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YTo TaKoe coupmanbHan cetb

* CeTb NPOTENHOBbIX
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FIG. 3 Community strocture in protein-protein interaction networks, The graph pictures the interactions between proteins
in cancerons cells of a rat. Communities, labeled by colors, were detected with the Clique Percolation Method by Palla et al.
(Section XLA). Heprinted lgure with permission from Rel. (Jonsson et al, 2006). @©@2006 by PubMed Central.



Fluid Mechanics

4TO Takoe coumnanbHaa ceTb )\ -

* [pad UMTUPOBAHUA

SOmputer-Science Tribology Geosciences
Operations Research
Astronomy & Astrophiysics
Computer imaging .
Mathematics Power Systams
Telecommunication PhyS|CS

Electromagnetic Eagineering

Control Theory

Chamigal Engineering
Probability & Statistics ®

@
/” Environmental Chemistry & Microbiology

Business & Marketing

Economics ~Secarsphy

Sociology
Political Science

Pharmacology Ecology & Evolution

Neyroscience

Law

Environmental Heaith
4 Medical Imaging

Anthropology )
Orthopedies _Velering " Molecular & Cell Biology
Parasitology
Dentistry
Ophthaimology Citation flow within field

Otolaryngology Citation flow from B to A

Gastroenterology \
Urology Pathology '

Dermatology Rheumatology Citation flow from Ato B

Citation fiow out of field
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figure with permission from Rel. (Rosvall and Bergstrom, 2008). ©2008 by the National Academy of Science of the USA.



4YTO TaKoe coumanbHana ceTb

* MicTopus NOYTOBOM NEPENUCKN BHYTPU KOpnopaLumnm

Figure 1.2: Social networks based on communication and interaction can also be
constructed from the traces left by on-line data. In this case, the pattern of e-
mail communication among 436 employees of lewlett Packard Research Lab is su-
perimposed on the official organizational hierarchy [6].  (Image from http://www-
personal.umich.edu/ ladamic/img/hplabsemailhicrarchy.jpg)



Pasmepbsil

Classical Era

1700 1800
% 00

| 1735 |

N
<z
|

. Zachary’s
Seven Bridges Karate Club
of Konigsberg :
T 34V
, 78 E
7E

1856 |

| 1985 I

Hamilton’s AIDS sex
game partners
20V 40V
SO E 42 E

@) 10 30 4 50 60

Les Miserables
characters

77V
254 E

© © ©
1000

70 80

Modern Era
2010
2011
Internet 2005
topology
, A
88,107V _ ' Web proxy
99,664 E , * logs
T 209,848 V
| 1998 | Enron e-mail S IE4
i’-ﬁ‘ corpus
:’? ‘/A’ ‘ 93,526 V
g 2 344,264 E
Western U.S. Citation data
power grid
42,155,602 V

>100,000,000 E

00 1,000,000 10,000,0G0O



HYncnoBble XapaKTePUCTUKN

* CpeaHee pacCTOAHUE MeXay ABYMsA BEPLUMHAMMU
* Inametp rpada
* CTeneHb BEPLUNH U ee pacnpeaeneHue

* LleHTpanbHOCTb Y313

KoadpdunumneHT Knactepusaumm

KoadpduumeHT accoptatMBHOCTU

[lona TpeyronbHMKOB



KO3apPUUMEHT Knactepm3aummn

* lonsa pebep, coegnHALWMX cocefHNEe BePLUMHbI APYT C APYrom

* [1nAa sepwunHbl A:

o ®
e ol el
o ©

CC(A) == CC(A) =

CC(A) =g



KO3apPUUMEHT Knactepm3aummn

* MOXHO NOCYNTATb Ha BCcemM rpade

* Ha sro-noarpade

* YcpeaHUTb MO BCcem aro-noarpadpam

CC(A) =§

&
D G G
o

CC(A) =

CC(A) =9

3



ACCOPTAaTUBHOCTbL

e Obpas3oBaHMe CBA3EN MEXKAY BEPLUMHAMM B YEM-TO CXOXKUMU APYT C APYrom

* BepwmnHa c 60nblION CTENEHDBIO CKOpee byaeT cBA3aHa C TAKOW e BEPLUMHON

* KoadduumneHT accoptatuBHOCTM — KO3d. Koppenauum NnpcoHa mexay
cTeneHAMM COCeAHNX BEPLLUH.



AcCCOpTaTUBHOCTb. 3MNUPUKA

Tabimua 2. AccoprarHBHOCTb COLMAJILHBIX, TEXHOJIOIHYECKHX ¥ OGnonornyeckux cereil. Reprinted with permis-
sion from Newman M. E. J. Mixing patterns in networks // Phys. Rev. E 67, 026126. © 2003 by the American

Physical Society
Cerb Tun Pasmep n ARCOPTEYEY:
HOCTD I*
COABTOPOB 10 PH3HKE HEOPHEH THPOBAH Hast 52909 0.363
COaBTOPOB 1O OHOIOr UK HEOPHEH THPOBAH Hasl 1 520 251 0.127
COABTOPOB 110 MATEMATHKE HEOPHEH THPOBAH HAs 253 339 0.120
Coun- 149913 2
-, COTPYAHHYECTBA AKTEPOB KHHO HEOPHEH THPOBAH HAs 4499]: 0.208
JIMPEKTOPOB KOMIAH Mt HEOPHEH THPOBAH HAs 7673 0.276
CBSA3CH CTYICHTOB HEOPHEH THPOBAH Hasl 573 -0.029
A/IPECOB WIEKTPOHHON NMOYTHI OPHEHTHPOBAHHASA 16 881 0.092
CETh MIEKTPOCTAHLIMA HEOPHEH THPOBAH HAs 4941 -0.003
TG Hurepuer HEOPHCH THPOBAH Has 10 697 -0.189
. «Bcemupuas nayruna» (WWW) OPHEHTHPOBAHHAA 269 504 -0.067
IHYCCKHEe
B3AHMO3aBUCUMOCTH OPHEHTHPOBAHHASA 3162 -0.016
nporpamMmHoro obecneyenus
B3aUMOIeHCTBHIE OenkoB HEOPHEH THPOBAH Has 2115 -0.156
B : merabosindeckas cerb HEOPHEH THPOBAH Has 765 -0.240
HOJIOT K= s )
Sk HEHpOHHAN CeTh OPHEHTHPOBAHHANA 307 -0.226
MOPCKast MHILIEBas CeTh OPHEHTHPOBAHHAS 134 -0.263
NPECHOBO/IHAA IHIIEBAA CCTh OPHEHTHPOBAHHAS 92 -0.326
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Figure 2.11: The distribution of distances in the graph of all active Microsoft Instant Mes-
senger user accounts, with an edge joining two users if they communicated at least once
during a month-long observation period [273].



EHTPa/IbHOCTb

Betweenness

Closeness Eigenvector



Buabl LEHTPAbHOCTEN BEPLUMHDI

* Closeness

BnansocTb — Be/InYMHA 0bpaTHasA cpeaHemy
PACCTOSIHUIO OT AaHHOW BEPLUMHbI A0 OCTa/IbHbIX

1
Ywev dist(v,w)

W#VD

CL(v) =

Nnun

CL(U) — z Z—dist(v,w)

wev
W#*7v




Buabl LEHTPAbHOCTEN BEPLUMHDI

e Betweenness

[onAa Kpatyanwmnx nytem npoxogAawmnx yepes
AAHHYIO BEPLLUNHY
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Buabl LEHTPAbHOCTEN BEPLUMHDI

* Eigenvector

[MponopuMoHanbHa CyMmme LEeHTPaIbHOCTEMN
coceHUX BEPLUUH

Y3e/ BaXKHbI eCNn COeAUHEH C APYTMMU
Ba*KHbIMU y3/1aMWU

1 1
Xy = i z Xt :zzav,txt

teM(v) tea

Ax = AX = Xy

A — MaTpula CMeXHOCTHU rpada G



Buabl LEHTPAbHOCTEN BEPLUMHDI

e Katz
CteneHb BANAHUA NOJIb30BATE/NISA B COLMANbHOMN CETH
oo,n
N k( 1k 1
CKatz(l) — a (A )ji' a < 2
. max
k,j=1

Cxatz(@) = (I —aA")™" —1)e

Yncno matpuubl A¥ oTBeuaet 3a KonnyecTso nyTeit
ONVIHHbI kK mexXay BepLUMHaMMU

2
0.2629 9 e 0.3662 4 A
0 1 1 0 > 1 1 1 2> 3 4 1 7 6 6 4
1 0 1 0 1 2 1 1 3 2 4 1 6 7 6 4
1 1 0 1 1 1 3 0 4 4 2 3 6 6 11 2
02629 (1 (@) o365 00 1 0 1 1 0 1 1 1 3 0 4 4 2 3



Buabl LEHTPaIbHOCTEN BEPLUMHDI

* Alpha

YUnTbiBaeT BHELWHIOW MHPOPMALMIO

1
Xy = IZ Ay Xt + €;

teG
Carpha (D) = I —ad") e

€ — BHeWHAA MH(I)OpMaLI,I/IFI O BAXXHOCTWM Y3/10B




PacnpegeneHme Ha cTeneHAxX BepLlnH

Be3amacwTtabHblie ceTu(Scale-free network)
P(k)~k~Y
2<y<3

pik)

Cny4yamHbIn rpad be3amacwTabHbin rpad

k

PacnpeneneHue cteneHen BepLumnH
Yy Cy4anHbix U 6e3macliTtabHbix rpados



PacnpegeneHme Ha cTeneHAxX BepLlnH
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Figure 2: Log-log plot of outdegree (top) and indegree (bottom) complementary cumulative distribution
functions (CCDF). All social networks show properties consistent with power-law networks.

NcTtouHuk: Measurement and Analysis of Online Social Networks; Alan Mislove



[eHepauma rpadoB € 3a4aHHbIMM CBOMCTBAMMU

3aaa4a:

Hayuntbca reHepupoBaTh rpadbl, NO CBOUCTBAM
NOXOXKMe Ha coumanbHble.

PacnpepeneHune cteneHen BepLlmnH
HnameTp

CpeaHee pacctoaHue

CoobuecTBa



Moaenb Ipaewa-PeHbn

* Camasa npocTasn
* N BepwunH

* Pebpa co3patoTca HE3aBUCUMO C
BEPOATHOCTbIO P

* N BepwunH, M pebep, paBHOMeEpPHOE
pacnpegeneHune

* Bbibupaetca cnyyamHbiv rpad

X




Moagenb YoTTtca-CTtporaua

* Bce XXMBYT Ha ceTKe n X n

* “PewléTovHOE pacctoAHne” —yucno
LLIAroB Mo peLleTke mexay ABYyMS
TOYKaMU

* p-Anana3oH 10KaJibHbIX cBA3eun

* g — Konu4yecmeo 0as1bHUX ceAa3el

[d(uv)]™

A CICAYI

VIV#U



Moaenb bapabawmn — AnbbepTa

e beamaclwTabHaa ceTb

* [TpHUUNBI
* PocT cetun
e [lpnHUMN Npeano4YTUTENbHOTO NpucoeamnHenus (M)



Moaenb bapabawmn — AnbbepTa

ANroputm:
* HayanbHbIl rpad c myysnamu. my = 1udeg(v) = 1

» lo6baBnAeTcA HOBbIN y3e/, coeaMHAETCA C
CYLLECTBYIOLWMMM Y31aMU C BEPOATHOCTbIO

l [
pi = ,rae k; — cTerneHb y3Ja i
2k



Moaenb bapabawmn — AnbbepTa

ANroputm:
* HayanbHbIl rpad c myysnamu. my = 1 un deg(v) = 1

» lo6baBnAeTcA HOBbIN y3e/, coeaMHAETCA C
CYLLECTBYIOLWMMM Y31aMU C BEPOATHOCTbIO

l [
pi = ,rae k; — cTerneHb y3Ja i
2k



CBOWCTBA3
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CrteneHHOe pacrnipegeneHune

P(k)~k™3
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PacnpeneneHune cteneHen mogenu bA, KOTopoe NogyYmMHSETCA
CTENEeHHOMY 3aKOHY



Moaenb bonnobawa — PnopaaHa

* Gi = ({1}3,{1,1})
(TS
e G171 > GI': pobasum BepwmnHy 1 K rpady G171 i~ ' 9

1 ] deg(l) 1 2 } /f D (l) ? éls 9 10 11 12
n pebpo v: p({n,n}) = vl p({n,i}) = — e s 5 % B
(MpUHUMN NpeanoYTUTENbHOIO NPUCOeANHEHUSA) l

e GFv, ={ki+1,..  ki+k}, i=0,..,k—-1



[1ByXypOBHEBbIE MOAENM

e [IpUHUMNMANBbHAA CXeMa reHepaLun TaKas Ke

* BeposATHOCTb NPUCOEANHEHNA K CTaPON BEPLUMNHE:

P(k;) ~ k; + C 2 ki,  Ce[01]
(i,j)EE



[leaHOHUMM3ALLMA COLLMANbHbBIX CeTEeN

BepwwuHa 4 moxeT naeHTMdunumpoBatb cebs:
cTreneHb 6, coeguHeH ¢ oboMmu amgepamm

BepwwuHa 32 moxeT ngeHtTndumumposaTtb ceba:
cTeneHb 5, coegnHeH co BTOPbIM INAEPOM

Wayne Zachary’s Ph.D. work (1970-72): observe social ties and rivalries in a university karate club.



Ob6Lan NOCTaHOBKA 3a4a4M

(G — ncxoaHbIn rpad

G, G4 - nony4deHsbl M3 G CTOXaCTUYECKUMU
npoueccamu

Llenb AeaHOHMMKM3aUMKM — HAUTU COOTBETCTBUE
mexay sepwmnHamu Gr, Gy

[Tpumepbl:

* ObbeanHeHne MHPOPMaLMN N3 PA3HbIX
coUManbHbIX ceTen

e [leaHOHUMM3ALUMA AAHHbIX



IJCNN Social Network Challenge

e LLP —334a4a nporHo3npoBaHuA pebep B rpade

* [fobeanTenn neaHOHNMU3NUPOBAAU AaHHbIN rpad n

«NOACMOTPENIN» OTBETbI

* CooTBeTcTBME rpacdoB H6bIIO HE TOYHbIM

108

Team Mame *inthe money

IND CCA o= *
weuk

vsh

Jeremy Howard

arec

E"\_..‘"\
i

W,
\‘7; \;--i



[ToHUMN pelleHnA

* [loncK seed-BepLUnH
e Kak-To naeHTudumnumnpoBatb HeboibLLOE KOIMYECTBO BEPLLUH
* BpyuHyto, BEPLUNHbBI BbICOKOMW CTEMEHM

* PacnpocTtpaHeHue

* ITepaTMBHO UCNO/Nb3YA YXKe NAEHTUDOULMNPOBAHHbIE BEPLUUHDI
PacnpoOCTPaHNUTb AeaHOHMMMU3ALUIO HA OCTa/ibHble

* KOCI/IHYCHaﬂ MEpPa CXOHKEeCTU mexay CoceaHNMU, ye
pasmeyeHHbIMKN BePLWLHNHAMMN.

* «JlocTaTo4yHO» NOXOXKMe CBA3bIBAIOTCA




[ToHUMN pelleHnA

* PacnpoctpaHeHune

* CHa4ya/la Ha BepLMHAX C BbICOKOW CTEMEHbIO, MOTOM aKLUEHT Ha
BEPLUMHAX U3 TECTOBOW BbIOOPKU

e JlocTaToO4YHaA NOXOXeCTb:
* XoTa 6bl 4(3) napbl coceaHnX BEPLUMH CBA3AHHbIX APYF C APYTrOM

e CxoactBo 6onblie yem 0.5

e CX0ACTBO MEXAY NYYLIUM U Cneayolnum 3a HAM
oT/InYyaeTca xoTa bbl Ha 0,2(HeT)

* MHoOXecTBeHHOe COOTBeTCTBME A0 3 KaHAMAATOB.




[leaHOHMMM3aUMA. AKTUBHAA aTakKa

MNpuHuun:

10 n3BneyeHma AaHHbIX CO34aTb CAyyYarHbIM rpad pasmepa ~2 logn, u
BCTPOUTbL B CETb.

100M nodes




MaTpuua Jlannaca
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Python 1 He ToNbKO

 http://current.cs.ucsb.edu/socialmodels/ - bBubanoTeKka ana nnuToHa
no co3aaHunto rpados

 https://networkx.github.io/ - 6Bubnnoteka NetworkX. MHoro yero
ymeeT

 http://gephi.org Gephi: Java nnatpopma ana susyanusaymu.



http://current.cs.ucsb.edu/socialmodels/
https://networkx.github.io/
http://gephi.org/

