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AnaHoTanus

B coBpemennbix mcciaenoBanusx VHTepHeTa 9acTO MCIOJIb3YIOTCS Pa3InIHbIE
METO/Ibl aHAJIN3a TEKCTOB JIsi 00y4deHusI 0e3 yUInuTessl C Heablo U3BIeYeHnsT HHQOP-
MAaIliK, PEJIEBAHTHON Pas/IMIHLIM TeMaTUKaM. PaspaboTaHHbIN paHee I0IX0T alIr-
TUBHOI peryssipusaiun TeMarndeckux Mojeseir (APTM) npemocrasisier BO3MOK-
HOCTB 60Jjiee I'MOKOI0 BBIBOA U KOHTPOJIS HaJl TeMaMK, 9eM Pa3JIndHbIe PACIITHPEHUST
LDA. B mannoit pabore noaxon APTM 6bu1 npuMeHEH B 3a/1a4e U3BJICUYEHUS STHO-
COIMAIbHOTO KOHTEHTA U3 TEKCTOB PYCCKOSI3BITHOIO MeIMAIlIpOCTPAHCTBA. B paMKkax
paboThI OBLIN IIPEICTABIEHBI O0JIee COBEPITEHHBIN OHTARHOBBIN mapaJsieabHbiit EM-
AJITOPUTM JIJIsl OOy UIEHUsI MOJIEJIN, HOBBIE PEryJISipU3aTOPhl U IIPOBEJIEHO CPaBHEHUE
mogeneit APTM u LDA. C noMolpbio 3KCIEPTHBIX OIEHOK IIOKA3aHO, YTO IIOJIXO/I

APTM nydiite noaxoquT [jist MOMCKA PEJIEBAHTHBIX M MHTEPIPETUPYEMBIX TEM.



1 Bsenenme

TemaTuaeckue MoIe/I CTaJIN OJHIM U3 CTAHIAPTHBIX HHCTPYMEHTOB /I H3BJI€UCHU
JIAHHBIX W3 OOJIBIINX TEKCTOBBIX KoJuteKiuit. [lo cyTu, Temarndeckne mMojie/i IpOU3BO-
JIAT Pa3JIozKeHNe pa3peKeHHON MATPHUIILI «CJI0BA-JIOKYMEHTBI» B ITPOU3BEJIEHAE MATPUIL
«CJIOBa-TEMBI» U <«TeMbI-IOKYMEHTbI». BIiepBble 9Ta njes MOsIBIJIACh B MOJE/IH BEPOSIT-
HOCTHOI'O JIATEHTHOro ceMaHTHdeckoro anajausa (PLSA) [9], ceituac ke OCHOBHBIM HH-
CTPYMEHTOM CTaJjia MOJesb JaTeHTHoro pa3merenus Jupuxie (LDA), kotopast siBiasgercs
6aitecoBckoii Bepcueit PLSA ¢ anpuopnbiMu pacipeaenenusymu upuxie mjs pacipeie-
JIEHWsI CJIOB B TeMaxX U TeM B JOKyMeHTax [3, 6.

B rmeuenme mosroro Bpemenn LDA mHaxomuTcs B IeHTpe BHUMaHUS, ObLIO OIMyOJIH-
KOBAHO MHOXKECTBO PadOT, MPEJJIaraioniuil pa3jimaHble e€ MOAUMUKAIIUN JIJIs PEIIeHUs
KOHKPETHBIX 33184, OJHAKO TaKue MOINMUKAINK ABJISIOTCA OTACIbHBIMU UHCTPYMEHTA~
MU, KOTOPbIE HE/b3sl JIEIKO KOMOMHHMPOBATH JIPYT C JIPYroM. Pa3paboTka KaxKjaoro Imo-
JIOOHOT'O pacHIupeHnus — 3TO OOoJIbIllagdg padoTa JjIsd UCC/IeoBaTe/d B 00JIaCTU aHAJJIU3a
ganbbix. CrienuaancT u3 JApyroil mpeaMeTHON 001acTh, HallpUMe]D, COIMOJIOTHH, He OyIeT
3aHUMATLCA PaspaboTKoil HOBOM Mojgen LDA s KaxKaoii KOHKPETHON BO3HHUKAIOIIEN
zaja4un. bojee Toro, maxke HeOOJIbITIAA MOJIMMUKAIINSA y¥Ke CYIIECTBYIONEH pean3aiun
MOJIEJIA MOXKET OKa3aTbhCHd CJUIINKOM CJIOXKHOM C TEXHUYECCKON TOYKU 3PCHUA 3aa4eid.

B nmamnoit pabore Jijist pereHus 3a1a4 U3 pa3IudHbIX TPEIMETHBIX IIPe//IaracTcst uc-
[OJIB30BATh MOJIXO0J, 8 TATUBHOl peryssipusanun temarndeckux mogeseit (APTM) [25] u
PEATTH3YIOIIHIi ero MPOrpaMMHBII MTPOIYKT ¢ OTKPBITBIM KojioMm BigARTM [24]. APTM
obobimaer 6a3oBy0 Momeab PLSA mpu momormy MexaHu3Ma perysspu3allii, KOTOPBIi
MOXKHO HCIIOJIb30BATH JIJId OKa3aHUs MPAMOTO BJIUSHUS Ha T€ WA WHbIE aCleKThl MO/Ie-
JI, KOTOPBIE BayKHO y4ecTh 1pu eé mocrpoennt. [lo dakry, mogeas LDA [23| asiagercs
yacTHBIM ciydaeM APTM c peryinspuzaropomM criazkKuBaHUs.

['ubkocTh aBsieTcss orpoMubIM TpenmyinectBoMm APTM na npaktuke. O6yuns 6a30-
Byt0 Mojiesib LDA uim APTM 6e3 perynspusaTropos, ucc/ieoBaTe/ b MOKET MOHATh, IeTr0
eMy He XBaTaeT, u chOPpMYIUPOBATH CBOU IPEIIIOUTCHUS B TEPMUHAX PEryJIsiPU3ATOPOB.
B 6onbimmacTBe ciygaes BigARTM mno3Bossier ucciieioBaresissMm KOMOMHIPOBATE PETryJisi-
pU3aTOPBbI U3 BCTPOEHHOM OMOJIMOTEKU PEry/Isgpu3aTopOB Jjid MOIYyYeHUs HEeOOXOMMOTO
Ka4vecTBa MOJIEIN 10 3aJJAHHBIM METPUKAM.

[Tomumo rubKoit HacTpoiiku Mosesteit bubanoreka BigARTM mo3BoJisieT mpon3BoIuTh
nx oby4deHue ObICTPBIM OHJIAHHOBBIM HapasuiebubiM EM-aaropurmom. Bepens ajroput-
Ma, peaJiM30BaHHasd HA MOMEHT HAIUCAHUSA 3TOI PabOTHI, yyKe ITPEBOCXOJINIIA CYIIECTBY-

onme aHaJIoru B CKOPOCTH pa6OTI:>I [24] Tem me MeHee, OHa HMeeT DPAJd HEJOCTATKOB:



HEJIETePMUHUPOBAHHOCTH, HEOUEBHIHOCTD TO00pa ITapaMeTpOB O0YIeHUST JIJIsd JOCTHKE-
HUSA BBICOKOW ITPOU3BOIUTEILHOCTH.

OTa paboTa COCTOUT M3 JIBYX CBI3aHHBIX JIOIMYeCKHX OJIOKOB. IlepBhIil 3ak/todaer-
¢ B pa3paboTKe M BHEJIPEHUN HOBOI'O OHJIAMHOBOIO HapaJuiesbaoro EM-aaropurma mist
mosiesin APTM B 6ubsmoreky BigARTM ¢ nesibio ero mCrosib30BaHus B JlajbHERIIEM
MojteiupoBannn. Bo Bropom 6s10ke mokazano npumenennst APTM B pemenun mpob.te-
MbI U3BJIEUEHUS] TE€M, CBSI3aHHBIX C 9THO-COIUAJIbHBIM JIMCKYPCOM U3 OOJIBIINON TEKCTOBOI
KOJIIEKIIK (TI0CTOB GJIOrOB). BXOJHBIME JIAHHBIME, TOMHMO CAMOl TEKCTOBON KOJIJIEK-
I[N, SIBJISIETCS CJIOBAPb MPEJIMETHBIX TePMUHOB (3THOHUMOB). [I1s mostydenus: xoporreii
TeMaTUIeCKO MOJIe/ I MHOYKECTBO BCEX TEM JIEJIUTCS Ha JIBa, TIOJIMHOXKECTBA: ITPEeIMETHBIX
(nm THUYECKUX ) 1 (DOHOBBIX. Pazpaboran HOBBIIT PeryJisipu3aTop YacTUIHOTO OOy YeHUS,
paboTaronuit co cJIoBapéM STHOHUMOB 1 HH(MOpMaIeil 0 pa3dueHn: TeM, a TaKXKe Pery-
JIApU3aTOp y4éTa STHOHUMOB B BHUJIE OTJEIbLHON MojaabHocTH. [locTpoena koMmOunarms
PeryJIIpu3aTopoB I MOJIyUeHnsd 0oJiee MHTEPIPETUPYEMBIX, PA3PEKEHHBIX U Pa3HO00-
pa3HbIX TeM. [l TeKCTOB, cojepKalimX nHMOPMAIIIIO JlaTe U PErnoHe MmyO/TMKaIUN, T10-
CTPOEHBI MOJIENIN, yInThIBatonme 3t Meragaraabie. APTM mossBossier menaTh mogo0HbIe
BeIlU JOBOJIBHO JIETKO, €3 CJIO?KHOTIO BBIBOJIA U Pa3pabOTKU HOBBIX AJI'OPUTMOB.

s neMoHCTpaIuy pe3y/ibTaTOB MPUMEHEHH OIUCAHHOTO TOIX0/a UCIIOJIb30Ba/INCh
SKCIIEpTHBIE OIeHKN KadecTBa TeM. [lokazano, uro cmabo perymspusoBannbii APTM n
LDA naror npumepHO OMHAKOBBIE 10 KAYECTBY MOJIEIN, B TO BpeMs Kak Mmojenb APTM
¢ MPaBUJIbHO TO00paHHBIM HAOOPOM pEryJIgpU3aTOpOB JAET 0OoJjiee XOPOIIHil pe3yiib-
tar [13].

Pabora nmeer cieyrolryio cTpykTypy. B pasierne 2 npejcraniieHbl Oa30Basi MOJIE/Tb
PLSA, eé baitecoBckas momudukanusa LDA u obmue nousarus noaxoga APTM. Paznen 3
ITOCBAIIEH OIMMCAHUIO PETYJIAPU3aTOPOB, UCIOIH30BAHHBIX B 9TOIH paboTe M KOMMEHTHUPO-
BaHMIO 3(PPHEKTOB UX BO3/IECTBUS Ha UTOIOBYIO MOe/b. B pasjiese 4 pacckasbIBaeTcst O
6ubmoreke TeMarndeckoro mozgesmpoBanus BigARTM, peannsoBanHbIX B Heil Bapuam-
tax EM-amropurmoB n HoBOM asiroput™Me DetAsync. Paznen 5 onmcbiBaeT mpoBeiéHHbIE
SKCIIEPUMEHTBI: B TIEPBOil €r0 YaCcTU IMOKA3aHO TECTUPOBAHUE HOBOI'O aJIrOPUTMA, BTOpas
7K€ 4aCTbh TOCBAIIEHA CIIMCKY Pa3/IMIHBbIX MOJIe/Iel, KOTOPbIe ObLIN O0yYEeHbI, & TAKXKE pe-
3yJIbTaTaM OIEHUBAHHUS KAadecTBa IOJIyIeHHBIX MU TeM. B pasese 6 onmucanbl OCHOBHbBIE

PE3YyJIbTAaThI, IIOJIYIY€HHbBIC IIPHU BbLIIIOJIHECHUU ,ZL&HHOI)’I pa6OTI:>I 1 BbIHOCUMbBIE Ha 3allIUTY.



2 TemaTudeckoe Mo/IeJIMPOBaHUE

[Tycte D o6o3HaYaeT KOHEYHOE MHOXKECTBO (KOJUIEKIIUIO) JOKYMEHTOB (TEKCTOB) U
nyctb W — KOHEYHOe MHOXKECTBO (CJI0Bapb) BCEX MEPMUHOE, U3 KOTOPBIX COCTOAT TH
JnokyMeHThI. [loj TepMuHOM MOIpasymeBaeTcs JubO CJI0BO, Jnbo 1enas dpasa. B co-
OTBETCTBUU C THIIOTE30i «MeITKa CJI0B» KaXKJblit JoKyMeHT d from D mpejcrasisercs
B BHUJle MOJMHOXKecTBa cjoBapsd W, rie KayKJIOMy CJIOBY W CTABUTCH B COOTBETCTBUE
YUCJIO Ngy, Pa3, KOTOPOEe OH BCTpeTmicd B JoKymeHtTe d. Ilpearosoxkum, 910 mOsBIIE-
HUS KaxKJIOTO TePMUHA B KaxKJIOM JIOKYMEHTE CBA3AHO C HEKOTOPOI JIATEHTHOI TeMoil
13 KOHEYHOro MHOyKecTBa TeM 1. TekcToBas KOJUIEKINS IIPEJICTaB/IseTCd B BUe Habopa
Tpoek (d;, w;,t;), i =1,...,n, BBIODAHHBIX HE3ABUCHMO U3 JUCKPETHOTO PACIPEIeIeHNUST
p(d,w,t) HajJ KOHEUHBIM BEPOATHOCTHBIM mpoctpancTBoM D X W x T. Tepmunbr w; n
JIOKYMEHTBI d; — 9TO HabJII0/IaeMble TIepEeMEeHHbIe, & TeMBbI {; — CKPBITHIE.

Beposmmuocmman memamuueckas modeas onuchiBaeT BeposiTHOCTH p(w | d) nosiBIIeHust
TEPMHHOB B JOKYMEHTAX KAaK CMECH PACIPEIEJICHHUIT CIOB B TeMaX ¢,y = p(w |t) 1 TeM B

JToKyMeHTax Oy = p(t|d):

p(wl|d) =" plw[t) p(t|d) = > durbha. (1)

teT teT

Dra cMech HAIPAMYIO COOTBETCTBYET MeHePATUBHOMY IPOLECCY, B IPOIECCEe KOTOPOro
MOJEJIb IOPOXKIAET JOKYMEHTBI d: I KarKJIOW IO3MINHU CI0Ba ¢ IMPOUCXOANT I'eHepa-
IUsT WHJIEKCA TeMbl t; u3 pactpejeienus p(t | d), mocie 9ero coMIIUPYeTcst CJI0BO w; U3
pactpegenenus p(w | t;).

[TapaMeTpbl BEepOATHOCTHON TEMaTUYECKOH MOIEIM YaCTO HMPEACTABISIOTCA B BUIE
Marpui ¢ = (gbwt) wxr B e = (th)TX p C HEOTPUIATEIbHBIME U HOPMUPOBAHHBIMI CTOJIO-
naMu ¢; u 64, IpeacTaBIAIOIUMEI COO0 MyJILTHHOMUAJILHBIE PACIPEIC/ICHUSI CJIOB B Te-

Max U T€EM B JOKYMECHTaX.

2.1 PLSA

B sepoammocmmom aamernmmom cemanmuueckom ananrusze (PLSA) [9], remarudeckas

Mogiesib (1) obydaercs myTéM MakcuMHU3AIuu Jorapudma mpaBiIonogo0ust ¢ JUHEHHBIME



OrpaHMYeHudMN HECOTPUIATE/IbHOCTU U HOPMHUPOBKU:

L(®,0) =) nawn Y ¢uba — max

deD wed teT
Y =1 6u>0, > ba=1, 64>0.
weWw teT

TJI€ Ny, KaK OBLIO OTMEYEHO paHee, — abCOIIOTHAS YacTOTa CJIOBA W B JOKYMeHTE d.
Perenne sToit onTuMu3anonHoil 3ajaqn ynoBiaeTBopseT ycaouam Kapyma-Kymna-

Takepa co BcrioMoraTe/IbHBIMI ITEPEMEHHBIMU Pigws Mawts Ttd:

Ptdw = nl%r%n(gswtgtd) (2)

¢wt = noervrvn(nwt)a Nt = Z NdwPtdw (3)
v deD

O = n;)er%n(ntd), Ntd = %ndwptdw; <4)

[JIe OLIEPATOP «NOormy» Ipeobpasyer BEelmeCTBeHHbIH BEKTOD (T4 )ier B BEKTOD (T4 )ier, IPEI-

CTaBJISIONINI cODO# AUCKPETHOE paciipejiesieHne:

_ (22) max{z, 0}
Ty = norm(zy) = :
¢ ter ~ > ser max{xy, 0}

MeTom mpoCThIX UTepanys I PEHIeHUs 9TOH CUCTeMbl ypaBHEHWUil SKBHBAJCHTEH
EM-anropurMmy m 0ObIYHO Ha ITPAKTUKE MCIOJIL3YEeTCsd UMEHHO OH.

E-mar (2) Moxker paccMaTpuBaThCsd Kak npuMenerue (opmysibl Baiteca st mosryde-
HUsI BEPOSITHOCTEN Py = P(t|d, w) mis Kaxjporo repmMunHa w u JoKyMmeHTa d. M-mmar
(3)-(4) uHTEpIpeTUpyeTCsl KAK YaCTOTHAS OINEHKA YCJIOBHBIX BEPOSITHOCTEH ¢y U 0.
M repaTuBHLI IPOIECC OOBIYHO HAYMHACTCS CO CAYYalHBIX HAYAIbLHLIX NpubInzKenunii O

u ©.

2.2 LDA

Mogens sarentaoro pasmemnienusi JTupuxie (LDA) [3, 6] BBoauT anpuophbie pacupe-
nesiennst Jlupuxiie Jyisi BEKTOPOB BEPOSITHOCTE CJIOB B TeMax ¢ ~ Dir(f) u it BEKTOPOB
BeposiTHOCTell TeM B JIoKyMeHTax 0y ~ Dir(a) ¢ Bekropamu mapamerpos 5 = (B )wew #
a = ()ter COOTBETCTBEHHO.

Buisog B LDA 06bIYHO MPOM3BOAUTCS JIMOO ¢ MOMOIIBIO BAPUAIIMOHHOIO ITPUOJIHZKE-

HUs, TUOO C MTOMOIIBIO COMILTHPOBaHUs ['n00ca. OOBITHO UCIIOIB3YETCS C8EPHYMAA CTEMA



Tubbca, tiae Tema t; nyist Kaxkioil mosunuu cjiosa (d;, w;) UTEPATUBHO COMILIUPYETCST U3
pacipegenenust p(t | d, w), Takoro xke, kKak B PLSA, Ho co co criaxkenHbIME GaiieCOBCKUME

OICHKaMM YCJIOBHBIX II€pEMEHHbBIX:

Ouwt = I}U%rvgl(nwt + Bw), O = ngerTm(ntd + o),

[JI€ Nyt — YUCIJIO Pa3, KOTOPOEe TEPMUH W ObLI CrEHEPUPOBAH U3 TEMBI t U Mg ITO YUCJIO
pas, KOTopoe TePMHUHBI U3 JIOKYMEHTHI d OBbLIN CreHEPUPOBAHBI U3 TEMBI t, UCKJIIOYAs
TEKYIIYIO TPOiiKy (d;, wy, ;).

B nocnennue rojibl 66110 OIyOJIMKOBAHO MHOTO paboOT ¢ Pa3/IMIHBLIMU PACITAPEHMSI-
mu LDA. [lyist onmesiBaeMoii 3/1ech 3a/1a1u U3BJICUEHUsT T0JIb30BATEILCKOM HHMOpMaIn
[0 HEKOTOPOii crenuduyaHoii TeMaTuke (3/eCh — CBSI3aHHONH ¢ STHUYHOCTSIMU) Hanbo-
Jiee PEJIeBAHTHBIMHU SIBJISIIOTCA MOfiesb Topic-in-Set knowledge u eé pacrmpenne |2, 1],
[JIe CJIOBA, CBSI3AHBI C «2-METKAMU» (2-MEeTKa OIMMCBIBAECT TeMY, K KOTOPOUl JIOJI?KHO OBIThH
OTHECEHO CJIOBO), a Takxke Mojeb Interval Semi-Supervised LDA (ISLDA) [4, 15], rue
BBIJICJIEHHBIM T€MaM [IPUCBAUBAIOTCS 3a/IAHHBIE CJIOBA, U COMILIMPOBAHNE PACIIPE/ICICHII

IIpoenupyeTcd Ha 9TO MHOXKECTBO.

2.3 ARTM

TemaTnaeckoe MOJICIUPOBAHKIE MOYKET OBITh PACCMOTPEHO KaK CIeIMAILHBIN CIydaii
MATPUYIHOIO PA3JIOXKEeHHsd, e 3a/1a9a COCTOMT B TOM, YTOObI HATH HU3KOPAHTOBYIO all-
npokcumaiuio PO manHoil pasperKeHHOH MATPHUIBI CICTUYMKOB TEPMHHOB-IOKYMEHTOB.
Creryer oTMeTHTh, 9TO Iponsseaenne PO onpeeseHo ¢ TOYHOCTBIO 10 HEBLIPOK ICHHO-
ro jmnefinoro npeobpazopanus: PO = (®S5)(S71O). Takum obpaszoM, 3aj1a4a ABIAETCS
HEKOPPEKTHO MOCTABJICHHON U MMeeT OECKOHEYHOe MHOXKECTBO pemeHnil. IIpomibie sKe-
HEPUMEHTHI Ha MOJEIBHBIX [23] u peanbbix [4] mokasasm, uro un PLSA, nun LDA me
YIAETCS JTOCTUTHYTH yCTOUmMBoro pemenus. Jis yBeaumdenns cTrabuIbLHOCTH OO0y YeHUsT
cireyer 100aBUTh JIONOJHUTEILHBIC ONTHMU3AIMOHHDBIE OIPAHIYEHHI, OOBIYHO HA3LIBAE-
Mble pezyaapusamopamu [21].

B addumuenoti peeyarspusayuu memamuueckux modeset (APTM) [25] momesns obyta-
ercs MyTéM MaKCUMU3AIMU JIMHEHHOH KoMOuHaImu Jiorapudua npasonogaodus L(P, ©)
u r peryasipuzaropos R;(®,0), i =1,...,r ¢ xoafduyuenmamu pezyrspusayuy T;:

R(®,0) :znm(@,@), L(®,0) + R(®,6) — max.



Yenosuga Kapyma-Kyna-Takepa ij1g 3Toit HeJTMHEHON ONTUMU3AIIMOHHON 331841 J1a-
10T (€ YIETOM HEKOTOPBIX TEXHUIECKUX OIPAHUIEHNUIT ) HeOOXOIMMBIE YCJIOBHUS JIOKATBHOTO

MaKCUMyMa, KaK DeIleHus CIeyomeil cucreMbl ypaBaenuii [23)]:

DPtdw = n?gq{n(ﬁﬁwt@td); (5)
OR
Owt = IiUOGI”VIVIl Nt + QZSwt% o Mt = ;ndwptdwa (6>
R
Org = n?Er%n N + etdﬁTtd ;o Mg = wZE;l N dwPtdw - (7)

Kak u B cityaqae PLSA, s periernst 9T0it crucTeMbl MOXKeT OBITH MCITOTB30BaH EM-
asroputM. [Ipenmytecrso APTM 3aktovuaercss B TOM, 9TO KaK bl 8/ JITATUBHBIN Pery-
JIIPU3ATOP IpeBpalaeTcsd B MPocTyio Mogudukanuio M-mara. Muoorue mojesnu, paspa-
OoTaHHBIE MTpEXK/le B paMKax 0aiflecOBCKOIO TOJX0/a, MOT'YT OBITH HECJIOXKHO MHTEepIIpe-
TUPOBaHBI, 0OyYeHbl U CKOMOMHMpOBaHbI B pamkax Teopun APTM (22, 23]. Hanpuwmep,
PLSA ne ucnosssyer nukakoit peryiaspusanuu, R = 0, a LDA ¢ anpuopHbiME pacipe;ie-
nenusivu Jlupuxite ¢, ~ Dir(3) u 64 ~ Dir(«) and ornenkamu MakcuMyMa amocTepUOPHBIX
BeposiTHOCTEN P, O CcOOTBETCTBYET MOJIE/N CO CIVIAYKUBAIOIIUM PETYISPU3aTOPOM, KOTO-
pbiit uaTenperupyercs Kak muHuMu3arop KlL-museprenruit mexiay crosbdmamu ¢, 0 u

3aJlaHHBIMUA PacCIIpede/JIeHuAMN B, Q¢ COOTBETCTBECHHO.

3 ApaauTuBHaAS peryJsipu3aliisi

3.1 OO6mmii moaxos,

B sTom pazzesie paccmarpuBaeTcs 3ajada pa3BeOYHOIO IIOMCKA BCEX STHUYECKUX B
OO0JIBINON KOJIIeKInK 11ocToB Os10r0B. IlyceTsh gan mabop stHOHUMOB () C W, KOTOpPBIit MO-
2KeT OBLITH CJIUIIKOM OOJIBLIITAM JJId TPaAUITMOHHBIX ITOMCKOBBIX CHUCTEM. ILHH N3BJICYCHUA
ITHUYIECKUX TEM HUCIIOJIb3YETCA TeMaTHU4dIeCKad MOJAE/Ib YaCTUIHOT'O O6yquI/IH C 3&,[[&HHOI7'I
anpuopHoit nadopmareil. [loxokas TexHUKa NCIIO/IB30BAIACH DaHee B 3ajia4e KIacTepH-
3aruy HOBOCTeil [11], moncka TeM, CBA3AHHBIX CO 3/I0POBbEM, B CONMAJIBHBIX Meaua [16] n
3aJ1ade MOMCKA STHO-PEIEBAHTHBIX TeM B mocTtax 6soros [4, 15]. Bo Beex stnx uccienosa-
HUSAX KaxKJOH TeMe 3a/1aBaJiCs IIPEeJOIPe/IesIEHHBIN HaOOp KJIIOYEBBIX CJIOB, YaCTO OY€Hb
MaJIeHbKH, T.€. KATeropusl HOBOCTH NUJIM STHHYHOCTB. DTO O3HAYAET, 4TO HH(OPMAIH O
YHC/Ie TeM U UX IIPUMEPHOM COJIEPKMMOM H3BECTHA 3apaHee.

Mogens interval semi-supervised LDA (ISLDA) mo3BosisteT IprCBOUTH KazK 0 STHII-



HOCTH OOJIBITE, YeM OJHY TEMY, OJHAKO, JIOBOJIHLHO CJIOZKHO OIPEJIETUTh, CKOJIBKO PEAJIHLHO
TeM COOTBETCTBYET KazK/I0il u3 sTHuaHOCTei. U ecu ucciegoBaTesb He 3a/1acT KJIIOYEBbIe
CJI0Ba JJI KaxKJI0M 13 TeM, 0DydeHrne MOJIe/ N HEBO3MOZKHO.

Hampuwmep, B [4, 15|, tae 1ensb ucciegoBanus ObLIa CX0XKa C OIMUCHIBAEMOIl B JIAHHOMN
pabotre, ISLDA ucnosib3oBajics s OUCKa ITHUIECKOTO KOHTEHTA, HO, ITOCKOJIBKY 9THO-
HUMDbI 6bIJH/I COOTHECEHDBI C pa3JINYHbIMU TeMaMH, IIOABJICHUC MYJIbTU-3THUYIHBIX TEM 6bIJIO
HEBO3MOKHO.

[Ipegnaraemoe pereHne OMUCAHHON TPOOJIEMbI COCTOUT B 3aJaHUH OOIIEil I BCeX
STHUYECKUX TeM JIEKCMIeCKOW anpuopHoit madopmarmn (). Mojgenn mpesocTaBiseTcs
CAMOCTOSITEJILHO OIPEJIEISITh PACIIPE/Ie/IEHNe STHUIHOCTENH U NX KOMOMHAIUI 110 TeMaM.

Wcnonb3yercs aJinTuBHAsT KOMOUMHAIUS PErYJIIPU3aTOPOB CIUIaXKUBAHUs, PA3PErKU-
BaHUs U JEKOPPEJIAINE T€M JIJIs TOro, 9TOObI CJIE/IaTh TeMbI 00Jiee MHTEPIPETUPYEMbBIMH,
paspe:keHHbIMU U pa3noobpasubivu [23]. APTM mossossier mears BCE 910 Jierko, 6e3
pa3paboTKN HOBBIX aJIlOPUTMOB M CJIOXKHOI'O BBIBOJA. Bojiee TOro, Bce 3T perysspusa-
TOPBI y7Ke Pean30BaHbl B OubIMOoTeKe ¢ OTKPHITHIM KojoM BigARTM!.

[Ipexxte Bcero HEOOXOIMMO TPOU3BECTH pas3dbuenne Becex TeM 1’ Ha JiBa TOIMHOKECTBA
npedmemmuvie TeMbl S U onoswvie Tembr S. Peryisipuzaropsr BozjeiictByor Ha B u S 1o-
paszaomy. OTHOCHUTEIbHBIE pa3Mepbl S U B MoryT BapbupoBaThes. Vnes ncmnoab30BaHus
GOHOBBIX TeM COCTOUT B cOOpe BCEX HEMHTEPECHBIX CJIOB, KAK 9TO OBLIO MPOIEMOHCTPHU-
poBaHo B [5]. OTyimane or onmcaHHO pabOTBI COCTOUT TOM, UTO HCHOJIB3YeTCs HE OJHA,
a MHOTO (POHOBBIX TeM, 3aTeM, ITOObI KaK MOXKHO JIYUIlle OYUCTUTH IPEJIMETHbIE TEMBI,

caeJsiaTb UX bostee 9THO-PEJIEBaAaHTHBIMU U ITOBBICUTDL 06Luee Ka4yeCTBO MOJIeJ/In

3.2 CraaKuBaHue U pa3pe’kKnBaHle

HawuboJtee ecrecTBeHHBIN €I10COO BHEPEHUsT AllPHOPHOI HHMOPMAIINKA B MOJIEIb COCTO-
UT B UCIIOJIb30BAHUU PETY/ISIPU3ATOPOB CIVIaXKMUBAHUS W PA3PEKUBAHUS C PABHOMEDHBIM

pactpeiesienneM 3 CaeAyIOMEro Buja;

1
Buw = —[w € Q).
Q|
OCHOBHBIM peryspu3aTopoM sapjdercd LDA-1ogo0HbI peryaapusaTop criaskKuba-
HUsI, TIOOMIPSIIONIII MOsIBJICHIHEe STHOHUMOB w € () B 3THHYeCKnX TeMax S. Takxke 1o-

JIEBEH DPEryJIidpru3aTOp pPa3pezKUBaHWA C IIPOTHUBOIIOJIOZKHBIM 3HAKOM, ,HeﬁCTByIOHLHfI Ha

'http://bigartm.org
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(bOHOBbIX TeMax, T.e. Hpe,ILOTBpaHIaIOHLI/Iﬁ IIOABJICHE 9THOHMMOB B HUX!

R@®) =7 Y Mou—1) Y o

teS weqQ teB weR

B 3aj1ade pa3BegovHOro MoMCKa MPEIoIaraeTcs, 9To J0Jd PEJIEBAHTHOTO COJIEPIKU-
MOT'O B KOJIJIEKITUN HE3HAYUTEIbHA. B onmcbiBaeMoil 3ajiade cuTyalmst MMEHHO TaKOBa,
BECh STHO-CONMAJIbHBIN JUCKYPC CONEP:KUTCA B HE 0OoJjiee 9eM OJIHOM ITPOIEHTE OT 00-
mero o0ObEéMa KOJIEKIINU. 3aJiada COCTOUT B TOM, UTOOBI XOPOIIO ONNCATH TeMaTHde-
CKYIO CTPYKTYPY PE€JIEBAHTHOTO KOHTEHTa OOJILIITUM YHCJIOM HEOOJIBINNX, HO KaYeCTBEH-
HBIX TeM S. B To ke Bpemsi, TeMaTmdecKasi MOJIE/b JOJ2KHA OIUCHIBATH TOPa310 OOJIBITIIT
110 00bEMY KOHTEHT MEHBIIUM YUCJIOM (POHOBBIX TeM B.

Ot TpeboBanms (POPMANBYIOTCS B TEDMIHAX CIVIAYKUBAIOIIETO PErY/IsIPU3aTOPa MAT-
putibl ©, paboTaroliero ToJabKO ¢ (POHOBBIMEU TEMaMU, U PEryJspU3aTopa, PABHOMEPHO

pa3pezKnBalomero STHH4YeCKuMu TeMbI B 9TOM 2Ke MaTpHuIe:

RO) =733 ) by—7> > by

deD teB deD teS

N nest sToro perynsipu3atopa © 3ak/ovaeTcs B CrylayKuBaHUU (POHOBBIX TEM JIJIsI TOTO,
YTOOBI OHU OTTAHYJIN Ha ce0sl KAK MOYKHO OOJIbINe HEPEJIEBAHTHBIX CJIOB, I PAa3PEKUBAHII

ITHUYIECKUX TEM B HaJdezKJI€ Ha TO, 9Y9TO OHU CTaHYT 0oJ1ee HEIIOXOXKUMU APYyT Ha JApyra.

3.3 Jlekoppedaiusa TeM

[ToBbleHre PA3INIHOCTH PACIIPEIETIeHUT CJIOB B TeMaX HPUBOAUT K POCTY HHTEp-
nperupyemoctu tem [20].

Jyist TOro, 9To0bI CjIesIaTh TEMbI HACTOIBKO PA3JIMIHBIMU, HACKOJIBKO 5TO BO3MOZXKHO,
UCIIOJIb3YETCs PEryJIIPU3aTOD MAKCUMU3AINN KOBAPUAIIH MEK LY CTOJIOIAMU )y JJIsT BCEX

STHUYECKUX TeM t:

R®) ==75> > > butdus+76 Y > Iy,

tesS seS\t weW teB weW

JlekoppesiaTop TaKKe CTUMYJIUPYET Pa3pPeKeHHOCTb M MMeeT TEHJICHITUIO K TPYIII-
pOBKe 001X ¢JIoB B oTjebHble TeMbl [20]. ljist Toro, 4Tobbl 9T TeMbl 00pa30BaUCh
cpein pOHOBBIX, B HE TIPEJIMETHBIX, IIPUMEHIETCs eIIE OJIMH aJIINTUBHBIN PeryIsapu3aTop,

PaBHOMEPHO CIJIaXKUBAOIINii Bce (pOHOBBIE TeMbI B .
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3.4 MogajabHOCTh THOHNMOB

B xadecTBe aqbTepHATHBHOIO METO/IA PETYJIIPU3AINN Ha OCHOBE allPUOPHON JIEKCHYe-
ckoit mHpOpMAINN TpejIaraeTcs UCIOIb30BAHIE STHOHIMOB B Ka9eCTBE OT/IeJTbHOI MO-
naabHOCTU. B of1rem ciryvae, MOTaIbHOCTD — 3TO THII TEDMUHOB B JoKyMeHTe. [Ipnmepa-
MU MOJIAJIBHOCTEN MOTYT CJIY?KUTH UMEHOBAHHBIE CYIIHOCTHU, T€TU, NHOCTPAHHBIE CJIOBA,
N-TPaMMbl, aBTOPBI, KATerOPUN, METKN BPEMEHU, CCHIIKN 1 T.I1. Kakjaas MoJaJIbHOCTH
UMeeT CBOI COOCTBEHHBIN CJIOBapb M CBOIO MaTpuily ¢, HOpMaIM3yeMylO OT/EJbHO OT
marput ¢ apyrux mojaabaocteir. Mynbrumonanpaoe pacmupernune APTM 6b110 mpeio-
JKeHo B [24]| n yxke peasmsosano B BigARTM.

Wcnome3yroTest 1Be MOTATBHOCTI: OOBIYHBIE CJIOBA M STHOHUMBI. MOJIaJIbHOCTE 3THO-
HIEMOB OIIPe/Ie/IsieTcst cioBapéM Q u Marpuieil ® pasmepa |Q| x |T]. B APTM sorapudm

IIPAB/IONOI00MS MOJIAJTLHOCTA PACCMATPUBAETCH KaK PEry/Iapu3aTop:

R(&), @) = T7 Z Z Ndw In Z éwtetcb

deD weQ teT

r7e KO3 PUITUEHT peryasapu3aliii 77 10 CyTH ABJISIeTCS MHOKUTEIEM CIETINKOB «CJIOBO-
JOKYMEHT» T, BTOPOIl MOJAJIbHOCTH.

st Toro, 9T00bBI C/IeIaTh STHO-PEJIEBEHTHBIE TeMbl 00jiee pa3InIHBIMU C TOYKN 3pe-
HHUsI OTPa’KaeMbIX B HUX IIOJMHOXKECTB 3THOHUMOB, 3aJIefiCTBOBAH JIONIOJIHUTE/ILHBIN pe-

I'YJIAPUA3aTOP AEKOPPEJdun TeM, JeHCTBYIOIUNA Ha MOJIAJbHOCTA STHOHUMOB:

R((i)) = —T8 Z Z Z ngtqgws-

teS seS\tweQ

CJIG,IL}/'GT OTMETUTDL, 9TO AEKOPPEJIAINAd IIPpEeIMETHBIX TEM S BBOJUTCA OTIAECJABHO JIJIA

cJI0B MaTpuiibl ¢ 1 MOJIaIbHOCTH STHOHUMOB ¢ MaTpureit P.

3.5 MojaapHOCT METOK BPEMEHU U IeOTeroB

Hajmane I/IHCbOpl\/[aLLI/IH O IIpUBLA3KE TEKCTOB K MeTKaM BPEMCEHHM U IreoreraM MOZKeT
OBITH TaK¥Ke MCIOJIL30BAaHO Ipu O6yquI/H/I MO,B;GHQIZ C IIOMOIIIBIO OIIMCAaHHOI'O BBIIIIE MeXa-
HU3Ma MYJIBTUMOJAJIbHOCTH. SAVe) IIpUHOCUT ,ZLBOfIHyIO IIOJIB3Y: BO-IIEPBBLIX, JOIIOJITHUTE/Ib-
Hadd I/IH(bOpMaHI/IH MOZKET OBITH UCIOJIb30BaHa, AJITOPUTMOM JIJId ITIOCTPOCHU A boJtee Kaude-
CTBEHHOI MOJIeJId; BO-BTOPLIX, B pe3yJ/ibTaTe MOAC/JIMPOBaHUA 110JIb30BaTE/Ib I10JIydaeT HE
TOJIBKO I/IHCbOpMaHI/HO O CcOCTaB€ TeM, HO 1 TOM, KaK OHI U3MEHAIOTCA B IIPOCTPaHCTBE U BO

BpEMEHN. HOCJIG,ZLHGG CBOHMCTBO 0COOEHHO IOEHHO B paMKaX IIPOBOJUMOI'O MCCJICOBaHN].
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Anroputm 4.1. ProcessDocument(d, @)

Bxonaubie maunsbie: jgokyment d € D, mapuna ® = (¢y);
Bbixoanble maHHbie: MATPHUIA (7, ), BEKTOD (0y) Jutst JOKyMeHTa d;

1 UHUIAAJIA3UPOBATh Oy := % s Beex t € T
2 IIOBTOPSATH
3 Didw = norm(¢wt9td) mag Beex w eduteT]
teT
— OR _
4| = morm(3, g nawPraw + biagg,;) w soex ¢ € T

5 10 TeX Iop, IMoKa 6, e coigércs;
6 Nyt = NawPidw MIBeex W €dut €T

4 Bwubmmoreka BigARTM

Hanubrit pasien OyaeT TOCBANIEH ONMUCAHUIO OUOJIMOTEKN TEMATHIECKOTrO MOJIETUPO-
BaHUs O60IBINIX TeKCTOBBIX Kosuteknuit BigARTM. Byner moapobHo onmcan cymecTByo-
muit BapuanT EM-anropnrma, JiesKalero B eé OCHOBeE, a TaKyKe IIPe/IJIOZKEH HOBBII, OoJtee

COBepIHeHHbIﬂ aJITOPUTM.

4.1 O630p

BigARTM — 310 6ub/imoTeKa ¢ OTKPBITHIM IIPOIPAMMHBIM KOJIOM JIJIsl TIOCTPOEHUS Pe-
I'YJISPU30BAHHBIX MYJIBTHMOJAIBHBIX TEMATHYECKUX MOJeell OOJIBIIIX TEKCTOBBIX KOJI-
geknmii. IToanocThio mommepskupas teoputo APTM, bubimoreka mpeaocTaBisieT MIpes-
OIpeIe/IEHHBIN HAOOP PEry/Isipu3aToOpoB, a TaKzKe METPUK KadecTBa MOJICTUPOBAHUS,
OCTaBJIsisl TOJIL30BATENI0 BO3MOXKHOCTL J00aB/IAThL coOcTBennble. Hanucana ma C++11,
nmeet nosb3oBaTebekuit APl na Python. B BigARTM peasnzoBan napaJiie/ibHbIN OH-
JIaftHOBBIN acuHXpoHublit EM-airopurm, o0/1a aiomuit BLICOKON TPOU3BOIUTE/THLHOCTHIO B
paMKax OJIHOI'O BBIUUCIUTE/ILHOTO y3iie. Jlanubie jijist OuOIMOTeKN COXPAHSIIOTCS Ha JUCKe
WM B MAMSATH B BHJIE CIIEIUATBHBIX TaKeTOB (6amuet), KOTOPble MOXKHO IeéHepHUPOBAThH
C TIOMOIIIO BCTPOEHHOTO Tapcepa. KaxKaprit 6aTd colep:KUT HEKOTOPOE KOJIMIEeCTBO J10-

KYMEHTOB, U {BJISIE€TCS aTOMapHO MOPIUel JTaHHBIX JIjI 00PADOTKHU OJIHUM ITOTOKOM.

4.2 Peamuzammn EM-aaropurma

Oddaaitnossrii anroputm  Bazoseivm BapuanTom EM-anropurma s mogesim APTM
sieyisiercst oddraitnosrit anroputm (4.2). On ocHOBBIBaeTcs Ha (byHKIN ProcessDocument

(4.1), koropast coorBeTcTBYeT ypaBHeHusM 5, 7 pemtenus 3ajaqun APTM. ProcessDocument
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AnroputMm 4.2. Offline ARTM

BxomaHble maHHBbIE: KoJLIeKIus D;
Boixogubie manubie: Matpuna ¢ = (¢, );

HHUIUATA3HIPOBATD Pyt );
co3naTrh oartau D := Dy U Dy U --- U Dp;
IMOBTOPSITH
(Nyt) == Z Z ProcessDocument(d, ®);
b=1,...,B deD
(Put) == IquOEI'VIVn(TLwt + ¢wt%);

6 /10 TeX IOP, ITOKa () He COfméTcs;

AW N =

(S

TpebyeT Ha BXOJ (DUKCUPOBAHHYIO MATPUILy ® U BEKTOP Mgy, YACTOT CJIOB JIJIA 33 IaHHOTO
nokymenTa d € D. BbIXOIHBIME JTAHHBIMEU SBJISIIOTCS PACIpPE/IeIeHIe Ha TeMaX JIAHHOrO
JIOKyMeHTa O 1 MaTpuna f,,; pasmepa |d| x |T'|, e |d| obosHauaeT 9ucI0 yHUKAIbHBIX
CJIOB B JIOKyMeHTe d.

ProcessDocument MOXKeT TakyKe ObITH IMOJIE3HON KaK OTJIe/IbHAs Ollepalus, [TO3BOJIs-
I0IT[asl MOJTyYaTh BEKTOPBI Oy JJIT HOBBIX JOKYMEHTOB, HO B O(dIailHOBOM aJIropuTMe
OHAa WCIIOJIB3YeTCsd B KadecTBe HGa3oBoro Ojioka obpaborkm B EM-ajaropurme, u npejna-
3HAYEH ]I BBIYUCIEHUsT OOHOBJIEHUN MaTPUITHI P.

Offline ARTM mpoXOJuT IT0 BCEil KOJIJIEKIINN TEKCTOB, BbI3bIBad pyHKIMIO ProcessDocument
JUTS KazKJIOTo JOKyMeHTa d € D, a 3aTeM arperupyeT pe3yIbTUPYIONNe MATPHUIIBI 7, B
UTOTOBYIO MATPHILY M., pasmepa |[W| x |T].

[Tocsie Kaxk0r0 MPOXOJIA MO KOJLIEKIUU MaTpullbl ¢ 0OHOBIIIETCS B COOTBETCTBUU C
ypaBHeHnEM 6.

Ha mare 2 mpomsBofuTca pasfeneHue Koreknnn D Ha 6aran Dy?. B nesnsx MoBbI-
IEeHUsT TPOU3BOIUTEILHOCTH BHEIHUN UK 110 Oatdam b = 1,..., B pacnapaJseanBa-
eTCs TI0 HECKOJIBKUM ITOTOKaM, U BHYTPHU KaxKJIOro 0aTda BHYTPEHHU ITUKJI 10 JTOKYMEeH-
TaM d € D), BBIIOJIHAETCA B paMKaxX OJHOT'O ITOTOKA.

Crout 06paTuTh BHUMAHUE HA TO, YTO 3HAUEHUS Oy MOSABJISIOTCS JIUIIb BHYTPU (DyHK-
un ProcessDocument. 9710 mpuBOAUT K 3POEKTUBHOMY HCIOIB30BAHUIO MTAMSATHU, TO-
CKOJIbKY peaJim3aliis HUKOTI Ia He XPaHuT Teayio Marpuily ©. Bmecto sToro 3nadenus 6,4
[IEPECUYUTHIBAIOTCS € HYJISI HA KaXKJOM IIPOXOJIE 10 KOJIJIEKITAH.

Ha puc. 1 moxkno yBuyerb muarpammy lantra jurg 0ffline ARTM. B sroit m 1o-

2970T mIAr He SABJSETCS 00s3aTeIbHBIM IS caMoro oddIaiiHOBOIO aJIropuTMa, 3TO YacTh PAabOTHI
onbamoTeKn
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Os 4s 8s 12s 16s 20s 24s 28s 32s 36s

Main
Proc-1 [INNNENENNRRRARRRRRARNRERERRERENRERNNNRNANRRERNEN
Proc-2 [IANNNRENRNANERNARNRNNER NN
Proc-3 [HNNRNERNENENRIRNRERRNRNNNNANARNERNANNNRNNRRRRANEE
Proc-4 [HNNEERRNERNRENRNENANENNRNRERNRNANRERANRRENRERNRENE
Proc-5 [HNNENENRNERRNRNRNENENRERRRNENERERRRNRNRNRENENRNEE
Proc-6 [NINNNANNENENENRRARRNERENERENNNRNRNRRNRRRRNNRRANENE

B Batch processing 1  Norm

Puc. 1: Inarpamma lanrra 0ffline ARTM (asropurm 4.2)

cJIeIyroIieil quarpaMMax rokasaHa ojHa urepaiius EM-ajaropurMa Ha JTaHHBIX NYTimes?

(|D] = 300K, |W| = 102K) B mozenu ¢ |T'| = 16 remamu. [Ipsgmoyrosnbankn ProcessBatch
COOTBETCTBYIOT BPEMEHH, IMOTPAUeHHOMY Ha 00pabOTKy ojHoro 6arda. OuHAIBLHBIN M-
MOYTO/IbHUK Norm, BBITIOJTHAIOMIUNCS B IJIABHOM TIOTOKE, COOTBETCTBYET BPEMEHU, 3aTPa-
YeHHOMY Ha Imar 4 B ajr. 4.2, rae CUYéTIUuKU N, HOPMHUPYIOTCS I CO3JAaHHUsS HOBOI

Marpuibl P.

CuHXpOHHBI OHJIAWHOBBIN ajiropuTM  Online ARTM (asropurm 4.3) siBiisiercst 060-
[IEHIEeM OHJIAHOBOTO BapualonHoro EM-ajropurma, mpejiosKeHHoro B 8] st Mojie i
LDA. OnaitHOBBII aJropuT™ yIydIiaeT cXoauMocTu o draiiHOBOro 3a caéT mepecdéra
MaTpuiibl P, mpon3BoUMOro He B KOHIIE 00PADOTKH BCell KOJIICKINH, & B KOHIE 00pa-
O0TKM HeKoTOpoOil mopruu Gatueit. [[ys ynporenus obo3HaYeHMT BBEIEM CJIEIYIONLYIO

TPUBUAJIBHYIO (DYHKITHIO:

ProcessBatches({D,}, ) = ZZ ProcessDocument(d, ®).

Dy deDy

Omna arperupyet pe3ysibTaThl ProcessDocument Jij1s1 3aJJaHHOTO MHOYKeCTBa Oardei
npu ¢uxcupoBanuoit marpure P.

B onnaitnoBoM asroputme pasdouenune xosuiekiuu D = Dy U Dy Ll --- U Dg Ha 6ar-
91 UTPaeT ropasjo 0ojiee BaXKHYIO POJib, 9eM B aJropurme ogdIaiiHOBOM, MOCKOILKY
pasandHble pasdueHnst OYAyT TIPUBOIUTE K PA3IHIHBIM PE3YIbTaTAM.

Ha mare 6 HoBble 3HaveHus nz;l BbBIIUCJ/IAIOTCA KaK BBIITYKJIasd KOM6HHELHI/IH CTapbIX

Shttps://archive.ics.uci.edu/ml/datasets/Bag+of+Words
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AaroputMm 4.3. Online ARTM

Bxoanble JaHHbIe: KOJLIeKIusa D, TunepuapaMerpsl 1), To, K;
Beixoanbie manubie: matrix = (¢y);

1 cozgarh barau D := Dy LU Dy -+ Dp;

2 MHUIUAIN3UPOBATH (PY,);

3 muka i = 1,...,|B/n| BoimonausTh
4 | (nl,) := ProcessBatches({Dy(—1)41,- - -, Dpi}, 71);
5 pPi i — (7’0 + Z')iﬂ; '
6 | (ni) = (1= pi) - (') + pi - (y);
i) . i i—1 .
7 ( wt) T Illu()er%l(nwt + (bwt a?ﬁit>’

0 s. 4 s. 8 s. 12s. 16s. 20s. 24s. 28s. 32s.

Main I I I I I I I I I
Proc-1 [l 1 N I
Proc-2 [l N A AN
Proc-3 [l N WA 1A
Proc-4 [l 1l N nmummni
Proc-5 [l 1IN M NN NN NN NN MR DD MR WA B
Proc-6 NI B NHENNBENNRNNN

B 0dd batch B Even batch I Norm Bl Verge

Puc. 2: Tuarpamma Lanrra Online ARTM (aur. 4.3)

i

oG ~
3Ha4YCHUN nwt 1 3HaYCHUA nwt,

[TOJTy9€HHOTO TI0 TOJIBKO 4TO 0bpaboTanubiM Oardam. Cra-

pBIe CIETYUKN N, YMHOMKAIOTCS Ha MHOKUTEIND (1 — p;), 3aBUCSIIII OT HOMEpa UTEePAIi.

O6mienpuHsTas crpaTerus COCTOMT B UCIOIb30BaHUU p; = (T + 1) "6 TJe craHjapTHbIe

3HaUYEHUd Ty JiexKaT B jguarazone or 64 g0 1024, a kK — ot 0.5 g0 0.7.

Tak ke, Kax u B opd1afiHOBOM aIrOpUTMe, BHEMIHIH IUKJI 110 6aTdaM Dy;_1)41, - -

.. Dy,

BBIIIOJIHAETCA IIapaJljieJIbHO B HECKOJIbKUX ITOTOKaX. Hp06ﬂeMa TaKoI'o II0/IX0/a B TOM, 9YTO

BO BpeMsd maroB H5-7 ajr. Online ARTM pabodune IOTOKH IIPOCTAMBAIOT.

[Toroku He mMoryT Havarh 0OPAbDOTKY CJIEJIYIONIEN TOpIuu OaTdeil, MOCKOJIbKY HO-

Bas Bepcus marpuilsl ¢ emé He rorosa. PesynbraTrom sroro sapisercs neabdekTuBHOE

HCITOJIb30BaHUE IIPOIECCOPHBIX PECYPCOB, OObIYHAs jauarpaMma [aHTTa JjId ajaropurMa

Online ARTM mokazaHa Ha puc. 2.

[Ipsimoyrobuukn Even batch m 0dd batch oba coorBercTByioT mary 4 m obOO3HAa-

qaloT BepcHio MaTpuipl O (uéTHOoe 7 mam HeuéTHOE 7). [IpsmMoyronbHuK Merge cooTBeT-

CTBYET BPEMEHU, 3aTPAUYCHHOMY HA CJIUTHUE Ny C TNyy. NOrm, Kak W BBIIIE, 0003HAYAET
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Os 4s 8s 12s 16s 20s 24s 28s 32s 36s
M B ha s L A R b diaass baassiass sonas i e At

Merger | NI I ICH A0 R0 EW A A
Proc-1 INRNERNNNRNRNENRNNNNENANNNERRNANRNNRRNRNNANRRRNREN
Proc-2 NNNENENERENRRRNRNANNRNRRANNANANERNNENARNNNNRENEN
Proc-3 HNNNENENRNRNRRRRNRANRNNANRRRNNRNNRRN NN RN ANANEN
Proc-4 HNNNNENNRRRRRNERNRNRNRANNNNANRENANENNENNRRRNNNEN
Proc-5 HNNNRNRNNRNNNNRNRRRNRRNNNRNERRARNRNANNNNNNANNERNEE
Proc-6 NNNNENINENENNRRNNNRRNANRRRNNERNNA NN NN NN

Bl 044 batch Bl Even batch 1 Norm
Bl Merge matrix HEM  Merge increments

Puc. 3: Iunarpamma I'antra Async ARTM — HOpMAaJIbHAs CHUTYAIUs

Os 4s 8s 12s 16s 20s 24s 28s 32s 36s
-+ttt

Neevgger IR MDA D0 A
Proc-1 [IMMEAN NN NN RRNR 0 NN NRNENAR D OR 0D WA
Proc-2 [N NNDN NNNNN NONNNNNNEN HN NN AN AN NONER B
Proc-3 [NNNE NN RNEN NN DN RNAN 0N NN AN NAN DNEN DNR
Proc-4 HNNERAN NNNR BN N 0 NN NRRN AN NERRED R O
Proc-5 [INNIAN AR NN NEND AN AR N ARR NRER R OONR
Proc-6 [l 0 NN NN NN NN NN NN NN NER NONNEN NRRDN

B 044 batch B Even batch I Norm
Bl Merge matrix [  Merge increments

Puc. 4: Juarpamma 'anTra Async ARTM — npoOJsieMbl IPOU3BOINTEIHHOCTH

BpeMsi, 3aTpavdeHHOe Ha HOPMAJIU3AIUI0 CUETUUKOB Ty JJIS TIOJTyYeHUsT HOBOI MaTPUILhI

®, kKoTopas OyJieT UCIIOIb30BaHA BO BPeMs CJIEJIYIONIeil uTepaliin.

Anropurm Async Asiroputm Async ARTM [24] 611 npusBas penuTh TpobJieMbl 06bId-
HOT'O OHJIAfTHOBOTO CUHXPOHHOT'O &JITOPUTMa, OITMCAHHbIE BhINIe. M ied 3ak/odaercs B Op-
ranuzanu acuuxpouHoit padborol 0ffline ARTM u coxpaHeHUU PE3yIbLTUPYIONUX MATPUIL
Nyt B OYEPETh. 3aT€M, B TOT MOMEHT, KOIJIa KOJIMYECTBO MATPUI] B OUYEPEIN JIOCTUTAET
3aJIAHHOTO 1), AJITOPUTM MPOM3BOAUT Iaru 5-7 ajsroputma Online ARTM (asr. 4.3).

N3 coobpazkenuit mpon3BOAUTETLHOCTU CJAUIHUAE CIETIUKOB Ty MPOU3BOIUTCS B (HO-
HOBOM PEKHMMe€ BBIJICJICHHBIM IIOTOKOM CInAHNAA Merger.

Kaxk 6b1710 ckazaHo BbIIIe, JAaHHBII aJITOPUTM MTOKa3aJl BHICOKYIO TPOM3BOINTEIHHOCTD

U MacIITabMpyeMOCTh B CPaBHEHHH C aHAJOIMIHBIMU WHCTpYMeHTamu [24], HO y Hero
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Os 4s 8s 12s 16s 20s 24s 28s 32s 36s
-+ttt

Main BHEEFREREREROEROERREROERERNONONININI
Proc-1 NNENERENERENERENENNNENNNNENRNERRNRRNNNNNNNRRNNENN
Proc-2 HRRNNN
Proc-3 [IHERRRNRNRRERNENNRENERRENNRNNNNENNNNNNANNONAENEED
Proc-4 INNANENERRERRRRNRNERENERNNRNNNRRENARNANNNRNANEEEED
Proc-5 [NNNNNNENNRERERERRNRNNENNNRNNENNANENNARRNEERRNNENY
Proc-6 | NNENNNRRENRRRNNRNRNANRRNNRANNANNNNNNNRNRNRNREENAN

H 0dd batch B Even batch O  Norm Hl  VMerge

Puc. 5: Juarpamma I'anrra st DetAsync ARTM (asr. 4.4)

UMeeTCsd PsiJl HEJJOCTATKOB.

[IepBas rmpobsieMa COCTOUT B TOM, UTO aJITOPUTM HE JIETEPMUHUPYET IMOPSIIKA CAUTHUASA
CIETIUKOB Myyy. DTOT TOPSIOK OOBITHO OTJIUYIAETCST OT TMOPsIKa 00paboTKm OarTdeil n
MEHSIETCSI OT 3aIIyCKa K 3aIYCKY. DTO IPUBOJIUT K TOMY, UTO U PE3y/JIbTUPYIOINIast MaTPUIIA
® or 3amycka K 3aIycKy MOKET OBITh pa3InIHOIL.

Hpyras nmpobnema, cBasannas ¢ Async ARTM, cocTouT B TOM, YTO XpaHEHHE CUETUN-
KOB Ty B OYEPEIU MOKET CYIIECTBEHHO YBEJUYUTHL NOTPEOICHIE TTAMATH U IIPUBECTH K
TOMY, YTO IIOTOK Merger cTaHeT y3KMM MECTOM aJrOPUTMa ¢ TOUYKHM 3PEHUs ITPOU3BOJIH-
TEJIbHOCTH.

[Ipu npaBuibHOM TI0/I0OPE TTApaMeTPOB IPHEKTUBHOCTH TOIOOHOTO aJIroOpuUTMa OYIeT
BBICOKOI, 9TO MOYXKHO BHJIeTh Ha juarpavme 3. OJIHAKO HECJI0KHO 10/I00paTh U TaKoit
HaboOp mapameTpoB (HampuMep, CJIUIIKOM MAJIbIH pasMep 6arda WM MaJeHbKOe JHCIIO
BHYTPEHHUX UTepauuil B ProcessDocument), KOTODBIN MPUBEIET K IEPErpy3Ke MOTOKA
cmugnud. B Takoit cutyamum jguarpamMmma [anTTa mpumer Bul, NMOKa3aHHBLIN Ha puc. 4:
OOJIBIITUHCTBO ITOTOKOB ITPOCTANBAIOT, ITOCKOJIbKY B OU€pE/IM HET MECTa JIJI HOBBIX CUET-
YUKOB My -

B cnenyrorniem pasiesie jaHHbIe TPOOJIEMbBI OYIYT PENIeHbI C TTOMOIILIO TP/ IaraeMoro
asiropuT™Ma DetAsync, KOTOPBIi sABJISIETCs MTOJTHOCTBIO JI€TEPMUHUPOBAHHBIM U TIO3BOJISIET
[IPOU3BOIUTEL OOyUYeHUEe B OHJIAHOBOM PEKUME C BBICOKOW ITPOM3BOJIUTEILHOCTHIO Oe3

HEOOXOIMMOCTH TOHKOM HACTPONKHU MapaMeTpPOB IOIb30BATEIEM.

4.3 OmnmaitHOBBIN ajsroputM Det Async

Omnmucanne DetAsync ARTM [10] (asr. 4.4) ocHoBaH Ha JBYX HOBBLIX (QYHKIHsAX, Await

n AsyncProcessBatches.
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AnroputMm 4.4. DetAsync ARTM

Bxoanble JaHHbIe: KOJLIeKIusa D, IapaMeTpsl 1, To, K;
Beixoanbie manubie: matrix = (¢y);

cozgarh Oartun D := Dy U Dy U--- U Dp;
uHuIMaM3upoBath (¢2);

F' := AsyncProcessBatches({Ds, ..., D,}, ®°);
ki i =1,...,|B/n| BeimogHaTs

ecau i # | B/n| Torna

| F'*! = AsyncProcessBatches({ Dyi1, . . ., Dyigy}, 2 71);
(ni,) == Await(F");

8 pi = (10 +1)7" A

o | (muy) = (L= pi) - (mr') + pi - (7iyy);

10 ( iut) = ri,oefvr[fl(”fm + dv_tl 3(?;;);

S LA W N

BN |

Bropas Bo BcéM sKBHBaJIeHTHa OIMCAHHON paHee ProcessBatches, 3a UCK/IIOYEHIEM
TOrO, YTO OHa OepéT 3ajlady Ha aCHHXPOHHYIO 0OpabOTKY M HEMEJJIEHHO BO3BPAIaeT
yIpaB/eHne B BbI3BaBIIMii OTOK. Fé pesysbraroMm sBisiercs future-oobekt (Hampumep,
std: :future u3 crangapra C++11), KOTOPBI MOXKeT OBITH 3aTeM IIepe/IaH B BHI30B Await
JUUTS TIOJTYI€HUs BBIYUCIEHHOTO Pe3y/IbTaTa, B HAIIEM CIIydae CIETIMKOB Tyt.

Mexky BbizoBamMu AsyncProcessBatches and Await aaropuTm MoXKeT IPOU3BOIUTH
PA3JIMYHYIO BCIIOMOTATEIbHYI0 paboTy, MOoKa paboune MOTOKU B (DOHOBOM DPEXKHUME IIPO-
M3BOJIAT BBIYUCJIEHTE MATPUITHI Nyt

Ina serauciaenus 74" DetAsync ARTM mcnonnsyer marpumy ®! ¢ mpempimyrmero
OOHOBJICHHS. DTO J00ABJSIET HEKOTOPOE 3alla3/IbIBAHUE MEXKIY MOMEHTOM BBIYHCJICHUS
odepeHON Bepcun MaTpuiibl ¢ 1 MOMEHTOM €€ MCIIOJIb30BaHUsd, 9TO JAE€T aJrOPUTMY B
pe3yJIbTaTe JIONOJHUTEIBHYIO THOKOCTH B PACIPE/IC/ICHIH HArPY3KU Ha PadOIre MOTOKH.
[MTaru 3 m 5 — 3TO TEXHUYECKUI TPIOK, HAIIPABJIEHHBII Ha pean3aIiuio OMMCAaHHON niIen
C 3alla3/IbIBAHUECM.

JlobaBitenne 3amas3ibIBaHNs MOYKET HETATUBHO CKa3aThCd HA CXOIUMOCTU AJTOPUTMa
B cpaBHeHnu ¢ Online Async. Hampumep, B AsyncProcessBatches HauaspbHas MaTpuIa
®° mcronb3yercs BasK/IbI, B TO BpeMs Kak Hocjaejnne e Marpuip $LE/M-1 i LB/
BOOOIIE HEe OY/IyT MUCIIOJIb30BaHbI.

C z1pyroit cTOpOHBI, aCHHXPOHHBII aJIrOPUTM IIO3BOJIET HOOUTHCS H0JIee BHICOKOH CTe-
IIeHN 3arpy3Ku sJiep, 4TO HAIVIAHO MIPOJIEMOHCTPUPOBAHO Ha JiMarpaMMe d.

B sToM cocTouT HEKOTOPBI KOMIIPOMUCC MEXKJTy CXOAUMOCTbBIO u 3arpy3koit CPU, u

oH OyleT paccMOTpeH IoApobHee B pasiese 5H.1.
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Queue Db‘u Processor threads: L A Queue
Dy} ProcessBatch(Dy, ou) {fuc)

Dy “’|M
Merger thread:
sync)—»| Accumulate A, |«
Recalculate ¢«

Puc. 6: Cxema kommonenros BigARTM (Async)

MasterModel

Processor threads:

| FitOffline({D}) | Dy = LoadBatch(b)
i FitOnline({Dy}) ProcessBatch(Dy,ou)

—Transform({Dy}) > @

Main thread:
Recalculate @

Puc. 7: Cxema kommonenros BigARTM (DetAsync)

Heranu peanusarmum CyIecTBEHHON YacTbIo peain3allui SgBJIAeTCA CIIocoD arpera-
IIAF MATPHUIL Ty CO BCEX OATYEH TTPU YCJIOBUM TOTO, YTO OHU 0OPadAThIBAIOTCH PA3HBIMU
norokamu. Co cmenoit ajropurma B BigARTM sror criocob usmenwics (puc. 6 u 7).

B crapoit apxutekType CHETUUKU T,y COXPAHSIIUCH B OYePeib, OTKY/Ia arperupoBa-
JIUCH BBIJIEJIEHHBIM TIOTOKOM Merger. B HOBOI apXUTEKType 9TOT MOTOK JINKBUINPOBAH, 1
CUETUUKU Ty MUANTYTCS HAIPSIMYIO B PE3YJIBTUPYIONLY IO MATPHILY Ty ACHHXPOHHO BCEMU
pabounmu orokamu. s CHHXpOHU3AIUN JIOCTYIIa Ha 3alUCh HEOOXOIMMO 00ECIIeUnTh
HEBO3MOYKHOCTH BOSHUKHOBEHUS CUTYaIlNl, B KOTOPOl /IBa MOTOKA OJJHOBPEMEHHO ITPON3-
BOJIAT 3AIIUCH B OJIHY CTPOKY MATPHUIIBI M. ITO JTOCTUTACTCS C TIOMOIIBIO CITUH-JIOKOB ),
110 OJIHOMY Ha Kazkjioe cjioBo u3 cjioBapsa W. B konre Ber3oBa ProcessDocument mnpous-
BOJIUTCS UTEPUPOBAHUE TI0 BCeM W € d, JJIs KaXKJIO0ro CJIOBA IMPOU3BOJIUTCH OJIOKUPOBKA
COOTBETCTBYIOIIErO JIOKA, JTOOABIEHUE Tl K My W Pa3bIOKHPOBKA JIOKA. JTOT TOIXO
CXOK C TeM, 49To ObLT HpeyioxkeH B 7], rje 1mogobHas cucrema Oblia OpraHH30BaHa B
pacIpeIesIEHHOI cpejie.

B HoBOIT apxuTekType Takke ObLT JIMKBUINPOBAH BBIJIEIEHHBIN TOTOK 3arpy3KN JaH-
HbIiX Dataloader, KOTOpDLI J10 3TOr0 3arpyzKaJl JaHHBIC C JUCKA B CICIINAJIU3UPOBAHIYIO
odepeib 33/1a9, OTKY/1a 0AT4YN y2Ke BhIOUpAUCh i 00paboTKu pabounMu nmorokamu. Te-

1IePb IIPOIIECC 3aIPY3KU ITPOU3BOIUTCS HEIIOCPEJICTBEHHO CAMUM ITOTOKOM, YTO YIIPOCTUJIO
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5,000 T

\ —o— Offline
4.800 |- \ —=— Online ||
' \ —+—  Async
DetAsync ||

2,400 |-

4,600 -

2,200 |-

Perplexity
Perplexity
=S
=S
j=)
S
T

4,200

2,000 |- =
' 4,000 -

| | | | | 3,800 | | | | | |

Time (min) Time (min)

Puc. 8: 'paduxk nepmiekcuun ot BpeMenu pabors j1jia Pubmed (ciesa) u Wikipedia (cupasa), |T'| = 100
topics

Tabmuna 1: [Tukosoe norpebierne mamstu BigARTM, I'6

|T'| Offline Online DetAsync Async (v0.6)
Pubmed | 1000 5.17 4.68 8.18 13.4
Pubmed | 100  1.86 1.62 2.17 3.71
Wiki 1000 1.74 2.44 3.93 7.9
Wiki 100 0.54 0.53 0.83 1.28

apXUTEKTYypy 0e3 moTepu IMPOU3BOAUTETbHOCTH.

5 OKcHepuMeHTbI

5.1 OmnenunBanne peaau3arnuu Det Async

B nannom paspene mnpomsBomuTcs cpasHenne sdgdexrusHoctu aiaropurmos Offline
(anr. 4.2), Online (asr. 4.3), Async [24] u DetAsync (anr. 4.4).

Kaxk yzke 6bLJI0 OTMEUEHO BbIIIe, aJIrOPUTM ASync yKe IPEBOCXOIUT M0 CKOPOCTH aHAa~
aoru BigARTM [24]: B ogronorounoMm pexkume oH mouru B 10 pa3 Geictpee Gensim [18|
u BiBoe Obicrpee Vowpal Wabbit LDA (VW) [19]; B MHOMOIIOTOYHOM peKUMe TIPEBOCXOI-
CTBO el¢ OoJjiee BbIpazKeHHOE.

B sKcrepuMeHTax 3TOrO pasjiesia UCHOJIb3YIOTC KOJUIEKIMs CTaTell aHIJIOA3bITHON
Buxwnemun (Wikipedia) (|D] = 3.7M crareit, |IW| = 100K c0B B ciioBape) n KOJUIEKIHS
arroTarmit Pubmed (|D| = 8.2M annoramuii, |W| = 141K cioB B ciioBape). Dkcrnepu-
MeHTBHI Tpon3Boamnchk Ha cucreme Intel Xeon CPU E5-2650 v2 ¢ 2 nporneccopamu, 16
dbusmueckux sjep B copokymroctu (32 ¢ hyper-threading).

Puc. 8 nokasbiBaer nepniexcuro Kak (PYHKIMIO OT BPEMEHH, [OTPAYEHHOIO OIUCAH-

HBIMU BbIIIE aJI'OPUTMaMU Ha O6y‘{€‘HI/I€.
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HepHJIeKCI/IH OIIpeaesIdAeTCA Kak

‘@(Dvp) = exXp (_% Z Z N In Z QSwtetd) ) (8)

deD wed teT

riae n = ), ng. Bojee HU3KOe 3HAYEHUE HEPIUIEKCHN COOTBETCTBYET O0Jlee XOPOIeMy pe-
gynabrary. Kaxkmas Touka Ha rpaduKe COOTBETCTBYET MOMEHTY 3aBEPIIeHNs aJrOPUTMOM
0YepeIHOrO MIPOXOo/ia 110 KoJLIeKuu. Kaxk oMy ajroputMy ObLIO BblIeaeHo Ha pabory 30
MUHYT.

Tabmura 1 geMoHCTpUpPYET MUKOBOE MOTPeOIeHNe TaMSITH KarXK bl aJTOPUTMOM ITPH

obyuennn mozeneit ¢ [T'| = 1000 u |T'| = 100 Temamn na ko/urekimsax Wikipedia u
Pubmed.

5.2 kcmepuMeHTHI Ha KoJutekiiun LiveJournal

C commostornaeckoit TOUKHU 3PEHNsl, 3a/1a1a MPOEKTa 3aK/II0IaeTCsd B TOMCKE U MOHUTO-
PUHTEe STHO-PEJIEBAHTHOI'O JIUCKYPCa B COIMUAIBHBIX CETsIX, B YaCTHOCTHU, B OIPE/IeJICHUN
CTeNeH! TIOMYJIAPHOCTA TeM, CBA3AHHBIX C T€MU WM WHBIMH STHUYECKUMH T'PYIIIaMHU,
BO3MOXKHO, B 3aJJaHHBIX PErMOHAX, U BBIABJICHUN 3aPOK/IAIONINXCA HETATUBHBIX TEHJICH-
Ui, MOT'YIIUX TOBJIeYhb 3a cOOOI BOBHMKHOBEHHE KOHMJIMKTA Ha STHUYECKON 1ouse. B
JIAHHOM pasjiesie IPOU3BOIUTCs ITOCTPOEHUE PEryIapPU30BAHHBIX TeMaTUIeCKUX MOJIesIei

KOJIJIEKIIUH TIOCTOB CaMOii TIOMyJIsipHOi poccuiickoii 6ytor-mtardopmbr LiveJournal [13].

annbie u napamerpbl Koseknus coyep:kut npumepro 1.58M jemMaTu3mpoBan-
HBIX TIOCTOB, Hamucanubix Tor-2000 6s1orrepamu LiveJournal 3a roguanblil iepuos, ¢ ce-
pesaunnt 2013 10 cepepunabl 2014. TloytHbri coBaph KoJLIEKIUN cocTaBu mpumepHo 860K
CJIOB, HO TIOCJIE TIPeIoOpabOTKU, BO BpeMsi KOTOPOI ObLIN COXPAHEHBI TOJBKO CJIOBA, KO-
TOpBIE OJTHOBPEMEHHO COJIEPYKAT TOJIHLKO CUMBOJIBI PYCcCKOro ajdasura, ¢ He OoJee, deM
OJIHUM JIepUCOM; UMEIOT JUIMHY He MeHee 3 CUMBOJIOB; BCTPEYAIOTCH BO BCEH KOJIIEKITHI
Kak MuHUMYM 20 pas.

B mporiecce nogdopa uucsia rem 6nutn onpodosanbt 100, 300 u 400 Tem. B pesynbrare
pabOThI SKCIEPTOB IO OIEHNBAHUIO KAYeCTBa MOJEJIUPOBAHNUS OBLIO BBIIBIEHO, YTO HAW-
aydnmit pesyabrar gocturaercs npu |1 = 400, mo53TOMy UMEHHO 9TO IHCJIO T€M HCIIOJIb-
30BaJIOCh BO BCEX JAJILHEHINNUX SKCIIEPUMEHTAaX C 3TOU KOJUIEKIHel. TO COOTBETCTBYET
6ostee paHHUM dKcrepuMentam |4, 15].

Komneknus 6n11a pasenena Ha 6aran 1o 10000 1okyMeHTOB B KaxkioM. Bee moesnn

APTM oby4auch ¢ IOMOIIBIO OHJIARHOBOIO aJIrOPUTMa, ¢ OJHKM IIPOXOJIOM II0 KOJLIEK-
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UK U 25 MPOXOJaMU 110 KazKJIOMY JOKYMEHTY; OOHOBJIEHHSA MATPHUILl ® IPOM3BOIUIICH
rocJjie KaxkJioro oopaborannoro darda. /Iy perynsgpuzaropa 9acTUIHOTO 00YIeHUS ObLIT
HO/FOTOBJIEH HAOOp M3 HECKOJBLKUX COTE€H STHOHUMOB — CyINECTBUTEJIbHBIX, 0003HAYAIO-
[UX PA3IUIHbIE STHUYECKUE IPYIILL; 249 U3 3TUX CJIOB BCTPETHINCH B KOJIIEKITHH.

DTHOHUMBI BBITJISJIAT JIyIIIUME KaHIUIaTaMld Ha POJIb CPEJCTBA YJIYUIIeHUs Kade-
CTBa M3BJICYCHHUSA TEM, CBA3AHHBLIX C 3THUIHOCTAMU U MEXKITHUIHBLIMU OTHOIICHUSIMU.
YyacTHUKAMU TAKUX OTHOIIEHUH ABJISIIOTCS KOHKPETHbIE JIIOIU UK IPYIIIb Jiiofeil. Hyk-
HO OTJIMYATh WX OT OTHOIIEHW MeXK/yHapOJIHBIX, B KOTOPBIX OCHOBHYIO POJIb MI'PAIOT
rocylapCTBa, UX HPAaBUTEILCTBA WM O(QUIMAIbHBIE MPEICTABUTEIN, a 3aTparnBaeMble
BOIIPOCHI JIAJIEKO HE BCErjla KacaloTCs ITHUIHOCTEH. MeKITHUIHBIE U MeXK Ly HapOIHbIe
OTHOIIECHNUs] TECHO CBA3AHBI M, B HEKOTOPBLIX CUTYAIUAX, HEPECEKAIOTCs, OJHAKO, MHTY-
UTUBHO SICHO, YTO JIJIsi MOHUTOPHMHIA U IIPEJOTBPAIEHUs] KOHMIUKTOB HA STHUIECKON
nouBe (CBS3AHHBIX, HAIPUMED, C MUTDAHTaMU) JOTHYHEe aHAJIU3UPOBaTh GJorocdepy,
YeM HOBOCTHU OPUIMAIBHBIX UCTOYHUKOB.

[Ipeamonaraercs, 9To0 B 9THUYECKUX TeMax OY/IyT IPEBaJINPOBATH STHOHUMBI (TYPKH),
B TO BpeMsI Kak IpusaratejbHbie (Typerikuii) u Hazanus crpas (Typrus) 6osee cBsi3aHbr
C MEKJIyHApPOIHBIMU OTHOIIEHUSIME. B PYCCKOM s3bIKE 3TH TPU KaTEropuu, KakK MPaBuIIo,
IPECTABIISIOT COOOI pasIMIHbIE CI0BA, YTO MO3BOJIAET MPOIIE KJIACCU(DUIMPOBATD TEMBI

II0 pacCMaTpuUuBaeMbIM OTHOHICHUAM Ha MEXK/IYHAPOJIHbIC U MEZKITHUIHBIC.

Mopgenu B skcrnepumentax ¢ ucnosibzoBanueM BigARTM 6buin 00yueHbr HabopbI Te-
MaTH4IecKnX Mojieseil. Bo Bcex Mojiensax ¢ runepriapaMerpaMu KO3M@UIIMEHTHI PeryJis-
pU3aIuu MoJI0UPAJIICH BPYUHYIO B XOJIe MHONOKPATHBIX 3aITyCKOB 00y4enus. Bo Bcex mo-
JIeJISAX ¢ peryJspusariueil TeMbl ObLn pas3zesensl Ha | S| = 250 npenmerssix u |[B| = 150
(dOHOBBIX.

JlaJiee IpUBEIEH CITMCOK PA3JIMIHBIX MOJIEIEl, KOTOPbIE ObLIM HACTPOEHBI I CPABHEHDI:

1. plsa: 6azoBast MOjIe/Ib BEPOSITHOCTHOIO JIATEHTHOTO ceMaHTudeckoro anansa (PLSA)

0e3 perysapu3aTopos;

2. 1da: 6azoBas Mojienh JaTenTHOro pasmentenus Jupuxie (LDA), peanusoBannas B
BigARTM kak Mojiesib ¢ peryisipu3aTopamu criaxkupanns ¢ m © paBHOMEPHBIMEI

pacipejie/ieHIaMn o 1 3 ¢ TumepnapaMerpaMn oy = 3y = 107%;

3. smooth: monens APTM co criaskuBanueM U pa3peKUBaHHEM I10 3THOHUMAaM, C
kosbdunmentamu peryrapusamym 71 = 107° and 7, = 100; Kpome TOTo, B 3TOM 1
BCEX IOCJIEIYOIIUX IKCIEPUMEHTAX UCIIOTB30BAJICS OIUCAHHBIN paHee Peryspusa-

Top Marpuilpl © ¢ koaddunuentamu 73 = 0.05 and 74 = 1;
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4. decorrelated: momens APTM, o6ob1atomnast MpeabLIyIyio IyTéM J00aBIeHus J1ie-
KoppeJsanun ¢ napamerpaMu 75 = 5 x 10* and 74 = 1078; xoadpdurmenT criaxkusa-

HIs 9THUYIeCKUX TeM 7, = 1075;

5. restricted dictionary: momens APTM, oboOrmmatomas mpeabIyyo myTeM J10-
OaBJIeHUs JIEKOPPEJIUPYEMOil MOJIAJIbHOCTH STHOHUMOB C Ko3(dduimeHraMu 7, =
100 and 75 = 2 x 10%; pyrue xoadppuIEenTs IPUHAIA CIAyIONNe 3HAYCHUS:
75 =15x10% 74 =10""u 7 = 1.1 x 10™*; B T0it MOJIEJIN UCIIOTH30BAJICS CIIOBAPD

u3 |Q| = 249 sTHOHNMOB;

6. extended dictionary: momens APTM, nnentuanast npeabiayineii, B KOTOPOii nc-
I10JIb30BAJICS PACIIUPEHHBII CJIOBAPh: IOMUMO STHOHUMOB, B HET'O ObLIN J00aBJIEHbBI
npuiaraTejbHble U Ha3BaHUsl CTPAH I TeX THUYIHOCTEMH, JIJIT KOTOPBIX COOTBET-

CTBYIOIIEro 9THOHUMa B KOJIJICKIIUU HE HAIIIJIOCh;

7. recursive: 6azoBast Mojesib PLSA, oOydenHast Ha criennabHOM IOJIMHOXKECTBE J10-
KYMEHTOB, TOJIYYEHHBIX U3 TEM MOJICJIH D, KOTOPbIC OB COYTEHBI STHHYCCKUMU
9KCIIEPTAMU: UCIIOJIB30BAINCH BCE JJOKYMEHTBI, KOTOPhIE B JJAHHBIX TeMaxX B MATPHUIIE

© uMeH BepOATHOCTD Bbile mopora 1075

8. keyword documents: mojens PLSA, wientuunas npeabiayineil, Ho ob6yJdeHHasT

Ha IIOAMHO2KECTBE JJOKYMEHTOB Bceit KOJUIEKIIUU, CO/IepzKallluX XOTh OJWH 3THOHUM

us (.

Monenu 7 n 8 ObLIH OOYUEHBI JIjIsi CPaBHEHUS JIByX METOJ0B OOOTAIEeHUsT MCXOIHOM
KoJteKImu. Mojeab 8 MCIoib30Bajiach B KadecTBe 0A30BOM IIPU IIPOBEPKE IIPEIII0I0-
JKEHUsT O TOM, YTO IMKJIMYECKOE HCIIOJIb30BaHNE TEeMATHIECKHX MOJEseil MOXKeT JaTh

.Hy‘{HII/Iﬁ pe3yJbTaT, 9YeM HU3BJICYECHHUEC TEKCTOB II0 KJIIOYEBBIM CJIOBaM.

PesynbraTbl B sTom pazjierie 00CyKIa10TCs KOJIMIECTBEHHBIE I KAYECTBEHHBIE PE3YIhb-
taTbl 00ydenus. CrepBa Oy/eT onmcana MeTOIOJIOTHSA SKCIEPTHOTO OIEHWBAHUS, 3aTE€M
OyJ/ieT TPOBEJIEHO 0OCYKICHUE TIOJTyYeHHBIX OIEHOK. Kpome Toro, pe3ysibTarbl OICHUBA-
HUs JIIOJIbMI OyJIyT cpaBHEeHBI co 3HadeHusMu tf-idf korepenTHocTH, 1peoxkeHHoM pa-
Hee B |15, 4]. Bpl1o mokazaHo, 9To Takasi METPUKA JIyUIlle KOPPEJUPYET ¢ YeTOBEUECKIMIE
OIEHKAMI, 9eM TPaJIUINOHHAsT KOTePEHTHOCTD |14].

Pesynbratel usmepennsi cpeanux koreperntHoctu u tf-idf xorepenTnocTnm jist Kaxk-
JION MOJIe/IN TIOKa3aHbl B TAOJIUIIE 2; TPEJICTABICHBI JIB€ BEPCUU METPUK KOTEPEHTHOCTH,

nocuynTaHuble Ha ToI-10 u Tor-20 cjoBax B KaKJIO# Teme.
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Puc. 9: CoprupoBanuble MeTpukn kadecrsa TeM: (a) cohjo; (b) tfidfio; (c) cohgg; (d) tfidfag.

Mogennb T cohyg tfidfyp cohog tfidfag

1 (plsa) 400 -325.3 -212.0 -1447.0 -1011.6

2 (1da) 400 -344.2 -230.9 -1539.8 -1121.2 Bompoc Paszuuna
3 (smooth) 400 -367.1 -261.2 -1583.9 -1210.2 1 (general understanding) 0.28
4 (decorr) 400 -378.9 -274.0 -1651.2 -1296.1 2 (event/phenomenon) 0.30
5 (restr. dict.) (400 -310.0 -196.4 -1341.9 -908.4 3 (ethnonyms) 0.07
6 (ext. dict.) |400 -321.7 -209.6 -1409.1 -995.3 4 (ethnic issues) 0.06
7 (recursive) |400 -326.5 -212.1 -1415.6 -982.5 5 (international relations) 0.08
8 (keyword) (400 -328.8 -214.4 -1463.6 -1014.5 6 (other) 0.25

Tabmmma 2: Cpennne KorepeHTHOCTh 1 tf-idf Kore-
PEHTHOCTD JJIs BCEX OOYYEHHBIX MOJIEJICH.

Tabnauna 3: CoryiacoBaHHOCTH KOJIMPOB-
[IUKOB: O0IIAst T0JI PA3IUIHBIX OTBETOB.

Pacupejiesiennst Becex 4eThIPEX METPHUK TaK:Ke IMOKa3aHbl B JeTajidx Ha puc. 9, J1eMOH-
CTPUPYIOIIEM OTCOpTUpOBaHHbIe MeTpuku (cohjg, tfidfig, cohgg, u tfidfyg) ams Kax it
u3 Mozeseii, n rpaduK, MIYNMil BbIIE BCEX OCTAJbHBIX, COOTBETCTBYET JIyUIIel MOJIe-
. Tabsuna 2 u puc. 9 nokasbiBaror, 410 X0Tsd Mojean 5 (restricted dictionary) u 6
(extended dictionary) mobGeKIal0T BO BCEX HYETBIPEX CJIyUasiX, BCE OCTAJIBHBIE MOJIEJIH
HMEIOT COLOCTABUMBIE Pe3y/IbTaThl, KpoMe Mosjeseit 3 (smooth) u 4 (decorrelated). Dto
ObLIIO MOATBEPKICHO IPEABAPUTEIHLHBIMU OIEHKAMHU JIIOJIEH, II03TOMY OBLIO IIPUHATO Pe-
HIeHUE UCKJIIOYUTD 9TU JBEe MOJEJN U3 JTaJbHEAIIero paccMoTpeHns 114 6oJiee MoJIe3HOr0
UCIIOJIB30BAHUA OIPAHMYCHHOIO KOJIMYIECTBA, YEI0BEYCCKIX PECYPCOB.

Jliist Becex mMogeneii skcnepraM ObLIO MPEJIOZKEHO HHTEPIPETUPOBATH KasKLYI0 TeMY B
KazKJ10#1 Mozesun 1o Ton-20 cjaoBaM 3Toit Tembl. s KaxKk 10 TeMbl JiBa SKCIIEPTa OTBEYa I

Ha cJjieayiomuye BOIIPOCHI, CBA3aHHBLIE C Ka4Y€CTBOM M CTEIIEHLBIO 3THUYHOCTHU TEMbI; Ha
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# C0h10 tﬁdfl() C0h20 tﬁdfgo

YacTUuHO UHTEPIPETUPYEMbIE TEMbI
1 (plsa) 139 -258.7 -145.3 -1145.9 -696.9
2 (1da) 192 -274.9 -163.3 -1224.1 -777.5
5 (restricted dict.)|237 -284.6 -163.0 -1247.9 -768.8
6 (extended dict.) | 146 -258.6 -141.2 -1156.0 -686.1
7 (recursive) 239 -281.9 -166.3 -1235.7 -788.1
8 (keyword) 114 -256.3 -140.2 -1141.4 -682.8

XOpoIIo UHTEPIPETUPYEMbIE TEMBI
1 (plsa) 119 -318.0 -206.6 -1414.7 -982.5
2 (1da) 120 -389.5 -273.1 -1743.7 -1324.6
5 (restricted dict.)| 87 -330.7 -227.0 -1410.7 -1028.2
6 (extended dict.) | 103 -313.8 -199.9 -1372.6 -936.4
7 (recursive) 58 -349.2 -241.1 -1498.1 -1086.1
8 (keyword) 106 -310.0 -198.9 -1354.3 -914.8

O06e rpymIbl TeM BMeCTe

1 (plsa) 258 -286.0 -173.6 -1269.9 -828.7
2 (1da) 312 -319.0 -205.5 -1424.0 -988.0
5 (restricted dict.)|324 -297.0 -180.2 -1291.6 -838.5
6 (extended dict.) | 249 -281.5 -165.5 -1245.6 -789.6
7 (recursive) 297 -295.1 -180.9 -1287.0 -846.3
8 (keyword) 220 -282.2 -168.5 -1244.0 -794.6

Tabsmnia 4: JKcIepuMeHTATbHBIE PE3YJIBTATEL: CPEIHIE HHTEPIPETUPYEMOCTH U KOT€PEHTHOCTH PA3HBIX
IPYLIL TEM.

Ka2KJIbIil BOIIPOC TPeOOBAJIOCH JIATh OJIMH U3 TPEX OTBETOB: «HET», «IACTUIHO» M <«JIa»:

1.

2.

[TonstHo i BaMm, moueMmy 3Tu c/1oBa cobpa/iich BMeCTe B JIAHHOI Teme?

Ecim B BOIIpoce 1 Brr JaJIi OTBET «Y9aCTUYIHO» MJIM «Ja»:. IIOHATHO JIN BaM7 KaKoe

ABJICHIE WA COOLITHSA MOXKET OIMCLIBATLCSI B TEKCTaX, CBA3aHHbIX C 9TOI TeMOii?
Ectb mm cpean TOII-CJIOB STHOHUMBI? YKaKUTE KOJINYECTBO.

Eciun B Botipoce 2 Bbl ja/mm oTBET «4aCTUYHO» WJIN «Jla»: CBA3AHO JIU 9TO COOBITHE

C 3THUYHOCTAMM !

Ecim B BOIIpoOce 2 Bur JdaJiid OTBET «9aCTHUYIHO» MJIM «Ja». CBA3aHO JIU 3TO CcOOBITHE

C MeKyHapOIHbIMU OTHOIICHUAMMA?

Ecim B BOIIpoOcCe 2 Bur JaJii OTBET «9aCTHUYHO» MJIN <«JIa»:. CBA3aHO JIX 93TO ABJICHHEC

WA COOBITHE C JAPYTOil TeMOM, He NMeOIeil OTHOIIEeHNA K STHUIHOCTSIM !

DKCIEePTHI ObLIN ITPOUHCTPYKTHPOBAHBI 110 BCEM BOIIPOCAM, BKJIIOUASA PASTAIUT MEXK-

AY ME2KITHUYIHBIMU U MEZKHAIMOHAJIbHBIMU OTHOHICHUAMU. Brium C06paHbI OTBETHI CeMU

9KCIIEPTOB; TaOIUIA 3 CyMMUpPYeT 3HAUEHHS OOIIEro COriachs IKCIEPTOB, IEMOHCTPUPYS
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Tabauna 6: Pesymbprarsl nHTEPIIPETAIINN TEM, CBA3aHHBIX

IMEeHUAMMH.

JIOTTN PA3INIAIONINXCS OTBETOB JIJIsT KayKJIOro BoIpoca. B 1mesiom, 3T pe3ysIbTaThl MoKa-
3BIBAIOT XOPOIITYIO COTVIACOBAHHOCTH MEYKIY SKCIIEpTaMU, II0 CPABHEHUIO ¢ O0Jlee paHHUMUI
SKCIIEPUMEHTAMH 110 aHAJIOMHIHOI pobiieme [17]. B ciywae pasHoriacus sKCiiepToB BMe-
CTO yCpEJ/IHEHUsI X OTBETOB I'€HEPUPOBAJINCH JIBa HAOOPa METPUK: C MaKCUMAJIbHBIM U

¢ MUHAMAJILHBIMIA OTBETAMHU COOTBETCTBEHHO. TaKuM 06p830M OIIpeJe/IAINCh BEPXHAA U

Tembr PeneBanTHBIE TEMBI
YaCTUIHO XOPOIIO [ obe rpynmnsl
#[COhlo tﬁdflol cohgg tﬁdfgo[#[cohlg tﬁdflol cohag tﬁdfgg[#[cohlg tﬁdflgl cohgg tfidfgg
1 (plsa)
ethnic 5 (-313.2 -190.2|-1399.2 -904.8 [12|-334.0 -207.1 [-1480.9 -996.3 [17|-327.9 -202.1 |-1456.9 -969.4
IR 20(-279.1 -150.7 [-1227.0 -733.8 |19|-315.3 -194.0 |-1410.7 -946.8 [39(-296.8 -171.8 |-1316.5 -837.6
all relev.|20(-289.6 -163.0|-1271.2 -784.9|25|-315.9 -194.3 [-1408.0 -938.7 |45|-304.2 -180.4 |-1347.2 -870.3
2 (lda)
ethnic 2 [-239.7 -124.4|-1158.5 -646.0|13|-306.8 -190.0 [-1369.1 -927.9 [15|-297.9 -181.3 |-1341.0 -890.3
IR 21(-285.1 -158.9[-1266.2 -763.1 [29(-353.3 -225.7 |-1580.6 -1097.5|50|-324.7 -197.7 |-1448.6 -957.1
all relev.|18(-289.4 -162.3|-1287.3 -777.7|37|-336.3 -212.2 [-1496.3 -1023.0|55(-320.9 -195.9 |-1427.9 -942.7
5 (restricted dictionary)
ethnic 18(-288.7 -164.7 |-1264.2 -798.5|30(-331.6 -222.3 [-1419.0 -1015.8|48|-315.5 -200.7 |-1360.9 -934.3
IR 33[-269.1 -142.5|-1190.8 -707.7|26|-323.1 -207.4 [-1358.1 -917.3 |59(-292.9 -171.1 |-1264.5 -800.1
all relev.|36(-267.2 -142.0|-1177.6 -695.1 |47|-322.7 -211.1 (-1374.5 -958.4 [83(-298.7 -181.1 |-1289.1 -844.2
6 (extended dictionary)
ethnic 8 [-288.4 -160.5|-1315.2 -805.1 (22|-280.7 -150.0 [-1226.8 -713.8 [30(-282.8 -152.8 |-1250.4 -738.2
IR 18|-250.0 -126.3 [-1130.6 -641.1|29|-287.4 -156.3 |-1240.9 -740.8 |47|-273.1 -144.8 [-1198.7 -702.6
all relev.|22(-261.2 -136.5|-1199.9 -707.7 |37|-285.5 -158.3 [-1234.6 -741.8 |59|-276.4 -150.2 |-1221.7 -729.1
7 (recursive)
ethnic 18(-308.2 -181.3 [-1418.7 -952.6 |22(-320.1 -201.8 [-1431.0 -971.4 |40|-314.7 -192.6 [-1425.5 -962.9
IR 30|-283.3 -161.6 |-1236.8 -780.4 |30|-291.4 -171.4 |-1292.9 -827.3 |60|-287.4 -166.5 |-1264.9 -803.9
all relev.|34(-285.4 -161.3 |-1269.0 -810.6 |47|-299.0 -180.1 [-1331.3 -869.8 [81(-293.3 -172.2|-1305.1 -844.9
8 (keyword)
ethnic 5 [-289.7 -161.1(-1315.9 -805.0|37(-297.9 -175.6 [-1318.9 -834.7 [42|-297.0 -173.9 |-1318.6 -831.1
IR 18(-264.7 -138.4 |-1168.7 -670.7 |32|-278.5 -164.3 |-1240.7 -782.9 |50|-273.5 -155.0 [-1214.8 -742.5
all relev.|17(-279.5 -154.3|-1230.7 -741.3 |52|-282.5 -165.5 [-1260.1 -793.1 |69|-281.8 -162.8 |-1252.8 -780.4
Tabauna 5: PeeBaHTHOCTD M KOT€PEHTHOCTD TEM.
Bormpoc 1 Bormpoc 2 Bompoc 1 Bormpoc 2
PesieB. Tembl | gacr. Xop. BCe qacT. XOp. BCe qacT. XOp. BCe qacT. XOp. BCe
1 (plsa) 6 (extended dictionary)
ethnic 1.80 1.75 1.76 | 1.20 1.50 1.41| 2.00 1.73 1.80| 1.75 1.27 1.40
IR 1.90 168 1.79| 1.75 1.26 1.51| 194 1.72 1.81| 1.72 1.17 1.38
all relev. 1.85 1.72 1.78| 1.65 136 1.49| 1.95 1.62 1.75| 1.68 1.16 1.36
2 (Ida) 7 (recursive)
ethnic 2.00 192 193|200 1.62 1.67| 1.78 1.59 1.68| 1.00 0.95 0.97
IR 200 169 1.82| 1.8 1.21 1.48| 1.87 1.87 1.87| 1.43 1.20 1.32
all relev. 200 1.76 1.84| 183 1.32 149|194 172 181| 1.35 1.09 1.20
5 (restricted dictionary) 8 (keyword)
ethnic 2.00 140 1.62| 1.89 1.27 1.50| 2.00 1.76 1.79| 1.20 0.89 0.93
IR 1.85 142 166| 1.85 1.35 1.63| 1.94 191 1.92| 1.33 1.16 1.22
all relev. 1.89 145 164| 1.86 132 155|194 183 1.86| 1.41 1.08 1.16

HIM2KHAA I'PaHUIIbI 9€JIOBEYCCKOI'O BOCIIPUATHA KadeCTBa MO,Z[Q.HQIL/'I.

Jlnsa kaxkaoi mojenn Tabuna 4 Tak:ke JeMOHCTpupyer cpejnee 3Hadenne tf-idf ko-
repeaTHOCTH. [I0CKOIbKY TpeHUpPYeMbIe MOJIC/IH MBITAINCH U3BJICYDb 38/ [aHHOE YUC/IO TEM
BBICOKOI'O KavuecTBa, OTO/BHUIasi «MyCOPHBIE» TeMbl B (DOH, HE IMeeT 0CODOT0 CMbICJIa ITPO-

U3BOJUTDHL CpaBHEHUE MO,HGJIGIZ 110 BceM TemaM. Baxkiee CMOTPETHb Ha KOI'€PpEHTHOCTU TEX

C MEK3THUYIHBIMHA U MEKAYHAaPOAHBIMUA OTHO-

TeM, KOTOpPbIe OBLIIN IIpU3HaHbl Ka9€CTBEHHBIMU Y€/IOBEYECKHMU IKCIIEPpTaMU.

Tabsua 4 cymmupyer HamboJsiee BaxKHbIE JIIg TOHMMAHUSA PE3YJIbTaThbl, TAKUX KaK

HHTEPIPETUPYEMOCTh (Bompoc 2), u ux cBa3b ¢ tf-idf korepenTHoCTBIO. B 97001 Tab/UIE
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YACTUYIHO UHTEPIPETUPYEMbIE — 9TO T€ T€MbI, KOTOPbIE MOJYIUIN «1» XOTs ObI Y OJHOTO
9KCIIEPTa; XOPOIIO HHTEPIPETHPYEMbIE TEMbI — T€, KOTOPBIM XOTb OJINH SKCIEPT MOCTABUIT
«2». Jlupepamu siBastrorest Mogiesm 5 u 6 (restricted dictionary u extended dictionary,
COOTBECTBEHHO). B Tabimiie MOXKHO BHJIETH, 9TO MOJIEJb 6 IPEBOCXOIUT BCE OCTAJIbHBIE
o obmemy KadecTBy. Mojesab 5 2Ke J1aéT 0oJiee BBICOKHE IMOKA3aTeIN KONePEeHTHOCTEM
B B I'pYIIaX HHTEPIPETUPYEMBIX TE€M, HO HAJI0 YUYUTBIBATH, YTO YUCJO HANJIEHHBIX €10
MHTEPIPETUPYEMBIX TE€M MEHBIIEe. DTO 3HAYUT, ITO MOJEIb H HAXOAUTh MEHBIIE TeM, HO
9TH TeMBbI 060JIe€ BHICOKOT'O KAUECTBA.

Tabnuma 5 cymmupyer Hambojiee BasKHBbIE PE3YJILTATHI, OIMPEJIEISIONINE CTEIeHb Pe-
JIEBAHTHOCTHU TeM HalluM 1ejisiM. 11oj pesrleBaHTHOCTBIO B TaOJIUIIE 110Ipa3yMeBaeTCsl CO-
OTBETCTBUE TEMbl MEXKITHUIHBIM I MEXKIYHAPOJIHBIM OTHOIIeHUusIM. CpejiHsist WHTep-
[IPETUPYEMOCTb PACCUUTBHIBAIACH KAK CpejHee apudMeTndecKoe OIEHOK, ITOCTABIEHHBIX
COOTBETCTBYIOIINM TeMaM KCIEPTaMU IIPH OTBETE Ha BOIPOC 2. 31eCh OISITh BUIHBI JIBa,
smgepa — mozenan 5 u 6. Ilpu aTrom mepBas mpeBocxoguT BTOpyio B TepmuHax tf-idf xo-
FEPEHTHOCTHU PEJICBAHTHBIX TEM, & BTOPasd IPEBOCXOUT MEPBYIO B TEPMUHAX YUCTIA TEM,
KOTOPBIE SKCIEPThI COUIN PEJIEBAHTHBIMEI. JTO BEPHO M JJIT MEKITHUYIHBIX, U JIJIT MEXK-
JIYHAPOJHBIX OTHOIIEHHUI, a TakKe JjId 000MX ypPOBHEH pEe/eBaHTHOCTU. DTO O3HATAET,
YTO pACIIUPEHUs CJIOBaps MIPUBOJUT K MOABICHUIO OOJIBINTEr0 YUC/IA TOJIE3HBIX TEM MEHb-
M KavdeCTBOM.

Tabsmna 6 1mokasbpIBaeT SKCIIEPTHBIE OINEHKN MHTEPIPETUPYEMOCTH TE€M: OHAa ITOKa3bl-
BaeT cpejHee 3HAUEHUE OIEHOK, BBICTABJIECHHBIX TEMaM U3 KarKJIOTO MOJMHOXKECTBa JIJIst
JIByX OCHOBHBIX BOITPOCOB, T.€. BEPXHUI JIEBBIH yTOJI MOKA3BIBAET, UTO B CPEIHEM SKCIIEPTHI
BeIcTaB/I OrleHKyY 1.80 B Bompoce 1 (06Imast HHTEPIPEeTHPYEMOCTh) TeMaM, BBICOKO Pe-
JIEBAHTHBIM TeMaTHUKe STHUIHOCTUH. CTOUT OTMETUTh, ITO Telepb MOJe/ b 6 IIPEeBOCXOIUT
MOJIe/Ib D B TepMHUHAX MHTEPIPETUPYEMOCTH: 10 3TOH MeTpuKe, B Mojieu 6 He TOJbKO
OoJIbIlle peJIeBAHTHBIX TeM, HO OHHU eIllé u OoJiee MHTepPIpEeTupyeMble, 9eM B MOJE/H D.
OIHAKO JIIITL 9acTh U3 HUX CBSI3aHO CO crenuduaHbiMu cobbiTusivu (Borpoc 2). Tem e
MeHee, C COIMOJIOTHIECKON TOUKH 3peHusi, MOJIe/Ib 6 BBITJISIIUT OoJiee IMPeIoITUTE TbHOMN
Ha 3TOI CTaINU MCCJIECIOBAHUS.

B 1o ke Bpems, cioBapb Mojen 6 0oJjiee MMUPOK: OH MOJMEHSIET OTCYTCTBYIOIINE IT-
HOHUMBI COOTBETCTBYIOIIUMHK IIpUJIaraTe/IbHbIMI U Ha3BaHUAME CTpaH. Takoil MpuHITUIT
ITIOCTPOEHUSI CJIOBAPs MO3BOJIAET BBIABUTH B MOJECIU STHUYHOCTU, KOTOPbIC HE OBLIH Ha-
3BaHbl HAIPsAMYIO, M TaKOW IIOIXOJ IIPeJ0TBpAIaeT IepeodyvdeHre B JIydIneil MO,
[TosToMy B OyIyIIeM ILIAHUPYETCsS UCIOJIb30BaTh UMEHHO TaKOi CJI0Bapb M3 COOOpazKe-
HUM TPAKTUIHOCTU U HAJIEXKHOCTH.

UnrepecHbie pe3ynbraThl mokasaubl Mogessamu 7 (recursive) u 8 (keyword texts). ITo
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napaMeTpaMy HHC/a PeJeBaHTHBIX TeM U KOTePHTHOCTH MOJEJb 7 IIOXOxKa Ha MOJe/Ib
5; MoJiesib 8 Ke DOOJIBbIIe MOX0yKa Ha MO b 6. DTO O3HATAET, YTO pe-UTEPUPOBAHNE TI0-
CTPOCHMA TEMATHICCKON MOJeIM Ha IOJMHOXKECTBAX TEKCTOB HE JAET IPEHMYyINeCTBa,
WM Jla’Ke IPUBOJUT K yXYJIICHUIO KadecTBa. B To ke BpeMs, oHOKpaTHOE 00yUIeHUE 110
II0JIMHOYKECTBY TEKCTOB, COJIEPKAIIUX XOTs Obl OJIMH STHOHUM M3 () IPUBOJIUT K MOJIEJIH,
AHAJIOTIYIHO} 110 KavdecTBY (MM HEMHOro Xy/ueit) sydmeit mogenn 6. Takum obpasom
MOXKHO CZIeJIaTh BBIBOJI, UTO OOydeHUe 10 (hUIbTPOBAHHON KOJITIEKIIHN MOYKET OKa3aThCA

MOJIE3HBIM, OCOOEHHO B cjIydae 00pabOTKU OOJIBIIIX KOJICKITUIA.

5.3 kcnepmMeHTHI Ha kKoJsuteKiuu 1QBuzz

OmnmceiBaeMble B 3TOM pa3esie SKCIEPUMEHTHI ¢ KOJIIEKIIel COODIEeHn pa3InIHbIX
conuaibHbIX Meqana [QBuzz nanpasiieHbl Ha JaJibHEllIIee COBEPIIEHCTBOBAHUE U YIIPO-
IEeHNe TEMAaTUIECKOTO MOJICIMPOBaHUs JIjId PEIeHns MOCTaB/JIeHHON 3aaun. B pamkax
9TUX YKCIEPUMEHTOB TaK¥Ke PacCMATPUBAETCA MOCTPOEHUE MOJIEJIe, YINTHIBAIONINX Me-

TaJdaHHbIE O METKaX BPEMCHHU U reoTerax, IpuBA3aHHbIE K COO6H_[6HI/IE{M.

Jlanable m mapameTpbl KoJekius ObLia IIpegocTaBieHa B TIeMMaTH3UPOBAHHOM BH-
e u cogepxkut noaru H.9M rekcron. Mcrounnkos TekcToB ObL10 0K0J10 6000, OCHOBHBIE:
BKonrakre — 4766761, Twitter — 394060, Google+ — 175213, Livelnternet — 107211,
ursa-tm.ru — 58294, 9xo Mocksbr — 20729. Bee npoune ucrounuku (6osee 6000, u3 kazxk-
noro menbitre 20000 coobrenwit) 6L 00beHeHb! B 061muii ¢hoHoseiit. Kpome Toro, Bee
TaKue COODIIEHNS IOy IMJIA OOIINIT reoTer N3-3a CJI0KHOCTH U3BJI€UEeHN MeoTera n3 HuX,
JIn0OO U3-3a OTCYTCTBUSI TAaKOro reorera. V3 3Tux JaHHBIX OBLIM W3BJCYCHBI STHOHUMBI,
KOTOPBIE M COCTABUJIA CJIOBAPb JIjIs TOC/IEIYIONEro 00yIeHus, 00bEM TOTO CJIOBAPSs CO-
craBuji H88 ITHOHUMOB (U IIOCTCOBETCTKUX, M MEXKYHAPOJIHBIX ). VcX0omHbIl 00bEM cJio-
Bapsl KOJLIeKIun coctaBut npumepHo 8.3M ciios. [lasiee ObLIn IpOU3BEIEHDBI CJILY IOITIe

Ipeodpa30BaHUS KOJIJIEKIIUN:
® BCe IIOCTHI C HEKUPUJIJIMIECKUMU T'€0TEeraMu TOJIYYUIH OOIIUIl reoTer;
® 113 METOK BpeMeHH OblLila M3BJIeUeHa TOJIBKO jlaTa B YHUPUIIMPOBAHHOM (opMaTe;

e reoTeru ObLIM COIOCTABJIEHBI C 3apaHee IOJTOTOBIEHHBIM CJIOBApEM I YHUU-
Kanuu (00beIMHEHNsT B OJMH IeOTer PasJMIHbIX HAIMCAHUN OJHON U TOW METKU

MECTOIOJIOXKEHHS ).

[Tocsie O6bL1a TPOBEIeHA (DUIIBTPAIUS CJIOBAPSA KOJIJIEKIIMH, B X0JIe KOTOPO# ObLIN y/1a-

JICHBI CJIOBa
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e BcTpeyaloluecsd B KOJUIEKIUU MeHble 150 pas;
e BcTpeyvaloluecs B KOJJIEKIUU dale 1 MJIH pas;
® ¢ JITMHOU MeHbITEe 4 CUMBOJIOB;

e c jiytmHOM OoJtee 30 CUMBOJIOB;

® CoJieprKalliie UTO-In00, KpOMe KUPUJLITUITHI.

B utore 06b€m citoBapsi coctaBm 0KoJio 75K c1oB, 4ncjio MeTok BpeMeHu — 715, 1mc-
Jjio reoreroB — 98. Tlomumo sToro cioBaps ObLI jromoinen npumepro 10K 6urpammvamu,
COJIEP2KAIIUME STHOHUMbI, KOTOPbIE OBLIH IOJIyYeHbI IIyTEM BbIJIEIECHUS BCEX IMOI00HBIX
6urpamMM u3 KOJIJIEKITUHU C TIOCTeAyomeil 9acToTHO (usibrpanueit. CpeaHss 1yimHa, 10~
KyMeHTa Tocjie (hUIbTPAIIMN KOJIEKIIUKA cocTaBuia 262 cjioa.

[Ipu pabore ¢ jannoil KOJUIEKIIUE JIJIst TPOCTOTHI 00y UeHUs OBbLIO MPUHATO PEIICHUS
HCIIOJIb30BaTh o diaitHoBbIil ajgroputM. KosmmdecTBo TeM OBbLIO BHIOPAHO B pe3ysbTaTe
aCcecCOPCKOi pabOTHI: OBLIIO BBIAB/IECHO, 4TO HauYnHasd ¢ 200 TeM Mojienin 6e3 peryaapus3aun
[IEPECTAIOT BBISBJISATD HOBbIE STHHYECKUE TE€M, TIO9TOMY UMEHHO 3TO KOJUIECTBO TEM OBbLIO
3a@UKCIPOBAHO BO BCEX JlaJbHEHINNX dKcIepuMeHTax ¢ Kosurekiuein [QBuzz.

Jlnst onpesieieHns ONTUMAJILHOIO YHUC/Ia UTePaIuii 110 KOJJIEKIIUN ObLI IIPOU3BEIEH
CJIEJIYFOIITHIT SKCIIEPUMEHT. AHAJIOMMYIHO BCEM TIPEJIBLIYIIUM IKCIIEpUMEHTaM (110 mo00py
qucsia TeM), crpomiach Mojeiab PLSA ¢ 20 urepaiusiMu, MOCKOJLKY MMEHHO MPH Ta-
KOM KOJIMYeCTBe IIPOXO/I0B II0 KOJIJIEKITNN CXOJAMJIaCh METPUKa IIePIIJICKCUN. ZLHH IIpoBEP-
KJ TUTIOTE3bI 00 N3OBITOYHOCTH TAKOT'O KOJTUYECTBA MTPOXOJIOB, ObLIM MTPOAHAIN3UPOBAHbI
HanboJIee BEPOSITHBIE CJIOBA B TEMaX, IMOJIydaeMble IOC/Ie KayKJION UTeparyu, HadrnHas
¢ 10 mo 20. BpuIo BBIABIEHO, YTO HUKAKUX CYIIECTBEHHBIX M3MEHEHWIl B COCTaBe THUX
CJIOB HE IPOUCXOUT yzKe HadnHad ¢ 12 urepanun, Io3TOMY KOJIMYECTBO ITPOXOJIOB OBLIO
zacdukcuposano paBubiM 12. /g 200 TeM 9TO HPUBEJIO K TOMY, YTO UTOT'OBOE BpeMsi 00y-
qeHus MOJIeJIN ¢ pacnapaJjuiemBanreM Ha 10 moTokoB coctaBuio mpuMepHo 6700 cexymt.

Mammna core i7, 6 gaep ¢ hyper-threading.

Mognean Ilo anajorum ¢ sKcriepuMeHTaMU, TPOBOJIUBINUMIUCS paHee, B TeMaTUIeCKOi
mogtenn Kosuekimu [QBuzz Ob11 onpoboBan psii onucanabix wHCTpyMeHToB APTM. B
PA3/IMYHBIX KOMOMHAIUSX U C Pa3HbIMU KOI(DMUIIUEHTAME OIPOOOBAHBI PETYITPU3aTO-
PbI JIJIsi YACTUYIHOTO OOYyU€eHHUsl MO CJIOBAPIO STHOHUMOB, PErYJISPU3aTOPhI CTUIAXKIMBAHUISA
7 pa3peKuBaHUs TeM, UX JEeKOPPESIIH, PEryIspU3alidsd ¢ HCIOIb30BaHNEM MOIATHLHO-

cTeit STHOHUMOB 1 OurpaMm ¢ 3THOHHMaMu. OIeHnBaHNIe ITPOU3BOIMIOCH ACECCOPAME II0
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YIPOIIEHHON CXeMe: KarKJas TeMa OIEHUBAJIACh KaK STHUYECKas WM HEITHUUIECKAs 110
conM 20 HanboJIee BEPOSATHBIM CJI0BaM. BbIsABIEHO, 9TO HanbOJIee 3HAUNTEHHBIN BKJIA]T
B YCOBEPIIIEHCTBOBAHUE MOJIE/Ih JAHHON KOJIJIEKIINN BHOCAT PEryJIApU3aIis C UCIOIb30-
BaHUEM THOHUMOB ¥ Ourpamm. CBsS3aHO 3TO BO MHOIOM C OCODEHHOCTSIMU KOJLJIEKITUU:
OHa OTHOCHUTEJILHO BEJINKA, COJAEPKUT OOJIBINOE KOJIUIECTBO JJIMHHBIX JIOKYMEHTOB U HET
XOPOIIIO MOIACTCA Oojiee TOHKUM METo/IaM peryigpusanui. B pesyinbrare mepebopa 1mo
ceTKe 3HaYeHUi 00a BHIOPAHHBIX PEry/IsipU3aTOpPa MOJIYyIUIn KOIMDMUINEHTHI T PaBHbBIE
10. o pe3ynbraTamM OIeHMBAHUS B HAMIYUIIE MOJIETN BBIABICHO 87 TeM, B TOW MJIN WHOM
CTENEeHN OTHOCATINXCS K STHIIECKIM BOIIPOCAM, JIMOO KACAIOIINXCsT BHEITHEH TTOJTUTUK.
B PLSA rakux Tem mosydeno 47, u Ka4ecTBO X (€ TOUKH 3pEeHHsi HHTEPIPETHPYEMOCTH)
CYIIIECTBEHHO HUKe. B uTore sTa MOJIe/ b ¢ pery/isipu3aTopamMu MoJIaIbHOCTel 1 GurpamMmm
Obly1a BRIOpaHa JJIA JaIbHENIIIX SKCIIEPUMEHTOB ¢ BHEJPEHUEM MOJAJIHLHOCTEN Te0TeroB
U METOK BPEMEHM.

Kosdbdunmentsr perynsgpusanun jijis JAHHBIX MOJIAJbHOCTEN ObLIN BHIOPAHBI PABHbI-
Mu 1 1o pesyabraTaM SKcrepuMeHTOB. [Ipwamaa B TOM, 9TO BeJWYUHBI 3TUX KO3b U-
IIMEHTOB OKA3BIBAIOT CTJIayKUBAIOIIEe UM, HA0OOPOT, Pa3peKUBaIoIee BIUIHAE HA COOT-
BETCTBYIOIINE MHOXKECTBa CJIOB. Tak, crpemyieHne Ko3(pUIHMEHTOB K HYJ/IIO PUBOIUT K
MOJIYYEHUIO TIOYTH PAaBHOMEPHBIX PACIIPEJIEJIEHUl, YTO sIBHO HE COOTBETCTBYET IOCTaB-
JIeHHO 3a/1a1e. B To e Bpewms, 3HaUeHUsT, OOJIBINNE NI PaBHbBIE 2, TPUBOIAT K pacipe-
JIeJIEHUSIM, B KOTOPBIX BEPOSATHOCTHAS MACCA COCPEIOTOYCHA B 1-2 3HAUCHUSX, ITO TaKKe
siJiieTcs nckazkenueM. [Ipu 3navenun 1 paciipejiesienns Kak reoTeroB, Tak U METOK BPe-
MEHU UMEIOT MHOYKECTBO HEHYJIEBBIX BEPOATHOCTEN, HO, B TO K€ BPeMs, B OOJILIITITHCTBE
TeM 00pa3yoT HECKOJBKO BBIPAYKEHHBIX MMHMKOB, TO3BOJISIONINX OINEHUBATH ITPUHAIEK-
HOCTB TIOJIOOHBIX TeM K pas3jndHbiM peruonaM P® B paspese ompeie/léHHbIX BPEMEHHBIX
nHTepBaJIoB. [lo 3TOiT yKe TpUYNHE MPUHATO peIleHre OTKA3aThCAd OT JOMOTHUTETbHBIX
PeryJsipu3aTopoB CrUIaXKUBaHUs / pa3pesKUBaHUsI MOJIAILHOCTEN TeOTEr0B U METOK BpeMe-
HU, TIOCKOJIbKY CaMU MOJIAJbHOCTU OKAa3aJIUCh JOCTATOYHO CUJIBHBIM DEryJIgpU3aTOpPOM,

CIIPABJIAIONIMMCH C 3TOU 3a/1a9eil.

PesynbraTer  llocko/bKy jijis JIaHHO# 3381491 OTCYTCTBYIOT TOJIXOJISIINE aBTOMATHYE-
CKHe METPUKU OIEHUBAHNS, OBLIIO IIPOBEJIEHO PYUYHOE KOJUPOBAHUE, C IIeJIHIO TOUCKA TEM,
JUTT KOTOPBIX HaliJIeHHbIEe T€0Tern U MEeTKN BPEMEHU MOIVIA OBITh WHTEPIPETUPOBAHBI U
COOTHECEHBI ¢ COOBITUAMU B peayibHOCTU. V3 87 0TOOpaHHbIX paHee TeM OBLIN BBIJIEIECHBI
0K0J10 20, 7711 KOTOPBIX MO/I00HBIE COOTBETCTBUS Y/IAI0Ch YCTAHOBUTD 0€3 0COOBIX YCUJIUIA.
B Tabmmmax 7-9 nanbosiee BepOATHbBIE CJIOBA, T€OTETM M METKU BPEMEHU I HEKOTOPBIX

13 HUX (OIYIIEHbI TeMbI-yOINKATHI).
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‘ PezynbpraTot ‘ Kommenrapun:
CioBa JEeYEHCKUIl, YeUHsl, KaJbIpoB, 60eBUK, Teppo- | OOCyKIeHue dYedeH-
puct, youiicTBO, pamM3aH, I'DO3HBIH, CIeIHa3, | CKON BOHHBI B I'OJIOB-
HaeMHUK, KaBKa3, MOrubaTh, ONEpalidsi, Tep- | IUHY e€ HadaJja.
aKT, BOODY2KEHHBI, 60eBOIl, 3aJI0KHUK, JIyIa-
€B, JIUJEP, KOMaHIAP
‘ Teorern Mocksa, Cankr-Ilerepbypr, Yeuns. ‘
Merku Bpe- | Hauane u koner nekadbpss 2014.
MEHU
Cnosa YKpanHa, OJINTapX, YKPamHCKWH, XyHTa, KU- Ob6cyzkenne TOTbKO
€BCKUIi, BOCTOYHBII, PEKUM, IO'OBOCTOK, I10JI- | 9TO  IIPOM3OIIE IIE-
JepKUBATh, AHYKOBUY, IIEPEBOPOT, eBpoMaii- | 'O I'OCYyJTapCTBEHHO-
JlaH, BOCTOK, PEBOJIIOIMS, PETUOH, Ojecca, IoJ- | 'O [e€PEeBOpOTa Ha
JepzKKa, HE3aBUCUMOCTD, IIPABBIA, €BPOCOI03 YKpauHe.
Teorern Mocksa, O6ruit reorer.
Merku Bpe- | Mapt u anpesns 2014.
MEHU
Cirosa HE3aBUCUMOCTh, KpU4aTh, BUepa, CHOBA, IIpe-
JOK, DYCCKHUIi, Kallall, OJIMI'apX, BCIOMHHTD,
3aBUJIOBATh, pa3Be, IEHHOCTb, TOPIUTHCH,
HE3aBHUCHUMBIN, yKpanHa, Bepa, IOJIUTHK,
I'POMKO, MOCKaJIb, OTKa3bIBaTbCA
‘ T'eorern Mocksa, Cankr-IlerepOypr.
Metku Bpe- | Mapr u asrycr 2014.
MEHH
Cnosa apMSIHIH, ApMsHCKHi, apMeHus, asepbaii- | 24 anpess GbLIO Ipu-
JIDKaH, TeHOIuz, aszepbaiizKaHCcKWii, Oaky, | SHAQHO JATOW IaMs-
asepbaiikaner, kapabax, epeBaH, Typius, | TH 2KepPTB TCHOIUJA
apxWB, alpesb, KaBKa3, »KepTBa, Ipy3ud, Ia- | apMsH B Ocmanckoit
MSITh, YOUICTBO, PyCCKMUIA, IPEJICTABUTEH Ummepnn. B reme
- - CMeIIaInCh HECKOJIb-
T'eoTern Mocksa, Kpacunogapckuit kpait, Cankr-
KO CMEXXHBbIX IIOJ-
IlerepOypr, PocToBckasi 06/1acTh. Ten
Metku Bpe- | [Basnarsie uncia amnpess 2015.
MEHU

Tabnuna 7: Pesyaprarsl nHTEpIIPETAIINN MOJE/IN C T€OTEraMid U METKAMU BPEMEHHU.
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PesynbraTot

Kommenrapun:

OmauH U3 BCILIECKOB

Cnosa IepecesieHel], CEeBEPSHUH, MHUIPAHT, 3SKCTpe-
MHUCT, UMMUI'PAHT, COTPYJHUK, JOKYMEHT, OOCYy2KJIeHUsT  TeMbl
HeJIEraJbHBIN, BOJIOHTED, COODIATH, MsTeX- | IPOCICKUBACTCA B
HUK, OYHKT, JaHHbIe, MUIDAIMOHHBII, nopda- | UIOJIE 2014 B cBasu
JIOK, TPYJOBOM#, cesep, IpUe3KaTb, IpecTym- | € npubbiTHEM B
JieHue, iar Mypmanckyio 00-
JIACTh MUTDAHTOB U3
T'eorern Mypwmanckasi objiactb, Mocksa, Boponex- VKpARHEL
ckast obstactb, Cankt-IleTepbypr
Metku Bpe- | Tema pazmazana BO BpeMeHU, €CTh HECKOJIBLKO
MeHH BCILJIECKOB.
CiroBa IPY3UHCKHIA, Tpy3usi, pycud, OyKBa, IIaMaH, Ob6cyzkienne  BOHHBI
TyBa, TOMIICH, KOpeHb, (hopMa, mbo, xubyas, | B FOxknoit  Ocernn
CaaKaIIBIUIN, HOCOK, IPA3THNYIHLIN, I0KHEIH, | B €€ TONOBIIHHY. K
ropeTh, OrOHb, TYBUHCKUM, COOUPATH, TYJIOK TeMme  IpuaMerniaJjiach
HesICHasI  IIO/ITEMA,
T'eorern ‘ Mocksa, TriBa. ‘ . ‘
cBst3aHHas ¢ THIBOIA.
Metku Bpe- | Kpynubiit Bemieck 8 asrycra 2015.
MEHU
CnoBa YKPaWHCKHUI, yKpamnHa, OIOJYeHell, IOHEIK, Ob6cyzxaenne couTo-
CJIAaBAHCK, COMBATH, IOTOBOCTOK, JAe0ableBo, | IO HaJ TEPpPUTOPH-
caMoJieT, JOHelIKWii, XyHTa, BoopysKeHue, Ho- | €I YKpauHbl MaJsa-
Bopoccus, 6ouHr, 60eBOil, TaKeJblil, Jyranck, | SHECKOro «Boumnra.
TEeXHUKa, TOYKa, KOTEJ
‘ T'eorern ‘ Mocksa, O6rmuii reorer, Pocrosckas 0b1acTb. ‘
Merku Bpe- | 17-18 wromns 2014.
MEHH
CioBa TaTapuH, PYCCKUIl, KPBIMCKHUI, TaTapCTaH,
KPBIMCKOTATapCKU, JIenopTanus, Ka3aHb, My-
CyJIbMaHWH, TATapPCKUI, MPOXKUBATh, POIHOM,
MeJKJINC, Ka3aHCKWl, POJINHA, MeYeTb, 3T-
HUYECKUIl, TIODKCKUII, KOPEHHOM, MCIaM, My-
CyJIbMaHCKU
T'eorern Tarapcran, [lepmckuit kpait, Mocksa, CankT-
IleTepOypr.
Metku Bpe- | Tema pasmazaHa BO BpeMeEHIH.
MeHH

Tabnuna 8: Pe3ysbrarsl nHTEpIPETAIME MOJIEJU C T€OTEraMi U METKAMU BPeMEHH (IIPOJIOJIZKEHHUE).
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‘ ‘ PezymbraTot ‘ Kommenrapun:

Crosa eBpeil, eBpelicKuil, u3pansb, XOJIOKOCT, I'UT- Ob6cyzk 1enne re-
Jiep, U3pauJIbCKUil, (haMuiusi, eBpeiika, xkepr- | HOIIMIa  €BpeeB B
Ba, yOUIICTBO, KOMUCCApP, CHOHUCT, YHUITOXKE- damucrckoit Iepma-
HUe, I'a3eTa, paBBUH, Jlarepb, HaYaJIbHUK, aH- | HUA B JICHb TTaMATH
TACEMUTU3M, CUHArOra, InajecTuHa KepTB X0JIOKOCTA.

leorern ‘ Mocksa, Cankr-Ilerepbypr, O6muit reorer. ‘

Metku Bpe- | 27 auBaps 2015.

MEHU

CroBa KUATAUCKU, KUTael, CKa3Ka, IMEeKWH, BOCTOK, O6cyxnenne  coob-
JaJILHUI, BOCTOYHDI, 30JI10TOl, a3usd, cHOUpDb, | MEHUH O  CIesKax
TOHKOHI, 2K€JITBI, IpOJiaBaTh, JINCA, APEHJa, Kurags u P® mna
oIHEGECHBII, TOBap, OCTPOB, IIPOEKT, OAJII [IM3® 2015 =a

T M C I 6 - - | KpyHIHBIe CYMMBI.

eoTern ockBa, CankT-llere r, Ilepmckuit xpait
C ’ p poypr; 1iep Pall, | TIMD® npoxomun B
Bep/IJIOBCKas 00J1aCTh.
P 9TO BpeMs.

Merku Bpe- | Uionb u mions 2015.

MeHU

CioBa aJulax, MyCyJIbMaHUH, CUPpUdA, CUDUICKUNA, uc- O6cyxienne cupuii-
JaM, IPOPOK, UpaH, MUCJIAMCKWUN, UpaHcKuii, | CKOro KOH(DJIIKTA B
cayIOBCKUil, apaOCKUil, HAHOCUTh, KOpaH, apa- | MOMCHT HadaJla aK-
BUf, KOXKa, MyXaMMaJl, MedeTb, IIOCJAaHHUK, | THUBHOI'O BMENIaTesb-
uMaM, MyCyJIbMaHCKUNA crsa P® B nero.

T'eorern Mocksa, Harecran, Cankr-Ilerepbypr, Yeu-
us, TaTapcTaH.

Merku Bpe- | OkTsibps 2015.

MEHU

Tabnuna 9: Pe3ysbrarsl HHTEPIPETAIME MOJIE/U C T€OTEraMi 1 METKAMU BPeMEHU (IIPOJIOJIZKEHHUE).

MO)KHO O6paTI/ITb BHUMaHH€ Ha TO, YTO IIOYTH BCE€ TEMbI COJCp2KaT B YUCJIC HaH-
6os1ee BeposiTHbIX reosiokanuii MockBy u Cankrt-IleTepOypr, 4To BIO/IHE 3aKOHOMEPHO,
IOCKOJIBKY CyMMAapHOE YHCJIO COOOIIEHMI M3 3TUX TOpojaos cocrapiser mouru 40% or
obrero 4mnciia Bcex TekcToB. 1o obIuM reorerom moOHUMAETCA COBOKYITHOCTD BCEX T'€0-
TeroB, KOTOPbIE HE 6])IJII/I OTHECEHBbI H K OJHOMY U3 BbI/JICJICHHBIX I'€OTEroB, TaK 2Ke K STON
re0JIOKAIH OBLIN OTHECEHBI COODITEHNUsI, ¥ KOTOPBIX T'e0Ter N3HAYAIHLHO OTCYTCTBOBAIL.

Taxum obpazoM, yaaioch 6e3 JIOMOJTHUTETBHBIX YCUIUI UCIIO/IB30BATh HH(MOPMAIIUIO
O METKaX I'€OJIOKallul 1 BPEMEHHU B IIPpOIEecce O6y‘{eHI/IH MOOEeJIN, a TaKzKe Ha OCHOBaHHI
MOJIYUE€HHBIX PE3YJIbTATOB BBISBUTH U3MEHEHUS TOJIyYeHHBIX TEMATHK B IIPOCTPAHCTBAX

9TUX METOK.
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6 Pe3yabTaTbl, BBIHOCUMbIE HA 3all[UTY

Ha zamuty B janHoit paboTe BLIHOCATCS CJIEIYIONINE PE3YIbTATHL:

1. HoBblil JleTepMUHUPOBAHHBIN OHJIANHOBBIN acuHXpoHHbIH EM-aaroputm, mo3BoJis-

oruit Tpou3BoUTh 3pderTuBHOE 00yUeHme Temarndeckux mojeseit M-APTM.

2. Ncnoab3oBanne METOIOJIOTHUN DEryJIdpudalun JJId aBTOMaAaTUYIE€CKOI'O BbIABJICHUA
CHGHI/I(i)I/I‘{eCKI/IX TeMaTuK, O6Cy}K,I];aeMbIX B TEKCTOBLIX JaHHBIX, C BO3MOXKHOCTDBLIO

y4aéTa JIONOJHUTEIbHON nHMOPMAaINU U OlleHNBAHUS Ha €€ OCHOBE.
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