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7 1 ), , - - 1* 0 0 * 6 2 & - t 1 w � +( 0 , ⇐⇒ Pi ∈ lfp(TS) :
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b : T0 ) 1. & + / 4 1 R P P + W W9 / . / / . d �0 , 0 , e )/ ( ), 1. + & &. ), ( ( &. :
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%&2 / 1 + , , . & - &* ), & 4 & 8 O / - - 1* 14 4 &. +, 8 / ) ) & &* + 1 - / 3 1 1 ) ) & / 8 9 , -4 &. P

&. . , +0 + )( 1 +, , ( 1 + + P W + + P2 P d + e* + & < 1 1 - 1 d + e 4 & - - 1 d + e :
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R , ( 0 * +, , - - & 8 & )0 &2 & ( 0 0 * 4 0 / O / * +0 0 / - , . . & 1* , * + 19 / 0 )/ . NA(P)d / 8 9 , -4 &* * & P , * 1 1. + W2 P +

not N - 1 +, ( & & - 1 + e / * &9 / 0 )/ 1* + & :
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Q & ), . . , + & &. &* +, 1 + + & 1. * + & < 1 1 - ,9 & 4 & - - ,9 & ( &9 & &2 & & / * 1 + + & 1* 4 & - - 1 &

d - 1 +, ( & & - 19 / 0 ) )/ FS
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+0 + ) 1 + & &. U / . )/ 4 & 8 O / - - 1* , * + 1* & &2 0 + , + +0 )/ . 	 1 ) + 1 :
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� : � 14 / . * t f � � � w6 
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y z � | z 
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	 1* P )* 1 / . + / +, 0 +, + +0 4 0 0 + +0 9 1 & * 1* P - + P2 1 , . / 89 , -4 1 , . 1. * + &. + 1 / 1. + 16

% : � W( 9 P. , . t bu u u w6 � � � � {� {z � | � y �z � � x �� | �� } � �z 
y z � � �} x � � y�
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789 , -54 & +

smodels

9 & lparse / 2 & +* & & + &2 1 - - & 2 , ( )/ * * & / * / 1 + +, , - - &

http://www.tcs.hut.fi/Software/smodels/
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	 &* ), + + &2 & +* + & < 1 1 - 1 + 4 & - - 1 +( &9 & + & &. - 1 +, ( & & - 19 / 0 )/ - - & FS6

d 1 e c / * A ∈ FSU . 1 1. A ∈M

- &* ), + + &2 1 - - , * + & < 1 1 - , 1 - - , 4 & - - , 1 - - , M :

d 1 1 e c / * not A ∈ FSU . 1 1. A 6∈M

- &* ), + + &2 1 - - , * + & < 1 1 - , 1 - - , 4 & - - , 1 - - , Md. P 1 + P2 &* + & &2 1 - - , + P W* 1 - - , 9 / 0 )/ 1 - - , F R P +, , not A ∈ F

e :

➤

% P4 P , 8 O / +2 / 1 O & &. W4 4 P( + P P / 89 , -54 &. P* + & < 1 1 - 1 1. 4 & - - 1. M

9 &

- 1 +, ( & & - 19 / 0 )/ . FS2 P - 1* , . P � �� { {z � �� y�� � �� {z | :

I� ] \ �J K K ] ^ %'& ( ) &* +, - - & &. . / ( 4 & & - 1 & - / 3 1 1 ) ) & / 89 , -54 & &

P = { A← not B, B← not A, C← not D,

D← not C, E← not F, F ← not E } :

; W + , * 14 : - 1 +, ( & & - 19 / 0 ) )/ FS = {A,not C} / . W8 +, , . * / R 12 & / 89 , -4 &. P

* + & < 1 1 - 1 , . 4 & - - 1 , . M1 = {A,D,E}

9 & M2 = {A,D,F}
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➤

m R R( / )* 14 / 1. + 1 R , ( 0 * +0 0 * + & < 1 1 - 1 , . 4 & - - 1 , . & - & N9 & W - P( &9 & &. 6

b : � �|} | �| LB(P,FS)⊇ FS / . - 1 +, ( & & - 19 / 0 ) )/ U 9 / ) & / .

W8 +, , . * / R 12 & 9 / ) & 1* , . - 1 +, ( & & - 19 / 0 )/ . FS

) &. * * & W8 +, , . * / R 12 &.

/ 89 , -54 &. P* + & < 1 1 - 1. 4 & - - 1. M ⊆ HB(P)

) &. * * & :

f : � ��} | �| UB(P,FS)⊆ HB(P) / . & +/ 4 1 - &0 * , 1 O , . 9 / 0 ) )/ U 9 / ) &

* 1* P - + P P9 / ) & 1* , . - 1 +, ( & & - 19 / 0 )/ . FS

) &. * * & W8 +, , . * / R 12 &.

/ 89 , -54 &. P* + & < 1 1 - 1. 4 & - - 1. M ⊆ HB(P) :

➤

m R R( / )* 14 & & + 1 / � � � � � �

(P,FS) / . R 1 , . 1. 9 / 0 ) )/ FS′U 9 / ) & * 1* P - + P P

FS6 . 9 & / . * 0 -9 , + +0 * , 0 ( & &2 1 , . * P P. + X9 , . * 0 8 + , , . 6

d 1 e c / * - 1 +, ( & & - 1

L ∈ LB(P,FS′)U . 1 1. L ∈ FS′ :

d 1 1 e c / * & +/ 4 1

A 6∈ UB(P,FS′)U . 1 1. not A ∈ FS′ :

➤

m R R( / )* 14 & & + 1 / � � � � � �

(P,FS)* & & O & &. - &* ), 4 & - - & & - & N9 & W - P( &9 /9 &

+/ 1* +0 2 &* + 19 & + P W O , . + P4 P - - P - 1 + , ( & & - 19 / 0 ) )/ & FSd )0 . . , * * & &2 0 +, + & &. ) 1 1. +/ R 1* + , R , ( 1 & & + +, 1 O , . d 1 e9 & d 1 1 e* 0 8 +, , . e :

=

©

�� � � �� 
� �> > � � � � 
 �? 
� � 
 � � > �A@ � � � � � B � � 
C � � � �� > � � � �? � � � > � D �? � � �? � �

AB

��� � ��� �� 	 
 �� 
� � �� � � � � � � � � � � � � 
� � � 
 � � �� � 	'

&

$

%

�� � J �  � # F $ $ � # � # � � ! � � �� � � � �

➤

%&2 / 1 + +, , . & / . U , + + P & - &( &9 & LB(P,FS)

9 & W - P( &9 & UB(P,FS)

2 / 1 O & &. - &* ), & - 1. , & & ( 1* , * * & &9 &* * & :

➤

� P 8 1. + P P. W8 + P + & ( ) & +( &9 & + )0 1. o p N4 & - - 1 - - & :

➤

M & )0 + 1 - &. . , d / * 1 + + & 1* 4 & - - 1

FS

e 8 W X O W. . , + + P2 P + , 8 / ) ) & &* + 1 :

➤

7 - , +0 )* 1 - - & FS2 1 , - P d4 & 8 O / - - 1* , * + 1 e ) P W +, + + P2 1* * P / - , 2 & +* P P. . X +6

PFS = { H← B1∧·· ·∧Bm∧not Bm+1∧·· ·∧not Bn ∈ P |

FS∩{not B1, . . . ,not Bm,Bm+1, . . . ,Bn}= /0 }.

➤

h P P( 1 + , - - P P. - 1 + , ( & & - 1. L

)/ 4 R - , 4 , . + + 1

L. / ( 4 & & - 1 1. + & R & &. 6
A = not A

9 & not A = A :

➤

; W + PFS = {H← L1∧·· ·∧Ln ∈ P | FS∩{L1, . . . ,Ln}= /0} :
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 J ] �� � \ 
 ^ m - & ( &9 & LB(P,FS) / . R 1 , . 1. 9 / 0 ) )/ FS′U 9 / ) & * 1* P - + P P

9 / 0 )/ . FS

9 & / . * 0 -9 , + +0 * ,0 ( & &2 1 , . R , ( 1 & & + +, 1 O , . * 0 8 +, , . 6

� b6 c / * H← L1∧·· ·∧Ln ∈ PFS′

9 & {L1, . . . ,Ln} ⊆ FS′U H ∈ FS′ :

� f6 c / * & +/ 4 1

H , 1 , * 1 1. . W 4 1. ) P P. / 89 , -4 &. PFS′

* P P. . X.

* , 0 ( &0 )* , . & U . 1 1. not H ∈ FS′ :

� g6 c / * H ∈ FS′ / . + P* 4 P - - , , . W8 O , . * P P. . X. H← L1∧·· ·∧Ln ∈ PFS′* , 0 ( &0 )* , . & U {L1, . . . ,Ln} ⊆ FS′ :

� i6 c / * not H ∈ FS′U * P P. + X

H← L1∧·· ·∧Ln ∈ PFS′

9 &

{L1, . . . ,Li−i,Li+1, . . . ,Ln} ⊆ FS′U . 1 1. Li ∈ FS′ :

� k6 c / * 9 / - - , ) 1. & +/ 4 1 - - , H* , ) P
H ∈ FS′ , + + P

not H ∈ FS′U . 1 1. ) & 1 ) ) 1

- 1 +, ( & & - 1 + )0 0 -0 2 & +9 / 0 ) )/ / . FS′ :
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I� ] \ �J K K ] ^ %'& ( ) &* +, - - & &. / 89 , -54 & &

P1 = { A← not B

d Q b e U C← A

d Q f e U

B← A∧not C∧not D

d Q g e U D←C∧not E

d Q i e

} :

➤

m - & ( &9 &. LB(P1,{not B})

- &* ), . + &6

	 1 +, ( & & - 1 + � , ( 1 & & +, T P W +, + + P2 1* * P / - , 2 & +* P P. . X +

not B / - , +0 * Q bU Q fU Q gU Q i

A

� b Q bVU Q fU Q gU Q i

C

� b Q bVU Q fU Q i

not E

� f Q bU Q fU Q i

D

� b Q bVU Q fU Q i

➤

m R R( / )* 14 & & + 1 / � � � � � �

(P1,{not B}) = {not B,A,C,not E,D}

4 P P( P P9 / * + & < 1 1 - 1. 4 & - - 1. {A,C,D}

d9 / 8 / . & +/ 4 1

B , 1 )0 0 -0 e :
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I� ] \ �J K K ] ^ %'& ( ) &* +, - - & &. , O , - - , , . / 89 , -54 & &

P1 = { A← not B

d Q b e U C← A

d Q f e U

B← A∧not C∧not D

d Q g e U D←C∧not E

d Q i e

} :

➤

m - & ( &9 &. LB(P1,{B})

- &* ), . + &6

	 1 +, ( & & - 1 + � , ( 1 & & +, T P W +, + + P2 1* * P / - , 2 & +* P P. . X +

B / - , +0 * Q fU Q gU Q i

A,not C,not D

� g Q fU Q g

C

� b Q f

) & 1 ) ) 1 - 1 + , ( & & - 1 + � k

➤

% P + , . 4 W X* � � � � � �

(P1,{B})

&. + & & ) & 1 ) ) 1 - 1 +, ( & & - 1 +

☞ / 89 , -54 & - - & P1

, 1 / - , * + & < 1 1 - 1 & 4 & - - 1 & M* 1 +, . U , + + P

B ∈M :
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 J ] �� � \ 
 ^ � - P( &9 & UB(P,FS) / . R 1 , . 1. 4 & - - 1. / 8 9 , -4 & - - , P′U 9 / ) &

* & & O & &. R / 1* + & 4 & - - & not N - 1 +, ( & & - 1 + / 8 9 , -4 &* + & PFS :

I� ] \ �J K K ] ^ %'& ( ) &* +, - - & &. / 89 , -54 & &

P2 = { A← not BU B← not AU C← not AU

D← not CU E← not D }

	 &* ), + & &. / 89 , -54 & - - , P2

, * 14 :* , 0 ( & &2 & + W - P( &9 & +6

b : UB(P2, /0) = {A,B,C,D,E}d )/ * ) & - 1* P )* 1 4 W X* LB(P2, /0) = /0U * & & O & &. � � � � � �

(P2, /0) = /0
e :

f : UB(P2,{A}) = {A,D,E} :

g : UB(P2,{not A}) = {A,B,C,D,E} :
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I� ] \ �J K K ] ^ 	 &* ), + & &. * & 4 & 1* , - - , / 89 , -54 & - - ,

P2 = { A← not BU B← not AU C← not AU

D← not CU E← not D }

& R R( / )* 14 & & + 1 / + � � � � � �

(P2,{A})

9 & � � � � � �

(P2,{not A}) :

b : LB(P2,{A}) = {A,not B,not C,D,not E}= � � � � � �
(P2,{A}) :

f : LB(P2,{not A}) = {not A,B,C,not D,E}= � � � � � �

(P2,{not A}) :

I� ] \ �J K K ] ^ 78 9 , -4 & - - , P3 = {A← not B,B← B} & - & ( &9 & LB(P3, /0) = /0U

4 0 + + & W - P( &9 & UB(P3, /0) = {A} :

; P 1. 2 / 1 O & &. R P P +, - - P

not B
d ) +* : � � � � � � e : % P* + P* , 0 ( & & U , + + P

� � � � � �

(P3, /0) = {A,not B}U )/ * ) & LB(P3,{not B}) = {A,not B} :
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➤

m - & N9 & W - P( &9 / 1 - - , 2 / 1 O & &. &. + & & - 1. , & &( 1* , . &9 &. +/ +,0 +0 )* , +

d ) P W + + P4 P - - P q / r - 1. 3 N s & - - 1 , ( N + W W R R 1* 1 P + 1 , +/ ( & ), . +, , + e :

➤

%& ( ) )0 0 * / . 2 P 8 1. + P P. * & 4 & )0 1. o p N4 & - - 1 - - &6 � � � � � �

(P, /0) &. + & &

/ 8 9 , -4 &. P

o p N4 & - - 1. :

➤

M & )0 + 1 - &. . , d / * 1 + + & 1* 4 & - - 1

FS

e 8 W X O W. . , + P P. O W. & & 4 1* , * + 1 :

I� ] \ �J K K ] ^ 789 , -54 &. P = {A← not B, B← not A, A← B}

+ & R &0 )* , * * &

& R R( / )* 14 & & + 1 / )* 1 � � � � � �

(P,{B})* & & O & &. {A,B,not A,not B} :

789 , -54 &. P∪{B}

o p N4 & - - 1 / . {A,B}

d )/ . 	 1 ) + 1 , 1 +0 - , , * 1 - - , e�
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�Z � � � ] [ � � \ [ � � � � (P,FS,ϕ)6 < / / - , &. 


FS′ := � � � � � �

(P,FS)
] �
� [ � � ] � �

(P,FS′)( , +0 ( . * +( 0 , � ��� �( , +0 ( . � & -* ,

� ��� � ] �

NA(P)

1* �/ 2 , ( , O < W FS′

� ��� �( , +0 ( . �� � �

(P,FS′,ϕ)

� ��� �

χ := � � [ [� � (P,FS′)
] � � \ [ ��� ��� (P,FS′∪{χ},ϕ)( , +0 ( . * +( 0 , � ��� �

( , +0 ( . +( 0 ,

� � � � ( , +0 ( . � \ [ ��� � � (P,FS′∪{χ},ϕ)

� � � ] �

� � � ] �
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p0 . ) + 1 / 1 O , . +, 8 + P2 P +6

➤

p0 . ) + 1 / + & �� � � ) P W +, + P P. - X W + W. , 1 O , . 4 & - - 1 , . 2 & - 1. + & &.

d R & ( & 4 , +( 1

ϕ &. + & & 2 & - 1. + & )( 1 +, , ( 1 + e :

➤

p0 . ) + 1 / � [ � � ] � �

(P,FS)

+ & ( ) 1* + & & U * 1* P - + P P ) X* & & +0 & R R( / )* 14 & & + 1 /

FS

)/ . 	 1 ) + 1. d

{A,not A} ⊆ FS

9 / - - , ) 1. A ∈ HB(P)

e :

➤

p0 . ) + 1 / � � [ [� � +/ +, 0 + + & & 8 & )0 8 , 0 ( 1* + 1 1 ) &. d R & -0 0 & ( 2 / . & - 1 +, ( & & - 1 e :

➤

p0 . ) + 1 / � \ [ ��� � � * 0 / ( 1 + + & & � � � � � �y� � | � | � �y'z {� �y'z � � �6

� \ [ ��� � � (P,FS,ϕ) R & - &0 + + & & & ( 2 / . +( 0 ,

⇐⇒ ∃ P6 . * + & < 1 1 - 1 4 & - - 1

M = Dcl(P,{not A | not A ∈ FS′})U

9 / ) & / . W8 +, , . * / R 12 & FS6 . ) &. * * & d

FS⊆ FS′

e9 &

9 / - - , �� � �

(P,FS′,ϕ) R & - &0 + + & & & ( 2 / . +( 0 , :
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I� ] \ �J K K ] ^ %0 + ) 1 + & &. U )0 0 -0 0 )/ & +/ 4 1

E / 89 , -54 &. P

) & 1 ) ) 1 1.

* + & < 1 1 - , 18 1. 4 & - - , 1 8 1. , +* 14 P - - P2 &* + & 4 & - - 1VU 9 / 8 / . E , 1 )0 0 -0 :

m - / 1 + , + & &. / * 1 + + & 1* 4 & - - 1* + & FS = {not E}d2 & - 1. + & �0 . ) + 1 / �� � � R & - &0 + + & & & 1. & &( 2 / . +( 0 , e :

P = { A← not B,

B← not A,

C← A∧not B,

C← B∧not A,

D← not C,

E← not D }

not E

D

not C

A

not B

C

×

not A

B

C

×

☞

T W - - P )0 0 -0 0 :
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I� ] \ �J K K ] ^ � +* 1 + P P. / 89 , -54 &.

P = { A←C∧not B,

B← not A,

C← not D,

D← not A }

* + & < 1 1 - 1 + 4 & - - 1 + d & -0 * * & FS = /0

9 & �� � � R & - &0 + + & & & 1. & +( 0 , e6

A

not D

C

not B

not A

B

D

not C

☞

� + & < 1 1 - 1 + 4 & - - 1 +

M1 = Dcl(P,{not B,not D}) = {A,C}

9 &

M2 = Dcl(P,{not A,not C}) = {B,D} :
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➤

	 / / ) & 8 , & O N +, ). 1 1 ) ) &6 9 / ) & 1* , - - , & +/ 4 1 - - , A ∈ NA(P)U 9 / 8 / .

/ * 1 + + & 1* 4 & - - 1

FS , 1 / + & ) &. + & & d

A 6∈ FS

9 & not A 6∈ FS

e U - &* ), + & &.

FS1 = � � � � � �

(P,FS∪{A})

9 & FS2 = � � � � � �

(P,FS∪{not A})

➤

� & & O & &. + & ( ), 4 R 1 & - & ( &9 &6

c / * FS1

* 1* P - + P P )/ . 	 1 ) + 1. U - 1* P + P P. not A

9 / 0 ) )/ / . FS

9 &

9 / * FS2

* 1* P - + P P )/ . 	 1 ) + 1. U - 1* P + P P. A

9 / 0 ) )/ / . FS :

➤ FS1

&. O

FS2
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