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* (Graphical representations
* Spin Glasses
* (Graphical representations for spin glasses



Graphical Representations

*Tool for rigorous results on spin systems
-Basis for very efficient Monte Carlo algorithms

*Source of geometrical insights into phase transitions

Fortuin & Kastelyn
Coniglio & Klein
Swendsen & Wang



Joint Spin-Bond Distribution

W(o,w;p) = p“I(1 — p)Ne~I*IA(0,w)

_J liffor every (ij) wij) =1— 03 = 0j
+1 4 Alo,w) = { 0 otherwise
R . i

Every occupied bond is satisfied



Marginals
W(o,w;p) = pl“I(1 — p)Ne~I*IA(0,w)
Wi ond (w3 p) = pll(1 — p)Ne~lwlgCw)

Fortuin-Kastelyn random cluster model

Wepin (059 =1 — e %) = e 2ui5) i

Ising model



Swendsen-Wang Algorithm

*Occupy satisfied bonds with probability p=1- e 2P

»[dentify clusters of occupied bonds

sRandomly flip clusters of spins with probability 1/2.




Connectivity and Correlation

0,0:;) = Prob{z and 5 connected
(0i0;)

* Criticality e= Percolation



Ising Spin Glass

H = — Z JijO',,;O'j
(47)

J ij = T 1 independent, quenched random couplings

Edwards-Anderson order parameter

Q?: — 0'(1)0'(2)

(1) and (2) are independent replicas



Two Replica Graphical

Representation
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Spin Bond Distribution

W(U, T, W, 1], /87 J)
= Bys(w)Bs(n)A(o, 7,w; J)T(o, 7, 1)

Bg(n) = H(1 - 6_25)77” (6_%)1_% Bernoulli factors for bonds
(5)

1 if for every (ij) wij =1 — Jijoi0; > 0 and J;7;15 > 0
0 otherwise

Aoy ) = {

1 if for every (ij) nij =1 — 00,77 <0
0 otherwise

I'(o,1,m) = {

spin bond constraints



Spin Bond Constraints

f—h—3—t
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Red cluster have same q

q flips across green bonds

|f bonds satisfied in both
replicas then

wijzl

with probability p=1— e %/

*If bonds satisfied in only
one replica then

Nij = 1
with probability p =1 —e™

23



Some nice properties

*Correlation function of EA order parameter and connectivity

(9:95) =
Prob{ /i and j are connected by a path of occupied bonds
with an even number of green bonds}

Prob{ /i and j are connected by a path of occupied bonds
with an odd number of green bonds}

*Spin marginal 1s two independent Ising spin glasses

Wspin(aa 7;3,J) = const X exp | Z Jij(0i05 + T;T;5)
| (49)




Simulations
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Conclusions



