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: C N6 7 H 9 7 7 9 PS

: A3 5 9 G 4 4 7 4 H 9 7 7 4 M′3 456 A g 6 5 5 2

M = M′∩HB(S)=

T

©

�� � 	 � � � � � � � � ��  �U  ��  �V � VXW � � � � �� � �  � � � � � � � � � � �U �� � �� Y �U � � �U � �

AB

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

&

$

%

pq rMs tu v vrxw 	 7 I: : A S = {A∨B, A∨¬B, ¬A∨¬B}=

�: B 4 4 I I 9 : C N6 7 H 96 3 45 e I3 6 I3 43 9 9 D 9 9 A PS =

{ A← not Â, Â← not A, B← not B̂, B̂← not B,

F ← Â∧ B̂∧not F, F ← Â∧B∧not F, F ← A∧B∧not F }.

➤

� e 5 I 7 9L 3 L L 7 4 N : L I: 7 7 9 S : A H 9 7 7 4 M ⇐⇒

: C N6 7 H 9 7 7 9 PS

: A3 5 9 G 4 4 7 4 H 9 7 7 4 M′3 456 A g 6 5 5 2

M = M′∩{A,B}=
➤

1: 3 I 9 M′1 = {A, B̂} : A PS

; A3 5 9 G 4 4 7 4 H 9 7 7 4 g 5 46 D 2 H H6 g 6 5 5 2

M1 = {A} : A S; A H 9 7 7 4 =

➤

?: 43 9 9 7 5 96 3 4 H = M′2 = {Â, B̂}6 4 : 76 PS

; A3 5 9 G 4 4 7 4 H 9 7 7 4>=

T
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&

$

%
�) ' #( ^ } } '�� ` ^- - � % � � _ " ^ ' &/ )

➤

¡3 45 6 5 2 2 A Ie 5 I6 5 5 e B@ 9 9 �

G

5 46 5 : I 9 A 5 9 A 9 I2 e 5 5 2 6 A Q @6 D 4 I 9 9 5 5 4 9
Kaari(x,y) � �3 : 7 HL N6 A x

N 9 y8 2 7 4 7 7 2 : A I 9 9@ 4 �=

➤

KML : D : 3 56 5 9 9 A P3c
G

7 43 2 2 H 2 7 7 2 5 46 5 : I 9 A5 9 9 A3 6 L @ 9 98 9 5 3 2 2 A A P5 ;

Solmu(x)← Kaari(x,y), Solmu(y)← Kaari(x,y),

Musta(x)← Solmu(x)∧not Valkoinen(x)∧not Harmaa(x),

Valkoinen(x)← Solmu(x)∧not Musta(x)∧not Harmaa(x),

Harmaa(x)← Solmu(x)∧not Valkoinen(x)∧not Musta(x),

F ← Kaari(x,y)∧Musta(x)∧Musta(y)∧not F,

F ← Kaari(x,y)∧Valkoinen(x)∧Valkoinen(y)∧not F

	�

F ← Kaari(x,y)∧Harmaa(x)∧Harmaa(y)∧not F.

�� r� tw ~ @ 9 9 � 7 7 9 G : A Jd8 2 @ 45 e 3 ⇐⇒ : C N6 7 H 9 7 7 9 P3c
G

: A3 5 9 G 4 4 7 4 H 9 7 7 4>=

T
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�) ' #( ^ } } '�� �- # ' . &$ % ' % ) ' . # l } }-

➤

¡3 45 6 5 2 2 A Ie 5 I6 5 5 e B@ 9 9 �

G

5 46 5 : I 9 A 5 9 A 9 IL 56 A6 D 6 7 7 2 =

➤

KML : D : 3 56 5 9 9 A PH
G

7 43 2 2 H 2 7 7 2 5 46 5 : I 9 A5 9 9 A3 2 2 A A P5 3 6 L @ 9 98 93 5 4 =

<>= ¡@ : 56 5 9 9 A3 : 7 HL 5 I 9 9@ 46 A Q 6 @ L 3 56 6 7 7 9;

Solmu(x)← Kaari(x,y)

	� Solmu(y)← Kaari(x,y).

E= � 9 7 45 9 9 A3 4 7 HL I 9 7 76 9 7 IL 3 : 7 HL ;

Alkusolmu(x)← Solmu(x)∧not Muusolmu(x),

Muusolmu(x)← Solmu(x)∧not Alkusolmu(x),

F ← Alkusolmu(x)∧Alkusolmu(y)∧Solmu(x)∧Solmu(y)∧

not (x = y)∧not F,

Onalkusolmu← Solmu(x)∧Alkusolmu(x)

	�

F ← not Onalkusolmu∧not F.

T
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%

J= � 9 7 45 9 9 A3 4 7 HL I I 9 9 A IL L 7L 8 95 I 9 9@6 5 ;

Silmukassa(x1,x2)← Kaari(x1,x2)∧not Ulkona(x1,x2),

Ulkona(x1,x2)←

Kaari(x1,x2)∧Silmukassa(x1,x3)∧not (x2 = x3)

	�

Ulkona(x1,x2)←

Kaari(x1,x2)∧Silmukassa(x3,x2)∧not (x1 = x3).

O= � 9 9 D 45 9 9 A g 6 5 5 2 I 9 4 I I 4 B@ 9 9 � A3 : 7 HL 5 : 8 9 5 3 9 98 L 56 5 5 98 43 3 9;

Saavutettavissa(x)← Alkusolmu(x),

Saavutettavissa(x)←

Kaari(y,x)∧Silmukassa(y,x)∧Saavutettavissa(y)

	�

F ← Solmu(x),not Saavutettavissa(x),not F.

�� r� tw 	 C N6 7 H 9 7 7 9 PH
G

: A3 5 9 G 4 4 7 4 H 9 7 7 4 ⇐⇒ G; 7 7 2 : A c 9 H 4 7 5 : A 4 A

3 4 7 HL I I 9 � I 9 4 I I 46 A3 : 7 HL N6 A I 9L 5 5 9 5 23 H 2 7 76 6 A I6 @ @ 9 A IL 7 I6 8 9

9 7 IL 3 : 7 HL L A Q 9 7 9 98 9 Q : 7 IL   =

T
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�[ �$ #  - } & ' }- ^- } &( ^ ') $ ' % & '

➤ notd6 CD : 4 7 7 9 : A I6 3 I6 4 A6 A @ : : 7 43 5 9 G 4 4 7 46 A H 9 7 7 46 A H 2 2 @ 45 5 2 H 43 6 3 3 2 =

➤

K 2 2 @ 45 6 7 7 2 2 A NA(P)⊆ HB(P)

�6 A B 7 = ��� � � � �� � � � � � � �� � ��  

: C N6 7 H 9 A P notd6 C D : 43 3 96 3 4 4 A5 e 8 46 A 95 : H 4 7 9L 3 6 4D 6 A N: L I I: A 9 =

➤

F5 9 G 4 4 7 45 H 9 7 7 45 8 : 4D 9 9 A I 9@ 9 I56 @ 43 : 4D 9 N: L I: A NA(P) : 3 9 N : L I: 4 7 7 9 =

➤

K 2 2 @ 45 6 7 7 2 2 A notd 456 @ 9 9 7 46 A N: L I: 7 76 F

�� �
 � � � � � � �� �� 
 � �� 
 ��

DCl(P,F)g N : I 9 : A Q 46 A 4 A H 9 7 7 4 : C N6 7 H 9 I 7 9L 3 L L 7 46 A N : L I: 7 76

P(F) ={ H← B1∧·· ·∧Bm |

H← B1∧·· ·∧Bm∧not Bm+1∧·· ·∧not Bn ∈ P,

{not Bm+1, . . . ,not Bn} ⊆ F }.

��� �s r �w FL 7 I6 L H 9 DCl(P,F) = ΓP({A ∈ HB(P) | not A 6∈ F})=

T
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�� � u r� t � s � w � : L I I: F notd 7 456 @ 9 9 76 N 9 : A Pd � �� � �g N : 3 3 I 9 4 I 4 7 76

A ∈ NA(P) Q 2 56 6 not A ∈ F ⇐⇒ A 6∈ DCl(P,F)=

� t �u t ts �w 	 7 I: : A P HL L 5 5 L N 9 5 : A : C N6 7 H 9 N 9 F

N : L I I: notd 7 456 @ 9 9 76 N 9 =

� 4   � : 3 F : A Pd 5 2 e 3 4>g DCl(P,F) : A P; A3 5 9 G 4 4 7 4 H 9 7 7 4>=

� 4 4   � : 3 M : A P; A3 5 9 G 4 4 7 4 H 9 7 7 4 g F = {not A | A ∈ NA(P)−M}�6 7 4

M; A I: H Q 76 H6 A 5 5 4 N: L I: A NA(P)3 L C5 6 6 A  

: A Pd 5 2 e 3 4 N 9 M = DCl(P,F)=

pq rMs tu v vrxw � : L I I: NA(P) = {A,B,D}

7!: B 4 4 I I 9 : C N6 7 H 9 7 76

P = {A←C∧not B, B← not A, C← not D, D← not A}=

➤ notd 7 456 @ 9 9 7 46 A N : L I I: F1 = {not B,not D} : A Pd 5 2 e 3 4>gI: 3 I 9 P(F1) = {A←C,C}

N 9 DCl(P,F1) = {A,C}=

➤

KML 5 5 96 3 4 H = F2 = {not B}6 4 : 76 Pd 5 2 e 3 4 g I: 3 I 9 P(F2) = {A←C}

N 9

3 L 7 I6 L H 9 DCl(P,F2) = {}=

T
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 �� � � �� � 	 �� � � � � � � �� � � �� � � � � � �� � � �� � � �� � � � � � � � � ��'

&

$

%

�[ { &- | ' ' . '( % #- . . '( % -   ^$ }) ' #$ ' % & '

➤

m= � 9 A ~6 7 D 6 @ g 1= m= i: 3 3 g � = F= Fn C 7 4 Q � � <�� � � ; � �!� �� � ��� �� 
 � �� �

�� �� � � � �� ��� �� �� � � � � �� � � �� �� � � �� =

➤

	 C N6 7 H 9 A P3 5 9 G 4 4 76 N 9 H 9 7 76 N 98 : 4D 9 9 A 9 Q Q @ : I3 4 H : 4D 9 : Q 6 @ 9 9 5 5 : @ 4 A

ΓP

98 L 7 7 93 6 L @ 9 98 93 5 4>=

➤

	 7 I: : A M

N: L I I: �8 9@ H : N 9 � N : C5 : Q 2 2 5 P I3 4 2 � 9 7L I3 46 3 4 H = /0

  =

� 4  

PM ={ H← B1∧·· ·∧Bm |

H← B1∧·· ·∧Bm∧not Bm+1∧·· ·∧not Bn ∈ P,

{Bm+1, . . . ,Bn}∩M = /0 }

� 4 4   � : L I I: ΓP(M) 9 A5 9 9 �Q : 5 6 A5 4 9 9 7 43 6 5 � N : C5 : Q 2 2 5 P I3 6 5 =

� 4 4 4   � : L I I: Γ2
P(M) = ΓP(ΓP(M)) 9 A5 9 9 �8 9@ H 95 N: C5 : Q 2 2 5 P I3 6 5 �=

T
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➤

	 Q 6 @ 9 95 5 : @ 4

Γ2
P

: A H : A: 5 : A 4 A6 A g I: 3 I 9 ΓP

: A 9 A 5 4 H : A: 5 : A 4 A6 A =

➤

	 Q 6 @ 9 95 5 : @ 4 7 7 9 : A Q 46 A 4 A I 4 4 A5 : Q 43 56 lfp(Γ2
P)

� 1 A 93 56 @ d ? 9@3 I 4   =

�� r� tw 1 9 4 I 4 7 76 : C N6 7 H 9 A P3 5 9 G 4 4 76 4 7 76 H 9 7 76 4 7 76 M Q 2 56 6 ;

lfp(Γ2
P)⊆M

N 9 M ⊆ ΓP(lfp(Γ2
P))=

☞

	 Q 6 @ 9 95 5 : @ 4

ΓP

9 A5 9 9 P; A3 5 9 G 4 4 76 4 7 76 H 9 7 76 4 7 76 9 7 9 d N 9 e 7 2 @ 9 N 9 A =

�� � u r� t � s � w KML L 5 5 L N 9 5 5 : H 9 A : C N6 7 H 9 A

P

�� d H 9 7 7 4 : A 7 456 @ 9 9 7 4 N: L I I:

WFM(P) = lfp(Γ2
P)∪{not A | A ∈ HB(P)

N 9 A 6∈ ΓP(lfp(Γ2
P))}=

➤

1e 3 e He I3 6 3 3 2 � � �� �� �� �� � � � � I: 7 H 4 9@8 : 4 A6 A H 9 7 7 4   g N: I 98 : 4D 9 9 A

5 2 e D 6 A5 2 2 : C N6 7 H 9 A P

� � �� � � � �� � � � �� � �6 7 4 I 9 I3 4 9@8 : 43 6 I3 4 H 9 7 7 4 I3 4   g

N: 45 9 : 8 9 5 H H = 3 5 9 G 4 4 7 45 H 9 7 7 45 =

➤

�� d H 9 7 7 4 : A 9 4 A 9 : 76 H 93 3 9 � HL 5 5 9 lfp(Γ2
P)3 9 98 L 5 5 9 H 43 6 I3 4

3 9 9 56 5 9 9 A 5 9@8 45 9 e 7 4

ω

456 @ 9 95 4: 5 9 g N : 3 P : A 2 2 @6 5 P A   =

T
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pq rMs tu v vrxw 	 7 I: : A P = {A← not A}=

?2 7 7 P 4 A ΓP( /0) = {A}

N 9 Γ2
P( /0) = /0g N: 56 A WFM(P) = /0=

pq rMs tu v vrxw ? 9@ I 93 56 7 7 9 A : C N6 7 H 9 9 P′ =

{ A1← not A0, A2← not A1,

A3← not A2, B1← A3∧not B2, B2← A3∧not B1 }.

<>= ¡ A3 4 A ΓP′( /0) = {A1,A2,A3,B1,B2}

N 9 Γ2
P′( /0) = {A1}=

E= ¡D 6 7 76 6 A ΓP′({A1}) = {A1,A3,B1,B2}

N 9 Γ2
P′({A1}) = {A1,A3}=

J= �: Q L 75 9 ΓP′({A1,A3}) = {A1,A3,B1,B2}

N 9

Γ2
P′({A1,A3}) = {A1,A3}=

O= F 4 43 WFM(P′) = {A1,A3,not A0,not A2}=

T
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&
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➤

? 46 D 2 5 H 45 2 : A B6 7 H 4 9 A6 B 9 9 5 4: A N 9 @6 IL @3 4: A e C D 43 5 2 H 43 6 3 5 2

3 6 L @ 9 9 =

➤

� H H 2 @ @ 2 5 3 e 8 2 7 7 43 6 3 5 43 5 9 G 4 4 7 46 A H 9 7 7 46 A H 2 2 @ 456 7 H 2 A =

➤

	3 9 9 5 C 9 I6 9 e I3 4 A I6 @ 5 9 43 6 7 76 7 : B 4 4 I I 9 : C N6 7 H 9 7 76 3 5 9 G 4 4 7 45 H 9 7 7 45 N 9

�6 7 7 d �: L AD 6 D d H 9 7 7 4 A =

➤

�e 3 5 e 5 @ 95 I 9 43 6 H 9 9 A e I3 4 A I6 @ 5 9 43 4 9 @ 9 N: 456 : C N6 7 H : 4 A5 4: A B6 7 H 4 9

IL 8 9 9 H 9 7 7 9 A 2 4D 6 A @ 9 5 I 9 43 L 5 3 2 2 A5 P N6 A 98 L 7 7 9 =

T
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