











































































































Ét o i
Xt is a r.ve

A stochastic process Xe tet i a collection

of random variables indexed by t

Xt tabs valves in the statespace X

T is the index set lie IR N

Ex include stock prices weather lip equare Xi Yu

Recall for Xin Xu the joint density is given by
fly x fly flxzlx.lt xzlxixe fxulxi xu

I f Xo past i'sMarko Chain

Def Xu net is a MarkovChain

if IP Xu x Xo Xu IP Xa x Xm
for all net and NEX

f Xu Xm Xo flat Xu

fly x x fix flux fix x2 flu Xm

Questions to answer

When does a MC achieve equilibrium Does it atall

Estimate parameters controllingthe MC

Can we construct a MC that conveys to a

specified equilibrium ice Xu F some givendistribution


















































































































Thy i ai

it je i

its j and jerk then i tsk

The state space X can be written as a

disjoint union of classy X X V Xz U

when i j communicate iff i j eXu

Def If all state communicate then the chain

is irreducible

Load set of state i closed if the chains

enter but never leans

Closed sit with a single state anabsorbingstate

Recurent persistent IP Xn i forsome n I Xo o
state

Transient else

statonarily it is a stationary or invariant distribution

if I TP
Th is a row eigenvector of P
PITT It
with eigenvalue l



Ideas Dmr X from T a stationary distribution of P

Next draw X TIP
Notationally X um MoP TP t

If Xu me p P mop TP it
that X2 T

when a chain has distributor it it will forever

Def A Markov Chain has Limiting distributor T

if P
Eg ft

t en

É Te Th

P itMo

la Mn É II EM TEM

Tl Tz Tn

Detgleadance
it satisfies detailed balance if

Ti Pij PjiIL t
a

i F IP Xu i Xn j





SpecificAlgorithm Metropolis Hastings

Listed as one of top 10 algorithms of 20th century
along with FFT FMM QR Fortran

Goal Draw samples for X with density f

M
ÉÉÉT yo arbitrarily Assuming that we
have generated Xo Xi

Generale Y from density glyly
I I g is a density

that is easy to drawItalian
from proposaldistritt

Exglylx N x o

Evaluate r r Xi Y whee

rial min 41 in

Set Xit with probability r

with probability I r

Completely opaque algorithm look at specific example
first before understand why it works



Ex Draw from Cauchy distributor fix Fx

Tak glylx t e
15 1 6

so then real mi I g it

I
mint it

So the algorithm redus to following

Xu Y N Xi b with probabilityrlxo.nl

Xi with prob I raise

an

Why does this algorithm work at all

shortanwer We enforce detailed balance in the chain

therefor guaranteeing the existence of a stationary
distribution



Recall piste PjoTj

Continues version of detailed balance

Pij play to IP Xun y Xa x

Ti fix IP Xue x

The function f is a stationary distribution if

fly play fix dx

Detailed Balance then means that

fix play fly plyx

If this equation holds then just integrate each side
to show that f is a stationary distribution

Using the construction of the M H algorithm show

that detailed balance is satisfied and the for f
is the stationary distribution

Consider x ie X Xi and y Y the proposalvalue

Either fix glylx 2 fly g rly
or fix glylx flytalxly x



Without lossof generality assume that A holds

and we then have

fly glxly
7 1 1

l

and therefore ray Ff gift
and obviously risix min fgftp.B

T
Next compute the transition probabilities

play IP x y and requires that
it generate y
ii accept y

play glylx ray Xx 4411

If glxly
fix play fly glxly

On the otherhand ply x Ply x and rquirs

i generate x

ii accept X



plyx glxly rly x glxly

And therefor fix play fly ply X

i n.im
hex flyldy I t h Xi when Xi sampb

In
from f

E I Ihf

Var I a I std I t


