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¥

U � �� �	 4 �� �� � 
� 5 V

1 = ({0, 1},∨,&,≤), ∨ W � � X � � 
�9 & W � � � X � � 
�Y

Vm,n
1

W � � X � �	 �  � ��Z �� 	 � 
  �� � � � �� (m× n) �� � V

1.

¥

=  �� �45 A = 〈X(τ), A(τ), Y (τ), r, {D(τ)(s, l)}, q(τ), tp, T 〉, � ��

• τ = τ(t) =

{

t, t ≤ tp

(t− tp − 1)(modT ) + tp + 1, t > tp
;

• X(τ) − � Z  � �  � � � �� � 
 	9 Y (τ) − � �Z  � �  � � � �� � 
	9 τ = 1, tp + T ;

• A(τ) − � � �� � 
 	 �  �	 � � 
 �9 |A(τ)| = mτ , τ = 0, tp + T ,

A(tp+T ) = A(tp)

[ � � � 
  � 
� �  �	 4 \Y
• r ∈

V1,m0

1 − �� � � � 4 � � � � � � 	  � [ � � � � 
Z �  �	 � � 
 � � � �� � 
	 � A(0)

� � 	  �� 	 �� � �� 	 �� � 	 � \Y
• D(τ)(s, l) ∈

Vmτ−1,mτ

1 − � �� � 
 �  � � ��Z  �� 
 � �  �	 � � 
 � � � �� � 
	 �

A(τ−1) � �  �	 � � 
 � � � �� � 
 	 � A(τ), xs ∈ X(τ), yl ∈ Y (τ), τ = 1, tp + T ;

• q(τ) ∈

Vmτ ,1
1 −

� 
 �� �4 � � � � � � 	  � [ � � � � 
Z �  �	 � � 
� Z � � �� � 
 	 �

A(τ) � � 	  �� 	 �� �  �� 
 	 �� � 	 � \9 τ = 0, tp + T ,

q(tp+T ) = q(tp)
[ � � � 
  � 
� �  �	 4 \6
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¥

= � X � �	 �  �  � � �	 
 � �Z � �  �5

Z � � = {(w, v)|w = xs1 . . . xsd , v = yl1 . . . yld ,

xst ∈ X(τ(t)), ylt ∈ Y (τ(t)) ∀t = 1, d}
⋃

{(e, e)}.

¥

U �  �kj � � � � 	  � �� X � � 
�5

ΦA(w, v) =



















r
d
∏

t=1
D(τ(t))(st, lt)q

(τ(d)), |w| = |v| > 0,

rq(0), w = v = e, |e| = 0

,

� �� w = xs1xs2 . . . xsd , v = yl1yl2 . . . yld , (w, v) ∈ Z � � .

¥

l � � 
� � �� �	 �  � 	 4 � � 	  �� 	  �5 A ∼ B, � � � 


ΦA(w, v) = ΦB(w, v) ∀(w, v) ∈ Z �  � .
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¥

! � 	  �� 	 A pqr s tvu wxy z{ u p u { q| } p s ~ � s� { � � � � 
 �� � � j � �	 � �� 	

� � � 
 � � �� �	 � �  � � � � � 	  �� 	 � B, 	 � � � 9 � 	 

|B(τ)| ≤ |A(τ)|, τ = 1, tp + T ,

tp+T−1
∑

τ=0

|B(τ)| <

tp+T−1
∑

τ=0

|A(τ)|.

¥

�� � 4 �� � 	 �5 �  �	 �  
 	 4 � � 	  �� 	 B9 	 � �  �9 � 	 

�6 B ∼ A, |B(τ)| ≤ |A(τ)|, τ = 1, tp + T 
Z 	 � � � � ��  � �  �  τ � 	 

�� �� � � � � 	 �  W �	 � � �6�6 B � � � � � 	 �� � 
 � 
 �� � 4 �  � �  � �  � � � 	  �� 	 � A.
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Φi(w, v) = �

i

d
∏

t=1

�(τ(t))(st, lt)

�(τ(d))

w = xs1xs2 . . . xsd , v = yl1yl2 . . . yld , (w, v) ∈ Z � � .

¥

�� � � � 4 �  � � � 
� � �� �	 � �� � 	 � � 	 � τ �  �	 � � 
 � 5 ai, aj ∈ A(τ), 	 � � 
�9 � 	 

Φi(w, v) = Φj(w, v),

∀(w, v) :

[

|w| = |v| = τ, τ = 0, tp,

|w| = |v| = τ + (k − 1)T, ∀k = 1, 2, . . . , τ = tp + 1, tp + T
.

A(τ) =
⊔

ρ, ρ≤mτ

Ω
(τ)
ρ .

¥

; �� �  �	  �  � �� � � ��  � �� � � � j � � �� 	 � 
  � � � 	  �� 	 � � 	 � � 	 � τ :

H
(τ)
q ∈ R

mτ ,ρ
1 , � �  	  �  � � � X � � � � � � 	  � 8 �	  � ��  �  �  �	 � � �� �  � �  � � 
 �

� �� � � Ω(τ)
ρ .

¥

; �� �  �	  �  � �� � � 
 � � �� � �� � �  � �� � � 	  �� 	 � A5 � � �  � � � 	  �� 	 B,

	 � �  �9 � 	  B ∼ A 
 �(τ)
q (B) =

�

(|B(τ)|), τ = 0, tp + T

[ � B � 
 �  � �  �

	 � � 	 � �� 	 � 
  � �  � � � � � �� � � � 4 �  � � � 
 � � �� � 	 � �Z �  �	 � � 
 � \6
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A = 〈X(τ), A(τ), Y (τ), �, { �(τ)(s, l)}, �(τ), tp, T 〉,�(τ)
q , τ = 0, tp + T .

¥

��� � ���� �(τ)
q

�(τ)T
q

�(τ) = �(τ); � �  �� 	  � 9 � � � 


• w = w1w2, v = v1v2, |w1| = |v1| = d1, |w2| = |v2| = d2, d = d1 + d2;

•

�

q(w2, v2) =
d
∏

t=d1+1

�

(st, lt)

�(τ(d)), d1 = 0, d− 1, (w2, v2) ∈ Z � � ,

	 

�(τ(d1)−1)
q

�(τ(d1)−1)T
q

�
q(w2, v2) =

�

q(w2, v2).

¥

���  � �� � ¡ � � 
 � � 	  �� 	 B �  � �� � � 
 � � � 	  �� 	 � A � �  �  j 4 �

� �� � � � j � �  � � �  � �� � � � � 
 � 5
rB = rH(0)

q , D
(τ)
B (s, l) = H(τ−1)T

q D(τ)(s, l)H(τ)
q , q

(τ)
B = H(τ)T

q q(τ),

	  B ∼ A 
 � � 	  �� 	 B � �� �  �	  �  � �� � � 
 � � �� �6
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Φj(w, v) = � d

∏

t=1

�(τ(t))(st, lt)

�

j

w = xs1xs2 . . . xsd , v = yl1yl2 . . . yld , (w, v) ∈ Z � � .

¥

¤ 
 �� �4 �  � � � 
 � � �� � 	 � �� � 	 � � 	 � τ �  �	 � � 
� 5 ai, aj ∈ A(τ), 	 � � 
�9 � 	 

Φi(w, v) = Φj(w, v),

∀(w, v) :

[

|w| = |v| = τ, τ = 0, tp,

|w| = |v| = τ + (k − 1)T, ∀k = 1, 2, . . . , τ = tp + 1, tp + T
.

A(τ) =
⊔

g, g≤mτ

Θ
(τ)
g .

¥

¥ � �  �	  �  � �� � � ��  � �� � � � j � � �� 	 � 
  � � � 	  �� 	 � � 	 � � 	 � τ :

H
(τ)
r ∈ R

g,mτ

1 , � �  	  �  � � � X � � � � � � 	  � 8 �	 �  � � � �  �	 � � �� �  � �  � � 
 �

� �� � � Θ(τ)
g .

¥

¥ � �  �	  �  � �� � � 
 � � �� � �� � �  � �� � � 	  �� 	 � 5 � � �  � � � 	  �� 	 B, 	 � �  �9

� 	  B ∼ A 
 �(τ)
r (B) =

�
(|B(τ)|), τ = 0, tp + T

[ � B � 
 �  � �  � 	 � � 	 � �� 	

� 
  � �  � � � � � � 
 �� �4 �  � � � 
 � � �� � 	 � �Z �  �	 � � 
 � \6
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A = 〈X(τ), A(τ), Y (τ), �, { �(τ)(s, l)}, �(τ), tp, T 〉,�(τ)

r , τ = 0, tp + T .

¥

��� � ���� � �(τ)T
r

�(τ)
r = �; � �  �� 	  � 9 � � � 


• w = w1w2, v = v1v2, |w1| = |v1| = d1, |w2| = |v2| = d2, d = d1 + d2;

•

�

r(w1, v1) =

� d1
∏

t=1

�

(st, lt), d1 = 0, d− 1, (w1, v1) ∈ Z � � ,

	 

�

r(w1, v1)

�(τ(d1)−1)T
r

�(τ(d1)−1)
r =

�

r(w1, v1).

¥

���  � �� � ¡ � � 
 � � 	  �� 	 B �  � �� � � 
 � � � 	  �� 	 � A � �  �  j 4 �

� �� � � � j � �  � � �  � �� � � � � 
 � 5
rB = rH(0)T

r , D
(τ)
B (s, l) = H(τ−1)

r D(τ)(s, l)H(τ)T
r , q

(τ)
B = H(τ)

r q(τ),

	  B ∼ A 
 � � 	  �� 	 B �� �  �	  �  � �� � � 
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H
(τ)
q , τ = 0, tp + T ,

H
(τ)
r , τ = 0, tp + T .

¥

���  � �� � ¡ � � 
 � � 	  �� 	 B W � �� �  �	  �  � �� � � 
 � � �� � �� � �  � ��

� � 	  �� 	 � A, 	  � �  �� �  �	  �  � �� � � ��  � �� � � � j � � �� 	 � 
  � �(τ)
r (B)

� X � 	 � �	 4 �  �	 � � �� 
 � �� � � 
� � �Z �	 � � �� 	 � 
  � �(τ)
r

�(τ)
q .

¥

���  � �� � ¡ � � 
 � � 	  �� 	 B W �� �  �	  �  � �� � � 
� � �� � �� � �  � ��

� � 	  �� 	 � A, 	  � �  � �� �  �	  �  � � � � � ��  � �� � � � j � � �� 	 � 
  � �(τ)
r (B)

� X � 	 � �	 4 �  �	 � � �� 
 � �� � � 
� � �Z �	  � �   � �� 	 � 
  � �(τ)
r

�(τ)
q .

l 	 
 	 �  � � � � � � � � �� � �	9 � 	  � � � 

¥

� � 	  �� 	 A � � � �� �  �	  �  � �� � � 
 � � �� �9 	  � � 	  �� 	 B 	 � � X � � � �� 	

�� �  �	  �  � �� � � 
 � � �� �Y
¥

� � 	  �� 	 A � � � � �� �  �	  �  � �� � � 
� � �� �9 	  � � 	  �� 	 B 	 � � X � � � �� 	

� �� �  �	  �  � �� � � 
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¥

� � �  �	 
 X 
 � � �  �	 � � 
�5 ai ∈ A(τ(d)), 	 � � �9 � 	  � �� � � � �Z (w, v),

w = xs1xs2 . . . xsd , v = yl1yl2 . . . yld ,

� d
∏

t=1

�(τ(t))(st, lt)

�

i = 0.

¥
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 � 
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 �  � �  � 	 � � 	 � �� � � �� 	 � 
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�  �	 � � 
 � 
 � 
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 � \6
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