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Pa3zpadoTka napaJjJiesibHOr0 AJIroOpHTMA KJIACTEPH3ALHH TEKCTO-
BbIX 10KYMeHTOB FRiS-Tax na ocnose texnosoruu MPI

M.E. Mancyposa', B.b. bapaxuun™ *, C.C. Aybaxupor', E. Xubarxanyne' Mycuna A.b.'

Kazaxckuil HAMOHATEHEIH YHHBEpCHTET HMeHH an-Mapabu’, HHCTHTYT BRIMHCIHTEIBHLIX
Texnonoruii CO PAH?, Hopocubupcknii rocyapcTBEHHBII }'[]HEEPCHTETH

B nannoii paGore onucana napaieisHas peanusamust anropurma FR1S-Tax nis knacrepu-
JALHH KOPITYCA JOKYMCHTOE. AJIMOPHTM OCHOBAH HA OLCHKE CXOACTEA ME#1Y 00bCKTAMH B
KOHKYPCHTHOH CHTYALIHK, KOTOPAA NPHBOJANT K NOHATHIO (WHKLHH KOHKYPCHTHOIO CX0/1-
crea (FRIS-dyHrunn). B kauectse wkan A onpeieaeHns Mepbl cXoacTiea ObUiH BROpaH kI
arpubyTel Gnbnnorpadmueckoro onHCaHHI NOKYMCHTOB. PacnapaiiennBaHne o yiee Ts-
JETCH HA ITANE HACTPOHKH KOMPHUHEHTOR B JOPMYIE MEPBI CXOACTBA DEHETHYECKOTO
ANTOPHTMA, 4 TAKKE HENOCPEACTECHHO HA TANC KIACTCPH3ALMH. ANNOPHTM KIacTepH3a-
LHH PCATH30BAH HA BRICOKONPOMSBOAHTEILHOH miatdopye MP) Express. [lpueeacHsl ko-
JHYCCTECHHBIE OLUCHKH BPCMCHH BbINMOJHCHHA NPOLGCER, JCMOHCTPHPYHLIRE NPEHMYLIC-
CTBA NAPAEIBHON Peai3aiHe ANrOpHTMA.

Kmoueawe caoea: EJACTCPHZALHA TCRCTOBRIX JOEYMCHTOEB, MNCHCTHUCCEKHC aJIMOPHTMEL, I14-
PALKIEHELC AIFNOPHTMEL.

1. Beenenue

O0keM UHPPOBLIX JOKYMEHTOB € KAMIBIM [JHEM YBEIHUYHBAETCA. JTO 3aTPYIHAST NPOLECC BEI-
Dopa HanboIee NOAXONALIEr0 MATEPHAILA NPH NOKCKe HYXHOH HHopMauuu. Knacrepuzaumus apider-
CA OJHHM M3 HHCTPYMEHTOB GHAIH3a JaHHLIX, KOTOPEIH MO3BOMAET CIENaTh JOCTYNHBIMH 1A BOC-
NpHATHA DonkwiHe 00BeMEl HHpopMauuu. [lon knactepuzanMell NMOHHMAETCA NpouUecce pazdHeHHA
MHOMECTEA JTOKYMEHTOB EKTPOHHOH 03kl Ha K1acchl (KIACTEPEL), NPH KOTOPOM IIEMEHTEIL, 00h-
€IHHACMEIE B OJHH KJIaCC, HMEHT DOIbLUIEE CXOJACTBO, HEMEIH MEMEHTRI, NPHHALICKALIHE PAIHBIM
knaccam. [Ipouece knactepH3zauMi JaHHBIX ABIAETCHA PECYPCOEMEKHM, ¢ pocToM 0DBeMa obpadaTeiBa-
eMOH HHpOopMaLKHHK 3a0a4a enle 0oNbIIe yeanoxHAeTcA. [na pemeHua 370l npodneMe!l Hoclle10BaTenH
pa3padaTeIBAKOT PA3IHYHEIE AITOPHTME] KIACTEPHIALUHH ¢ NPHMEHEHHEM TEXHOIOIHH NapaulebHOro
NnporpaMMHpOBaHHA.

[ensio naHHoOH paboTel ABIACTCA NapanineisHad peannianma anroputda FRiS-Tax nna knacte-
PH3ALHH HAYYHEIX CTATEHl HA OCHOBE TEXHOJOrHH MNAapanielbHBIX BeIvHcneHHd Message Passing
Interface (MPI). B kauecTee Mephl OMH3IOCTH NPH KIACTEPH3ALUMH B JaHHOH paldoTe npHHATA Mepa
KOHKYPEHTHOIO CX0JCTBA. JIa HAcTpOHKH BeCOBEIX KO3M(HUHEHTOR NMPH BEMHCIESHHH MEPEl CXO1-
CTBA MCMONB3YETCA MeHEeTHHECKHH AropHTM.

Kpatko w3nomuM cTpykTypy crated. B pazpnene | obDocHOBaHA aKTyalbHOCTE BHIDPAHHOIO
HanpaeleHHA HooleJoraHuil. B paznene 2 onucaHa 3a0a4a KIacTepPH3aLUMH TEKCTOBEIX JOKYMEHTOR H
NPHHATAA Mepa DIH3I0CTH. 31eCk MEe NpeacTaslied anropuTsM knactepuzauud FRiS-Tax. B pasnene 3
OMHCAH FEHETHHUECKHH alropHTM A4 HacTpoHKH KoddduuneHTor B hopmyne Meprl cxoacTea. B pas-
nene 4 npeacTaBieH NAPANIENBHEIH alropHTM KIAacTepH3alUHH ¢ NPHMEHEHHEM pazpadoTaHHOrO re-
HETHYECKOTO anroputMma. B paznene 5 npueedeHBl pe3yneTarbl BRIMHCIHTENBHEIX IKCNEPHMEHTOB H
MpOBEIEH AHAIH3 MNOIYYEHHBIX JAHHBIX. B 3akii0ueHHH NogBeJeHEl HTOTH BEIMOIHEHHOH paboThl.

2. AnropurMm kiacrepusanun FRiS-Tax

B JAdHHOM pasziciic OMHCBEIBACTCA allFopHTM KIacTEpH3alUHH HaYHHBIX CTareH, Hﬂ'l'ﬂ[‘.ll:lﬁ Mo3B0JIIAa-
€T pCUIATE 2a1ay HAXOHIICHHA M0 TaHHOMY JOKVMCHTY EKIlacCcd NOEYMCHTOB, CXOMHX © HHM [0 CO-
JACPHAHHKY .

PaboTa BEIIONHCHA B PAMKAX HAYYHBIX OPOCKTOB IpadToBoro guaancuposanns MOH PK 2015-2017 rr.
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Jna Toro 4TodEl PEUIHTE ATY 3a]1a4y, MHOKECTBO JOKVMEHTOR AJIEKTPOHHOH 0a3kl paz0HBaKTCA
Ha KJIACcChl Mo OJIH30CTH B NPOCTPAHCTEE aTPHOYTOE HX OHOIHOrpadHIeCcKoro onHcaHH A,

B zanaue KiacTepH3allHH KaXIbli KIacTep OMHCHIBAETCA ¢ MOMOLIBKY OIHOTO HIH HECKOIBKHX
HICHTHHHKATOPOR, HAZBIBAEMBIX Npo(HIeM HIH UeHTpOHI0M. B KauecTBe WWIKAT 1NA ONpe/IciieHH
MEPEI CXOACTEA npe/uiaraerca Opates arpudyTel OHOIHOrpagHueckoro onucaHus ToKyMeHToB. B Ka-
HECTBE AlFOPHTMA KIACTEPHIALMH TEKCTOBRIX JOKYMEHTOR BeIOpaH anroputd FRiS-Tax [1, 3], ocHo-
BAHHEIH HA HCMOJL30BAHHH (PYHKIHH KOHKYPEHTHOrO CX0/ICTBA.

Mepa cxoncTea m Ha MHOMKECTBE JOKYMEHTOR [) 3a1aeTca cneQyiommnmM obpazom (1):

!Hlﬂxﬂ—}[ﬂ.,l]., (1)

MPH 3TOM (PYHKUHA M B CIYHAE NMOTHOID CXOACTBA MPHHHMAET 3HAYMEHHE |, B CIVYMAE NOMTHOrO pa3in-
A — (. BervHcnenne Mepel CX0CTBA OCYIIECTBIAETCA N0 hopMyne BHaa (2)

nid,.d,)="> amid d,) (2)

rje i — HoMep 3eMeHTa (aTpubdyTa) OHOIHOrpadHuecKoro ONHCAHKHA, d; — BECOBLIE KOA(DHHUHEHTEL,
m(d, ,d,) —Mepa cXOICTRA MO {-MY 3TEMEHTY (MHBIMH CII0BAMM, MO {-i WIKaIe).

B pezyneTate opmManHzalHKe HIEH O TOM, 4TO JJI4 OUEHKH CXOJCTBA MeX Iy 00BbeKTaMH HeoDXO-
JHMO YMHMTHIBATE KOHKYPEHTHYH CHTYALUHI), BOIHHKIO MOHATHE (DYHKUHH KOHKYPEHTHOIO CXO/CTBA
(FRiS-pyukuun) [2]. B coyuae 3ananHoH abCONOTHOH BENHMHHEL CXOACTBA M X, V)MEHIY IBYMA
00BEKTAMH KOHKYPEHTHOE CXOJICTBO 00BEKTA d ¢ 00BEKTOM h B KOHKYPEHLIHH ¢ 00BLEKTOM ¢ ONpee-
naerca 3HaueHueM FR1S-gyakunu F,, (a), kKoTOpoe BEIMHCIASTCA No hopMyie (3):

B i, )y —mia, )

— i (3)
milaa, )+ mila,c)

[Ipu nepexone oT CXOICTBA Me Ty O0BEKTAMM K CXOICTBY ME#1Y 00BEKTOM M KJIACTEPOM HC-
MONB3YETCH TOT e noaxo1. J1ns oueHKH KOHKYPEHTHOIO CXOICTBA ODBEKTA I ¢ MEPBBIM KIACTEpPOM

YUHTEIBAIOTCA aDCONIOTHOE CXOACTBO m( 2,1} 2 € 3THM KIacTepoM H cXoAcTBO m(2,2) ¢ KOHKYpHpY-

HIIHM BTOPEIM KnacTepoM. HopMHpOBaHHAA BEIHMHHA KOHKYPEHTHOTO CXOJCTBA NPH 3TOM BEIMHC-
naeTcA no gopmyne (4):
miz, ly=miz.2)

miz, D +miz.2) -

Filz)= (4)

B xauecTBe BEIHYMHEl CXOACTEA 00BEKTA I ¢ KIACTEPOM MOIYT HCMOIL30BATECA BEIMYHHA CXO-
CTEa 00BEKTA 7 ¢ OMHMAHIIHM K HEMY 00BEKTOM M3 3TOT0 KIacTepa MO0 BENHHMHHA CXOICTEA JaHHO-
ro 00beKTa ¢ THNHYHBIM NPEeACTABHTEIEM J1aHHOTO KIacTepa.

JHaueHuA FRIS-pyHKuun MeHAwOTCA B npenenax oT —1 go +1. Ecnu 00bekT 7 cOBNAaaeT ¢ 3tano-

HOM Nepeoro kinactepa, 1o F

,,z{z}zl. [Tpu miz, 1) = miz, 2) 00BEKT 7 ONHHAKOBO MOXOXK (HIH HE

moxo#) Ha 0ba knactepa, Toraa 3HaueHne F,(z)=0. IIpu coBnajeHnH o0beKTa 2 C ITATOHOM BTO-

POro KIACTEpPa €ro HECXOJCTRO C MEPBRIM KIACTEPOM MAKCHMAIBHO H paeHo F, {z]=—l . Onpene-

JIEHHAA TAKHM cnocodoM (PYHKLUHA KOHKYPEHTHOrO CXOACTEA XOPOLIO COrNACcyeTcd ¢ YelI0Be M ecKHMH
MEXaHH3IMaMH BOCMIPHATHA CXO/CTBA H PAZTHYHA.

[leneo paboTEl JaHHOTO ANFOPHTMA, KK H OONBIIHHCTEA ANTOPHTMOB TAKCOHOMHH, ABIAETCHA
pazbOHeHHEe BCEN0 MHOMECTEA O0OBEKTOE BHIDOPKH A HA ITHHEHHO pazlelMMBIE KIACTEPHl MOXOAHX
MER Ty CODOH O0BEKTOB, KOTOPBIE 3aTeéM ODBEIMHAKTCA B Knaccel Donee caomHex (opm. [Tputuem
NoJ NOXOKECTHIO B TAHHOM CIYYA€ MOHHMAETCA KOHKYPEHTHOE CXOJCTBO € LEHTPAIbHEIM 00LEKTOM
KnacTepa (Janee TakHe 0DBEKTEI OYIYT HAZLIBATECA CTONNAMH Ki1acTepoB). EcnH MHOXECTBO CcTONNOB
S ={s,5,,..,5} (roe k — uncno knacTepoB) y#e BelOpaHo, TO Bee 00BEKTEl BHIDOPKH PacnpelensioT-
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CA MEKIV CTOINAaMH Tak, ¥TO0B! BEIHYHHA KOHKVPEHTHOrO CX0/CTEA 00BEKTOR CO “CBOMMM ™ CTO/INA-
MH ObLIIa MAKCHMAaIbHOH.

HetpyaHO 3aMETHTE, MTO ¥V NPOHIBOIBHOID 00BEKTA o € A MAKCHMATEHOE KOHKYPEHTHOE CXOJ-
CTBO Oy IeT ¢ OnHKaHIIHM K HEMY cTonnom s . EcTecTBeHHo, 4To B 33/1a4¢ TAKCOHOMHH MHOMECTBO

cToanoe § 3apaHee He 3a1aH0. Beibupateca oHo Oyer TakumM o0pazoM, YTODB! CpeHAS BEeIIHYHHA
KOHKYPEHTHOIO CXOACTEA Ka¥10ro 00beKTa BEIDOPKH A ¢ OnMKAHIIMM K HEMY CTOINOM H3 MHOME-
CTEa 5 OBUIA MAKCHMAIIBH A

F($)=YF (a) —> max (5)

aad

Yem Gonklie 31a BeIHYHHA, TeM Dolee NoX0okH 00BEKThl HA CBOMH CTOJNMNBI H TEM JIYHIIE Ka4eCTBO
thopmupyemoi TakcoOHOMHH. MHOMXECTBO CTONMOBE HAPALIHMBAETCA MOCIEIOBATEIBHO MYTEM BeIDOpa
HX H3 udciaa o0bekToB BRIDOpKH. Ha pucyHke | npencraeneHa cxXema alropHTMa KIAcTepH3alHH
FRi5-Tax.

Pacnipeaenenme
FIHora T AL HaxoxaeHne nepeoro -
MApaMETPOB H— OCTATRHLY 0OLEKTOR MO
) ' KIACTepaM
. Haxox gemme ;
MMapcrr PDF daition OGHOEISHNE CTOTIOR
CRCTYVEMITETD CTOJIA
KonwuecTeo
gl HeT HerT™

TONMOE MEHkLLE

Pue. 1. Amropury knacrepusannn FRiS-Tax

3. IN'evHeTHYECKHIT AITOPHTM /IS HACTPOIKH KOY(PuuHeHTOB B dopmy.ie
MeEpbI CX0CTBA

B naHHoi paboTe B KAYecTBE ATPHOYTOR pa3fleIeHHA HA KlacTepsl NyDdDIHKaumil w3 OubnHorpa-
huuecknx 0a3 TaHHBIX BEIOPAHEL:

- T0/1 BEIMYCKA;

- ko YK

- KJIKMEBBIE CIIORA;

- ABTOPBI;

- CEPHA;

- AHHOTALHA;

- 3Ar0JIOBOK.

Hna nogdopa pecoBelX KOMPHHIHEHTOB, KOTOPLIE HCMOILIVIOTCA B (DOPMYIIE MEPEl CXOACTRA (2),
OBLI pazpadoTaH FeHeTHUYECKHH anropHT™. [ eHEeTHUECKHH anropHTM — 3T0 IBPHCTHYECKHH alIropHTM
MOHCKA, HCOONB3YEMBIH 718 pPelieHHA 3a7a4 ONTHMH3aUHH H MOJENHPOBAHHA MYTEM CIy4aiHOro
nogdopa, KOMOHHHPOBAHHA H BAPHALMH HCKOMEIX NApaMETPOE ¢ HCMOIL30BAH HEM MEXaHH3IMOB, aHa-
JNOrHYHBIX eCTeCTEEHHOMY 0TDOpY B npHpoae [4).

["eHeTHUECKHH ANTOPHTM COCTOMT M3 CIeyUIHX 3Tanos ([4]):

1. Coznanue HAYATIBHOH MOMYTALMH.
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2. 071hop (cenexums).
3. Buibop poaurenei.
3. PazMHOKEHHE (CKPELLIHBAHME ).

4. Myrtauum.

Huxe NnpeacTapiicHa CXeMa MFEHETHHUECKOID AlIropHTMa {[‘.IH-I:- 2}., H ONMHCAHED 3Talkl BEITTOITHEHHA
AJITOopHTMAa NPHMEHHTENBRHO K 3314%E KNNacTCPH3ALHH.

Co3gaHne nepeo# ]

MOy IAHE J

Pewmense HafIeHO

Cenexims
CEpemHEaHHS
v
[ MyTamms
L OnepaTopsi
rA

Puc. 2. CxeMa reHeT HISCKOD0 ANropHTMa

3.1 Coznanue HAYAILHOH MOIYJIALUHH

Jna co3gaHua HAYATBHOH NONYIALUMH H €€ JalbHEHIISH IBONIHH HE00X0HMO HMETE YIOpA-
JOUEHHYK) LENOUKY reHoB MIH reHotun. CornacHo [4], HekoTOpEIM, 0DBIMHO CIyUaHHEIM 0DpazoM
CO31AETCA MHOMKECTBO TEHOTHNOE HAYMATEHOH nonylAudH. OHH OLEHHBAKTCA ¢ HCNMIBIOBAHHEM
«(PYHKUHH MPHCTIOCODIEHHOCTH HIH (PHTHECC-DYHKLHH, B PE3VIBETATE HEro ¢ KAKALIM MEHOTHIOM
ACCOLHHPYETCA ONPE/IeIcHHOE 3HAMEHHE («NPHCNOCO0IEHHOCTEY ), KOTOPOE ONpPeIelseT HACKOIbKO
XOPOLIO FeHOTHN, HM ONMHCHIBAEMEIH, PELIAET NOCTABRISHHYIO 3aga4dy. Jns JaHHOH 3a7aud 1enouka
reHOBR MMeeT (DHECHPOBAHHYH JNIHHY, paeHyi 13, W npejgcraender coboil HADoOp napaMerpoB, co-
CTABNEHHEIX HA OCHOBE ATpHOyTOR OHOIHOrpadH-MecKoro onHcaHus TOKVMeHTOB. COoKpalleHHA Ha
PHCYHKE 3 COCTARIIEHEI H3 NEPBLIX OYKB HA3BAHHA TeHa, Hanpumep, UseAbstract = UAbD.

Tadauuna 1. Habop renos

Ne lHlonnoe HA3ZBAHKE FeHA Corpaie HHOC Bosmomuele  3Haue-
HA3BAHHE I'CHA HH 5
1. | POSSIBLE _DIFFERENCES | PD (-3
2. | UseAbstract UAL (-3
3. | UseUdk iy -1
4. | UseKevWords UKW (-3
5. | UseAuthors LVAn (-3
6. | UsefoumaSena [ENAY (-1
1. | UseTitle UT ()-3
8. | UseYear Uy (-1
9. | AuthorEguality AuE (-1
10. | TileEguality TE (-1
11. | KevwordsEguality KE (-1
12. | AbstractEgquality AbBE (-1
13, | K (KONHYECTBO KIAC TEPOR) K 2-15
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| UibJ uu IUHW‘ UAI.IJ uJs ‘ ut J Uy l.ﬁ.uE[ TE KE | AbE | PD K Xpomocom

Puc. 3. Crpykrypa xpoMocoMel

B npaeoi konoHke TaOIHUE! | YKA3aHE] 3HAYMEHHA, KOTOPEIE MOTYT NMPHHHMATE reHbl. ['eHsl W3
38/1aHHOTN0 FEHOTHNE HCNOIB3VIOTCH CIeIVHIIHM 00pazoM. PaccMOTpHM reHbl, 3HAYEHHA KOTOPBIX
MEHAKTCA B qHanazoHe oT 0 0o 3. Eciau 3HaveHue reHa pagHo (), TO OH HE HCNOIB3YETCA B CO3TaHHH
nonyaAuud. Ecin e 3HaveHue Oonsuie 0, TO 370 3HAMEHHE NPEACTARIAECT cODOH BEC COOTBETCTEYIO-
mero rena: authorsWeight, keywordsWeight, title Weight, abstractTextWeight. ITH Beca HCIIOIB3YIOT-
CA B JalbHEHIIEM NPH BEIMHCIEHHH MEpbl OIH30CTH m no dopmyne (2).

[eHbl W3 TAONHIE |, KOTOPRIE 3aKAHYHBAKOTCA HAa cnoBo Equality: AuthorEquality, TitleEguality,
KevwordsEquality, AbstractEquality 3ananT cnocod cpaBHEHHS aTpHOYTOB T0KYMEHTOB H HCIIONIb3Y-
HOTCA B CO3TAHHH MOMYIALMH, TOIBKO €CITH COOTBETCTBYIOIINE 3HAUeHHA reHoB UseAuthors, UseTitle,
UseKevWords, UseAbstract nonomurensdsl. [Tpu 3ToM ecin 3Hadenus AuthorEquality, Title Equality,
KevwordsEquality, AbstractEquality paessl 0, TO 18 CpaBHEHHA CMHCKA aBTOPOB, HA3BAHHI cTaTel H
KIHYEBRIX CIIOB NPHMEHASTCA 00BIMHOE cpaBHeHHe MeTonoM Eguals. Ecnu snauenua AuthorEquality,
TitleEquality, KeyvwordsEquality pagsel |, TO 104 OUEHKH Mepel ONH30CTH ATPHOYTOB NPHMEHASTCA
pacctoanue Jlesenmreiina [5]. Ecnu e 3HadeHue reda AbstractEquality pagHo |, To 118 OLEHKH Me-
Pl OIH30CTH AHHOTALHH NPHMEHASTCH AJNTOPHTM WHHTIOR [6].

Iuavenun reHos Useldk, UseJournaSeria, UseYear apnsaioTca OMHHAPHBIMH, TO €CTh I'éHkbl B 3ABH-
CHMOCTH OT 3HAYEHHA THOO HCNOIBE3VIOTCH, THDO HE HCMOJIB3VIOTCA, B CIIYYAe HCNOIB30BAHHA K MEpPE
m npubaensetca 1. len POSSIBLE DIFFERENCES npenctagnaet co0ol NOporoBpoe 3HAYEHHE MpPH
OUEHKE OMH30CTH Mo paccToAHuK JlepeHiITelHa, 3HAUeHHE 3TOro reda meHdetrca ot 0 go 3. Ecnwu
POSSIBLE_DIFFERENCES = (), TO cpaBHHBACMBIC HAZBAHWA, ABTOPEl, KIHOMEBLIE CIOBA JOTAHEI
MOMTHOCTEK) COBNANAaTe. ECIH npM cpaBHEHHH BEIMHCIEHHOE PAccTOAHME No JleBeHIUTEHHY OKA3LIBA-
€TCA MEHBIIE MOPOrOBOrQ 3HAYMECHHA, TO K MEpe OIH30CTH M NPHOABIASTCA COOTBETCTEBYHOLIHH BEC:
AuthorsWeight, nitleWeight wnn KevwordsWeight. Ecim paccroanue no JleBeHIITEHHY NpeBRIIIaeT
MOPOTOROE 3HAUMCHHE, TO JENAcTCA 3aKIMEHHE, YTO ATPHOYTEl paziH4HBl. 3HaueHHe reHa K 3ajaet
KOJHYECTEO KIACTEPOR, HA KOTOPLIE pA30OHBAIOTCA TEKCTOBLIE TOKYMEHTEL

3.2 Ordop

B reHeTHHECKOM AIrOpHTME MHOMECTBO OcoDeil, Ka#[1ad cO CBOMM TeHOTHIOM, NpeICTABIAEeT
coDoil HekoTOpoe pelleHHe 3a1a4i K1acTepizaunn. [IpeanonoxumM, 4T0 ¥ HAC NOPOAIEHA 0Cc00k, TO
€CTh 3a/]1aH HaDop BeCcOBRIX KOMD(HUHEHTOR A ONpeJe/leHHA MEphl cXoAcTea. Janee npoHzBoIHTCA
knactepuzauna FR18-Tax, roe Mepa OH30CTH BEIMHCIIASTCA ¢ JaHHEIM HADOpOM BeCOBEIX Koadihuun-
eHTOB. B anropurde zanaerca pUTHeCC-PYHKIHA, KOTOPAaA MO3ZBOJIAET ONPeIeIHTE, HACKWIEKO XOpo-
1110 BBIMOIHEHA 3aja4a KlacTepHiauni. KavecTBo nmony4eHHBIX KIacTEpoB B JaHHOH padoTe OUeHH-
BACTCHA C MOMOIILK BHELUIHErD KPHTEPHA KavecTea Knactepuzaunu Purity [7]. Jna npHHATHA pelieHHA
0 TOM, KaKad U3 0coDel He npoiia oTDOP H YMHPAET, 4 KAKAA BEIAKHBACT M OY/IET yHaCTBOBATL B pa3-
MHOMEHHH, YCTAHABRIHBAETCA HHHAA rpaHnua ( Threshold) nna anauenni purHece-gpyurunn. Ocodb
YMHPAET, €CIH (PYHKLIHA BO3BPAILAET 3HAYEHHE, KOTOPOE MEHBIIE YCTAHOBIEHHOH HHACHEH IPaHHLEL

Ha nanHHOM 3Tane onpeaendioTcd poIHTEIH Oy IvIeH ocodH ¢ moMollk MeToaa oThopa Roulette
Selection [8]. JaHHel oTOOP NPOHCXOIHT CNEIVIOMHM 00pazoM. CyYMMHPYIOTCA 3HAYEHHA QHTHECC-
(VHKLIMH BCeX ocoDel, pe3yisTaT CYMMHPOBAHHA 0003HAYASTCA S, 3aTeM BeIOHpaeTca clyvalHoe
qucao Mexay 0 M sum. 3anyckaeTcd UMK Mo 0co0AM, NOCTEI0BATEIEHO CYMMHPYIOTCA 3HAMEHHA HX
(hTHeCcC-pyHK UK. Kak Tonsko cyMMa OyIeT DoJbLUIe BEIOPAHHOTIO CAYHAHHOIO YHCIId, BOZBPALLIASTCA
HHIEKC TOH oco0H, KOTOpas Moclie Hel y9acTRORAIA B CYMMHPOBIHHH.

3.3 CkpemmBanue
BerkHBiHe 0co0H YMACTBYHOT B pasMHOMeHHH. 1A 3TOoro BeIOHpawTCA IBE 0CODH, MEXIY KO-

TOPBIMH MPOH3IBOINTCA CKpeliHBaHue. Kak cnencreue, nomyuaetca HOBoe nokoneHue. Ha pucynke 4
NpeacTARIIEH ITAN CKPEUIHBAHHA TEHETHHMECKOTO ANrOpHTMA.
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Puc. 4. CrpeimeaHne XpoMocon
3.4 Myraunsn

MyTauua HyAHA 114 TOro, 4To0El PEIIeHHE 3a/1a4H HE NMONano B J0KanbHBIH 3kcTpemymM. [locne
TOrQ, KaKk MpoLLI0 CKPELIHBAHHE, NPEANOIaracTca, YT0 HEKOTOPAA YacTk HOBRIX 0coDel nmoaeepract-
cA MmyTauHu. na sroro cioyqaiiHelM obpazom BeibHpatoTea 25% Beex ocobeil, nanee Takse cioy«aii-
HEIM 00pa3oM BeIDHpaeTcA 25% reHoB 3THX 0Cco0eiH, KOTOPEIE NOABEPTaTCA MYTALHH (pHC. 3).

Takum 00pazoM, FeHETHYECKHH aJIrOpHTM N8 3a184H KIACTEPH3aUMH COCTOHT M3 CTaJIHH HHH-
IHAIH3ALHH H CTAIHH HTEpPaLHii.

Cmaous uruyua iuzayu:

[loposaeTca nepeoe MOKOJIeH He.

Hmepayuonnas cmadus:

l. BelnonHseTcA KnacTepHauua no anroputMmy FRiS-Tax.

2. BervyMcnaeTcA 3HaYeHHe (P THECC-PVHKIMH.

3. 3navueHHe PHTHeCC-PYHKLHH CPABHHBACTCA C MOPOTrOBEIM 3HAMEHHEM KavecTea. 14 TaHHOI
3a]1a4M noporosoe 3HaueHHe pasHo 0.8, Ecnin njocTHrHyTO 3anaHHOE 3HAYMEHHE KAYeCcTBa KlacTepH3a-
ILHH, ATTOPHTM OCTAHABIHBAECTCH.

4. Huaue nopo#1aeTca HOBOE NOKOJIEHHE: BRIMOIHACTCA 0TOOP ocoDei, pasMHOKEHHE, MY TALIH H.

5. llpouzBogMTCA NEpexo1 B MyHKT |.

R 5 P 3 P 5 P P e

o el Rl | ~ sl

Puc. 5. Drran MYTALHH FCHCTHYCCEOND allmpHTMa

4. [MapauieabHblii aaropum™ kaactepusanun FRiS-Tax

249



[Ipn DonewoM KOTHYECTBE 0DPadATHIBAEMBIX JOKYMEHTOR BPEMA BEIMOIHEHHA AITOPHTMA Kia-
CTEPH3AIHH PACTET IKCMOHEHUHAIRHO ¢ POCTOM YMHCNA JOKYMEHTOR. B CBAIM ¢ THM U8 YCKOPEHHA
padoTEl HA JBYX 3TAnNax airopuT™a ObLIH NPHMEHEeHE! TEXHOIOIHH NapaAlIelbHEX BEMHCIeHHH. Bo-
Nepeulx, NpH oTdOope ocodeil B reHeTHHeCKOM ANMOPHTME, KOTJA BRINOIHAETCA KIacTepH3alusA ¢ 3a-
JaHHEIM HADOpOM BecOBRIX KO uuuenToR. [lapamnensH B reHeTHYECKHH aJIrOpHTM PEaIHI0BAH HA
BEICOKONPpoM3R0AHuTeNsHOH nuathopme MPJ Express [9]. Bo-eropeix, npH BEINOIHEHHH alTOpHTMa
knactepuzauuy. B anropurve FR1S5-Tax caMbiM CHOMHBEIM BEIMHCIHTENBHEIM [POLECCOM ABIAETCHA
00x01 BceX ODBEKTOR BEIDOPKH H NMPOBEPKA KAX 00 Ha POJb CTONNA. JTa 4acTe ANTOPHTMA PEealn3o-
BAHA C MOMOLIEK TEXHOIOrHH Streams Java 8 [10].

4.1 PE[EIIH']H.]I.]IE.]IIIBE[IIHE rEeHeTHYECKOID ANTINopHTMA

Husce npeacTapneHsl IArH NapaiieibHOH BEPCHH MEHETHYECKOr 0 anropHTMa (pHc. 6).

1. Janyckaetca N npoueccoe ¢ nomowkey MPJ. Hucno N npencrasnfaer codoil KOIHYECTBO
ocobel B MeproM NOKOIEHHH. Kam Ikl npolece 3anycKkacTcd Ha OTAEEHOM BRIMHCIHTEIRHOM Y3IIE.

2. Ka el npouece CUHTEIBAET (pail co CTATEAMH, KOTOPEIE HYAHO pa3IeIHTE Ha KIACTEPEL.

3. Mactep-npouecc reHepupyer N coyvuaaiHBIX XPpOMOCOM H 3aMHCEIBAET HX B OUEPE/lb.

4. Kagaeni npouecce Oeper U3 odepeId OJHY XPOMOCOMY H CO3/18eT 0CODb, CHHMTAET IHAYECHHE
(PHTHECC-(PYHKIIHH H OTNPABIAET MACTEPY-TIPOLIECCY .

3. Mactep-npouecc npopepAeT, HE HAWIACE JH 0COoDBE CO 3HAYEHHEM (HTHecC-(PYHKLHH,
DONBIIMM HIH PABHEIM 38JaHHOMY noporoeoMy 3HaveH o (0,8). Ecnu takas ocodb ecTh, TO MacTep-
MPOLECC COODIIAET BCEM OCTAIBHEIM NPOLUECCaM, MTO 0CO0E HAHIeHa, H MOXHO NPEKPATHTE padboTy.

6. Eciom Het, To MacTep-npouece HauuHaeT otoop. CKpelHBaHHe NPOXOIHT BHYTPH oTOOpa.

7. llocne Toro Kak poaMTEIH ONPEISIHINCE, PpOoX1aeTca Hoerad ocodb. [Ipouece ckpeniuBaHuA
NpOIMIAACTCA NOKA He NoABATCA N HOoBBIX Ooco0eil. CTapoe NOKOIEHHE HE YHACTBYET B JalbHEHIICH
paboTe.

4. llocne aToro NpoH3BOAHTCA MyTALUMA, CIYYaHHBIM N€HAM NPHCBAHBAKOTCA HOBBIE CIIYMaHHBIE
sHadcHuA. Koapduument myranun — 25 %.

[loxa MacTep-NpoLUEce BRIMOIHAST OTOOP CKPEUIHBAHHE H MYTALHKD, OCTATEHLIE NMPOLECCH] HIYT.
Hoewle XpoMOCOMEI 3aMHCHIBAKOTCA MACTEP-MPOLECCOM B OYEPEIh, H LIHKI NMOBTOPASTCA.

ColJamme nepeol ] " FRIS-Tax

oMy 1mImm ™ Ouyepelb Pazzen pabotal J ' ’
| v
Onepatopu [ A Cenesapes Oneska Pewenne HanaeHo

Puc. 6. Cxema napanieisHOro anropurma knacrepuzaunn FRIS-Tax

4.2. PacnapanneinBanne aaropuTMa KiacTepH3alHg

C yeenuueHHeM KonMdecTsa crated spema pabora FRiS-Tax pacter akcnoneHunansHo. Harpy-
30YMHOE TECTHPOBAHHE BREIABHIIO JIBA CAMBIX MeANneHHEIX 3Tana B amroputme FRiS-Tax. Mmwu okaza-
JIHCE HAXOM/IEHHE MEPBOTO CTONA H HAXOXK/ISHHE OUEepeIHOTO cTonna. J1a yCKOpPEHHA 3THX JTanoe
ObllIa NPHMEHeHAa TeXHOoIorHA Streams Java 8. [IoTOKH NO3BOMAKT 3a0¢HCTEORATE Boe Aapa yana. [lpu
pabore ogHoro MPJ-npouecca Ha yane MakcHMANBHO padoTaeT TobKO oaHO Aapo. Korjna npouecc
JOXOIHT 10 METOJ0E C NOTOKAMH, HAMHHAKT paboTaTe Boe Apa. Y IyuuieHHa padoTel NepBoro 3rana

3aMeTHEl, HaunHada ¢ 1000 crarei, eroporo — ¢ 600 cTaTei.

250



3. Pesyibrarsl BBIMHGIHTE/IBHOTO YKCIIEPHMEHTA

C uenel HecleQ0BaHHA NPOH3BOIHTEILEHOCTH PazpadoTaHHOID NapaielbHOI0 aIropHTMa ObLIH
MPOBE/IEHEI BEIMHCIHTENEHEIE IKCNEPHMEH TR, ANMOPHTM OBUIH npoTecTHpoeaH B Jlabopatopuu KoMm-
neoTepHblx HavK HHH MM npu KazHY umenn ane-apadu Ha knactepe, cocToAmem w3 16 mammH.

XapaKk TepHCTHKH Y3J10B:

- RAM: 16Gb

=  ApxuTtexTypa: x36 64

= CPU(s): Intel Core 15-2500 CPU 3.30GH=z

= Cete: 1Gbivs.

Ha yanax ycraHoeneHa onepauuoHHad cucreMa Ubuntu 14.04. [ToqMHHEHHEIE Y3IE HACTPOCHE
and pabotel ¢ onbnHoTekod MPICH-3.1.4 uw MPJ 042, ¥Vanu nogknwuensl K cetH Ethernet Intel(R)
PRO/1000 Network Connection, koTopas odecneyHeaeT nponyckHyw cnocodHocts B 1000 Mbps.

TecTupopaHHe NPOBOIHIOCE HA cTATEAX HypHANa “BecrHuk KazHY", onydiHKORAHHEIX B nepH-
on ¢ 2008 mo 2015 roael. Beibopka ekmouana 95 pdf nokymenTos, oduee uncno crateii — 2837, Bul-
00p HCXOIHBEIX JAHHBIX 00YCIOBIEH TEM, 4TO BCE JOKYMEHTHl Pa3[eleHbl HA CepHH (MAaTeMaTHKA,
Ouonorus, unocoHa U TJ.) H JalkHeluee paz0HeHHe He BLIZBIBAET TPYIHOCTH MPH HCNOIB30BA-
HHH MEp CXOJAMMOCTH, OCHOBAHHEIX TOIBKO Ha OHOMHOrpapHUecKHX ONMCAHHMAX NTHOO 3aroloBKax
crateid. Jua Toro yrodel D0Iee TOMHO OLEHHTE KAYMECcTBO paz0HeHHA BEIDOPKH, JAHHEIH KOpmyc OBLI
pa3feneH Ha KIacTepsl ¢ NOMOILBK IKCNEPTa B NPEIMEeTHOH 00nacTH.

BpeMa BBINOJIHEHHA ONPEAEIANOCE CIEIYIOIWIHM 00pazoM. bEIIH NpoH3BEIEHEl H3IMEPEHHA BpE-
MEHH MPOLECCOB KIACTEPH3IAUHH 114 (POpMHPYEMBIX KIACTEPOB HA OJHOM BBIMHCIHTEIBHOM Y3JI€ H
HA HECKOIBKHX BBIMHCIIHTEIBHBIX y3Nax N4 napanneneHOH peannzaund. Ha puc. 7 npeacrasineHa
3ABHCHMOCTE BPEMEHH BHIMOJIHEHHA AlropHTMa OT KolHdecTRa npouecccos. Ha pucynkax 8-9 npen-
CTABIEHEl YCKOPEHHE H 3 PeKTHEHOCTE NApaeNbHOH peanHialHH.

Bpems BbiNMCAEHHHA, MCEK

SO0
L1 e

fle il e KOA-80 KPFOMOCOM 18

= i = KOA-B0 ¥PORMOCOM ¥
e 0B WPOMOCOM 64

Bpeun

Bidn i
— -
10000 - . *n-.a-._“ _____ . .
- p—— i
a +
| i L. 13

Pue. 7. Bpems BeMHCICHHA napannensHoro anoputya FR1S-Tax
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3.5

=== KON-B0 XFONMOCOM 16
= o = KOMN-B0 XFOMOCOM 32

Vexopenne

i 00 - B0 XPOMOCOM &4

as

2 s 8 12
KoamiecTeo npouneccos

Puc. 8. Yekopenne napannensnoro anropurma FR1S-Tax

Kak MOMHO 3aMeTHTE MO MOJYHEHHEIM rpaiHKaM, ¢ YBEIHYEHHEM KOJIHYECTBA NPOLECCOB YCKO-
PEHHE PACTET JIHILIE 10 HEKOTOPOTO 3HA4eHHA. [ 3amasHoro obsema obpadarslBacMEIX TOKYMEHTOB
KOJIHHECTBOM MPOLECCOB, MPH KOTOPOM HalIo1a10Ck MAKCHMAIBHOE 3HAMEHHE YCKOPEHHMA, OKa3a-
TNOCH 3HAUEHHEe 8, NpH 3ToM Haubonblnee 3HaYeHHe HhHeK THEHOCTH OBUTO JOCTHIHYTO NpH 3anycke 4
NpoOLECcCOoB.

IddenTuBHOCTD

.7

0B

= HOA-BD IFOMOCOM 18
= i = HON-B0 IPOMOCON 32

- ——0-B0 KPOMOCOM 64
0.2 o
0.1
c L L i I i I i i i
2 & g 1x
KoamwecTBo mponeccos

Pue. 9. Spexrnsrocts napauiensHoro amropuraa FRIS-Tax

Jins MOHHTOPHHra BHINOIHEHHA airopurda Owln pazpadbotaH Bed uWHTEepdeic, KOTOPBIH
MO3BONAET HabNWIaTe 33 TEKYLMMH 3HAYEHHAMH [apaMeTpoBR T[EHETHUECKOro airopHrMa H
JOCTHTHYTEIX 3HAYCHHH puTHecc-pyHKMU (puc. 10-11).
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Puc. 10. FL‘E}'.III;'I'E'I'M BEIIIHCHHA FCHCTHYCC KOO AJIMOpPHT Md, [HOEOJICHHE 0

E e
LR (EESC]

B B i i

Puc. 11. Pe3yibsTarsl BeIOONHE HIS NEHE THUSC KOO A1T0PHTMA, NOKOJICHHE 3

Ha puc. 12-13 npeactasineHel rHCTOrpaMMEl MOIYHEHHEIX KJIACTEPOB, IIE MO FOPH30HTAIEHOH
OCH YKa3aHe! YCIOBHBIE HOMEPA KIACTEPOR, MO BEPTHKAILHOH OCH — KOIHYECTBO JOKYMEHTOB B KIlla-
crepe. Kak BHIHO W3 PHCYHKOB, pazOHEHHE HA KIACTEPB! JOCTATOHMHO PABHOMEPHOE, MPHYUYEM 04
KJIACTEPOE C MANLIM KOIHYECTBOM 3JIEMEHTOB HeDONbIan.
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Hapaaseavine awguetumetonose mecnotoz unu (TaBT 9016 ) Jf Parallel computational technologies [ PCT 2016 )
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Puc. 12, PesyibTarTsl BRIIONHE HISL KIACTEPHA LHH, KOJIHUYCCTEO KIACTEPOE PABHO T
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Pue. 13, Pesynerarsl BNIONHCHHA KIACTCPHIALNH, KOJIHYSC TBO KIACTCPOR pasHo 15

6. Jaxouenne

[IpennoseHHan METOHKA KIACTEPH3ALUHH TEKCTOBBIX JOKYMEHTOB MO3BOJACT BHINOIHATE MPO-
necc 00paboTKH HA CHCTEMAX, COCTOALINX DoJIee MeM H3 OJHOr0 BRMHCIMTENBHOrO yana. [lapannens-
HOE BRIMOIHEHHE OCYIIECTBIASTCA HA 3TANE NPeBAPHTENEHOIO AHANH3A JOKYMEHTOB, BKIKYAKILIEM
BLIMHCIEHHE MEP CXOACTBA MEXTY JOKYMEHTAMH, 4 TAKMKE HEMOCPEICTBeHHO HA ITANe KIacTepH3a-
uuH. B pabore npHBOIATCA KOJTHYECTRBEHHBIE BETHMMHEL OLEHOK BPEMEHH BEIMOIHEHHA NPH pa3iivdg-
HOM KOJIHYECTBE BBIMMCIHTENBHBIX Y310B. OueHka 3(peKTHEHOCTH Npouecca NpH HCNOIb30BAHHH
napannelsHOH peaTH3alHi ANropHTMA Ha OCHOBE (DYHKLIHH KOHKYPEHTHOrO CXOJCTEA JeMOHCTPHPY-
€T HEOCH OPHMELH BEIMTPEIL B MPOH3BOIHTEIBHOCTH.
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Development of parallel FRiS-Tax text document clustering algo-
rithm based on MPI technology

M.E. Mansurova', V.B. Barakhnin™, S.S. Aubakirov', Ye. Khibatkhanuly', Mussina A.B.'

Al-Farab Kazakh National University‘. Institute of Computational Technologies of 5B RAS?
Novosibirsk State LTrlmar's.it:,,rf‘5

This paper descnbes a parallel implementation of FRi1S-Tax text document clustering algo-
nthm. The clustenng algorithm 1s based on an assessment of the similarity between objects
m the competitive situation that leads to the concept of compettive simulanty function
(FRiS-function). As the scales tor determination of the similarity measures are selected at-
ributes of libhiographic description of documents. The parallelization 15 performed on the
step of coethicient tumng n similarty measure formula of the genetic algonthm, as well as
drectly m step ol clustenng. The clusterning algonthm s implemented on a high-
pedormance MPJ Express platform. Quantitative evaluation of the execution tume of the
process 15 performed, clearly demonstrating the advantages ol parallel implementation of
the algonthm.

Kevwords: clustening text documents, genetie algonthms, parallel algonthms.
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