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ABSTRACT

‘Set’ is a tool that is used frequently in designing computer programs. Because of the reason, ’set
constraints languages’ have been developed recently. In this research, we introduce ’(Ab)(Cl) set unification’
problem and implement it using the ‘set equation rewriting in Prolog’. In this research we shows that the set
unification, that is considered to be difficult to be implemented in procedural languages, can be implemented
easily using the non-deterministic control structure and the list data structure in logic language like Prolog.
Our research uses the Ciao Prolog with GNU GPL, this is compared with other existing implementations
which used expensive commercial Prolog, so anyone can use the result freely. Currently the result is being
used for implementing a set constraint language.
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1. F-%(Syntax)
(Ab)(Ch) A YA A= bt 22 A

L
& AM&-3te H(term)3} T2 (equation) & FH Tt

o ¥l AE: JF dEAZ AAHE Do
o T AE - |- ) Y, AR B AE
oz A

. Q7 A A

At A g NEBE AEste F¥83 39
{X1|X2}9] 9wl {(X1}UX2¢] ovjeln] o 7]Af X2
= 4 AgS yehlle "doloh a8 HoY
IXTX2 X3 ] ..{Xn | Y} )} ZFeralal {X1,X2,X3,
LXnlY)2 E887e duh wel 7)1 Y=o
W 7heE]) (X1,X2,X3,..Xnjleg2 EHITH F4
(equation)& 'H1=92=z RIL. dE E
IXTX21{X3|ol}}={a|{b[{c]| O} & st S o]
o (Ab)(Cl) A§ dXF FA= THES 94
2 A g ALEstal A (conjunction)§F o)t o
=W, X1(X2](X3[9i=lalfbl{c o)) A

X4=d'v stutel J§ YA g £AS £Folo.

2. 9] u](Semantics)

o WM AoF FEoz wHE ALe oy
of £3% Fz] Ab(Absorption)?} F Cl(Com-
mutative on left)-& &3]

Ab: {X[{X|Z})=X] 2}
Cl: {X|{Y | Z}=(Y | {X|Z})

o
» o

3 bot T2 Cl& Je H4dE& adz
B ded o F FEE T 1
“(Ab)(Cl) F’etx §c} (Ab)(C) FEE 2 9

mle] e Edez Ughid gg 2o
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A YHRLFNE=EA A8A A5

{Y1|V1}={Y2| V2} ©
(Y1=Y2 A VI=V2) V
(Y1=Y2 A VI={Y2|V2)) V
(YI=Y2 A {Y1|V1}=V2) V
(V1={Y2|N} A V2=(Y1|N)})

. CIA|AA 7| TF|(Rewriting rule)

A2y FEH L AY 4235 BAE %
7t 4¢ Z ¥ 4(solved form)o] & W7t o
Al 2E FH otk F2 X=t gref X7t t &
A gow Y Fojgx it £ HlA
Aohe A7) FEHL A, Dovier AFHo| A
okt wral[5]leg A7) 3 Es, Eaux, Ens
g 39 Ae AREdte FEEY. 7|4 Ese
olu] £ 29 gYAEo1, Fauxs & Fojok
g 49 gAEo|H, Enst o3 A &2 4
9] glAEojt}. Z7)d) Es9} Eauxe Hl g AEo|
I Enst Fo]3 A7 4X)3 FAE 7FAL 3l
A7) FH e Eauxel AFE §2 F }UE
A A3 (o)of Eaux} ¥l 2 2=Eo]H EnsellA 3t
U2 AAF) edl AR F et v F 39
ZAL NEE gA 2T} o] FoRtt o9
t} A2 7)= Ens®} Eaux7} ¥l 2 2EVE € w712
AAch

R1) X=X  (Z1: AAY)

R2) t=X — Ens=EnsA(X=t)

R3) X=f(tl,..,tn) > fail (£2A: X7} f(tL,...,tn)]
3= 3e)

R4) X={tl,...tn|t} + fail (Z2Z: X7} tl,..,mn9|
Egso} AAY t7F FF Fol o X
to]BA X7} toll Z3HH 0] 3UE)

R5) X=t > Es=Es[X/t]A(X=t), Ens=Ens[X/t],
Eaux=Eaux[X/t] (£7A: X7} tll EFE A
%&+E)

R6) X={tl,...tn|X} + Eaux=EauxAX={tl,..tn
N} (£3: X7} tl,...tn0] EFHA &F)

R7) f(s1,...,sn)=g(tL,..,tm) > fail (F£7: f=g)

R8) f(sl,...sn)=f(tl,...,tn) — Ens=EnsA(sl=t1A
s2=t2 A... Asn=tn)

R9) {t[s}={t' |} — T& F 3t AHF (2
tail(s)9} tail(s')e] 22 HF7} o)

R9-1) Ens=EnsA (t=t'), Eaux=Eaux As=s’

R9-2) Ens=EnsA (t=t'), Eaux=Eaux A {t|s}=s’

R9-3) Ens=EnsA (t=t'), Eaux=Eaux As={t'|s’}
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R9-4) Eaux=EauxAs={t'|N}A{t|N}=s")
R10) {0,...tm|s}={tV,...t0" |s'} = {0,...n}ellA] 3t
g A9y g & F g F SUE A
g3 (22: tail(s)$} tail(s')o] 2L WFY)
R10-1) Ens=EnsA (t0=ti’), Eaux=EauxA {t1,..,tm
| X}={t0',.., -1 4+, 0 | X

R10-2) Ens=EnsA (t0=ti’), Eaux=EauxA {t0,...tm
| X}={t0)... 617 G+, b0 | X)

R10-3) Ens=EnsA (t0=ti’), Eaux=EauxAl{tl,....tm
| X}={t0’,...,tn" | X}

R10-4) Eaux=EauxAX={t0|N} A {tl,...tm |N}=
{t0',...,tn" | N}

gel gAI2r7] FEHAA taills)e 3 2ol
Aeojgrt

w@il(t) =t (22: 7} Waol AL Kt1,..,m))
tail(t2) (27 t={t1}t2})

A 22717 EU Esel AR E e X1=tl
AAXn=tn Aol F2o] ¢ ofX](answer
substitution)7} @t}

ore] A7l F4 & R1, R2, R3, R5, R7 &
R8S Aol XFHA ge 7IE =8 Aoy o
1 2H16][17]18 AT #H oM, IFY =A%
Z719 73L& R4, R6, R9 2 R100|t}. o714 R4
E AL neid ¢y HA(occur check)& v
3o, R6S TYF vz Y I L o3
1, R9 & R10& (Ab)(Cl) F&¢ HHAoH.
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(AD(CD A& dA3te] 7& B A7

dg Eo A X1L,X2X3YE ‘set(X1set(X2,
set(X3,snil))) 2 EHETL

[ dx38 BAAAM Ag-SHE Ens, Eaux, Es
v 549 gfzE(ist)g FIFEL dE 59
"IX1,X2,X3}={ab,c} A Xi=d'v ‘[set(X1set(X2,
set(X3,snil)))=set(a,set(b,set(c,snil))),X4=d]'Z HEEH
gt

2. R9¢] &
R9E F&#3sl= Prolog &£ol= ’abcl_rewrite_
nine’o] By o] £0]9] Q4 (argument)y= A HOE

g 2o

i. Ensl: 948 Ens (A |27] )

ii. Eauxl: Y8 Eaux (thA]227] )

iii. Esl: 948 Es (tFAl227] A)

iv. set(T1,S1)=set(T2,52): A€ I¥ &2
v. Ens2: 3 Ens (TAIA7] ¥F)

vi. Eaux2: 3 Eaux (A7) ¥F)

vii. Es2: £3 Es (thA|27] ¥F)

%o] ‘abcl_rewrite_nine’& Prologe] ®lZA A4
Aol FZ2E AHEIH 933 22 e 2=
2 7349

abcl_rewrite_nine(...) :- % R9-1

Ens2=[T1=T2|Ensl],

Eaux2=[S1=82 | Eaux1],

Es2=Esl.
abcl_rewrite_nine(...) :-

Ens2=[T1=T2|Ensl],

Eaux2=[set(T1,51)=52 | Eaux1].

Es2=Esl.
abcl_rewrite_nine(...) :-

Ens2=[T1=T2 | Ens1],

Eaux2=[S1=set(T2,52) | Eaux1],

Es2=Esl.
abcl_rewrite_nine(...) :-

Ens2=Ensl,

Eaux2=[set(T1,N)=52,51=set(T2,N) | Eaux1},

Es2=Esl.

% R9-2

% R9-3

% R9-4

3. R10¢] +9

R10& F&3}l= Prolog £oj+ “abcl_rewrite_
ten’o]n] o] £ojo] Qe 9] ‘abel_rewrite_
nine’ 2] Q4= olf 2789} A47F FrME T

viii. Select: 43 AT T2] Q59 LEE %

T o set(T252) A AdE WA & (9714 ie
A4 Wsle E23)
ix. Remain: set(T2,52)0ll A i &) o] A Ad ©

o 714 Select @ Remain “abcl_rewrite_ten/9’
o] 28714 g9 £oj& E At o] &
g AA A%E FolAe Y Woln ¥ WA
2 A WA Q4= Select @ Remaino|t}. o] £o]
= BE 7}53 Select$} RemainS A 4bstodo}r 3}
o AA A5 gholl wpet vl AR A9 FF o
st} ZA5@ g A g gobudh

select(set(Select,Remain),Select,Remain).
select(set(X,Y),Selectl,set(X,Remainl)) :-
select(Y,Select]l,Remainl).

2 o] “abcl_rewrite_ten’2 Prolog®] Bl A A A
o +ZE A& USH 22 e g2z
F@dr}.

abcl_rewrite_ten(...) :- % R10-1
Ens2=[T1=Select | Ensl],
Eaux2=[S1=Remain | Eaux1],
Es2=Esl.

abcl_rewrite_ten(...) :- % R10-2

Ens2=[T1=Select | Ens1],
Eaux2=[set(T1,51)=Remain | Eaux1],
Es2=Esl.

abcl_rewrite_ten(...) :-
Ens2=[T1=Select | Ens1],
Eaux2=[S1=set(T2,S2) | Eaux1],
Es2=Esl.

abcl_rewrite_ten(...) :-
tail(S1,X),
Eauxt=[X=set(T1,N} | Eaux1],
replace_tail(set(T1,51),N,set(_,S11)),
replace_tail(set(T2,52),N,set(T22,522)),
Eaux2=[S11=set(T22,522) | Eauxt].

% R10-3

% R10-4

V. Al 3

2 ANE & AlM PHR TRaYY T4
& NYPY. AW 7 thalzr] 729 FHo)
RYIAE APE 4 e TAS JPsle] 2 of
@ gA7F ARBAE AASE YU ASAT
73 R6, R9 % R10& A W& Ane oen 2.
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FSH LA FAEE =EA A8 A%

R6 A} &:

?- X=set(a,set(b,set(c,X))), Y=set(d,Y).

Y=set(d,_631), X=set(a,set(b,set(c,_517))) ? ;

no

R9 A E:

?- set(X1,set(X2,set(X3,snil)))=set(a,set(b,snil}).

X1=a, X2=b, X3=b ? ;

X1=a, X2=a, X3=b ? ;

X1=a, X2=b, X3=a ? ;

X1=b, X2=a, X3=a ? ;

X1=b, X2=a, X3=b ? ;

X1=b, X2=b, X3=a ? ;

no

?- set(X1,X2)=set(X3,X4).

X1=X3, X2=X4 ? ;

X1=X3, X4=set(X3,X2) ? ;

X1=X3, X2=set(X3,X4) ? ;

X4=set(X1,_1627), X2=set(X3,_1627) ? ;

no

R10 A 3:

?- set(X1,N)=set(X2,N).

X1=X2 ? ;

X1=X2, N=set(X2,_3052) ? ;

X1=X2, N=set(X2,_3047) ? ;

N=set(X1,set(X2,_3062)) ? ;

no

?- set(X1,set(X2,N))=set(X2,N).

X1=X2, N=set(X2,_3286) ? ;

X1=X2, N=set(X2,set(X2,_3290)) ? ;

X1=X2 ? ;

X1=X2, N=set(X2,_3332) ? ;

X1=X2, N=set(X2,_3327) ? ;

X1=X2, N=set(X2,set(X2,_3342)) ? ;

N=set(X1,_3264) ? ;

N=set(X1,set(X2,_3471)) ? ;

N=set(X1,set(X2,_3345)) ? ;
=set(X1,set(X2,set(X2,_3360))) ? ;

no

vid 2
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