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(a) : Defamine if it's irreducible
.

-

Conly one communication
any pair

of states
communicate class)
H

cible

(b) : classify all States (transient/recurrent)
Man tool : if a communication class is closed
-

and it contains finitely many states , then-xII
it's recurrent . problem : 5 infinite sett

now this Markow cham is irreducible and

closed
,
but this does not necessarily

imply recurrence .

reall : states is recurrent if

Ixo=s (Ts <r) = 1
.



Irreducible => either all states are recurrent

or all states are transient
.

So : only need to focus on the recurrence

property of one
state .

H

investigate recurrence property
of

focus
en

Define T, I inf(nx1 : Xn= 17
first hitting time back to state 1)

(except the of

want to find 1PXo=1 (T,<) ·

1Px= (T,
= 1) =I

1Pxo= (T1=2) = 14x0= (XiF1 , x2= 1)== -5=5
.



1Pxo= (Ti =k)= 1Px0=1(x!, X2+1, - - , xx-171 , Xx=)
#

(131 , kez) x1=2

=14x0=( , 1
,
---

,
xx- 1 #1 , Xx=1)

↳ I
since under the event

x2=3
(x1=27 , Xe can be either 10r3

=1PX0= (X1 =2, X2=3, X3#1 , -- , Xk-#) >

(apply same tricks
xx = 1)

=IP
xo= (X1

=2
, X2=3 , x3=4, - - - xk-1 =k,

decompose onsition parate
xx = 1)

= P2 : 423 · 434 : --- - PK-1
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· Pil
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1Pxo= (T, <1) (be
careful that stopping time can

take value is)

=1Px0= (T, =k)

-:
(Two

ways to verify that
1Px0= (T, (0) = 1)

: Calculate series ·

!!
-ti- .]
= - -
=I

So : State / is recurrent
,

the whole MC is recurrent
.
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W 2
:

Ian (an>0) :
n=1

-ay
if -> r(n- x)

To consider (ETI
.

Xo=1 and r<l
,
then

- LEanc
1ET = K : IP(T = k)

n= 1

Xo=/ Xo= 1 only
need to judge

=
,k: -

convergence, don't
2 need to compute its

limit

L

= : 0

because (k+1)
2

impl iite(k- b)
1Exo= T1 <r =>14x0=1 (T,<1) = 1

.

(otherwise expectation is >
=> state I recurrent

Cubble Ma) ·



e .8: <Yn7 MC, <Xn7 MC , Xn has transition

matrix PX, XK>0 , Y1= X2K
,
what's

the transition ma (Yn) ? If (Xn7
has stationary distribution Ix

,
what is the

stat dist of Yn7 ?

: I
(Py)=j

= 1P(Yx+1 = j/Yx= i)

=> IP(X2x+2 = j)X2x= i)
*two-step

= [(Px)]ij transition prob .

so : Py =(x)" .
Assume (Yul has stat dist My .



#Y . Px = πY

ET · Py = I
know PyE(PX)"
-

actually Tx
= My ·

i · Py = T . (Px)"= TMPx - Px
-

=># . Px = TX
en

proving Tx
=

My .

I retation : transit Step under /Yu7 is

equivalent to transiting 2 Steps under (Xn7 .
So stationary dist is the same (since the
law of transition is the same

, and only
the rate of transition is different) .


