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Two-State Spin Syster
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ferromagnetic !" > 1
FPRAS: [Jerrum-SinclairO93]Goldberg-Jerrum-PatersonO03]
anti-ferromagnetic 1" < 1

hardcore model: ! =0," =1  [WeitzO06]
Ising model: ! =" [Sinclair-Srivastava-ThurleyO12]

(I ,", #) lies in the interior of _> I FPTAS for graphs
uniguenessegion of! -regular tree of max-degreé

[Goldberg-Jerrum-PatersonO03]

| FPRAS for arbitrary graphs

[Li-Lu-Y. O12]: no external beld
FPTAS for arbitrary graphs




anti-ferromagnetic 1" < 1

bounded! or !=#

| (',", #) lies in the Interiors oluniqueness
regions ofd-regular trees for altl " !

> I FPTAS for graphs of max-degree

[Sly-SunO12]Galanis-Stefankovic-VigodaO12]:
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Uniqueness Condition
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anti-ferromagnetic 1" < 1

bounded! or !=# fa) =1 ——
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> | FPTAS for graphs of max-degree
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Correlation Decay

weak spatial mixing (WSM): '!,5," g " {0,1}'®
ISE(V) =0f!-g]! ISE(V) = 0|"g]

strong spatial mixing (SSM):
8Z(v)= Oft-g, 1y ]! 8E(NV)=0]"ps,1]

error < exp (-t)

-
" =~

exponential
correlation decay

uniqgueness: WSM In reg. tre

-~

L 2

h. “
-, -
-------



Self-AvoidingWalk Tree

due to Weitz (2006)
G=(V,E) T T = Tsaw(G, V)
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‘on bounded degree graph
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hardcore model, anti-ferro Ising model:
(for !," < 1)
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hardcore model, anti-ferro Ising model:
(for !," < 1)

S

SSM In trees
in reg.trees ( SSM M -reg. tree of degree"!
& <>
WSM=pSSV ) ssMintrees ) SSM in graphs
of degree"! of degree"!

S U

pXing SAW-tree



for general anti-ferro 2-state spin systems:
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for general anti-ferro 2-state spin systems:
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Potential Analysis
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Potential Analysis
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| (d;x1, & Xg)  amortizeddecay rate
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anti-ferromagnetic 1" < 1

: "X+ 1 d

fd(X):! X+ #

Td< ! |fi(Bg)] < 1

— > SSMin trees of max-degrée
II:> SSM In graphs of max-degree

:{> I FPTAS for graphs of max-degree
bounded!
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[WeitzO06] + [Sinclair-Srivastava-ThurleyO12] + translation



requirement of potential function:

:II d
X+ 1

v 0= f (R)

f(x)=|

unigueness. |f ‘(8] < 1

amortized decay: [f'(x)] & I(f(f(’;)) <1



requirement of potential function:
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requirement of potential function:
11 1

(In(! ()" = 5 B B+l T p+1
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Computationally EfPcient
Correlation Decay

P e a Ul (i)
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Computationally EfPcient
Correlation Decay

y+1

" () él!Ui!Ic;{!i}

L g(x) < ollem@HDT for some a<1 M >1

forsmall d < M  one-step recursion decaysy
for large ¢ > M  one-step recursion decaysy! 8 (¢+1)]

behaves like [log,,(d + 1)] steps!



Computationally EfPcient
Correlation Decay
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distance =O(log n) 1/poly-precision in poly-time



anti-ferromagnetic 1" < 1

| WSM ind-reqg. trees ford " !
:{> I FPTAS for graphs of max-degree

bounded! or !=#

[WeitzO06] hardcore model
[Sinclair-Srivastava-ThurleyO145ing model

unigueness condition:
WSM in! -reg. tree
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Open Problems

¥ Characterization of SSM farromagnetic2-state spin
systems.

¥ SSM in multi-state spin systems:
¥ difbculty: no SAW-tree;

¥ implications:WSM vs. SSM in reg. trees, monotonicity of
WSM/SSM w.r.t degree.

¥ Apply potential analysis and computationally efbcient
correlation decay to other problems.
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