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Summary

Cost-based Hypothetical Reasoning is an important framework for knowledge-based systems; however

it is a form of non-monotonic reasoning and thus an NP-hard problem. To find a near-optimal solution in
polynomial time with respect to problem size, some algorithms have been developed so far using optimization
techniques. In this paper, we show two major ways of transforming propositional clauses in the hypothetical
reasoning problems into constraints. One transforms the clauses into linear inequalities and is good at
getting a low-cost solution, while the other transforms them into non-linear equalities and is good at finding
a feasible solution. We them show a method of integrating these two transformations by using augmented
Lagrangian method. Here, each variable and constraint is regarded as a processor and the searh is realized
by their interaction. Two kinds of processors are derived from the two transformations; the structure
of these processors are changed dynamically during the search. The cooperation of these two processors
allows to obtain better near-optimal solutions than by our previous SL method. This effect is shown in the

experiments using two problems with different problem structures.

1. O O 0O O

goooooooooobooooboooboboooo
cobooooooooooooobooOoOoooobooboooon
cobooooooboooooooobobooooobooboooon
coboboooobooooooooooOooooobooboooo
coboboooobooooooooooOooooobooboooo
ooooooooboooooooooboogoooboboooon
000000000 00 9%0000000o000ooo
0000000000 DO0O000DOO0OO 0o 900
000 0099 0000000000oooooooo

ooooooOoOoOoODOOOOO HOOOOOOO
coboooooobooooobooOooobooOoOoOooobooboooon
gooooooooooo NPOOOOOOOOOOO
0000000000000 00NPOODOOO [Eiter
5000000000000 DODODObOOODOOODOD
cobobooooboooooooooooooobooboooo
coboooooboooooooooooooobooboooon
cobobooooboooooooooooooobooboooo

coooogoooa

NBPO [00 94000-1000000000000
0000000oDo0ooDoDo00000000oooooono
OO0 nO0O0RMO00O0D0000O0OODODOOO0OO
000000O00o00ooooo0oo0oo0oooooooon
0000000o0o0o0oooo0oo0oo0o0000000000
00000000o0o0oooo0oo0ooo0o0o00onooon
00000000000000SLO [00 98)0000
000OSLO0OD00DD0000000D0D000oono
0000000000o0ooooooooooooon
0000o0o0o0oo0o00000000000000000
nO000 ¥ 00000000000000000000

godboooobooboobbobobooboooboo
ooooooooooooooooogo-1ooobooon
gopooobbobobuooboobooooboobooa
gbobobobooobooboobooooooogooo
ooooooooooooOoobbo-10000000
oboboboooooooo



goooooobooooooooboooooOooOOoOobOOoOoOoOoDOObOboOoOoOooOoDoon 401

000000000 000000O0D0DDOO SAT (sat-
isfiability) 0 O O O O Breakout O [Morris 93]0 GSAT
extention[Selman 93|00 00 000000000000

000000000000000 DLM(Discrete Lagrangian-

based search Method) 0000000000 OOOO
[Wah 97, Wu 00|00 00SATOO0OOCODOOOOOO
0000000000000 [Gu94|000Dooooo
uoboooobooooooocOoOoOooOoobooOooonon
ubobboooboooobooooooOooOoobOoOooono
gooobooboogo

gobooobooobooboboooboooboon
goobooboboooooobooboboboooo
gooo0ooOoooOoOoDoOo200b000O00ODO
goobobobooooobooboobooboboooo
gooboobooboobbooboobobooobog
gobobooboobooooboooobbooooobooa
gobobooboobooobooboobbooobo
gooooood

oooooooooooooooooooo2000
bobbooobooooooooooOooOoobooOooono
gobooobooooooboooboooobooOoooDo
oooboooo200000000000DO030000
oob2000000000000000000O00DO
oo0o00o040000000000000000000
goboooobooooboood

2, J0ooobooobooo

211 O00O000o0Oooooa

000000000000000000000000
0000 X00000000000000000000
0000000000000 HOOOOOOHOOO
000 AO0000ACHOODOOOOOODOOOOO
000000000000 GOOO00O000000 20
0GOO000000000000000X000000
0000000000000000 GOO000000
000000000 AROOOOO
(1) SUAFGODXO AOD GOOOODOOOFODO

000000000000

(2) YUAODOOD

oooOooooOo0oooOoOoooOoOoooooOoon
o0o0o0oooooOooooOoOoooOoOoooooOoon
0000000 AOO0O0O0ODOOOOOOOOOOOO
00000 [Charniak 94, 00 960000000000
0000000000000 (Inconsistency 00 O : Inc
000)0000000o00oooooooooo

cobooooooocooboooOoobooOooboooon
000000000000 0O00O0ODOUOD z;00/0

01l/0000000000D0 fODOOQOODOOO

f=> wa (1)
i€H
(OoLOw; D0D0OO0OD000)
00 fO000000000O0OCOOO0OOOCOO0O0OO0
oo
dddooooboooooboooooboooooo
Oo00oo0obOoooooooooooooooooooa

212 000OO0O00ooOooo

00000 KBOODOOOOOoDOoOoOOoOooooooo

goooooooooooo

(1) DODOOOODO0OD0O0O0OODOOOOODDoOoOO
goobobobooobobooooboobooboo
gooboooboooono

(2) Jdddddooooooooooogo

(3) googoooo

(4) doddddooooooooooo
()DOSATOOOO Unit clauseD 00000 10

DDDDDD[DaViSGO]DDDDDD(Z)DDRelevant

reasoning[Levy 97| 0 0000000000000 0O0O

gooooboobobooooboboooboboooo

gobobooooboboboboooooboboooa

oooooooboooboobooboboooooooon

oo oooooooboobooon

oo oooboooboon

goobboooobboooboobobooobooooog

0000D0000000D0000 [00 9100 (1)

0 (2)0000000000000O0ODOODOUODO

ooooooo

(3) 0000000000000 O0DDOODOUOODOD

“q—p’ 07" ’po ¢ 000000000 {qifp} O {q

ifandonlyifp}DDDDDDDDDD*IDDDDDD

goodooooboobbobobobooooooooo

gdobooboobooobooboboboboooo

ggo

doboooobooboooboo

(a) DO0OODO0DDOOOODOOOODOOOOODOO
gobooboooboobooboboboboooboo
gobooboooobobooooboooboogo
Joooooo0ooooo OROOOOOOOO
gooood

(b) ODODOODODOOOODOOUODOOOOOOOD
gooogd

goobooobooooog

a—bAc. (2)
a«—cAd. (3)

x1] O000000000000O0O0COO0O0O



402

O0(x)000000000D0ODO0O000DOOO0ODDOO
cooooooooooo

al —bAc. (4)
a2 —cAd. (5)
a«—alVa2 (6)

000 (bh)0DO0O0OO0O0DOO0DDOO0OODOODODOO
coooooo

al —bAc. (7)
beal. ®)
c—al. 9)

a2 —cAd. (10)
ce—a2. (11)
de o, (12

a«—alVa2. (13)
alVa2 —a. (14)

coboooooboooooooooooooobooboooon
cooooooobooOOboboobOoOo0oooooooooan
coooocooooooboooonon
(4)00000000000000DO0O0ODODO0OO0
oooooooooooobooooobooOooobboooon
oooooooooooboooooooooboboooon
cobooooobooooooooooOooooobooboooo
cobobooooboooooooooooooobooboooo
cobooooboocoooooboocobOooOooobOboOooon
oooooooooooobooobboooooooo
gobooooooooooooooooooooo
coooooooooooooooobooooobboooo
O000ooo0o0o0oooooooooo0 Kpoooo

213 00O0DOOooooooo
gogboooboooboooboooboon

plV =p2V —p3 (15)

o000 30000000000000000O00000
cooooooooocoboobocbooOooooobooooo

Tp1+ (1= zp2) + (1 —2p3) > 1

gbodooobooooboooobuooooboooonboo
goood
<0O00L>
e0000p, 00000 ap, (1—2,) 00000
oo
eV +O00OO0OODODOODODOOO
JO00>1000000000004a
gbddddoooooooooooooooooo
00O0ooooo [0 96, Santos, Jr. 94000000
00040000 LOOD0OO0O0O0oooooooooon

O00oo0oooo 160 50 A0O2001 00

gooooooOOoOoOoo LoOoooooooo1000
0000000000000 UUUUUUUUOgo
00O o-l000pDOoOoOoO0OO0O0O0OObOOOOOoOgo
godoooooooooooboooooa

000 o0-1000000000000000 LPOO
ogooad
00O LP:

Minimize f= g W; x5
icH

subject to g;(x) >0 (j€C)
0<a; <1 (ieN) (16)

(000D0g;(z) 00KB'OOODOOO0ODO0OLOOODOO
0000000000000000CO000000NOOO
ooo)
000000000000000000000000
0000000000000000000000000
000000000000000000
eI0000D00-1000000000000000

0ooooooon
eI000DO0O0ONDNOODODO0-10000000

0ooooooo
e100000000000-10000000000

0Dooooo

e00 LPOOONONOOODOOOODOOOODO0-10

Ooooooo

000000000 LPOOODOOOOOOOOOO
00-100000000000000000000000
00000000000000 (00 94,00 98000
000000000000000SATO0000000
000000 05000000000000000000
00000000000000000 [Selman 97]0

214 00000000
0 (150000

OO0OoooooobD—-plAp2Ap3 0000000000
cooooooboooooOoooboooobooboooon
ooo

(1 —zp1)zp2zps =0 (17)

godooooooboooooooono

<00 NL >
e0000p, —p00000 (1—1,),2,00000
oo
oV xOOOODOODOODOODOODO
Jd000=000000000000



goooooobooooooooboooooOooOOoOobOOoOoOoOoDOObOboOoOoOooOoDoon 403

ooLo’vo’+’000000000000000
NLOOOO ANDOOOOOQOOO “A”"07x”000
gooooo

OO NLOOOOOODO NLPOOOOOO
00 NLP:

Minimize f = E W; T;
icH

subject to hj(z) =0 (j € C)
0<a;<1(ieN) (18)

O000O0R;(z)00KB OODOODODODODOOO NLODOOO
O0o0ooO0ooOooOoooooocUooooooNOoOoooom

OO0ONLPODDOODOODOODOOODDODOOOODOO
gogboooobooboobobooboobbooobo
goooogn

fr=2 wmit+ky b)) (19)
i€H jec
O000D0O0OSATOOOOOD GuOoOOoOoOoOoO [Gu
94| 000000000Wah OO SATOODOOOODO
0 O DLM(Discrete Lagrangian Method)[Wu 00] O O
000o0ooooooOo0oUo NLPOODODOOOOOO
goboboobooboboooboo

215 2000000000
0000000000000000000000000
0000000000000 07x” 004" 0747
0000000000000000000000000
000000000000 4000000000000
(1) vOODOOOOODODOOO0OO0OO0O0O0: 0000
01000
(2) vOOOOOOOOOOOOODOOOOD 000
00 00
(3) ADDDDOODDOODOOOD0D 0000
0 1(00)0
(4) ADDDDDOODOOOOOOOOOOD OO0
0o oo
000000000000000(1)0 (4)0(2)0 (3)
0000000000000000000000000
0000(2)0 (3)000000000 00100000
0000000000000000000000000
0000000(1)0 (4)00000000000000
0000000000000 (1)0 (40000000
00000 LOOONLOOODOOOOOOO0000
0000200000 LONLOOOOD 200000
000000000000
00000 20000000000000000000
00LOD00D000000000000000000
0000000 LPOOODOOOOODOOOOOOO
000000000000000 1000000000

o b(F) — hi(F) O h2(F).
o ¢(F) < h2(F) O h3(F).
o d(F) « h2(F) O h3(F).

01 00LO0000000000000000000000
00000000a(T),a(F)0 a000000000000
000000 O0x000000000000000

02 000000000 (e«<—bAe.00000O0OO)

000o0ooooooooooooo NLoooogoo
0000000000000000*20

02007« bA’000 LOOCDOOOCONLOOO
0o00<2,<1,0<2,<1,0<2., <10000000O
gbopoooobbobooooobboobooooboboon
000000000o00o0ooogg0’«—a”, “c—a’ 0
000DDoDO000000oDO0000ooDo00 Looo
000 ap+(1—2)>1, 24+ (1-2,)>100000
gooooooOooOoboDbOobOb20000000O0b0O
NLOOODODODOOOO (1—ap)ze =0, (1 —zc)ze =0
goooOo0oboObOOo 200000000002, =00
000 {z,=1,z,=1,2,=1} 00000000000
0000 LO0O00O00o0oDoooooooooooon
gogoboobooboooboobbobobooobo
0000 NLOOOOOOoooooooooooooo
goooobooboobobobo

3. 20000000DbOOOOO0OOUbOOO

OO0 LOOO0ONLOOOODOOOOOOooooooo
oboooboooobooooooooobooOooonon
bobboooooooooocoooOooooobooOooonon
gobooooon

x2 0000000O0O0OO00COOOOOO0C0cOOOOOO0O0aO
goboooooboooooobooooob1obbooOooonn
0000000000000 don’tcare 000000000
ooooooooooooo



404

goooboooobooboboooooooooooooo
0000000000 0D000000O0O00 [Bertsekas
80)] 0000000000 DL0OO0DOODOODOODODO
gobodn00bobOO0 mOO0D0OO0O0O0O0O0Nn+m0O
gobooobooobooobooobooboogoa
gobooboobbobbooboooboooobooo
gobobooooobooboobobooooobooogooo
oboooboobooooooooon

oboobooooooboooboobobooooooon
gopbooboobobuooboobooobooboo
gopbooboooboobboooboon

goboobobooboooboobobooboon
goobooboboboboobOobooo200b00oDO
obooooooooooooboobooboobo

31 O0o0o0oooooo
oobooooooooooooooa

Minimize f(x)

subject to  h;(x)=0 (j€C)
zeP, (20)

goooocCcoooooopPOd 0000
goboooooooooboocooooooboooo
cobooocooooooooooobooo

{ V.L(z,A) = Vf(x)+ Vh(z)A =0

ViL(z,A)=h(z)=0 (21

000 LO0O000000000
L(z, ) = f(z) + > Ajh(x)
jec
000000)ND0000000000000000000

gobooobooobobuobbooboobbooooboo
goboobobuoobboobbooobao

Le(@.2) = f(@) + () + W h(a?

Oc(t)000 t0000000000000%
Doooooo

0(21)0000000000000000000 «0
A0000O00D0O0O0O00

#) 1= argmin L (2, A"V (22)

AFFD L AB) () n(2®) (23)

0(22)00L. 000000000 000 2™ 00
0000000000000 D0000000000DO
00000000000 000D000D00000000
:000000000D0000000D000D0O00

«x3 0000000Oc¢¢)000 300000 200000000
goboooooboooobD 201000000000D000
OO [Bertsekas 89]0

O00oo0oooo 160 50 A0O2001 00

000000000000000000000000
D000000000000001000000000
000D0000000000000000000000
000D0000000000000000

0000100000000000000000000
000D0000000000000000000000
0000000000000000000000000
0000000000000000000000 500
oL/6x¥ 0000000000000 00000000
0oooo

(kt1) . _ : (k) )k
x; : argoggréch(;v LAY (24)

00000000000000000000000 0
oooo 2P 00000000 OD0DOOOOOOOO

oodooooooooa
k k
AP = A9 ety hy () (25)

J
gobboooooooooboooobbobooooobogoo
do00o0o0o0o0O000o0o0o0o0oO0oO0OoOoOoOoOoOoo (o
0000)000 (200000000000DO0OD00ODOO
0000000 (20000000Db000oOoooooo
cobooooobooooooooonon
goboOoooooOooboooooooooooon
oooo0oOoOooOoooooooooooooLOooog
00 g(x)>0000 NLOOOOO h(xz)=00000
00000000000 *0000000000000
cobooooooOoooobOocOooboooobooboooon
00000 (000000000 DO0O0O0Oo)UooDoOo
cooooooood

J2 0Dooood

gobooooboooobooooooooboboooo
oo00oDO00O0000oO0oopoooOoOO0 LOooon
Oo0OooopooooO0oOoUooooD LooOooo NL
0000000000000 00000000 NLOO
coooogoo

ooooOoooOo0oo LOooooooooooooo
ooooooooooobooooooooobooboooo
ooooooooobooobooooooooobooo
gooooOooOoopooooo NLOOoooooooo
gooooooooooooooo-1oooooogo
ooo

oooooooOooooooooLooooooooo
0-100000000000000O00O0NLDODODOO
gooOoOoOoOoQoOooOoOoOo NLOOODOoOoooooo
ooooog

gobooooo 2000000000
0000000000D0OoOD [cooo)

o0000oooooO00 LO0o0oooooo0o L
O000ooOoO0ONLOOOODODOOOOOO

*4 g(e)>0000000max(0,—g(e))=000000



goooooobooooooooboooooOooOOoOobOOoOoOoOoDOObOboOoOoOooOoDoon 405

gooooo,

gooooo

03 0000000 NLOOOOOO 20000

(1) 000000 0000000LO0000000
0000000010000000000

(2) 0000 000000D00000000NLOD
0000000000

(3) 0000 00000000000 (4)00000
000000000000000000000
(4) 0000000 000000000000000
oooooo

00000000000000 [D00000]
000000000000000000000000

NLODOOODOOODO0O0O0O

(1) 000000 0000000LOD000000
00000000-10000000000

(2) 0000 000000000000000000
ONLOODOOOOOOOOOO0O0O

(3) 0000 000O000DD0000000000
(4)00000000000000000000 (2)
00000000000000000000000
ooo

(4) 0000000 000000000000000
oooooo

00000000 3000000000000001

0000000000000000000000000

000000000NLOODOODOOO00000000

00000000000000000000
00000000000 OROOO (0000 OROO

00000000000 Inec00000000000 NL

00000)00000000 (00000000000

000000000 NLOOOOD)000000000

(000000000000000000LO0000

000NLODOODOOD)0O0000000000000

0000200000000000000000000

Goal

Hypotheses

04 000000000

05 OD0O0O0oooooo

goboooboooo

ooooooooooooooooboooooboooo
ooooooooooboooooooooboobooooo
oo00oo0 Looooooooooo0oooon
ooboooooooooooobooOooobOoOooonon
uoboooboocoooooooobooooobooOooonon
oo LOOoOooopoooooooopoooooooo
gopoooo

4. J00O0O0ODODO0ODODODDODOOD

dodddddoooooooooooobooboooo
00 COO0OO0O00O00OSUN Enterprise 400MHz O O O
good

0000 200000000001 000NPOOO
oo oooooooobooooon
ooo (l:l 4)DDDDDDDDDDDDDDDDDDD
goooooooooooooddodgggooo o
0000000000000 0O00OODOOoOoD O
099000000000000DO00ODO0ODOODO
00000000000 10000o0o0oo0oooooon
02000000000000000DO000O0O0O0OO
gooooobobooboobbobboboboo (D 5)D|:|D
00000000 PpOOO0ODOOOOODOOODOOO
000000o0o00oooooU0oooooooooon
0000000o0o0Uooo0oooooOoooooooo
0000000000000 ooooooooooon



406

100

HeFREFR (s)
*

01 A

RS e
S RITERG
YT by 5 AR (BT =AY ——
0.001 : i
10 100 1000 10000
EsRARE

06 O00000O0O0O0O0OO

01 00000ooooobo

O00oo0oooo 160 50 A0O2001 00

1000

100 oy

HERFE R (s)
*

e

DR EEE -
y‘/?’vyfziﬁ(f}]%7=—z) —

10 100 1000 10000
EREHY

07 00000000000

02 00000000000

SL O oooDo gooogo ooo

SL O oooo oooooo ooo

ooooo 107.3% 101.7% 101.6% 100.0%

ooooo 136.3% 133.6% 116.6% 100.0%

ooooooooo
000000000000000000000000
0000000000000000000000000
00000000000 600 70000000000
0000000 100 200000000000000
SLO00D0000000000D00000000000
0000000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000 SsLO00o00
0000000000000000000000000
0000000000000 000000000000
000000000000000SLO00O000 100
0000000000000000000000000
0000000000000 000000000000
00000000000D000000SLOO000n
000000000000 000000000o0ooo
0000000000000000000000000
000000000000000000SLO0000O0
0000000000000000000000000
0000000000000 0000000000
0000000000000 0000ooooooo
0000000000000 LO0O00O0O0O0O NL
0000000000000000000 »00000 m
0000000000000 n+2n00000000
0000000000000000000000000
LOD0DO0000000000000000 NLOOOO
0000000000000000n+(14+a)mO0000
00000000000 18%0000000 1.8%0
0000000000000000000000000
0000000000000 000000000000
0000000000000000000 NLOOOO

0000000000000 mx1.8% 000000
gdboooobooboobboobooboooboo
0000000D00D0000OObO0O0OOoOoOooo[oo
98| 000000000000 DOO0ODDOODOODOOD
000 (0000 L)OoDUOOoDOoDOoooOoOoooOo
obobooooooboobobobooooooooog
000000000000 Loooooonoooooon
000000000000 0D0D00000oDooon NL
goboooboooobooboboobboooboo
gobooobboobuooboooboobooboboa
gooboooooooobooobobooooobooooboog
gdoOoOooOoOoQoOoOoOoOoOoo NLooooooogo
obobooooooboobooboboooooooog
gopbooobobobobuooboobooooboobooa
goboobboooboooboobbooo
godboooobooboobboobooboooo
goboooboobooobooobooboboooo
o0o000o0ooooo0oOooooSLoopooooo
O00o0o0oO0ooo0ooooooooooooooO SL
000000000000 LOo0o0oooooo NLOO
oboboooobooboobobobooooooooog
gobooobboobbooo
godbooooboooboobbobobooboooboo
gboboooboboooobobobooboboboo
goboobbobobuoobooobobooboobooboa
oo oUo

5. U O u

oobooooooOooobooooooboooooogoo
ogooooooooo200000000000000
000 LO0OO0DOOOooOoNLOOO 20000000



goooooobooooooooboooooOooOOoOobOOoOoOoOoDOObOboOoOoOooOoDoon 407

uoboooooOoooooocoOooOoocOoobooOooonon
oboooooOoobOooooooboboboooooooooon
uoboobooobOoooooOoooboooobooOooonon
0000000000 000000D0D0D00DO[Gomes
00)00D00000000000D0O0O0O0O0O0O0O0O0O0O0
oobooboooooo4+00o0o0oooooooooon
ubobboooboooooooooobooOooobooOooonon
uoboooobooooobOocooobocOooobooOooonon
ooboooooOooooOoOooooooobooOooonon
oobooooooooooooobbo10o000oD0
ooboooooooooogoooo

o o o oo

[Bertsekas 89] Bertsekas, D. P. and Tsitsiklis, J. N.: Parallel
and Distributed Computation, Prentice-Hall (1989).

[Charniak 94] Charniak, E. and Shimony, S. E.: Cost-based
abduction and MAP explanation, Artificial Intelligence,
Vol. 66, pp. 345-374 (1994).

[Davis 60] Davis, M. and Putnam, H.: A Computing Pro-
cedure for Quantification Theory, Journal of the Associa-
tion for Computing Machinary, Vol. 7, No. 3, pp. 201-215
(1960).

[Eiter 95] Eiter, T. and Gottlob, G.: The complexity of logic-
based abduction, Journal of the Association for Computing
Machinary, Vol. 42, No. 1-2, pp. 3—42 (1995).

[Gomes 00] Gomes, C.: Structure, Duality, and Random-
ization: Common Theme in AI and OR, in Proceedings
17th National Conference on Artificial Intelligence (AAAI-
2000), pp. 1152-1158 (2000).

[Gu 94] Gu, J.: Global Optimization for Satisfiability Prob-
lem, IEEE Transactions on Knowledge and Data Engineer-
ing, Vol. 6, No. 3, pp. 361-381 (1994).

[00 9 ODO0O0OOOOD0O0OOO0OO0OO0OO,060,00 (1996).

[00 91 O0,00000000000D00000000000O
oooo,0000000, Vol. 6, No. 4, pp. 501-509 (1991).

[Levy 97] Levy, A. Y., Fikes, R. E., and Sagiv, Y.: Speed-
ing up Inferences using Relevance Reasoning: a Formalism
and Algorithms, Artificial Intelligence, Vol. 97, pp. 83-136
(1997).

[00 90 0OO0,0000000000000000000000
000o000oo0ooooo,0oooooog, Vol. 5, No. 5,
pp. 640-648 (1990).

[00 98] O0O,00,000SLO0000OO00OO0OOOOOO
goboooboobooboooboobooobo,oboooobo
0, Vol. 13, No. 6, pp. 953-961 (1998).

[Morris 93] Morris, P.: The Breakout Method for Escaping
from Local Minima, in Proc. AAAI-93, pp. 4045 (1993).
[0094) 0OO0,000000000000000000D0OO
gobooobobooboobobooob,boooboboooobo

00, Vol. J 77-D-II, No. 9, pp. 1817-1829 (1994).

[0 98] O0O,000000000000000000DOO
00000000000, 0000000, Vol. 13, No. 3, pp.
415-423 (1998).

[Santos, Jr. 94] Santos, Jr., E.: A Linear Constraint Satis-
faction Approach to Cost-Based Abduction, Artificial In-
telligence, Vol. 65, No. 1, pp. 1-27 (1994).

[Selman 93] Selman, B. and Kautz, H.: Domain-Independent
Extensions to GSAT:Solving Large Structured Satisfiability
Problems, in Proc. IJCAI-93, pp. 290-295 (1993).

[Selman 97] Selman, B., Kautz, H., and McAllester, D.: Ten
Challenges in Propositional Reasoning and Search, in Pro-
ceedings 15th International Joint Conference on Artificial
Intelligence (IJCAI-97), pp. 50-54 (1997).

[Wah 97] Wah, B. W. and Shang, Y.: Discrete Lagrangian-

—0O0 0O 0O O

Based Search for Solving MAX-SAT Problems, in Proc.
IJCAI-97, pp. 378-383 (1997).

[Wu 00] Wau, Z. and Wah, B. W.: An Efficient Global-Search
Strategy in Discrete Lagrangian Methods for Solving Hard
Satisfiability Problems, in Proceedings 17th National Con-
ference on Artificial Intelligence (AAAI-2000), pp. 310-315
(2000).

[00 99 0O0,00,0000AAS:O0000D0O0O0OOOO
00000o0oooD00oooo0oOooo,00oooog, Vol 14,
No. 6, pp. 245-253 (1999).

cooooooooono

20000 120 40 OO

oo mooooo

1997 000000000000000OOOO00OODOO
00000 3000000000000000000O0
ooo0oo0o0o0o0000O0O00O00000O00O0O00O0O0
pgoo0ooOooO0O0oO0ooO0oOO0O00O0O0O00OO0OOO0O0O0O0
O0D0OO0O00D0AAAIOOO

oo moooo

1971 00000000000001976 DO0O0ODOODOO
00000000000 NTTOOOOOOODODOO1978
0000000000000000000000019920
ooo0o0o0O0o0O0o0oO0o0o0O0ob0O0oOO0O0ooooooon
ooo0ooO00o0o00O00000O0O000O00O0O0O000
O0D0DODOD0OOO0O0IEEEDAAAIDDOOOOOOOO
goo0ooO0oooO0o0OO0O000O00O000O0O0DOOO0O00
ooo



