MDKHAPOLHUM HAYKOBO-TEXHIYHNM XYPHAI “IHOOPMALLIVHI TEXHOJOT T TA KOMITIOTEPHA IHXEHEPIA” Ne2(18)2010

VIIK 004.8

JOCJIIIKEHHS MOXKJINUBOCTEA TEHETUYHOI'O AJITOPUTMY B 3AJIAYUI
KJIACTEPU3AIII KOPUCTYBAYIB MEPEXKI INTERNET
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Beryn

Ha cporogmimmHiii nmeHb wMepexa I[HTepHET € yHiBepcalbHHM TIIOOANEHUM iH(pOpMAiHHUM
CEepeIOBHUINEM, & OTXKE, HEBI/I'EMHOIO YaCTHHOIO XHUTTS cycrinbeTBa. [lepen Oyap-skumM [HTepHET-IpOBaiinepom
rmocTae 3aava Taprgikaii BIaCHUX MOCTYT BIAMIOBIIHO 0 MESKUX KpUTEpiiB. Po3B’s13aHHA i€l Ta iHIINX 3a1ad
MOKITIATA€ThCA, SIK TIPABUIO, Ha OUTIHTOBY CHCTEMYy — MpPOTPaMHUI KOMIUIEKC, IO 3[iHCHIOE 00K o0csTy
CHOXHUTUX A00HEHTOM IOCIYT, PO3PaxXyHOK Ta CIIMCAHHS KOIITIB BiAMOBIAHO /10 TapuQiB KommaHii [1].

TakuMm YMHOM, OJIHIEIO 3 BaYJIMBHX CKJIAJOBUX Oy[b-siKOi OUIIHIOBOI CHCTEMHU € po3poOKa Tapu(HUX
wiaHiB. BoHa BUMarae peTeibHOro AOCHIDKEHHs Ta (POPMYBaHHsS KOMITAKTHHX T'PYI aOOHEHTIB 13 IMOAIOHUMHU
noTpedamu.

BunineHHsIM cepell MHOKUHE 00’ €KTIB JIEsKOT KUTBKOCTI OJJTHOPIHUX ITiIMHOXKHH, TAKHUX, 00 00’ €KTH
BCEPE/IMHI IiJIMHOKUH OYJIM B MEBHOMY CCHCI MOMIOHMMH, a O0’€KTH 3 PI3HHX MIJIMHOXUH — BiIMIHHUMH,
3aiiMaEeThCs 3adavya Kiactepusamnii. EleMeHTaMu MiIMHOKHHH MOXYTh OYTH MOBLTBHI 00’€KTH, SIKI MOXKHA
3aJ]aTH BEeKTOpaMH xapakrepucTuk. Cami 5k rpynu NPUHHITO HA3UBATH KIIACTEPaMHU.

Knacrepusanis Mae BENHKY KiJbKICTh NMPAaKTHYHHUX 3aCTOCYBaHb SK B iH(OpMaTHI, TaK 1 B IHIINX
ramy3sax. OTHIM i3 HaBOKIMBININX HATIPSIMKIB TOCIIIKEHb € i BAKOPUCTaHHA VI aHAJI3y JaHWX Ta BUALTICHHS
MPUXOBAaHUX 3aKOHOMIpHOCTEH. [lo mboro Kiacy mpobieM HaleKHTh i 3aJada PO3MOIiTy KOPUCTYBadiB Mepexi
[HTEepHEeT 32 IXHIMU BUMOTAaMH JI0 SIKOCTi Ta XapakTepy MOCIYT, 0 Hajlae poBanaep.

Bigomo, mo st ii po3B’A3aHHS HE iCHY€ yHIBEpCAJILHUX METOIB, IO JO3BOJISIOTH IIBHJIKO 3HANTH
a0COITIOTHO TOYHI pimieHHs [2].

3a criocoOoM po30UTTS Ha KIIACTEPH PO3PI3HAIOTH JIBa THUITH aITOPUTMIB: i€papXidyHi Ta HeiepapXidHi
[3]. Kmacuusi iepapXidHi alTOPUTMHU TPAIIOIOTh TUTBKU 3 KaTETOPIHHUI aTpuOyTaMu, KOIM OYyAYETHCS MOBHE
JIepeBO BKIAaJEeHUX KiacTepiB. TyT MOMMpeHi arJoMepaTHBHI METOIM MOOYIOBH i€papXiif KjacTepiB - B HHX
MIPOBOJIUTHCA TIOCIIZIOBHE 00'eTHAHHS BUXITHUX 00'€KTIB i BiJIIOBiHE 3MCHIICHHS YHcia KiacTepiB. lepapxidni
ITOPUTMH 3a0€3Me4yIOTh MOPIBHSHO BUCOKY SIKICTh KiIacTepH3alil i He BMMararoTh IOIEPEIHbOrO 3aJaHHs
KUTBKOCTI KJIaCTepiB.

HeiepapxiuHi aJdropuTMH TIPYHTYIOTbCS Ha onTuMmizamii aeskoi inboBoi (YHKIII, IO BU3HAYae
ONTHMAJIbHE B NEBHOMY CEHCI PO30OMTTS MHOKMHM 00'€KTiB Ha Kiactepu. Y Liil rpymi MomyJsipHi ajJropuTMH
poaunu k-cepennix (k-means), siki B sKocTi HUTbOBOI (DyHKIIT BUKOPHCTOBYIOTh CYMY KBaJpaTiB 3BaKCHHX
BIIXWJICHb KOOpPAMHAT O0'€KTIB BiJ LEHTPIB LIyKaHWX KiacTepiB. Kiactepu mykarotecst cdepuyHOi abo
enincoinHoi hopMu. Y KaHOHIYHIN peanizarii MiHiMi3amis QyHKII] 3M1HCHIOETHCSA HA OCHOBI METOAY MHOKHHUKIB
Jlarpamxa i 103BOJISIE 3HAWTH TIABKH HAHOIIDKIMH JTOKAIBHUI MiHIMYM.

Cepen HeiepapXiuHMX alNTOPUTMIB, HE 3aCHOBAHMX Ha BiAcTaHi, cmiag Buminutn EM-anroputm
(Expectation-Maximization). Y HpOMYy 3aMICTh IIEHTPiB KJacTepiB mepeadadaeTbcss HAsIBHICTH (DyHKINT
IIIIBHOCTI WMOBIPHOCTI JJIT KOKHOTO KJIAcTepy 3 BIAMOBITHUM 3HAYEHHSIM MATEeMAaTHYHOTO CIOJIBaHHS 1
mucriepcieto [3, 4].

OCHOBHUM HEJOJIKOM YCIX IUX aJITrOPUTMIB € HACTUTBKM BENHKHHA 0OCSAT OOYHCIIeHb, IO, HE
3BaXAIOYM HA BUCOKY MIBHIKOJII0 CYYacHHX OOYMCIIIOBAIBHHX MAllWH, PO3B’SA3aHHA 3ajJadi 3aJINIIAEThCS
CKJIQJTHUM.

Tomy nmnst po3B’si3aHHS ITi€l 3a7adi JOUUTBHO BUKOPUCTATH IHTENEKTYalbHI TEXHOJOTIi [5], 30kpema
TEHETHYHI aJITOPUTMH.

ITocranoBka 3agaui

[TocTaBumo 3anauy po3OHUTTS AesKOl MHOKMHH KOPUCTYBadiB IpoBaiiiepa iHTEpHET-MOCIYT Ha TPYIH
BIZIMOBITHO JI0 NEBHOrO HA0Opy XapaKTEPHUCTHMK: IIBHJKOCTI JOCTYITy, OOCSrY CIIOKMTOI'O BXIJHOTO Ta
BuxiziHoro tpagiky. Take po3OMTTS nacTe 3MOry OLIHHTH TOTpeOM aOOHEHTIB Ta BIJMOBIIHO 1O LHOTO
OpraHi3yBaTH MaKCUMaJbHO THYYKY Ta IPHCTOCOBAHY JI0 CHTYaIlil Ha PUHKY CHCTeMY TapuQiB IpoBaiaepa.

Jnst po3B’si3aHHS IOCTAaBICHOI 3a/jadi 3aMpONOHYEMO TEHETHYHHH alIroOpuTM, IO 3/IHCHIOE
KIIACTepHU3aIlil0 KOPUCTYBa4iB Mepeki [HTEpHET BiAMOBITHO JO BHIIJICHHX BHINE O3HAK Ta JIOCHIIAMO HOTO
e(eKTHBHICTh 1 MIBHIKOMAII0 B TOPIBHAHHI 3 aJrOPUTMOM TPAHWYHOTO Tepebopy Ha OCHOBI JHHAMIYHOTO
pOrpamMyBaHHSI.

MareMaTH4YHAa MOJEJIb TA METOANKA JOCTiIKEeHHS

Hexaii maemo nHabip abonentiB [={I;, I,, ..., [,} meBHOro mpoBaiizepa TeleKOMYHIKAIIHHUX MOCIYT.
Ha ocHOBI MHOXHMHHM NOKa3HHKIB, IO ONKUCYIOTh I[MX aOOHEHTIB, 3rPYNYyEMO IX y MiJJMHOXHHHU (KJIacTEpH)
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TaKUM YMHOM, 1100 a0OHEHTH, L0 BXOJATH JIO OJHOTO Kiacy, OyiM OUIBII OJHOPIAHUMH 32 XapaKTepoM
CIIO’KMBAHHS HUMH TpadiKy, CXO)KUMH MK co0O0I0 OijblIe, HiXk i3 aDOHEHTaMH, 110 HaJeXaTh JI0 1HIIHUX KJIaciB.

KoHOMy 3 n aDOHEHTIB OCTAaBUMO Y BiJNOBiIHICTL MHOXKHHY O3HAK (BUMIpiB) Xi={X|, X, ..., Xp},
AKi OyAyTh HECTH iH(pOpMAIIO PO XapaKTep CHOXHMBAaHHA HUM [HTepHeT-Tpadiky 3a meskuil mepiox. Takum
YUHOM, U MHOKMHH | MaEMO MHOKHHY BEKTOPiB 03HaK X={X|, X3, ..., X,}, Kl OBHICTIO il XapaKTepU3yIOTh.
YV TakoMy 3ammci OKpeMHUX KOPHUCTYBAdiB 3 MHOKHHHM | 3pydHO MPEICTaBUTH y BUIJIAII N TOYOK Y P-BUMIPHOMY
npoctopi o3Hak. Ilix momiGHicTIO/BiIMiIHHICTIO OyneMO PO3YMITH BiZHOCHY TE€OMETPHYHY OJNH3BKICTH MiX
TaKMMH TOUYKaMH y 0araToMipHOMY MPOCTOPI.

Hexaif m — e ncio, MeHIe 3a n. 3aja4a KJIacTepHu3allii IoJsirae B TOMy, 100 Ha OCHOBI JaHUX, IO
MICTATBCSA y MHOXUHI [, po30uT MHOKHHY a0OHEeHTIB | Ha m Kiacrtepis.

Po3B’sa3k0M 3ajaui KJIACTEPHOTO aHallizy € pO30HUTTS, MIO 3aJOBOJBHSE IEBHOMY KpPHUTEPIiIO
ontuManbHOCTI. Lle# kputepiit Moke SBISATH CO00I0 Iesknil (hyHKIIOHAIN, M0 BimoOpakae piBeHb Oa’kaHOCTI
pi3HUX pPO30OHTTIB i TpymyBaHb. Llell (GyHKIiOHaN YacTO HAa3WMBAaIOTH HUTHOBOIO (yHKIiE [2]. 3a IiTbOBY
¢yHKIOiP0 mpuiMeMO TpagWIiiHy JUIA 3a4ad KilacTepusamlii cyMy KBaaparTiB EBKIIIOBUX BifcTaHeH Mix
00’€eKTaMu B MeKax OJHOI0 KJacTepa:

N =

m 2

dp; = Z(xll —xj.)

=1

B 0CHOBI reHETHYHUX ANTOPUTMIB JISKUTHh TEOPis €BOJIOIII. 3TiHO 3 HEK, KOKEH O10JIOTIYHHIA BH
PO3BUBAETHCS, TOCTYIIOBO 3MIHIOETHCS 3aIUIsl TOrO, MO0 SKHAWKpAIUM YHHOM MPHUCTOCYBATUCS [0
HABKOJIMIITHBOT'O cepeoBUINa. KilacHuHI TeHETHYHUI aIrOPUTM SIBJISIE COOOO0 ITepalliifHAN poLec, Ha KOXKHIH
iTeparii sIKOTo MOMYJIAIs MOCIIOBHO MiJIA€THCS OMepallisiM BigOOpy, CXpelryBaHHs Ta MyTaii (pucyHok 1).
3yNUHMBIIN iTepalliiHUM Tpouec y NMEeBHUI MOMEHT Ta BHOpAaBIIM Kpaily OCOOMHY 3 MOMyJIsmii, MOKHa
OTPUMATH JIOCTATHBO MPUIHATHHIA PO3B’ 30K 3a1a4i [S].
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Pucynox 1 - Po6oTa KTaCHYHOTO T€HETHYHOTO aJITOPUTMY

Il hopmastizoBaHOTO ONKCY OCOOMHMU 3aIPOIIOHYEMO HEOAHOPIAHY XpOMOCOMY (PUCYHOK 2):

> 1 2 3 7 8 4 6 — Kmacrepl |5 |1
(een 0) | (cenl) | (cen2) | (cen3) | (cen 4) | (cen S) | (een 6) | (cen 7)
A A A
M; M, M; Kmacrep2 (2 (3 | 7
ﬂ ﬂ ﬁ Kiacrep3 |8 | 4 | 6
M, M, M Linvosa
(nouamox wiacmepa 1)| (nowamok kiacmepa 2) | (nowamox xracmepa 3) PyHryia

Pucynok 2 — HeopHopinHa XpomMocoma

Taka xpoMocoma MIiCTUTB /IBi CKJIQIOBI, SKi MOTPH 30BHINIHIO MOAIOHICTH MAIOTh NPUHIIMIIOBO Pi3HHUH
3mict. [lepira ckiranoBa siBisie o000 MHIHHUI MacuB pO3MIpPHOCTI N, IO MICTUTh T€HU - HOMEPH 00’ €KTIB - Y
MEeBHIM MOCTiIOBHOCTI. J{s1 BUAIMECHHS B MeXaX XPOMOCOMM OKpPEMHX KJIaCTEepiB BBEIEMO A0 CKJIaay Hamoi
XPOMOCOMH APYTY CKIA0BY — Habip MapkepiB po30uttst My, ... M,,. 3HauenHs mapkepy M; = k curnamisye mpo
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Te, MO0 3 K-TOr0 reHy OCHOBHOI CKJIaJI0BOI MOYMHAETHCS HOBUH Kiactep. OKpiM TOTO, KOKHIH XpomocoMmi 3
MIPOCTOPY MOMKIIMBHUX PO3B’SI3KIB CTABUTHCS y BiAMOBIIHICTh 3HAYSHHS IiTHOBO1 (hyHKIIIT. B mporieci orpumanHs
PO3B’sA3KY 3a7a4i Taki Habopu JaHUX (MPOMIXKHI PO3B’A3KH) Oymemo 30epiratu B podouiil MaTpuIli.

3aKOHOMIPHO, IO IS XPOMOCOMH TaKOT'O BUTJISAY OIEparii CXpemnryBaHHSA Ta MyTamii MaioTh MEBHI
0co6nuBOCTI. X Gy/ie po3rIsHyTO HUKYE TIPH TOKPOKOBOMY OITHCI alrOPHTMY.

[Ilo6 po3B’s3aTu 3amady KiIaCTepU3allii B ONMCAHIM BHWIIE IOCTAHOBIN, HEOOXITHO PO3POOUTH
MOCJTITOBHICTE OTIepalliif, IKi MOACTIOIOTh CBOJIOMIMHI TPOIIECH HA OCHOBI MaTEeMaTHYHUX aHAIIOTIB TCHETUIHOL
CIaJIKOBOCTI, MIHJIIMBOCTI Ta MPHPOTHOTO BiIOOPY.

1) I'enepyBanHs mowarkoBoi nomyssimii. [TouaTkoBa TMOMyJALisE MICTUTE N XPOMOCOM, 3T€HEPOBAHUX
BHUIIAJIKOBUM YHHOM. [IpM mbOMY K TOCTIIOBHICTH TeHIB, Tak i xapakrep ((opma) po3OHTTSA 3amaeTbes
BUTIAIKOBO. JIJI1 KO)KHOTO 3 N OTPUMAHUX PO30OHUTTIB PO3PaXOBYETHCA MiThOBA (DYHKIIIS, 1 TTOYATKOBA TTOMYJISIIIS
3aMUCYEThCS B POOOUY MATPHUIIIO, 3aiiMar04H ii eneMeHTH 3 inaekcamu Bin 0 10 n-1.

2) CTBOpEHHS HAIAJIKIB!

a) JIBOTOYKOBE CXpEIIyBaHHS (PHCYHOK 3): XpoMOCOMa BHIIQJIKOBUM YHHOM pPO30MBAETHCS Ha TPHU
YAaCTHHH, SK IOKa3aHO Ha PHUCYHKY. MIHSIOYM MICISIMU KpaifHi JUISTHKH XPOMOCOMH, OTPUMYEMO HOBHM
PO3B’S30K:

=

Pucynok 3 — JIBOTOYKOBE CXpelryBaHHS

XpoMOCOMH, OTpUMAaHI 3a MEXaHi3MOM JIBOTOYKOBOTO CXPECIIYyBaHHS, 3alUCYIOThCS B pobouy
MaTpHIO 3 iHAeKCaMH Bij n 10 2n-1.
0) myTairist 1: 1Ba BUMAKOBO B3STI FEHH OJIHIET XPOMOCOMH MIHSIFOTBCS MIiCISIMU (PUCYHOK 4).

-

5 1 4 2 %, 3 7 8 1 4 1 6
feen 0) | (2en 1) ‘\ (cen 2) v(zen 3) | (cen 4) | (zen 5) l,_ (cen 6) W (cen 7) = Kmacrepl |5 | 1
A - .ﬂ.- - A ~_ ="
M,; M M; Knactep 2
ﬁ ﬁ ﬁ Knactep 3
M; M M; Llinvoea
(mowamor xaacmepa 1) (novamox xaacmepa 2) | (novamox xiacmepa 3) gbymcz;iﬂ 1
5 1 {4 % 3 7 8 £ 2 1 6 K 1[5 11
feen 0) | (zen 1) "\ (cen 2) v(zen 3) | (cen 4) | (zen 5) “ (cen 6) ¥ (cen 7) ) Knactep
A ST AoS==7
M; M> M; Knactep2 |4 |3 | 7
ﬁ ﬁ ﬂ Kmactep3 |8 |2 |6
M; M M; Linsoea
(mouamox xaacmepa 1)| (nowamox xaacmepa 2) | (novamox xiacmepa 3) d)yum;iﬂ 2

Pucynok 4 — MyTamis B Mexxax onHiel popMu po30uTTs

Takum 4MHOM, MU 3MIHIOEMO TIOJIOXKEHHS JIMIIE OJHOTO 00 €KTY BiIHOCHO Kiactepi. Lleit Bun myrtanii
3a0e3rneyye MIHIMBICTE y Mexax ojHiel (opMu po30UTTA. MyTaHTH, OTpHUMaHi 3a MEPIIUM BHIOM,
PO3TaNIOBYIOTECS B po0OOUiit MaTpHIl 3 iHIeKcamu Bif 2n 10 3n-1.
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B) Myramis 2: jiust copMoBaHOi OaTbKIBCBKOI XPOMOCOMH BHIIAJKOBUM YHHOM TI'€HEPYEThCS HOBHH
MacuB MapKepiB po30UTTS, IPH LbOMY IOPSIOK CIIiJyBaHHS 00 €KTiB 3INIIAETHCS HE3MIHHUM (PHCYHOK 5).

5 1 2 3 7 8 4 6
(een 0) | (cenl) | (2en2) | (zen 3) | (2en 4) | (cen.5) | (cen 6) | (2en7) —y Knactepl | 5 | 1
A J JANE / JANEY
M, \ M, M) Kmactep2 (2 |3 |7
~ - ~
ﬂ ﬁ ﬂ Kmactep3 |8 |4 | 6
M; M> M; [inso8a
(moxamox xiacmepa 1)\ (nowamox xnacmepa 2) | (novamox xigcmepa 3) qﬁj’.‘rf!x‘l{iﬂf 1
5 1 2 3 7 8 4 6
(cen 0) | (zen 1) | (zeri 2) | (2en3) | (zend) | (zen 5) | (zen 6) | (zen 7) » Kmacrepl |5 |1 |2
A J JANREN ; JAYREY
M; « Mo* ) M) Kmacrep2 | 3
ﬁ ﬁ ﬁ Knactep3 |7 |8 |4 | 6
M; M>* M;* ITinso0ea
(moxamox xiacmepa 1)\ (mowamox xnacmepa 2) | (noyamox xiacmepa 3) Q’J}‘Hh‘l;ia 2

Pucynox 5 — Myratuis popm po30uTTs

Le#t Bug myrarii 3a0e3mnedye 3MiHHICTE (GOPM PO3OUTTS Ta JO3BOISE POMIMPUTH OOJIACTH MOUTYKY
ONITUMAIIFHOTO PO3B’s13Ky. MyTaHTH 3a IpYTHM BHAOM 3aiiMaroTh TMO3UIIT 3 3n 70 4n-1 poGodoi MaTpuii.

JU1st KO)KHOTO 3 OTPUMaHMX TaKMM YMHOM Hall[a/IKiB TAKOXK MiAPaxoBYeThCs 11JIboBa QyHKIIIs.

3) Ha upomy erani peamizyeTbCsi MeXaHi3M HPUPOJHOrO BiAOOpPY B Mexax MomyJsimii. 3acTocyemo
CTpaTerilo eliTu3My, sKa IOJSIrae B TOMY, IO OCOOMHM 3 HAHOULIBIIOI NPUCTOCOBAHICTIO TapaHTOBAHO
NEepexXoAiTh y HOBY IOMYJIsALi0. BHUKOpHCTaHHS eNiTU3MY [O3BOJISIE NPHCKOPUTH 30DKHICTH I'€HETHYHOTO
anroputmy. Tomy cepen 4n 0coOMH TOIYJISILIT, XPOMOCOMH SIKHX 30epiraroThbesi B poOoyiii MaTpulli, BigonupaeMo
N 3a KpUTEpieM MIHIMAIBHOCTI MiTboBO1 hyHKIIIT. BoHU GOpMYIOTH HACTYITHE TOKOJIIHH.

4) SIkmo He BUKOHYETHCS YMOBA 3YMHHKH, OUYHMIIYEMO pOOOYY MATPHUIIO Ta IMOBTOPIOEMO IOTEPEIHIO
npoLeaypy, NOYMHAIOYH 3 KpoKy 2. ITepaliitHuil npoliec BBaKAEMO 3aBEPIICHUM, KOJIM MOTOYHA CyMa 3HAYeHb
UTBOBOI (DYHKIIT TS KPAIIHX N 0COOMH MepecTae 3MEHIIyBaTUCh.

TakuM 9HHOM, i3 TIOKOJIHHS B NOKOJIHHSA, CIPHATINBI XapaKTEePUCTHKH PO3MOBCIOKYIOTHCS IO BCii
nomynamii. CxpelryBaHHS HaHOIIBII TPHUCTOCOBAHMX OCOOMH IPHBOAWTH O TOTO, IO JOCIIKYIOTBHCS
HAWOLIBII NEPCICKTHBHI JUITHKU TPOCTOPY IMOMIYKY. B 3aranbHOMY MiICyMKY HOMYJISAIisS Oyae CXOTUTHCH 10
ONTHMAJIFHOTO PO3B’SI3Ky 3aaadi abo OMM3BKOro 10 onTuManbHOro. IlepeBara po3poOJIeHOTO TI'€HETHYHOTO
ITOPUTMY HOJIATAE B TOMY, IO BiH 3HAXOJUTh MPHOJIM3HI ONTHMAJIbHI PO3B’S3KH 3a BITHOCHO KOPOTKHH 4ac.

Komn’roTepHuii ekcnepuMeHT

Hdns  mocmimkeHHs Oyno B3SATO JaHi (QipMHU-TIpOBaiiiepa TEICKOMYHIKAIMHUX IMOCTYT «Xopc-
Temexom». Posrmsmamacst cratuctuka moctymy 3a a00y 14.06.2010 p. mms 50 xopueryBawiB. Jlms
XapaKTepPUCTUKU aDOHEHTIB 0YJI0 00paHO TaKi OKa3HUKH:

- IIBUJKICTP Mepeaadi TaHuX;

- TOBHUIT 00csT BXifHOTO Tpadiky 3a 3aaHui Iepio yacy;

- TMOBHUIT 00CsT BUXiHOTO TpadiKy 3a 3alaHui Mepio] yacy.

B pesynbrari poOOTH MporpaMu OTPUMYEMO BapiaHT po30UTTs HaOOpY BXiJHUX BEKTOPIB Ha 4 OJHOPIAHI
rpymu (Tadmuns 1):

Tabmung 1 — Pe3ynbTaT po30UTTS MHOKMHNA a0OOHEHTIB Ha KJIACTEPH

Homep KinbkicTb . CmiBBBigHomeHHs BXigHoro (Inbound) Ta
. IIBuakicTs moctymy . .
KJIaCcTepy | KOpHUCTyBauiB BuxinHoro (Outbound) Tpadixy

1 6 1-10M

2 23 128k—-2M Inbound > Outbound
3 12 128k— 1M Inbound >> Outbound
4 9 128k—1M Inbound < Outbound
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Takum YUHOM, Y BUXIJTHHX JAHUX MOXKHA BUIIJIUTH:

KjacTep | — HeBeMKHUI CETMEHT KOPUCTYBAUiB 13 HAHBHUIIOTO 1O BUOIPII IIBUAKICTIO JOCTYITY;

KJacTep 2 — HaWOINBIINHA; y HbOMY HPEACTaBICHI KOPUCTYBadi 3 CEPEIHBOI0 MIBHIKICTIO JOCTYILY, B
AKX BXITHUH Tpadik MepeBHILy€e BUXiTHUMN;

Ki1acTep 3 — 0 HBOTO MOTPANMIM IE€PEBAKHO a0OHEHTH 3 HEBHCOKOK IIBHUJKICTIO, IO
BUKOPHCTOBYBAJIN JIMIIIE BXITHUH HANPSAMOK Tepeadi JaHuX;

KJacTep 4 — CKIIaIaeThbes 3 aDOHEHTIB, JUIA SIKMX XapakTepHa IepeBara 00csry BUXiTHOTO TpadiKy HaJ
BXIJJHAM; IIBUJKICTh JIOCTYIY TIEPEBAKHO HEBHUCOKA.

Sk yxe 3a3Havanocs, faHe po3ouTTs € HaObmkeHnM. He 3Bakaroun Ha 1ie, B OTPUMAHUX AAHHUX YiTKO
MPOCITIIKOBY€EThCSA HASABHICTh KOMMAKTHUX CKYIMUEHb OO’€KTIB, 1 HA IX OCHOBI MOYKHA CYAWMTH PO XapakTep
JOTIYHNX 3aKOHOMIPHOCTEH, 3aKIa/ICHUX y BUXITHNX JaHHX.

[TpoBenemo mocCiiPKEHHST Yyacy poOOTH PO3pOOJIEHOr0 '€HETHYHOI'O AJITOPUTMY IMOPIBHSHO 3 4acoM
BUKOHAHHS QJITOPUTMY T'PaHUYHOTO nepedopy Juisi pi3HOT KUIBKOCTI 00 €KTIB Y BHXIJHIH MHOXHHI. Pe3yibraTn
MOPIBHSHHS MPEACTaBUMO Ha rpadiky, HaBegeHoMYy Ha puc. 6. Ilo oci abcipc OymeMo BifKIaAaTH KiJIbKICTb
00’€KTIB y BUXiJJHI MHOXHHI, I10 OCI OPIMHAT — Yac pOOOTH NPOTPaAMH.

== PaHNYHUI N
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Pucynox 6 — I1opiBHSIHHS alTOPUTMIB 32 9aCOM BUKOHAHHS

Baunmo, 110 B 3a1a4ax HeBeJNMKOi po3aMipHOCTI (10 20 KOpUCTyBaviB) TEHETUUHHUH AITOPUTM 32 4aCOM
BUKOHAHHS TI0Ka3ye pe3ysbTaT, HeCHiBPO3MIPHO MaJIMi MOPIBHSHO 3 aJITOPUTMOM I'paHUYHOrO repedopy. Yac
BUKOHAHHS OCTAHHBOTO MOYMHAE CTPIMKO 3POCTATH BXKE MPHU KUITBKOCTI N=15 KOpHCTyBaYiB.

[Ipu poMy B 3amagax OLTBIIO] PO3MIPHOCTI TEHETHYHHUH aJTOPUTM TTOBOJUTH ce0e TaKUM YHHOM, SIK
MOKAa3aHO Ha pPHC. 7: MOMITHE 3pPOCTaHHSA Yacy BHKOHAHHS TPOTPAMHU CIOCTEPITaeThCS JHIIE TOMi, KOJIH
KITBKICTh KOpHCTyBadiB mepesumrye 50. Ilpore HaBiTh s 3Ha4HO Oinmbmoro oOcsary BximHmx manux (100
KOPHCTYBadiB i OijbIlle) Yac BHKOHAHHS HAI3BHYAHO MAaJMil MOPIBHSHO 3 AHAJOTIYHUM IMOKA3HUKOM JUISA
ANTOPUTMY IPAaHHYHOTO TIepebopy.
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Pucynox 7 — 3anexHicTh yacy BUKOHAHHSI TEHETUYHOT'O aIrOPUTMY BiJl pO3MIpHOCTI 3a1a4i

Crnin 3a3Ha4uTH, MO ekcrepuMeHT moctaBieHo Ha [TEOM i3 cepenHiMM Ha CHOTOMHINIHINA JCHb
xapakrepuctukamu: AMD Athlon 64 X2, 2,4 I'T'i; 2 I'b O3I1.

OTpumaHi AaHi JAIOTh 3MOTY CTBEPKYBATH, IO 32 MOKA3HUKOM IIBHJKOMAIl TeHETHYHUN aJrOPUTM
KJIacTepu3alii Mae 3HAYHy IepeBary Haj ajJrOpUTMOM TPaHWYHOTO Iepedopy Ha OCHOBI JAWHAMIYHOTO
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MIKHAPOLHUIA HAYKOBO-TEXHIYHW KYPHAI “IHOGOPMALLIAHI TEXHONOTIT TA KOMIMTKOTEPHA IHXKEHEPIS”

nporpamyBaHHsi. Byke s 21 00’ekra BUXiZHOI MHOXHMHHU 4Yac PO3B’s3aHHS 3a/adi 3a JIOIIOMOTOI0 METONIy
TPAaHUYHOTO Nepedopy He BKIIAJIAETHCS B KOJHI po3yMHi Mexi. BoaHouac po3po0OieHnii reHeTHUHIH alIropuT™
JIa€ pO3B’SA30K MPH 3HAYHO OiIBIIIA PO3MIPHOCTI 3a/1a4i 3a IIIKOM MPUHHITHAN Jac.

Cremudika IHTEpHET-TEXHOJOTIH MOPIBHAHO 3 IHIIMMH BHMAarae€ MEpeayCciM BHCOKO{ IIBHUIKOMIT
MPOTPaMHUX 3ac00iB, a TaKOX MOJKJIMBOCTI HApOIIyBaHHS PO3MIPHOCTI 3a/adi B IMUPOKUX MeEKaxX. 3a TaKUX
YMOB JOIUIFHO HAaJIaTH MIEpEBary 3ampornoHOBaHOMY HAOIIKEHOMY METOAY KJIacTepH3allii.

BucHoBku

VY craTTi 3ampoNOHOBAHO MiAXiX JUIST PO3B’SA3aHHS 3ajad KJIACTepH3allii KOPHUCTYBadiB Mepexi
Iarepuer. Po3po0iieHO TeHeTHYHMI aNrOpUTM JUIsS PO3B’I3aHHs MTOCTABIICHOI 3a7avi Ta BiJNOBIJHE MPOTpaMHE
3a0e3nedeHHs Uil HOro NMPakTHYHOTO 3aCTOCYBaHHS. 3a/ild BpaxyBaHHS CHELU(IKM 3a1adi Ta IMiIBHIICHHS
e(eKTHBHOCTI POOOTH TEHETHYHOTO aITrOPUTMY OyJIO 3aCTOCOBAHO HEOTHOPIMHI XpOMOCOMH. BimmoBimHO 110
OT0 OYII0 BHECEHO CYTTEBI MOAMGIKAIIT 10 epediry KIaCHIHIX MPOLEAYp CXPEITyBaHHS Ta MyTaIlii.

Po3pobnennit anroputM OyJ0 TOCTIHKEHO Ha IIBUAKOIIIO B MOPIBHSHHI 3 aJITOPHTMOM T'PAHUYIHOTO
nepe0opy Ta MOKa3aHO 3HAYHY HOTO IepeBary 3a UM MOKa3HUKOM.

[Monanbuii nociipkeHHsT OyAyTh MOB’sI3aHi 3 PO3BUTKOM IHTEJICKTYaJIBHOTO MiAXOAY J0 PO3B’SI3aHHS
JlaHoi 33/1a4i Ta BUKOPUCTAHHSIM HEYITKMX MHOXKHH 13 METOFO MOJIOJIAHHS 3aIIyMJICHOCTI BXiJJTHUX JaHUX.
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