Kak He nonacTbCs B CeTn?

Knaykosa Orbra,
akoHomu4eckuit pakyneTtet MI'Y nmenn M.B.JlomoHocoBa
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KOHTPOIb MHIPEKLIMOHHBIX 3aD0neBaHUN
[nature.com/scientific reports]

CLUA, ce30HHbIV rpunn (kaxablv rog HOBbI BUPYC...), 5-20% HaceneHus
eXerogHo

U.S. Centers for Disease Control and Prevention — nctopuyeckue koppensuum
Ha OCHOBE NabopaToPHO NOATBEPXKAEHHBIX CryvaeB — nar 1-2 Heenm

Google Flu Trends — nounckosble 3anpockl — nar B 1-2 AHs

* How densely connected does a society have to be in order to have an infection
reach a nontrivial fraction of its members?

 How does it depend on the particulars of the social network in place?
» How does this depend on the infectiousness of the disease?



CouwanbHble 1 3KOHOMUYECKINE CETU — rpadunyeckas
BM3yanun3auus B3aMMOAENCTBUIN MeXay PasniyHbIMK areHTamu:

* UIHOVBUAbI;
* PUPMbI;

TunnyHaga popmMa npeacTaBneHnd — rpad.



Uto Takoe rpadp?

['pad G = (V, E) — napa ABYX MHOXeCTB:
V' — MHOXeCTBO BepLUKH (vertex)
E ={e,, = (a,b):a,b € V} - MHOXeCTBO Nap BepLIMH — ayr, pebep (edge)

[TocnenoBaTtenbLHOCTL AYr rpaga — nyTb, ECAN HAYaNo KaXaou nocneayoLwen oyru
COBMadaeT C KOHLUOM npeablayLen.

HarpyxeHHbIV rpady: kaxaoun gyre e € E nocTaBneHo B COOTBETCTBUE YUCIIO
w(a, b) (Bec fyrw).

[lnnHa NyT1 — CyMMa BECOB BXOAALLMX B NMyTb OYT.
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XapakTepucTUKK rpada

KomnoHeHTa CBA3HOCTM 3TO noarpad, y KOTOpOro Bce BEPLLMHBI UMET NyTb 10
ntboM Apyron BEPLLNHbI KOMMOHEHTbI.

CTeneHb BEPLIMHbI — KONMYECTBO PEDEP, MPUMBIKAIOLLMX K BEPLUMHE.

KpaTyauium nyTb Mexay napow BEPLUNH — NYyTb MUHUMANbHOW ANWHBI MeXay
napoun BepPLUKH.

Facebook — cpegHsa anunHa kpaTyaunwero nytn = 4,57 (Teopus 6-Tu
pyKonoxatuu).




MaTpuia cMeXHOCTH

[1aH HeopueHTUpoBaHHbI rpad G = (V, E).
[lycTb MHOXECTBO BepwuH V = {1, 2, ..., n}.

MaTpuua pasmepan X n: M = {m;;} = {

1 1
1 O
0 1
0 O
1 1
0 O

1, if (i,j) €EE
0, if(i,j) ¢ E
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XapaKkTepucTuku rpada; «BaXHOCTb» BEPLLMHDI

Centrality = BaXHOCTb, LeHTPaSIbHOCTb.

LieHTpanbHOCTL rpada:

* N0 cTeneHun BepwuHbl (degree centrality);

* 110 KpaTyanwemy nytu (betweenness centrality);

* N0 cOBCTBEHHOMY 3Ha4eHuIo (eigenvalue centrality).



Pucci

VicTopryecknn npumep
[Padgett and Ansell, 1993]

BepLunHbl — UTanbsaHCKMe S
apucTokpaTuyeckne ceMbn GrnopeHLmu
B Hayane XV Beka.

[Lamberteschi

[lyra: Be CeMby COeaNHEHb! Castellan S
OTPE3KOM, €CTI OHW CBS3aHbI APYT C

Opyrom nocpeacteom bpavyHoro coasa. Albizzi O,

Ginon

Harbadon

Kakasa n3 cemen 3asoesana BnacTtb B
ropoge v noyemy?

Acciaiuoh

Salviati

Pazzi



CeTeBble «MPUYMHBI» MOrYLLIECTBA

KoadhdmumeHT LeHTpansHocTH (betweenness centrality) BepLumnHbl k.

n " I

P - 1 Pk(l,])

k=7 — ' —

n—1)(n—-2)/2 e P(i,j)
kel{i,j}

P(i,j) —4MCno KpaTyanwmx nyTen Mexay BepLUnHaMu i u j

P, (i, j) —41cno kpatyaniumx nyTen mexay BepLMHamm i 1 j, NPOXOASILLMX
yepes BepLlnHy k



CeTeBble «NPUYMHBI» MOTYLLECTBA

= KO3 DULMEHT LIeHTPasIbHOCTU — CTENEHb BUSAHWUSA OJHOWN CEMbW Hag
OPYTUMU.

KoahapuumeHT LeHTpansHocth cembi Meauum paseH 0.522: Meauun nexar Ha
Oonee Yem NOMNOBKHE KpaTyanLmMX NyTen Mexay Bcemu ApyruMu ceMbsimu!

brivxkanwmn KoHkypeHT Meaunuu - cembs ['agaHbm, U ee KoadhduuneHT
LleHTpansHocTh paBeH 0.255.

B cpegHem, 10T nokasarens paseH 0.074.



The Diffusion of Microfinance, Banerjee, Duflo, Jackson, 2013

Kak pacnpocTpaHaThb nonesHyo nHdopmauuio B ceTi, YToObl Hanbonbllee
YyMCOo NKOen MOrno e BOCnonb30BaTbecA?

* CETEBble XapaKTEPUCTVKL NEPBOrO MHAMBMAA, MONYYaoLLEro MHAOPMALIO;

* nHaMBKUL Bonee BEPOATHO Y3HAET O NPOAYKTe, ecni bosbLIee YUCo ero
Opy3en MOXeT eMy 0 HEM paccKasart;

* pelueHne 06 Ncnonb3oBaHUK NPOAYKTa MHPOPMUPOBAHHBIM UHAMBUAOM
3aBUCUT OT aHAmNOMMYHbIX peLleHn ero apysen.



/5 nepeBeHb, KapHaTaka, toro-3anagHas MHams, = 46 KM Mexay AepeBHAMU,
NOX0XKMe Mo Aemorpauyecknm nokasartensim

Bharatha Swamukti Samsthe (BSS) — mukpodrHaHcoBas opraHu3aums

Social network data along 12 dimensions:
* names of those who visit the respondent's ~ whom the respondent would borrow

home, material goods (kerosene, rice, etc.), those
 those whose homes the respondent visits,  to whom the respondent would lend
* kin in the village, material goods,
* nonrelatives with whom the respondent  « those from whom the respondent gets
socializes, advice, those to whom the respondent
« those from whom the respondent receives  gives advice,
medical advice, * those with whom the respondent goes to
« those from whom the respondent would pray (at a temple, church, or mosque)

borrow money, those to whom the
respondent would lend money, those from



A B information is passed on by leaders; leadership C
Leaders are nformed and make a decision on parficipation. participation affects probability of information sharing. Newly informed nodes make a decision on participation.
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qp — BEPOATHOCTb NONYYNTb MHADOPMALIMIO, ECNI pacCKasbIBaET «coceny,
PELUMBLUMKM UCMONb30BaTb MHGOPMALMIO

qy — BEPOSATHOCTb MONYYNUTL MHAPOPMALIMIO, ECINN pacCKa3bIBaeT «COCEnY,
pelwmBLLnA HE ncnone3osath MHoOpMaLMIO

OugeHKa gy, gp CUMYMSILIMEN MO CETU NO COOTBETCTBUIO peanbHbIM
napameTpam:

» share of leaders who participate in microfinance;
« share of households with no participating neighbors that participate;

» share of households in the neighborhood of a participating leader that
participate;

» share of households in the neighborhood of a nonparticipating leader that
participate.




N P

q q

0.050 (0.01) 0.350 (0.124)

* gp W g, 3HAYMMO pa3nnyatoTCs;
* BaXKHa nepenaya nHpopmaumnm HEyyacTHrkamu;
* HeT ocobon ponu nuaepa (!) B cMbicne BEPOATHOCTEN.



Kak e BblbpaTb nuaepa?

Y Hac eCTb OLUEHKN g, gp W COLMAnbHas CeTb — NOCTaBKUM B COOTBETCTBME
i-O/ BEPLUMHE JO0S0 AOMOXO03ANCTB, KOTOPbIE CTanu bbl y4acTHUKaMK, ecnn Obl
i-asi BepLmMHa bbina nuaepom (eauHCTBEHHOWN NPOUHMOPMUPOBAHHON)

— communication centrality

IMnupudeckn, communication centrality 3Ha4mo 1 NONOXUTENBHO BNUSET Ha
00N JOMOX035M1CTB, CTaBLUMX YYaCTHUKAMM.

Koppenauus ¢ octanbHbIMWM Mepami LEHTPanbHOCTM He 3HaYMMa.



Hndapysna yero mogenupyetca?

* [lpnHATNE HOBBIX TEXHOMOMMIA 1 NPOAYKTOB (Modens bacca)
Tucker, 2008: pacnpocTpaHeHe HOBOW TEXHOMOMMK BUAE0-coobLLeHnn B baHke ¢ 2118
COTPYAHUKaMK; 6onbLniA AdEKT, €CNN HOBYIO TEXHOOMI UCMONb3YeT UNK
(OpMarbHbIN HAaYanbHKK, U HedopmanbHbIA Nnaep.

e [lonutnyeckne naeu

Huckfeldt, Sprague, 1995: South Bend, Indiana, Bbibopbl 1984; bonbluas BEPOSTHOCTD,
YTO «COCEAN» NO rpady UMEIDT CXOXEE NONMUTUYECKOE MUPOBO33PEHNE.

» OMHaHCOBasA HEYCTOMYNBOCTb
Elliott, Golub, Jackson, 2014: BeposiTHOCTb BaHKPOTCTBA KOMMaHUK A 3aBUCKUT OT:
CTENeHn MHTerpaLnn: kakast 409 akTMBOB KOMNaHU A HaX0aMTCS! B
COBCTBEHHOCTY APYrnX KOMMaHWUN?
CTeneHn amBepcudmkaLmn: B COBCTBEHHOCTY CKONbKUX APYrMX KOMMaHWUN
HaXoAATCA akTUBbI KOMNaHum A?



Hndapy3na yero mogenupyetca?

Bcero, 4to aywa noxenaer, Obiny Obl AaHHbIE:

» Christakis, Fowler, 2007: obesity levels — 12067 yenosek B CLLUA ¢ 1971 no
2003 rog; a person’s chances of becoming obese increased by 57% if he or she
had a friend who became obese.

* Glaeser, Sacerdote, Scheinkman, 1996: cross-city variance in crime rates in the
U.S.

 Bearman, Moody, Stovel, 2004: romantic connections in high-school.



HepaBEHCTBO 1 XapaKTEPUCTUMKM CETU: PbIHOK TpyAa

dopmarbHbIn vS. HedhopmanbHbIN NOUCK PaboThl:

* 15% 6e3pabotHbix B 1970 r. uwet paboTy Yyepes apysemn 1 poACTBEHHUKOB,
23% B 1992 (Bradshaw, 1973; Ports,1993);

* [OJI BapbnpyrOTCA B 3aBUCUMOCTK OT COL.-AEM. XaPaKTePUCTUK NHOUBUOOB,

* 30-60% ntogen paboTatoT No pekoOMeHAALMAM APY3en N POACTBEHHUKOB
(Bewley, 1999) — pexe yxoasT v gonbLie paboTatoT, a Npo 3apnnarhbl —
HEesACHO (CTapToBasl Bhlille, a Aanbliue pocT MeaJieHHee).

CBs13b He(bopmarbHOro noucka paboTsl M HEPABEHCTBA B 3apnnarax u
3aHATOCTY Ha pblHKe Tpyaa?

— Calvo-Armegnol, Jackson (2002; 2003)



3HaeM CTPYKTYPY CYLLECTBYIOLLErO coLuuanbHOro rpada u
N3y4aeMm ero xapakTepUCTUKM

VS.
Mopenupyem opmmpoBaHme CTPYKTYpbI coLmManbHoro rpada



CnyyanHble rpadosl [Erdos, Rényi, 1959-1961]

[lycTb MHOXECTBO BepwuH V = {1, 2, ..., n}.
BeposTHocTb nosieneHus pebdpa (i,j) paBHa 0 < p < 1.
[NosiBneHne pebpa — He3aBMUCUMO OT ApYrux pebep.

— buHOMManbLHasa Modens.

(1- p)3 p(1—p)? p?(1—p)

LA




CnyyanHble rpadosl [Erdos, Rényi, 1959-1961]

[Ina noboro cnyvanHoro rpaa BEPOATHOCTb TOr0, YTO Y Hero byaeT m pebep

Npn n BEPLUNHAX.:
n(n-1)

p"-(1-p) 2

CreneHb BEPLIMHbLI B CNy4YanHOM rpade (BEPOSTHOCTb TOro, YTO BEPLUMHA
OyoeT umeTh cTeneHb = d):

Clq,-pt-Q1—p) % > 277
n — OO

p—0



CnyyanHble rpadosl [Erdos, Rényi, 1959-1961]

CreneHb BepLUMHbI B CIy4anHoM rpade (BEPOSTHOCTb TOrO, YTO BEPLLUMHA
Oyoet UMeTh CcTeneHb = d):

p—(n-1p ((n - 1)p)d
d!

[IyaccoH!

e, -pt-(1—p)n 1 —
n — oo

p—0

B npepene, npu n — oo, cOBNaAaeT C [0Mneil BEpLUUH, UMEIOLLIMX cTeneHb d.

00O



CnyyanHble rpadosl [Erdos, Rényi, 1959-1961]
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CnyyanHble rpadosl [Erdos, Rényi, 1959-1961]

n =50,p = 0.08
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OKOHOMMYeckas moaenb apyxosbl, [M. Jackson, 2010]

1. National Longitudinal Survey of Adolescent Health
(1994 - ...): 90 000 high school students n3 CLLUA

2. VHOvBMAabl MMELOT pasnnyHble TUMbI:
* BO3pacT
* paca
* NOJI
* BepoucrnosenaHne
* npoeccus






Ethnicity of Students
Percent of Friends | White Black Hispanic Others
by Ethnicity: n=131 n=9% n=13 n=15
=51 %=38  %=bH 70=06

White 85 7 47 74
Black 4 85 46 11
Hispanic 4 6 2 4
Others 7 2 5 11

OrpomMHoe cmeLLeHne B CTOPOHY CBOErO Tuna Ans Tunos «white» n «blacky»
— romogounng (homophily)



OKOHOMMYECKast Moaenb ApYXObl
[M. Jackson, 2010]

1. bonbLiune rpynnbsl GopMUPYIOT OOMbLLE BHYTPUIPYMMNOBbLIX CBA3EN U
MEHbLLIE MeXrpynnoBbIX CBA3eW [KON-BO Ayr Mexay BepLIMHamu
OHOro/pa3nnMyHoro LBeTaj

2. bonblimne rpynnbl dopmmpytoT bonbLue CBS3eN Ha OQHOMO YneHa
rpynnel (8 NPOTMB 6) [KON-BO AYr, BXOAALMX B BEPLUUHY]



Mopenb bapabatun — Anbbept, 1999

be3amaclitabHasg ceTb:
* MYCTb CETb HAYMHAETCA C My = 2 BEPLUMH, CTENEHb Kaxaou He MeHbLe 1;

* KaXabli MOMEHT BPEMEHU B CETb nobaensieTcs HoBas BEPLLUNHA,

COEQMHAETCS C i-OM CYyLLEeCTBYOLLEN Bep;{LUMHoPl C BEPOATHOCTbLIO
i

roe k; — CTeneHb -0/ BEPLUMHbI.

= HOBbI€ BEPLUNHbI UMEIOT «MPEANOYTEHNEY COEMHATLCS C Hanbonee
LieHTpanbHbIMX BEPLLHAMM.
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JInTepatypa
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