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uchuusuuLh cCLIKULNR® PLNNMIUGHPL

fBtdwjh wpnhwlwunyeyniup

dbipoht wwphubpht wbnGluwwnjwlwu wbuunnghwubiph pnint quipqugnuip
dwutwgbwnubpht wpwdwnpb) £ quugudwihu wndyuiutp b hwodwpyuwht pwjwpuwp
ntuntpuutip wyn wndjuiubph Jowydwu b Jbpndnipjwu hwdwp: 2qwihnpbu wbbk) Gu
uwl  ppwlwu gwugbph  swihbpp  hwutbing  dhyhntwynp Ywd  dhyphwpnwynp
gwquwpEutph UL UYnnbph: Ldwu dJ&& pynd dhwynpubph  hbin  woluwwnbint
wuhpwdtipninieniup funpwwbiu tnfubi § gpwdutiph hbinwgnindwu dninbkignudubinp:

Swugp ququpubph hwjwpwdnt £, npnup dhdjuwug hbwn Yuwyws Gu nwppbp
hwunynipniuutipny odinyws Ynntipny: Pwpn gwugbipp gpwdubtiph Yud gwugbiph nbuwl
Gu, npnup odwnjwd GU ny wphyphw| wnnwninghwlwu hwwnlwupoubpnd, npnup h
wmwppbipngyntt. wwpg gpwdubinh, hhduwlwund hwunhwynw Gu hpwlwu wotuwphh
thnfuwgnbignipjniuiipp  dnnjwynpnn gwugbipnud:  Pwpn gwugbph  ophuwy  Gu
unghwjwlwu, wbluuninghwlwu, wbntlwunjwlwu b YEuuwpwuwlywu gwugkipp,
npnugnd  bwywunpbt  juwwdnd £ ng wphdhw)  wnyninghwlwu  Yunnigdwdp'
wuhwdwubin  quqwpwiht wuwmhdwuubph pwofunw, hwdwjupwjhy b hhGpwpfupy
Ywnnigwdp, huswbu twl ququpubph dholt n's Yuwuwwpbwwbu Yuunuwynp, n's
wdpnnonyht wwwwhwwu Yuwwbp: Pwpn gwugbph nwnwuwuhpnwp Gphunwuwpn
ghnwlwu ninnngniu £, npp qupgqugdwup  fupwub] U hwdwywpgswhu L
unghwjwlwu gwugbiph nwnwiuwuhpnuip:

Ppwlwu wofuwphh pwpn gwugbpp wwpniwwynw btu ququeubph pwpluywsd
fudpwynpnuiubn’ hwdwjupubip, npnup hpbug hwdwjuph ubpund niubu wybh fupn
thntuwgnbignigniuutip  pwtu gwugh duwgwdé wy hwdwjupubtiph hbtwn: Swugbpnud
hwdwjupubph  nwnwWuwuphpndp  niuh  pwqdwphy  Yhpwnniegnuubp  wwppbp
ninpunubipnud, huswhupp Gu hwdwlwpgswihtu ghwnyeniup, dbpbuwjwywu nwnignudp,
pdoynipniup, YGUuwpwunyegniup W unghninghwt:  <wdwjupubiph  hwjnuwpbpdwu
uywwwlu £ gwugbpnu guub| fuhin thnfuwgnbgnieniuutipny odinjwd qugueubph
fudpwynpnuiubin®:

uwywd upwu, np gpwywunyeywu db9 wnlw Gu hwdwjuputiph hwynuwpbpdwu
pwquwphy dninbignuiubp W wignphpdutn, npwug quwhwwnwp dunwd £ pwpn fuunhn,
pwuh np wwppbp gwugbiph hwdwp uwnwgynd Gu  wwppbp  wprynipubp: Un
wwwbwnny nppnnd nbin Juu  pwqdwpehy pwg  fuunhpubp: Npng  nbwpbpnid

'S, Fortunato and D. Hric, "Community detection in networks: A user guide," Physics
Reports, vol. 659, no. 11, pp. 1-44, 2016.
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hwdwjupubph hwjntuwpbpdwu 2w dninbignwubp Yupnn Bu hwonnbi, dhusnbin wy
ntwpbpnud  wignpppedutipp - Yupnn U Gwhunndt] - hwgwplught - pupnnuejul
wwwbwnny: Wuwhuny, Ywpunp futnhp £ nwnwuwuppbp wju hpwyhtwyubpp, tpp
hwdwjupubiph hwjnuwptipnwip Yupnn § ndyb) wpryniuwybinnptu Yud hu$npdwghnu-
wnbiuwywunpbu:

Lwdwjupubiph hwynuwpbipdwu wignphpdubiph dhongny unwgywd hwdwjupwihu
Ywnnigywdpubiph quwhwwdwu hwdwp Ywpunp £ npwug nwnwuwuhpnudp tiwpptip
wbuwyh  gwugbph  Jpw, ogquwgnpdtiny  hwdwjupubph U hwdwjupwjht
Yunnigywdpubiph quwhwundwtu b hwdbdwwndwu ubippht W wpwwpht swihbn:

Cwywuwywuwihu guugtiph dnnbjubpp Ywd ywwnwhwlwu gpwdubpp Yupnn Gu
ognwgnndyly  hpwlwu guwugbpp  dnnbGwynpbine W fuunhpubph  pwpnngniup
quwhwwbint hwdwp, Ywd unbndbnt gwugbp' npunbn hpwlwt  hwdwjiupwjhtu

Ywnnigywdépp hwjnuh E: dbpohtu  huwpwynpniginiu £ wnwijhu  hwulwuwing, pb
nppwuny Lt dnnbip hwdwwywwwuluwund  ppwlwt ndjuiubphtu, b oww Jupunp &
hwdwjupubph  hwjnuwpbpdwt  fuunhpubpnd,  pwuh  np Yhpwnniypjuu  dby
pwywlwuwswih phs Gu gwugbpp, npuntin hpwlwu hwdwjupwiht unnigwdpp hwjnup
£ Mw, dwutwynpwwbu, hwjnuh dwpnwhpwdbp £ ded ndyuijubph  fuunhpubpnu,
npwntin huwpwynp sk npnab| Yjwuwnbpubph npwyp defuwupynpbu:

Lwdwjupubiph  hwjnuwpbpdwt  pwpép  wpryniuwybnnyejudp  wignphpdubn
npnutithu, npnup YYwpnnwuwt hwjnuwpbipb) «6hoin»  hwdwjupubp Yuwd hwdbdwnbg
npywd  hwdwjupwiht - Yunnigywdpp  hpwywt  hwdwjupwiht Ywnnigwdph hbw,
ogunwgnpdynd  Bu  wwpptip  hwdbdwwndwtu  swihbip: Wu  ninpond hudnpdwghnu
wbuwlywu swihtipp hhduwpwp wbn GBu qpunbgunid U dbpoht wwphubiphu  Jbkd
htwnwppppnieniu U wnwowgpb) hpbug nidtin dwpbdwunhlwlwu hhdph W ny géwjhu
udwunipyniuutiph hwjnuwptpdwu niuwyngyniuuiph o2unphhy: UWunwwdbuwuhy, puwn
wmwppbp  hbnpuwlubph  wunnwubpph?, hwjwnup hubnpdwghnu nbuwlwu  swibpp,
huswhuphp &u  ophtwy' unpdwynpdwd  nfuwnwpsd  hudnpdwghwu  (NMI) L
hudnpdwghwjh thnihnfuneyniup (VI), hnwwih Jupp s6u npubinpnui®, pwuh np npuup
Ywiunw nibu guugnud ququpeutiph b hwdwjupubph pwuwyhg: UWn Ynunbpuwnnid

ZN. X. Vinh, J. Epps and J. Bailey, "Information Theoretic Measures for Clusterings
Comparison: Variants, Properties, Normalization and Correction for Chance," The Journal
of Machine Learning Research, vol. 11, pp. 2837-2854, 2010.

* A. Amelio and C. Pizzuti, "Is Normalized Mutual Information a Fair Measure for Comparing
Community Detection Methods?," in Proceedings of the 2015 IEEE/ACM International
Conference on Advances in Social Networks Analysis and Mining, Paris, France, 2015.
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Yuwplnp £ thnpdwpyb) npwug Yuunwpnnwwup, hwpnuwpbpbine wiu nbwpbpp, tpp
uinwgyntd b utuw] wpryniuptbp b wnwowpytip wnw swihtiph dlwihnfunyeyniuutip Yud
wjpuinpwupubp, npnup Yepwofuwdnptu wybih d2gphin hwdbdwnnigyniuubn:
Lwdwjupubiph  hwjnuwpbpdwu dnnbgnuiubipp ubpdndyt] Bu pwgqdwpehy  wy)
ghwnwlwu ninnipyniup, npnughg  dbyp  funphpnuwwnjulywu  hwdwlwnpgbpu Gu:
unphpnuwndwlwu hwdwlhwpgp hubnpdwghwih npnudwu hwdwwnpgh wbuwy E, npp
Ywufuwgnpwlnw £ ogunwwnbipbiph bwupuwpnuygniuubpt wnwplwubph Jepwpbpjw’
uywwwly  nubuwind  unbndtp  wuhwwnwlwuwgwd  funphpnuwnynie)niuutn:

Funphpnwwndwlwu  hwdwlwpgbph  ogquwgnpdnwip  pwqdwehy puybipniegniutbpht
huwpwynpnipniu £ wnygbp wybjwgub Glwdnunubipp, oquwwnbiptiph gnhnituwynie)niup,
huswbu  twl  wynhjwgul] wuhwwnwywuwgnd U oguwwbpbph  hwdwp  unp
hubnpdwghwih pwgwhwjnnu: Pnjwunwynigjwu ypw hhdugws b hwdwgnpdwlyguwihu
$hiinpdwu  dbpennubpt - wnwdbk)  hwjinuh  dninbgnwiubpt Gu funphpnwwnduywu
hwdwlwnpgbpnul, npnup Ywufuwgnpwynd Bu oguwwnbpbph Uwfupuwnpnieniuubpp’
hpdugytiiny  hwdwlwpgnwd  wnlw  ogquwwbptph L wnwplywubph  dhole
hwdwgnpdwlygwihu wyjwiubph Ypw:

Uwlwiu, wnlw  funphpnwunjwlwu  dnwnbgnwiubpu  niubu npnawlp
pbipnyeniutin, huswhuhp Gu unup wnduubph hbn wotuwnbint nddwpniegniuutipp,
dtdwéwyw| wyjwiubph nbwpnud hwoynnulwu pwpnnieniup, npnup uwhdwuwthwynid
Gu  npwug oquwgnpdnudp  npn2 - Yhpwnnipniiutipnd: - Unwhuh nbiwpbpnd
hwdwjupubiph  hwjwnuwpbpdwu dbennubph Yhpwnnwp hGnwulwpwihu k, pwuh np
npwug dhongny huwpwynp £ pwpbijwyti funphpnwwndnyeniuubp  hpwlwuwgubint
gnpdpupwgh wpryniuwytinnyeniup b funphpnwwnynigyntuubiph 6agpunnieyniup:

Lhnwqgnuinieyut twywwwlu ni juunhpubpp

Uwnbuwfununipjuwt  hhduwlwt  uwywwwlyu Ep wnwowpytp  ghnwywunpbiu
hphduwdnpyws  dnuinbignud  hwdwjupubph hwjnuwpbpdwt  wignpppdubphu L
guwhwwndwu swihbpht npn2 Yhpwnnieniuubipnid:

Wn uwywwwyny wnwohtu  fuunhpt  Ep nwnwuwuhplp  hwdwjupubph
hwjinuwpbpdwtu wnlw dninbigndubpp W wignphpdubipp, hGunwgnub) hwdwjupubph L
hwdwjupwihu Yunnigwdpubph quwhwwdwu ubppht b wpwwpht wnlw swihbpp'
hwdbdwwbiny npwup  wwppbp  wbuwyph npp b dG&  ppwywt  pwpn L
wphbunwywunpbit unwgywsd guugtiph oguwagnpddwdp:

Lwonpn.  fuunhpt tp wnwowplytip  unp  dnubgnwiutip  hwdwjupubiph
hwjinuwpbipdwtu  wignpppdubph  hwdbdwndwtu b oguwgnpddwt  hwdwp  npnY
Yhpwnnigyniuubpnud:



dbpowwbiu fuunhp tp npdbp nwnwiuwuppb) hwdwjupubiph  hwpnuwpbpdwu b
funphpnwindwywu  hwdwlwpgbph huwpwynp  thnfulwwwlygywsdnipniup, uwwwnwl
htnwwuntiny wnwownpytii wytih wpryniwwytin funphpnunywlwu dninbgnuiubin:

Lhwmwgnndwi opykljinp

Uwnbuwfununipjut  dbe  htwnwgnuytp Gu  pwpn  gwugbpp, wwwnwhwlwu
gpwdubiph dnnbjubpp, hwdwjupubph  hwjntuwpbpdwtu  hhduwwt  wignphpdutipp,
hwdwjupubiph W hwdwjupwihtu Yunnigwsdpubiph quwhwwdwu b hwdbdwwndwu ubipphu
W wpwwpht swihbpp b hupnpdwghnu wbuwlwtu swihbipp: Aunwiuwuppyt) £ uwb
hwdwjupubiph hwjnuwpbpdwu  dnnbgnuiubph ubpwnnwp  funphpnundwywu
hwdwywpgbph npn2 Yhpwnnigyniuutipnid:

Lhwnmwgnndwy dEpnnubkpp

Uwnbuwfununipjwt  opowtwlubtipnd  Yhpwnytp Gu  hwjwuwlwunyeniiutiph
wbunipjut, hubnpdwghwih  wbunyejwu, gwugbph wbunppjwu U Ywunbpwhu
gtipinwnipjwu hhduwpwp dbpnnubipp: Pnpdwpwpwlwu hbnwgnunniegniuubiph hwdwn
ogunwgnpdyty Bu R UL Python Spwgpwynpdwt |Ggniubpp W npwug' gwugbph
hGnwgnuniggwu b Juuwmbpwht Jbppndnipjwu hwdwp bwfuwnbugwd
gpwnwpwubpp: funponp  gwugbpnud  hwoynnuwu  d&d  pwpnnpinit wwhwugnn
hGnwgnungniuuiph - hwdwp  oguwgnpdyty £ «OSIRIM» - giphwdwwnghsp
(http://osirim.irit.fr/site/):

Lhnwqgnuinipyu ghnwlwu unpnypp

1. Unwowpldty £ x? - wwpwdhunypjuwu Jpw hhdudwd unp hudpnpdwghnu
wnbuwlwu swih hwdwjupwiht Yunnigwdpubph hwdbdwwdwu hwdwp, npp
gpwlwuntgjwu dbie wnlw swihbph hwdbidwwn niuh wnwybinyeniu:

2. Unwownyyti b hwdwjupubiph hwjntwpbpdwu dbpnnutph Jpw  hhdudwd
funphpnwwndwywt  dhowdwyp, npp  npn2  Yhpwnnieniiubipnd  niwwy  k
Ywuwwnbip funphpnwwnynieiniuubn, Gpp wy) funphpnundwywu dninbignuiubpp
dwfunnynu Gu:

Uwnwgyjwé wpryniupubph Yhpwnuwuw tywuwYnipyniup

Ywwwpdp bt hwdwjupubph hwpwnuwpbpdwu  wignphpdutiph  funpp
htitnwgnunigyntu b quwhwinnud ogunwgnpdtiiny hpwywu wofuwphh thnpp U dGd pwpn
U unnfuwuwnhy pinYy dnnbijh dhongny wphbutnwlwunpbu unwgywsd guugbin: Yhpwnyb
Gu  hwdwjupubph qUwhwwdwt' ubppht U hwdwjupwhu  Ywnnigdwdpubph
hwdbdwwndwu'  wpunwphtu  swihbp:  Unwgws  wpryniupubpp own Yupbnp B
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hwulwuwint, pb huswybu Gu wotuwwnnw wignphpdutpp, W np wignpphedu £ gbpwnwutih
npywd nbwpbpnud:

Funphpnwwnjwlwu hwdwlwpgbph Ynunbipuinnd hwdwjupubph hwjntuwpbpdw
dnuinbtignuiubiph  ogunwgnpddwdp  wnwowpywd U hpwhwuwgyws unp  dhowdwypp
Ywpnn £ Yppwndl) pwqiwphy npppuubpnd,  npnbn wy)  funphpnunduyw
dnuintignuubin wuognun Gu: Uhswdwyph  hpwlwuwgnwip Ywpnn £ ogquwugnpdyt
wnwppbp Yhpwnnipniiubpnud:

Lbkpnpnuip
UnbindJwd  funphpnuwunjwywu  dhowdwjpp  ubpnpwsd £ npwbtiu  gnpdhp
Cwjwunwuph  Uywnbdhwywu  Ghwnwhbnwgnunwywu  Yndwnunbipwht - Swugh
(www.asnet.am) Swnwjnipjniuubiph guuynid:
Muunywunipjuup ubplujugynn hhduwlwu npnypubpp
1. Unwownyyty Lt hwdwjupwiht  Ywnnigwdpubtiph  Ywd  Ywuwnbipubiph
hwdbdwwndwu hudnpdwghnt inbuwywu swih hhdudwsé y2- nmwpwdhwnipjwu
Upuws:
2. Unwownyyty £ hwdwjupubiph hwjnuwpbpdwu dnnbgnwiutiph ypw hhdujwé
unp funphpnuunywlwu dhowywyp b ubpyuwywgybp npw hpwywuwgnuip:
Uwpnpwghw
UwnbUwfununigjwt wpryniupubipp geynigyt Gu'

o «Lwdwlwpgswihu ghnnyeniuubp b mbnEyuwwnwlwu nbfuuninghwutbp
(CSIT 2017)» 11-pn. dhowqquihu ghwnwdnnnynwd, Gplwu, ubww. 25-29,
2017p.,

e  Edhy Upphuh 120 wdjwyhtu udhpdwd dhowgquiht ghwnwdnnnynid, Gplw,
dwy. 27 - hniu. 2, 2018p.,

e «Collaborative Technologies and Data Science in Smart City Applications
(CODASSCA)» dhowqqwihu ghunnwdnnnynud, Gplw, ubww. 12-15, 2018pe.

e «Science and Technology Convergence» $npnuinud, Gplwu, hnl. 12-13,
2018p.,

e L QUU hUMDP punhwuniyy ubdhuwpnd, Gplwu, 2019:

Spwwnwpwynudubpp
Uwnbuwfununipjut  hhduwlwt wpryniuptbpp hpwwwpwyybp Gu 7 ghnwlwu
wotuwwnieniuutipnd, npnup pYwpyywsd Gu ubindwgnph Ybpenud [1-7]:



Upuwwmwuph Yunnigjwdpp b swjwip

Uwnbuwfununigyniup  punlugwd £ ubpwdnipyniuhg, 4  gniuubiphg’  hpbug
wdthnipinwdubipny, Ggpwlwgnipniuhg, gpwlwunyejwu gwulhg' hp 104 hnnwiubpny:
Uwnbuwlununigjw punhwung dwqwip 109 ko' 19 wynwwyny b 26 wwwnybpubpny:

uchuusuuLeh <hUtLuuyut PNYULLUNRGE3NRLLE

UWpluwwnwuph  bbpwényeywiti dti9 hhduwynpyb) b wwnbuwlununipjut phdwh
wnpnhwywunejniup, ubpluwjwgyl) tu  hGnwgnungjwt twywunwyp b fuunhpubpp,
ghunwlwu  unpnypp, wwownwwunyRuup  ubpyuwjwgynn  hhduwywu npnypubipp,
hnwagnunejwu nbuwlwu b gnpduwlwu pwuwynipiniut:

Uwnbuwfununigywu  wnwghti  gffuntd uywpwagndl  Gu hwdwjupubph
hwjinuwptipdwt  hhduwywu  hwulwgngyniutbpp b gpwlwunygywu  dbe  wnlw
wpryntupubipp: <wwnniy htitnwgnngt [1] b ubpyuywgdb) £ hubnpdwghwih nbuniejwu
nbpp  hwdwjupubiph  hwywnuwpbpdwt  fuunhpubipnud:  Ppdl £ funphpnundwywu
hwdwlwpgbiph punhwunip Wupwghpp b Yuwp hwdwjupubiph hwjnuwpbpdwu hbn:

Pwdhu 1.1-nud wpyby £ pwpn gwugbiph hwdwnnin ufwpwghpp, duwybpuyb) £
hwdwjupubiph hwjnuwpbpdwu fuunph Yuwplnpnigyniup: Lepyuwjwgyb) £ gpulwuntgjwu
ubi9 wnlw wpryniupubiph hnwgnunnwp hwdwjupubph hwjnuwpbpdwu wignphedutiph
nwnwitwuhpdwt b hwdbdwundwt bpwpbinju:

Pwdhu 1.2-nud uwpwagpyti| Gu wwnwhwlwu gpwdutiph Yunnigdwt dnnbijubipp
U npwug Ywpunpnipyniup gwugtiph ghwiniejwu W hwdwjupubiph hwjwnuwpbpdwu db:

Pwdhu 1.3-mud ulwpwgnpdtp bt unnfuwuwnpy piny  dnnbp, npu hpbiuhg
ubpywjwgund £ hwdwjupwiht Yunnigwdpny odndwsd gwugtiph gbubpwunhy dnnk,
huwpwynpniginiu - wwny  unbindtp  ppwlwu  wpfuwphh  gwugbpht  udwu
wuuwhdwuwhwy pwuwynipjudp gwugbp' npwbu dnunpwiht wwpwdbnpbp nwing
gwugnuw ququpubph pwuwyp (N), hwdwjupubph pwuwyp (K), hwdwjupubipnid
ququpubph pwuwlyp (Nc,..,N¢,) W hwdwjupubpnd (W;;,i=j) L upwug dhol
Wyj,i # j) ququpubpp Ywwnn Ynnbph hwjwuwlwunygniuubiph dwwphgp (W): Lwl
ubpyuwjwgywsd bu unnfuwuwnhly piny dnnbiinud hwdwjupwiht wnnigwdpubinh nidtin,
dwutwyh b pny YyEpwlwugqudwtu  wwhwugubipp: Llwp 1-nd - wwwnybpws k
unnfuwuwnhly piny dnnkih dhongny untindywsé guug (50 ququwe, 5 hwdwjup), npintin
Wi =095, i = j WW; = 0.05, i # j:
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Lywp 1 - Unnfuwuwnhy piny dnnbijh dhongny uinbindywsd guugh ophtwly:

Pwdhu 1.4-md Slwybpwydt) Gu  hwdwjupubiph  hwpntwpbpdwu  Yupunp
hwulwgnigyniuubpp, Jdwutwynpwwbu, hwdwjupubph quwhwwndwu  $niuyghwutipp,
npnup huwpwynpnipinit G nmwihu dninwynp npnatine hwdwjupubiph npwyp:

Pwdhu 1.5-nid  ulwpwgpytp Gu  wwbbwfununigyuu  2powtiwlubipnid
ogunwgnndynn hwdwjupubph hwjwnuwpbpdwu  hhduwlwu dninbtignidubpp, npnup Gu
hhtpwptupy  Ywuwnbiphugh  wgndbpwwhy b pudwuwpwp  wignphpdubpp,  gwugh
dnnnujwnnipjut dwpuhdhqughwih hhdwt Ypw unbindjwsd Fast greedy L Multilevel
(Louvain), hubnpdwghnt wnbuwlwu Infomap, wwwwhwlwu pwjbtph Jpw hhdudwd
Walktrap, uwbtiywpw) wgnphpdutinphg Leading eigenvector-n,  yhdwlwgpwywu
dtfuwuhlwjhg Spinglass, gqpwdnud  Yhuwmpnuwlwu Ynnbph Jpw hhdugwsé Edge
betweenness U qwquwputph whwwlwynpdwu Ypw hhdujwsé Label propagation
wignphredutipp:

Pwdhu 1.6-p uppjws £ hudnpdwghwih nbunygjwu nbph hGnwgnuiniejwup
hwdwjupubiph hwynuwpbpdwu ninpuinud: LepYwjwgyws Gu hubnpdwghwih nbuniejwu
hpduwywtu  qunwthwpubipp,  swihbpp,  npwug  Yhpwnndp  hwdwjupwihu
Yuwnnigywdpubiph hwdbdwwndwu hwdwp: Ywplnpyt £ hwdwjupubph hwjnuwpbpdwu
dtio hubnpdwghnt-inbuwlwu swihbph pwdwpwpnwp dbinpphlwih, unpdwynpdwu b
hwunwwniu pwquihtu* hwwnynyeyniuubpht, huswbu twb ubpyuywgyb) £ wn swihbphp
ptipnyeniutbpp:

“N. X. Vinh, J. Epps and J. Bailey, "Information theoretic measures for clusterings

comparison: is a correction for chance necessary?," in ICML ‘09 Proceedings of the 26th

Annual International Conference on Machine Learning, Montreal, Quebec, Canada, 2009.
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Pwdhu 1.7-nud ubpyuwjwgyt) Gu hwdwjupwiht uwnnigywdpubiph qguwhwwndwu W
hwdbdwwndwt  hhduwywu ogunwgnpdynn ubppht L wpwwphtu  swihbpp, npnup
hphduwywunid ubpdmidyt Gu hupnpdwghwih nbunyejwu b Yflwunbpwhtu yepndnigywu
ninpinubiphg:

Pwdhu 1.8-mud  ulwpwgpdty bGu  funphpnpuunjwlwu  hwdwlwpgbph
Yuwquiwybipwdwu hhduwlwu dninbkignwiutipp:

Uwnbuwfununyggwu  Gpgpnpn - gjflunid  nwnwiuwuppdnwd,  quwhwwnynd L
hwibdwwynwd  GU  hwdwjupubiph  hwjwuwpbpdwt  wignpphpdubpp, oguwgnpdtiny
pwqiwwhuh ppwlywt wotuwphp thnpp b UGS pwpn, www unnfuwunhy piny dnnkip
dhongny wphbunwlwunpbt unwgywd gwugbin [2,3]:

Pwdhu 2.1-p udphpwd Lt dbpp Upwd hwdwjupubph  hwpnuwpbpdwu
wignpphpdutiph  wwppbip wbuwyh 1589 — 334,863 qwquwpe wwpniuwynn  hpwlwu
wotuwphh thnpp b 4GS pwpn gwugbiph® ypw hnpdwpyndubph uwpwgpdwup:
Uignphpdubiph  hwdbtdwwnnwp  hpwlywuwgyty £ quwhwwnbing gwugbipnid  npwug
hwjinuwpbipws  hwdwupwjht Ywnnigywdpubph  npwlyp, oguwgnpdting gwugh
dnnnijwnnip)niup, conductance b triangle participation ratio hwdwjuputiph quwhwwndwu
$nuyghwubipp, wpunwpht swihbphg unpdwynpqwd thnfuwnwpéd hudnpdwghwu (NMI),
hunpdwghwih thnihnfuniejwup (VI) b adjusted rand index-p: Upryntupnid unwgybig k, np
puwn dnnnijwpnipjwl gnigwuhoh Fast greedy U Louvain wignphpdubpp hwjnuwpbint) Gu
(wy npwyh hwdwplbp pnnp gwugbph Jpw:  Uwlwiu  wwppbip G npwig
hwjinuwpbipws hwdwjupubph pwuwlyutipp: Wuwhuny, Ywnpbih £ Ggpwlwgub), np Fast
greedy U Louvain wignphpdubpp hwjnuwpbpnud Gu phs pwuwyniejwdp, uwlwiu jwy
npwlyh hwdwjupwiht Yunnigwdpubip h tnwppbpnieniu duwgwsd wignphpdubiph, npnup
hpduwywund hwywnuwpbpnd Gu J6§ pYnY hwdwjupubp wwpniiwynn hwdwjupwihu
Ywnnigdwdpubp' thnpp dnnniywpnipjwdp: Cuwn conductance b triangle participation ratio
guwhwwndwu $niuyghwubiph, npnup pun mwppbip hinhuwyubph hwunhuwunw Gu wy
npwyh hwdwjupubph quwhwwdwt  $niuyghwubn, Fast greedy, Louvain, Leading
eigenvector W Label propagation wignphpdubtinh hwjntuwptipwé hwdwputipp niubt gwoén
conductance L Ubd triangle participation ratio, wynwhund' |wy npwly: NMI-h dhongny
unwgywsd wpryntupubipp gnyg Gu  wwihu, np snpu gwugbph Jpw hpwp udwu
hwdwjupwiht Ywnnigwdpubin Gu hwjinuwpbipt Infomap W Walktrap wignphpdutipp,
huy snpu wignphpedbiph gnygbp bint| Gu wdbuwudwup W pun NMI-h W VI-h:

5). Leskovec and R. Sosic, "SNAP: A General-Purpose Network Analysis and Graph-Mining
Library," ACM Transactions on Intelligent Systems and Technology (TIST), vol. 8, no. 1,
2016.
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Pwdhu 2.2-nud wignphpdutinp quwhwnyt) b hwdbdwnyb| Gu unnfuwuwnhly piny
dnntith dhongny wphbunwywunpbu unwgywsd guugbiph Ypw:

Unwoht thnynwd uwnbindyty Gu 200 ququpe U 4 UnyUwpwuwl ququp
wwpniuwynn  hwdwjupubipn 2000 gwugtip, npubn nhunwpydtp £ hwdwjupubiph
ubpund ququpubph hwdwwywwwuluwuwpwp unup (P, = 0.25) U fupn (P, = 0.75)
thnfuwgnbignipiniuutin: ®nihnfutiing hwdwjuputiph dholt Ynnbiph hwjwuwywunygyniup,
puwnn dnnnijupnijw gnigwuhoh quwhwwyt £ wignphpdutiph wluwwnwupp $hpuywd
hwjwuwywunyejwu  hwdwp  dhohuwgubting 1000 gwugbph  Ypw  unwgyuwd
wprynwuptbipp: - Upryniupnid uwnwgylyp k, np Spinglass, Louvain L Fast greedy
wignphpdubpp hwdwpubph ubpunw W unup W' fuhn ¢infuwgnbgnigniuubph nbwpnid,
wulwfu  hwdwjupubiph  Jdholt  UYnntiph  hwjwuwlwunyejutu  wpdbphg duwguwd
wignphpdutiph hwdbidwwn hwjnuwpbpnud U pwpdp dnnnywpnipjudp hwdwjupwihu
Ywnnigwéputip:

Gnypnpn  thnynwd - wignphedutipp  hwdbdwwnglp G pun hwjnuwpbpdwu
dwdwuwyh (hwoynnuywu dwdwuwly) wwppbp swihbph  wphbunwywu gwugkiph
ogunwgnnpddwdp: Pnpdwnpyndubph wpryniupnud wwpqyby £, np Spinglass L Edge
betweenness wignphpUubtinp duwgws wignpphpdubph hwdtidwwn hwpdwpwybin 6 d6d
gwugbipnid hwdwjupubip hwjnuwpbpbint hwdwp:

by dbpond wignphpdubpp hwdbdwwnydby Bu punn «ground-truth»-h, wju £ gug,
nph hpwywu hwdwjupwiht Yuwnnigwsépp hwynuh £ Unwhuh  gwugtip untindyb) tu
unnfuwuwhly piny dnnbh dhongny' wwwhndbing  hwdwjupubph  ubpund  Ynnbph
hwidbdwwnwpwnp  wdbih  d6d  hwjwuwlwunyginiu pwu  hwdwjupubph  dholu:
Oquwagnpdtiny  wyjnwhup 1000 udwuophuwl gwugbp, npwug Ypw Yhpwnbing
hwdwjupubph  hwjnuwpbpdwu  wignphpdutpp, hwdbdwwbin  jnipwpwtgniph
hwjnuwpbpwd hwdwjupwiht Yunnigwdpp ppwlwt Junnigywsdph htin b www
dhohuwgubiny pninp - wpryniupubpp, uwnwgytp £, np ppwlwupt wdbuwdnn
hwdwjupwihu Yunnigwdp hwjntwpbpnwd £ Walktrap wignphedp:

Udipnihbind unwgqws wpryniupubipp U ppwlywt U wphbunwywu gwugbiph
ypw, wnnwwy  1-nd ubpluywgynd £ wignphpedutiph wnwybingniuutpp L
ptipnueyntuubipp puin nwppbip Wwpwdbiwpbph:
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Unynwwy 1 - Ugnphpdubtiph wnwybnyejniuutipnp b phpnipniuutipp puwn twpptip

wwpwdbinpbiph:
< P =
2 [
g 5 5 | 3 3 - e 5z
° s .
= E ] 5 82 |3 ¢ g— c|g 3 E -
-2 = = =3 - o = o o «Q £ -
S = € c 2 3 | E g | S&|S=E E
= E - g = =~ 3 ~ E g€ o =
= ) 5 = S® | 3¢ e |3 F®E
) = = n S G - S £ = - 1o £
&, 2| 3 | 2 |g°|8% |EF[ES£+
= Z e | 2 - |FgF
ol ¥ ¢ = 5
Fast greedy + ++ ++ + + ++ +
Louvain ++ ++ ++ ++ ++ + ++
Infomap + ++ -- - -- - --
Walktrap - ++ - + -- + +
Leading + + ++ ++ + - +
eigenvector
Label ++ + + ++ -- ++ --
propagation
Spinglass -- «2[{[}.}» «éllw» «él{w» ++ -- ++
Edge -- «2qw» «zluu» «2qw» «2qw» «2qw» +
betweenness

Uwnbuwfununipywu Gppnpn qntbup udphpqwsd £ hupnpdwghwih nbunigjuu unp
dnintignuiubiph hbunwgnndwup hwdwjupwiht unnigywdpubph hwdbdwwndwu futnph
(ndwu uywwnwyny [4,5]:

Pwdhu 3.1-md  nhnwpyynd  Gu  f-rnwpwdhnniggniuubph huwpwynp
Yhpwnnigynitup  hwdwjupwiht - Ywnnigwépubiph  hwdtidwwdwu  hwdwp,  npnup
hubnpdwghwih wbunyejwu b hwjwuwywunyejwu nbuniejwu dbe dwnwjnw Gu npwbiu
wnwppbip hwjwuwywuwiht pwatunwdubiph hwdbdwndwt swihbin:

Pwdhu 3.2-md uwfunpn  pwdunWd  unwgywd hwwnynyeyniuubphg  Glubing
wnwownplynwd £ dnnhdhlugywsd x? —nmwpwdhunniygniu:

Uwhdwund. bpynt  hwdwjupwihu  Yunnigqwdpubph' X = (%, x5, ..,xy)-h L Y =
1, Y2, - ¥n)-h dholt dnnhdhlwgywd y2-nwpwdhunnigniup uwhdwugnid §

2(Pyy Il PxPy) 5, L@y
X,y
MD (X, v) =1 -2 XV g PPy
Kmax Kmax — 1
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npintin Pyy, Px, U Py-p X-h L Y-h hwdwwwuwufuwuwpwp hwdwwnbn b Ggpwjhu
hwjwuwywuwiht pwafunwubip Gu, huly Kpe, = max{Ky, Ky}-p X U Y hwdwjupwjhu
Yunnigywdpubipnid hwdwjupubiph pwuwyh dGdwagnyu wpdtpp:

Uwwgnigyly £ pbinpbd, pun nph  dnnh$hlwgws  y2-nmwpwdhuniyeniup
pwwpwpnw £ dGnphlwih pninp hwnynigyniuubipht,  pwguwnnigjudp  Gnwtlyjwu
wuhwywuwpdwup, U unpdwynpwd swih B punniubing wpdbpubn [0,1] dhowlwpnid:

Pnpdwpynwubiph dhongny unnigyly b wlb npw pwdwpwpnuip’ hwunwnntu
pwqwiht  hwwynyuup:  Unbndtiny  pwquiwehy wphbunwlywu  wwwnwhwlwu
thnthnfuwwuubp, npnup Ywpbh £ nhunwpyt) npwbu hwdwjupwiht Yunnigwdpubn,
hwibdwunyb] Gu tnwppbp pwuwynipjwdp ququputpny b hwdwjupubpng  wybkih pwu
100,000 gwugtip: Nwnwitwuhpnipiniiubipp gnyg Gu wnygbi, np h mwppbipnyggntu wjunpbu
Yhpwndnn  unpdwynpwd  hupnpdwghwih  thnthnfunigpuwu b unpdwynpquwd
hupnpdwghnu hbnwdnpnipjwu, dnnhdhlugdws y2-nwpwdhwnnyginiup sniuh Ywiunw
gwugnul hwdwjupubiph pwuwyhg U Ywpnn £ ogunwgnpdytiiy wjuwhuh nbwptipnid, tipp
gwugbpnud ququputiph pwuwyp hwdtdwwnwpwp thnpp £ hwdwjuputiph pwuwlhg:

Qwipbpp  twb  hwdbdwwyt] U unnfuwuwnhly  pnYy  dnnbh  dhongny
wnhbumwywunpbu unbndJwsd  gwugbpnut' wignhphpdubph hwjnuwpbpwd
hwdwjupwiht  Yuwnnigwdpubpp  hpwlwt  hwdwjupwiht  Yunnigwdpubph  htwn
hwdbdwwnbny:

Uwnbuwfununipjwt  snppnpn qiunid wnwowplynd £ hwdwjupubiph
hwjinuwptipdwu dnwnbgnuwiutiph ypw hhduwd funphpnwundulywu dhowdwin, npp wyg
Udnintignuiubiph hwdbtidwwn niuh wnwybnyegniuttin npn2 Yhpwnnigyniuubpnud [6,7]:

Pwdhu 4.1-md ubpyuywgywsd Gu funphpnunuwlwu hwdwlwpgbpnd wnlw
dninbgnudubpp, wju ' pnduunwyngiut Jpw hpdudwd b hwdwgnpdwlguwhtu
$hwpdwu  dbennubtpp, npnup dwdwuwlwyhg funphpnuunyjwlwu  hwdwlwpgbph
hhduwywu pwnwnphs Jwut Gu:

Pwdhu 4.2-nud Ubpluywgynud £ wnwownpyynn dhowdwiph hpwlwuwgdwu hhug
hhduwywt pwjbpp (nbu. uwp 2):

Pwdhu 4.3-md ujwpwgpjws b wnwowpyyws funphpnuinuywu dhowywph
hpwlwuwgnuwp (nbu. ulwnp 3):

Pwdhu 4.4-md uywpwgnpynd t dhowduwiph thnpdwpynwip ophtwyh Ypw,
dwutwynpwwbu,  hwpgwowph  dhongny  nhdnpnubpht dwutwghwniegniuttbp
wnwewnpytint defuwuhqip b wphbunwywu wdjuubph ogunnwgnpddwdp gnyg £ wipygnid
npw hpwgnpdnuwip:
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PunueLugnphsubiph npnznwd

L 2

]
S

( Pl g juupny guitgh )
L Ljwnnigntid )
[ Ugnphpop pwpnud |
- '
Swiugh pwnpdwgnud unp
ognwnEpny

k ¥

( Zwidwjugubph hwpumtwpbpnud L

L funphpnny nia)ni J

Llwp 2 - Uhgwyuwjph hpwlwlwgdwt pwybpp:

Ground-truth
user

Database MySGL Cosine similarity
st Av— P ——
Defining Datasat Comparing
8 g
features collection Lsers
R ey e r———
NMI, NVI, NID or modified / iGraph R library
x- — divergence ,.:....‘“”3”“'_....._._..N
- ity Community Ground-truth
v;':“:if? y “.;QTN tion network
detection ErRE construction

algorithm e

\ FG, LV, IM, LE, LP, WT. _GML format

Recommendation
based on
community of a
target user

validation

Temporary network
construction including
user seeking
recommendation

User seeking
recommendation

Llwp 3 - Uhowdwyph hpwywuwgnudp:
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Uuwwmwuph hhduwlwu wpryniupubpp:
Uwnbuwtununipjut dbg unwgyb) tu htinlyw| hhduwlwu wprynitupubipp.

1. <bwnwgnundtp U ghwwlwunpbt hhduwynpdlp  Bu hwdwjupubiph
hwjinuwpbpdwu fuunhpubiph b hu$npdwghwih nbunipjwu gnpdhpubiph dholt
Yuwwbinp [1]:

2. Nwnuuwuhpdti, quwhwwdt; UL  hwdbdwwndt  Gu hwdwjupubph
hwjinuwpbpdwu hhduwlwu wignphpdutipp huswtu thnpp b JG§ hpwlwu
pwnn gwugbiph, wjuwbu k| unnfuwuwhy piny dnnbih dhongny uinbindywd
pwquwphy wphbunwywu gwugbph Ypw' ogunwgnpdting wwppbp ubpphu W
wpwwpht swihdwl dednigyniuubin: Upryniupubipp dwupwdwut uwpwgpnid
Gu wwppbp gwugbpnud  wignphpdubph  woluwwnwupp, huwpwynpnigntu
wnwny punpbi] hwdwwwwnwufuwt wignphpd npjwd gwugh nbiwypnud [2,3]:

3. <wdwjupwihtu  Yunnigywdpubiph  hwdbdwwdwu  hupnpdwghnu-inbuwywu
swihtpp thnpdwplyyt) Gu bpbp hhduwlywu hwwynygyniuubph hhdwu Ypw.
dbnphluw, unpdwynpnd b hwuwnwwnniu puquiht hwnynyeiniu: Hhunwpyyt
Gu hubnpdwghwih wbunieniuhg f-nwpwdhwnnyeniuttiph Yhpwnnieniuutipp
hwdwjupubiph hwjnuwpbipdwu quwhwwndwt fuunhputipnd: Npwbu wpryniup
wnwowplyyty £ dnnhdhlugdwd  yZ-nwpwdhungegniup,  npu wnlw
hubnpdwghnu-nbuwlwu swihtiph hwdbdwun niuh wnwybinuegniu [4,5]:

4. Unwowplyyty £ hwdwjupubph hwjuntwpbpdwu  Jpw  hhdujwsd  unp
funphpnwndwywu  dhowdwinp:  Uhswdwipp  htwpwynpniginiu £ wwihu
Ywuwwnb] funphpnwwynigyniutbp  npn2 - Yppwnniggniuubpnd, npnbn wy)
funphpnuwndwywt  dnintigndubpp dwfunnynud  Gu: Lbpluwjwgyb) £ uwl
dhgwwyph hpwlwuwgnudp [6,7]:

Cpwwnwpwlws woluwwmnipyniuubph guulyp:
[1] M. Haroutunian, K. Mkhitaryan,”Information-Theoretic Approach to Community Detection

Problem”, Mathematical Problems of Computer Science, vol. 47 pp. 50-60, 2017.

[2] J. Mothe, K. Mkhitaryan, M. Haroutunian, "Community detection: Comparison of state of
the art algorithms”, Proc. of Intern. Conf. Computer science and information technologies, pp.
252-256, 2017, Reprint in IEEE Revised selected papers, pp. 125-129, 2017.
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[3] J. Mothe, K. Mkhitaryan and M. Haroutunian, "Detecting Communities from Networks:
Comparison of Algorithms on Real and Synthetic Networks," Journal of Information Theories
and Applications, pp. 53-73, 2019.

[4] M. Haroutunian, K. Mkhitaryan and ]. Mothe, "Divergence Measures For Community
Detection Evaluation," in Proc. of Emil Artin International Conference, pp. 71-73, Yerevan,
Armenia, 2018.

[5] M. Haroutunian, K. Mkhitaryan and ]. Mothe, "f-Divergence Measures for Evaluation in
Community Detection," in Workshop on Collaborative Technologies and Data Science in Smart
City Applications (CODASSCA), pp. 137-144, Yerevan, Armenia, 2018.

[6] K. Mkhitaryan, "Community Detection-Based Recommendation Framework," Mathematical
Problems of Computer Science, vol. 50, pp. 61-66, 2018.

[7] K. Mkhitaryan, "Realization of Recommender Framework Based on Ccommunity Detection,"
Mathematical Problems of Computer Science, vol. 51, pp. 52-60, 2019.

NHPOPMALMNOHHO-TEOPETUHECKOE MCCNELOBAHUE OBHAPYKEHNA COOBLLECTB
1 PA3PABOTKA PEKOMEHATENbHO CPEADI

B nocnegHee BpemA KOMMbiOTepHaA peBOMOUMA MpefocTaBunia CrneuuanucTam
OrpoMHble AaHHble U J0CTaTOYHblE BbIYUCIUTENbHbIE pecypcbl AA 0bpaboTkn M aHanusa
3TUX AaHHbIX. Pasmep peanbHbIx ceTell TakMe 3HAUUTENBHO BbIPOC, AOCTUIHYB MWUIMOHOB
UM paxe Munnmappos sepluinH u pebep. UsyveHue cnosubix ceTeli ABnAeTcA MOnoAoii
obnacTblo Hay4HbIX MCCNEfOBaHWii, B 3HA4YMTENbHOW CTEMeHU CTUMyNUpyemoii n3ydeHuem
CeTeVI peaanoro Mmpa, TaKUX Kak KOMﬂbIOTeprIe CETUN N coumnabHble CETU.

CnoxHble ceTn peanbHOro mupa obnajatoT CKpbITO MHGopMaumeli, HasblBaeMOi
coobLecTBaMn UAW KnacTepamu, KOTOpble COCTOAT U3 y3/l0B, TECHO CBA3AHHbIX BHYTPU
coobuects 1 cnabo ceA3aHHbIX Mexgy coobuiectBamun. MccneposaHna coobLUecTs MMeoT
MHOMECTBO TMPUMEHEHUI B pa3NNYHbIX HayKax, TakuX Kak WHdopMaTMKa U MaluMHHOe
obyyeHue, mepuupMHa u OuonoruA, 3KOHOMMKa U coumonorua. Llenb obHapyeHus
cooblecTBa - pa3fenuTb ceTb Ha coobluecTsa, 4TOObl U3BNEYbL U3 3TOI rpynMbl NOArPyNMb
MNOTHO CBA3aHHbIX Y3/10B.

OcHoBHaA Uenb jJuccepTauun  CcOCToAna B TOM, YTODbl MpeAioMuTb Hay4yHO
060CHOBaHHbIW MOAXOA K anroputMam ObHapyeHuA coobLuecTBa U OLEHOYHbIM Mepam B
onpejeneHHblX npunoxeHuax. [na 3Toll uenn nepeaA 3ajaya COCToANa B TOM, 4TOObI
uccnefoBaTb MeTOAbl W anropuTMbl, KoTopble 6Obinn pa3paboTaHbl [AiA  OOHapyMmeHUs
coobLecTBa, U3y4UTb CYLLLECTBYIOLLME BHYTPEHHWUE W BHELUHUE Mepbl OLEHKN ObHapyeHuA
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coobLuecTBa, CPaBHUTb MX Ha PasfNYHbIX TUNAxX CeTel, Kak B pealbHOM MUPE CNOMHbIX, TaK
u cunteTnyecknx. Cnegytollaa 3agaya coctoAna B TOM, 4TODbl MpepioXuTb Mporpecc B
obnactn cpaBHeHWA anropuTMoB ObHapymeHusa coobliecTa. lMocneaHAA 3ajaya cocTosAna B
TOM, 4TOObl M3y4UTb BO3MOMHbIE B3aMMOCBA3M obHapymeHua coobliects K
peKoMeHpaTenbHbIX CUCTEM, Mpecnefya Lelb NPeioKnTb CPaBHUTENbHO Nyylune noaxoipl
JN1A peKoMeHauuit.

OcHoBHble pe3ynbratbl pa60TbI2

e VccnepoBaHbl U Hay4yHO 0BOCHOBaHbI CBA3M Memay npobrnemamu obHapymeHus
coobLecTBa U MHPOPMaLMOHHO TEOPETUYECKUMU MHCTpyMeHTamm [1].

e Anroputmbl OGHapyMeHuA coobluecTBa ObiIM OLEHEHbI W CPaBHEHbl Kak Ha
HEBONbLLNX, TaK U KPYMHbIX PeanbHbIX CNOXKHbIX CETAX U CUHTETUHECKUX CETAX,
CreHepypoBaHHbIX U3 CTOXacTUYeCKOW ONOYHON MOoAenM C WUCMonb3oBaHUEM
PasfMYHbIX BHYTPEHHUX W BHELUHUX METPUK [J1A OLEHKU CoobLLecTBa.
Pe3ynbTaTbl NMokasblBatoT AeTanbHYO KapTUHY TOrO, Kak anropuTMbl pabotatot
B CETAX C pasNUYHbIMU CBOWCTBaMMW, KOTOpblE MONE3Hbl [/IA HAXOMAEHUA
NoAXOAALLEro anroputMa AnA AaHHou cetm [2, 3].

¢ WNHdopmaunoHHO-TeOpeTUYECKME Mepbl AA CPaBHEHUA CTPYKTYp COObLLEeCTB
6bIIM  NpoTecTMpoBaHbl Ha OCHOBE TPEX OCHOBHbIX CBOIWCTB; METpUKa,
Hopmanusauma M noctosHHoe 6a3oBoe cBoiicTBO. Kpome Toro, paccmoTpeHo
npumeHeHune f-gusepreHunii n3 Teopum MHopmaLMn A1A OLLEHKN OBHapyMeHNs
coobuects. B pesynbrate npepnoxeHa mogucuumpoBaHHas y2-aneepreHuma,
KOTOpasA Mo CPaBHEHUIO C CYLLECTBYIOLLMMU MHEOPMALIMOHHO-TEOPETUYECKUMM
Mepamu umeeT npeumyLlecTso [4, 5].

e [lpepnoxeHa HoBaA peKoMeHAATENbHaA Cpefa, KOTopas BKIOYAaeT METOAbI
obHapyeHna coobliectBa B npouecc npuHatua pewennii. Cpepa paet
BO3MOMHOCTb [fleflaTb pPEKOMeHJauuu B OMNpefeneHHbIX MPUIoKeHUAX, rAe
Jpyrue pekomeHpaTeNbHble NOAXOAblI TEPNAT Heyaayy. lNpencTaBneHa Takxe ee
peanv3auus [6, 7].

I'Ipe,u,CTaBneHo Fﬂy60KO€ CpaBHEHME COBPEMEHHbIX alIropnuTMOB 06Hapy)KeHVIﬂ
COO6LLI,€CTBa, NCNONb3YHOLWWNX KaK prI'IHOMaCLIJTa6HbIe CNOXHbIE CETUN peabHOro M1pa, Tak 1
NCKYCCTBEHHbIE CETN, CO3AaHHbIE Ha OCHOBE CTOXacTUYECKON 6noYHOI mojenu. anMeHeHbI
Mepbl BHyTpeHHeﬁ OLL€HKN AnA OUEHKN Ka4decTBa CTPYKTYpbl COO6LLI,6CTBa n Mepbl BHELLIHEN
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OLEHKN JJ1A CpaBHEHUA pasfeneHunii. DTU pesynbTaTbl OUYeHb BaMHbl [J1A NMOHUMaHWA TOro,
Kak paboTaeT KOHKPETHbIIi anropuTM U Kakoil anroput™ 6yaeT npeAnoYTUTENbHbIM B
onpefeneHHOM CLEeHapuiu.

B KoHTekcTe pekomeHpaTenbHbIX CUCTEM MpeAioMeHHaA cpefa, paspaboTaHHas C
UCMONb30BaHUEM METOLOB OOHapyMeHWA COODLLECTBA, MOMET MCMONb30BATbCA BO MHOIMUX
peasbHbIX MPUNOKEHUAX, TAE APYrMe NOAXOAbl pekoMeHjaumii becnonesHbl. Peanusauus
nnatcpopmbl MOMeET bbITb UCNONb30BaHa A1A Pa3/IMYHbIX NPUIOMKEHNIA.

INFORMATION-THEORETIC INVESTIGATION OF COMMUNITY DETECTION AND
RECOMMENDER FRAMEWORK DEVELOPMENT

In recent times, the computer revolution has provided specialists with massive data
and sufficient computational resources to process and analyze these data. The size of real
networks has also grown considerably, reaching millions or even billions of vertices and
edges. The need to deal with such a large number of units has produced a deep change in
the way graphs are approached. The study of complex networks is a young area of scientific
research stimulated largely by the study of real world networks like computer networks and
social networks.

Real world complex networks possess hidden information called communities or
clusters, which are composed of nodes that are tightly connected within communities and
weakly connected between communities. Investigation of communities proved to have
countless applications in different sciences such as computer science and machine learning,
medicine and biology, economics and sociology. The goal of community detection is to
partition a network into communities to extract the subgroups of densely connected nodes
from this network.

The main purpose of the dissertation was to suggest scientifically grounded approach
for community detection algorithms and evaluation measures in certain applications. For this
aim the first task was to investigate the methods and algorithms that have been developed
for community detection, to study existing internal and external community detection
evaluation measures, to compare them on different types of networks, both real world
complex and synthetic. The next task was to propose an advance in the way of comparison of
community detection algorithms. The final task was to study the possible interconnections of
community detection and recommender systems pursuing an aim to suggest comparatively
better recommendation approaches.

18



The main results of the work are the following:

¢  Connections between community detection problems and information theoretical
tools are investigated and scientifically substantiated [1].

¢ Community detection algorithms were evaluated and compared on both small and
large scale real world complex networks and synthetic networks generated from
stochastic block model using various internal and external metrics for community
evaluation. Results exhibit detailed picture on how algorithms work on networks
with different properties that are useful to filter out an appropriate algorithm for a
given network [2, 3].

¢ Information-theoretic measures for comparing network partitions or community
structures were tested based on three main properties; metric, normalization and
constant baseline properties. Additionally the application of f-divergences from
information theory in community detection evaluation was observed. As a result, a
modified y2-divergence is suggested that compared with existing information-
theoretic measures has an advantage [4, 5].

e New community detection based recommender framework is proposed that
incorporates community detection techniques into decision making. The framework
gives ability to make recommendations in certain applications where other
recommender approaches fail. Its realization is also presented [6, 7].

A deep comparison of state-of-the-art community detection algorithms using both
large scale real world complex networks and artificial networks generated from stochastic
block model is reported. Internal evaluation measures to assess the quality of community
structure and external evaluation measures to compare partitions are applied. These results
are very important to understand how particular algorithm works and which algorithm
would be preferable in certain scenario.

In the context of recommender systems, the newly proposed framework designed
with the incorporation of community detection techniques, can be employed in many real
life applications where other recommendation approaches are useless. The realization of the
platform can be used for various applications.
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