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A � ������ � w �� �� ��� ��� 	���
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Cw = { h, w.h = u.w ��� |u| < |w| }

w = ababa

ababa

ababa|

ababa

ababa

Cababa = {ε, ba, baba}

Cababa(z) =
∑

v ∈Cababa

P(v)z|v| = 1 + πaπbz
2 + π2

aπ
2
b z

4
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1

1 − z
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1 − z

� � �� Σ?w = R.C + R.Σ?.w ⇒
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1 − z
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πwzm

1 − z
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πwzm
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(
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w = aaaaa
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I K? = C? ��� K? �� ��	���� ����
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����	 �
��� C◦ = C − {ε} � ��� �� ���� ���� ����� ��� �� � ��� �� � 	��� w

I ��� 
���� ���� K = C◦ − C◦A
+ ���� ����� ��	���� ���� ��

C+−{ε} � 	 � ��� � ����� ���� K? = C◦
?

I K? �� ��	���� ����
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F (z, •, •, •) = N (z)+
R(z)

πwz|w|
Γ(•z,•,•)

1

1−
M(z)−K(z)

πwz|w|
×Γ(•z,•,•)

U(z)

I
&(� �� . ��

w
*&� &(� �� . �� � !(�"+ �

Γ(z, u, x) = uxπwz|w| 1

1 − xK(z)

I
&(� �� . �� � !(�"+ *&� $�$* ! &(� �� . � � "�+ �$ �� &+ �&+ ��� � !(�"+ �
Γ(tz, u) = uπw(tz)|w| 1

1 −K(tz)
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w
*&� $�$* ! &(� �� . �� "�+ �$ �� &+ �&+ ��� � !(�"+ �

Γ(tz, x) = xπw(tz)|w| 1

1 − xK(tz)

I
&(� �� . �� �+$ ($$� .�&�� w

*&� $�$* ! &(� �� . �� "�+ �$ �� &+ �&+ ���� !(�"+ �
Γ(tz, x) =

x

1 − x
πw(tz)|w| 1

1 −
x

1 − x
K(tz)
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� �����
E(OK

n) = (n − |w| + 1)πw(1 −K(1)) − πwK
′(1)

Var(OK

n ) = n × (1 −K(1))2Vw − n× πw(1 −K(1))(K(1) − 2πwK
′(1)) +

��� 	���
E(Ow

n ) = (n − |w| + 1)πw, Var(Ow
n ) = n× Vw + O(1).

Vw = πw

(
2C(1) − 1 − (2|w| − 1)πw

)
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W = {w1, w2} ��� w1 ���� � � w2 � �� ��
 �	�
�� �� w2 ���� � �
w1������ �	
 �� � �� 	����

C(z) = (Ci,j(z)) Ci,j = {h, wi.h = u.wj}

��� ��� W = {aab, abaa}

C(z) =

(
1 π2

az
2

πbz 1 + π2
aπbz

3

)
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Ri,Mi,j,Ui
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⋃

k≥1

(

M
k
)

i,i
= A? · wi + Cii − ε, 1 ≤ i ≤ 2,

⋃

k≥1

(

M
k
)

i,j
= A? · wj + Cij, 1 ≤ i 6= j ≤ 2,

Ui · A =
⋃

j

Mij + Ui − ε, 1 ≤ i ≤ 2,

A · Rj − (Rj − wj) =
⋃

i

wiMij, 1 ≤ j ≤ 2,

N · wj = Rj +
⋃

i

Ri (Cij − δijε) , 1 ≤ i, j ≤ 2

F (z, x, y) = R(z, x, y)
(
I − M(z, x, y)

)−1
U(z)
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Kij = Cij − CijA+

����� �
Mij −Kij = Lwj

K =

(
K11 K12

K21 K22

)

Ξ = K
?

G =

(
w1Ξ11 w1Ξ12

w2Ξ21 w2Ξ22

)

A? = N + (R−
1 ,R−

2 ) G

(

(M − K)−G

)
?

(
U1

U2

)
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Eaabaa,aabaa = {baa, abaa} Ebaab,baab = {aab}
Eaabaa,baab = {b} Ebaab,aabaa = {aa}
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X = {aabaa.(ε + Eaabaa,aabaa)} ∪ {aabaa.Eaabaa,baab}
∪ {baab.(ε + Ebaab,baab)} ∪ {baab.Ebaab,aabaa}
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T
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ν
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δ(ν, `) =
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aabaa, baab
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= (1, 0, . . . )
`

I − T(a, b, γ, x1, x2, τ)
´

−1

0

B

@

1
�

�

�

1

1

C

A

A •
a

a b a
a(γτ5x1) •

a
b

a a(τ4x1)

•
•

b(τx2)

a
a(τ2x1)

B • •
•b

a a
b(γτ4x2)

a a(τ2x1)
b(τx2)

a

b(τx2) b(τx2)

a

a

a

� � ��������� ���
V = {v1 = aabaa, v2 = baab} 	

� 

 � ������ �� �� 
�� 
�� �
a

���
b��� ��� ������� ��� 
� �� �����

A
���

B
��� �� �����

	

I •, • →
��� ���������� ��� ����� ��� ����� � ���� � ��� ���� ���������� ��

aabaa, baab 	

I ��� 	
�
�	 →
������ � �� �� �� ���� ���� ��� � �� �����

�����
 �� ����� � � � ������ �� ��

I γ →
��� ���� � �� � 
����

I τ →
���� 
 
� ���� �� � 
����

I x1, x2 →
� ���������� ��

aabaa, baab



F (a, b, γ, x1, x2, τ)

= (1, 0, . . . )
`

I − T(a, b, γ, x1, x2, τ)
´

−1

0

B

@

1
�

�

�

1

1

C

A

a  πaz, b  πbz

[zn]F (πaz, πbz, . . . ) → ()T
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n = O(1) 
� ���� � ��	 ��� ��� �� � � �� � �� ��
I

���� �	 � ���� ������� ��
�
� OK

n = Θ(n) 
��� � �� �� ��	 ��� � � �� � �� �� � � �	� ���� ��� �
� �����
I 
� ���� � ��	 � � ���� ������ � � ��� � ������ � �� ��� ��
I 
��� � ��	 � ������� � � 
� ��� ����� ����� �� � T(. . . )�

� ��� � ������ ��� ��� �� � ����� ��	� �� ������
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� �� ����
 ����
K = C◦ − C◦A+ ���� �����

C◦
+

w 	��� � C◦ = C − ε, v ∈ C◦ =⇒ v = κ1 . . . κr, κi ∈ K

I v 6∈ K =⇒ v = κ1v
′ 	 ��� κ1 ∈ K ��� v′ ∈ A+ �

I v, κ1 ∈ C◦ =⇒ ∃p, p′, s′ ���� ���� p = p′s′ � wv = pw ���
wκ1 = p′w � � �� ���� �� wv′ = s′w ��� v′ ∈ C◦ �

I ��� ���� � � ���� �� � � �� � ��

p w

w v

κ1 v′

p′ w

s′ w


