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First
,
what's a typical with typical behaviour?
-1

walk

* Simple random walk on I

MarkovChain (Xalno , Xo =0,
parameter pe(o) dias
P(Xn+ = x + 1(Yn =u) = P

=> I 1-P

,,



* Lawofarge numbers
-

* If p =E , Ex+ 0 P-a .S-

(X) will be recurrent
i . e. visit o infinitely many times

- ISPFE,+w + 0 /PallisticsEspeed speed)
(X) is transient

i
.
e
. visitso finitely many times.



Theoremsimvastate-
te[o ,T]

Typical position
at time

· p
= t, No, I

is of order Mul,

iffusive rescaling.
after recentering.

This atypicalbehaviour
-

Either recurrent with totransient with2to



whatis atypical?

⑧

n



* How do we create these traps ?
What are their size? their shape ?

Their effect?

*Can we have a characterization for the speed of

a Strapped) random
walk?

-
-

-Randomwalks on random conductances
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*andom walk in randeenvironment
na

I
-... m + ! I[12 , 1-1][in (n +

:id in [0 ,1)
T

oA : Problem recurrence/transience
- I Illisticity
has been fully solved.I Explicit characterization



on d2 Much more open-

Synitman's condition
(T).

RW on
trees.
-

Galten-Watson treT
-
-·-



↳derrandomrandonden
a

-

for some
10

;

Axel .

Random walk
(Xuluse on

the Conductances Carl

is defined by Xo = o

4 (X = n+ (Xn =)=- I



We will choose theLu's random,

i
. i . d .

over E , in [K, +C) as
-

their law .

If we fix
the environment, i . e . collection

(G)

and at the
evolution of X

PV = quenched law of X
-

If we average over the
environment :

P= [P. C . )] annealed law
-

under Po
,
X is not a Markov Chaim



↓home netwoarical networkCe : Conductances

eedge

Effective resistance
between two pointa

C(acez)= (a)4(a
+ z)=(at z)

y
[((a ,y)
gra

#



Pa(To <Ts)=6)Thiting times

Loc RelatRela-

WX on
(Cr) is

Backon[ -- Cleft as an exercise-
measure Tr(m) = Cn +C+ 1 is

reversible.

Also true for RWRC on
29

,
dis .



- Assure Cne[K ,*] -a . S · for some Kel, 1).

"Easy" case
-

We can prove-> 0 Pas .

I and we can prove effusive fluctuations

Let's prove
these results using the environment

seen from
the particle.walker environment

shift-= txm~
allong trajectories F
--



o = w

,
(i), is a fortor process on the
-

space of the environment

2 7 a measureI ergodic , invariant,

probability measure.

Under Q ,
the law of wa is Q

QuP

(6),

Z normalising Est .



Consider the wortingale = E[Xu-XmIFm]

In= X
- local drifatXn.

Exercise: Prove ELMue-h (En]
=0,

L Fn = ↓ (Xo ,-, Xn) .

Ayuma's inequality => almost
surely,

Mus netd for n large enough.

=>o Poas . for Pa .

e. ~



=(X
, w)

-> o

d(Xn ,w)=Con
-

We will use the Birkhoff's ErgodicTheorem
-
C
,
3
,
T
, M) , 8 :

measurable

T : measurepresformation#



Je : r-field generated by
invariant sets ofT

(x(T+ (E(AE) = 0

Tisergodic(invariant
=p(E) =40 ,1)

then is trivial

Im (T) = FIS]C

Thisimplies , for Q-a
.
e

.

w

[d(ow]
This also holds for Ba . e .

w
. /Qu P).



An -o as
We have that for

Dae . We

#
↑artingale CLT : (Mn) an (Fn)-martingale, square
-

integrate : for each
new

,
ELIMul] + &.

IS
Til 75 to, 6) St, Eto,

ELI-RP(Fr]- t .r in probability.



T
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I - interpolated

[variance 52.
The
the law of(c (B)++[i]

If (Try-7m) < Cst then (21 is satisfied.

For us
,
let consider R(o

, u)

Fu = R(o, Xu) if
Xn30 I -Er

- Ro, X) if Xno



isMartingale latal eina to prove
(E) has bounded steps :

fron because ri<e Fitt.
(tn)

↑
-=



-ErgodicTheorem

->ExtETHa-Mu(F)
xQ(tor) forDira

=>I= (B++x-

=>(= (BA) becausetg



Neet week : What happens
ifIn

can be very
large??


