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Lecture 9 Replica methods
.

Spiked GOE matrix

Zz synchronization .

① The spiked GOE matrix and the free energy approach .
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② The replica trick .

( Sherrington - Kirkpatrick , 1925 ]
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Two problems : ① The formula is derived for integer k .

② k is the dimension of Q matrix

No closed form solution for anyMax .

Approach : ① Just ignore this fact

② Guess a form of the solution ( ansate ) .
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A first reasonable guess i the supremum is taken
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known as BBP phase transition
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A > I .

MLE : p -- O , M*= IT
.
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Bayes estimator : P -- Iz .
u*= I - Je 9*= I - IT

.

⇒ ECHOBayes
- ulli ) ¥ - T

.

Remark 2 : Replica symmetric ansatz

doesn't always hold
.

Some conditions that it holds .

① It holds whenever the overlap of two replicas
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② It holds when the measure Mpa is log - concave

or when Halo) is convex .

When replica symmetric an Sats does not hold ,

there is a hierarchy of ancoats which are called

K steps of replica symmetric breaking .

Remark 3 : some tips in the calculation

① First step in a) is to get rid of the expectation .

② Always keep the typical order of the exponent Oln !
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③ If stuck ,
introduce 8 functions and use delta identity formula .

You will find the formula to be longer but more tractable .
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Remark 4 : References .

[ Crisanti , Sommers , 1992 ] first replica calculation without $sµike .

[ Baik , Ben Arons , Peake , 2004] Rigorous proof of spiked covariance model

[ Peche , 20043 Rigorous proof of spiked GOE matrix .

analyzing density formula . of spiked GOE .

HCIZ integral .

Other approach : Stieltjes transform .

AMP
.



Defer this to lecture 10
. [ Sherrington , Kirkpatrick , solvable model

③ Bayes estimation in Zz synchronization .

of a spin glass, 1975 ] .
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Free energy trick .
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Lecture 5 .

② Replica method .
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.
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the same as before , except the entropy term .
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Difference : ① Additional 4 term .

② The expectation cannot be

calculated explicitly .
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Remark :

We are able to derive limo ELLIE, 4ki.oibp.HN using this approach .
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