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1 Introduction
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O 1: A small example network with eight vertices and ten edges
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1The structure and function of complex networks, SIAM Review, pp.167-256
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O 2: (b) The network of collaborations betweens scientist at a private research institution, (¢) A network

of sexual contacts between individuals

1.1 Other resources

00000000000000000000000000000 Albert and Barabdsi 0000040
Dorogovtsev and Mendes 0 0 0 0 0°0000000000000000O00O00O0O0

e Albert-Lészlé Barabési. Linked: Barabdsi 00 0D 0 0000000000000 OOOOOO

obooooOooooooboooooono

2 Network in the real world

2.1 Type of networks

000000000 (A.L.barabasi)

0000000 (0o0)

Duncan Watts Siz Degrees: OO0 0000000000000 0OCOOOOO00OOODOOOOOO
oooobooogo

Mark Buchanan Nezus: OO0 000000000 O0O0OOO0OO0O

000000000000 00oO000ooOO0o0U0oO0o0UoOo0oO0 (Doooooon)

00000000000 000000000000 (Dooooooon)

00000000000 (ooooooon)

0000000000000 (directed graph) 00000 O (undirected graph) 0000000000
000000000000 0DO00CO0O0O0O0D0EmailO000OO0O00ODOO0ODO0ODOO0ODOODOOO
oooobooobooboobooboobooboobobobobDUoobOUo0obUooboUoboobo
gogoobooooboboobbooobuoobbooboooobbooboobboboobbooboon

4Statical mechanics of complex networks, Rev.Mod.Phys, 74, pp 47-97
5Evolution of networks, Advances in Physics 51, pp.1079-1187
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0000 affiliation networks 000000000000 COO0OO0OCOOODOOOOODOOOODOO
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Vertex: 000 site(physics), node(computer science), actor(sociology) 00 00O O
oo

Edge: 000 bond(physics), link(computer science), tie(socioligy) 00 0O 0O
Directed /undirected:

Degrees(00): 00000 DOO0O0OOODOOODOO

Component: 0000000000 O0O

Geodistic path: 0000000000000 O0OOO0OOOOOOODOOOOOO
Diameter: 000000000
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2.2 Social networks

000o0oo0o0o0oooo0oooo0oooo0ooDoo0oooo0oooooooooOoooon
O0000oo0000ooooooDooo0o0Dooo0o0Dooo0oDooo00oDoOo0oo0oDooOoooDoOn
00000000000 0oDDoOo00000o0oooO0O00000 Anatol Rapoport 00000000
0000000000000 000000000000000000000000000 Sexual Contact
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0000000000000 Milgram OO0 “Small-World OO0’ 0000000 O0D0O0O0OOODOO
000000000000oooDooooOoO00o00ooooooDoOoODOoOOO0O0O0O0O0O0O0OOOODOO
00000000 “six degrees of separation” 00000000 O0OOO0OO

00000ooo00o0oooo0oooo0oooo0ooDoOo0oooooooooOoooooOoooon
0000000000000 00DO0O0Doooooon0,WWW, Email, instant messeaging 000000
ood

2.3 Information network

Information networks 0 0 0 O knowledge network 0000000000000 citation 0 O0OOODO
ooooo

e WWW
e the networks of relations between word classes.

e preference networks

2.4 Technological network
e clectric power grid

e networks of roads
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e railways

e vascular networks

2.5 Biological network
e the network of metabolic path ways
e the network of mechamistic physical interactions between proteins

e neural networks

3 Properties of networks

Regular Small world

p=0

Increasing randomness
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3.1 The small-world effect

OO000000000D00Stanley Milgram 0000 1960 0000000000 DOOCOODOOCOODO
goooboooooooboboboooobooooooboboobooboboboobDobooooDbo
goooooooOoOoOoOOOOOOOODOOODO LO ODOOOOOOOO cOOOOOOOoO

1=2/n(n+1)) d

i<j
0000d,;000,0000,;00000000000000000000000000 2/n(n+ 1)
0000000000000 00000000000000 ("' 00000000000
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3.2 Transitivity or clustring
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c number of triangles connected to vertex ¢
=

number of triples centerd on vertex

1
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3.3 Degree distributions

ocooooooooD kOO0O00OOO000DbODOO0 pR,ODOOOODOOOODOD
OO0000000O00000 binomial 0000 Poisson 00000000 OOO0OOOOODOOOODO
gbooobOoboooobobooooobooooon

3.3.1 Scale-free networks

Scale-free 00 0000000000000 00ODODDOOODOOOOOOOODDODOOOOOOOOOO
O00000oooDooo0oooDoo0o0o000oooooooPrice000000O0DODOODODOODODOO
0000000000000 barabdsi 00000000 OOODOOODOODOODOOODOO

0000000 power-law OO0 0000 0ODOOODODO Ocitation network, WWW, Internet, metabolic
networks, telephone call graphs, the network of human sexual contacts.

cutof 000000000 OOONOOpower grid, railway networks movie actors, collaboration networks

3.4 Network resilience

0000000000 (000)00000000000U0LO000D0D0OUD0O0O0ODOOOOooOOO
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3.5 Mixing patterns

obooooOobobooobooboooooboboooooboboboooOoboooon

3.6 Degree correlations(D 000 0)
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e [Maslovetal] 000000000000 D0OUOUDOUOUOOODOOOUDOUprotein interaction
network O Internet OO0 OOO0O0OOODOOO
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e [Pastor-Satorras et al.] 0000000000000 O00O0O0OOOOOO kOOOOOOOO
ubhogbuodgbouoobgoboobgoboboboobboboobboobooboobooaoboad
kobooooobooooogoooo

e [Newman| 0000O0O0O0OOOO Pearson 00 000000000000 O0O0O0OOOOOOOO
0000000000000 0000000oO00000DoOo00DoOo0o0o0oOoDOo0oDoOo0oDOO
0000000000 Tablel OOOOOOODOOsocial network 00000000000 OO0OO
0000000000000 (information network, technological networks, biological networks) O
O00o0oooo0oDoooooDoooooDooooooDoooooooog

3.7 Community structure

OO DO social network O O community structure 000 0000000000000 O0O0O0OOOODOO
oooooooooobo0oooobooboooooOobo0oooDOoO0oooDoO0ooooDOoOo0oooDoOoOoOooDOon
ocooooooooooooobooooooboooooOoo0ooboOooooDbOo0ooOoDboDbObOOoOoDOon
0000000000 (stratified) D000

] O Whie
e ’ ? ® Black
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O 4: FriendShip network of children in a US school. 000000000 DOOOOOO0O0DODODOODODOO
goobogbooobooboobbooobooboobooboobooboobooboobbonDobo
gbooooOoboooooobooon

O00000000000000000000 cluster analysis(hierarchical clustring) 00000000
0000000000000 “00000 (connection strength)’ 0000000000000 OO0OOO
oo0o00000d0OnO0000C0OO0ODDOOOOOOOO00 %n(n—l)DDDDDDDDDDDDDD
00000 strength 000000000000 CCOOO0OO0000 zero0000000000nO0O00OO
goooOoOoOoO0O0O0ODODODOOOOOOO0OO0O0O0000000000000O0000O0O0O0O0OoOooo
0000000000000 D0000000000000000000000000000000000
oooo

0000000 connection strength 000000000000 OCOO0OO0ODOOOOOODODOOCOOO
OO00000000D0D0O0 “edge betweenness” 000000 edge betweenness 1000000000

0000000 geodisticpath D00 O00O000OOO0DOODOODOOQO social network [0 biological
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network 0000000000000 0OQCOO0OOOO0O0OOO0O0ODOOOOODOOOODOOOOD
obooobOoboooobobobooboobooooboobono

goooooobooobooboboooooboooobobOoooobUoboboooDobOoooOoboDbO
gboboobOoooooooboooon...

obooooobooboobooooobobooooooooboboooooboobobooooooonoo
OO0000O00000 blockmodels 0000000000000 O0O0O0OOOOODODODODOOCODOO
00000 (structual equivalence) 00 0000000000000 0O0O0ODOOOO0O0OOOOOOOO
gboboobOoboooboobooooboooooobooooboon

Flake 00O00ODOOOO0OOOOO0ODOOOOOOODOOODOOODOOOODOOOOOODOOOODO
goooobooobooooboooboooboboooooobobooobooboooooboobbooooboooo
O00000DDODDODWWW O citaion networks D000 0000000000000 ODODODOOO
OO0Flake 0000000000 WebOOOOODOOOODOmaximum flow method 00000000
oboooboooooboobn

3.8 Network navigation

Stanley Milgram 0000 smalllworld 00000000000 OCOO0OOO0O0ODOOO0OOOOO
OO0o0o000DbOO0o00OO0000O00DO00DOO0000O00DOb00000 Milgram OOOODOODODOO
OO0000 Kleinberg 0 20000000000Milgram 00000000000 O0OO0OO0DOOOOOO
ocoooooooooo0ooOoooOo0oooo0ooDoo0OoDoOOoUooDooOoOoDooOoOoDoo
ooooooooooooooboboooooboooooboobOo0ooooObO0ooooObDOooobDoOOOoOoDOon
OO00000000000000DO0O00D0O00000O0KIeinberg 00000000 O0O0ODOODOOO
cooooooooobo0oooooooooooOoooOooooDOoOooooDoOOoOoOoDoOoOoOoDon
ocoooooooooo0ooOoooOo0oooo0ooDoo0OoDoOOoUooDooOoOoDooOoOoDoo
O00000000D0O0O000000D0000 peer-to-peer 000 O00000O0DODDOOOOOOO

3.9 Other network properties

e the size of the largest component (“giant component”)

This is a measure of the effectiveness of networks at doing its job

e the distribution of the “betweenness centrality”

4 Random graphs
4.1 Poisson random graph
4.2 Generalized random graph

5 Exponential random graphs and Markov graphs
6 The small-world model

Watts O Strogatz 00O O O0OD00OOsmall-world model 000000000000 DOOCOOOOODO
bobooboboooboobooooboboooobooooboobobooobOoboOoboOobooonog
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OO000oo0000DOO000oDOO0o00oDOO000DO000D0OO0000000 Small-World DD OO
O 0 lattice 0 00O dimension or topology D0 00000000 OO0DDOOODOOO OOOO lattice
00000 kO00OD0OD0OO00DOO0O0000 kO0OD lattice 00000 O0ODOOOODOOODOOOO
oooO0OpO0O0O0OOCOOOOOOOOOOOOOOODOOODOODOOOOOOOOOO

OO0oooo0oooooUoooooo Loooooo ﬁDDDDDDDDDDDDDDDD C =
(3k—3)/(4k—2)DDDDkDDDDDD%DDDDDDDDDDDDDDDDDDDDDDDlogL/logk
000000000000000 CO 2/L00000000

Watts O Strogatz 0000000000000 SmallWorldOOOOOOOOOOO?XOOOOOO
goooooooooOoOoOOOOOOOODOODOOOOOODOOODOOODOOOOOOOOOOOOd
goooooooooo

000000000000 Monasson 0 Newman 0 Watts 0 0000000000000 000O0O
goooooooOoOoOOOOOOOO00000O0O0OOOOOOOOoOoOoOoOoOoOooOoOoOoOoooog
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r — mean vertex-vertex dismnce\
—- clustering coefficient \

mas

or C/C

X

i

A B
0.01 0.1

[] L ||||||
0.001

rewiring probability p

O 5: Watts 0 Strogatz OO0 00000000 CO0O0O00O0O00ODODOOCOOOOOOOOD COOO
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7 Models of network growth

oboocooOobooooboboooooboooobooboobooboboooboOobOoooooboOoon
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7.1 Price’s Model

Price OOO0OO0ODODOO citation network

7.2 BA Model

8 Processes taking place on networks
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