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An Efficient Method for Controlling the Number of Proofs in Prolog

Young Kwang Nam'

ABSTRACT

We proposc an exlension to Prolog called the count term for controlling Prolog execution. The purpose is to
allow the programmers as well as the users to have greater flexibility in controlling the execution behavior of
Prolog programs and for limiting the number of answers or proofs retrieved when Prolog is used as a database
query language. Both syntax and operational semantics of the count term are defined. An implementation strat-
cgy based on WAM (Warren Abstract Machine) by modifying instructions related to backtracking behavior has

been suggested.
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o disl AAE g & APt A/ WHoRA
£ A3} failg ol g&too} v olg T2
Aol oln| spoto] YE o). 72 5ol setof
U bagof [12]9} & vl=g] A Aitatel] oA &
3 @t g2 28 WAY RE && AN
g sk sl

ZEg2aE A o2 PA FH(explicit) F2 Al
Z (implicit)e] F71x) Wy oz 438 Aojdr}. &
A 7 (interpreter) 7t T2 2 vjol Al F7e] G2 Y3l
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B39 FEA Sz 25 ouig 49, 53
o A= WAM(Warren Abstraction Machine) 317 3}ol
A oA FAEE FEY A7 ] A3 4Pt
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W 2 F&Tg0] BAMA Aslolol & B +8
ARste 9L @k 2L F52 L) Ao of
@ ©8 ToEe 2ol AE ASE AoBE FYBL
Ug3 e FoHA 9@ b 4 Aok AdAE
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treecl] A St} F&£ 7 (X, V)& FA3te 7HA7) 2
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oo Yde #YZof FoljArt 2 on& et A
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t YE=ojof & o) UrixE FojA TIPS
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3. g5 AE

o] HolME £ P =dojo F &

& 2ok Ao Le 4 159 4 7] Elfun-
clion symbols), &ol(predicate) 71& 12| &9
A4 va Ao gl olg(atom)E 7)Ee] A9
9 A3} 72 om(Chang? Lee[3] #=) o) L& A
2} 9 &8 EFFY. £ =ENM bFEE Adoje
3 F5e AP AUTZ el Ae Mg E2F
g}, 7)o T 71 5 e Fotd(0)E 9] §ict

o) 3.1 yref A7} o} E-o| 3L u€ Ny, A u= count an-
notated o} E0)H, 43t ca-atomo) gt {Et}.

A 9) 3.2 ca-clauser= Lo—L & &L, B2 2 F40|
t}, Lo ot ol 7+7}9] L,, ..., La o} B A Y ca-

atomo)th.

ztzke] L; 1<i<nol W& 98 2R LiiTY
oF §HoZ 7+ @t T2 I3WLE caclause S99
f & Ajtoldt.

F829 278 8 Bl =#dd £Y$
AHojat7) A% Zo)r] g Eol AAY oulst £YE
wted slofof @t A Yzb=e(first order logic)
o] 2d o]&d 712E IAREAA nj2Me 2R
o] 3¥3tA R 3ttt

Debray$} Mishra[6l= E#8 A2 ou]o] 7|28 =
E219 9r|g A73AT 259 ue ZE=Z
19) 7] o] ¢ M(depth-first)# }-$-(left-to-right) A4t
e e B =2odAE 2 PyE A
t} 8 =244 Yehdiie 2uie (S HoE 3§
A7)0 71282 AUtk ARH LR o) 2 E(goal)
o) th g R 2] of X (substitution)e] FE2 9
g AHgAteAle 2700 23 Zg2a T2y
o] AFY £ v YyFoZ wolse|y Hrf. uif
M Fo]W A Q= A,&..&A4,F ZEIY Pl 0
4], Debray$t Mishraol] 9§t ¢joj& Q71 A4, ..,
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Aol Qe W5l A {3 ARG, 0s, ..., On)
o Aol =& YAtk 6,& TE2] A
AgozRE Jojd AWA dxolth A7lHe A
o] Qoll gt §5te] th A& seq(4,& ... &AL 2 EL
=3

a. +82e| REH 20|

S£¢23 A 50 713 &4 verd 5 e 9
o= AxE oo} & HEAR S48 Agste Yol

CFgE g ol oldlE FolF A o
8 Fo] 3 o]t o] 2o A Y3} Fol SLD search
tree®] & n# o Aol Ego] Ho Ade A&
718 AsAY 23 UL A$o] die "t
Pyl 4820 ool [SM FE el Y&
$HA71e e Ao 44 498 + U

A 71e 2d(stack) AN ZFH) 29 &
719 FE FFL & 49sd & F Ao 294
ol 7} YA FrameList, X, &5 18|32 @A
o] 2% Aol G AUE A YFE AW
% flago 2 FAH e AIL=2 H it o] flag
o shte 2 dast N2 95 F wEig 022
%7139 v}, Framelist= Framed] Q402 7450
209 7zt Framed d|dojo} & & C_atomList
9} 328 g AgHojor ¥ upA(binding)ol
Yo A4 Ee] JYL T2 Ao C_atomList
= C_atom9 g&o8 FAS] 12 4 C_atome
o}E EE ca-atomd] MFHE o} E olFH FYFL
2 745

C_atom::={Atom, ), 471 n€ Ny

C_atomList :: = nil|C _atom:: C _atomList

Frame:: = (C _atomList, Varp)

FramelList :: = nil| Frame :: FrameList

Stack :: = nil|{ FrameList, Subst, Clause®, flag) :: Stack
Stack :: = Stack.

* FA = 5419 Kleene closure A4HAHE VeR A,
P= ZojA g T2 aPg JeERR A, 4B
28 Jehied 279 AAA 94 40|32 B
e g2 WA § vl SN 7e g3 2
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2 ¥+2 Yepf A
interp : State X Clause* X Ay — FSubst®.
FolA Z2aYP Poll e BE Cl A= FE &
$¢ 229 SYAY Yol Yaa H4)0
e = B8 L3 2ol RHHEY.

interp({{CA, uy:inil, Vp):: F, nil, C, 0)::nil, P, p)=
0,::0;:- 50, A71AM 0<i<pori=T

@71 FSubsi®t %@ A 8 EE T

1. inlerp(nil, P, n) = interp(St, P,0) = nil

A4g Yehle Adolt A1) ts) A R
& (29 Dot e Ao

Fold Zzage Ay AgE Ade] ohv3
£ ged & ¢ o4 $4¥ 78| UAY Sy
o 00] I & T AR

interp(nil, P, n) = interp(St, P, 0)=nil

719 HeE A7 FEE] fe AU
ZE20E A3y A A4 de e (ad
1] ¥5 29} 39 Fgolct. §5 29 Aol oiA
dhte] o] dojA e W& Yehl e, 85 A

2. interp({nil, ¢, C,0) :: (((A, ) :: G, Vp): F,0,C, [)::Sty, P,n(# 0)) =
¢ = interp((({A, p) G, Vp) = F,0,C, 1 rangle::S'lzz P,n-1)

3. in!erp((((A, fl> ZIG, VP) i FO) ¢, 7"'[» 0) o (((La ﬁ) ::(:11 V;’) o Fla 01 Clv fl) ::StOv P) Tl(# 0)) =
interp({{{L, 8)::G1, Vp):: [1,0, Cy, f'}::Sto, P, 1)

4. inferp({((A4, ) =G, Vp):: Fy, ¢, nil, 1) :: ({({L, B) :: Gy, Vp) 1,8, Cy, f))::Sto, Pn(#£ 0)) =
interp((({L, 6—1)::G1,Vp): F,0,Cy, f'):: Sto, P, )

5. in!erp((((A, ,‘) =G, VP) 2 Fy, ¢, (HO : "BO) =0, f) 22 Stg, P, 7’(7(: 0)) =
interp({Fy:: F1:: [y, 0 0 ¢, P,0):: Sty, P, 1), & 71 A

r#£G

H; : — By = rename((Ho : — Bp), dom(¢));

0 = unify(¢(4), Hy) # fail;
Vp = dom(g);
Fy = (B, \p);
F = (G, Vp);

Stl = (((Ar“) Gl VP) o F0’¢’ C) f) b S'O-

6. mterp((((A, “) ::G) VP) - FO; ¢) (HO : _BO) B Cr f) = Sto) P’ "(‘—Ié 0)) =
interp({((A, u) ::G, Vp) : Fo, $, C, f):: Sto, P, ), 4714

pEG

Hy : =B = rename({(Hyp : —Bg), dom(¢)};

0 = unify($(A), H) = fail.

7. interp({({(A0)::G, Vp):: Fo, §, C, f) :: ((L, ) :: Gy, Vp) 2 F1,6,C1) :: Sto, Pyq(#£ 0)) =
interp(({({L, p—1)::Gy, Vp):: F1,0,Cy, f'):: Sto, P, n)

8. interp(({nil, Vp):: Fy, ¢, C, f) ::St, P,n(# 0)) = interp((Fo, ¢ { Vb, C, f):: St. P. .

(322 1) M& nHe] B &= 3N



€ Atde & 97 A9 otE FYEY g
g F2APLBA 18] WEHFo] ¢ 3 Ed
e Ag gee AL Adsre 1 Y Pyl
v atct. Aol Ao BoANY £REY 3 nE

|
93 24X, wob 22¥ & 329 gho) 00]R
o A$olE T2ade £E T AV,

interp({nil, @, C, 0)::{{(A, u}::G, Vp)::F, 0, C, f)::1813,
P y(#0) =
#:interp({{(A, p) G, Vp):2F, 0, C, | rangle::St;, P, n—1)

@8 Ao Zgol A o o4 $49 ol
gow o] Anstd EAF L Yo, of
A AAY 290 YL E At Aol WA &
W) A5 ke Al weF 2 ghol 1ol g
of 4 okgl $42e e 1DF YU

interp({{ A, 4} =G, Ve Fo, #, nil, 0) - (KL, B):Gy, Vi)
Fi,0,Cy, f7) 81, P, p(#0) =
interp(((L, BY:G, Vi) F1,0,Cy, f')::Ste, P, 1)

R} N5 gol 0o]H VA o}Fo] e U
2g A%7t slng a ofFe] 499 olEe AP
FarEo) e FAANANA R 29 @ Yo AE
Q2E 2B

interp({((A, ) G, Vp):iFo, , nil, 0):: ((L, B)::Gy, V)
F\,0,Cy, [y :8t, P, n(#0)) =
interp(({(L, 8Y:G,, V)= Fy, 0,Cy, fY:Sto, P, 1)

(28 9] 35 s AdA A njg) 7L 3T
3 ol§& T B Foff 289 AY 9B Qe
zole} @2zt 4 F 59, Frameliste 2 Mol 3
o Bof e vnA FL£ILEL I3 NEL
Frame g A/4dsted, olul A% flagd 022 278
oo & @A Y3} gel2 e &9 FE)0
o] ohjojoft @A) ¥ o] 7Hgsirt.

interp({{A, u):G, VeY:iFo, 8, (Ho:—Bo)::C, f)u
Sto, P, n(#0))=
interp((F2:Fy 1 Fo, 80 @, P, 0)::81,, P, ), ® 714

TEZI0IM 5o B INHOZ MO ISt S 15661

u#0;

H,:— B, =rename(Ho: — B,), dom(9));

0= unify(KA), Hy) #fail;

V7= dom(@)

Fo=(By,Vp};

Fr=(G,Vp);

Sty =4, w G, Vp):iFo, 8, C, [):8t0.

Ry @Yyt AsiEE Ao e HHAZ b
o2 el di#iA o] #Yo] vtFHG. wiAsA] 2
o] A% ¥AS & FYF 00] obd F ol
g ey

interp({({A, p) =G, V)i Fo, 8, (Ha: = Bo)=:C, f)::Sto, P,
n(#0)=

interp({{ A, 1) G, Vo) Fo, 4, C, ) Sto, P, m), 4714
u#0;

H,y: — B, =rename(H, : — Bo), dom(¢));

0 =unify(#(4), H,) =fail.

A 98 2&9) FYEo] 0o]d A< Frame
& A A Aok st AHA|A17)7] Aol @A Frame
o} Q& Framed] 713 2% Q& olEY 48

28198 B2

interp({((4, 0)::G, Vp) (L, p) Gy, Vp):i F1, 0, C)
2 S8to, P, n(#0))=
interp((({L, p—1) G, VpY:Fy, 0, Cy, f7):Ste, Py 1)

Frametoll © o] 4 S5 ojof & &) AL o,
A2 AL 71ES) GA gES ¥ §dol ol
FoARL 2 FAHE AL ol 83 A o] AS
s

interp({(nil, V) Fo, 8, C, f)::81, P, f(#0))=
interp((Fo, $ 1 Vp, C, )81, P, n).

A9 Go] AEY A& Coll N HHP AN o}
<3 o] HY¥ AT}
interp(({G, V) :inil, €v, P, f)::nil), P, n(neqV)), 4
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71N ¥ =var(G)H ey Vol W identity finite sub-
stitutiono] o},

5. WAMOoll A 9] s 5o F¥

€ HAM e WAMUAIAM oJ9A +£328 788
AA7te] sl Aot iR A4 Py
g9 28| H& AR FREA A9 A3 T 317
WEd WAMo A9} 73 Wy L & oMz 44
88 + Atk WAMlE W7tA 9 o ojg} A At
ded, T22YP3 FPJE L2 e 2= A
% 4(code area), 22| 2 A€ ¥ (heap)? Ezf Ultra-
N2 FA4= Sl g ddstel T2 A Fol(pro-
cedure) &l osjA TE A RE T E(structure)
st )2EE Xt Ao EYLe dYEe §
¢tol A3Hbound)H i W E A Al Es](unbound)=}
ojobg oo e F A(reference)@ 7}z Ut}
282 RA(environment)# A& F(choice point)@
AR Sk @73 & WE(vector) E= Mo EMof
de Hed A gt weel)z & Mol EMN
¥ EAE(pointer)9} 29} AAIY P g A
4 M (continuation)& X3 Ut} AHYL AE
#Ao| dold A 2 M9 Fe2 44 BHAsed
g2y 2E YU E XY A 23 L e
ZZAFAE AU 2 T2AFOE 529 2
43 Ut shed Aol o U ASol ¥AH
o Ao} Agsio] de ALE T2 75 A
of dig EIEie}l Q7R YN2EEY 3, & &
9o E(top)ol}, Y9 &, uig Ao N Az 84,
Ef Yy ¥ aga A Fole i) o
A 2E ol 7 Ro|}.

WAMS] 32 Y2 vtz G Folg 347
¢ 2 3 2Yo] ¥ § o 292 ASE
em 269 g P4 o] MEAA] I GUR] @
2% YHE TP YY) g Foltt. @y WAM
e YKo FHL FAANM AAH HY7)9
Z} g Eof st MRz 4A HEE 5 o
o GA AAG #7072 ste] 4] A
e ohgd 2 AR AL o gadd AuAs
"8 F AL CR(Count Register) A AE] 24 o|A
2 Y 7)o A 2 ps} 7ol Ao EoiE FYEL

et v A o) 5=(global variable)24 Alg-gc} A
HHole 323E o}E9 FYEL Yehls) 98
A count_termolglE MEE YEF HEY, Ao
A7) 9} flagoll AT EHE flagdte YEE DEEY
2 EAL AN oM 9] S35} 7). count_term]
& T2Y 9 1 glo] HAHoE ALY flag E
B Z2AFO] 524 BHEAY 1 2L 0]
o FE59) ghE 4 HYgPoz A A
PR(Path Register)o]gte 28 A 261 & s}
g3, oA & thg9) 4 PP oo A 22} H
&9 ¥ d¥ole &AAA YPoJ=A “all Proc,
N"3} “execute Proc”2 4], Proc 35 ojo} & A
o] ol§ o1, N& B3 &l A& A48 $(permenent
variable)2] ZA=olt}. T} & & “try_me_else Add”
EE “try Add 2= AP 2N Adde T +8
H MY FAE /t2A0. WAMAAM Y Ta&EME
“call Proc, N"o]u} “execute Proc” @ o] t}2oj
“try_me_else Add” ¥ #o}7} 48 =] =d), count_term
o] Agslojo} § AHHL “try_me_else Add” £&
“try Add” ¥l AN BEjARZ ) A HY
M™ 7138 wde 2 dA5E “cll Proc, N” 3§
o|2RH “try_me_else Add” WP oo £3=2 A
€37l AsMe Sl AP g 25 £ sao}
ok 2gAE7] A e A A PPHo| TF
WA L L EE A7 F, “call Proc, N"&
“call Proc, N, M" 2.2, “execute Proc"& “execule
Proc M"22 “try_me_clse Add"Y “try Add"&
“try_me_else Add M"3} “try Add M"o.g z}z} 4
Aok A M2l gto] AE o A2 goj
count_term Y=o ¥FE] 2 flag Y=9] gt 002
%713 €c})

5 1] g e 29o] Ho]UAY CR #AA 2
El 9] glo] 0o) T2 a9 54 & Fer.

B} 29| A 9ol dgd e PHoirt Wasl
ot 9oF CR #H X 2E 9 gho] 0o] opx, 223
AF71(PC)9) gtol nilel® 3ol go] EAHUG
2 g 9usiez CRY g 1%F F2ANAN2
flag Y=9) gL 12 39, Ao v} Ao Qle A
939 4= g 19F ZA2ALG. o3 # A
Yo HHEL “Proceed” WA thE ol £30] |
th 2 olfre @ T2aYel EE M £ YE AS



© 273 49 d(unit clause)7}2] GYH7 JFHo 2
o] FolW FoIT dojF 4 U7 Yol

A T 2o A ool $HE o o] A
o] g1& Aol A9 N HL A oo} B,
AA a7 Aol WAl WA A H| AE flag ¥
=9) g FAtsteof gith. wef 2 gho] 10)9 up2
Aol e A ¢ F2AG 234 20
ol HAle] ol ALEE FoM T AR £A
€ Ag Andieg F3P5o] ghe BAaAIA] Go}
= 9k A9 F ALee 479 35 37 40 22}
g

5 Sol sl vl “try_me_else Add” ¥
oo oA flag W=9] 3ho) 092 gHEojFen &2
oA #WEol AslA WAl gtk “retry_me_else”
Yol osiA thgel £YE FovuPo =
60l M= 25 H o2 sjAdr)

& 7o A M count_term W9 gto] ool
A AHHE MAEE 93, 2239 AS59 g
< ASHCP) goz gAse A P2 8o 3
FE (E DE WAMIA 3129 7837 94
HEE WH o5 aoks e

(E 1) WAMOIIM $&=2e] 8§ Aslo] WY E Hyo|
{Tabte 1> Modified WAM instructions for count terms

Q33 | $4E ¥Z F7H8 Q4 3%

) :M | call Proc, N, M PR:=M

w93 proceed Proc, M | if PC =nil then CR:=CR-1;
284 if CR =0 then stop

else flag:=1;

B(count _term) =
B(count_term)-1;

@43 4 | try_me_else Add, M | count_term:=M
try Add, M flag:=0;

A8 ¥ | trust_me_else fail | if flag=1 then
trust fail B(flag)=1;

B(count_term):=
B(count_term)—1;

discard the current choice point;

PC: =22 A47|
B:ubz Aol HE A F&
CR :Count Register

6.d =2

M:golol #o] At 4B

PR : Path Register

ZEFZI0A ZH +F SUHOZ MG AS LH 1563

B =RoA e T Yo AR BEAU
g Eo) o, &, 2|2 ALE Y} WAMSA ¢
TENY Tl A& dHpAt £FEL g F
g AR & F e 715 € 7R U Bo] of
det e Al e F452 &0 AHEEo2A
Z2a9 Aol 7EE AT F3 ZEgR
9] vH 7 (Debugging) EF 2 & A€ FE 3o}
FYEo] TEF oA M ofrjel Ay dojehy|
o2 M vl §8& 7] Foletn 4=, 1o}
7 S5 A4 g8 FE 71T EL A LA
5H 29 & £& vl G LY RA Y & & 7
e 59 4o R, —(£1& .. &40 ptt < Bi&...&
Bi 1 &(A\& ... &Ap): p& Bilk ... & B &S} 1 & B& T8}
e A48 4 AEE dte 2lo| FEAA = st

#ngd
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