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The Royal Swedish Academy of Sciences has decided to award the Nobel Prize
in Physics 2021

“for groundbreaking contributions to our understanding of complex physical systems”

with ane hall jointly to and the other half to
SYUKURO MANABE KLAUS HASSELMANN GIORGIO PARIS!

Born 1931in Shingu, lapan. Ph.D. Bern 1931 in Hamburg, Germany. B\'Jrn.'l.?e’.ﬁm Romae: Italy. Ph.0. 1970
1957 fram Un ol Tokyo, Japan,  Ph.D. 957 from Uriversity of Gettingen,  [7om Sapienza University of Rome,
Seniar Matoar at Princatan Garmany. Prafessar, Max Planck italy: Preferearak Saplanze-Untmcsiby
University, LISA Institute for Meteorology, Hamburg, of Rome, ILaly

Germany.

“for the physical modelling of Earth's climate, quantifying ~ “for the discovery of the
variability and reliably predicting global warming” interplay of disorder and
fluctnations in physical
systems from atomic to
planetary scales”
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Sistemas Complexos

Ingredientes bdsicos e
propriedades emergentes

o Muitos “agentes”

Complex systems is a relatively new and broadly interdis-

ciplinary field that deals with systems composed of many in- o Relagﬁes entre agentes:
teracting units, often called “agents” The foundational ele- . ~

ments of the field predate the current surge of interest in it, Interagoes — rede de
which started in the 19805, but substantial recent advances in conexoes.

the area, coupled with increasing interest both in academia
and industry, have created new momentum for the study and
teaching of the science of complex systems.

e Vinculos conflitantes:
interagbes competitivas

There is no precise technical definition of a “complex sys- (frUStragaO) -
tem,” but most researchers in the field would probably agree .
that it is a system composed of many interacting parts, such ° Compo rtamento emergente'
that the collective behavior of those parts together is more than -or n | Z 3 .
the sum of their individual behaviors. The collective behav- auto-o ga agao
tors are sometimes also called “emergent” behaviors, and a Y M l:| |t|p|aS escalas - estrutura
complex system can thus be said to be a system of interacting . , . :
parts that displays emergent behavior. hlerarqu ICaA.

e Complexidade: muitos
equilibrios possiveis.

M. Newman, Am. J. Phys. 79, 800-810 (2011)
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Fluxos de passageiros

Sistemas Complexos

Como funcionam ?
Qual a relagao entre estrutura e “observaveis” ?

Como evoluem no tempo ?
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Os Sistemas Complexos e as dreas da Fisica

Mecanica Classica Gis

MECANICA Termodinamica | | _ - &
——"| Fisica Estatistica

\/

Mecanica Quantlca

Sistemas
Complexos
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Giorgio Parisi

“for groundbreaking contributions to our understanding of complex physical systems”

Daniel A. Stariolo (IF-UFF)

ICTP-SAIFR,

Fisica em Casa, 19/10/2021

vidros de spin
vidros estruturais
problemas de
otimizagao
combinatéria
redes neuronais

“for the discovery of the
interplay of disorder and
fluctuations in physical
systems from atomic to
planetary scales”
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Vidros de spin

Ligas de dois metais, um deles magnético

Desordem:
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Frustracao: impossivel satisfazer todos os vinculos simultaneamente !

Quais os estados de menor energia ?

Muitos arranjos possiveis, com energias parecidas ...
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Problemas de otimizacdo

= SUDOKY
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Otimizacdo: problema do Caixeiro Viajante (TSP)
Problema: Dada uma lista de cidades (agentes) e as distancias entre
elas (relagbes) , achar o caminho mais curto que passe por todas as
cidades apenas uma vez (vinculo).

o i = 1,2,...N cidades
/ d; : distancia entre as
cidades ‘" e *j’
D : extensdo de um dado
caminho
0 ¢ = 0,1

Um caminho: D = dij2¢1Co + do3CoC3 + ... + dny_1 NCN—1CN
N
Emgeral: D= djcc +vinculo
ij=1
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Desordem, frustracao e dindmica no TSP

Desordem: nos interessa o comportamento de um conjunto de mapas
definidos pelas distancias {d;} — propriedades estatisticas.

Frustracao: minimizar as distancias de uma cidade até as vizinhas
nao sempre ajuda a minimizar o caminho total (propriedade local
versus global).
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Propriedades emergentes: a paisagem de energia

Complexidade: muitos estados estdveis possiveis

Daniel A. Stariolo (IF-UFF) ICTP-SAIFR, Fisica em Casa, 19/10/2021



Redes Neuronais
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] O modelo de Hopfield

E possivel fixar as conexoes (W)
para armazenar um conjunto dado de
memoérias ? (problema inverso)

(gl

o
Regra de Hebb: Wj = > " ¢!¢t

p=aNN

FUNGAO
DE S0MA

w30

ENTRADAS :L—"21 sAiDA

v

xZ
| FUNGAD DE -
pesos  TRANSFERENCIA A2ANS

Daniel A. Stariolo (IF-UFF)

ICTP-SAIFR, Fisica em Casa, 19/10/2021



Muito obrigado pela

atencao !
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Vidros dejanela Mathematics for complex disordered systems

Every time many identical discs are squeezed together, a new irregular pattern is.
formed despite them being squeezed in exactly the same way. What governs the result?
Giorgio Parisi discovered a hidden structure in such complex disordered systems,
which these discs represent, and found a way of describing them mathematically.

©Johan Jarnestad/The Royal Swedish Academy of Sciences
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