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Final Review




WE HAVE A PROBLEM!




peter singer

NOILVZI'IVdO 19

the ethics of globalization

SECOND EDITION

- Timaly and thoughttul “—Andrés Martinez, New York Times Book Raview
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Survey: Priorities among a series of proposals for
confronting ten great challenges (grad students)

Air pollution

Guerrilla conflicts

Diseases

Education

Global Warming

Corruption

Malnutrition and Hunger
Sanitation and Water
Subsidies and Trade Barriers

Women and Development

o

llllll‘lli
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Local solution?




High-tech solutions?




Technology 1s anything
iInvented after you were born

Alan Kay




Technology 1s anything
that doesn't work yet

Danny Hillis




techenolso«gy |tekniloje|

noun ( pl. -gies)

the application of scientific knowledge for practical purposes, esp. in industry
e machinery and equipment developed from such scientific knowledge.
e the branch of knowledge dealing with engineering or applied sciences.
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strategy




1. Data about incentives

gather data to quantify influence within an institution
frequent questions:

- what are the sources of income?

- how have those sources changed?

- what policies does the institution use to police these
sources of income?

- how careful are they enforced?
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1. Data about incentives

gather data to quantify influence within an institution

frequent questions:

what are the sources of income?
how have those sources changed?

what policies does the institution use to police these
sources of income?

how careful are they enforced?

map economy of influence

use data to identify historical techniques
e.g., to develop and sustain independence
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2. Data about perceptions

« track public perception — trust of the institution
 role in institution’s success

- private institutions

- public institutions
frequent questions:

- how does public trust of the FDA evolve?
improved/weaken?
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2. Data about perceptions

« track public perception — trust of the institution
 role in institution’s success

- private institutions

- public institutions
frequent questions:

- how does public trust of the FDA evolve?
improved/weaken?

map the relevant public

use data to develop historical understanding
of different perceptions
e.g., independence in attitudes

| 4

Monday, May 24, 2010



3. Models of causation

measure causation

— explore and capture economies of influence - hard!
frequent questions:

- how do influences affect the work product?

- how do influences affect public trust?
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3. Models of causation

measure causation

— explore and capture economies of influence - hard!

frequent questions:

- how do influences affect the work product?

- how do influences affect public trust?

develop quantitative analysis of the
independence of actors within an institution

Understand dependencies!!
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Network science
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Which vertex would proof
most crucial?




v

A .

N

Shiin.

g
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Which vertex would proof
most crucial?

21




Which vertex would droof
most chucial?

21




What percentage of vertices
need to be removed to affect
connectivity?




What percentage of vertices
need to be removed to affect
connectivity?

statistical properties of graphs




Why study networks?

- Capture relationships / non-spatial interactions
- Understand structure and function
- Metrics exist that capture structure

« Structure or metrics can be related to important
properties of the system or its behavior

23

Monday, May 24, 2010



Network science modeling approach

1.S5how how data on interaction in the real world
can be translated into graphs

2.Predict the course of the process from its
structure

24
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Real networks are not random!

25




Real networks are not random!

1. Possible mechanisms guiding network formation

25
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Real networks are not random!

1. Possible mechanisms guiding network formation
2. Ways to exploit structure to achieve certain aims

25
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Common network properties

26

N OO O AW DN B

. degree distribution

. small-world effect

. transitivity or clustering
. hetwork resilience

. Mixing patterns

. degree correlation
.community structure

Monday, May 24, 2010



degree distribution
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degree distribution

« Poisson

- Heavy-tailed
« power-law
- exponential

lim e Pr[X >

Ir—20

z]

= 0

100 S SULLALL I 100
102 10”
4 -4
10 E  (a) collaborations 10 o .
- in mathematics (b) citations (c) World Wide Web
§ 1 1 IIIIIII 1 1 IIIIIII 111 1 IIII|.|.|J 1 IIIIIIII 1 IIIILuJ L L1ll
1 10 100 1 10 100 1000
10’ 10’ &l
-1
10 107 E
-2
10 102 =
3 _ C () protein
10 (e) power grid 103 interactions
1 I 1 1 1 L1l lll
0 10 20 10
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small-world effect

12 :
Tetal no. of
10 Chains, 44
8
B
4
O mah ’
7 A :
0 ;
STARTING 0: 2 - e B .8 10 12
PoSiTioN No. of Intermediaries needed
-"'-nu-a----a - - - - > to reach Target Person
— e L from Stanley Milgram, “The small worl
5 W I &J om Stanley Milgram, “The small world

problem.” Phycoogy today, 1967

28
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small-world effect

12 j :
Tetal no. of

10 Chains, 44

Ormahia

0 ' :

STARTING 0- .2 4 .6 8 0 12

PoSiTioN - No. of Intermediaries needed
"'n-..---_-‘-----l""’ to reach Target Person

e —~ vy .

----- . ) S &Y from Stanley Milgram, “The small world
A — —— - Y, "
: : problem.” Phycoogy today, 1967

Most packages did not arrive = navigation issue # small-world

geodesic distance

28
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« The vertex set (of an undirected graph) and the
distance function form a metric space, if and only
if the graph is connected.

- A metric on a vertex set is a function such that
any z, y and zin N satisfy

1. hon-negativity
d(z, y) = 0
2. indiscernible
d(z, y) = 0if and only if z=y <J
3. symmetry
d(z, y) = d(y, )
4. triangle inequality
d(z, z) < d(z, y) + d(y, 2)

29
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http://en.wikipedia.org/wiki/Metric_space
http://en.wikipedia.org/wiki/Metric_space
http://en.wikipedia.org/wiki/Metric_(mathematics)
http://en.wikipedia.org/wiki/Metric_(mathematics)

Transitivity

30
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Transitivity

C> feedback
JD reciprocity

30
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Transitivity

feedback Ratio of the means
o o— 3 number of triangles _ 3

1 number of triples of vertices &
Ci=

Q

VS.

reciprocity Mean of the ratio
Ci= 1/3 O — number of triangles connected to vertex i
Q " number of triples centered on vertex i
1 13
O" Tends to weight the contribution of
c.=0 low degree vertices more heavily

30
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Network resilience

“Resilience is the ability to provide and maintain an acceptable level
of service in the face of faults and challenges to normal operation.”

15
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mean vertex-vertex distance
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0
0.00
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1 |
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relative component size S

0
0

0.2

fraction of vertices removed

X X 02AA
L X 20 33 3 L) Sebeas
0.4 0.6 0.8

Random and targeted attacks
affect other properties:

- small-world
- giant component size

31
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Mixing patterns

E woIllnlarn

men woman black hispanic white other

| black 506 32 69 26

hispanic 23 308 114 38

O White 26 46 599 68

other 10 14 47 32

€ wolnarn
iJ
black hispanic white other
black 0.258 0.016 0.035 0.013
hispanic 0.012 0.157 0.058 0.019
O White 0.013 0.023 0.306 0.035
other 0.005 0.007 0.024 0.016
Q L Zz P(Z|Z) — 1 Q = 0.519 0: randomly mixed network
o N — 1 T 1: perfectly assorted network
y Cij
P(jli) = S er
j €
fraction of edges that connect
to vertices in group 1
32
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Mixing patterns

E 111 €EN
woman men black hispanic white other
black 506 23 26 10
hispanic 32 308 46 14
WO Ghite 69 114 599 AT
other 26 38 68 32
eij mern
black hispanic white other
black 0.258 0.012 0.013 0.005
hispanic 0.016 0.157 0.023 0.007
WOIE ™ Shite 0.035 0.058 0.306 0.024
other 0.013 0.019 0.035 0.016
QO = Zz P(Z|Z) —1 Q — 0.527 0: randomly mixed network
o N —1 T 1: perfectly assorted network
€
P(ﬂi) — Z Zje_, Which one is correct?
Y,

Each vertex type weighted equally!

33
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Mixing patterns

B men
woman men black hispanic white other
ah black 506 23 26 10
hispanic 32 308 46 14
WO White 69 114 599 47
other 26 38 68 32
€ men
black hispanic white other
black 0.258 0.012 0.013 0.005
hispanic 0.016 0.157 0.023 0.007
WO Shite 0.035 0.058 0.306 0.024
other 0.013 0.019 0.035 0.016
B N —1

fraction of edges that connect

vertices of the same type \
tr(e) — [le*|]

L —1[e?]

T p—

34

Monday, May 24, 2010



Mixing patterns

E men
woman men black hispanic white other
] black 506 23 26 10
/ hispanic 32 308 46 14
VOISR White 69 114 599 47
other 26 38 68 32
“‘; eij men
black hispanic white other
black 0.258 0.012 0.013 0.005
hispanic 0.016 0.157 0.023 0.007
WORE White 0.035 0.058 0.306 0.024
other 0.013 0.019 0.035 0.016
scalar properties? /
B N -1

fraction of edges that connect

vertices of the same type \
tr(e) — [le*|]

L —1[e?]

T p—

34
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Degree correlation (undirected)

Pearson correlation:

QDN

dk =

Observable network:

network n r
physics coauthorship? 52909 0.363
@ biology coauthorship® 1520251 0.127
. - b o) ¢
k 6 5 | mathematics coauthorship 253 339 0.120
o2 Z jk(ejr — ajqr) Z | film actor collaborations® 449913 0.208
q gk = | company directors® 7673 0.276
42 < | Internet® 10697 —0.189
9 2 | World-Wide Web' 269 504 —0.065
E k dk — E kgk — | protein interactions® 2115 —0.156
k |k i = | neural network” 307 —0.163
food web' 92 —0.276
(k + 1)pk+1 _ E :6 0 » | random graph" 0
Z , jpj ' J % Callaway et al.¥ 6/(1+ 26)
J J & | Barabasi and Albert"™ 0
1 : 1 1 2
r o= MZi]ikz_ [HZZ§(]2—|—I€)}
1 1 (:2 2 1 1
qu;i(]z' + k7)) — [szzj( z"‘k)}
Jis ki degrees of the vertices at the end of the it edge
r = 1,.... M

-1<r <1, indicates measure of linear dependency

35

M. E. J. Newman, Assortative mixing in

networks. Phys. Rev. Lett. 89, 208701 (2002)
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Community structure

Quantified using modularity

si=1 : vertex i belongs to group 1
5 | | si=-1 : vertex i belongs to group 2
|

merely number of edges expected number of edges
conventional between 72 and 7 for random graph

AN NS
Q = - (Aij—’;’i—kj) 5:8;

m

total number of edges

()>0 indicates positive presence of community structure

36
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network type n m z 14 o c) C2 r
film actors undirected 449913 25516482 113.43 3.48 2.3 0.20 0.78 0.208
company directors undirected 7673 55392 14.44 4.60 - 0.59 0.88 0.276
math coauthorship undirected 253 339 496 489 3.92 7.57 - 0.15 0.34 0.120
physics coauthorship undirected 52909 245 300 9.27 6.19 - 0.45 0.56 0.363
biology coauthorship undirected 1520251 11803064 15.53 4.92 - 0.088 0.60 0.127
telephone call graph undirected 47 000 000 80 000 000 3.16 2.1

email messages directed 59912 86 300 1.44 495 | 1.5/2.0 0.16

email address books directed 16 881 57029 3.38 5.22 - | 0.17 0.13 0.092
student relationships undirected 573 477 1.66 16.01 - 0.005 0.001 —0.029
sexual contacts undirected 2810 3.2

WWW nd.edu directed 269 504 1497135 5.55 11.27 | 2.1/2.4 0.11 0.29 —0.067
WWW Altavista directed 203549046 | 2130000000 10.46 16.18 | 2.1/2.7

citation network directed 783 339 6716 198 8.57 3.0/-

Roget’s Thesaurus directed 1022 5103 4.99 4.87 — | 0.13 0.15 0.157
word co-occurrence undirected 460902 17000 000 70.13 2.7 0.44

Internet undirected 10697 31992 5.98 3.31 2.5 0.035 0.39 —0.189
power grid undirected 4941 6594 2.67 18.99 - 0.10 0.080 —0.003
train routes undirected o87 19603 66.79 2.16 - 0.69 —0.033
software packages directed 1439 1723 1.20 2.42 1.6/1.4 0.070 0.082 —0.016
software classes directed 1377 2213 1.61 1.51 - 0.033 0.012 —0.119
electronic circuits undirected 24 097 53 248 4.34 11.05 3.0 0.010 0.030 —0.154
peer-to-peer network undirected 880 1296 1.47 4.28 2.1 0.012 0.011 —0.366
metabolic network undirected 765 3686 9.64 2.56 2.2 0.090 0.67 —0.240
protein interactions undirected 2115 2240 2.12 6.80 2.4 0.072 0.071 —0.156
marine food web directed 135 598 4.43 2.05 — | 0.16 0.23 —0.263
freshwater food web directed 92 997 10.84 1.90 - 0.20 0.087 —0.326
neural network directed 307 2359 7.68 3.97 — | 0.18 0.28 —0.226

37
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Network models

1. Poisson random graph

2. Configuration model

3. Bipartite graphs

4. Strogatz-Watts (small-world)
5. Albert-Barabasi (scale-free)*
6. Price model*

38
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Poisson random graph

Poisson distribution (unlikely) T —
S 7!
6 8 | '| P
o I S
n\ g _k e [/
Pk = (k)p (1—-p)" Y
= b .."" — 05
ke—2 % ) f\\\ _
~ k' y & — P (n o 1) = 2 : / — _
) S R BN R IR I
0 1 2 3 4 5

mean degree z

Mean size + giant component

S = 1—e?° S—=0 is the only solution for z<1

1

<52 = 1— 2+ 25 phase transition at z=1

Expected structure varies with the value of p

39

Monday, May 24, 2010

giant component size S



mean number of neighbors within distance d:

40
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mean number of neighbors within distance d:

O j-; o d:]., l1 :Zl =4
o o
d=2, P=2—16
O O—0O
O O

40
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mean number of neighbors within distance d:

O_%O d=1, ['=2'=4
O_E_OO% %oo_j;—o d=2, P=22=16
Oé_(—:g—o O_Oi_o d=3, B=2—64
& &
SRR

'aY

40
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mean number of neighbors within distance d:

,\i d=1, I'=2'—4
? O% %o 7
oO—0OO oO—0—°0
§ d=2, P=2-16
% d=3, P=22-064
O—i—o O—E—O
0‘% i %" Z=n? I=logn/logz —> small world!

'aY

40
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- caveat -

In almost all other respects,
the properties of random networks
do not match those of real world
networks

41
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baseline
phase transition
glant component

42
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Configuration model

O O O O O O “degree sequence”

Q Q‘ Q‘ Q} Q Q choose pairs of stubs at random

U@ connect them

Random in all respects other than
their generalized degree distribution

43
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Probability generating functions:

oo
Gaolx) = K generates probability distribution
0( ) l;)pk of the degree of a node
/ /
G (x) — GO(x) _ GO(m) generates probability distribution of
L G{)(l) > outgoing edges attached to a vertex
44
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Probability generating functions:

oo
Gaolx) = K generates probability distribution
0( ) l;)pk of the degree of a node
G (x) — Gf)(a:) — G{)(az) generates probability distribution of
L G{)(l) > outgoing edges attached to a vertex
—2zS
S = 1—¢e~ S = 1—G0(U), u:Gl(u)
generalize
>
1 /
< 8§ > = Go(l)
— <s> = 1+
bmz42d 1—Gi(1)
44
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Bipartite graphs

e 9

/‘//\%/\ \WAEN
SEOECRORGEGRCE RONORGY

discarding some
information

I|nks running only between l
vertices of unlike kind

from Random graphs with
arbitrary degree distributions
and their applications by




Review

+ Generalized random graphs

generating function

. Bipartite graphs formalism
10000 grerprrrr] T | T |
- o —rrr
— . 100 010 — £ pe -
1000 £ ] .
3‘ E :: % T T T .I ]
S Q & collaborations |
g_ 100 e § 1n physics 1
E E 10 g‘ 0.05
B S
10 &
1 lllll L1 | 111 II L1 Ilvl T— 1 I T T | | 11 l\) 1 OOO T 1 1 == _,
0O 2 4 6 8 0 10 20 30 0 10 20 30 40 50

number of boards number of members

number of codirectors z

address unrealistic degree distributions

46
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In some cases random graphs with
appropriate distributions of vertex degree
predict with surprising accuracy the
behavior of the real worlds

47
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Strogatz-Watts (small world)
Rewire with probability p (n=20, z=4)

Regular Small-world Random

Increasing randomness

z»[n(n) guarantees that the graph remains connected

48
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Strogatz-Watts (small world)
Rewire with probability p (n=20, z=4)

Regular Small-world Random

e & i o
highly clustered like a

regular graph,
yet with small
characteristic path

Increasing randomness

z»[n(n) guarantees that the graph remains connected

48
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1 "D ID | ID lllw n 1 Dl | B | lllI 1 | | LI L L llI 1 1 L L L L IL
o O -

L O -

n ® -
0.8 |- C(p)/ C(0) © _
, Y -

| N\ a :
0.6 |- normalized over —
- PY regular lattice -

" - -

] L(p) / L(O) ¢ :
0.2 |- PY -
" o = -

i e ® o

O 1 1 1 1 Illll | | 1 [ | | . IIII 1 ] 1 b1 III | | | [ | | - Ili
0.0001 0.001 0.01 0.1 1

p

p=0 ——mm—m—o—m———o— > p=1
Increasing randomness

n=1000, z=10, 20 random realizations

49 Collective dynamics of ‘small-world’ networks
by Ducan J. Watts and Steven H Strogatz
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C(p)>»Crandom

1 _n IDI lnlllﬂ n 1 EIJ | I | llll | | T 1 lllll | | 1 | L IIIL
o O -

L O -

n ® -
0.8 |- C(p)/ C(0) © _
, Y -

| N :
0.6 |- normalized over —
- PY regular lattice -

" - -

] L(p) / L(O) ¢ :
0.2 |- PY -
" o = -

i LI S *

O 1 1 1 1 IIIII | | 1 . | . | IIII 1 | 1 | . III | | 1 [ | | - Ili
0.0001 0.001 0.01 0.1 1

p

p=0 —m—m—m— — ———— > p=1
Increasing randomness

n=1000, z=10, 20 random realizations

49 Collective dynamics of ‘small-world’ networks
by Ducan J. Watts and Steven H Strogatz
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Remarks

- For small p, each short cut has a highly nonlinear
effect = L(p) drops quickly

- An edge rewired from a clustered neighborhood
has, at most a liner effect = C(p) drops slowly

- Similar results for different initial regular graphs
random rewiring

At local level,
transition to a small
world is undetectable

50
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Albert-Barabasi

« Continuum Theory

- Simple and elegant

- Capture the process
— topology as byproduct

51

Monday, May 24, 2010



Albert-Barabasi

« Continuum Theory

- Simple and elegant

- Capture the process
— topology as byproduct

51
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Albert-Barabasi

« Continuum Theory

- Simple and elegant

- Capture the process
— topology as byproduct

precise mathematical characterization
V. nhetwork generating mechanisms (why?)

51
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Price model|
 directed graph

« cumulative advantage
- Master-equation or rate-equation method
« Other growth models

« growth constraints

- gradual aging

- fithess

52
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Price model

directed graph

cumulative advantage

Master-equation or rate-equation method

Other growth models

« growth constraints

models inspired by real-

* gradual aging world network properties

- fithess

52
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Processes on networks

1. Resilience
2. Epidemic processes
3. Epidemics of corruption

53
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Resilience

Alternative indicator: lack of variation in the fraction
of vertices in the largest component of the network

<—— working

S: relative size of the largest cluster that remains connected

54
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Resilience

Alternative indicator: lack of variation in the fraction
of vertices in the largest component of the network

. <—— failed

«<«—— working

- -y
-----
-~

e”
-
-
-
-
-
“““““
--------

new giant component

S: relative size of the largest cluster that remains connected

54
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Resilience

Alternative indicator: lack of variation in the fraction
of vertices in the largest component of the network

new giant component

«<«—— working

new giant component

S: relative size of the largest cluster that remains connected

54
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Resilience

Alternative indicator: lack of variation in the fraction
of vertices in the largest component of the network

new giant component

«<«—— working

new giant component

S: relative size of the largest cluster that remains connected

Does the network disintegrate into smaller,
disconnected parts when >f:?

54
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Criterion

“A giant cluster, with a size proportional to he size
of the original network, exists if an arbitrary node i,
connected to a node j in the giant cluster, is also
connecter to at least one other node.”

55
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Criterion

“A giant cluster, with a size proportional to he size
of the original network, exists if an arbitrary node i,
connected to a node j in the giant cluster, is also
connecter to at least one other node.”

in other words...

< k? >
< k >

55
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E % 00 eee
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0 0.2 0.4 0.6 0.8 1
f

Analytical results:
when y<3 the critical fraction for disintegration is 1

-power-law distributions-
a connected cluster of nodes survives even for
arbitrary large fractions of random crashed sites

56

Monday, May 24, 2010



-power-law distributions-
a connected cluster of nodes survives even for
arbitrary large fractions of random crashed sites

57

Monday, May 24, 2010



003

=

2 002 -
§ .
e .
G i
=

k= i
© 001 -

0 1

exponent O

Dorogovtseyv, S. N. and Mendes, J. F. F.,, Comment on “"Breakdown of
the Internet under intentional attack,” Phys. Rev. Lett., 87:219801
(2001)
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-power-law distributions-
a connected cluster of nodes is highly
susceptible to targeted attacks

59
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network type n m z 4 a | CH | CO r
film actors undirected 449913 25516482 | 11343 | 3.48 23 1020 | 0.78 0.208
company directors undirected 7673 55 392 1444 | 4.60 -1 059 | 088 0.276
math coauthorship undirected 253339 496 489 392 | 757 -1 015 | 0.4 0.120
physics coauthorship | undirected 52909 245300 027 | 6.19 - | 045 | 0.56 0.363
2 | biology coauthorship | undirected 1520251 11803064 | 1553 | 4.92 -1 0.088 | 0.60 0.127
§ telephone call graph | undirected [ 47000000 80000 000 3.16 2.1
email messages directed 59012 86 300 144 | 495 | 1.5/20 0.16
email address books | directed 16881 57029 3.38 | 522 - 017 | 0.13 0.092
student relationships | undirected 573 477 1.66 | 16.01 -1 0.005 | 0,001 | -0.029
sexual contacts undirected 2810 3.2
« | WWW nd.edu directed 269 504 1497135 5.05 | 1127 | 2.1/24 | 0.11 | 029 | —0.067
% WWW Altavista directed 203549046 | 2130000000 | 1046 | 16.18 | 2.1/2.7
g | citation network directed 783339 6716198 8.57 3.0/-
“E Roget’s Thesaurus directed 1022 5103 499 | 487 -1 013 | 015 0.157
™ | word co-occurrence undirected 460902 17000000 | 70.13 2.7 0.44
Internet undirected 10697 31992 598 [ 3.1 25 1 0035 | 039 | -0.189
= | power grid undirected 4941 6 594 267 | 18.99 -1 0.10 | 0.080 | -0.003
'§o train routes undirected 587 19603 | 66.79 | 2.16 - 0.69 | —0.033
-g' software packages directed 1439 1723 1.20 | 242 | 1.6/1.4 | 0070 | 0.082 | -0.016
T | software classes directed 1377 2213 1.61 1.51 -1 0033 | 0.012 | -0.119
. electronic circuits undirected 24007 53 248 434 | 11.05 3.0 | 0.010 | 0030 | -0.154
peer-to-peer network | undirected 880 1296 147 | 428 21 | 0012 | 0.011 | —0.366
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Epidemic processes

« Susceptible: don’t have disease but can catch it
- Infective: have the disease and can pass it on

- Recovered: have permanent immunity
(removed, refractory)

- s,i,r - fractions of individuals in each state

ds ,
EZ—%S
uniform probability per unit time of catching the disease
d?: o .
o= Bis — i
dr ,
dt :W\Z

constant rate at which any infective one becomes immune
6l
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transmissibility T

M. E. J. Newman. The spread of

62 : o
epidemic disease on networks.
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Epidemics of corruption

process name characteristic typical value
the local transmission process for #

Ol - process of corrupt neighbors > A o >>¢, 0B,y
the mean field transmission process

3 - process due to the total prevalence or e<B<y
perception of corruption
the corruption recover/elimination

Y - process process due to the fight of the society |[B<y <«
against corruption

. Brocess the classical local epidemic process oy
£-P for # of corrupt neighbors < A © o, B,y

63
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—w— P_90% end prevalence - overcritical

0.4~ —#&— P_10% end prevalence - undercritical
—%— mean value of the above ~ critical
v
*\
0.3- ‘& ‘———v
"‘--ih*
o A
©
c 0.2-
O
©
()
£
2 0.1
£
0.0-
| | 1 | |
-4.5 -4.0 -35 -3.0 25 -2.0 -15

Lambda, exponent of ScaleFree talil

A=5; e=0; a=0.35; f=0.08; y=0.04; N=20000; M=50000
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Additive vs. Multiplicative Degree Correlation

Ply € B(z)|d(x) = k,d(y) = k'] Ply € B(z)|d(x) = k,d(y) = k']
~ kK ~k+K
o
®
. ® . il
o O
o
@ : oo
@
® O ]
o ., o
- | .

N.B.: identical degree distribution:
3 reds (degree 10); 8 blues (degree 4), 15 greens (degree 2), ...
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0,35 -

0,30 -

- 1 \ El
.5 0;25 - o é .\\ /\
g .. o \I i
E 0,20 - Z
= .
= 0,15 o—®
= -
2 0,10 +
T o
O
0054 = ModifiedMolloyReed Delta=5 M=50000 P
& MolloyReed Delta=5 M=50000 o
0,00 —
1 ! | ! I ! 1 ! 1
-4,0 -3,5 -3,0 -2,5 -2,0

Lambda, exponent of ScaleFree Tail of Degree Distribution

A=5; e=0; a=0.35; f=0.08; y=0.04; N=20000; M=50000
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Remarks

Similar type of modeling applied to other processes
- opinion formation
- doping usage
 social disorders

- innovation dynamics
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Take-home

68




techenolso.gy |tekniloje|

noun ( pl. -gies)

the application of scientific knowledge for practical purposes, esp. in industry
e machinery and equipment developed from such scientific knowledge.
e the branch of knowledge dealing with engineering or applied sciences.
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techenolso.gy |tekniloje|

noun ( pl. -gies)

the application of scientific knowledge for practical purposes, esp. in industry
« machinery and equipment developed from such scientific knowledge.
e the branch of knowledge dealing with engineering or applied sciences.

1. Halfway...
2. Potential of data + models with
emphasis on networks
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