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Cos’è la complessita?
(per un fisico)
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Cos’è la complessita?
(per un fisico)

• MICRO:
• molti costituenti (semplici)
• interaz. / scambio informaz.

• MACRO:
• molti “stati” globali
• robusti a perturbaz. random
• cambiano sotto perturbaz. specifica
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MORE IS DIFFERENT
(P. W. Anderson, 1972)
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MORE IS DIFFERENT
(P. W. Anderson, 1972)

fenomeno collettivo componenti semplici
fisica atomica particelle elementari

chimica fisica atomica
biologia molecolare chimica
biologia della cellula biologia molecolare

... ...
psicologia fisiologia

scienze sociali psicologia
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Esempi di sistemi complessi

Fenomeni sociali

• reti interazione sociale

• finanza / economia

• votazioni / formazione consenso
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Esempi di sistemi complessi

Teoria delle reti

• WWW, trasporti (epidemie)
internet, scambi commerciali

• eterogeneità, code “pesanti”

• strutture locali (communities)

• topologia <-> crescita dinamica
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Esempi di sistemi complessi

Reti biologiche

• ecologiche

• neuronali

• metaboliche

• espressione
genica
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Esempi di sistemi complessi

Fisica della materia

• fluidi turbolenti

• vetri

• spin glasses

stato amorfo cristallo
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Modello di Ising
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Modello di Ising

Spin glass

?
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Modello di Ising

Spin glass

?
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Capire / risolvere un 
sistema complesso

• Grande intuizione teorica

• Simulazione numerica di un 
modello complesso

‣ esperimento virtuale

‣ strumento <-> algoritmo
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Fisica computazionale

• Importanza crescente

• Crescita esponenziale capacità di 
calcolo

• Scoperta di nuovi algoritmi !!
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Come visitare gli stati di un 
sistema complesso

stati

energia
costo
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Quanto hardware abbiamo?

Cervello umano:
1014 sinapsi x 100 Hz = 107 GFLOPS
-> circa 10 Meuro

Cervello topo -> circa 10 keuro
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Quanto hardware abbiamo?

Cervello umano:
1014 sinapsi x 100 Hz = 107 GFLOPS
-> circa 10 Meuro

Cervello topo -> circa 10 keuro

...ma ci manca l’algoritmo!!
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Quanto hardware abbiamo?

Simulazioni di spin glass

tempo(sec)10-12 0.1 103

tempo
microscopico esperimenti

JANUS
(computer dedicato)
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Cosa limita gli algoritmi?
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Cosa limita gli algoritmi?

complessità

correlazioni a lungo raggio

transizioni di fase
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Problemi di soddisfacimento 
di vincoli

• Colorazione di un grafo

• Problemi SAT
(primo problema NP-complete, Cook 1971)
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Random SAT problems

SAT
difficile

UNSAT α

αsαd

SAT
facile

α = vincoli per variabile
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Random SAT problems

SAT
difficile

UNSAT α

αsαd

SAT
facile

α = vincoli per variabile
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Random SAT problems

SAT
difficile

UNSAT α

αsαd

SAT
facile

α = vincoli per variabile
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Codici correzione errori

Encoder DecoderCanale
m

M bits
x

N bits
y

N bits
m’

M bits

M < N
rate R=M/N
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Fig. 1.4. Three communication channels. Left: the binary symmetric channel.
An error in the transmission, in which the output bit is the opposite of the input
one, occurs with probability p. Middle: the binary erasure channel. An error in
the transmission, signaled by the output e, occurs with probability p. Right: the
Z channel. An error occurs with probability p whenever a 1 is transmitted. {fig_bsc}

Example 1.17 Binary erasure channel (BEC). In this case some of the
input bits are erased instead of being corrupted: xi is still in {0, 1}, but yi

now belongs to {0, 1, e}, where e means erased. In the symmetric case, this
channel is described by a single number, the probability p that a bit is erased,
see Fig. 1.4.

Example 1.18 Z channel. In this case the output alphabet is again {0, 1}.
Moreover, a 0 is always transmitted correctly, while a 1 becomes a 0 with
probability p. The name of this channel come from its graphical representation,
see Fig. 1.4.

A very important characteristics of a channel is the channel capacity C. It
is defined in terms of the mutual entropy IXY of the variables X (the bit which
was sent) and Y (the signal which was received), through:

C = max
p(x)

IXY = max
p(x)

∑

x∈X ,y∈Y

p(x, y) log2
p(x, y)

p(x)p(y)
(1.37){capadef}

We recall that I measures the reduction on the uncertainty of x due to the
knowledge of y. The capacity C gives a measure of how faithful a channel can
be: If the output of the channel is pure noise, x and y are uncorrelated and
C = 0. At the other extreme if y = f(x) is known for sure, given x, then
C = max{p(x)} H(p) = 1 bit. The interest of the capacity will become clear in
section 1.6.3 with Shannon’s coding theorem which shows that C characterizes
the amount of information which can be transmitted faithfully in a channel.

Canale rumoroso
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LDPC codes

1
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LDPC codes
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LDPC codes
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0
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LDPC codes

1

?

?
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LDPC codes

?

?
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LDPC codes

R=M/N

Capacità

limite
teorico

limite
algoritmico
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LDPC codes
(spatial coupling)

Spatial Coupling -- Basic Construction

connect adjacent copies -- “internal” edges become “external”
local degree structure remains unchanged

terminate boundary copies

0

0
0
0
0
0

run BP on spatially coupled graph

Tuesday, February 21, 12

R=M/N

limite algoritmico = limite teorico 
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