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1. Introduction

• 6 , S.Milgram,

Physiology Today 2, 1967.

• WWW 19
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d = 0.35 + 2 log10 N ,
R.Albert et al., Nature 401, 1999.
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Power-law Degree Distribution

Internet connectivity with
selected backbone ISPs
(CAIDA) Nature 406, 2000
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Scale-free Networks
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,

: , , ,
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P (k) ∼ k−γ , 2 < γ < 3

→ , , � �
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2. Rich-get-richer Rule
BA : A.-L. Barabási and R. Albert, Physica A 272, 1999.

• |V0| = N0 |E0| = m < N0 ,

• t ,

� � ,
� �

� � i Πi(t) ∼ ki(t) m

�
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age-effect (S.N. Dorogovtsev et al. PRL 85, 2000), rewire(R. Albert,

PRL 85, 2000), fitness(G. Bianconi, PRL 86, 2001)����� ��� ��� � � � �
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Duplication Model
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R.V. Solé et al., Advances in Complex Systems 5, 2002
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Optimal Topology

� �

← 0 < λ < 1→ �
Random (tree) - Pref. (SF) - Forced (star, clique)

min E(λ) = λd + (1 −
λ)ρ,

d
def
=

∑

i<j Dij

nC2

/Dmax,

�
ρ

def
=

∑

i<j aij

nC2

,

k pk� ��� �

H
def
= −

∑n−1
k=1 pk log pk

R.F. i Cancho and R.V. Solé, SantaFe Inst. Working Paper 01-11-

068, 2001 ��	 
� �� ��� � � �	
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Connectivity Correlations
Assortative �

,
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Disassortative �
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M.E.J. Newman, PRL 89, 2002 & PRE 67, 2003 ����� ��� ��� � � � �
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3. Robust, Yet Vulnerable
SF

�

� �

�
� �

⇒ ,
,

�

!

Z. Dezsö and A.L. Barabási,

PRE 65, 055103, 2002, R. P.-

Satorras and A. Vespignani, PRE

65, 036104, 2002 ����� ��� ��� � � � �
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Cite Percolation
q ∀P (k)

P̄ (k̄) =
∞

∑

k=k̄

P (k)kCk̄q
k̄(1− q)k−k̄.

〈k̄2〉

〈k̄〉
= 2

�

, :

qc =
1

〈k2〉/〈k〉 − 1
.

SF � �

, 2 < γ < 3
, 〈k2〉 =

∑

k2P (k) ∼
∑

k2−γ →∞, qc → 0:

� � �

R.Cohen et al., PRL 85, 4626-4628, 2000. �� ��� �� �� � � � � �
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Conventional SIS, SIR
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Susceptible
↓ ↑

Infected

Susceptible
↓ contact
Infected
↓ immune

Recovered/Removed
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Absence of the Threshold
SF � �

SIS k
�

� �

ρ̇k(t) = −ρk(t)+λk(1−ρk(t))Θ(t), sk(t)+ρk(t) = 1.

Θ
def
=

∑

k
kP (k)ρk

〈k〉 , ρ̇k = 0

ρk = λkΘ
1+λkΘ Θ f(Θ) .

∃ρk 6= 0 , df(Θ)
dΘ |Θ=0 ≥ 1 .

, λc ,

λc ≤
〈k〉

〈k2〉
∼

1

ln N
→ 0 (N →∞).

R. P.-Satorras and A. Vespignani, PRE 63, 066117, 2001�� ��� �� �� � � � � �
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E-mail Data
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Effect of the Hub Immunization
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4. Cascading Failure
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Avalanche Dynamics
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Defense Strategies
:
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� � f

A.E. Motter, PRL 93, 2004
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〈kNN〉 and P (k) in CDD Model

(a) Degree-degree
correlation

(b) Degree distribution
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Simulation Results
CDD (〈k〉 ≈ 4) GC

(Ass) (Dis)

♦

� , + � f = 0.1, : f = 0.2,
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5. Geographical constraints

M.T.Gastner and M.E.J.Newman,

Euro.Phys. J. B 49(2), 2006.
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5. Geographical constraints
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5. Geographical constraints
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Effect of Triangles
3

� �

q∗c =
〈k〉

〈k(k − 1)〉 −
(

1− q∗c
〈k(k−2)〉
〈k〉

)

〈C(k) (k−1)2

2 〉

:
:

:
:

� � � � q∗c > qc,

� �

L.Huang et al., Europhys.Lett. 72(1), 2005. �� ��� �� �� � � � � �
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Geographical SF networks

Random Apollonian:

� � ,

� �

Delaunay-like SF:
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Delaunay Triangulation:

1st diagonal flip 2nd diagonal flip
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Topological Structure

RA DT RA+NN(one)

• 4 �

•

� �

Y.Hayashi and J.Matsukubo, Physical Review E 73, 066113, 2006.
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Degree Distribution
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Randomly Rewired Nets
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Rewiring a pair of links with the same degree at each node

Maslov et al., Physica A 333, 2004
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Tolerance to Failures
GC S/N� 〈s〉
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Tolerance to Attacks
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Simulation for AS Nets
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6. Summary
•
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