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THIS TALK: STAT- PHYS. DICTIONARY
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FROM TENSORS TO HIGH-D LANDSCAPES

Hia%— dimensionsl (N»1) random funckons
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FROM TENSORS TO HIGH-D LANDSCAPES

Hia%— dimensionst, (N>1) random funckons
Obtained con’rrach'ng ensors wiith vectors:
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WHAT WE DO: A CONDITIONAL COUNTING

Joint (conditionst) distburon of bifets of
Stationary Doirts (minims, saddles) as a fonchion 05-.
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IN HIGH-D, LOCALITY HAS TO BE ENFORCED

In h‘aQn-D ”@an(oP% PUSheS o (ar—au)A,g * Yandont So - feferenie Stafionary
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READING LOCAL CORRELATIONS FROM £

2(3)(61., G, Q. | €,6.,9) => Condsiope stuctuee
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LOCALLTY HAS TO BE ENFORCED APPROPRIATELY

E(s)
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PART 1: RANDOM LANDS(APES & GLASSYNESS

On the statishical- P%gszcs hi stoy of the mode{
A open problem: djmm‘ncs begond N0

PART T: FROM DYNAMICS TO GEOMETRY AND BAK
Jumps bekueen ivima - memory & correlations ¢
Three-point complexity: €andscpe’s transitions
Back to dynsmics

Kac-Rice formalism ¢ vandom matkies



RANDOM LANDSCAPES & GLASSYNESS
On the statistical- P%gs‘lcs his’mrg OS the model



THE SPHERICAL P-SPIN : THE “RARY GLASS

Gauvssan tandom fandscape in high-D .
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A MEAN-FIELD MODEL OF GLASSES

S\D‘neri cal, P-Spin- captures distinctive featwes of gfasses
KIRKPATRICK , THIRUMACAL, WOLY NES 1333
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P-SPIN, THE KNOWN: THE LANDSCAPE
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P-SPIN SOLUTION (IL): THE DYNAMICS

Lanaevm dgmmi 3 digc); -VE(st) + V2T ) — NOISE - EXPLORATION
L GRADIENT DES(ENT-OPTIMizATION

Con defve exact dynsmicsl equations  when N-=o
Closed eqva/a'ons for two-point tonchons: DYNAMICAL MEAN-FIELD THEORY (bmrr)

Tse)sh, — cleg)= L 2 susw), €W- Jﬂé(s&)),....

SOMPOUNSKY, 2APPELIVS 1931

. —> as in Leticia’s talk for Hamiltonian dynamics
CRISANTI, HORNER, SOMMERS 1933

@ Scheme how Used in ety o h‘»gh-b poblems i computer Science,
machine €earn1n%, inference Review: COGLIANDOLD 2023


—> as in Leticia’s talk for Hamiltonian dynamics


P-SPIN SOLUTION (IL): THE DYNAMICS

Lanﬁevm dgmmi (3 dslt)- -Ve(se) + VT N(r) — NOISE - EXPLORATION
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GRADIENT DES(ENT-OPTIMI2ATION

Con defve exact dynsmical equakions  Lhen N-=o
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SOMPOUNSKY, 2APPELIVS 1931
CRISANT:, HORNER, SOMMERS 1993
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THE P-SAN PARADIGM for (APSSY DYNAMICS

DWFT sofubons ﬁi\/e A LOT OF INSIGHT on Yelaxahonl , ou+-o£-ec{oibbr‘.um
dznem’ncs: Sepathion of. fimescoles aca'mcé(, elechve temperctures,

(@uchaﬁon-c[issipation violshon, weak erﬂodicilgbfeaK'.rg Senario,
"Quasi- equilbriorn " dgnamics
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spheacl p-spin. KIRKPATRICK, THIRUMAAL, WOLYNES 1383




THE P-SAN PARADIGM for GLASSY DYNAMICS

DWFT sofubons ﬁi\/e A LOT OF INSIGHT on Yelaxahonl , ou+-o£-ec{oibbr‘.um
dznem’ncs: Sepathion of. fimescoles Aca'mcé(, elechve temperctures,

(@uchaﬁon-c[issipation violshon, weak erﬂodicilgbfeamg Senario,
"Quasi- equilbriorn " dgnamics

COGUANDOLO, KURCHAN 1933 FRan?, PAGISL 2013

REVIEW: BOOMAUD, COGUANDOLO, KualHan, ME2BRD 1973
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DMFT €quations have SAME STROCIURE AS MODE COUPLING  EQUATIONS for
super cenled Cic{u:ds-. (i) perbrbabue, diafarammhc expansion of  Lengevin
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MEAN-FIELD DYNAMICS 2 METASTARILTY

Dgne mcs fom (andom S{k0) WesK Noise (T«<a)

DMFT SOlubon describes out-of -equillociom telaxakion towards  threshold
Stow dynswics, out-of- equilibiom, 3ging.

, . THRESHOLD. DNMET dynamics stuck here!
Where fitst bl minims appear
LANDSCRPE- DYNAMICS CONNECTION

local minima
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Asymptofic (oNWRYence fo thresnold afso weth-proven: selive 2072



RANDOM LANDSCAPES ¢ GLASSYNESS
An open problem: dynamics begond N-o (= mean fiefd)



P-SPIN, THE UNKNOWN: ACTivATED DYNAMICS

@ Mean-Geld, nNsoo. Lo mivims belowr €,
Sepasted by extersive bariers A€~ B(N):
true trspping Stotes hen N-oo!

Reach ony fighest ones.

local minima

FOo(e®) @ N >4, but finke: esepe polesses possible,

at times@les a~ve el
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ACTIVATED DYNAMICS IN HIGH-D: WHY DIFFICULT

No 4N expansion: ackiuwsted High-D en+mp3\.
PIOeSSeS are otk perfurbative Exponentially- mang. minima, saddfes,..
Tastontons 0f  dynamical, theory Whidh. Peth(s) chosen by the System”

Aromaches:
H)m R\220 2020

7, ea(je, devidtions og DWMFT nstantons  LopATiN, IOFFE 4233 VR BIROLL CAMMAROTR 2024

z efiechive “omp praesses’ in configuation Space rest of €k



FROM DINAMICS TO GEOMETRY, AND BAK
Jumps between minima - memory & correlations ¢



A RANDOM JUMP PROCESS AMONG MINIMA

B SCOuen® of MiniMg SS.,S,... S
With energy  clensities €, €, 6.
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54,5
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SIMPLEST SCENARIO - TRAP MODELS & REM

Trap modef - mermory fess dyremics uith

£ e [168) — e < 7P U ]
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STARIOLO, COGLANDOLO 2013 2020



FROM DINAMICS TO GEOMETRY

Two Jomps: G = £ (e.leiq) £(6qulesigoe)

/54,5

Z| for Fived enerzies €< Em, MRNY Avaifable
miviima. Consider Jomps lo CLOSEST Mmma
at those €ner%'w5.
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FROM DINAMICS TO GEOMETRY

SCENARIO 1: *AVALANCHES * Eig ackvated ]U"‘P tollowed ba Se(tume o}
smaler vearanaements. Covelafions.
£(sul120) > t¥(6lEn)

SCENARIO 2: * MEMORYLESS' Second {omp oncorrelated to ¢he first
€a)(gz l Ei, Eo) = {:m(sz IE‘L)



FROM DINAMICS TO GEOMETRY

SCENARIO 1: *AVALANCHES * E'tg ackvated ]ump tollowed ba 56(1&)@)(@ o&
smaler teanangements. Covelations.
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FROM DYNAMICS TO GEOMETRY, AND BACK
Three-point complexity: €andscape’s transitions



THE TwO- POINT COMPLERITY

b Select o minimom s, with energy €., uith ot disibution
> Coont momker  N(es,galS.) of minim S, ot ehegy &, oversp Gor - S%Si =g
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LOXAL GEQMETRY: THREE-POINT  COMPLEN(TY

b Select minimum s, with energy density & (gt messure)

» Select mimm s, with energy £q, 3t 0ddp G-d
N

» Compute hour mny rinima S, ot energy <.
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THREE-POINT COMPLEXTTY
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TRANSITIONS IN LANDSCAPE

20 DEPLETION D ., NON-MONOTONICiTY
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FROM DYNAMICS TO GEOMETRY AND BACK
Back to dgnamics



LANDSCAPES LOCAL GEOMETRY SUGGESTS THAT:

There exist a chikel ener% *(€) = compu’ced tom two point comp(o(rha,

AVALANCHE

-1.159 : : PR S <o
Qun G9us 9 9y v - - - .
0 02 04 06 08 10 V| ENDRILESS

SCe.né( lO i ) GVALAN(.“ES €Ly E* (.eo) ) 6‘(&) < €< €* (e.t)

Stenatio 2, memoryiess: all other JOMPs; inRo ing equat- enerqy paths



THE METHOD
Replicated Kac-Rice & Random Matiices



REPLICATED KAC-RICE

Nomber Sl'ehom(a \x)‘m’rs: N(&): SC\S 0. ()

Sw(\w)

W)= $(VELsD) B(Els1-Ne.) | det Vets))| (@view: VR, ODOROV 2023
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N20 wn n>o0
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B Rondotl- matix pctlem <1!— o VSESJD Lvge N- expectations factor!



MINIMA OR SADDLES? RANDOM MATRICES

7 The Hessin V&) is a random matix

@ Funchons ﬁ‘ « % (0,91 9.€E1,E Suth
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(Y
T , \ o, Minimum
Distibution of : s = boad i
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SUMMARY:

7 For pure sphericf P-Spn (bebj 3€ass> : c[ﬂana,mics 3t Naoo (meenv({c?d)
solved. Lonj—\ime, hivated dgnanmcs (non mean- Geld): Eheory c\na\\en?e.

& Cctive models of c\n namics assome. *memoryCess' g%umps, Landscape
analysis Sggests conefations yialter for jomps to igh-energy. inima,
whife Cour- energy Jomps are “rmemoryfess’

A Quenchec( S-Po'mjc compeexi%é S Yows Known..

A.Pacco, A.ROsO, V. ROS,
In preparation, 2024




