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1 # $
���� [1] ��%���&� '���!��(��� "!����"#���

��&#$%��)$%�&���&&�&��''���(*� )� �*( )
!%*�+,!�-&"&#+$%��. ��+%./�,- &!&�'"�*,%
����.0#$1/����!�(%23�")0124�-*'�& 

Æ��������.�&�5�&/+�3(��� ,6%&-'�.4( �!
7,�)8/0��5�&�*9�� �!5��/0"�:+*;56�9� !��
+*;'�<�7�=$56�#1%0&(2,8�$-�>#, $!%%&&�5�
&+��&.*39?4��@/?�156�!� �(%&(2�7,%��55-6
%2:?3 � )7 ��2(6*8?�156 

)>%:@/+*;0?�156!�����&83�&�'1;�3� -68
3�&(<=> “4 ” � “2 ” <!��&3�?9�)3+*;'0?�1' �(%(
�� 973 �4 “:��@56*ABC7;�A�� ”(2004CB318000) B “D<8C – D9EF=A>+8

CA:E�� ” (2007CB310800) ;�� 863 �4 “:GF:<=��AHI>+J?5�57;;6G8, ”

(2007AA01Z143) K-78H
@>A.I2007-12-30.
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<� “?ÆL (Don’t know)” " “(� (Maybe)” 96�&43 B-+%.�� M12C
3�&�D3�&+����� E [2] 3�C3�&�4F��MN?�5�,86@%
6E [3] G�D3�&:�A3��MN���3���& Chechik 4 [4] H.G��

���&N – �OB�& (Quasi-Boolean Logics) [5−6] ��3��%7CD�����#,

IO�83�& E [7] ,J82�EF�8�9;K (MDDs)[8] �83CD����.(
χChek [9]. 8�9;K�GP9;K (BDD)[10] �:P%<QL�.9-Q83�&HM6
�(<)IR�-ÆJ%�&SN ,6%F� MDD -Æ�����.(-&�TK��
#R $(%-&'�;LSU/0T:<T!�%V=�.(!���&R@?�W4 
-)%�=$:83�&�CDU%.*:��V�,8�M1 

CDMN�MX"MNN>X�?PX>%&"O;�&@"NO X"MNNPA�
5D9�4)8;$�>MBY�<+>2P�/� Z.* [11] �ZEC[Q:,Q!�
MX,�N\RRW.�%D= 30 �W Ritt[12] ��8�9%>:"O;�NO&@/0M
1��P�MXN\R.* Z.*&"O;��NO&@BY�2P/�%6Q'(��
��M1 X2]�SE 

83����YWM�FZG^�CDMN%-6(<G�Z.*�?TRW�'1 
[EH.783����/0@R6Z.*4CDMNN*4��WM/0%&8_9W
M!�,M1� ��&N* UH�.2�%!�R�83�&\ST�5�&]�8_
9U%.*%(<UI�;��&V9(�1W`=:/�8_9U%a9 =F[RW�
^:83�&V9�X3%YP6��MY+��28_9�VZJR% �(%8_92
{x0, x1 − 2, x2 − 1} (<��KV�&X3 〈x0 = 0, x1 = 2, x2 = 1〉 . F�83�&�0%W
MU%%83����/0@R6)!Z.*MN!�WAL%�9_`X'�7U%�J
R�[&MB<'C�JR%Y,%Y69_!��[N�\'C 

Avrunin 4 [13] Db7 Groebner F�8/��OB����%)!OB]+8_9�
W� Groebner F�U%!����a�&�'C%Y67����/0@R6�W�^Y
/0 6[E9c [14] DbH.3�WAL.*�W`U%!����a�&�'C�8_
9�VZJR%%Y8_9JR%�FZ�M1F�OB�&�����/0 :�8_9

�JR0 E& {0, 1}n(n 6bO�EM) P%+V.*c=d&�&V9�8_9U%,
_8d!��28_9 {x2

1 + x1, x
2
2 +x2, · · · , x2

n +xn}. F�OB�&�����(<G9�
83������EW� [EH.�WMR�83����.*&e�OB�&�3�
�$%(<ZR6E [13–14] ��9 $!%G�[EH.��&HM�WMU%.*�U
%OB�&%(<fQ {x2

1 + x1, x
2
2 + x2, · · · , x2

n + xn} !�8_9�*8 

2 F	GHIJ
*883�&�R*)3!��?*;'�?�1'��%�R�[S%83���

�"�>:g�?*;�?�156�!�6%&T���\a9�&�8%��5��
����%:P [U`hV]�;83�����F[aW�,� 
2.1 KLMNO

83�&)>;e&b+%0Gi�5�&�>8'Ci<&j%�(6YX",Y
X"klZUX�^;[;X (¬¬a = a) .
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PQ 1 _ (L,�) ��E]h%%(@ L ,IO^Ei` (a, b) c�Dj+Æ�Dm
;Æ%,nc6 a � b � a � b , ko (L,�) 6b 

PQ 2 �E� b (L,�) ��OBb%*�_*&=+(<;eMB(;'C�h`
SN ¬.

¬(a � b) = ¬a � ¬b, ¬¬a = a,

¬(a � b) = ¬a � ¬b, a � b⇔ ¬a � ¬b.

(@�E�&!�%=43(<W2�E�OBb%ko0%�&6�OB�& b+
�Dj+Æ�Dm;ÆSN,n:/�&,�8a�YaSN%6MB;e 2 �h`SN
¬ :/�&+SN 83����lm�OB�&96���Fp%�E;$�,-"�b
+;e�hqHM-&Dj?�R�Dm?�R [15], 6?�RSN�CDR�����N
*�dn K 1 �.2"E�&b��R%?aG.%;e& 2- 3�OBb+��&-'+
"��5OB�& 

a ) b ) c)

F

T
T

M

F

T

N B

F

b 1 a) 2 ����e b) 3 ����e c) 4 ����e

2.2 S
 CTL TUVW
,X$��& CTL[1] �: Eermson� Clarke& 1979�c[H.��%$��&%*$

��U%7h�$�'C &,X$��&,%$L6W��%� d6W%o/6 Kripke
6W 83����,%��� Kripke6W�83:P (mv–Kripke)[6] �)3 & mv–Kripke
6W,%'�/L�eof!(<a “4 ” � “2 ” /!��&3%bE'�@/�,Rc
0^(<�83�%K 2 �.2�E mv–Kripke6W�=#/P d��R a���'C
�:P283pe� CTL(mv-CTL) V9U% Chechik 4 [4] &@2 mv-CTL V9MB
(;'C 

PY 1 :��E� mv–Kripke 6WM, ;VV92&

AGϕ = υy. (ϕ ∧AXy), EGϕ = υy. (ϕ ∧ EXy),
AFϕ = µy. (ϕ ∨AXy), EFϕ = µy. (ϕ ∨ EXy),
A[ϕUψ] = µy. (ψ ∨ (ϕ ∧AXy), E[ϕUψ] = µy. (ψ ∨ (ϕ ∧ EXy)),

=,%�&der ¬, ∧ � ∨ �;e"�5�&#3 �SOr A U%:�7��S% E



8 / L0JK����������	��
 1023

U%-&<E�S $hNR X +%;�E'�% F +%7�<E'�% G +%7�'
�% U +%Z,<E'� 

UI;� 1, mv-CTLV9�3(<)!MN#/HM�Dj (m) ?�R�gi �(%
��<E'C E[ϕUψ], UH7($:�"�MNHM f(y) = ψ∨ (ϕ∧EXy) �Dj?�R 
$gih8"CD83����N*#f�Pf%sc(<tqE [6].

1S0S
T

T

M

0S

1S

0S 1S

T

T M
Tx =0 Mx =0

. . . . . . . . . . . .

a ) b )

b 2 a) mv–Kripke fi b) rsjgh

3 [\]^_`F	GHIJ
&83����,%��� mv-Kripke 6W�)3%6 mv-CTL V9Uu:a�&��

��P�-*'$2 &CDR�N*,%mv-Kripke6W� mv-CTL V9c� MDD 96
MI6W%)!MN#fV9�?�R�u,�&�`� [UH.283�&��%!�
R�WMU%.*%�7!��'�"@of!<k$�&�'Cc@R28_9%6?�
MDD, ,?&8_9WM!�,M1�&N* 
3.1 KLMNOaSbcde

c Q[x1, x2, · · · , xn]6��MY+�8_9]%PS = {p1, p2, · · · , pm}6 Q[x1, x2, · · · , xn]
��E� +;R% 

PQ 3 g PS1 = {p1, p2, · · · , pr} ,PS2 = {q1, q2, · · · , qs}, 8_9%Y+�_* (+) �v
* (×) w9;e(;
PS1 + PS2 = { p1, p2, · · · , pr, q1, q2, · · · , qs }, PS1 × PS2 = { piqj | 1 ≤ i ≤ r, 1 ≤ j ≤ s }.

62�3CDR�xh%($6b (L,�) +�i`;e�EhHM Ord : L → Q , �
7 l ∈ L ti, {0, 1, · · · , |L| − 1}. �(%(<6C3��OBb (3-QBool,�) ;e(;�
hf!

Ord(T ) = 2, Ord(M) = 1, Ord(F ) = 0.



1024 	 � [ f g � f 28 \

PQ 4 g L 6b (L,�) +��OB�&% f : Ln → L 6 L +�IO n bO�&V

9% {a1, a2, · · · , an} ∈ {0, 1, · · · , |L| − 1}n 6:V9 f ��EX3 V (ps) U%8_9%Y
ps ⊂ Q[x1, x2, · · · , xn] �WMN%6 Ord−1 6hHM Ord �i 

f �8_9U%a9��E |L| - i2
�f� = 〈 �f�0, �f�1, · · · , �f�|L|−1〉,

=,% �f�i ;e6MB(;j(�8_9%Y
{a1, a2, · · · , an} ∈ V (�f�i) *�_* f(Ord−1(a1),Ord−1(a2), · · · ,Ord−1(an)) = Ord−1(i),

�&43 l ∈ L ;e6
�l� = {�l�0, �l�1, · · · , �l�i, · · · , �l�|L|−1}, =, Ord(l) = i, �l�i = {0}, �l�j �=i = {1}.

&UH�/�,% V (�f�i) �� N%-) �f�i -&%��(<)!�;�&�43
U�3W` fO;e 4 ,>M8_9 {1} U%�WMN�;%%6>M8_9 {0} U%
�WMN� {0, 1, · · · , |L| − 1}n . �&w9Ya (∨) "8a (∧) �+ (¬) �;eaj��;
�&�43U ;k%UH�. 3-QBool �&��gWM;e%=43U(U 1 7% 

� 1 3-QBool ���h��
∧ T M F

T T M F
M M M F
F F F F

∨ T M F

T T T T
M T M M
F T M F

¬
T F

M M
F T

PQ 5 g x 6IO��&bO% ϕ � ψ 6IO��&V9% 3-QBool �&�8_9
UVa9(;

Ord(T ) = 2, Ord(M) = 1, Ord(F ) = 0,

�T � = 〈 {1}, {1}, {0} 〉, �M� = 〈 {1}, {0}, {1} 〉, �F � = 〈 {0}, {1}, {1} 〉,
�x� = 〈 {x}, {x− 1}, {x− 2} 〉, �¬x� = 〈 {x− 2}, {x− 1}, {x} 〉,
�ϕ� = 〈 �ϕ�0, �ϕ�1, �ϕ�2 〉, �¬ϕ� = 〈 �ϕ�2, �ϕ�1, �ϕ�0 〉,
�ϕ ∧ ψ� = 〈 (�ϕ�0 + �ψ�0) × (�ϕ�0 + �ψ�1) × (�ϕ�0 + �ψ�2) × (�ϕ�1 + �ψ�0) × (�ϕ�2 + �ψ�0),

(�ϕ�1 + �ψ�1) × (�ϕ�1 + �ψ�2) × (�ϕ�2 + �ψ�1), �ϕ�2 + �ψ�2 〉,
�ϕ ∨ ψ� = 〈 �ϕ�0 + �ψ�0, (�ϕ�1 + �ψ�1) × (�ϕ�1 + �ψ�0) × (�ϕ�0 + �ψ�1),

(�ϕ�2 + �ψ�0) × (�ϕ�2 + �ψ�1) × (�ϕ�2 + �ψ�2) × (�ϕ�1 + �ψ�2) × (�ϕ�0 + �ψ�2) 〉.

UI;e 5, (<7IO� 3-QBool �&V9@R68_9a9�U%%<V9 x1 ∧ x2

6�%�

�x1 ∧ x2� = 〈 {x3
1 − 3x2

1 + 2x1, x1x2, x
3
2 − 3x2

2 + 2x2}, {x2
1 − 3x1 + 2, x1x2 − x2 − x1 + 1, x2

2 − 3x2 +

2}, {x1 − 2, x2 − 2} 〉.
PQ 6 g x 6IO��&bO% ϕ � ψ 6IO��&V9%OB�&�8_9UV
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a9(;

Ord(T ) = 1, Ord(F ) = 0,

�T � = 〈 {1}, {0} 〉, �F � = 〈 {0}, {1} 〉,
�x� = 〈 {x}, {x− 1} 〉, �¬x� = ¬�x� = 〈 {x− 1}, {x} 〉,
�ϕ� = 〈 �ϕ�0, �ϕ�1 〉, �¬ϕ� = ¬�ϕ� = 〈 �ϕ�1, �ϕ�0 〉,
�ϕ ∨ ψ� = 〈 �ϕ�0 + �ψ�0, �ϕ�1 × �ψ�1 〉,
�ϕ ∧ ψ� = 〈 �ϕ�0 × �ψ�0, �ϕ�1 + �ψ�1 〉.

;e 6 �.���5OB�&�8_9UVa9 e�OB�&�0%WMU%%�5
�����/0(<@R6Z.*" Groebner F�84CDMNN*4��WM/0 E
u [13–14] ��9,=d*8�8_92 {x2

1 + x1, x
2
2 + x2, · · · , x2

n + xn} &0%U%;�k
v�%(<ll *�&!7,mk�biEM)8 (l n )m) $%0%%R�)@?� 
$!%ymm"Ijn4 [16] DnH.2f�24OBHM�]�WAL.*%",�.
*#$RoHo+>m%7pH�.*/��WMR�OB����%�&)m7Z+nq

�&N*�S3$Ro 
3.2 ijkaS
TUVWlm

;k%UH4F(O7�� (mv-Kripke 6W) �a�&�'C (mv-CTL) V9@R28
_9U%%<kYN*+9_a�&�'C�[&\��;2& 

&CDR�83����N*,%mv-Kripke6W M)>:roE'�bO�KV%M
��E'�U%68E'�bO22�wO WMR�83����N*,%UH7M��E

'�P6�28_9�VZJR% �(& 3-QBool�&+%'� 〈 x1 = T, x2 = M,x3 = F 〉
U%6 { x1 − 2, x2 − 1, x3 } . &0%U%;%�28_9(<��U%�E'�%Y �(%
8_92 { x1(x2 − 1)(x3 − 2) } "(<WU7�MB x1 = F 0cMB x2 = M 0cMB
x1 = T �'� 

p,8_9(<��U% mv-Kripke 6W�'�%pq'�/L�eof!^(<�
8_9�KV g M ��jeof!6 (〈x1, x2, · · · xn〉, 〈x′1, x′2, · · · , x′n〉) ∈ R, U%Y`�
〈x1, x2, · · · xn〉 ,z� 〈x′1, x′2, · · · , x′n〉 �eo `��z�c(<�8_9�U%%,nc
6 F � G , keof!�8_9U%6 F + G (8_9%Y�_*q;e 3).

627 mv-CTLV9@R2WMa9�U%%($;e�OB�&�Or (Quantification
Operators) �8_9U% 

PQ 7 g �f� 68_9U%a9��OB�&V9% x1, x2, · · · , xn 6�&bO%s

oOr ∀ �-&Or ∃ �8_9U%(;

∃xn f(x1, x2, · · · , xn)� =
� ∨

l∈L
f(x1, x2, · · · , xn)|xn←l

�
,

∀xn f(x1, x2, · · · , xn)� =
� ∧

l∈L
f(x1, x2, · · · , xn)|xn←l

�
.
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)!09�@R%J%!�� mv-CTL V9c(<@R28_9a9�U% UHc[
�G EX !��V9�@R g x � x′ ,n6WU`��z��'�wO% R(x, x′) 6
eof!%Y%k mv-CTL V9 EXϕ(x) �8_9U%6

�EXϕ(x)� = �∃ x′ ( R(x, x′) ∧ ϕ(x′) )�.
=�!�� mv-CTL V9�U%(<F� �EXϕ(x)� �;� 1 �.#f�?�RSN

�3@R 
09% mv-Kripke 6W� mv-CTL V9cU%228_9�a9%83����/0

@R6)!Z.*MN!�WAL%�9_`X'�7U%�JR�[&MBa�&'C
�JR%Y,%Y69_���[N�\'C 

4 nopq

OFF
R uning = F
B elow = M
Heat = F

IDL E2

R uning =T
B elow = F
Heat = F

IDL E1

R uning = T
B elow = M
Heat = F

HEAT
R uning = T
B elow= T
Heat = T

T

T
T

T

T
T

T

a )

b )

OFF
R uning = F
Above = M
A ir = F

IDL E1

R uning = T
Above = M
A ir = F

T

T

T
T

T
AC
R uning = T
Above = T
A ir = T

IDL E2

R uning =T
Above = F
A ir = F

T

T

TT

T

T AC
R uning = T
Above = T
B elow = F
A ir = T
Heat = M

OFF
R uning = F
Above = M
B elow = M
A ir = F
Heat = F

IDL E1

R uning = T
Above = M
B elow = M
A ir = F
Heat = F

IDL E2

R uning = T
Above = F
B elow = F
A ir = F
Heat = F

HEAT
R uning = T
Above = F
B elow = T
A ir = M
Heat = T

T

T

T

T

T
T

T

T

M

T

T

T T

c )

T

b 3 tr	� a) ru	�	� b) rs	�	� c) ss	�

[UUH)!�E�R�x%WMR�83����.*(O�&@/+*;�?�
156�!� K 3 c) �.2�Evt!��36KV%�@u�E_w!�K 3 a) �E
v!�K 3 b). vt!�@/�E37 f (Running), ^EvZ!tO (Below) � (Above)
��t/!ÆvZ%u�^E+%O (Heat) � (Air) ,n+%_wO�EvO�*S f'
� !�w�$Y'� OFF @o,'� IDLE1, 4avZ!tOt/!ÆvZ �{!t
O�sM*;;�%!�'�@o IDLE2, AC 0 HEAT. ,6%!�vvw�$%!tO�
sM�xÆ�%-)%\!����,@/+*;56 $!%2__w!��Ev!�,
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n:?3� � )_M%_w!��_Mcy6!�?-&Y'� IDLE2 ,'� IDLE1

�@o%6Ev!��_Mc?0qy6%-)%&2Y��u,@/?�156 
c[%:'�bO�3xh vt!�����C3�&U%�%UI;e 5, �&43

F , M , � T ,n" 0,1, � 2 :/ �bO x0, x1, x2, x3, x4 ,nU%'�bO Running,
Above, Below, Air, Heat, 6 x′0, x

′
1, x

′
2, x

′
3, x

′
4 U%z�bO 09%vt!����7�'

�c(<�8_92�U% �(%'� OFF (Running = F, Above = M, Below = M, Air
= F, Heat = F) �8_9U%6 {x0, x1 − 1, x2 − 1, x3, x4}. (@'� OFF �<jeof!
�`�1%pq�/\0U%2 {x′0, x′1 − 1, x′2 − 1, x′3, x

′
4}.

e;�%7vt!��eof!^U%28_9�a9 <Y'� OFF ,'� IDLE1

� T eo6�%\eo (c6 f1) (<U%2 {x0, x1 − 1, x2 − 1, x3, x4, x0
′ − 2, x1

′ −
1, x2

′ − 1, x3
′, x4

′}. !z1%(<i,!�=�� T eo

AC → OFF

f2 = {x0 − 2, x1 − 2, x2, x3 − 2, x4 − 1, x′0, x
′
1 − 1, x′2 − 1, x′3, x

′
4},

...

HEAT → IDLE2

f13 = {x0 − 2, x1, x2 − 2, x3 − 1, x4 − 2, x′0 − 2, x′1, x
′
2, x
′
3, x
′
4}.

62{y�`x%0yz�?%1�.!�7�� M eo� F eo 7|�� M eo
c6 f14, 6 F eo,n� f15, f16, f17, f18, f19, f20, f21, f22, f23, f24, f25 U% pq%!�g
T�eof!(<U%6 �R� = 〈 �R�0, �R�1, �R�2 〉, =,

�R�2 = f1 × f2 × · · · × f12 × f13,

�R�1 = f14,

�R�0 = f15 × f16 × · · · × f24 × f25.

p,UH.�7vt!����@R228_9a9�U%%pq&)Fp+(< 
X�3�& 0y%7$�&�'C6 E[¬Below U Heat], ^"� E[¬x2 U x4]. UI;� 1,
�&V9 E[¬x2 U x4] "�MN f(y) = x4 ∨ (¬x2 ∧EXy) �Dj?�R ����N*|
0 zz]MN E0[¬x2 U x4]; | i zz]MN Ei[¬x2 U x4]. N*tuj(6 Ei[¬x2 U x4]
= Ei+1[¬x2 U x4], �7 Ei[¬x2 U x4] 96wx3 MN�,L6@6

E0[¬x2 U x4] = 〈 {x4}, {x4 − 1}, {x4 − 2} 〉,
E1[¬x2 U x4] = 〈 {1}, {x2

0 − 2x0, x1 − 1, x2 − 1, x3, x4},
{x0 − 2, x2

1 − 2x1, x2x1, x
2
2 − 2x2, 2x3 − x2 − 2x1, 2x4 − 2x2 − x1} 〉,

E2[¬x2 U x4] = 〈 {1}, {x2
0 − 2x0, x1 − 1, x2 − 1, x3, x4},

{x0 − 2, x2
1 − 2x1, x2x1, x

2
2 − 2x2, 2x3 − x2 − 2x1, 2x4 − 2x2 − x1} 〉.

Æ&% E1[¬x2 U x4] = E2[¬x2 U x4]. -)%N*tu%�wx E[¬x2 U x4] �8
_9U%%l 〈 {1}, {x2

0 − 2x0, x1 − 1, x2 − 1, x3, x4}, {x0 − 2, x2
1 − 2x1, x2x1, x

2
2 − 2x2, 2x3 −
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x2 − 2x1, 2x4 − 2x2 − x1} 〉. :!��`X'� OFF �3JR,4% WSolve(OFF) =
{ [x0, x1 − 1, x2 − 1, x3, x4] }(HM WSolve(OFF) )!�2� 8_9%Y�WAL:=�3
JR,4). ?,%WSolve(OFF) ⊆ WSolve(�E[¬x2 U x4]�1) = { [x0, x1−1, x2−1, x3, x4] , [x0−
2, x1 − 1, x2 − 1, x3, x4] }. -)%:�vt!���%'C E[¬x2 U x4] �a3p?� “4
(T)”, ^?� “2 (F)”, 6� “(� (M)”. ^"�}%!��\'C�"=@/�+*;�?
�1�56{~#f� 

+k�MN�& Maple 10 ,�3�%���&+V'C� Maple 7h& PC(1.9 GHz
Pentium 4 � 256 MB P-) +�S3$L� 15 |%{yP- 4 MB. ,6% Maple ����
<CDMN�.(%=MI6W�N*z�>:����/0�3%R%-)%=S36@
�?�v*1:UH�.*�3}z >:����-��WR%_M*��MI6W�%
R}l%�3m{��-�,87�UH;�~~�M1;R/� 

5 wxy�z
[EH.2�%!�R�83�& (ST�5�&) �8_9U%.*%\.*(<U

I�;��&V9(�1W`=:/�8_9U%a9 ^!��'�"@of!<k$�
&�'Cc@R28_9%6?��&HM%,?&8_9WM!�,M1� ��&N
* G�Z.*�F[RW�'1-Æ||!�a9�&,F�83�&������W
MR%%&2)!Z.*-Æ83�������gT'1 

;�~~UH�M1.w7%,&<;"E.k 1) }~(�6�R�:!�KV�
3xh�.* (OGi@R?�WMa9`x�&j4}%0�HIF�CDMN���
��N*SNRo�f~T 2) Z.*>:�<�8_9N*Ro?I%-)UH;�V�
9�;R�M1����;8_9�WR%;]_MZ.*&W;8_9]+�N*%HI
N*Ro Ijn4 [16] ��9�2UH)m�w%%pH3�� Y F2 �WR�.�

OB]+�WAL.*#:,�.*RoHo+>@?T 3) (�,8@R?�WM!��
Yk�W4WR%UISkM1�6@%e�w�9.*<u,`R/0�`� 

{ | } ~

[1] Clarke E, Grumberg O and Peled D. Model Checking. Cambridge, MA: The MIT Press, 1999.

[2] Sagiv M, Reps T and Wilhelm R. Parametric shape analysis via 3-valued logic. Proceedings of

Symposium on Principles of Programming Languages, 1999, 105–118.

[3] Hazelhurst S. Generating and Model Checking a Hierarchy of Abstract Models. Technical Report

TR-Wits- CS-1999-0, 1999.

[4] Chechik M, Easterbrook S and Petrovykh V. Model-checking over multi-valued logics. Proceed-

ings of Formal Methods for Increasing Software Productivity International Symposium of Formal

Methods Europe, 2001, 72–98.

[5] Bolc L and Borowik P. Many-Valued Logics. Springer Verlag, 1992.



8 / L0JK����������	��
 1029

[6] Chechik M, Devereux B, Easterbrook S and Gurfinkel A. Multi-Valued Symbolic Model-Checking.

ACM Transactions on Software Engineering and Methodology, 2003, 371–408.

[7] Chechik M, Devereux B and Easterbrook S. Implementing a Multi-Valued Symbolic Model Checker.

Proceedings of Tools and Algorithms for the Construction and Analysis of Systems, 2001, 404–419.

[8] Srinivasan A, Kam T and Brayton R. Algorithms for Discrete Function Manipulation. IEEE/ACM

International Conference on Computer-Aided Design, 1990, 92–95.

[9] Chechik M, Devereux B and Gurfinkel A. χChek: A Multi-Valued Model-Checker. Proceedings of

14th International Conference on Computer-Aided Verification, 2002, 505–509.

[10] Bryant R E. Symbolic boolean manipulation with ordered binary-decision diagrams. ACM Com-

puting Surveys, 1992, 24(3): 293–318.

[11] Wu W T. Basic principles of mechanical theorem proving in geometries. J. of Automated Reasoning,

1986, 2(4): 221–252.

[12] Ritt J F. Differential Algebra. Amer. Math. Sco., 1950.

[13] Avrunin G S. Symbolic model checking using algebraic geometry. Lecture Notes in Computer

Science, 1996, 1102: 26–37.

[14] Mao W B and Wu J Z. Application of Wu’s method to symbolic model checking. Proceedings of

the 2005 International Symposium on Symbolic and Algebraic Computation, 2005, 237–244.

[15] Tarski A. A Lattice-theoretical fixpoint theorem and its applications. Pacific J. Math., 1955, 5:

285–309.

[16] Gao X S, Chai F J and Yuan C. A characteristic set method for equation solving in F2 and ap-

plications in cryptanalysis of stream ciphers. The Mathematics-Mechanization Research Preprints,

2006, 25: 42–56.

APPLICATION OF WU’S METHOD

TO MULTI-VALUED MODEL CHECKING

ZHAO Lin

(Chengdu Institute of Computer Applications, CAS, Chengdu 610041; Beijing Jiaotong University

State Key Laboratory of Rail Traffic Control and Safety, Beijing 100044)

WU Jinzhao

(Chengdu Institute of Computer Applications, CAS, Chengdu 610041)

Abstract The development of most large and complex systems is necessarily involved
with the treatment of uncertainty and inconsistency. Multi-valued model checking is very useful
for analyzing models that contain such information. Based on the algebraic representation of
multi-valued logics, we present a framework to apply Wu’s method to multi-valued model
checking. This algebraic approach to multi-valued model checking can be used as a powerful
supplement to the existing methods.

Key words Multi-valued model checking, quasi-boolean logics, polynomials, Wu’s method.


