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OspatoAoyia (1/2)

1. Ewaywyn otnv Emotun Aitktuwv (Network Science) — meplexopevo kat otoxol

a. Baolkol oplopot Siktuwv, poAog SikTtuwv kot mapadelypota epopproywyv os SLaPOPETIKEC EPAPUOYEC
b. ‘EAeyxog tomoAoyiag kat Snuoupyia SIKTUwv
2. Jtolxela Bewplog ypadnuatwyv
a. Emokomnon Baolkwy oplopwy — opoAoyia (LovomaTt, LECO KOG povomatiol, SLAUETPOC, KTA.)
b. Aévbpa kat Ldlotnteg, cuvdedbepévol ypadol
c. Boaowol aAyopiBuot diktvwv (r.x. SpopoAdynon, avalntnon, KTA.)
3.  Aopn KoL XapOKTNPLOTLKA CUVOETWVY KAl KOWVWVLIKWY SIKTUWV

a. Tuxaio povtéeda Siktuwy, Siktua pkpou-koopou (small-world), Siktua eAeUBepng-kAipakag (scale-free),
Kavovika diktua (regular), tuxaia yewpetpika diktva (random geometric graphs), KTA.

4. Itowela avaAuong oUVOETWV Kol KOWVWVLIKWY SIKTU WV
a. Metpikég avaluong (katavoun Babuol KOUBou, CUVTEAECTHC CUCCWHATWONG, KEVTPLKOTNTA SLKTUOU, KTA.)
b. EmAektikn) ouvdeon kat dSnuloupyia/eEEALEN SikTU WY
5. E&eAKTIKOG UTTOAOYLOMOG
a. [levetkol aAyoplBuot
b. EmyvwoTtikol aAyoplOpuot

c. Auvvaukn mAnbuopwy



OcpoatoAoyia (2/2)

5. Edappoyég otig TnAemikovwvieg kat tTnv Emotun twv YmoAoylotwv

a. EAeyyoc tomoloyiag, SpopoAoynon kol avabeon mopwv
b. Enidpacn doung diktvou otn Stadoon mAnpodopiag/dlapdopdwaong yvwung
c. Emidpaon kowwvikwv SIKTUWV 0 CUCTAHATA CUOTACNG
6. Edappoyécg otn Aadoon NAnpodopiog
a. Embnuioloyika povtéda mAnpodopiag
b. Zuvepyacia Kal CUYXPOVIOUOG
c. Emnidpaon kowwvikwyv Siktuwv og cuotipata dStadnulong
7.  EmAektikd O€pata
a. 2uA\oyn eAelBepwv/avolytwy SES0UEVWV OO KOWVWVLKA SikTua
b. Enetepyacia Sedopuévwy Kal OTATIOTIKA avaAuon

c. Omntikomoinon cUAeYUEVWVY SE60UEVWY KaL ATTOTEAECUATWY o€ popdn dedopévwy Siktuwv (networked
data)

d. Mapadelypata cuAAOyYAG, XPrioNg KoL avAAUONG TIPAYLATIKWY avolxTwy SeSopévwy (TL.X. LEAETN
TOTIOAOYLWV KOLL XOPOKTNPLOTIKWV SLadpopwv SIKTUWYV, EVTOTILOHOC KOUBWV emppong SIKTUoU, avixveuon
KOLVOTHTWV LLE TIAPOHOLA XOPAKTNPLOTIKA, LEAETN SLadoong mAnpodopilag/Slapdpdpwong yvwung,
cuotiuata Kol pEBodol kKolvwviknig ocloTtaong).



Complex Networks — Social
Networks - Network Science

Section l.a
INTRODUCTION



Social Network motivation

e Based on “connectedness” of modern society due to several
evolutions such as:
e Rapid growth of Internet, Web, use of smartphones etc.
e Ease that global communications take place

e Ability of news and information, financial crises, epidemics, etc. to spread
with high speed and intensity

* |nvolve networks — incentives — aggregate behavior of
objects/people (multi-disciplinarity)
e Disciplines/Points of View

e Computer Science/Engineering: study technological networks (Internet,
telecommunication networks, wireless networks)

e Economics: study how people’s behavior is affected by incentives and by
their expectations about behavior of others

e Social science: study characteristic structures and interactions that arise
within groups and populations



Complex Network definition

e Network:
e Patterns of interconnections among a set of things, OR

e any collection of objects in which some pairs of these objects are connected
by links. Different forms of relationships can be used to define links

e Social Network:

e collection of social ties among “friends”. These have grown in complexity
due to technological advances facilitating distant travel, global
communications, digital interaction.

e Complex Network: Set of interacting entities (actors, nodes, etc.)
e Each node performs some complex computation
e Collaborating — coalitions
e Competing
e Emerging trade-off: gain vs. cost of collaboration
e Gain obtained by collaboration/selfish behavior
e Cost incurred by selfishness/collaboration

e How to describe such complex interactions?



Complex Network Taxonomy

Communication,
infrastructure,
technological
networks

Designed and/or
engineered

Social and
economical
networks

Human initiated,

but spontaneous
growth

Biological
networks

Spontaneous
evolution




Examples of Socials & Complex Networks

Network of friendship

Future Internet — Internet of Things

E-mail exchanges among employees of a large company
Network among financial institutions

Links among web pages revealing (more or less) dense
communities and prominent sites

International trade (country level — countries with powerful
positions that derive economic growth)




Complex Networks (CNs) — Examples
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International Trade Network formation

World Trade 1994
Residuals Model 1
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Airline Routes
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Co-authorship Network

Pecora
Ba:shann
Gmran
S
;ﬂla
Waus
Klf:m rg
onse
Masﬁ\— /mn
Schuster

" Bomholdt
— /
Klemm
Eg uiluzf Davidsen

e Mielsch

upta
Fianrabarti

Sienkiewicz

g

Fropczak
~— Penna Holyst — Jedynak

~ Aleksiejuk
Moukarzel i
Kaski
N
___ Lahtinen




The pattern of e-mail communication among 436 employees

Image from http://wwwpersonal.umich.edu/ ladamic/img/hplabsemailhierarchy.jpg




Spread of epidemic disease




Complex interactions in highly connected systems

e Understanding highly connected networks and systems
requires:
e Network structure
e Strategic behavior of actors
e Feedback effects they produce across large populations

e Structure:
e more or less densely interconnected
e central core nodes containing most links
e natural splits in multiple tightly-linked regions
e Participants can be more central or more peripheral

e This requires a graph-theoretical framework to describe
network formation and interconnectivity.



Examples of Complex Networks (small world, scale free, random)

Map of interacting proteins
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Regular Small-world

Increasing randomness




Behavior and Dynamics

e Connectedness at level of structure and at level of
behavior:

e each individual’s behavior have impact (explicit/implicit) for the
outcome of everyone in the system.

e This requires reasoning and modeling of behavior and
interaction in network context

e Example: changes in a product, web site, etc. can seem like a
good idea when evaluated on the assumption that everything
else remains static. But in reality changes can create incentives
that shift behavior across the network (initially and usually
unintended) .

e This requires study of dynamics of aggregate behavior.




Network dynamics — Population effects

e Observing population over time we see patterns by which, ideas,
beliefs, technology, products, social interactions, emerge and
evolve

* The way in which new information/products spread through a population
depends in large part on the fact that people influence each other’s
behavior. If more and more people do something you generally become
more likely to do it.

e |n general combine personal opinion and others’ behavior
(other’s behavior conveys information).

e Example: in case of a web site (e.g. YouTube) seeing a lot of people using it
can suggest that these people know something about it (similarly seeing a
restaurant crowded that those people think highly of it).

e This may lead to cascade effects (abandon your own private information
and follow the crowd).

e Possibly there is a benefit for aligning your behavior with others, regardless
of whether they are making best choice



Example: Social networking — media sharing

e |f the value of such sites is the potential to interact with others,
to have access to a wide range of contents, or have a large
audience for content you post, then these sites become more
popular to join (regardless if they have better features than its
competitors).

e Result: Network effects amplify the success of technologies and
products that are already doing well (positive externality).
Popularity is governed by “rich-get-richer” feedback process

e (Qutcome: a social network is divided between a small number of
prominent items and a long tail of more obscure ones




Network dynamics — Structural effects

e Process of influencing people behavior can gain insight or be
affected by network structure

e Align your behavior with the behavior of your neighbors (e.g. in
social networks) rather than the population as a whole

e Qutcome: a new behavior starts with a small set of initial
adapters and then spreads (cascading effects).




Network Science

e Emerging {common + generic} problems in CNs
e A complex network theory is required

e Mathematical models for diverse networks

Study of similar {statistical, social, structural} properties & behaviors

e Working examples
— Spreading of a disease in a social network
— Malware diffusion over a telecommunication network
— Information dissemination in an affiliation network
— Failure propagation in a large power network

— Financial crisis spreading in global markets

They all describe the same problem

—> Network Science

Network Science is the organized knowledge of networks based on
their study and by using a scientific approach

NETMODE (Network Management & Optimal Design Lab)



Network Science — Challenges

e ‘umbrella’ areas of challenges

Complexity
Wide range of interacting scales (time, space, size, ...)
Network-to-network interactions

Microscopic and Macroscopic analysis

e More specific challenging problem areas of interest

Network formation and modeling

Dynamics, spatial location, and information propagation in networks
Modeling and analysis of very large networks

Design and synthesis of networks

Abstracting common concepts across fields

Better experiments and measurements of network structure
Robustness and security of networks

Increasing the level of rigor and mathematical structure

Study network dynamics (structural and population effects)

NETMODE (Network Management & Optimal Design Lab)




