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An Implementation of Open Set Constraint Logic Language

Dongha Shin" - Sunghoon Son™

ABSTRACT

Set constraints logic language is a language that adopts ‘set theory’ in programming. In this paper, we introduce the procedure for
solving set constraints proposed by A. Dovier and show how the procedure can be implemented in logic language Prolog. The procedure
is represented in ‘rewriting rules’ and this representation is characterized by having nondeterministic rule applicationsand mathematical
variables that is difficult to be implemented in general programming languages. In this paper, we show that the representation can be
easily implemented by using nondeterministic control, logical variables and data structure ‘list’ provided in Prolog. Our implementation has
following advantages.First we have implemented the full features of the language. Second we have described the implementation detail in
thisresearch. Third other used the commercial Prolog called SICStus, but we are using CIAO Prolog with GNU GPL(General Public
License) and anyone can use it freely. Forth the software of our implementation is open source so anyone can use, modify, and distribute
it freely.

Key Words : set, set constraints logic language, Prolog Language, Open Source Software
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Q) ‘ThA|227] T3 (rewriting rule) & AHE-gTh thAjz7)
‘A AF =27 Adof(set constraint logic language)[4] FREe ou g Ao ou FHe] S ‘N
[6, 12, 13l ‘A7 ol&(set theory)[11& Arg3te] X2 AARA 13 AHL(non-deterministic rule application)'® ‘F
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A A4A ol T UAERE 7|edAhs Holth Al 7
<& A. Dovier 97¥ol 494 Prolog?®! SICStus Prolog[15]
£ AHg3te] Ed Ade ge £ 782 GNU GPL(General
Public License)[8]& 7+4& CIAO Prolog[l6, 1718 A}-43}
of FHSAY] WE Fru FE2 AT § g Ho
thodA 2 dfeld AdE 22 I5E I AZE
[19]0]7] W&o F7u AFEA AHgstn 3 wEd
de Motk #A M Aofl OSCL(Open Set Con-
straints Logic language)= AT E oA E o] HYPst
SHEZE A YAE[18]9] ¢ AfolEe FAat Sl

2 =59 284 = OSCLE Ed8&h7] Y3 FF(syntax)
F 9v|(semantics)E A Fc) 3FAAE 273G HH
Aolel &3 W E JHA 3 A2y FAS 7|edr)
A7) 32 JE AT FAE 7] 98 4ol He
F&olrt 473 1% 3 =

M B Afdel PP 0SCLel # FAHYLL H
Fa7l 9% B4 AL B 49 1w Zxade A
A4S ARE BT 6FME B AT oojef F

2. OSCL 210

2 WWL OSCL9Y +H-(syntax)® 9] 7](semantics) &

21 =&
0SCL9) E He oy 72e AES AME3le ®"(term)

3 ‘A AdH(set constraint) & FA I}

» 3 )\E}% CIYE, (%7&%) AR A AE

o &o] A= e g Uy, Uy, I, N fset!

ol A8 dF UEAR AFHE wol(word)

e AR A& ‘Aland)

Hol A Aol HEE AHRst TEd AFE (XY 9
nE (XJUYE ofujgit), o] o, Y& &4 IS Yehle
HEE = 1Y we)eloforyt @k A (tltalltsl
{talt}-- 12 23] {ty, to, t3, -, Lt} ZAATE ToF t=0

olwl Thehal {ty, to, t3, 1, t)2F EHEHET OSCLE T8
St g ogde “% Xﬂ SH(set constraint)”9] QACANE
749t A48 5o X={allblY}} A YEZ A ZIX' & OSCL
x89 JF A% =8 Z2ao|c)

HU

2.2 2[no|

% Aofl A % 4 gt A% AT =] TR ogn)e 49
oA A9lsl= #4 7139 ouje} st 53 HE
A g 4”] oteo] A eJah= &2 (axiom) Ab(Absorp-
tion)$} Cl{Commutative on left)[2]-& 2FEajopqt 3ho}.

e 32 Ab: {XUXIZ}={XIZ}

o 23 CI {XHYIZB=A{YIXIZH

1_4

]I?(_, rO{

8 Abe A9 FUA(Gdempotency) Ad, &g Cl&

A wE 7MsA(commutativity) X 22 VR o] F
Y& e (AD(C) FE’Eka @t (Ab(C) FE)9t
TTE 9guE JAE oE xd2]e oen gow g
Bl diate J SAY taxr] e g

{(YIIVI}={Y2IV2} © (Y1=Y2 A V1I=V2) v
(Y1=Y2 A VI={Y2IV2)) v
(Y1=Y2 A {Y1IV1}=V2) Vv
(VI={Y2IN} A V2={Y1IN})

3. CHAIAAT] & (rewriting rules)

OSCL9Y F8oAM A e RELE gAY

4% A3 AgH(set constraints) o2 ARW FAEZ 2

1(solved form)o] & ®Wj7}=] thA] 2% E(rewriting) T3

o3t Zoltt o] gal2y] 3L A Dovier A8 o

AE FHSACL ‘A7 AN

o T WU, 0 R, 283 ‘set’ TRA| )
FTHZ TAEA d vA 2]

E(symbols)& A&ste] F# 3}

X

27

o
SN

o i,
o
>

2L
~ ol o
ol
=
e
2

N

4y
flo b .- 2
o M
il
<

q
=
.
f

>,

(rewriting symbol) 24 ‘—'& F4] 0
A% Fio] 2T Aoy 28X HEL 2 F

AZ Al 2E PRl
i 3=

bl oo
o
g
[
N
o> o

(constraints)
ot t, s, s¢ YWk ©HE(generic terms)

of g ¢ A E(function symbols)

o N, NI, N2: tpx|27] #3& Histe =F AAH

rir

Hterm)9] 5582 Ao

%3} #A|(set unification problem)[2]
A

= HY =2
ghie st ole LA =g i[5, 20]dA thEE U
2 A7, 1015 A5 Zd71A &4 EA4olt) = 1A
»7) #3243 2o
‘= gAY ]
El) X=X A C - C
E2) t=X A C tlsnotavanableHX t AC
E3) X=f(tl, -, tn) A C, f ={['}, XEvars(tl, -, tn) — false
E4) X={t0, - tnlt} A C', tis ¢ or a Van'able, Xevars(tO,
tn) — false
E5) X=t A C, X&vars(t), t is a set term or set(X)&C —
X=t A C[X/]
E6) X={t0, -, miX} A C, X&vars(t0, -, tn) — X={t0, -,

mIN} A setN) A C

E7) f(sl, -, sm)=g(tl, =-, tn) A C, f =g — false

E8) f(sl, -, sn)=f(tl, -+, tn) A C, f ={|} — sl=tl A -
A sn=tn A C

E9) {tlst={tls} A C, tail(s), tail(s’) are not the same var —
C A any of

E9) = t N s=%
E%)  t=t" A {tls)=
E9) =t A s= {tls)
E9)  s={UIN} A {tIN}=s' A set(N)
E10) {t0, -, tmX}={C0, -, tnlX} A C' — C' A any of
E100 t0=tj A {tl, -, tm/X}={t'0, -, ti-1, tj+1, -, tnlX}




E10;) t0=tj A {t0, -,
E103) t0=tj A {tl, -, tmlX}={t0, -, t'nlX}
E10y) X={tOIN} A {tl, -, tmIN}={t0, -, tnIN} A set(N)
for any j in {0, -, n
Ell) X=f(tl, -, tn) A set(X) A C, f ={-|-}, f 2 — error

tmIX}={t0, -, tj-1, tj+1, -, t'nlX)

Uy ARE A9 Uy AR 2

mlo
2
o
oSt
T

s

= AT 9o = AFe] RS AT

UN1) Uslsy, s5, 839 A C — C A any of
UNll) N&ss A N&Es; A NEsp
UNl2) NEs; A N&s3
UN13) NEsy A N&s3

TR ) T

END) f(sy, =, sm)=glt, -, t) A C —C

EN2) f(s1, =, sp)#flt, =, ta) A C, £ =]}, >0 = C A
any of

EN2) si#t

EN2,) sn#ty
EN3) s#s A C, s is a constant or a variable — false
EN4) t=X A C, tis not a variable — X#=t A C

ENG) X#f(t;, =+, ta) A C, f={-|-}, X&vars(ty, -, ta) = C
ENG) X#{t;, -, tilt} A C, XEvarslty, -, ta) — C
ENT) X#{ty, -, t{X} A C, X&vars(ty, -, t) — C A any of
EN7) tieX
EN7)) theX

EN8) {slr}={ult} A C — C A any of
EN8)) Nefsh} A N&{ult)
EN&) Ne{ult) A N&{slr)

0 Ake % Astel @A ntersection)©] FREAS Al

g,

e

EEEE

It ACortlh @ AC —C
[ X A C - X=0 AC

st {telset A C — 1=t A tiese A test A sillse A

DD ¢
D2) X'
D3) {tlt) 1X A Cor Xli{tlty) A C = t1eX A Xltg AC
D4) {t
C

boATe A9 -

" Ao FADE Adedet

b gAR7)

DN1) skt A C — NEs A Net A C

‘€ AT A7 o AT e & dade A

st AL A4 A B A A4 ARHT

‘e gAz] 7

‘set’ ThA|227] 1A

Ml) s€d A C — false
M2) re{slty A C — C A any of
M2) r=s
M2;) ret
M3) teX A C — X={tIN} A set(N) A C

S1) set(®) A C — C
S2) set({tls}) A C — set(s)AC

S3) set(flty, -, tw) A C, f ={|'}, f 20 — error

‘2 AL e ATy FA(negation)d-S A gt

B

MN) s €0 A C —C
MN2) r &{slt} A C = r#s A r&t A C

MN3) t X A C, XEvars(t) — C

Uz Age R ¥
of Al WA Qe R

Ul Uss, s, ) AC — st AC
) Us(s, t, 9 A C, s#t — s=0 A =0 A C
) Usx(d, t, X) A Cor Uslt, , X) A C,t#=0 — X=t A C
U4) Us(sy, s, {tilta) A C) si#se — {ult={tIN} A =N A
C A any of
U4)  s={tIN1} A N1 A Us(N1, so, N)
Udy)  so={tiIN1} A t1eN1 A Us(sy, N1, N)
Udy)  s=itND A teNL A s7{6IN2) A N2 A Us(NL N2, N)
Us) Us({tilt), t, X)) A C or Uslt, {tilt), X A C, t={tilta},
t#p — {ft1|t2}:{t1|N1} A teNL A X={aIN} A 6N A C
A any o

Us)  tet A Us(NL £, N)
Us)  t={ulN2} A t1eN2 A Us(NI, N2, N)
UB) Us(X, Y, Z) A Z#=t A C,X#Y — WX, Y, 2) AC A
any of
U6} N&Z A N&t
U6;) N&t A N&Z
U6y Z=06 A t=0
UD UsX, Y, 2) A X#=t A C or UsY, X, Z) A X#t A C,
X#Y = Us(X, Y, Z) A C A any of
U7h) NEX A N&t
U7,) Net A NgX
U7 X=0 A t=0

>,
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_%n
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fo a2 k4 U

1gE = OH g dugss A

OSCLel &A% ot

T dugE
(main/0, rewrite/4)

EFEEEE
(equal/7, nequal/7, membership/7, nmembership/7,
union/7, nunion/7, disjoint/7, ndisjoint/7, set/7)

Az B8
(=4 4 Z2E)

(3= 1) 0SCL EHAIA 7=

41 Xtzel ¥H

e AR AHZ Y )7 AFgshe o F Bd T
ol Abgate Wy Fdo] drh BEY i A, AT
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k13

}:H
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At g0 @ AZAzY FH
% =¥ iy 34 95 73 yE g4
= = £ neq(~, )
e in(-,") & nin(-,")
UaC:, -, 0) uni(-,-,") U, -, ) nuni(-,-,*)
a dis(,") K ndis(,)
set(-) set(-) A (-, ]
2 M9 Le|E
49 2uYELS F(main) LLHUEFH TARAT] Ay o
2dgon FHEG F ndIL A8} QPere
%‘% Wi xdoz wWasti(pre-

process/2), W& dug o] H&3)

rewnte/4) HAE oS 9B ggow HHl‘ﬂ(postprocess/Z)
#8l= Y(write_ans/2)& dh

E"ﬂ 2&¥ F duzFol

49 dueg - F adg

main -

read_term(Clause,...), % ¢
preprocess(Clause,Clause2),
Ns=Clause2,Aux=[],So=[],
rewrite(Ns,Aux,So,Ans),
postprocess(Ans,Ans2),
write_ans(Ans2), % =9
main. % A&

A7) A9 4z E9 rewrite/dE 4709 91
Aed ol 747ty Yujg g JJr Zeh AA Qe
34 && AgH(Ns: Not solved), F WA ¢t F4
Al %7t EAl(intermediate problem)E s YA
(Aux: Auxiliary stack), Al HA ¢l Eolrt A#
E(So: Solved), Wl WA A4+ P(Ans: Answer)E 2|3
o 4nEE rew1'1te/4b A7) 38 Z27AE AR
A& A(clause)ol 17 Jxz, Z+ Az whe} 2709 HgE F
ColE AA 2E T HA A5 Auxy) Bl 9)

AE A FHE HHY #H 2 oA
s HE7] 9% 3—31_0]5’- + B“‘H He Aux 29|

% o
X
=

5 Ao}, rewrite/4E Prolog® vl 4AZ AolE 7%
I glolA 3Fe] dudk gAxy] e nAAA Hes
__—rL

)
oL
)

43 39 gmalF
9 YuAZ S 3AA HBE 7 AW A2 A F
A dAny] FHE PR dueFolt olF 7d

e @ole Z A &AM 4=} equal/7, nequal/7,
membership/7, nmembership/7, union/7, nunion/7, disjoint/7,
ndisjoint/7 12|31 set/7<NH], £ 7 EAHL o]& A5
FA R oJuirt ZopA 7@ A oEir A oF Ld ¥
TRl doke Folth, A WA} A A & AT
ZAENs)OlZ, 7 WA Afe 289AY ASHE Aoz
A HA A5 AE A P2EHT WUA HAdol HE
A% H2EAux)olth. Al WA AeE ZA SFdy g4
g 2E(So)elth A WA, F dA, A WA A5 g
= 94 Agolx, A WA, oA WA, dF HA <
T A HA, F UA, A " Aget 2E v &7
(out) 1grolth. vl WA A AA A oF 3= AT
EAelth B HfME OSCLY 9l AF w0 F 713
F23 919 equal/7 ¥ membership/7 FA o8 7]&35t)

4.3.1 equal/79 +&

349 13 E1~E8L Ut <o =819 LA 3Hunifi-
cation)[10] A8} Zomz A e Hyge ATt F9 2
E10¢] 7&do] & 789 Ao}, o5 F& dueFL
e 2

3 ¢nEFE - 2 gAey) dngFE

equal(Nsl1,Aux1,Sol,set(T1,S1)=set(T2,52),Ns2,Aux2,Sol) :- % E9;
Ns2=[T1=T2INs1],
Aux2=[S1=S2/Aux1].
equal(Nsl1,Aux1,Sol,set(T1,51)=set(T2,52),Ns2, Aux2,Sol) - % E%
Ns2=[T1=T2|Nsl],
Aux2=[set(T1,51)=S2|Aux1].
equal(Ns1,Aux1,S0l,set(T1,51)=set(T2,52),Ns2,Aux2,Sol) :- % E%
Ns2=[T1=T2INs1],
Aux2=[S1=set(T2,52)| Auxl].
equal(Nsl,Aux1,So0l,set(T1,51)=set(T2,52),Ns1,Aux2,Sol) :- % E9,
Aux2=[set(T1N)=52,51=set(T2,N), set(N)| Aux1].

equal_ten(Ns1,Aux1,Sol,set(T1,S1)=set(_,_),Select,Remain, % E10
Ns2,Aux2,Sol) -
Ns2=[T1=Select|Ns1],
Aux2=[S1=Remain|Aux1].
equal_ten(Nsl,Aux1,Sol,set(T1,51)=set(
Ns2,Aux2,Sol) -
Ns2=[T1=Select|Nsl1],
Aux2=[set(T1,51)=Remain|Aux1].
equal_ten(Ns1,Aux1,Sol,set(T1,51)=set(T2,52),Select,, % El0s
Ns2,Aux2,Sol) -
Ns2=[T1=Select|Ns1],
Aux2=[S1=set(T2,52)| Aux1].

—r—

),Select,Remain, % E10;

S

equal_ten(Ns1,Aux1,Sol,set(T1,S1)=set(T2,S2),_,_, % E104

% A7) FEE 93

rewrite([],[],Ans,Ans) - !,

% THA|227] A& =g g A

rewrite([X=YINsTaill,[1,So,Ans):~
y

rok
=

equal (NsTail,[1,S0.X=Y Ns2,Aux2,502), % 43 %2

rewrite(Ns2, Aux2,S02,Ans).
rewrite(Ns,[X=Y|AuxTail],So,Ans):-

3

equal(Ns,AuxTail,S0,X=Y Ns2,Aux2,502), % 4.3

rewrite(Ns2,Aux2,502,Ans).

% heiA) 87 ARE AF $ = 59 dmARY

T3 E9Y TS MY HE FAHEH oE e 3%
9] ThAl27] 3 E9 ~E9el 133l 2R Aog 7}
A Aejt}, 173 E109] :TL?;E 4708 A2 T R
E2 2709 A2& 949 Select Z Remaing 71 ¢l
¥ o] &2 E109 :rlﬁi(equal ten/9)& &ol3tA 317 93t

YH HTFE Select= A4F AFAAM v 2HHoz A

1
oq =
gy she] d4E ARdE U4olal Remaind o] 94



4.3.2 membreship/7¢ +&
membership/7< 339 MI1~M39)
78 daugge o 2

dgete T3tk

39 43 - ‘e A ny] dueE

membership(Ns1,Aux1,So0l,in(Term,X) Ns1,Aux2,Sol) :
var(X),

- % M2

!,

Aux2=[X=set(Term,N),set(N)|Aux1].
membership(Ns1,Aux1,Sol,in(R,set(S,T)),Ns1,Aux2,Sol) - % M3

)

(Aux2=[R=SlAux1] ; Aux2=[in(R, T)|Aux1)).
membership(_,_,_in(X,Y),_,_,_) - % M1

Y==snil,

fail.

5.1.4 = 3 A4 Axt
Qe g =
[neq(A,a)] or [neq(Bb)] or
neq(f(a,B,C),f(A,b,C)) [neq(C,c)]
. [nin(a,X)] or [nin(b,X)] or
eq(X,{ab,ciX)) [nin(c,X)]
5.1.5 U3 &4 A1¢d 23
98 Zg a9 o
uni({X},{b}{a, Y} X=a, Y=b
V={X,a,b} [neq(X,a), neq(X b}
uni({X},{a,b},V) or V={a,b}, X=a or V=(ba},
X=b
. V={X)Y} [neq(X,Y)] or
uni({X}1L{Y},V) V={X), Y=X

9 ¢
) H

FoAA Al A do] Mldl # gt %é%(snﬂ)
S =]

A WA 2T HA do] 244 M2 9 M3

r‘n}i
C €z

] 2L
o},

-

=]
5

r_‘

5 &% Md

2 FolMe= OSCLY 24 AF goj50] & FHHUTE
A gst7] A8 2z Alg golntch B2 AES 3 ARE 2
ok %3 X% AAsty] FA(map coloring problem)E
OSCLE EojEozd 7do AANE A5t

ha

51 2 Mzt =0fe| S A &1

51.1°=" 7 A% 2%

a=

5.1.6 U3 TH AIE A7

e Tz B
7={_1;_2}
nuni{a},{b},2) [set(_1), neq(_2,a), neq(_2,b)]
or [nin(a,2)] or [nin(b,2)]

517710 52 Ng A%

9g Z2a9Y =2

X={a,b;S}, X=Z,Y={Z} X={a,b;S}, Y={{a,n;S}}, Z={a,b;S}

g8 =29 i

dis({a,b},X) [nin(a,X), nin(b,X)]

. ) [neq(X,a), nin(X,Z), neq(Y,a),
disUX, Y {aZ) Ain(Y.2)}

5.1.8 % &2 Ag Ax

9 Z=z2ay kil
ndis{{a,b},{X Y} X=a or Y=a or X=b or Y=b
ndis({a},{X,b}) X=a

X={ab,c;_1},Y={aabb,cc;_2},

X={a,b,c;X},Y={aa,bbcc;Y} [set 1), set( 2]

T1=T or U T2 °
RPN S={T;_1}, T1=T, [set(_1)] or :
{T;SI=(TL:S} S=(T+ 2}, TI=T. [set( ] or set({t:S}) [set(S)]
S={T,T1;_3}, [set(_3)] set(X),X=f(a) false
A=a or
VL A- A=a, X={a;_1} [set(_D)] or X5 MES7| =X
faX)=(aX) A-a X~(22) [set( 2)] or 52 A= Adsl =H
X={a,A;_3} [set(_3)] e ZZ 7Y =
CC=green, GG=red, GS=red, GW=blue,
=21 A5 JR=blue, R={red blue green,bluered} or
51.2'€ 4 N8 A R={GG,GW,CC,JR,GS), | CC=blue, GG=red, GS=red, GW=green,
DEIELET = R={red,blue,green}, JR=green R={red,green blue,greenred} or
— nin(GG,{GW,CC}), CC=green, GG=blue, GS=blue, GW=red,
in(r{a,R1,b,R2}) Rl=r or R2=r nin(GW {GG,CC,GS}), || JR=red, R={blue,red green,red,blue} or
; . it nin(CCAGG,GW,JR.G || CC=red, GG=blue, GS=blue, GW=green,
inft,{abiX}) Xt 1) [set( D] ShH, JR=green R={blue,green red green,blue} or
in(a,(b,X,Y;Z)) X=a or Y=a or nin(JR,{CC,GS}), CC=blue, GG=green, GS=green, GW-=red,
DA, Z={a;_1} [setC1)] nin(GS,{GW,CCJR}) | JR=red, R={green,red blue,red,green} or
CC=red, GG=green, GS=green, GW=blue,
P B JR=blue R={green,blue red blue green}
5.1.3'¢ 53 A8 2%
de =20 l 2 A7ola FEF OSCLE AHg3te] Nz MAsy] &
nin(r,{a,b,RN}) [neq(RN,r)] Zﬂ (map Coloring problem) 63 /\] ﬁi ] §M1 ?—5&9,] Xé @‘]—
nin(N {b.) [nea(Np), nea(N] 4e AFAY + At Ax A¥ar) A dae 5%
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