
MarkovChairs

Examplets Suppose I flip a biased coinwhich is heads w.p p

Leb X of flips until I see myfirstheads E x

Zerencesheet

Alternativecalculations

Exampled Samesetup but let Y of flipsuntil I see 2 heads in a row

ELY

ideal geometricRV

ideal condition on mostrecent flip



Examplef sleep

learn

U

test fourstates

gymeat sleep
learn

Pr in state s attime tel instate s at time t

This randomprocess is called a Markov Chain

fermarks
Looks kindof like DFANFA from 311 except labelsare probabilitiesgangs

Define random variable X state we are in at time t

Questions 1 Pr X sleep X sleep

2 Pr X sleep X sleep

3 Pr X sleep X sleep



4 Howlongdo I expect to waitbefore I get to eat assuming still X sleep

Yg
amountoftime until eat startinginsleep

Y amountoftimeuntil eatstartingfromLearn

Yg
amountoftimeuntileatstartingfrom Eat

LE E Ys
first step
equations

Definitions A Markov Chain is a sequence of random
variables

Xo X X2 Satisfying

1 Pr Xp Ste X St X so Pr X FsteelX St

2 Rx 5 fr example 5 eatsleep learn
3 Px is an arbitrarypmf on 5



yp

Let'swrite PMF's for X s as row vectors

eat sleep learn
q 0 1 0

9

q

Question How to get a pme.exd.am i tEIi

Definitions Let Xo X be a marker chain over statespace

5 s sn Define the translimprobabilitymatrix P

to be the uniquematrix sit

Pij Pr X 5 X 1
5

IT
Pij 0.1 in this example



examples

eat sleep learn
eat 0

p sleep 0 44

learn 12 1
4

heat Pr X eat Pr X eats X eat

Pr X eat X sleep Pr X eatn X learn

may q q P

claimfa q pt
proof



questions what does q look likeas

equivalently whatdoes q pt look likeas 0

eat sleep learn
q 0 1 0

q 0 44

q Ys 5
8

1 48 1
2

9
32 eat sleep learn

1 9164 3764 932
eat 2

p sleep 0 44

learn 12 1
4 y

É 0.1428530.571442 0.28576

E 0.142853 0.571434 0.285713

observations if q q then distribution never changes again

Called a stationary distribution

solution to TP so a left eigenvector

with eigenvalue 1



Le É T P

Te Ts Tie Te Ts Till 0 12

44

BigHfrMakaChaI For any sufficiently
nice

Markov chain no matterwhat q is

lim q pt 11 T
to

solution to TP

nice being irreducible aperiodic andpositive
recurrent


