
Some problems from Grimmet-Stirzacher
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Stopping time One way to express
thatTis a stopping time is to write

1t= n) = Yulto,...,XR)
where In is a given function.

In as indicator we have

In : gar > [0, 14

In fact

Un (to .., In) = 140E 10) x .. - x 1KnEAn

An lets to
...,
An CS



conditional probability we wish to
evaluate

Qm = P(X++m = j/Xo = 20, .., X = i)

= [ #(+m =) 1X= ) ... 140= 2os]
P(X=

..,
to = (0)

Nm
=

D

Tem Nm We have

Nm = [ #Kim= ) 1X=2) :" 140:los]

- [14=n) #(T+m =) #Xt 2) : 140:Co)]

= [Yn(Xo,.., xn) (num =6) En=2) ... #a= 07]i

= [1EAO ...GEAN)F. . 1(xn= i)
x 1knom =2)]



simplification fu Nm We have found

Nu

i= [10 :--ereans ... i1x= -<

x 1knom =2)]

=
[[ 140E(1203) ... 1EAm1Sid) #(nom =6)]

Mankor #[10E(1dioS) ... 1QEAndSis
x Pij(M)

= E[10 = 10) :: 1< =2)] Pij(M)

= D Pij(M)

Conclusion we have seen

P(X++m = j/Xo = 20, .., X = i)

-
Nm

=
D Pir(m) = Pic(M)

D D

robor moperly fur (Xitmimiod
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Rmk We focus On non-degenerate
cases

,
that is

2E10
,
K

, as 70 on all ;

Graph of X of the fam

-

O I 2 --- i- 1 i i ...
...

This chain is irreducible. Thus

(i) IfI state is mansient, all
states are hansient

(ii) If I stat is null persistent,
all states are null persistent



Decomposition fu To stating from
Xo = 0 we have

#To = 1(, =0(1 +Ti0)1(, = i)
where

Tip (x) = Time to go from i to 0
starting from X = i

Decomposition for EITO] We get

#[T] = P(X, =0) CK

+ E[(( +Tip(X))(X, = i] P(X, = i)

= z + + [Tio/Xo =ib di

Decomposition FU Tip If to =i, we have

Tip = Tic ... To

where Tom 2 . i . d G(I-R)



Fumula fur EITcol Xo = :] We get

# [0/Xo = []
= [TGIXo =1

=
E
j= 1 1 -B

= zz

Famula fu EIToS Going back
to (1) We Obtain

i
E [T] = 2 + 2 1 +

1 -2
Ai

i=1
D

= 2+ai t I z iCi
1-2 i=C

= I

Tha

#[To] = 1 +
1

i Aii
This is finite it ai <


