REFERENCES

1. Bratko, I. Prolog programming for artificial intelligence. Great Britain: Addison

Wesley, 1990.
2. Idestam-Almquist, P ldusges. Doctoral dissertation, Stockholm
University and the ir
3 . Generalization cursive anti-unification. International
onference on m Arning | 1-158.
"“'--.
4, Le, T. V. Techniques gf ﬁ////& ‘t\\;: pore: John Wiley and Sons.

Inc., 1993.
5. Lloyd, J. W. Foundaiit
6. Muggleton, S. Inverting Inif
7. Nienhuys-Cheng, S.-H §'

logu: pmgramrru

T \ bsumption theorem in inductive

orkshop on Inductive Logi

""" ermany, 1995.

8. Plotkin, G. D. Autdm génce. Doctoral dissertation,
Edinburg ‘r

9. Robinson, J. A. A

chine-oriented logic based Dﬂ&l’ﬁﬂlﬂﬁﬂn principle. Journal

“Hild ﬁ’Wﬁ"ﬁ" YN
AMIANTAUUNIINYAY



APPENDIX

PROLOG PROGRAMME
In this appendix we will sho which implements the J-algorithm.
This programme computes M auses, even if they contain cross
connections .The output fram the p rograminba€'s. gene on under implication of
The Main !'rlgrlmm/ -
/* Igg_j(+D,2C):- % (N Apk

The clause C is afi i by the J-algorithm. */
Note that an argum Hick 1s préi by the + notation is an input and an
argument which is praceed by 1k ;3,.-_';, 1 ‘ an output.

-
-

L7 = x
= [pro_11]. : peaf es. */
- [pro_21]. ‘ .

o ﬂumwﬂmwmm
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length_neg(D,M), /* See the 4th subprogramme. */
j_1(D,M,G).



lm_l(DiM)G):'
/* Check the value of M, if M equals one, then the output is the input. */

M=1,!,G=D.
i_1(D,M,G):-

/* Check the value of M, if M does not equal one, then do the following things. */
original_clause(D,C), /* See the 1st subprogramme. */
Cl=C,C2=C, /* Let C1 and C2 equal to C. */
resol(D,C1,C2,M,C,G).. /

/

; —-ﬂ

.*““leveﬂl with C2, and*€haek ihe
: , , \\\

resolution(C1,C285) & £ /) - 2ng subprogranune. *

length_neg(Cs, .. g \\\\\i"‘

= ’ subprogramme. */
check_length(D,Cs '

check_length(D,Cs,M,N,C;G) ogﬁ‘
/* Compare the values of M and’ .......,
M=N, |, Ju
equal _length(D, y -“f;-?-:.'zfa
check_length(D,Cs, 'r, »C E
/* IEM does not equal thendo the following thing, */*
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ien compare clauses D and Cs.*/
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equal_length(D,Cs,M,N,C,G):-
/* Compare clauses D and Cs, if we can find a substitution T such that CsT =D, do

the following thing. */
compare_t([],HVars,Cs,D,[],T), /* See the 3rd subprogramme. */
check_p(T,C), /* See the 3rd subprogramme. */
subst_in_1(C,T,Cc), /* Replace C with CT. */

C1=Cc, C2=Cc, /* Let C1 and C2 equal Cc. */

resol(D,C1,C2 M.Cc, ]
equal_length(D,Cs,M,N,C. @)= {/“‘!ﬂ
/* Compare clauses D and £ 10 Cs by substituting for some
variables which do not geet /4 \\’\\\\?1\“- itput C. */
compare_t([],FLvrs '
not check_p(T,CJ
check_vars(D,C),
G=C.
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The 1* Subprogramme

/* original_clause(+C1,7C2):- [pro_11.pro]

The clause C2 has the same positive and negative predicates as clause C1, but
no negative predicate is repeated. Otherwise, the terms in the negative predicates in C2
are replaced with new variables. */

original_clause(C1,C2):-
check(C1,C3),

h& has the same positive and
—

negative predicates as cl  negalive prgdicate is repeated. */
QQ‘\‘ egative predicates in C2 are

choose(C3,[],
replaced with new vari

check([X|Xs],[X|Z]):-

check_neg([1,[]).

/* Check that the clause his

check_neg([X[Xs],Y):-
check_neg(Xs,Y), EZ e
iu_lina(x,y),} s

check_neg([X|Xs],[X[¥D):
check_neg(Xs, v ;

sl W ANENTNEINS
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arg(1,X,X1), arg(1,Z,Z1),
functor(X1,F,N), functor(Z1,F,N), 1.
in_listC&[JZs])- in_list(X,Zs).




choose([],S,S,[1)-

choose([X|Xs],S1,83,[X|Zs]):-
/* Not change the terms in the positive predicate. */
X \=not(Y), |,
choose(Xs,S1,53,Zs).
choose([X|Xs),51,53,[Z|Zs]):-

/* Change the terms in the negative ‘ carec he new variables. */
X = not(Y),
anti_u(X,Z),
nonvar(Z), !,
choose(Xs,S2,

anti_u(X,Z):-
nonvar(X), functér(3&ng
functor(Z,not, 1), arg ser
anti u(X1,21), arg(11Z Zeerciid
anti_ |
nonvar(X), fusiclecCCENS,
functor(ZF, 'il‘

anti_u_args(N '-r ;

I gum‘namwmm
’“““Wmmmumwmaﬂ

arg(N,Z,ZN), N1 is N-1,
anti_u_args(N1,X,Z).



The 2* Subprogramme

/* resolution(+C1,+C2,7C):- [pro_21.pro]
The clause C comes from resolving the clause C1 with the clause C2. */

resolution(C1,C2,C):-
reverse(C1,C3),
new_vars(C2,C4),
resol_1(C3,C4,C).

reverse([],[1). \ the reverse of the 1st list. */
reverse([X|Xs],Y):- reves€(s( (V5[ X,

append([],Ys,Ys).

/* The 3rd list is the conCateatibn |

append([X|Xs], Ys,[X|Zs])*~ append| "’ A
‘_ﬁf -,"'

new_vars(C,Cp):-
/* Introduce new vary ’L‘f;—:*_-r_':'i:-:%"n-""--"-'-":"' ‘‘‘‘‘ iables in Cp disjoint from
thoseinC.* '

asserta(Stmp( /* Reserve the J*‘,, %/

""‘““*FT‘ﬁ"EI INeNwers
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select(X,[Y]Ys],[Y|Zs]):- select(X,Ys,Zs).



resol_1([1,_[]).
/* Resolve the 1st clause with the 2nd clause to get the 3rd clause. */
resol_1([(not X)|Xs],[Y|Ys],Z):-

unify(X,Y,[],82, ),

subst_in(Xs,52,Xsp),

subst_in(Ys,S2,Ysp),

reverse(Xsp,Xspp),

append(Xspp,Ysp,Z).

unify(X,Y,S,8,X):- X==
/* Find the substitution
the new variables introdugéc
unify(X,Y,SL[(X)/Y|S1]
unify(X, Y, SLICYYXIST), - #

ble in 1st clause with one of

unify(X,Y,S1,52,2):- s AT
functor(X,F,N), fuflctgf(Y, FB0/ 1, fitictor(2
unify_args(N,X,Y,SI,S2Z55  ©

unify_args(0,_,_,5,5: _— .‘
unify_args(N,X,Y,SI, Y
N>0, arg(N, X, XN), arg(N,Y. YN),

Kﬂﬁiﬁ%ﬁﬁmm
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mbst_m(mxs],s,[zm]}.-

/* The last clause comes from substituting the 1st clause with substitution S. */
subst_term(X,S,Z),
subst_in(Xs,S,Zs).
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subst_term(X,S,Z):-
nonvar(X), functor(X,F,N), !,
functor(Z,F,N),
subst_term_args(N,X,S,Z).
subst_term(X,S,X2):-
var(X), select((X2)/V,S, ),
X=V, I\
subst_term(X,$.30:- var(). 8

subst_term_args(0,_,_ )i |
mbst_tenn_argsmx,s/ \'
mﬂ: arg(N:X: v - N

subst_in_1([],_.[D.
subst_in_1([X[Xs],S [ZiZs .
subst_term_ e =

- ‘““lmmnﬂmwmm
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subst_| term L 1(X,S5,X2):-
var(X), select(V/(X2),8, ),
p o'/ 8
subst_term_1(X,S,X):- var(X).



subst_term_args_1(0,_,_, ):- I.
subst_term_args_1(N,X,S,Z):-
N>0, arg(N,X,XN),
subst_term_1(XN,S,ZN),
arg(N,Z,ZN), N1 is N-1,
subst_term_args 1(N1,X,S,Z).
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The 3™ Subprogramme

/* compare_t(+HVarsIn,+HVarsOut,+Cs,+D,+[],7T):- [pro_41.pro]
Compare clauses D and Cs and find a substitution T such that CsT c D. */

compare_t(HVars,HVars,[],_,S,S).

d&lete(Y,Ys,NYV"‘
compare_t(HVars@mp Va0
put_u(HVarsIn,HVarsO
nonvar(X), nonvar(¥
functor(X,F,N), fungfc A
put_u_args(HVarsin, LiVarsQut. N
put_u(HVarsIn,HVarsOut, !

put_u_args(HVars,Hme;},_,_, S,S):- .
e N SN
A A Anundy

check_subst(HVars,HVarsX1/T1,[X2/T2|S],[X2/T2|S]):-

X1=X2, |, TI=T2.
/* Check that if the 1st terms of 2 substitutions equal each other, then the 2nd terms
must be equal, too.*/



check_subst(HVarsIn,HVarsOut, X 1/T1,[X2/T2|S1],[X2/T2|S2]):-
check_subst(HVarsIn,HVarsOut,X1/T1,51,S2).
check_subst(HVars,[X|HVars], X/T,[],[]):- X=T, L.
/* Check that the 2nd term of the substitution does not equal the 1st term of it.*/
check_subst(HVars, HVarsX/T,[],[X/T]):-
not member_v(X,HVars).

delete(X,[Y[Ys],Ys):- X =Y, \1
/* The element X is removed & ' ing the 2nd list. */
delete(X,[Y|Ys],[Y|Zs]):- deleiet *

nhmk._P(TrC):'
not not check_pri

check_vars_1(D,C):- N
/* Check that the va ,__, n C are .m.__
vars_1(C,Vz v,
vars_1(D,VarD Y

= Wﬁ‘ﬁ’ﬁ’ﬁﬂmwmm
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check mamhel‘([CICs] D):-
member_v(C,D),
check_member(Cs,D).



check_prime(T,C):-

/* Check that the 1st variable of the substituions in T is in C. */
vars_1(C,VarC),
check_p1(T,VarC).

vars_1(C,VarC):-

/* VarC is the list of all variables in clause i
vars(C, Var), AN
in_list_c(Var, VarClmem

vars([1,[])-
vars([X|Xs],VarC):-
nonvar(X), |,

append(VarC1,V r, g
vars([X[Xs],[X|VarC]):-
oL
vars(Xs,Va Ti
¢
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NI is N-1, vars_args(N1,X,Z2),
append(Z1,Z2,Z).
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check_p1([X|Xs],VarC):-

/* Check that the 1st variable of the substitution in the 1st list is also in the 2nd list. */
X =A/B,
member_v(A,VarC), 1.

check_p1([X|Xs],VarC) :-
check_p1(Xs,VarC).

in_list_c((],[]). S _
/* Check that the terms in the IStfist are alsofwtC 2ad list, if not, put them in the 2nd
list. */ |
in_list_c([X|Xs],Z):-
member_v(X, Xs)#
in_list_c(Xs,Z).
in_list_c([X|Xs],[X|Z])--
in_list_c(Xs,Z).

member_v(X,[Y]Ys]) - Y = X is a member in the 2nd list. */

member_v(X,[_|Xs]):-
member_ t::,
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52
The 4" Subprogramme
/* length_neg(+C1,7N):- [pro_51.pro]

The length N is the maximum number of times that a single negative predicate
occurs in the clause C1. */

length_neg(C1,N):- _‘
check_neg2(C1,Z),find max(Z,

check_neg2((1,[)).
/* Find the number of tir
check_neg2([X|Xs],Y)
X \=not(Z), !,
check_neg2
check_neg2([X|Xs], Y1)~
X =not(Z),
check_neg2(Xs,Y),
in_list3(X,Y,Y1), \.

adicate occurs in the 1st clause. */

in mm[(z%&gﬂﬂwﬁw g1n9
"“mﬁﬁﬁ?ﬁm (1) [T

arg(l X, X1), arg(1,Z,Z1),
functor(X1,F,M), functor(Z1,F,M), |, N1 is N+1.
in_list3(X,[X|Xs],[X[Xsp]):- in_list3(X,Xs,Xsp).



find_max([],0). /* Find the maximum number of times that a
single negative predicate occurs in the 1st clause. */
find_max([(_N)[X],N):-
find_max(X,M), M <N, |.
find_max([_|X],N):-
find_max(X,N).
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