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General Information

. Computer Science

( 6 and q
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. SDS ( a credits )
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"
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Date Science
"

( elem : e seminar
or a project

.
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.

+ oral exam . )



Instructors

Giancarlo RUFFO

giencerlo.ruffoeonito.it
office hours :

Wed
. 1:30pm - 2:30pm

Alessandro FLAMMINI

INDIANA UNIVERSITY



Class Schedule

A to
6 credits :

Net Sci

→ classes

9 credits :

Nets ai t

Date Viz

classes

→

)



https://goo.gl/forms/rXXZBKTDq4NUm5m22
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•generalstatistics•
your programming skills
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"
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Introduction To Networks

chapter L

a-

Networks are apparently
"

everywhere
"

- Socket

Networks
. actors D

. societies DIED

- Information Systems
. book

,
web page D

. otetiou D -21J

-
tech .

end economic Systems

• can structured crisis
be predicted ?



https://youtu.be/5v5eBf2KwF8

Complex Systems
e-

Couple * Gupliated
. individuals
° connected to each other

-

Bload level
⇒

÷.

-global feel
t

synchronize

.

Congestion

phenomenon ) Epidemics
O To



Networks aspects
"

trivial
"

repreudontoton of
e Gupte system

Networks?yf8rid
Examples

g-

ojt
star

e. i -

here few characteristics

describethe network
-

#
framework and e

language To describe
and understand Complex
Networks

-



Zachery
"

s karate Club

Apparently no
n simple

"

description is

possible .

However there is some
"

ryes
"

some individuals

dree more

"

Call
"

Then¥
Does it resemble some

kind

of randomness ?



communication networks

-

-

Some " order "

emerges from
chaos

.

hierarchy

?

we need e leuguge to

better describe these regularities



financial Networks

-

the emergence of a

core us
.

periphery
Structure

.



immerse.pk#y:communities echo chambers

clusters partitions

tomophily

→ tendency of
individuals To link with
Similar ones

WARNING :
no trivial linear relationships

- . But INTERPLAY



Visualization ?

Visualizing e network suggests some

inherent complexity

-

this tells a let

about the structure
,

but almost nothing
www..gg#

it is difficult to summarize

succinctly the whole network

. core vs periphery structure

. hierarchical structure

. tightly - linked regions
⑧. . . we need e language

the structure is only e starting point



Behavior and Dynamics

Gunectednegg /
structure

- behavior
-

each individual 's actions here

Consequences for the outcomes
of eater

gone in the system .

We need a

frk for
reasoning about behavior and

interaction in networks

we need to take into account

a rational behavior that

Sometimes lead To

strategies
Actions are not evaluated at individual

level C in isolation ) ,
but et e

network level
.



When e large group of
people is tightly interconnected

,

they often respond incomplex
ways thet can be observable

only at thepopulationlevel .

-

rich get richer

winner takes it all
@  G

a

viral ideas

At individuate :

Sometimes oninformation goes
viral or one person becomes

Very popular ,
some other times

this does not happen !

Whey? No prediction here get .



Recep ( I )

de
network structure

↳
strategic behavior

>
. feedback effects

at e population
level

language and frameworks from -

am,phgoo
,

mathematics
,

statistics
,

operational research
,

Sociology
,

economics
. . .



From Date to Networks

we have

Massive network

detests
-

data-driven
models

elbow you to

make preditiong

Bet
sometimes These predictions

connote be

generalized

:

networks an be
"

different
"



Topics

Graph theory

Game theory
Information Networks

Network Dynamics



Graph theory
paths defences

clustering Gfefiahtdegree I distro bar of
degrees

central des

groups fdustorsf partitions
ammonites

structural balance

heuuofhly / gated
segregate



-

individuals vs groups

we an have different
roles

. . .



Game theory

framework where our

decisions depend a others '

divisions

strategy → peg - off

Ex
.

Trent partition Networks
choice of e route can bring to congestion

-

Brees ' Pereda
-

Equilibrium: a
state thetis

self - reinforcing : no individuals
have an incentive To Unilaterally

change their strategy ,
even if

these individuals know how others
will behave

.



Information Networks

the Wes

Search

engines
react to

rt
" -

web
pages
author

Interplay
Is you define a measure

I e.g. , Page Rank )
,

the application

of such measure may change
the System

-



Network Dynamics :

Population Effects
In large populations we hate

the emergence of new ideas
,

beliefs
, opinions

,
innovations

,

Technologies
, products ,

end

Social conventions
.

When and how they establish
as Said practices ?-

individuals
con

info or

being influenced by others
At the surface : humans have
the tendency to Gtform

WHY ?



Network Dynamics :

Structural Effects

populationsus load

behaviors

Individuals
may here incentive to

adopt the behavior of their

neighbors :

Cesaediryffets

I i
Social

v

Contagion
epidemics

the structure of the network

has e role



spreaders

i

Yard
away ,

a closed

community an

stop diffusion



epidemic

O

,

cascading behavior

here too !



Recap (2)

Network - level dynamics
are similar and insights

from the study of
biological epidemics are

also useful in thinking
about the process by which

things spread in

networks



Tools

f-
oh

.

Lol 2

couples Network

Analysis
path



Jupyter
( notebook )

ANACONDA Distribution1-of
IGEPHTJ

a network visuditetvom
Tool developed in Jove



Examples and

reel detests



Comparison

-O


