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Happiness Hy(c) =— ) g,00,
VN i35

Goal: find 6 to maximise H /(o)
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Interested in lim F(f)
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Hy(0) = i Y gi00 Ey(B) = <Elog Y ebtiv@
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Parisi (80) lim F (/) = inf & 5(u)
N—oo U
AN
Probability measures [0,1 ]

Guerra ('03) lim F(f) < int & 4(p)

Math Talagrand ('06) lim F (/) > int &°4(u)

Panchenko (’13+) gave a more insightful proof
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Overlap ~ # spins with the same sign
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ij=1

—77bp bp, .~ _ SRS AVAZ M.
oo = () ()
(x1,X%,) = XX, is not convex.

Layer 1 Layer 2
N=3

Guerra lim F () < inf & 4(u) Breaks down
Talagrand/Panchenko lim F(f) > int @ﬁ(,u) Maybe not sharp
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/

EHy(0)Hy (o) = NE(—- )

’

Overlap

If £ is convex, Parisi formula is correct

If £ is not convex, Parisi formula is not correct
No prediction for the limit
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Physics: Agliari, Barra, Burioni, Di Biasio, Guerra, Tantari... (2010s)
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|
Fy(p) = < Elog D P

Change f to /2t
N
Add external field \/2hz - 6 =+/2h Z Z,0;
i=1

z = (zy, ---, Zy) independent Gaussians

|

1
L, h) = E lo e\/2tHN(0')+\/%Z'0
Fy(t, h) = _N g 20,
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If O — E(O) as N — oo, we expect F, — | for

0,f+¢(—0,/) =0

(Hamilton—Jacobi equation)

Conjecture In general case, even when & is non-convex,
lim Fy=f

N— o0
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Digression to PDE

xExternaI field\/2hz - o,forh > 0

h — an increasing path [0,1] — p.s.d.matrices

0.f +&(=0,f) =0 (HJ)

on an infinite dimensional cone (empty interior)

Theorem [C.—Xia 20, 22a, 22b]
The Cauchy problem of (HJ) is well-posed.
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Conclusions

0,f+¢(=0,f) =0 (HJ)

Theorem [C.—Xia 20, 22a, 22b]
The Cauchy problem of (HJ) is well-posed.

Theorem A [C.—Mourrat 23]
If £ is non-convex, then any sub-sequential limit of F ), satisfies
(HJ) “almost everywhere”.

Theorem B [C.—Mourrat 23]
Let & be non-convex. Assume lim F)y, = f exists. Then, the limit is
prescribed by characteristics of (HJ).

Layer 1 Layer 2
N=73

Conjecture In general case, even when & is non-convex, lim Fy = f
N—oo




