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The modd

@ {Gy:N>1} Gny=(Vn,EN) finite graphs
@ Gy=T¢ Ky Hy Random d-regular graphs

@ (W k>1} S, Wi < oo
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The modd

{Gny:N>1} Gy = (Vn,EN) finite graphs

©

@ Gy=T¢ Ky Hy Random d-regular graphs

@ (W k>1} S, Wi < oo

e 2V, 2, .. .,xf}[/m random permutation of Vy

Q WwN :Wj

e X} Random walk on G5 with mean W, exp. times
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The modd

©

{Gny:N>1} Gy = (Vn,EN) finite graphs
Gy =T% Ky Hy Random d-regular graphs

{Wk:k21} Zka<OO

e 2V, 2, .. .,xf}[/m random permutation of Vy

W;V = W;

XN Random walk on G 5 with mean W, exp. times

deg WN Z

y~x

(Lnf)(x) =

deg(x) degreeof z y~x (z,y) € En
Stationary state vy (z) ~ deg(z)W (2)

Scaling limits of trap models — p.1/20



@ WX depthoftrap atz Landscape of valleys

Fontes, Isopi, Newman (01)

@ 7Z W, Stable () O<a<1
@ Aging eX(teltW/)) - 7, Z, singular diffusion
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@ WX depthoftrap atz Landscape of valleys

Fontes, Isopi, Newman (01)

@ 7Z W, Stable () O<a<1

@ Aging eX(teltW/)) - 7, Z, singular diffusion
Ben Arous and Cerny (06,07)

@ Z¢ d>2 W,Stable (o) 0<a<1

@ Aging eX(te?/®) —Y, Y, fractional-kinetic

@ Convergence of clock process

V Scaling limits of trap models — p.2/20



=

@ WX depthoftrap atz Landscape of valleys

Fontes, Isopi, Newman (01)

@ 7Z W, Stable () O<a<1

@ Aging eX(teltW/)) - 7, Z, singular diffusion
Ben Arous and Cerny (06,07)

@ Z¢ d>2 W,Stable (o) 0<a<1

@ Aging eX(te?/®) —Y, Y, fractional-kinetic

@ Convergence of clock process

Fontes and Mathieu (08), Fontes and Lima (10)

@ X,y Oy ergodic time scale
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e PP P

{X,, : n > 1} embedded discrete time chain
X,, random walk on Gy
Stationary state 7V 7V (x) ~ deg(z)

tmix << hitting times
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e PP P

©

{X,, : n > 1} embedded discrete time chain
X,, random walk on Gy

Stationary state 7V 7V (x) ~ deg(z)

tmix << hitting times

i~ vy = 5 3 nla) — via)|

xeV

. 1
trix = min {1 max | P, ) = 7(llrv < ]
Hp = inf{n >0:X, € B}

HY = inf{n >1:X, € B}

T tmix = O(N?) H,=O(N%) d>3
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@ My T o AN:{x{V,...,xf\\Zn}
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@ MyToo Any=A{z1,...,Zmy}

Q BNTOO B($j,€N)
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e P P P

MNTOO AN:{xl,...,xMN}
BNTOO B($j,€N)

B(x;,¢n) do not overlap

2 ¢ | JB(xzj,tn) X, mix before hitting A,
J
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vey () = Py [H(B(z,4,)°) < H| escape probability
MN(x) = #{X,, visits x before escaping } M(x) > 1
N(x) ~ geometric P, [N(z) = 1] = vy, ()

H(B(x,0n)°)
/ 1{X; =x}ds mean W, /v, (z) exponential
0
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vey () = Py [H(B(z,4,)°) < H| escape probability
MN(x) = #{X,, visits x before escaping } M(x) > 1
N(x) ~ geometric P, [N(z) = 1] = vy, ()

H(B(x,0n)°)
/ 1{X; =x}ds mean W, /v, (z) exponential
0

)
2
8
<.
|

P, H(Ay) =H,, ]

J

P, H(An) = H,;] ~qn(z;) 2 ¢ UB(%EN)
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vey () = Py [H(B(z,4,)°) < H| escape probability
MN(x) = #{X,, visits x before escaping } M(x) > 1
N(x) ~ geometric P, [N(z) = 1] = vy, ()

H(B(x,0n)°)
/ 1{X; =x}ds mean W, /v, (z) exponential
0

gn(zj) = Px [H(AN) - ij}

P, H(An) = H,;] ~qn(z;) 2 ¢ UB(%EN)

\IJNZVNHN \IJN(xév):]
U (XN) Markov process on {1,...,|Vy|}
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vey () = Py [H(B(z,4,)°) < H| escape probability
MN(x) = #{X,, visits x before escaping } M(x) > 1
N(x) ~ geometric P, [N(z) = 1] = vy, ()

H(B(x,0n)°)
/ 1{X; =x}ds mean W, /v, (z) exponential
0

gy () = P [H(AN) — ij}
P, H(An) = H,;] ~qn(z;) 2 ¢ UB(S'Jz'afN)

\IJNZVNHN \IJN(xév):]
U (XN) Markov process on {1,...,|Vy|}

KX trace of Un(XN)on {1,..., My}
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@ KN traceof Un(XN)on{l,..., My}
@ Mean Wy /ve,, (z1) exponential times

@ pn(i,j) ~ Pr[H(An) = Hyy | =t g (7))
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KN trace of U (XV)on {1,..., My}
Mean Wy /ve,, (z1) exponential times

pn (i, j) ~Pr|H(An) = Hy,| =: gn(x))

N
K5, converges

T
/ 1{ X5y € AN}ds — 0
0
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KN trace of U (XV)on {1,..., My}
Mean Wy /ve,, (z1) exponential times

pn (i, j) ~Pr|H(An) = Hy,| =: gn(x))

K}, converges
T
/ 1{Xspy € AN}ds — 0
0

\IJN(X%N) converges in some topology
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K processes

Markov process on NU {oo}

Q
@ {ux:k>1} entrance measure

@ {Zy:k>1} mean exponential times
Q

Zuka<oo Zuk:oo

k>1 k>1

Fontes-Mathieu 2008  up = 1
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K processes

Markov process on NU {oo}
{up : k > 1} entrance measure

{Zr : k> 1} mean exponential times

Zuka<oo Zuk:oo

k>1 k>1

Q
Q
Q
Q

Fontes-Mathieu 2008  up = 1

@ Mean Z; exponential time

@ Jumpstooo Immediately returns to N
Uyj

@ Traceof X,on{l,..., M} pum(i,7)= > "
1<j<M 7

Q Zuka<OO

Scaling limits of trap models — p.9/20



Lemmal

@ K-process Zuka<oo Zuk:oo
k>1 k>1
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Lemmal

Q

Q
Q
Q
Q

K-process Zuk 7 < 00 Zuk — 00

k>1

K} Markov process on {1,..., My}

k>1

Mean Z} exponential times  py

*x N
. —supNZ,C

Then, K — K;

p; = supy Bnpy

> Pk Zp < o0
k>1
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Lemmal
@ K-process Zuk L, < 00 Zuk = 00
k>1 k>1
e K} Markov processon {1,..., My}
@ Mean Z} exponential times  p;’
e (2", Bnpy ) = (Zi, wk)
@ Zf =supy ZY p} =supy Bnpy ZpZZZ < 00
k>1
@ Then, K — K;
@ Wi/vey(zk) pn(J,k)
e XN Oy Wifvey (k) pN(ik) ~ Pr[H(An) = He, | =: qn(zk)
@ By Wi/vey(x1) — Z1,  Mng™ (k) — ug
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Lemma 2

@ gy(z;) = P, |H(Ay)=H,,|
@ A={zxy,...,xy} Forallz¢ Aand L > 1,

M
Z AXm, =25 —an(zy)| < 2275 + PL[Ha < Ltmix])
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Lemma 3

@ gn(zj) = Pr[Xp, = z]
Q_d(CIZi,CIZj)>2€—|—1 1§Z#]§MN

@ Thenforall L >1

d i i B
eg(wi) ve(:) < 2 max {27"4P.[Ha < Ltmil} -

max ’ qn (i) — Ty(A) z€R(A,L)

1<i<M
M N

@ R(A0) =Vy\ ] B(zj,(n)

g=1

Scaling limits of trap models — p.12/20



Lemma 3

e gy(zj) = Pr[Xp, = )]

@ d(x;,x;) >2¢+1. Thenforall L >1

deg(x;) ve(;) —L
. < < -
ér}gx gn () J(A) 2 Zem(ax,e) {2 +P,[H4 Ltmw]} .

e K}¥traceof Un(X;¥)on{l,...,My} Kj , — K,
@ By Wi/vey(x1) — Z,  BNP.[Xu, = 2] — up
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Lemma 3

gy (z5) = Pr[Xp, = 2]
d(xi,x;) >2¢+1. Thenforall L >1

deg(x;) ve(;) —L
. < < -
ér}gx gn () J(A) 2 zem?X,E) {2 +P,[H4 Ltmw]} .

e K}¥traceof Un(X;¥)on{l,...,My} Kj , — K,

Q ﬂ;[ka/ngN (lek) — BNPz[XHA = ZEk] — U

Ly en= maXzER(A,E){Q_LN + Pz[HA < LNtmzw]} — 0
P, Xy, = ;] =~ deg(z;) ve(z;) Tp(A)~!
By deg(z;) ve(z) Te(A) ™" — u;
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Transitive graphs

@ Gy transitive graphs

@ By Wijvey (zk) = Zi By Wi/vey (z1) — Zy
@ By deg(xj)vg(:vj)rg(A)_l — Uj BNM]:fl — Uj
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Transitive graphs

@ Gy transitive graphs
@ By Wijvey (zk) = Zi By Wi/vey (z1) — Zy
Q BN deg(xj)vg(a:j) Fg(A)_l — Uy BNM]:fl — Uj
" _ N N
@ Assume exists My Too An = {x ,...,a:MN} /n Ly

@ d(z),z}) > 20y +1
mix

Q ey = maX,cR(AN ¢n) {2_L+PZ[HAN < LtN }} — 0

@ Set By = [vry (21)] 7}

Q K%N — K, K-process Z,=W;, wup=1
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Transitive graphs

@ Gy transitive graphs

@ By Wijvey (zk) = Zi By Wi/vey (z1) — Zy

@ By deg(xj)vg(:vj)rg(A)_l — Uj BNM]:fl — Uj

@ Assume exists My 1 oo Ay ={z7,...,23,} I Ln
@ d(z),z}) > 20y +1

Q ey = maX,cR(AN ¢n) {2_L —|—PZ [HAN < Ltmx}} — 0

@ Set By = [vry (21)] 7}

Q K%N — K, K-process Z,=W;, wup=1

Q \IJN(X%N) — K; K-process Z, =W, u,=1
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Application

e T% tY. = O(N?)

mix
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Application

2 N
e TN tmix

= O(V?)

@ My =loglogN ¢, =N/(logN)"* Ly = (logN)"*

V Scaling limits of trap models — p.15/20



Application

2 N
- TN tmix

= O(N?)
@ My=loglogN £, = N/(logN)"/* Ly = (log N)!/3

179[ | {d(xi,xj)§2€N+1}}—>O

1<i#j<Mn

< MJQVP [d(xl,xg) < 20N + 1}

MR LY

< NN — 0
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Application
<@ T%\7 t%ix — O(NQ)

@ MNZIOglogN gn:N/(lOgN)l/él LN:(logN)1/4

P, [Ha~ < Lyt

< MyPo[H, < LNN?| |z| >N

IA

My Po[Hypo, < LyN?|  Z°

MyPo[ sup |X¢|>NLy| + My > Po[Hy < LyN?|
PN yISNLy

IA

My L3 Po[H, < LyN?]
< My Ly Po[Hy < Hp(nry)] + My Ly Po[Hpnvry) < LNN7]
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Application

o« T3 i, = O(N?)

@ My =loglogN ¢, =N/(logN)"* Ly = (logN)*
@ [y =vg(x)!

@ v(z) =P, |H(B(z,{,)°) < HJ|

©

(log N) ve(x) — g
2

@ OBy =—logN

s
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Random d- regular graph

Cerny, Teixeira, Windisch 2010

d(z}, ;') > 2ln + 1

EN = maXzER(A,E){Z_LN + P, [Hy < LNtmiw]} — 0
B Wi /vey (1) — Zi,
By deg(x;) ve(z5) Te(A) ™" — uy

e P P P
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Random d- regular graph

Cerny, Teixeira, Windisch 2010

d(z}, ;') > 2ln + 1

EN = maXzER(A,E){Q_LN + P, [Hy < LNtmz':c]} — 0
B Wi /vey (1) — Zi,
By deg(x;) ve(z5) Te(A) ™" — uy

e P P P

©

My =logN [Un =alogN
1

@ P|B(zj,ly) are disjoint trees | > 1 — ~a
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Random d- regular graph

Cerny, Teixeira, Windisch 2010

@ d(x),z) > 20N +1

@ ey =max,cpr(a,n{2 "N + P.[Ha < Lytmi]} — 0

@ OBy =1 By Wilvey(zk) — Z = 2Z=2W,

@ By =My Bydeg(z;)ve(z;)To(A)"' = ByMy' —u; =1
@ My=IlogN {Iny=alogN

@ P|B(zj,!ln) are disjoint trees | > 1 — %

a d(z),z)) > 2y +1
d— 2

Q (2N, (xk) = m
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Random d- regular graph
Cerny, Teixeira, Windisch 2010
@ ey =max,cran{2 'Y + P.[Ha < Lytmiz)} — 0

@ My=logN {Inx=alogN

@ P|B(zj,!ln) are disjoint trees | > 1 — ~a
e tl < ClogN

Q MaX,cR(A,¥) PZ[HA < C(lOg N)Q] — 0
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