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An Efficient Abductive Reasoning System
Based on Program Analysis

Suoner Karo,! Hironisa Seki? and Hipenor: Iton?

Abductive reasoning has attracted much attention in the field of Al and many interesting
applications such as diagnosis, scheduling and design. It is, however, known to be
computationally very expensive for large problems. In abductive reasoning, consistency
conditions a derived solution should satisfy are usually given in the form of negative
clauses (i.e., headless clauses). Checking the consistency of solutions wrt negative
clauses then becomes a global one, thus losing the goal-directedness. In this paper, we
propose a framework of static analysis for first-order abductive reasoning with consis-
tency checking, to analyze the logical dependency between a goal and each relevant nega-
tive clause approximately, thereby pruning unnecessary search involving the consistency
checking. We then explain the implementation of our abductive reasoning system, based
on the magic sets transformation. The original magic sets method is extended to do ab-
ductive reasoning efficiently, taking into account the results obtained from the program
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We also show some empirical results.
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Fig. 1 An example: Pez.
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—
«-hq(203),na(203). <—hq(204),na(204).

“-Mhq(203),na(203). “Mhq(204),na(204).

“~ Mhq(204).
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Fig. 2 An example of abductive reasoning for Pea.
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4 M- Pew OREITHER

Fig. 4 Abstracted OLDT-trees corresponding to those in Fig. 2.



2024 HRLABELHIGE

+falseg .

<+ 1(Z),hv(Z),na(Z).
2=10 =102
< hv(101),na(101). +hv(102).na(102). “~ hg(201),na(201).
“=Mhv(101),na(101). “—Mhv(102),na(102). ‘”‘M:hq(ZOI),na(ZOJ.).
+Mhv(101). failed fm?l.‘ed
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‘—hg(202),na(202) hg(203) na203).  ~hg(204).na(204).
‘—M_hq(202)na(202). ‘—th(203)‘na(203). ~Mhq(204) na(204).
Sailed failed “~ Mhq(204).

5 EOET ORI B 1T B EXID O
Fig. 5 Pruning OLDT-tree for PezU {« falses}.
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magic.v,r,hv —  v({hv},{3}). (3.1)
magic.qlhq —  q({hq},{4}). (21
magics,r,hv —  s({hv}.{5}). (5.1)
magicsLhq — s({hq},{6}). (6.1)
r. ns. L
FEE
hp. hv. hq.
magic falsez,hp,uhp — falsep({hp},{7}). (7.1)
magic_falses — magics. (8.1)
magic falses —  contg; ({ }{}). (8.2)

contg; (H,Cls),s(Hs,Cls,),ns —
falses(HUHq {8}UCIsUCls,). (8.3)

T—VE
— magic.m. 9)
— magic_false;. (10)
— magic_falseg. (11)

6 <Yy Iy PEICX- TERINHFIERE
~—x Ppesic
Fig. 6 Magic sets transformed rules P72%°¢ of
Poa.
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({rp}, §}) OBE—BI%IL, m OBBIRBEOLPIE
EEEL, FIBHIT, m OATIHELSDESE
BERLTAE.

W= (1.3): contu(H,Cls) & & dlcad —e—v O
% v(Hv,Cls)) 318 5 N ek, = —vem DR
m(HUHv, {1} UClsUCls.,) BB o5 h 3. TC T,
RzE m(HU Hv, {1} UCIsUCls.) OB—BI¥IZ,
m OEMRHAERL, F3HIT, m OATIEE
BEERLTVS (BFE v(Hv, Cls) iIK20THR
®TH5).

A= (L) ~(1.3) e 2T & HERIZ, 8 C1 i

ST BRI EHERRITOTSL T B,

6@ Preic oL €, BIREHERET, 20

REsE TPrseic £3R® 5. ZOKR, T—1(9),

Ta s 7 AR ES RBEHER O EEL 2025

HELEDEF 2v ) TEIRECH B, CDES I
vy 7 ERS NICAERN— X Preoie K LT, o
Wefalses TG 5 HBE S () DT —NEiik 54
TRIAEHRZTAR, K5 EEBKL T —vem
(5,Y,Z) ORAEICBEY 2 BRI ER I A 820 Al
T EBTES, O

5. RERBA

AWM TREL HRIBEOENUAHRT 20D
i, HERRNEOILBERET >, AIEELTE, 4
2.1 OHEEN—REFER L. T, ME~—2icHE
NEFEOHUMNTOBEKEL, K52 —221
THHBAN—RORBRAELIETERL /2.

KERERER 8 1RY. HEAIIFHEME SUNY/5 L

(10), (I)ICHLTUAFORREEES.
m({hp, b}, {1, 3}).

T%’r::wcg{ falses({hv}, 18.5}). }
Sfalses({hq}, {8,6}).

WA, m({hp, ho}, {1, 8}). OFE—BIEIIR, m OF
MIRE, FETBIEIE, CoORMBIRSAEENTBDD
ANMESEZRLTED, COREIE, OLDT KE
&3 P O (R4BR) DOBONIERELS

Lo, O
4.2 AHEBEHE Yy sy M
Ric, AJIETWHIR & /e OLDT KB (4

3.3 B) LABKBHEE-Y v 7y ME

CESORNEERTERTIC EE2EL

3. ZDldit, BED=Y v/ vy M

RD &S ICHIRT 3.
~T T T B RAA LR, T

BT 2 DI KBRS OEEERD
D5,

-2y s EBINTIV— A RO R
R, oS ABTIck-TES
NIATHERIC L > THBEh B &
kY, ERIEREMOKXI D %17
3.

Bl 4.2 E~—X P.. (18R 8L,

T—emb, Y, Z), —falses T D L S

K=Yy s BT 5. PIZIEREE magic_

m(X,Y,Z,Cls) O3, 2= m D

BHICEBNOCERT NS AINEAENRAT

B1HDDEHTHD. T T, WE member

(K,Cls) 12, HigE K B4 Cls OERT

TE3E SICStus Prolog # BV THr» 72, ERIT AH
TREUCFE, BRI 5) itk 3FHOES
ALTV3, HEE~—2OBREICHEDL ST, Falics
v AMEFETD C LIy, B “—m®, Y, Z)”
T3 45%, RIEE “—d®,Y,Z)" T3 80% BE
i, HEREMSZENZENERIN T3,

Fio, BRIBTEHICEST MR, SEREOL
SNVICHFILL TF 0 75 AT AT > T B 1D,

V=

magic.m(X,Y,Z, Cls), hp(X, s1), hp(Y, s2), member(1, Cls)

— magicv(Z,Cls). (1.1)
magicom(X,Y,Z, Cls), hp(X, 1), hp(Y, s2), member(1, Cls)

— conty1 ([X,Y,Z], {hp(X, s1), hp(Y, s2)},Cls).  (1.2)
conty1([X,Y,2], H,Cls),v(Z, Hv,Cv),Cls D Cv

—m(X,Y,Z,HU Hv,Cls). (1.3)

magicd(X,Y,Z, Cls), hp(X, s1), hp(Y, s2), member(2, Cls)

— magicq(Z,Cls). (2.1)
magicd(X,Y,Z, Cls), hp(X, s1), hp(Y, 52), member(2, Cls)

— conty1 ([X,Y,Z], {hp(X, s1), hp(Y, s2)},Cls).  (2.2)
conty ([X,Y,Z)], H,Cls),q(Z,Hq,Cq),Cls D Cq

— d(X,Y,Z,H U Hq,Cls). (2.3)

magicv(Z, Cls),r(Z), kv(Z), member(3, Cls) — v(Z,{hv(2)},Cls). (3.1)
magicg(Z,Cls),(Z), hq(Z), member(4,Cls) — q(Z,{hq(Z)},Cls). (4.1)
magica(Z, Cls),r(Z), hv(Z), member(5, Cls) — a(Z,{hv(Z)},Cls). (5.1)
magica(Z, Cls),i(Z), hq(Z),member(6,Cls) — a(Z,{hg(Z)},Cls). (6.1)

(101). r(102). 1(201). 1(202). 1(203). 1(204). na(101). na(204).
Iﬁ;{ %r £l

Ahp(l{),s%l) hp(c,s1). hp(e,s2). hp(f,s2).  hv(Z). hq(Z).

:rnagic.falseT([], Cls), hp(X,Y ), nhp(X,Y), member(7, Cls)

— falseq([], {hp(X,Y)}, Cls). (7.1)
magic_falseg([], Cls), member(8, Cls) — magic.a(Z, Cls). (8.1)
magic_falses([], Cls), member(8, Cls) — conts,([],{}, Cls). (8.2)
conts1([], H,Cls),a(Z, Ha,Ca),na(Z),Cls D Ca

— falses([], H U Ha,Cls) (8.3)
T—VH

— magic.m(b, Y, Z,{1,3}). (9)

— magic.falses([],{8,5}). (11)

T =Py 7ky MECX - TERSNIPIBRE~— 2 Previc
Fig. 7 Magic sets transformed rules P79 of P...
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Fig. 8 Empirical results.

FEEN— 2 DERK SR E DB/, EBORGHE
WMICETIRMON 1% LT THD, BETE3RE
Th-T.

6. & H D IC

—REREREE AV REEROERLICHL T,
7u 7 ABTICE S EFBEORE ORER(LDIE
RETo7c. AR TREL 7 w7 5 AR,
®— VEIRERE CTERINI MBS — R 2 5 EH
DUV FSE T LIk, BEZohikciiad
CHEE N — 2 ORERIHINCOIL T, EROHRICSE
WTRHMIES ~ & EREM A, APNICRkD360TH
5. CORTEERCT, REifmics g 2500
FHERHC BN T, ERERTHOK DAL EFTS &
2718, Fh, vV vy PERETSEDD, 2hE
Ty ABITERARFIATE 3 XS BBIERL
HRICLDIRBHRY X5 L2 EEL 20BEHEE
FERBLTc, KBXTHRNRI=Y w22y PEEICES
Ry X 7 L ORBEHRIT, FNDFIN SRR O—EIR
BEEREL TV 34 B 16) » 5, EiE
F—ER—ZDAFICBEOTHEKENSDTH B &
Bbns.

B COmER, ICOTHF 7742 v a v WG
(EE - HIE—BISRRAREEE) cB Y 2385H%
RBIAT-7cbDTH 5. B WG OREHERICES
WieLE9.
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A3 1 ZTWHT B 00T, TTROFBEETT.

A BE 3.1
#WE3L Pi7urs 54, «GEIT-NET B,
A, BXCEZMBEEFHT r20#EE, THX
UAZTFLDEELT S, Ni=<A g, ' 2 PU
{<G} ® OLDT REKicBF BT =k, ¢%5%
RENKT baET 5, FHig, ITFTOREMED LD
LIRET 5.

o N1 ORBICB g OFFPREKT, «H, %
BROEELLTEDOOVERET 5.

e PU {«G} ® OLDT REKRICB\NT/ —F N»
=—H,9,A T, § 28BRINIT +2ET 5D
DPEET 5.

ZOEx, N: ORBICBT 5«7 OFRET,
—d; ERBELLUTEDSOBSLTEET S, O
SEBR : MARBRORXICHET 2IFMECIEAT 5. C
T3, B8R (lookup) / — FDETF — 7 AVERIT X
BRARBEORIE, WIST 28/ — Fioxd 55450
REOREIIEL N ET S,

Tu s g AT ICES S RBLHE R O R EL SR 2027

Leg OEFRBOREIN1IDL &,
3go—€P D go—P (g i3 g &HE—{LTTHRES
T bA) THBEDT, N1t BXU N2 iTidd 2 —B&
BEd OLDT EHAZEZNITHSHTH 3.
2.«g OWHIREDOEEN k+1 DL X,
PU{~G} ® OLDT REARCHEHNZTRTOI —
MEHLUT, ZOBHAREOEIDBEUTOBAIK
DNTIREEDKD LD L IRET 5.
58 a: N1 B/ —FoD & &,
3go—Ay, -, An€EP L U, g DESHREKIL, «—9g
DY T = E LT «Ab, -, Af (O=mgulg,
90)) ZHFD. —g DEHFRE LA (1<i<n) O
MARBAERTI.EDTHY, —A6 ODEHRE
DEIFTRTEUTFTH 5. —4, PU{~Glo
OLDT REICBW\T, IRD2ODEEAEZ 5.
BE a-i: N B/ —FD & &,
3Ge—dy, -, An€P X, N2l ¥ 7 a0
—F, Ay o, Auy A B¥D. 0T, <A (1L
i<n) O¥HRBICDNTIR, BMEDRE L
DHREDSERAL T 5. R - T, «—F OELSRELT,
—d; AL L THOLDOBEET B,
58 a-ii: N: 8B/ —FD & &,
Ne T35 d 38/ — FIZ 20 TiRES a-i &
RO EBROL2DT, N2 K20 Th E
D& LFKTH 5.
BEDb: N1 BBR/ —FOL i,
N1 icRIed 28/ — FOBMARBEOE R k+1
THHDT, Bea tRABEDT LD LD,
VEr&D, BOoEBEOREEN b+1 THHEEIZRL
¥5. O
B &% 3.1 08
(1)DIEBR: ®E 2.1k, FEABFET S LB
. 35bhs FIr[ THb. #->T, Ho M5
(AR2) /¥ & &, 2% b, FUHoO &2
% & %13, FUHoU {«—false} ® OLDT REIADRK
DEICB LT RREADEN, EBORMIRIE Hrase
it Ho OESMEA LA, © T, PRFUHOL kU,
PU {—false} DRBICEHBNT (Ho, Hrarse) 15 O 1T
TEFBRBIS &85 Hrarse BBTEET B,
(i) DEERR : W1 kD, PU{—false} 3LV PU
{—false} @ OLDT REEARICDWTEZNITHHD 5.
O
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