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Mean Peld systems

Fully connected models

(Curie-Weiss Sherrington-Kir kpatr ick, etc....)
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Mean Peld systems

Fully connected models Diluted models

(Curie-Weiss, Sherrington-Kirkpatr ick, etc....) (random graphs, Bethe | attices)

Locally

Shatest ¢ ycle going tr ough a
typi cal node has length | og(N).
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Mean Peld systems

Fully connected models Diluted models

(Curie-Weiss, Sherrington-Kirkpatr ick, etc....) (random graphs, Bethe | attices)

Locally

Ther modynamics,
Solvable using the Shartest c ycle going tr ough a

replica and the typi cal node has length | og(N).
cavity m ethod
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Some examples

o Sherrington-Kir kpatr ick, Vianna-Bray
(Bethe | attice spin glass),

o Coloring (Potts
ant iferromagnet ), K-sat isbability, graph partitioning
(Ising with Px ed magnet ization), vertex cover, ....

o P-Spin model,
Biroli-Me zard lattice glass lattice model f or c olloidal
glass mean Peld models for hard spheres, quantu m
sysems on random lattices, ...
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Examples in th Is talk

p-spin glass (XOR-sat isPability):
! "p
BES oty S e S TR
(1 ) |

[

Potts gl ass (graph coloring):

H = !Si,Sj S|| {111q}
(1)




Glassy Mean Peld systems

Several th ings we know about them
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Glassy Mean Peld systems

Several th ings we know about them

e(T) o

- br oken ergodicity
- str uctu ral entr opy appears

S

- non-analyticity in fr ee energy
- str uctural entr opy vanishes

-2
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Replica & Cavity Me thods

(ParisiO80) (Mezard, ParisiO01)

Campuational method giving properties of the en ergy
landscape:

@ Total energy, entr opy, t emperature
@ Propert ies of states/valleys/ TAP - their number, size ...

Nstates:' ) ! (e,s)

@ Overlaps between
and with in states etc.
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Example

o {1,...,(]} == !Si,Sj
() )

Potts gl ass
with g=5:

Phase diagram Result f or E=0

dynamical
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Glassy Mean bPeld systems
Things we DO NOT know about them

|

energy

>
conbPgurat ional space

The informa ion on the | andscape Is only enumerat ive...
..We do nat de scribe the sha pe of the v alleys...
..We cannot u se itt o get inf orma ion on the d ynamics...
..And we do not sol ve explicitl y the d ynamics

(except f or spherical p-spin mo dels, Cugliandolo, KurchanOS ...)
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Need for a be tter de scription
of the | andscape




What I1s o ur method doing?
(Prstinac artoon)




Choose an energy value.
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Choose an energy value.
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Then take a conbguration at r andom at
this energy, the c onbgurat ion Is
blocked in one of the s tates.
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Then take a conbguration at r andom at
this energy, the c onbgurat ion Is
blocked in one of the s tates.

3
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Canpue the p roperties of the s tate
for different en ergies

3
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Canpue the p roperties of the s tate
for different en ergies

3
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And we know where the sl ow dynamics wiIl_____.

end - atthe bo ttom of the s tate!
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And we know where the sl ow dynamics wiIl_____.

end - atthe bo ttom of the s tate!
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Following states In equat ions

ex.. the P otts anti-ferromagnet o n random graphs

(1) Consider a | arge tr ee

(2) Choose a conbgurat ion
uniformly at r andom fr om all tho se
at energy !'p erlink. Corresponding

temperature; 1! |
e = SoLE

~ (g! 1)
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Following states In equat ions

ex.. the P otts anti-ferromagnet o n random graphs

(1) Consider a | arge tr ee

(2) Choose a conbgurat ion
uniformly at r andom fr om all tho se
at energy !'p erlink. Corresponding
temperature; 1! |
e = I B e
(q! 1)
(@) Choose color of ther oot atr andom
(b) It eratively, choose color of a ¢ hild
equal t o the c olor of the pa rent w ith
probability !, an d different w ith

probability 11 !
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Following states In equat ions

ex.. the P otts anti-ferromagnet o n random graphs

(1) Consider a | arge tr ee

(2) Choose a conbgurat ion
unifor mly at r andom fr om all tho se
at energy !'p erlink. Corresponding
temperature: - dhkgesl

(q! 1)
(@) Choose color of ther oot atr andom
(b) It eratively, choose color of a ¢ hild
equal t o the c olor of the pa rent w ith
probability !, an d different w ith
probability 11 !
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Following states In equat ions

ex.. the P otts anti-ferromagnet o n random graphs

(1) Consider a | arge tr ee

(2) Choose a conbgurat ion

unifor mly at r andom fr om all tho se

at energy !'p erlink. Corresponding

temperature: - 1! |
RS

(@) Choose color of ther oot atr andom

(b) It eratively, choose color of a ¢ hild

equal t o the c olor of the pa rent w ith

probability !, an d different w ith

probability 11 !

(3) Resulting boundary condit ions dePne the Gib bs state, compue
what m easure they induce at a di fferent t emperature.
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Following states In equat ions

(3) Resulting boundary condit ions dePne the Gib bs state, compue
what m easure they induce at a di fferentt emperature.

| ol A AR #

Ps(!): e (q' 1+ ¢ !)c! 1

dPs, (! )"[' ' F({! '}, #)]

Rl =

FS({I i}1")! ' i[ln (1" =gt llr]

I
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Gereral f or mulas

S dPY (1% )z iy T T R ),

, Jla\ib"tj\a

Pa! z(| a! 7,) —

1 S

Z‘a! 7

dP‘-b! j(!+b! j)#Za! z({| b! j},u)

" Ta\ib" ! j\a

P‘-a! i(!+a,! Z) — #[!+a! v I F ({ !+b! j},":_)]

Works Iin all systems where 1RSB @n be
ident iPed (random graphs or fu lly connected)

the se equa ions via populat ion dynamics,
as difPcult a s ordinary 1RSB solit ion (In
marny models above Tkma pping t o0 RS equa ions).
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EX.: Fully connected p-spin

(DerridaO81; Gross, MezardO84; Kirkpatrick, ThirumalaiO87)

1J" = C
H =, 5 S ae & 2

a 113 35— pILEN*-H

Properties of state equilibrium at !,

att emperature I”

- #
e Dytanh 'Jy po" /2+11J3%pmP 1/2

i g " e s
q= Dytanh® 1'Jy po" /24113%pmP /2

=03 ' m=gqg duetothe Nishimori condition
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Relation t o the Franz-Parisi potent ial

(Franz, ParisiO97)

IS | ooking directly at the m Inimum.
Easily tr actable in particular in the dil uted systems
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Outl Ine

|. Glassy landscapes
1.

1. Following states and the | ong t ime
dynamics

V. Analyzing simulated annealing:
Caryons versus Valleys.

V. Presence of t emperature chaos in
the gl ass phase.
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Results f or the fu lly
connected p-spin

Energy

0 02 04 06
e(T) in 3-PSPIN
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Results f or the fu lly
connected p-spin

>

=X

D

C

LLI
Limiting energy of | s

: _w? oI

very slow annealing  [RSE s

04 0.6
e(T) in 3-PSPIN
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Campaison with M onte Carlo dynamics
(equilibrated at T=0.2)

>

=

Q 1+ Jij kS S Sk
- =

S H({SH = ) -

i k

coordination z=3

N=200 000 spins

MC annealings starting
from equilibrium at T=0.2
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Outl Ine

|. Glassy landscapes
1.

1. Following states and the | ong t ime
dynamics

V. Analyzing simulated annealing:
Caryons versus Valleys.

V. Presena of t emperature chaos in
the gl ass phase.

Saturday, January 30, 2010



|s Pnding a ground state hard or easy?

4 | )
: : Hard t o bnd ground
state in a gl assy landscape.
G Bu M onte-Carlo annealing
o3 works also In the gl assy phase !!
\_ J

PHYSICAL REVIEW E 66, 056120 (2002)

0.018
Eo(N
0.014

0012

0.0

0.008

0.006

0.004

0.002

e 3 = e, 2
44

3-col: Monte Carlo annealing Pnds ground states in the gl assy region
(Saad, Van Mourik 020)
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Landscapes

canyons,
and valleys
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A guestion of b asins of attr action

Caryon domnated vs  Valley dominated

Pogtive energystates-.

~ Positive energy states

__|----—Zerognergy gtates_ . Zero energy states_ _
L= \ s T D

EASY VS HARD

Where is the bo ttom of a state typi cal at EZ
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Valleys

=

0.2 0.3 0.4

e(T) in XORSAT (c=3,K=3)

Carnyons

0.05 0.1 0.15 0.2 T
e(T) in 4-COL (c=9)
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Valleys

Carnyons
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Outl Ine

|. Glassy landscapes
1.

1. Following states and the | ong t ime
dynamics

AVA Analyzing simulated annealing:
Caryons versus Valleys.

V. Presence of t emperature chaos in
the gl ass phase.
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Temperature chaos In spin glasses

@ Temperature chaos a the equil ibrium state changes
completely when the t emperature is slightl y changed

@ Present in r enor malizat ion group stu dies of spin gl asses
(Bray-M oore 870:NiRRe, Hilhorst 920)
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Chaas, level cr ossing,
INn the gl ass phase

04 05 06 07

04 045 05 055 06 0.65
f(T) in 3-PSPIN

04 045 05 055 06 0.65
e(T) below Ty in 3-PSPIN
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What ¢ an we do more?

Jamming points - in m ean Peld models for hard
spheres following states in densty (instead of
temperature) (Parisi, Zamponi®05)

Genreralization t o follow states in magnetic peld,
tr ansver se beld, coordinat ion number, ....

Equilibrat ing In systems where it Is Imp ossible to
equilibrate - vi a quiet pl anting, if E(log Z) = logE(Z)

|s It p ossible t o rederive our method starting fr om
dynamical equat ions (as in the sphe rical p-spin)?

anuary 30, 2010



Coclusions

Method for . acavity -l ke
detailed description of the | andscape:

Gives access to long t ime dynamics...
... predicts average algorithmic
.. and the p resena of t emperature chaos ...

...and moreresultst o come ....

H
QUESTIONS
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Coclusions

Method for . acavity -l ke
detailed description of the | andscape:

Gives access to long t ime dynamics...
... predicts average algorithmic
.. and the p resena of t emperature chaos ...

...and moreresultst o come ....

Thank you for your attention!

H
QUESTIONS
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