W2). 

vs(V,fut,A,N,N> --> Cwilll, infCV,A,M>. 
vsCV,Pres,A,M,sins> --> Eis], PaPr(V,A,M>. 
vs<V,Pres,A,M,Plur) --> [are], papr(V,A,H). 
vs<V,Past,A,M,sins) --> [wasJ, PaPrCV,A,M>. 
vs(V,Past,A,M,Plur) --> EwereJ, PaPrCV,A,H). 

vs<V,pres,comPl,M,Plur) --> [have], pa(V,M>. 
vs<V,past,comPl,M,N> --> Chad], pa(V,M>. 

~-/ ::;_:; ( ! •.. .J 7 F .. r-E'!fJ. 7 i r·r:::. t. 1 -::: c--t. \i ;! f':.• 1 ~.J r-) --.. -<> [ ::1 C) !; l.) ] y ·{ \..l t::! r-[.) ( t} ) ]- ';> 

vs<V,Past,inst,actv,N) --> [did,VJ, {verb(V)}. 
vs(V,Pres,inst,actv,N> --> [PJ, {presCP,V,N)}. 

Pi::•: ... 1·· ( i../ :1 c -~ r !:::: =·· ;:-~-==-;::-\-· ; -··--· :::- [ i)t-f :i. rr;=; Y t=~] ;! -[r:.-.i:1•:::. t-F-·-=:: r·t. { F; :r l}) }·-:-
PaP r ( V, inst, Passv) --> [PJ, {pastPartCP,V)}, 

pa(V,Passv) --> [been,PJ, {pastPartCP,V)}. 
Pa(V,actv) --> [PJ, {pastPart<P,V)}. 

inf(V,comPl,M) --> [haveJ, Pa(V,M). 
inf(V,A,M) --> [beJ, papr(V,A,M • 
inf(V,inst,actv) --> [VJ, <verb U)}. 



/* MAIN PARSING FUNCTIONS */ 

ParseCO,A,F,X) --> continue(O,A,F,X,noass>. 
constituent<O,A,F,X> --> continue(O,A,F,X,ass). 

/* BOTTOM-UP nNHL,~ls 

continue(O,A,F,X,B> 
indefsPCO,A,F,X). 

continue(PhssobJ:[GJ,nolist,_,X,B> 

continue(PhssobJ:[GJ,nolist,_,X,B) 

--> [theJ, {presubst(B,O,X)}, 

--> [the,formerJ, !, 

{presubstCB,PhssobJ:CGJ,X>, forlat(X,[_,GJ)}. 
continueCdefmeas:[GJ,nolist,F,X,B> 

{prernf(B,defmeas:CGJ,X>, senssmCunk,G>, 
'dd 1 ,dd,-ru~h 4 'B',v\~. 

continueCO,A,F,X,B,CW, •• W1J,W2> :- CW=which;W=what), 
Prernf(B,O,X>, indefsP(O,A,F,X,[which, •• W1J,W2). 

continue(measPairl[NJ,nolist,F,X,B> 
{prernf<B,measPair:CMJ,X), SensYm(meas,M), 
addCadd,sousht(N),X)}. 

continue(PhssobJ:[GJ,nolist,F,X,B) --> [itJ, {presubstCB,PhYsobJ:[GJ,X), 

mentioned([GJ,X)}. 
continue(Ph~sobJ:Gs,nolist,F,X,B>--> C[thesJ;[themJ), 

mentioned(Gs,X)}. 
continue(O,A,F,X,B) 

<2resubstCB,O,X), dofoc([GJ,X>, mentioned([GJ,X)}, 
postPhssobJ(poss,[GJ,O,A,test,F,X). 

continueCO,A,F,X,B) 
{~resubst<B, □ ,X>, Gs=[_,_, .• _J, dofoc(Gs,X>, 
mentioned(Gs,X)}, pnctohucnh,i(posc ■ Gc-n-~-tnc+.F,Yl, 

continue(indefmeas:Js,A,F,X,B) --> [D1J, 
<dim(Dl,D,_), presubst<B,indefmeas:Js,X)}, aual(Ms,F,X>, 
<siveall(Ms,breakdown(D),Is,F,X)}, and(indefmeas:Is,indefmeas:Js,A,F,X). 

continue(indefmeaslI,A,F,X,B) --> pmadJs(F,G,D,X), <Presubst(B,indefmeas:I, 
c~ti .. :;~ 1 ( f:is Y t=· :i ;:() :1 

·{S:f. ;._/eE:: 11 { i~ .. 1-:-7 i"J r•!;.;.3~:.cfDi . .-.Jri ( r~) ;! I=·!! F" 7 }() J- ':i ~-!i;J < ]. F"1i_1e r ITtt= ~=-==-; ;::-.} ~ ~-! i~::i::,:: f"nii.:::-:::• :.":• ~ I f;; ;! ;·--~ ~:: :~ ❖ 

continue(aJp:A,nolist,F,X,B) 

continue(madv:I,nolist,F,X,B> --> [withJ, findsubst(indefmeas:I,F,X). 
continue(timeadv,nolist,F,X,B> --> timeadv(X). 
continue(pp(P,PhssobJ:6),nolist,F,X,B>--> [PJ, 

findsubst(phssobJ:G,F,X), 
continue(binder:st,nolist,F,X,_) 
continueCOYA,F,X,B,[Nu,,.LJ,M) 

indefsp(O,A,F,X,CN,.,LJ,M). 
continueCO,A,F,X,B> 

{nnum(Nu,N,F,X), unitCU,U1_)}, 
afternu<O,N,U1,A,F,X,B>. 

continue(Y:CNJ,nolist,F,X,B) 
{name<N>, presubst(B,Yl[NJ,X), checkname(N,Y,test,X)}. 

continue(prt:P,nolist,F,X,B) --> [PJ, {PrtCP)}. 
continue(aux:A,nolist,F,X,B> --> [AJ, {aux(A), Preaux(B,A,X)}. 
continue(verbsr:I,nolist,F,X,B> --> verbsr(I,X), {premv(B,I,X>}. 
continue(Ph~sobJ:G,A,F,X,B> --> [CJ, {class<C,Cl,[Plur,noPossJ>, 

presubst<B,PhssobJ:G,X), Plur(Gl,Plur>, startref(G1,C1,F,X>, 
mentioned(61,Xi}, 



continue(binder:'imPlicit.comma',_,_,_,_) r- -, 
: •• .• 5 ~;. 

-t·· c1 r-1 ~:::=t. ( )~, [F J t - f· i_ riijc·-crr:~:~t- r ( ·f .. tJ r 1 .. =:::t. ( f}) :J >:~) ~ ! ❖ 
forlatCX,6) :- dofocCG,X>, PUtconstr(forlat(6),X). I*******•=!!!! */ 

findsubst(O,F,X> --> parse<O,_,F,X); {isrnfCO,X),closernfCX>, 
t_. ;·cz.: __ t:· ( t'f1f"--~; .... {:::i:);:.: . .J rL~t::Ci i.;.:)) ❖ 

afternu(pp(P,CG,[N,UJJ>,N,U,nolist,F,X,B> --> [PJ, 
{prep(p,_,_), prePP(B,P,CG,CN,UJJ,X), G=ph~sobJ:Gl>, 
findsubst<G,F,X>. 

afternu(measpair:[[N,UJJ,N,U,nolist,F,X,B> --> {PresubstCB,measPair:ECN,UJJ,X 

andCY:G1,Y:G3,list,F,X> --> [andJ, parseCY:G2,nolist,F,X>, 
{Sapp(G1,G2,G3), mentPhss<Y,G3,X)>. 

andCY:G1,Y:G3,list,F,X) --> Parse(YIG2,sublist,F,X), {Sapp(Gl,62,63), 

andCO,O,nolist,_,_) --> [J, !. 
andCY:G1,YlG3,sublist,F,Xl --> [andJ, ParseCY;G2,nolist,F,X), 

<sapp(G1,G2,G3>>, 
and(Y:G1,Y:G3,sublist,F,X) --> Parse<Y:G2,sublist,F,X), {SaPPCG1,G2,G3)~. 

/* Mentionins conJoined PhYsical obJects */ 

mentPhss(PhYsobJ,G,X) :- !, mentioned(G,X), 



/* THIS FILE REPLACES A SEMANTIC COMPONENT*/ 

makePartCP,G,F,X,M) :- Plits<P,G,M,L>, dofh(F,P,X,M,L>. 
makeadJCA,G,F,X) :- PadJCA), !, PadJ(G,A,F,X). 
makeadJCA,G,F,X> :- ~,d.J 1 A\- !, cadJ(G,A,F,X>. 

/* RePlacements for semantic routines*/ 

PadJCG,fine,F,X) :- makeProP(mass,G,F,X,zero). 
PadJ(G,roush,F,X> :- sensYm(mu,Mu), add(F,[coeff<G,Mu),Siven(Mu>J,X). 
PadJ(G,smooth,F,X) :- add(F,coeff(G,zero>,X>, 
PadJ(G,fixed,F,X) :- addCF,fixed(G),X). 
PadJ(G,stationarY,F,X> :- makeProPCvelocitY,G,F,X,zero), 
PadJ(G,liSht,F,X) :- makeProP(mass,G,F,X,zero). 

cadJ(G,constant,F,X) : add(F,invar<G>,X>, 
cadJ(zero,zero,_,_). 

dofn(test,_,X,_,L) :- !, add(test,L,X>, 
dofn(add,_,X,_,L) ; add(test,L,X), !. 
dofn(add,D,X,H,L) :- (Sround(M);sensymlist(D,H)), !, add(sdd,L,X>. 

PlitsCend,G,[Gl,62J,[endCG,G1,left),end(G,G2,risht)J). 

hans(_,X) :- prsent<XJ. 
with(_,X) :- prsent<X>. 
over(_,X) :- Prsent<X>, 
remain(_,X) :- Prsent(X), 
carry(_,X) :- prsent(X). 
Place(_,X) :- Prsent(X). 
atz_,X) :- Prsent(X), 

connect(_,X) :- PrsentCX), 
Pa~s(_,X) :- Prsent(X. 
find(_,X) ;- Prsent(X • 

:- end, 



/* REGULAR VERBS */ 

PastCP,V) :- name(P,X), BPPendCZ,•ed",X), verbdbCZ,V), 

Assumins no 1st and 2nd person sinsular *I 

verbdb(Z,V) :- aPPend(Y,[C,CJ,Z), conson(C), aPPend(Y,[CJ,Xl, name(V,X), 
\/(-:~r·t1(l.))-: 

verbdb(Z,V> :- aPPend(Z,*e",Y>, name<V,Y>, verb(V). 

class<C,C,[sins,noPossJ) : 
class(C1,C2,[S,PJ) :- name(Cl,Xl), endins<Xl,X2,S,PJ, name\L2,A~,, class(C2). 

endinS("s",[J,Plur,noPoss> 
endinS("s 1 ",[J,Plur,Poss) • 

endinS([L,,,LsJ,CL,.,MsJ,S,P) :- endins(Ls,Ms,S,P). 

/* DIMENSIONS */ 

dimCD,D,sinS) :- dim(D,_), 

/* VERB INFORMATION */ 

verb(attach). verb(connect). verb(hans). verb(pass), 
verb(Place), verb(remain>. verb(rest). verbCshow). 
verb(susPend), verb(find). 

Pres(is,be,sins). 
Pres(are,be,plur). 
Pres(has,have,sinS), 

past(hunS,hans>, 
pastpart(hunS,hans>. 
PastPartCshown,show), 

'NOUN' INFORMATION 

class(Pulle~). class(strins). class(weisht). class(mass). 
class(table), class(Particle). class(man), clos~(rwre}. 

class(men,man,[Plur,noPossJ). 
class('men''s',man,[Plur,PossJ). 
class(masses,mass,[plur,noPossJ), 



dim weisht,[1,0,0J), 
dim msss,[1,0,0J>. 
dim(tension,[1,1,-2J>. 
dim(acceleration,[0,1,-2J). 
dim(lensth,C0,1,0J). 
dim<mssses,mass,Plur>. 

possdim(_,[1,0,0J,mass), 

/* Part descriPtions */ 

Part(end,one> --> [endJ. 

/* NAMES - These maY be of the form 
<letter>, <letter><disit> or <letter><Prime(s>> */ 

name(N) :- nameCN,CL, .• RJ>, letter(L), subscri2t(R). 

subscriPt([J>. subscript(•'•), subscriPt(usau), 
subscriPt([RJ) :- diSit(R). 

/* ~ADJECTIVE' INFORMATION */ 

dsdJ(heavs,mass). 

padJ(fine), PadJ(roush>. PadJ(smooth). PadJ(fixed>. 
padJ(stationary), PadJ(liSht), 

cadJ(constant), cadJ(zero>. 

/* MISCELLANEOUS *' 
num<N,N> :- inteser(N), 
r·t tJffr ( t.~:~.10, :2) ❖ 
r-i ttHr { t. i ... i r· f:.'::t= ;:, :.f.: ) ❖ 

I 
: ❖ 

/* More seneral number, includins suitable names*/ 

J"1rrt.JIT1(l-~ti:-=i\J7 ___ ,.-.: 1 t .... rtf-!ff:(i\~tiff-~) !-' ~-:-

rir·1t1u1 ( i\f :l r$~ !l r· :! }() ~ -- r1--:::.IT1t':•:: ( i'"~) :l c:r!t-.:~ f.:..i iC:•hf~- ( i\: 7 r1~.Jfhb 1::. 1 r ;J ;-- 7 ;.~) ~ 

unit(lbs,[1,0,0J), 
unit(pounds,El,O,OJ), 
unit(stones,El,O,OJ), 
unit<sms,[1,0,0J), 

r•i':.? 1 F~ r"DP5 ( f..-.Jf!f:)) ·=-

r ?:2 1 f.!· r-i::r ri ( ~ ... J i .. I Ci fft ) t 

Prepositions are marked: 
s - if can modify noun sroups (locative) 
d - if cannot modifs noun srouPs (directional) 

The marker 'loc' or 'nolOc' determines whether 



PreP(in,s,loc), Prep(into,d,loc). prePCwith,s,noloc). 

PreP(from,d,loc • PreP(bs,d,noloc), 

I* PREPOSITIONS FOR VERBS *I 

PrePfor(attach,loc). 
prePfor(connect,to). 
PrePfor(hans,loc). 

prepfor(place,loc). 

PrePfor(V,P) :- Prep(p,_,loc>, Prepfor(V,loc). 

I* 'prePfor' represents a crude analssis of which prepositions 
are expected bs which verbs 



' defsp(defmeas:M,A,F,X> --> [D1J, {dim(D1,D,S), Plur(G,S)}, ofobJ(G,F,X>, 
·{Si \/ea 11 ;~ (:; 7 fff~=f-: .. e;:.- rc)F· ( i)) Y i~11. :1 2:<jc! 11 )() )· 7 a11~J { ,_;~-r~ru1:."•==-=·; t!:t:.; :.;;::! r HP::: c:• ::-:; ;1 ~ {1 :l ;--· ~ :<) ❖ 

defsp(phssobJ:G,A,F,X) --> Part<P,S), ofobJ([GlJ,F,X>, 

defsp(O,A,F,X> --> PhssobJCO,test,F,X>, 

indefsp(indefmeas:M,A,F,X> --> PmadJs(F,Ml,D,X>, 
oPtaual(D,F,M1,X>, and(indefmeas:Ml,indefmeaslM,A,F,X>. 

indefsp(phssobJIG,A,F,X) --> Part(P,S>, ofobJ([G1J,F,X), 
PDStPart(P,S,[GlJ,G,A,F,X). 

indefsp(phssobJ:G,A,F,X> --> PhssobJ(PhssobJIG,F,F,X), 

onesp(phssobJfG,A,F,X) --> part<P,_), ofobJ([GlJ,F,X), 
PostPart(P,one,CGlJ,G,A,F,X). 

onesP(PhssobJ:G,A,F,X> --> scanclass<C,_,H,W,F,X>, {Plur(Gl,Plur>, 
startref(G1,C,test,X>, PPadJsCW,F,81,C,X>, select(one,Gl,G2,X)}, 

PhssobJCO,F,Fl,X) --> num(G), scanclass(C,G,H,W,F,X), names<G,F,X), 
{startref(G,C,F,X), mentioned(G,X), PPadJs(W,G,C,F,X)}, 
PostphssobJ(H,G,O,A,F,Fl,X). 

num(G) --> [NuJ, {num(Nu,N>, listlensth(N,6)}. 

names([N, .• NsJ,F,X> --> [NJ, {name(N), checkname<N,PhssobJ,F,X>}, 
morenames(Ns,F,X>. 

names(_,_,_)--> [J. 

morenames([NJ,F,X) --> [and,NJ, {nam~<N>, checkname(N,PhssobJ,F,X)>. 
morenamesCCN, •• NsJ,F,X> --> CNJ, {nameCN>, checkname(N,PhssbbJ,F,X>}, 

morenames(Ns,F,X). 

startrefCG,C,add,X> ;- !, (SroundCG)fsenssmlist(C,G>>, 
distrib(G,[CJ,nmeans,add,X). 

startrefCG,C,_,X) :- defnP(G,C,X>. 

oPtaualCD,F,G,X) --> aual(Ms,F,X), {Siveall(Hs,breakdown<D>,G,F,X>}, 
oPtaualC_,_,_,_) --> CJ. 

aual(Ms,F,X> --> ([eaual,toJ;[of];[J), mPl(Ms,F,X). 

/* AFTER A PHYSICAL OBJECT *I 

Post2hssobJ(poss,G,phssobJ:G2,A,F,F1,X) --> part(P,S), 
Post2artCP,S,G,G2,A,F1,X>. 

PostPhYsobJ(poss,G,defmeas:M2,A,F,F1,X) --> CD1J, {dim(Dl,D,_), 

~os~Qhw-nh,1'nonn---G ■ phw-Mk,j•~1-A-C·Fl·X --> aPadJsCF,PhssobJ:G,X), 
and(PhssobJ:G,PhssobJ:G1,A,F1,X). 



Post2art(P,S,[GJ,G3,A,F,X) --> {makePartCP,G,F,X,Gl), select(S,61,62,X), 
mentionedCG2,X)}, and(PhssobJ:G2,PhYsobJ:G3,A,F,X). 

/* ADJECTIVES & MODIFIERS 

Pm measurements > B~fure noun 

scanclass(C1,G,H,[J,F,X> --> [CJ, {classCC,C1,CS,HJ>, plur(G,S)}. 
scanclassCC,G,H,[PadJ(A), •• AsJ,F,X> --> [AJ, {padJ<A>}, 

scanclass(C,G,H,As,F,X). 
scanclass(C,G,H,[dadJCN,U,T,D>,,.AsJ,F,X) --> [N1,U1J, {nnum(Nl,N,F,X>, 

unit(U,Ul,T)}, (([AJ,{dadJCA,D)});[J), scanclassCC,G,H,As,F,X>, 

PPadJs([PadJCA>,.,AsJ,G,C,F,X> :- ,, distribCG,[AJ,makeadJ,F,X), 
PPadJs(As,G,C,F,X>. 

PPadJs([dadJCN,U,T,D>, •• AsJ,G,C,F,X> :- (atom(D);possdim(C,T,D>>, 
distribCG,[[N,UJJ,adddim(D>,F,X). 

GPadJsCP,S,X) --> Postmod(P,S,X,_,I), mmodsCI,P,S,X). 
aPadJs(_,_,_) --> CJ. 

mmods(relc,_,_,_) --> CJ, !. 
mmods(I,P,S,X) --> aPadJsCP,S,X>. 

Postmod(P,O,X,A,I) --> mPl(Ms,P,X>, anu(P,O,X,A,I,Hs>. 

anu<P,Y:G,X,A,dmeas,Ms> --> [in,D1J, <dim(Dl,D,_), 
distribCG,Ms,adddimCD>,P,X)>, 
list(P,Y:G,A,X,dmeas). 

' anu(P,Y:G,X,A,dmeas,Ms) --> [AdJ, {dadJCAd,D), 
distribCG,Ms,adddim(D),P,X>}, 
list(P,Y:G,A,X,dmeas). 

anu(P,O,X,nolist,relc,[[N,UJJ) --> [Q,RJ, {Prep(Q,_,_), relPron(R>, 
matchsent(X,T), setpp(Q,[O,[N,UJJ,T)}, subsentence(P,X,T). 

anu<P,O,X,nolist,PP,[CN,UJJ) --> [QJ, {Prep(Q,s,_)}, 

moremPCM,F,X) --> [andJ, ,, mPlCM,[J,_,F,X). 
moremPCM,F,X) --> mPlCM,Ml,_,F,X>, moremPCM1,F,X>. 

mPl([[N,UJ, •• M1J,M2,U,F,X> --> [NuJ, {number(Nu,N,F,X,G)}, 
(mp2(Ml,M2,U,F,X,G);{Ml=M2}), punitCG,U). 

mP2C[[N,UJ,,.MJ,M,U,F,X,G> --> [and,NuJ, 1, {numberCNu,N,F,X,G)}. 
mP2([[N,UJ,.,MlJ,M2,U,F,X,G) --> [NuJ, {number(Nu,N,F,X,G)}, 

mP2(M1,M2,U,F,X,6), 

!'"tiJffitJer .. ( f~JJ ~ f~ 7 __ !1 _ ;1 f"ii!:";r?fj) t ··- f"if.J¼Ts ( i\fiJ ;1 f~,! J:: ! v 

number(N,N,F,X,_) :- name<N>, checkname<N,number,F,X>, 

Punit(_,Ul) --> [UJ, {unitCU,Ul,_)}. 
PunitCG,*) --> [J, {var(G)}, 



PostmodCP,Z S,X,nolist,imeas) --> [with], ParseCindefmeas:M,_,P,X>, 
{distrib S,M,nfod,P,X)}, 

postmodCP,z:s,X,nolist,mp) --> CofJ, 
(([DlJ,{dim(Dl,D,_)})l{Possdim(_,S,D>}>, !, mPl(Ms,P,X), 
{distribCS,Ms,adddimCD>,P,X)}, 

2ostmod(P,Z:S,X,nolist,relc) --> [Q,RJ, {Prep(Q,_,_), relPron(R), 
matchsent(X,T>, setppCQ,S,T)}r subsentence(P,X,T), 

PostmodCP,O,X,nolist,PP) --> [QJ, {Prep(Q,s,_)}, 
Parse(phssobJCT,_,P,X), {dopp(Q,0,PhssobJ:T,P,X)}. 

postmod(P,S,X,nolist,relc> --> ([whoJ;[whichJ;[whomJ>, 
{matchsentCX,T>, setrnf(S,T)}, subsentence(P,X,T>. 

postmod<P,S,X,nolist,relc) --> [thatJ, {matchsent<X,T>, setrnf(S,T>}, 
•:f..i.Jf.):.e~-r1t.€~1 f'tC:·f.-:: ( t.r:-::::. t. :1 ~-(;,; .. r) ❖ 

Postmod<P,Z:S,X,nolist,relc) --> [whoseJ, 
Po~tPhBsobJ(poss,S,T,nolist,P,_,X), 
{matchsent<X,U>, setrnf(T,U)}, subsentenceCP,X,U). 

postmod<P,Z:S,X,nolist,relc) --> [TJ, {presPart(T,V>, matchsent<X,U>, 

setmvCmsinverb(V,CN,actv,W,cin~J>,U>, 
currview<W,X>}, subsentence<P,X,U). 

Postmod(P,z:s,X,nolist,relc) --> [TJ, {pastPartCT,V>, matchsentCX,U), 
se-t·=:.tti:i~i ( ~z: E~ ~LI)', 

setmv(mainverb(V,CN,Passv,W,instJ),U>, 
currview<W,X)}, subsentence(P,X,U>. 

list<F,O,list,X,I> --> [andJ, Postmod<F,O,X,nolist,I). 
listCF,O,list,X,I> --> Postmod(F,O,X,list,I>. 
list<F,O,nolist,X,I) --> CJ. 

I* Be~ore measurements*/ 

PmadJs<F,I,D,X) --> scandim<G,D,W>, {Pma1CF,G,X,W,[J>, obJtoi(G,D,I)}. 

scsndim(G,D,CJ) --> CD1J, {dim(Dl,D,Sl, Plur(G,S)}. 

pmal(_,_,_,[J,CJ> :- !. 
pms1<F,G,X) --> CAJ, {per<X,T>, distrib(G,[AJ,makeadJ,F,XJ}, 

:=-~rft-31. ( t=· 7 f:J, ::( 1 -❖ 

obJtoi([J,_,CJ>. 
obJtoi(CG, •• GsJ,D,[D•G,,,IsJ) :- obJtoi(Gs,D,Is>. 

/* DISTRIBUTION OF PROPERTIES */ 

breakdown(D,[N,UJ,D+M,F,X> :- !, unitass(M,U,L), 
Catom(D);(unit(U,T),possdim(_,T,D))), I, 
add(F,[measure(M,N),,,LJ,X>, makesiven(M,F,X>. 

breskdown<D,M,D*M,_,_). 

unitass(M,U,[unitCM,U)J), 

nfod(G,D+M,F,X) :- makeProP(D,G,F,X,M). 

makesiven(_,test,_) :- !, I* Redundent test*/ 
makesiven<M,add,X) :- !, putconstr(S(M,_),X), 

makesoushtCG,X) :- putconstr(SCG,outl,X), 



nmeans(G,C,F,X) ideal(C,I>, add<F,CisaCI,6>,hasnameCC,G)J,X). 

ideal(mass,Pa~ticle) :- !. 
ideal(weisht,Particle) :- !. 
ideal(C,C). 

/* CheckinS of tYPes of names*/ 

checkname N,Y,add,X) : 
check name 
checkname 

:- end. 

N,Y,add,X) 
N,Y,test,X) 

:-
findconstr(n(N,Yl),X), !, Y=Yi. 
!, putconstr(n(N,Y>,X>. 
findconstrCnCN,Y>,X). 



/* INITIAL COMMAND */ 

continue:- recorded(sCN,C,M,T),P), !, readsent<S>, nl, 
newsentence(sent(r(_,_,_,_,_,_),d(_,_,c,M),T,P(N,N1,0)),S), 
erase(P), record(s(Nl,C,M,T)), 

start :- senssm(Period,T>, X=sent(r(_,_,_,_,_,_),d(_,_,C,M>,T,P(start,N,O>>, 
rei::;cfs.er1t.(.f)) ~ r!l v 

add(Period(T),X), newsentence<X,S>, record(s(N,C,M,T)). 

t~ir:is.t·i ~---~ r·er.:-or·1:1\;::::·i(·::;( ___ }~(;7n .. :1_.._) ~~F:):;, ! ~ cti:.r-·J..E:":~?( ,r'*: f:!GlJ~:tic:rj ;::.c:1].J.._/j_r-1:::i ;.i!f°t..:i 0'1f;..::::t.1~r.Jit 00 

nl, mksivens(C), nl, disPlas('end of ParasraPh'), nl. 
finish:- disPlas('no inPut'), nl, 

newsentenceCX,S) :- sentence(add,X,S,[J), cleanuPrefs(X), doassertions<X>, 

/* SENTENCE PARSING */ 

sentenceCF,X> --> <senssm(sentence,N>, trace(startins-N,2>, sname<X,N>>, 
r•ei::-=~jc:•tJr1~-( t==· :-= x: J i 

readcons<F,X) --> constituent(O,_,F,X>, {trace(constituent-0-found,2)}, 
-3£:t. i [)f°i ( () ~ f=.;; ){) •i 

action(binderfB,F,X> --> !, binder<B,F,X>. 
action<O,F,X> --> readcons<F,X). 

binder(B,F,X) --> {name(B,CLJ), final(L)}, !, final(F,X). 
binder('i',F,X) --> !, semicol(F,X), 
binder<',',F,X> --> !, comma(F,X). 
binder(if,F,X) --> {matchsent<X,Y>}, subsentence<F,X,Yl, sentence,~,AJ• 
binder('imPlicit.comma',F,X> --> {level(X,N>, diff(N,O>, 

endofsent(F,X)}, !, 
f.:i i ~-1~:ie r· ( -·· i Hf ;::..· J. i c: i -t. ~ c--{Jrfirtr-=::: ~-:1 t=· ~ )() --.-•• :> ; :--L ~- i· -=:t-E: ( :· t1~•\... f••. ~ 1 .. ~:!:,_ i·• .. _;_ I 1:S' ❖ ❖ -=-• ~-~-:_: )- :1 f ... ::: i 1 }~ •i 

binder(_,F,X> --> {endofsent<F,X>, matchsent(X,Y>}, succsentence<F,X,Y). 

final(F,X> --> {levelCX,O>, !, endofsent(F,X)}. 
finalCF,X>, ['.'J --> {endofsent<F,X)}. 

succsentenceCF,X,Y). 
semicol<F,X>, r•;•J --> {endofsent(F,X>}. 

comma(F,X> --> {level<X,O), !, beform<X,P>, sethv(Y,P>, 
endofsent<F,X>, matchsentCX,Y)}, succsentence(F,X,Y). 

comma(F,X> --> {endofsent<F,X)}. 

beform(X,bePres) :- currview(Pres,X>, !. 
beform<X,bePast) :- currviewCPast,Xl. 

/* INTER-SENTENCE RELATIONSHIPS *I 

subsentenceCF,X,Yl --> {level(X,N>, Nl is N+l, 
level(Y,Nll, sname(X,M>, lastCY,M>, 
trace(doins-embedded-sentence,2)}, sentenceCF,Y), 

succsentence(F,X,Y) --> {level(X,N>, levelCY,N), snameCX,M>, lastCY,M), 
trace(doins-successor-sentence,2)}, sentence<F,Y>. 

matchsent(sent(_,D,T,_),sentCr(_,_,~,_,_,_),D,T,PC_,_,_))). 



& 

setsubJ(X) :- isrnf(O,X>, !, closernfCX>, setsubJ(O,X), trace(subJect-is-0,2) 
setsubJCX> :- ttmot(pp(_,_,X)), !, ismv1Cmainverb(_,[Plur,_,Pres,instJ>,X), 

traceCimPerative-sentence,2). 

Presubst(noass,_,_) :- !. 
!, saftermv<O,X). 
!, safterhvCO,X), 

Presubst(_,0,X) :- setsubJCO,X>, trace(lookins-for-subJect,2). 

saftermv<O,Xl :- isobJCDl,X>, !, setobJ(Ol,2,X>, addobJC0,1,X>, 
trace(obJect2-is-01- 1 • 1 -lookins-for-obJectl,2). 

saftermv<D,X> :- setsubJ(O,X), trace(lookinS-for-subJect,2). 

!, verbsrCI,X,CJ,[J), setmv<I,X>, 
trace<main-verb-is-I,2), setobJ(O,_,X), traceClookins-for-obJect,2), 

safterhv(O,X) :- setsubJ(O,X), trace(lookins-for-subJect,2>, 

Prepp(noass,_,_,_) :- !. 
PrePP(_,P,O,X) :- dPreP(P,X>, setPPCP,O,X>, 

Preaux(noass,_,_) :- ! , 

sethv<A,X>, trace(holdins-aux-A,2>. 

PremvCnoass,_,_) :- !. 
;-::~ rt;tt1\i ( __ ~ -·· 7 ::() ! .... i. £.fij\./ { __ F :x:) :.1 ¥ :J ·f· -a:= i I -: 
premv(_,I,X) :- setmv(I,X), setsubJ(X), trace(lookins-for-mainverb,2). 

prernf(noass,_,_) 
! .. .-.. r-\-2r·r1~f-( .... ;1 __ :.; )() :-·· :t. f:. r-ri1·.-. ( __ :i )() ~ ! ~ ·f·~:i 1-: 

Prernf(_,O,X> :- setrnfCO,Xl, trace(lookinS-for-nP-to-hold,2). 

I* AccePtabilitY of Prepositions *I 

I* FINAL CLEARUP OF ROLES */ 

clearuProles(X) :- setmv(X>, setobJs(X). 

:7Jff;ct.ff1',,/ ( }() t -· :t Sfir\l ( .... ? J() ~1 ! i-

Setmv C X) :- ishv(V,X>, verbsr<I,X,EJ,CJ>, setmv<I,X>, 
trace(main-verb-is-I,2>, setsubJ<Xl. 

setobJs(X) :- isrnf(G,Xl, !, closernf(X>, PlacernfCG,X). 
setobJsCX> :- isobJ(G,X>, !, setobJ(G,1,X). 

placernf<G,X) :- isobJ(Gl,X), !, setobJ(Gl,2,X>, addobJCG,1,X). 

/* END OF SENTENCE *I 

I* DEALING WITH GIVENS I UNKNOWNS *I 



mksivens([s(M,F), •• CJ> i- !, Sivorsou(F,M>, mksivens(C). 
mksivens([_,,.CJ> :- mksivens(C). 

Sivorsou(F,Ml :- var(F), !, write(Siven<M>>, nl, assert(Siven(M)). 
sivorsou(_,M) : write(sousht(H>>, nl, assert(soushtCM)). 

I* Prepositional 

doPP(P,S,O,F,X) :- trace(finishinS-prePositional-Phrase,2), ra-trhccn+fY ■ Y'­

setsubJ(S,Y)r setobJC0,1,Y), setmvCmainverbCP,[_,actv,_,cinsJ>,Y>, 

J;;;~:.-s:.er-t .. :::11 f;) :;--- ,.,.-l~~r-(t~1)r !~ 
sssertall [A, •• AsJJ :- o~~~rtCA>, assertall(As>. 
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DURA1l □N(PEklOD2,102), I~~=~~ 
liUR1~l ION(PtRlDI(.S1l[.J3) :1 T 

I!llRf111 Qi\f ( E: P 1 SOltE., 1· GO l r ll!Jcii!~ll.il~ll!-i~~,tt:i"5Bttl~ 
\}E i ( -: t{l:1 lN y 1·} j-~(l 7 0 f HF. }'t,f:ti URE } ~ Af:(:f-] L. ( 7 ~:AI N 7 tH)j 7 (} ✓ f--:E,J-:: l DJ.ij ) 7 

VE·i (-!Ri~lf\~,i 1 f-HD,OrP1RF.:I\Jf"1L) 7 f':1CC:FJ (-it\Alf'J,t··}-J--\CT,OYPE!-ttDD2) 7 

1Jf:j (-iHAlN,Vl-lrOYPf.f~JDI1; 1 J, ~1CC~J (l~AlNrr~(~3,0rPfK1C(fI:~)y 
Mt P1SUf-~t' ( 1 (-}J 111 ) :1 UNI -i ( l f.ii , MlNf;) r 
MEASU~f(19?,11), UN11(10?,MlNS>, 
HtASUHt (-it~::7-!~l ~ UNJ-1 (lLt:),Mlf"-!S) 7 

MfASURE(l90,10), UNilClOO,MINS>, 

f"lE-ASUf\t-(Al-lj 7?i(-·1))y ur.i1-1(;1[Jj ,f--i:Sf-(::(-L')}y 
MtASUf:!E-\AO~, (--; 1 )) i Uf·JI-i (f":1L~~~~:,F·1 =Sf-C; (~2)) Y 

f-lt" f-1StIHE- ( i..)[J:; -~i-:::) r UNJ 1 ( t.}(J.1 ML ~:.; = Hfc3: ( -i ) ) !f 

LONCHV] .. 1 ··-r ( l h~t1CK, s·"I t J t~~ ) Y ::ii Df·'f. ( 1 k:ACt{ ~HOF-\) r 
CONCAUJ1Y(Sffil ,SllJNFl,SlOPfCS~Gl ,HOR>, 
CDNCt-1V J 1 Y ( f-;[ fi;.} r Sl 1 J j\ff ) r SL Df--;F ( f;f-G:-:-,, HCJR) Y 

CONCAIJ j -i y· ( Sf-f{3 7 ::-n 1 J NF ) y Si n~=f ( SF G2: ;.: HOf\) J) ' 

CUf(llNf_KOllON(lRAIN,lkACK,EPISOnE>>, 

CUl(LlNE_MOllONClRAlN,SEG?,PEHIOD2)), 

ASSfklA(SOUGHl(lGO)). 

/:1t::Bt OC:r PRB*./ 
_..l¾f-1ftOHLfsf"l :,, 

0 



CH CKi 181 (PP1SSt:'J-,tf A, [ Pff·1 H(_ f-t:!JME) r f-'OlNl (_J FJ·JlJ), 
t'fJt( .. -NAfit-,_ ! f-NJhrl f"1---·1) 7 t'f'-Hi(_}-!r~MC!z_f\ff-!D,R}GH-f J ~ 
CONCP/i 1. ·i Y ( _ N1~ME 7 _ f:[Ji\.H)) ) r ( Si DPF-( _ .NPd·H:., _SI DF't' ) ) J} = 

f.1 ROH 1 Nf-0 ; --
CHf CKL l Sl ( PASSf Rl A, t PROBlYPfCROllEH-COASl~k,_l), PARllCLf(M), 

PAlH(SO>, PAR1111DN(SO,LS1,S?,S31), 
t·.Nil(SO,CA,l fi-·1) r E:f"¾lt(SO,CV,f-\lGf~,fTJ, 
t}t.l .(H,LfRO,ltIRA,Nt:) r A1 (f"f,Ci~!!Mf~i), 

SlUE<H,CA,Lf~l,MA)J ). 

Hl8C1Nf0 :--
CHECKLIST (PASSERl A, L 

(HR.OP(Si ,CA,H1) ) , lDRDP(S2,CB,H2) J ~ 
GROUND(S3,LJ , (lf-tt:LIN·E(S3,-l~CL) J, 
(KEASURE(H1,2) >, <KEASURE(H2,-1> >, 
lfit.ftSUR~~<L,2} ) , (MEf:,SURF. (1 Y30} ) :1 

POHfl < Cl!) 1 > . 

RI Rr:::ct-( p~~Ol{Lf, rI- HE t-lNE-Jt-BY, 4.) ~ NL, 
f-'f\OHlNfO, P~1'"!HlNfO(SJ ,CA,CBrLfl-~! rLf-J-·1) r 
PA-! H 1 Nf-0 ( s;.3 ~ CH 1 CL, Rlliti-f r L.F-}w ~! J r PFill-11 Nf Cr ( 83 Y CC, en:: F-\lGH-i , S1Lif"-!E.) 7 

CHECKLlSlCPASSEklA,[ 
Pf:kIOD(Pf:J-\IOiiJ) r 

JSA(PAR11CLE,P2) 1), 

CH~CKLJSl(PASSEklA,[ 
MASS(Pl,BQ,PEklDDl), 
Mt=1SS-( P2 r Ci] !: PE:.f:~1 Qiti ) , 

t-1CCEJ_(f:111~1 y9(1~PE!-:~10Di) ,. 
r11:.1~E~URE (ta]!: B) :} fJC P1:::,Ut7~t. { L-t~ !} C} J. ) :} 

CHECKLJSl(ASSFklA,L 



- 'NOU>'. 
;..;,~, qu'+', 

~ ~ 81 EAHY1 ; -~ 
CHlCKLlSl(PASSlRlA,L 

PA1H(:3) r POlNl (1DPJ, POJf"fI (BQT-liJr"i:J r 

EJ~IJ(S,l Df--t:1LE.l-·1) ~ Et--ili(SrBD1-iCtf"i,~:lGJ·~r1 J, 
CONCAVJlYCS,RlGHl>, SLOPE<S,L~~l) J). 

CHECKllSl(PASSEklA,l 

s1 Hb ( M, 1 o~=, L f ~ "'i , 11tJ-1Af-:!l ) , 
PROlf'IYf-1F (ROL1.EJ-\-CDl,f(lE:~~Y~1), PARl IC:t E(t-¥), 
PARllllONCC,fS, .. RESll), ClRCL~<C>, 
ANGLf(lOP,90,C), ANWf<~OTlOK,O,C), 
NORMAL<S,UIR>, NUDGF<K,DEPARl> J). 

CH~CKLlSl(ASSERlA,L 
GlVlNCUlR>,GIUEN<R> l). 

;- :1 NOLC' ~ 
/ft~ .(!-~ 41/ 

J•UE KlffRS LOOP lHE LOOP 

CHECKLlSl(PASSfRlA,[ PAlHC_NAME>, POlNlC_LfND>, 
t NH l _ NF1Mt, _ l f NI!, Lf:l-·1 ) , E J-.tir( _ _r~t,M~, __ REJ·-ili 1 RIGJ"1T) ~ 

( CfJNC:AV 11 Y ( _Nt;fJf., ._.f:DT·f)) J , ( St OPE_ ( _J.h:f1ME , _.Si J)Pf) J J Ja 

PRO!ilNFO g-

CH~ Cf~L 1S1 (PP1t;St.Hl P11 L PRDB-i Y'f:f(ROLtJ:i-~---COAS1t~:r_.1), PAf-:!l lCLf=(f"i) 1 

PAlHCSO), PAR1Il10N(SO,[S1,S2,S3,S4,S~J), 
ENil(S07CA,Lf-~fl):: E:ftt(SOrCB,f-~lGHl) r 
1)~ i ( M 1 L: t HD 1li1Rf.11 fif➔ ) :: fff ( f_.i, CA, f"it1) r 

• 

• 



r-!lSCHH-D ::-
CHECKL ISl CPASSEklA, l 

PAR11TlDN(ClRCL~,tS2,S3,S4,S5J), 

CHECKLISl(ASSERlA,[GlVENCH>, GIVENCRl Jl. 

fiA--i HlNf Q (S1, CA~ CH YLEk" ~: :1 Lf i--i) Y 

PAlH1NfO<S2,CB,CC,RIGH1,Lf~1), 
PPi-l HlNf-D ( £~3, CI1,CCfLJ:t ·1 r~=}CiH1) 1 

PAlH1NfD(S4,CE,CD,RlGH1,RIGHl), 

NJ.SCINfD= 
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