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8. b�� f(x) = Px(Sτ = 0). O

f(0) = 1, f(N) = 0, f(x) = pf(x+ 1) + qf(x− 1),�W 1 ≤ x ≤ N − 1, q = 1− p. �H�
f(x)− f(x+ 1) =

q

p
[f(x− 1)− f(x)] = (

q

p
)x[f(0)− f(1)].

1 = f(0)− f(N) =
N−1∑

x=0

[f(x− 1)− f(x)] =
N−1∑

x=0

(
q

p
)x[f(0)− f(1)]

=
1− ( q

p
)N

1− q

p

[f(0)− f(1)].

[f(0)− f(1)] =
1− q

p

1− ( q
p
)N

.

1− f(y) =

y−1∑

x=0

[f(x− 1)− f(x)] =

y−1∑

x=0

(
q

p
)x[f(0)− f(1)] =

1− ( q
p
)x

1− ( q
p
)N

.

Py(Sτ = 0) = 1−
1− ( q

p
)x

1− ( q
p
)N

=
( q
p
)x − ( q

p
)N

1− ( q
p
)N

.$n�� g(x) = Exτ O
g(0) = g(N) = 0, g(x) = 1 + pg(x+ 1) + qg(x− 1),�W 1 < x < N, q = 1− p. x h(x) = g(x)− g(x+ 1)− 1/(p− q), O��=0'
ph(x) = qh(x− 1). h(x) =

q

p
h(x− 1) = (

q

p
)xh(0).

g(0)− g(N)−
N

p− q
=

N−1∑

x=0

[g(x)− g(x+ 1)−
1

p− q
] =

N−1∑

x=0

h(x)

= h(0)

N−1∑

x=0

(
q

p
)x = h(0)

1− ( q
p
)N

1− q

p

.

h(0) = −
N

p− q

1− q

p

1− ( q
p
)N

.

g(0)− g(x)−
x

p− q
=

x−1∑

y=0

h(y) = h(0)
1− ( q

p
)x

1− q

p

= −
N

p− q

1− ( q
p
)x

1− ( q
p
)N

.

g(x) =
N

p− q

1− ( q
p
)x

1− ( q
p
)N

−
x

p− q
.

9. b��}�s {Xn}%Z!m^� S,Af,n 1.5.3, Sk:b'R�-a% D1, D2, · · · , Dd.� x ∈ Ds, \ |x| = s, O |Xn|M {1, 2, · · · , d}�X1<�'a�,2L-�� |Xn| = k < N ,



2O |Xn+1| = k + 1; � |Xn| = N , O |Xn+1| = 1. $n� |Yn| M {1, 2, · · · , r} �X1<�'<��=-� (|Xn|, |Yn|) M {1, 2, · · · , d} × {1, 2, · · · , r} �X1<�<��=-�� (i, j) "
(i+ 1, j + 1), � (d, j) " (1, j + 1), � (i, r) " (i+ 1, 1).� d M r %`/CK� m > 1, O�� (|Xn|, |Yn|) M {1, 2, · · · , d} × {1, 2, · · · , r} =-`:' m �R�-a%HX (orbit), A� {Zn} �kK%�� dM rR���O�� (|Xn|, |Yn|)%=-HX (orbit)`℄� {1, 2, · · · , d}×{1, 2, · · · , r}� G+)���N<)k?"w%<)�/�� x1, x2 ∈ S, y1, y2 ∈ T (�W T ' {Yn}%Z!m^), ÆI (|x1|, |y1|) " (|x2|, |y2|) 39℄ s �%S�O�G�:�%S� l �$�
ps+ldr(x1, x2) > 0, ps+ldr(y1, y2) > 0, F ps+ldr((x1, y1), (x2, y2)) > 0.E��|�� (|Xn |, |Yn|) � {1, 2, · · · , d}×{1, 2, · · · , r} ���+)�4�
J dr �Y7( G+)�T"�4)�A� {Zn} %X�� dr V dr %	��w<6��/�N x ∈

S, y ∈ T ,k?P" d1, d2, · · · dn I r1, r2, · · · rm, �$ pxx(di) > 0, pyy(rj) > 0, d1, d2, · · ·dn %`�CK�� d, r1, r2, · · · rm %`�CK�� r. �Mt_S� {ai}M {bj}�$∑
i aidi = d,

∑
j bjrj = r. O p(x,y),(x,y)(dirj) > 0,

∑
i,j(aibj)(dirj) = [

∑
i aidi][

∑
j bjrj ] = dr. Y {dirj; 1 ≤

i ≤ n, 1 ≤ j ≤ m} %`�CK�� dr. A� {Zn} %X�' dr.

10. T�� (1) � p2 = 1, �� GW �e�3:�%GO��>U���WF-�9�5%� (2) � p0+ p1 = 0, I�<�1-��:�B0�*^VUB/�A����WF-�9�5%�(3) � p0 = 0, I�<�1-��V���<#
�QZN:�7��>	�-B*^Æ��>	�\*^:-B8��>	�
�G,�A����WF-�9�5% (R<��E6?). (4) � p0 > 0, pDl
( 61-62 ;%:b�k?�<*	 Galton-Watson� T :b'<j*	� ({�) M40G,� (O�). Af��:+�*	� ({�) %*^�G,%�1G,� (O�) /\*^~GC.�S"*	�%*^G,� ?���WF-�9�5%�6?%T��pDl
( 57 ;�%(<#&��DN<��A)�4%y f . �A)G k #
-q��<#
�%yu� 1/k. <�18���J)"+) x %yu' c, 1 xG d �P��O� x "�<�2[%yu' c/d. Ro)�D"v p0 = 0 R<℄��℄��A) o "+) x %zd' x0 = o, x1, x2, · · · , xn−1, xn = x, � xi %2[��'
d(xi) ��O�A)" x %yu� [d(x0)d(x1) · · · d(xn−1)]
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∑

e
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eRe =

∑

n

∑

|x|=n

[d(x0)d(x1) · · ·d(xn−1)]
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n
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1

k2
0k
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pk0pk1 · · · pkn−2

∑

kn−1
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n−1
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=
∑

n
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k0,k1,··· ,kn−2

1

k2
0k
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2
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