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$ # %'& � ( �)  ��* #+ & �,- � . � #/ !0 � % �1 -

2 #3 � + , � # , � .4 � � 3 " , # + 5 / � # / # � 67  1 � # # + � 1
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@A 4 B CD E) F 2 A F 2 G E �HI A �H E F

7 J � � 3 % #K LNM O O PQR S T�U S

P

V PW SU X W Q U YM ZR

a← b1, . . . , bn

U W [ S TR

TR U [

a

X Q \W P] W S P ^R _U Z Q R X W U ` P [R Z

M

P _

P

^R X Wa V PW Q S YM V SR [cb

=⇒

d W R P _

b1, . . . , bn

` M Q S ^R _U Z Q R X W M

e X _

M |= P

X Q S P T P Z [ fb

gb h _

n = 1 i S TR W ] R \W P] X ` `R [ XU SR ZNj S T�U S

b1

X Q _U Z Q R X W M b

kb h _ i X W U [ [ X S X PW i b1, . . . , bi−1

U W [

bi, . . . , bn

U YR \W P] W S P ^R S YM R X W

M i S TR W

bi

X Q _U Z QR X W M b

lNm nU W ] R Q P `R T P] YR [ M VR S TR W M ` ^R Y P _ O PQ X S X'o R Q M ^a PU Z Q X W YM ZR Q p

qb r U W T M W R W s nt ku u u v m w�x yz {| }�~� � ��� �0� z | �� � }'� � ��x �� |� x �� x y �

� �~ � {� � }� { � � � ��� �| }� �� � w � {� � �� x �� x� }� �| x� | { y� b

qb r U W T M W R W s� L� i k u u� v m � w�x� ~ �� |� � {� � � � z z | x {� � � x �| { ~� � { � }�~�

� x� }� �| x� | { y� }�~ � x � � �� x � w � {� � �� b
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E) � 8H F7 E� � $7 �A 8 B

gb � YR Z X ` X W U Y XR Q m � P Y ` U Z � Y Pa YU ` Q

kb �R W R YU Z � Q Q M ` O S X PW Q PW t Pa X V � Y Pa YU ` Q

� b � P S X PW P _� � M X'o U ZR W VR

�b � Y P OR Y S XR Q P _ q YU W Q Z U S X PW  M W V S X PW Q

¡b � ¢ O YR Q Q X'o R � P] R Y � W U Zj Q X Q

£b ¤R S � W P S TR Y nT�U YU V SR Y X'¥ U S X PW P _ L SU ^ X Z X Sj

¦b � PW§ ¨ P [ M Z U Y � Z SR YW U S X'o R Q

©b ªR Z�U SR [ « P Y \

¬b n PW V Z M Q X PW Q
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➢

�  � + � � % Î % �1 � / Ï 3 + �1 + � �

P

X Q U Q R S P _ + " % #& P _ S TR _ P Y `

a← b1, . . . , bn,∼c1, . . . ,∼cm.

➢

«R M QR S TR _ P Z Z P] X W a W P SU S X PW Q _ P Y U YM ZR

r

P _ S TR \ X W [ U ^ Po R m

head(r) = a,

body+(r) = {b1, . . . , bn}, body−(r) = {c1, . . . , cm},

U W [

body(r) = {b1, . . . , bn,∼c1, . . . ,∼cm}.

➢

� YM ZR

r ∈ P

X Q Q U S X Q ÐR [ X W U O Y P O PQ X S X PW U Z � , # + 3 + #, � , � �  

I ⊆ Hb(P ) ⇐⇒ I |= body(r)

X ` O Z XR Q

I |= head(r)b

➢

� W X W SR Y O YR SU S X PW M ⊆ Hb(P )

X Q U Î / % � & & � / � % Ï � � 6 # % P _

Pe [R W P SR [ ^j M |= P

f

⇐⇒ M |= r

T P Z [ Q _ P Y U Z Z

r ∈ P b
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2 # � �, � �  K � y x �� �

M |= P

}� { � ��� � � � � � � �
	 � x �

P

⇐⇒

� ��� | � }� ~ x y x �� �

M ′ |= P

� � � � � � { �

M ′ ⊂M �

➢

� o R Yj z x� } � }'� � e W R a U S X PW _ YR R f W P Y ` U Z O Y Pa YU ` P T�U Q U M W X � M R

` X W X ` U Z ` P [R Z

LM(P ) i XbR b S TR % # � & , � � 6 # % P _

P b

➢

q TR ZR U Q S ` P [R Z

LM(P ) = lfp(TP ) ] TR YR TP

X Q U W P OR YU S P Y

[R Ð W R [ ^j TP (A) = {head(r) | r ∈ P

U W [

body+(r) ⊆ A}b

➢

� Xo R W

a ∈ LM(P ) = lfp(TP ) i S TR % #* # %  " � 9 # + #a

X Q S TR ZR U Q S

W M ` ^R Y i > 0 Q M V T S T�U S

a ∈ TP ↑ i

^M S

a 6∈ TP ↑ i− 1b

7 J � � 3 % #K   P Y P = {a←; b← a; c← b; a← b; d← d},S TR ZR U Q S ` P [R Z

LM(P ) = {a, b, c}b

q TR YR Q OR V S Xo R ZR o R Z W M ` ^R YQ U YR #a = 1 i #b = 2 i U W [

#c = 3b

Ñ » Ñ
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➢

� Xo R W U W X W SR Y O YR SU S X PW M ⊆ Hb(P ) i S TR �R Z _ PW [§ t X _Q V T X S¥ YR [ M V S

PM = {head(r)← body+(r) | r ∈ P

U W [

body−(r) ∩M = ∅}.

2 # � �, � �  K � ~ }�~ �� | z | � � { � } x ~ M ⊆ Hb(P ) x � { ~ x | y { � � x� }� z | x� | { y

P

}� { � 
 � � �	 � � �
	 � x �

P ⇐⇒ M = LM(P M ) �

7 J � � 3 % #K � O Y Pa YU ` P = {a← ∼b}

T�U Q S T YR R V Z�U Q Q X VU Z ` P [R Z Q

M1 = {a} i M2 = {b} i U W [

M3 = {a, b} i ^M S PW ZNj M1

X Q Q SU ^ ZR m
PM1 = {a←} U W [

P M2 = PM3 = ∅.

Í + � 3 � & �, � �  K � � { � �� y x �� �� x �

P

{| � { �� x � � {� � }� { � y x �� �� x �
P

� �� � � ��� � x ~ � � |� � � x �� ~ x � � x � � } ~ � � ~ � | { � � �

Ñ½ Ñ
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➢

� Xo R W U W X W SR Y O YR SU S X PW M ⊆ Hb(P ) i ] R [R Ð W R S TR Q R S P _

� � z z x | � } ~� |� ���

SR(P, M) = {r ∈ P |M |= body(r)}.

2 # � �, � �  K � ~ }�~ �� | z | � � { � } x ~ M ⊆ Hb(P )

}� { �� � � �� 
 	 � � � �
	 � x �

P ⇐⇒ M |= P

{ ~ �

∀a ∈M � ∃r ∈ SR(P, M)� � � � � � { �

head(r) = a �

7 J � � 3 % #K � O PQ X S Xo R O Y Pa YU ` P = {a← b; b← a}

T�U Q S] P

Q M O O P Y SR [ ` P [R Z Q

M1 = ∅ U W [
M2 = {a, b} i ^M S PW Zj M1

X Q Q SU ^ ZR b

Í + � 3 � & �, � �  K � � { � �� y x �� �� x �
P

{| � { �� x � � z z x | �� � y x �� �� x �

P

� �� � � ��� � x ~ � � |� � � x �� ~ x � � x � � } ~ � � ~ � | { � � �

Ñµ Ñ
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2 # � �, � �  K � Z Pa X V O Y Pa YU ` }� { �| }z �� 〈P, A, V 〉 � � � | �

�
� P

}� {� � � x � � � z | �� � } x ~� �� � � � {� |� ��� � � � {� � �� x | � � ~ �� ~ � �� � �� } � �

x � z | x z x� } � } x ~ { � { � x y� �

�
� A

}� {� � � x � U [ [ X S X PW U Z { � x y� � � { � ~ � � � ~ x � { z z � {| } ~ P � { ~ �

�
� V

�� �N~ �� � � }� � { � x y� {z z � {| }�~� } ~ P

{ ~ �

A

{| � o X Q X ^ ZR �

�j U Q Z Xa T S U ^M Q R P _ W P SU S X PW i ] R ] Y X SR P

_ P Y 〈P, A, V 〉 i Hba(P )

_ P Y A i

Hb(P )

_ P Y S TR Q R S P _ U S P ` Q U O OR U Y X Wa X W P

U W [

A i U W [

Hbv(P )

_ P Y V bq TR ! � 6 6 # OU Y S Hbh(P )

X Q Hb(P )−Hbv(P )b

� W ZR Q Q P S T ] R Y ] X QR Q SU SR [

Hba(P ) = ∅ U W [

Hbv(P ) = Hb(P )b

7 J � � 3 % #K � Z Pa X V O Y Pa YU ` P = {a← ∼a} ] X S T

Hb(P ) = {a, b} U W [

Hbv(P ) = {a}

T�U Q S] P � � {� � }� { � y x �� ��

M1 = {a} U W [

M2 = {a, b}b

Ñ ´ Ñ
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D #� " � + # � # , & . � + 4 % � & & #& � . 8 �1 � / Í + �1 + � �&

� U V T V Z�U Q Q P _ Z Pa X V O Y Pa YU ` Q

C ` M Q S Q U S X Q _j S TR _ P Z Z P] X Wa V Y X SR Y XU m

gb � U V T `R ` ^R Y P ∈ C X Q U Ð W X SR Q R S P _R ¢ O YR Q Q X PW Q U W [ S TR

�R Y ^ YU W [ ^U Q R Hb(P )

X Q Ð W X SR b

kb n Z PQ M YR M W [R Y M W X PW Q m X _

P ∈ C U W [

Q ∈ C i S TR W P ∪Q ∈ Cb

� b n Z PQ M YR M W [R Y X W SR YQ R V S X PW Q m X _

P ∈ C U W [

Q ∈ C i S TR W P ∩Q ∈ Cb

�b q TR YR X Q U Q R ` U W S X VU Z P OR YU S P Y SemC

S T�U S ` U OQ U O Y Pa YU ` P ∈ CS P U Q R S P _ Q R SQ SemC(P ) ⊆ 2
Hb(P ) i XbR b i S TR & #, � . � � 6 # %'& P _

P b

7 J � � 3 % #K q TR V Z U Q Q P _ Ð W X SR W P Y ` U Z O Y Pa YU ` Q P Q U S X Q ÐR Q S TR Q R V Y X SR Y XU

^M S

Podd = {P ∈ P | P

T�U Q U W P [ [ W M ` ^R Y P _ YM ZR Q

}

[ PR Q W P Sb
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7 J � � 3 % #K 5 � � # 5-  , � / , � / 5" 9 / % � & & #& � .

P

➢

�j V PW Q S YU X W X Wa S TR W M ` ^R Y P _ O PQ X S Xo R ^ P [ j Z X SR YU Z Q

n i ] R P ^ SU X W

S TR _ P Z Z P] X Wa Q M ^ V Z U Q Q R Q P _ W P Y ` U Z O Y Pa YU ` Q m

gb q TR V Z U Q Q P _ � , � � � / 3 + �1 + � �& A e

n = 0

_ P YR o R Yj YM ZR fb

kb q TR V Z U Q Q P _ "  � +- 3 + �1 + � �& U e

n ≤ 1

_ P YR o R Yj YM ZR fb

� b q TR V Z U Q Q P _ 9 � � +- 3 + �1 + � �& B e

n ≤ 2

_ P YR o R Yj YM ZR fb

☞ A ⊂ U ⊂ B ⊂ Pb

➢

  P YR U V T V Z U Q Q C ∈ {A,U ,B,P} i S TR QR ` U W S X VQ X Q [R SR Y ` X W R [ ^j
SemC(P ) = SM(P ) = {M ⊆ Hb(P ) |M = LM(P M )}.

➢

q TR V Z�U Q QR Q P _ O PQ X S Xo R O Y Pa YU ` Q

A+ ⊂ U+ ⊂ B+ ⊂ P+ U YR

P ^ SU X W R [ U W U Z Pa PM Q Zj ^j [R W j X W a W R a U S X'o R ^ P [Nj Z X SR YU Z Q b
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➢

h W U W U Z Pa j S P YM ZR Q i O Y P O PQ X S X PW U Z V Z�U M QR Q

a1 ∨ · · · ∨ an ∨ ¬b1 ∨ · · · ∨ ¬bm

U YR R ¢ O YR Q Q X PW Q _ P Y `R [ P _ O Y P O PQ X S X PW U Z U S P ` Q b
➢

«R ] Y X SR SC _ P Y S TR V Z U Q Q P _ Ð W X SR Q R SQ P _ V Z U M QR Q b

➢

q TR Q R ` U W S X VQ P _ U Q R S

S ∈ SC

X Q [R SR Y ` X W R [ ^j U W P OR YU S P Y

SemSC(S) = CM(S) = {M ⊆ Hb(S) |M |= S}.

☞ SC VU W ^R o XR ] R [ U Q U V Z�U Q Q P _ Z Pa X V O Y Pa YU ` Q b
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2 # � �, � �  K � x� }� z | x� | { y� P ∈ C { ~ �

Q ∈ C′ {| � � � � � � ��� 	 � � � � � �	 � 


� �� ~ x �� � � � P ≡v Q

�

⇐⇒

�
� Hbv(P ) = Hbv(Q) { ~ �

�
� � ��� | � }� { � }	 � � � }'� � �� ~ � � } x ~ f : SemC(P )→ SemC′(Q)� � � � � � { �

M ∩Hbv(P ) = f(M) ∩Hbv(Q).

� x � �� �x | � � � | � M ∈ SemC(P ) �

➢

q T X Q W P S X PW X Q U O O Z X VU ^ ZR ^ P S T ] X S T X W U Q X Wa ZR V Z�U Q Q P _ O Y Pa YU ` Q U Q

] R Z Z U Q ^R S] R R W [ X 
R YR W S V Z U Q Q R Q P _ O Y Pa YU ` Q b

➢

q TR W M ` ^R Y P _ ` P [R Z Q X Q O YR QR Yo R [ M W [R Y ≡vb

Ñ ° Ñ
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7 J � � 3 % #K

gb q TR Q SU ^ ZR ` P [R Z Q P _ U W P Y ` U Z Z Pa X V O Y Pa YU `

P = {a← ∼b; b← ∼a; c← a; c← ∼a}

] X S T

Hb(P ) = {a, b, c} U YR M1 = {a, c} U W [

M2 = {b, c}b

kb q TR Q R S P _ V Z U M Q R Q

S = {a ∨ d, ¬a ∨ ¬d, a ∨ c, ¬a ∨ c}

T�U Q R ¢U V S Zj S] P V Z�U Q Q X VU Z ` P [R Z Q

N1 = {a, c} U W [

N2 = {d, c} i

Q X W VR Hb(S) = {a, c, d}b

q TR U S P ` Q

b

U W [

d i ] T X V T U O OR U Y X W P

U W [

S i YR Q OR V S X'o R Zj i VU W ^R

T X [ [R W ^j SM W X Wa S TR o X Q X ^ X Z X Sj P _ U S P ` Q m Hbv(P ) = Hbv(S) = {a, c}b

☞ P ≡v S

T P Z [ Q b
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A %, # +  � , ��* #  � , � �  & � . #� " ��* � % # / #

t R S M Q V P ` OU YR ≡v

] X S T S TR _ P Z Z P] X Wa YR Z�U S X PW Q m

2 # � �, � �  K �| x� | { y� P ∈ P { ~ �

Q ∈ P {| � � �	 � � �� � 	 � � � � � �	 � 


⇐⇒ SM(P ) = SM(Q) �

2 # � �, � �  K �| x� | { y� P ∈ P { ~ �

Q ∈ P {| � � 
 � � � � ��� 	 � � � � � �	 � 


⇐⇒ SM(P ∪R) = SM(Q ∪R)

�x | { � �

R ∈ P �

2 # � �, � �  K �| x� | { y� P ∈ C { ~ �

Q ∈ C′ {| � �	 � � ��� � � � � � ��

	 � � � � � �	 � 
 � �� ~ x �� � � �

P ≡w Q

�

⇐⇒

�
� Hbv(P ) = Hbv(Q) { ~ �

�
� {M ∩Hbv(P ) |M ∈ SemC(P )} =

{N ∩Hbv(Q) | N ∈ SemC′(Q)}.
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2 # � �, � �  K � �| { ~� � { � } x ~ �� ~ � � } x ~ Tr : C → C′

}� � � ��� � � � � � � �� �
⇐⇒

�x | { � �

P ∈ C � � ��� � } y � | � �� }| � � � x � x yz � �� Tr(P )

}� z x � �~ x y } { �

}�~ ||P || � }
� � � � � � ~ � y � � | x �� � y � x �� ~ � � �� � � x | � z | �� � ~ �

P �

2 # � �, � �  K � �| { ~� � { � } x ~ �� ~ � � } x ~ Tr : C → C′

}� � � � 
 � �� � �	 �

⇐⇒

�x | { � �

P ∈ C � P ≡v Tr(P ) �

7 J � � 3 % #K n PW Q X [R Y U TNj O P S TR S X VU Z S YU W Q Z U S X PW _M W V S X PW

TrDOUBLE(P ) = P ∪ {a← ∼b; b← ∼a},

] TR YR

a 6∈ Hb(P ) U W [

b 6∈ Hb(P ) U YR S] P W R ] U S P ` Q i U W [

Hbv(TrDOUBLE(P )) = Hbv(P )
^j [R Ð W X S X PW b

☞ TrDOUBLE

X Q Z X W R U Y eU W [ S T M Q O P ZNj W P ` XU Z f ^M S W P S _U X S T _M Zb
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G � 6�" % # / �  6 �, � �  & _ P Y S] P O Y Pa YU ` Q P ∈ C U W [

Q ∈ C U YR m

¨ gb P ∩Q = ∅

¨ kb Hba(P ) ∩Hba(Q) = ∅

¨� b Hbh(P ) ∩Hb(Q) = ∅

¨ �b Hb(P ) ∩Hbh(Q) = ∅

2 # � �, � �  K � �| { ~� � { � } x ~ �� ~ � � } x ~ Tr : C → C′

}� � � �� � � � � 
 �

⇐⇒

�x | { � �

P ∈ C { ~ �

Q ∈ C� { � }� � � }�~� � �
� ��
�

Tr(P ∪Q) = Tr(P ) ∪ Tr(Q) � { ~ �

Tr(P ) { ~ �

Tr(Q)� { � }� � � � � � � �
�

2 # � �, � �  K � �| { ~� � { � } x ~ �� ~ � � } x ~ Tr : C → C′

}� � 	 


⇐⇒ Tr

}� z x � �~ x y } { � � � { } � � �� �
� { ~ � y x �� � {| �

Í + � 3 � & �, � �  K � ~ � � x yz x� } � } x ~ x � z x � �~ x y } { � � � { } � � �� � � y x �� � {|

�| { ~� � { � } x ~ �� ~ � � } x ~� }� { �� x z x � �~ x y } { � � � { } � � �� � � y x �� � {| �

Ñ ³½ Ñ
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4 % � & & � � / � , � �  G #, ! � 6

� Xo R W S] P V Z U Q QR Q C U W [

C′ P _ O Y Pa YU ` Q i S TR a PU Z X Q S PR Q SU ^ Z X Q T R X S TR Y

➢ C ≤PFM C
′

e S TR YR X Q U �   ¨ S YU W Q Z U S X PW _M W V S X PW Tr : C → C′

f i � +

➢ C 6≤PFM C
′

e Q M V T U S YU W Q Z�U S X PW _M W V S X PW [ PR Q W P SR ¢ X Q S fb

q TR QR YR Z�U S X PW Q X W [ M VR _M Y S TR Y YR Z�U S X PW Q _ P Y V Z U Q Q R Q P _ Z Pa X V O Y Pa YU ` Q m

� P SU S X PW �R Ð W X S X PW ªR Z U S X PW

C <PFM C
′ C ≤PFM C

′ U W [

C′ 6≤PFM C

� �| }� � � � ��� �

C =PFM C
′ C ≤PFM C

′ U W [

C′ ≤PFM C

� �� { �

C 6=PFM C
′ C 6≤PFM C

′ U W [

C′ 6≤PFM C

}�~ � x yz {| { � ��

☞

nZ�U Q Q R Q VU W ^R P Y [R YR [ PW S TR ^U Q X Q P _ S TR X YR ¢ O YR Q Q Xo R O P] R Yb
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�Ë 7 � ÍD 7 5 5 HI 7 Í E �7 D A F A 8� 5 H 5

Í + � 3 � & �, � �  K � � � } ~ � �� � } x ~� A+ ⊂ U+ ⊂ B+ ⊂ P+ } yz � �

A+ ≤PFM U
+ ≤PFM B

+ ≤PFM P
+ �

� ! # � + # � K U+ 6≤FM A
+

�| x x �
�

L M O O PQ R S T�U S

Tr : U+ → A+ X Q _U X S T _M Z U W [ ` P [ M Z U Yb

� Y Pa YU ` Q P = {a← b} U W [

Q = {b←} Q U S X Q _j ¨ g�� ¨ �b

q T M Q Tr(P ∪Q) = Tr(P ) ∪ Tr(Q) ] T X V T U YR [ X Q � P X W S U W [ U S P ` X Vb

� P] a ∈ LM(P ∪Q) =⇒ a ∈ LM(Tr(P ) ∪ Tr(Q))

=⇒ a←

^R Z PWa Q S P Tr(P ) P Y S P Tr(Q)

=⇒ a ∈ LM(Tr(P )) P Y

a ∈ LM(Tr(Q))

=⇒ a ∈ LM(P ) P Y

a ∈ LM(Q) i

U V PW S YU [ X V S X PW b
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7 J3 + #& & ��* # #& & � . Í � & �, ��* # Í + �1 + � �& Î4 �  , � " # 6 Ï

➢

� P] R o R Y i U _U X S T _M Z U W [  �  � � � 6" % � + S YU W Q Z�U S X PW _M W V S X PW

_ Y P ` U+ S P A+ X Q Q S X Z Z O PQ Q X ^ ZR m

TrLM(P ) = {a← | a ∈ LM(P )}.

➢

  P Y S TR O Y Pa YU ` Q P

U W [

Q

X W S TR O YR VR [ X Wa V PM W SR Y§ R ¢U ` O ZR m

TrLM(P ) = ∅ i TrLM(Q) = {b←} U W [
TrLM(P ∪Q) = {a←; b←} 6= TrLM(P ) ∪ TrLM(Q)b

➢

¨ P YR Po R Y i X S VU W ^R R Q SU ^ Z X Q TR [ S T�U S
B+ 6≤FM U

+ U W [

P+ ≤PFM B
+b

➢

q TR YR Q M Z S X W a R ¢ O YR Q Q X'o R O P] R Y T XR YU Y V Tj _ P Y O PQ X S Xo R O Y Pa YU ` Q m

A+ <PFM U
+ <PFM B

+ =PFM P
+.
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5" � � � +- � . � " + D #& " %, & . � + F � + � � % Í + �1 + � �&

➢ A ⊂ U ⊂ B ⊂ P =⇒ A ≤PFM U ≤PFM B ≤PFM Pb

➢

� PW§ ^ X W U Yj YM ZR Q VU W ^R S YU W Q Z�U SR [ U ] U j m P ≤PFM Bb

➢

� X W U Yj U W [ M W U Yj YM ZR Q VU W W P S ^R S YU W Q Z U SR [ U ] U j X W U . � �, ! ." %

� 6 � � 6" % � + ] U j m B 6≤FM U

U W [

U 6≤FM Ab

➢

h S X Q Q S YU Xa T S _ P Y ] U Y [ S PR W V P [R O Y P O PQ X S X PW U Z Q U S X Q ÐU ^ X Z X Sj O Y P ^ ZR ` Q

U Q eU S P ` X V f W P Y ` U Z O Y Pa YU ` Q m SC ≤PFM Ab

➢

�0M R S P W PW§ ` PW P S PW X V X Sj A 6≤FM SCb

➢

q TR YR Q M Z S X W a T XR YU Y V TNj P _ S TR Ðo R V Z U Q QR Q M W [R Y V PW Q X [R YU S X PW m

SC <PFM A <PFM U <PFM B =PFM Pb

Ñ ³ ¯ Ñ
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�Ë � 7 � A F E � $7 D 4 $ A D A 4 �7 D H �A �H E F E� 5 �A @ H 8H � �

2 # � �, � �  K � } � � ~ {� � z z x | �� � y x �� �

M

x �

P � { �� ~ � � } x ~ #

�| x y

M ∪ SR(P, M)

� x

Z
+ }� { �	 � 	 � � � � � 	 � �� � � � | � � � M ⇐⇒

�
� ∀a ∈M � #a = min{#r | r ∈ SR(P, M) { ~ �

a = head(r)} { ~ �

�
� ∀r ∈ SR(P, M) �

#r =







max{#b | b ∈ body+(r)}+ 1,

} �

body+(r) 6= ∅.

1, x � � � | � }� � �

☞

h W U [ [ X S X PW U S P ` Q i ZR o R Z W M ` ^R YQ U YR U Q Q Xa W R [ S P YM ZR Q b
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4 ! � + � / , # + ��� � , � �  � . 5 , � 9 � % �,- Î4 �  , � " # 6 Ï

� ! # � + # � K � �

M

}� {� � { � �� y x �� � x �

P � � � � ~ M

}� {� � z z x | �� � y x �� �

x �

P

{ ~ � � ��� | � � � }� �� {� ~ } �� � �� � � � ~ � y � � | }�~� # � � | � � � M �

�
�

�x |

a ∈M � #a

}� �� �N~ � � {� �x | � ��� y � y � � |� x �

lfp(TP M ) �

�
�

�x | r ∈ SR(P, M) � #r = max[{1} ∪ {#b + 1 | b ∈ body+(r)}] �

� �

M

}� {� � z z x | �� � y x �� � x �

P

{ ~ � � � � | � }� { �� � � � ~ � y � � | }�~� #

� � | � � � M � � � � ~ #

}� � ~ } �� � { ~ �

M

}� {� � { � �� y x �� � x �

P �

7 J � � 3 % #K ªR VU Z Z

P = {r1, r2} i ]
TR YR r1 = a← b

U W [

r2 = b← a i

U W [ S TR Q R V PW [ Q M O O P Y SR [ ` P [R Z

M = {a, b} P _

P b

q TR YR � M X YR `R W SQ _ P Y U ZR o R Z W M ` ^R Y X Wa ] b Yb Sb M

ZR U [ S P _ PM Y

R � M U S X PW Q m #a = #r1 i #r1 = #b + 1 i #b = #r2 i U W [
#r2 = #a + 1b

☞

q TR YR X Q W P Q P Z M S X PW =⇒ M

X Q W P S Q SU ^ ZR b
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�Ë F E F� G E 2) 8A D �D A F 5 8A �H E F � ) F4 �H E F 5
➢

�R Q O X SR S TR O YR VR [ X Wa X W S YU W Q Z U SU ^ X Z X Sj YR Q M Z SQ ] R ] X Z Z Q R R \ _ P Y

O P Zj W P ` XU Z i _U X S T _M Z U W [ ~ x ~ � y x �� � {| e�   f S YU W Q Z�U S X PW _M W V S X PW Q b

➢

q TR Ð YQ Sa PU Z X Q S P S YU W Q Z�U SR U W j W P Y ` U Z O Y Pa YU ` P X W S P U W

� , � � � / PW R TrAT(P )b

➢

q TR O YR VR [ X Wa V T U YU V SR Y X ¥ U S X PW P _ Q SU ^ ZR ` P [R Z Q Q M a a R Q SQ U

S YU W Q Z�U S X PW S T�U S V PW Q X Q SQ P _ S] P _U X Y Zj X W [R OR W [R W S OU Y SQ m

gb q TR Ð YQ S OU Y S VU O SM YR Q U Q M O O P Y SR [ ` P [R Z

M

P _

P b

kb q TR QR V PW [ OU Y S V TR V \Q X _ PW R VU W U Q Q Xa W U ZR o R Z W M ` ^R Y X Wa

eU Q [R Q V Y X ^R [ U ^ Po R f _ P Y U S P ` Q
a ∈M

U W [ YM ZR Q

r ∈ SR(P, M)b

➢

q TR YR Q M Z S X Q S P ^R U O P Zj W P ` XU Z U W [ _U X S T _M Z S YU W Q Z�U S X PW _M W V S X PW

Q M V T S T U S

||Tr(P )||

X Q P _ P Y [R Y ||P || × log2 |Hb(P )|b
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4 � 3 , " + � 1 5" 3 3 � + , # 6 G � 6 # %'& K TrSUPP(P )

➢

q TR V P ` O ZR `R W SU Yj U S P `

a

X Q [R Ð W R [ _ P YR U V T

a ∈ Hb(P )m

a← ∼ab

➢

� YM ZR

r ∈ P

X Q S YU W Q Z U SR [ U Q _ P Z Z P] Q m

bt(r)← ∼body+(r),∼body−(r) i

bt(r)← ∼bt(r) i U W [

head(r)← ∼bt(r)

] TR YR

bt(r)

X Q U W R ] U S P ` [R W P S X Wa S T�U S � S TR ^ P [ j P _

r

X Q S YM R 	b

➢

�R ] U S P ` Q U YR W R VR Q Q U Yj TR YR X W P Y [R Y S P U o P X [ � M U [ YU S X V ^ Z P] § M O

X W S TR YR Q S P _ S TR S YU W Q Z U S X PW b
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@ � � +- 4 � "  , #+ & K TrCTR(P )

➢

q TR W M ` ^R Y P _ ^ X SQ ∇P = dlog2(|Hb(P )|+ 2)eb

➢

«R X W S Y P [ M VR U ^ X W U Yj V PM W SR Y e S] P o R V S P YQ P _ U S P ` Q f

ctr(a) = ctr(a)1 . . . ctr(a)∇P

U W [

ctr(a) = ctr(a)1 . . . ctr(a)∇P_ P YR U V T

a ∈ Hb(P )b

➢

q TR o U Z M R P _

ctr(a)

X Q V T PQR W X _

a ∈M i XbR b a

VU W W P S ^R [R Y Xo R [ m

U Q M ^ O Y Pa YU ` SEL∇P (ctr(a), a)

[ PR Q S TR � P ^b

➢

L X ` X Z U Y ZNj i ] R W R R [ S P [R Ð W R U W P S TR Y V PM W SR Y

nxt(a)

S T U S SU \R Q S TR

o U Z M R P _

ctr(a)

X W V YR `R W SR [ ^j PW R m NXT∇P (ctr(a), nxt(a), a)b

➢

  P Y r ∈ P ] X S T

body+(r) 6= ∅ i ] R W R R [

SEL∇P (ctr(r), bt(r))b

➢

  P Y r ∈ P ] X S T

body+(r) = ∅ i FIX∇P (ctr(r), 1, bt(r))

X Q R W PM a Tb

Ñ » » Ñ

­�® ¯ °²± ³´µ ¶·¸ ¹º¸ »¼ ¼½ ·¾ ¿ ÀÁ ÁÂ Á¾ Ã ¿Â Â Á¾ Äº ±¾ Å¾ ÆÇ¾ Ç ÄÇ Ç º ÅÈÉ ÆÂ Ã ¿'

&

$

%

4 ! #/ ( � 1 G � J � � � % �,- K TrMAX(P )

➢

q TR o U Z M R P _

ctr(r)

X Q Q M O O PQ R [ S P ^R #r

X W ^ X W U Yj b

➢

h _

body+(r) 6= ∅ i ] R W R R [ _ P YR U V T

b ∈ body+(r) Q M ^ O Y Pa YU ` Q

LT∇P (ctr(r), nxt(b), bt(r)) U W [

EQ∇P
(ctr(r), nxt(b), bt(r))

O Z M Q S TR _ P Z Z P] X Wa YM ZR Q m

x← ∼x,∼bt(r),∼lt(ctr(r), nxt(b))1;

max(r)← ∼bt(r),∼eq(ctr(r), nxt(b)); U W [
x← ∼x,∼bt(r),∼max(r)b

➢

q TR VU QR S T�U S

body+(r) = ∅

X Q T U W [ ZR [ ^j TrCTR(P )b
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4 ! #/ ( � 1 G � � � � % �,- K TrMIN(P )

➢

q TR o U Z M R P _

ctr(a)

X Q Q M O O PQ R [ S P ^R #a

X W ^ X W U Yj b

➢

  P YR U V T YM ZR

r

U W [

a = head(r) i ] R W R R [ S TR Q M ^ O Y Pa YU ` Q
LT∇P (ctr(r), ctr(a), bt(r)) U W [

EQ∇P
(ctr(r), ctr(a), bt(r))

X W U [ [ X S X PW S P S TR _ P Z Z P] X Wa YM ZR Q m

y← ∼y,∼bt(r),∼lt(ctr(r), ctr(a))1

U W [

min(a)← ∼bt(r),∼eq(ctr(r), ctr(a))b

➢

  P YR U V T

a ∈ Hb(P ) i ] R X W S Y P [ M VR S TR YM ZR

y← ∼y,∼a,∼min(a)b

☞

q TR S YU W Q Z�U S X PW _M W V S X PW TrAT

[R Ð W R [ ^j

TrAT(P ) = TrSUPP(P ) ∪ TrCTR(P ) ∪ TrCTR(P ) ∪ TrMIN(P )X Q ^ P S T Q M ^§ � M U [ YU S X V e S T M Q U Z Q P O P Zj W P ` XU Z f U W [ _U X S T _M Zb
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➢

q TR W R ¢ S P ^ �R V S X'o R X Q S PR ` ^R [

A

X W S P SCb

2 # �� �, � �  K �x | { ~ { � x y }� ~ x | y { � z | x� | { y P ∈ A { ~ � { ~ { � x y

a ∈ Hb(P ) �
�� �

DefP (a) = {r ∈ P | head(r) = a} �

TrCL(a, P ) = {a ∨ ¬bt(r) | a ∈ Hb(P ) { ~ �

r ∈ DefP (a)} ∪

{¬a ∨
∨

{bt(r) | r ∈ DefP (a)} | a ∈ Hb(P )} ∪

{bt(r) ∨
∨

body−(r) | r ∈ DefP (a)} ∪

{¬bt(r) ∨ ¬c | r ∈ DefP (a) { ~ �

c ∈ body−(r)},

{ ~ �

TrCL(P ) =
⋃

a∈Hb(P ) TrCL(a, P ) �

☞ A ≤PF SC i P ≤PF SC i U W [

SC =PF A =PF U =PF B =PF Pb
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�Ë D 7 8A �7 2 � ED B

➢

hb � XR `R Z� s� ¨ � h i g ¬ ¬ ¬ v m � x� }� �| x� | { y� � } � � � � { � �� � x �� �

� � y { ~ � }� � {� { w�x ~� �| { } ~ � �| x� | { y y } ~� � {| { � }� yb

� � V PM W SR Y§ R ¢U ` O ZR ] T X V T Q T P] Q S T�U S W P Y ` U Z O Y Pa YU ` Q VU W W P S

^R S YU W Q Z�U SR [ X W S P QR SQ P _ V Z�U M Q R Q X W U _U X S T _M Z U W [ ` P [ M Z U Y ] U j b

� nU O SM Y X W a O Y P O PQ X S X PW U Z Q U S X Q ÐU ^ X Z X Sj ] X S T W P Y ` U Z O Y Pa YU ` Q b

➢

Lb � YU Q Q U W [ rb � X ¢ s r t � i g ¬ ¬ ¬ v m � � y { ~ � }� � x � � � }� 	� ~ � � } � � � � x� }�

�| x� | { y� � {� � � x ~ � {| � } { � �� { �� { � } x ~ b

7 J � � 3 % #K h W OU Y S XU ZR o U Z M U S X PW i U YM ZR

a← b,∼c

X Q YR O Z U VR [ ^j

a← ∼b1,∼c

U W [

a← ∼b1,∼c

X _ S TR [R Ð W X S X PW P _

b

V PW Q X Q SQ P _

b← ∼b1

U W [

b← ∼b2b

☞
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