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AnHoTarus

BepositHOCTHOE TEeMATHYECKOE MOJIEIUPOBAHUE — ITO TEXHOJOIUS aBTOMATHYE-
CKOil 00paboTKM TEKCTOB, aKTUBHO Pa3BUBAOIIASCH IIOC/IE/IHAE JIBA JIECATHIETHUS.
Temarudeckue MO UCHOJIB3YIOTCH JjIsi PA3BEAOYHOrO aHAJM3a OOJIBIINX TEK-
CTOBBIX KOJIJIEKITUI, WHMOPMAIIMOHHOIO [TOWCKA U PeIleHus] Pa3HOOOPA3HbIX 33134
TEKCTOBOI anajnTuku. Kaura oXBarbiBaeT OCHOBHBIE THUIIbI TEMATHIECKUX MO/IEIEN.
Maremarudeckuil anmapar KJIaCCHIeCcKoii He-0alileCOBCKO Peryisgpu3aliuu M03B0JIsd-
€T CYIIECTBEHHO YIPOCTUTH M3JI0KEHWE 10 CPABHEHUIO C 0aiteCOBCKUM 00ydeHmeM,
0OBIYHO UCIOJIb3YEMbIM B HAYYHOIL jinTepaType. BoJibiiioe BHUMaHue yiesisiercs hop-
MaJIn3aluu MOCTAHOBOK 33/1a9 Ha, si3bIKEe OITUMU3AIMOHHBIX KpuTepues. Maremaru-
veckast Teopus aaaurusHoil peryagpusanuu (ARTM) npusogur kK Mojy/abHO# Tex-
HOJIOTHH MO/IEJTUPOBAHUS, KOTOPas Peajin30Bana B OUOIUOTEKE C OTKPBITHIM KOJIOM
BigARTM. OTzmenbHas ryraBa MOCBAIIEHA PAbOTE ¢ 3TON OMOIHOTEKOTH.

Kuwura asipecoBana crenuajuctaM B 06/1aCTH MAIIMHHOIO 0OyYeHUs U aBTOMATH-
9eCKOil 00pabOTKU TEKCTOB, IIPEIOIABATE/IAM, CTYAEHTAM, aCIIUPAHTAM, UCC/IEI0BA~
TesIsIM U WHXKeHepaM-TIpakTuKaM. lIpenmonaraercs, 9To anTaTe b BaaLeeT OCHOBAMHI
TEOpUU BEPOSITHOCTEH, JMHEHHON airedpbl, MaTeMATUYECKON CTATUCTUKU, YHUCJIEH-
HBIX METOJIOB ONTUMU3AINY, fA3bIKa IporpaMmmupoBanusg Python B obbéme Kypcos
OakaJ/iaBpuaTa TEXHUIECKUX YHUBEPCUTETOB.
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1 BsepgeHue

TemaTudeckoe MOJeJIMPOBAHHE — 3TO OJIHA U3 COBPEMEHHBIX TEXHOJIOTHH 00pabom-
Ku ecmecmeennozo asvika (natural language processing, NLP), ak THBHO pa3BHBaOIIAsICS
¢ kouna 90-x rogos. Temarudueckass MOJe/Ib KOJJIEKIIMH TEKCTOBBIX JOKYMEHTOB OIpe/ie-
JIeT, K KAaKUM TeMaM OTHOCUTCH KazKJIbli JOKYMEHT, ¥ KaKhe CJI0Ba 00PasyroT KazKIylo
remy. Temarudeckoe MOIE/IMPOBAHUE HE MIPETEH/IYET HA HOJHOIEHHOE NOHUMAHUE eCIme-
cmeennozo aszvka (natural language understanding, NLU), oxnako BblsiBjieHHE TeMATHKN
MOZKHO CYUTATDL OIPE/ICJTEHHBIM IIIAarOM B 9TOM HallpaBJICHUH.

Temaruueckoe MOJEJUPOBAHUE HPUHATO OTHOCUTH K MAWUHHOMY 00yvueruto 6e3
yuumens (unsupervised machine learning), mocko/bKy TeMbl CTPOSITCS ABTOMATHYECKH
10 TeKCTOBLIM JaHHBIM. /Ij1g 3TOr0 He TpebyeTcs HUKAKUX SKCIEPTHBIX pa3METOK, Te3a-
ypycoB uau 6a3 3Hanuii. CyIniecTBYIOT IPOJBUHYTHIE TeMaTUIeCKHe MOJE/H, CIIOCOOHBIE
YUIUTBIBATD TAKOI'O POJIA JAHHBIE JJIs YJIYUIICHAs TeM U PelleHus TPYIHbIX 3a/a9 TeKCTO-
BOi ana/imTuku. Takue MOjie/in TOXKe PacCMaTpUBaIOTCd B JIAHHON KHUTE.

TemaTudeckoe MoOJIeIMPOBAHKE IIOXOXKE HA Kaacmepusdayuto mexcmos. [lpu obbraHol
«xkécTroit» kmacrepusanun (hard clustering) KazKiplii JOKYMEHT IIEJIUKOM OTHOCHTCS
K OJJHOMY U3 KJjiacTepoB. Temarudeckasi MOJIE/Ib OCYIIECTBIISIET MAZKYI0 KAGCMEPUIAUUIO
(soft clustering), pacupemessiss COAEPKUMOE JOKYMEHTA 110 HECKOJIbKUM KJIaCTepaM-Te-
mam. Temarudeckoe MO/ IMPOBAHIE HA3BIBAIOT TAKZKE MA2KOU Ou-Kkaacmepusayueti, 1mo-
CKOJIBKY KazKJI0e CJIOBO TaKzKe PACIIPeJIe/IIeTcsd 110 TeMaM.

Beposammuocmmuas memamuueckas modeav (probabilistic topic model, PTM) omnpe-
AeJideT BepOodATHOCTH TEM B KazKA0M JOKYMEHTE W BepOoATHOCTU CJIOB B Ka}K,ZLOI';I TEME.
Kak u gpyrue BeposgTHOCTHBIE MOiesTn s3bIKa, P T'M mpe/icKa3pIiBaeT mOsgB/IeHUE CJI0B B J10-
kymenrax. Ognako B 3trom PTM He HacTo/sibKo XOopomiu, Kak riybokue HepOHHBIE CEeTH
tuna BERT [66] win GPT [108]|. Temaruueckue MoeIn He CIIOCOOHBI T€HEPUPOBATE CBI3-
HBI{T TEKCT, 3aT0 33/[a9 MsTKON K/IACTEePU3AIlUU TeKCTOB OHH PeIaioT Jiydiie u ObicTpee,
He TpeOysi MOIIHBIX U JIOPOIUX BbIYUC/IUTE/ICH.

TemaTudeckass MoJie/ib, KaK U HeifpoceTeBasi, IpeoOpa3yeT CJIoBa U TEKCTbI B UX 6Ek-
mopruvie npedcmasaenus nian ambeduneu (embedding). Heiipoceresbie smbejunru ne uH-
TepPUPEeTUPYEMbI, Mbl HE ITIOHUMAEM CMbIC/Ia KOODJMHAT B dTHX BeKTOpax. Temarndeckuit
9MOEIMHT — ITO BEKTOP BeposTHocTeit Tem. Kazkias rema onucbiBaeTcs cBOouMu HanboJiee
JACTOTHBIMU CJIOBAMH, KOTOPBIE CBA3AHBI JIPYT C JAPYIOM IIO CMBICJY, [MO3BOJISIOT COCTa-
BHTb TEKCTOBOE OIMCAHHWE TeMbl U JaTh eii naszpamme [128]. Hambosee menHoe cBOHCTBO
TEeMATUICCKUX MOJIE/Iel B TOM, 9TO KOJIJIEKIUS caMa, COOOM K/lacTepu3yercs: Ha HHTePIIpe-
TUPYEMble TeMBbl.

Mpr mouTn He OyJeM KacaTbhCs BOIPOCA, KAaK «00beJIMHUTD JIyUIee OT JIBYX MHPOB» —
peJIcKa3aTeIbHYI0 U TeHePATUBHYIO CIIOCOOHOCTD HeifipoceTeBbIX MOJIe ieil A3bIKa C HHTep-
HPETUPYEMOCTBIO U BBIYUCIUTEIbHON (PHEKTUBHOCTHIO TEMATHICCKUX MO/Ie/1eil. D10 OT-
KpbITas Hay4dHasl 1IPod/ieMa Ha MOMEHT HAlUCAHUS JAHHOIO IIPeJUC/IOBUs. XOTeJIOCh Obl
BEPHUTDb, YTO pa3BHBaeMasd 3/1€Ch MaTeMaTH4YecKas TeXHHKa IOMOYKET MOTHBHPOBAHHBIM
YUTaTeNdM B PElIeHUN 9TOH HOBOW yBJIeKaTeJIbHON 3a1ad4u.

BepOHTHOCTHbIe TeMaTHn4eCKue MOJEJIM HaAXOAAT MHOZKEeCTBO HpHMeHeHI/Iﬁ. STO BbI-
ABJIEHUE TPEHA0B B HOBOCTHbLIX HOTOKaX, HaTEHTHbIX 6a3ax, Hay41HbIX Hy6.HI/IKaI_H/IHX
[224, 189], muOrOsI3BIYHBIH uH(bOpManuoHHbIH mouck [199, 198|, knaccudukanus Tek-
croB [168, 228|, Temarnueckasi cermentaius Tekcros [210, 165, 181], cymmapusaus Tex-
croB [116], mouck reMaTnIecKuX COODIECTB B CONUAIBHBIX cersx [227, 191, 156, 46|, reru-
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posanue Be6-crpanui [105], obnapykenue TekcroBoro cnama [17]. CymecrByor Takzke He-
TEKCTOBBbIE HPUJIOKEHHS TeMATUIECKOTO MOJEJUPOBAHUS B aHAJMU3€ N300paykeHuil u Bu-
neornotokos [87, 115, 76, 190|, B pekomengaTesbubix cucremax [218, 205, 110, 221, 220,
B HOMy/IsnuonHO# remeruke [160], B 6uonmdopmaruke s anaiu3a HyKaeoTuaubx [106]
M AMIHOKHCJIOTHBIX TocseioBareabaocteit [176, 104]. Ipyrue npuiozkeHust TeMaTHIecKo-
0 MOJIEJIMPOBAHUs yIIOMUHAIOTCS B 0030pax |63, 40, 48, 164, 96, 59).

[TocTpoenne TeMaTUIeCKOH MO/ SBJISETCS HEKOPPEKTHO MOCTABJIEHHO ONTUMHU3a-
MUOHHO 3a/1a4eii, numeromieit beckonedno MHOro pemenuii. CoryiacHO Teopuu peryJisipu-
sanuu A. H. Tuxonosa |18], pemenne Takoii 3aja4qu BO3MOKHO JOONPEIEJIUTH U CIEJIATH
yCTOWIUBBIM. /151 9TOr0 K ONTUMHU3AIMOHHOMY KPUTEPHIO JI00ABISIETCS PEe2YAAPUIAINOD —
JIONOJTHUTE/IbHBIN KPUTEPHUil, YIUTBhIBAIONUI crenuduiecKkue 0COOEHHOCTH JTAHHBIX WA
npeaMeTHol obstacTu. TeMaTudyeckue Mojen 00/1a/1al0T OIPOMHBIM «3aIllacoOM PEHIeHU».
MozkHO /100aBUTH PeryJisipu3aTop, 3aMETHO YJIYUIINB HEKOTOPbI KpUTEpHil KauecTBa, 3a-
TeM J00AaBUTh BTOPOI U yJIy4YHIMTh MOJIE/Ib O APYTUM KPUTEPUSIM, U TaK HECKOJIBKO Pa3.

Addumusnas peeyaspusayus memamuueckur modeset (additive regularization of
topic models, ARTM) — 910 MHOrOKpUTepUAIbHBIN IIOJX0/M, B KOTOPOM MOJE/b OIITH-
mMu3upyercst o cymme kpurepues [5, 196]. ARTM no3Bosisier cTpouTh Mojesu ¢ Tpebye-
MBIMH CBOHCTBaMHU, KOMOMHUPYS PEry/aspu3aTOpbl OT Pa3/JUYHBIX Mojesei. Bece momenn
00y4JaroTCs OJHUM M TEM K€ aJITOPUTMOM, K KOTOPOMY PEry/aspu3aTOPbl MOIKII0YAI0TCS
Kak Mozy/u [194, 77, 102]. Momysbaasi TexHosiorusi peajin3zobata B 6ubsmoreke BigARTM
C OTKPBITBIM KOJIOM, http://bigartm.org [194, 77].

[Toguepkuém, uro ARTM He gaBisiercs emé oJHONR MOAEIbIO WX METOI0M — 9TO MaTe-
MaTUYeCKas Teopusi, OOMIHIT MO/X0/1 K IIOCTPOCHUIO U KOMOMHUPOBAHUIO IIIHPOKOIO KJIACCA
TeMAaTUIECKHUX MOIEJIei.

JIOMUHUDYIOMUM [OX0/J0M B JINTEPATYPE [0 TEMATHICCKOMY MOJIE/TUPOBAHUIO SIBJIsI-
ercd OaitecoBckoe obydenue. B ormuume or ARTM, B HéM He mOAIePKUBACTCI MOJLYJIb-
HOCTb. /1151 KazK 101t OaiiecoBCKON MO/ IPUXOIUTCA 33HOBO BHIBOJUTD BHIUYUC/IUTEIbHBIE
opmyJibl, pean30BLIBATH U TECTUPOBATH IIPOrPAMMHbBIH KOJI. B crarbsx gacto omycka-
I0TCS BaKHBIE JIJI IIOHUMAHUS TEXHUYECKUE CJI0KHOCTH 0aileCOBCKOro BbIBO/A. DTu Oa-
PbEPBI MPEHSITCTBYIOT IMUPOKOMY HCHOJIB30BAHUIO TEMATHIECKOr0 Moje/npoBanus. Kak
CJeJICTBHE, B MH/YCTPUU aHAJIN3a TEKCTOB PEJIKO IIPUMEHSIOTCA MOJIE/IH CJIOKHEe MOPAJIb-
no ycrapesmreii LDA (Latent Dirichlet Allocation) [44]. CoTHu mepcreKTHBHBIX Mojestei
TaK U OCTAIOTCH «AKAJEeMUIECKUME HCC/ICI0BAHUSIMU JIJIsi OJTHON CTATHH».

OcHoBHag 1eIb KHUTH — IOKa3aTh OIPOMHOE pa3HOOOpa3ue TeMaTHIeCKuX Mojesieii,
COCPEJIOTOYUBIINCH HA MOCTAHOBKAX ONTHMU3AMUOHHBIX 33/a4. [[oka3ars, 94T0 K/aaccude-
ckas (He-DaifecOBCKasi) peryJisipusaliisi siB/IsIeTCs HEe MEHee BbIPDA3HTEJbHBIM CPEJICTBOM
motesinpoBanusi. Ha 9T1oM si3biKe BO3MOXKHO HE TOJIBKO CTPOUTH U KOMOMHUPOBATH TeMa-
THYECKHe MOJIC/IU, HO TaK:Ke OObACHATH UX HAMHOI'O JIAKOHHYHee, 0e3 «3aMeTaHHs II0]]
KOBEpP» CJIOZKHOM MaTeMaTuKu. COIOCTaBUMBIN IO OXBATY U OOCTOATEILHOCTH 0030p Oaii-
€COBCKUX MOJieJieii 3aHsijl Obl MHOTO COTEH CTPAaHUIIL.

OCHOBOIIOIOKHUK COBpeMeHHoIi Teopun BeposTtHocTeir A. H. Kosvoropos se pas orme-
9aJl B CBOUX JICKIMSX: <«IIPEJCTABJISETCS BAaXKHOU 3a/1a4a OCBOOOXKIEHUS BCIO/LY, TJI€ 9TO
BO3MOKHO, OT M3JIMIIHUX BEPOSTHOCTHBIX Jomyiienuii» |13, crp.252|. B remarndeckom
MO/IEJIMPOBAHUN U3DBITOYHBIM OKA3a/10Ch 0AeCOBCKOE OIEHUBAHUE AIPUOPHBIX U AIOCTE-
PUOPHBIX pacipejeneHuii napaMerpoB Mojean. OcBoOOXK IeHre OT HUX IPUBOJIUT K OoJiee
U3SIIHONW TeOPHH, OCHOBAHHOMI Ha eIMHCTBEHHOI JIeMMe, KOTOPYIO MbI JJOKaKeM B IJ1aBe 3.
Bce asiropurMbl TeMaTHYECKOTO MO/IE/IMPOBAHNS BBIBOSTCS U3 HEE KPATKO U €IMHO00Pa3-
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HO. DTO JIOJZKHBI 110 JIOCTOMHCTBY OIEHHTb MCCJIEJI0OBATE/H, 3aHUMABIIHECs OaieCOBCKUM
BBIBOJIOM TE€MATHYECKUX MOJeJIell, XOTh HEMHOTO OoJiee CJIoKHBIX, dyem LDA.

['naBb1 2-5 gaBasiorca 6a3oBeiMu. B riraBax 6—7 m3/iaraiorcs 0CHOBBI H6aiiecOBCKOIl Teo-
puu; oHa He obA3aTe/IbHA JIJI MIOHUMAHUS MOCEYIONero MaTeprua/ia, HO HaBepHAKa I10-
JIe3Ha JII 9TeHus HayTIHOM uTepaTypbl. B rimaBax 8-16 pa3andable BBl TEMATHIECKIX
MOJIeJIell OIUCHIBAIOTCS B TepMHUHAX peryssgpusanuu. OHu ¢1ado CBI3aHbL APYT ¢ APYTOM,
X MOYKHO YUTATh B IPOU3BOJIBHOM IIOPsI/IKE UJIN MCIOJIb30BATh KaK IyTEBOJIUTEb 1O JIK-
TepaType. [71aBa 9 BBOAUT MOHATHE MOJAJIBHOCTHU, CYMIECTBEHHO PACIIAPAIONIEE CIEKTP
upuioxkenuii. B rirape 10 mpejiaraerca najbHeiiinee o000IIeHe TeMATHIECKIX MOJIeei
JiIst 00paOOTKM TPaH3aKIMOHHBIX JIaHHBIX. [UtaBa 13 mocBsineHa nepapXuiecKuM TeMaTu-
YEeCKUM MOJIEJISIM, B KOTOPBIX TeMbI Je/IATCd Ha 1oATeMbl. [y1aBbl 14-16 onuchiBaIoT 1sTh
c11ocoDOB MO/IEJIMPOBAHUS TEKCTA KaK CBI3HOMN 110C/1€/I0BATE/IbHOCTH CJI0B, & HE KaK «MeIll-
Ka ¢J1oBy. [1aBbl 1718 onucbiBalor KpuTepun Kadecrsa TeMarudeckux mojeseit. B ruia-
Be 19 paccMaTpuBaloTCAd OCODEHHOCTH peAJU3AINHUH AJTOPUTMOB, B TOM YHCJE MPHEMBI
YCKOpeHHS CXOJIUMOCTHU U pacmapasiienuBanud. [ 1aBa 20 comepKuT HadaIbHbIE CBE/IEHUS
o oubsmoreke BigARTM. B rase 21 o0cyKmaeTcss NpUMeHeHHe TeMAaTHIeCKOTIO MOJEeIPO-
BaHWs /ISl PA3BEI0YHOI0 HHMOPMAIMOHHOI'O IOUCKA U COIMO-I'YMAaHUTAPHBIX UCCJIE/I0Ba-
Huii. B aBe 22 1mojBosdTCs UTOrM, pa3BeHIUBAIOTCS MU@BI U 00CYZK/JIAI0TCH OTKPbITHIE
IPOOJIEMBL.

B mauase ka:k/ioif rviaBbl IPUBOJIUTCI KpaTKas MOTHBAaIMS U HedOpMaIbHOE IMOsIC-
HeHue, 4To Oy/JeT HPOUCXOJAUTH Jlajiee, U MOYEeMY 3TO BaxKHO. B KOHIE IJIaBbl TE3UCHO
dopmysupytorcs HaunboJiee BazKHbIE BbIBOJIbI.

Ha cxeme 3aBucuMOCTH 1JIaB B BEPXHEM Psi/Iy PACIOJIOZKEHbI OCHOBHbBIE IJIaBbl, B HUZK-
HEeM — JIOTIOJIHATe IbHBIE. [Ipu mocTpoennn y4uebHOro Kypca JOIMOJTHATEIbHbIE T/IaBbl MOXK-
HO OpaTbh BBIOOPOYHO WJIM OCTABJIATDL JIJI CAMOCTOSTE/THHOTO m3ydeHnud. [lapasiienbHbie
BeTKH MOYKHO IE€peCcTaBIdThb MecTaMu. Hampumep, B MpaKTHKO-OPHEHTHPOBAHHOM KYp-
ce pacckas o0 Kpurepusix Kadecrsa (riasel 17-18), 6ubsnorexke BigARTM (rrasa 20) wmim
npuiokenusx (riaasa 21) uMeer CMbICJ HEPEHECTH B HAYAJI0, Cpa3y mocse rias 4 wim 5.

D0 Cr® O O ® ©
50O B ® ® ®

Kuura nanucana no marepuajiaMm Kypca, duraemoro cryjuenram dakysibrera BMK
MI'V ¢ 2013 roga n mroasr PIIMIU MOPTU ¢ 2019 roga. [Ipesentanun n apyrue mMate-
pHATBI Kypca MOXKHO HalTH Ha cTpaHuie «BeposTHOCTHBIE TeMaTHvecKue MoJe n (Kypce
aeknuii, K.B.Boponnos)» Buku-pecypca www.MachineLearning.ru.
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2 OcHoBbI TeMmaTn4eckoro MoAaesimnpoBaHUA

B »T0it rmaBe MBI BBeJIEM OCHOBHBIE IHOHSATUS U MOCTABUM 33/ady TeMaTHIeCKOTO
MOJIEJTUPOBAHUS KaK 3a/ady MATPUIHOTO pasyioxKkeHnus. OOcyauM cBOWCTBa 3TOU 3a7adn
1 cHOPMYJIPYEM TEJIH TeMATHIeCKOro Moje/inpoBanus. C MOMOIIBIO 9JIEMEHTAPHBIX WH-
crpyMeHToB — hopmyJibl balieca U 4acTOTHBIX OIEHOK YCJIOBHBIX BEPOSTHOCTEH — I10J1y-
YUM UTEePAlMOHHbIN 1porece, HazbiBaeMmblit EM-airopurmom. [Houemy o jieficTBUTE/ IbHO
pemaeT MOCTABJICHHYIO 3a/Jady, y3HaeM B JIBYX CJICAYIOIIHUX IJIaBaX.

MpeaBaputenbHasi obpaborka Tekcrta. llepesn mocrpoeHneM TeMaTHYECKHX MOJeIei
TEKCT OOBIYHO HOJIBEPraeTcs cepuu 1peodpa30BaHuUil.

Jlemmamusaayus — 10 NPpUBEJIEHUE KAXKJIOT'0 CJI0BA B JIOKYMEHTE K ero HOPMaJibHOM
dopme. B pycckom si3biKe HOpMaJIbHbIMU (DOPMAMK CHUTAIOTCS: JIJIsi CYHIECTBUTE/IbHBIX —
UMEHUTEIbHBIH [1a/1e2K, e JUHCTBeHHOe YHUCJI0; JJId IPpUIaraTeJIbHbIX — UMEHUTEIbHBII a-
JIeZK, eJJUHCTBeHHOe 4YHUCJIO, MYZKCKON pPOJ; JJId [JIaroJioB, IPUYACTUil, JeenpudacTuii —
iaroji B MHGUHUTUBE. XOPOIUIUMH JIEMMATU3ATOPAME JIjIsi PYCCKOI'O $I3bIKA CUHTAIOTCS
oC/Ie/IHUe Bepcuu mystem u pymorphy.

Cmemmure — 310 OTOpAChIBaHME OKOHYAHUII U JIDYI'MX H3MEHSEMbIX 4YacTeil CJIOB.
OH TOAXOMUT I AHTTIUICKOTO S3bIKA, JJIs PYCCKOTO MPeANOYTUTeTbHA JeMMATU3AINS.

Ydanenue cmon-ca06. DTO YacTble CJI0BA, BCTPEYAONINEcs B TeKCTaxX JIIoOoil TeMa-
THKH — IPEeJJIOTH, COI03bI, UNUCIUTEIbHBIEC, MECTOMMEHNS, HEKOTOPhIe IJIAro/ibl, MpPH/Ia-
raTejbHbIe, Hapedns. UHC/I0 TaKuX CI0B OOBIYHO BapbUPYeTCs B IIPe/e/iaX HECKOJIbKHX
coren. Ouu Gecro/Ie3HbI /I TeMaTuIecKux Mojeseii. 1Ix orbpacbiBanue modTu He BUseT
Ha 00'bEM CJI0OBapsi, HO MOXKET HPUBOJUTH K 3aMETHOMY COKPAIIEHUIO JIJIMHbI TEKCTOB.

Yoanenue pedkus cao06 u CTPOK, HE SIBISIIONIUXCS CJIOBAME €CTECTBEHHOIO sA3bIKa (Ha-
puMep, cojiepzKamux Mudpbl WK CHEICAMBOJIBL), TIOMOIaeT BO MHOIO pa3 COKpPAIaTh
00bEM CI0Baps, CHUKas 3aTpaThl BpeMEHH M IIaMATH Ha IOCTpoeHue Mojeneii. Penkue
CJIOBa, KaK IIPpaBUJIO, HE BJIUAIOT Ha TEMaTUKY KOJIJIEKIUU.

Buideaenue mepmunoé — xapaKTepHBIX CJAOBOCOYETAHUIT mpeaMerHoit ob/iactu. Boi-
JIeJIATh UX MOXKHO C HOMOIIBIO Te3aypycoB |14]| wiam mMeromaMu as8momamuseckozo 6vi-
deaenus mepmunos (automatic term extraction), He TPeOYIOUUX HPUBIEIEHHS SKCIED-
ToB |72, 117, 173].

Pacnosnasanue umenosannor obsexmos (named entity recognition). B kaxk 1ol mpe-
MeTHOH 00JIaCTH MOTYT OBITH CBOH KaTerOpHH HMEHOBAHHBIX OOBEKTOB: HEPCOHBI, Opra-
HU3ALUY, JAThl, COObITUS, OOJIE3HN, XUMUYECKHE BELIeCTBA, BU/Ibl PACTEHUIl U KUBOTHBIX,
HebecHble TeJjla, U3/iesust, ToBapsl, u 1. /1. Kak npasuio, oHu HecyT 3HaUUMyIO uHpopma-
IIUI0 O TeMaTHKe TeKcTa. [lyig Belmeenns Ha3BaHHA OOBEKTOB U3 TEKCTa UCIOJb3YIOTC
pa3uYHbIe METOIbl MaIHHHOTO 00y venust [139, 107, 146].

NcxopHble panHble n runotesbl. [lycrts D — KOHeYHOE MHOXKECTBO (KOJUICKITHS) TEK-
CTOBBIX JIOKYMEHTOB, W — KOHEYHOEe MHOYKECTBO (CJIOBApb) BCeX YHOTPEOJISIeMbIX B HHX
TepMoB. Tepmamu MOryT ObITH CJIOBA, HOpMaJibHbie (DOPMbI CJIOB, CJIOBOCOYETAHUS WJIN
TepPMHUHBI, B 3aBUCUMOCTH OT THIIa IIPE/IBAPUTEILHON 00pabOTKH.

Kaxnaplit mokymenT d € D mpejcrtaBisgeT coboil IOC/IeI0BaTe/IbHOCTD 7y TEPMOB

Wi, ..., Wy, 03 caoBapa W, rue ng — jymHa JO0KyMeHTa d.
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Uuorja yiobHee BBOAUTH CKBO3HYIO HyMepaiuio TepmosB (d;, w;), i = 1,...,n, rue n —
JJINHA BCeH KOJLJIEKIINN.

Tunomesa 0 cyuecmeosanuy, mem: KaxKji0e BXOXKIEHUE TepMa W B JOKYMEHT d CBs-
3aHO C HEKOTOPOil TeMoil ¢t m3 3a/laHHOr0 KOHeYHOro muoxkectBa 1. KoJsuiekius J10Ky-
MEHTOB IIpeJCTaB/IgeT COOO0Ii MOCaeI0BATeIbHOCTD TPOeK §),, = {(di, w;, ;) ‘ 1=1,... ,n}.
TepMbl w; 1 TOKyMEHTHI d; ABIAIOTCA HAOIIOJAEMBIMU [EPEMEHHBIME, TEMBI ; He H3BeCT-
HbL M SIBJIAIOTCS AGMERMHbMU (CKPBITBIME) EPEMEHHBIMIL.

T'unomesa «mewra caosy» (bag of words): HOpsaI0K TePMOB B JIOKYMEHTaX He BarKeH
JIJIsE BblIBJIEHUS TeMaTuku. JIpyrumu cjioBaMu, TeMaTuKy JOKYMEHTa MOYKHO Y3HATb Jla-
ZKe 1ocJjIe CJIy4aifHOTO nepeMeNnimBaHus HOPsiKa CJI0B, XOTS JIJId YeJI0BEKa TaKOH TeKCT
norepsieT CMbIC/I. ['uiore3a «Memika cJjI0By 1M03BOJISET epedT K KOMIIAKTHOMY IIPeJICTaB-
JIEHHIO JIOKYMEHTA, KaK MYAbMmuMHotcecmea — MoaMHozKecTBa TepMoB d C W, B KOTOpoM
KaK/JIbIil TepM w € d MOBTOPEH Mgy, Pas.

Tunomesa «mewra dokymenmosy» (bag of documents): mopsiioK TOKYMEHTOB B KOJI-
JIEKITUU He BazKeH JIJIs BBISIBICHUS TEMATHKHA. DTO HEBEPHO B CJIydae HOBOCTHBIX ITOTOKOB
M JIPYIUX KOJUIEKIMI, TJie JOKYMEHTBHI YHODSOYeHbl 1O BPEeMEHH (IaTeHTHI, Hay4HbIE
1yOJIMKAIMH, OCTHI CONUAJIBbHBIX cereil). [lanHas runoresa MOXKeT CHUMAThCS UJIH CMsT-
JaThCA B CHEIUAJbHBIX MYJBTHMOJAJIBHBIX U TEMIOPAIbHBIX MOJEIAX, CM. TJIaBy 9.

Tunomesa o seposmmocmmom noposicoenuy dannviz: BIoopka Tpoek §2, = (d;, w;, ;)"
IIOPOKIAETCS CAYIARHO M HE3aBUCHMO M3 HEH3BECTHOrO pacupesenenus p(d,w,t), onpe-
JIETEHHOTO HA KOHETHOM 6eposmnocmmom npocmparcmee 3 = D x W x T, 91o npesmo-
JIOZKEHHe sIBJISeTCS BEPOITHOCTHBIM YTOUHEHHEM TPEX MPEeIbIIYIIUX TUIOTe3.

Birtarogapst npe/iio/ioKenuio o He3aBUCUMOCTH, BBIOOPKY (), crenepupoBanuyio u3 {2,
MOKHO PAaCCMaTPpUBATh KaK HOBOE BEPOATHOCTHOE HPOCTPAHCTBO C 1 PABHOBEPOSTHBIMU
9JIeMEHTapHBIMU UcxojaMu. B mpocrpancrse (), JIErKO HAXOAUTH BEPOSITHOCTU Pa3/Ind-
HBIX COOBITHIl, IPUIEM OHH COBIIQAIOT C YACTOTHBIMU OIIEHKAME BEPOATHOCTEH TexX zKe
coObITHiT B mpocTpancTse §2. B wacTtHOCTH, B IpocTpaHcTBe 2, BBIpaKeHHe

pldw,t) = =3 ds = d) fwy = w] [t; = 1

n
1=1

PaBHO BEPOSITHOCTH COOBITHS «TepM W JOKYMeHTa d CBS3aH C TeMOil t», a B IPOCTpaH-
crBe () OHO paBHO BBHIOOPOUYHOIT YACTOTHON ONEHKE BEPOSTHOCTH TOIO YK€ COOBITHUS.

JloroBopumMcsi B JajibHEHIIEM 3aIlUChIBATH BCE BEPOSTHOCTH B IIPOCTPAHCTBE (), ec/in
HE OroBOpeHO uHOro. MHOrue BbIKJIQJKU Oy/lyT ClpaBe/IuBbl B 000MX IIPOCTPAHCTBAX.
[IpocTpancrso 2, uMmeer hpopMaIbHOE OrpAHIHIEHHE — OHO CTPOUTCA 1O (DUKCHPOBAHHOI
KOJITIEKINH. Ecm B KOJIJIEKIUIO H00aBIAI0TCI HOBBIE JOKYMEHTBHI, TO HPOCTPAHCTBO §2,
N3MEHSeTCsI, TOIA KAaK MPOCTPAHCTBO ) MOXKHO II0JIAraTh HEM3MEHHBIM.

TI'unomesa ycaoenoti nesasucumocmu. Ilogsaenue TepMoB B JOKyMeHTe d 110 Teme t
3aBHCAT OT TeMbl, HO He 3aBHCHT OT JOKYMeHTa d, I ONUCHLIBACTCA OOLIUM JId BCEX JIO-
KyMeHTOB pacupe/ejenueM p(w |t):

p(wld,t) = p(w|t). (1)
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AgropurMm 1. BeposiTHOCTHBI 1POIECC MOPOK/IEHUS KOJIJIEKIIUK JIOKYMEHTOB.

Bxoga: pacupenenenus p(w|t), p(t|d); nauHB TOKYMEHTOB Ng;
Bbixoa: Beibopka nap (d;, w;), i =1,

11:=0;

2 ona Bcex d € D

3 anascex j=1,...,ng

4 1:=14+1; d; :=d,

5 BBIOpATH Coydaiinyo Temy t; u3 pacupejaesnenus p(t|d;);
6 BbIOpATH CJydaiiHblii TepM w; u3 pacupejgenenus p(w|t;);

peie) | EEEEEOD0000000000000

ey

H D [J \
pWIt): | 0.023 gux 0.014 6aauc 0.018 pacnoaHaBaHve

0.016 reHom 0.009 cnektp 0.013 cxoacTso
0.009 Hykneotna 0.006 opToroHanbHbIi 0.011 natTepH

W1, e, Wpyt /

PaspaboTaid cnekTpasibHO-aHaIUMTUYECKUI NOAXOA K BbIIBEHUIO Pa3MbITbiX MPOTAXEHHBIX TOBTOPOB
B reHOMHbIX NocfieoBaTeIbHOCTSIX. MeToA OCHOBaH Ha, pa3HoMacLUTabHOM OLleHMBaHWUM CXOACTBa
HYKJ1IEOTUAHBIX MOCNeA0BaTENIbHOCTEN B NPOCTPAHCTBE KO3(PDULMEHTOB pasnoxeHus dbparMeHToB
KpuBbIX GC- 1 GA-coaepaHusa No KnacCMyecknMm opToroHanbHbIM 6asncam. HangeHol ycnosus
onTUManbHOM annpokcMMauum, obecneymBalroLine aBToMaTMyeckoe pacrno3HaBaHMe NOBTOPOB
pasnnYHbIX BUAOB (MPSMbIX U UHBEPTUPOBAHHbIX, @ TakXe TaHAEMHbIX) Ha CNeKTpasbHOW MaTpuue
cxoAcTBa. MeToA 0AMHAKOBO XOpoLwo paboTaeT Ha pa3Hbix MacwTabax AaHHbIX. OH no3sonser
BbISIBNSITb CNeAbl CEFMEHTHbIX AYM/IMKAUWA U MeracaTeN/IMTHbIE y4aCcTKN B FreHOME, palioHbl CUHTEHUU
npu cpaBHeHWM Napbl reHOMOB. Ero MOXHO UCMoNb30BaTh A5 AeTalbHOro U3yyeHus dparMeHToB
XPOMOCOM (NMOMCKa pasMbITbiX YHACTKOB C YMEPEHHOM ANMHON MNOBTOPSOLEroCs naTrepHa).

Puc. 1: IIpouecc n0pozK/1eHns TEKCTOBON KOJLJIEKIMU BEPOATHOCTHO TeMATHIECKOI MOAEbIO (2): B KazK-
JIOIf TTO3MIMH ¢ JOKYMeHTa d; CHadasa mopoxaaercd rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

BeposiTHOCTHasi TemaTnyeckass MOAesb OIMHCHIBACT JOKYMEHT d KAK 6EPOAMHOCTIIHYIO
CMECH PACIPEICICHUI TePMOB B TeMaX @, = p(w|t), B3ATBIX ¢ BeCaMH, DABHBIMU BEpPO-
STHOCTSIM TeM B JIoKyMeHTax 0y = p(t|d). Ilo dopmysie 110sHOiT BEpOsSITHOCTH U IUIIOTE3€e
YCJIOBHOI HE3aBUCUMOCTHU,

plwld) = p(wlt,d) pt|d) => p(w|t) pt|d) = @uibr. (2)

teT teT teT

[Iporece mopoz/ieHust JOKYMEHTOB 110 U3BeCTHBIM pacupejesenusm p(w|t) u p(t|d)
nokazan B Ayiropurme 1 u mpou/IIIOCTPUPOBAH HA puc. 1.

3apava TemMaTMyeckoro MoaesiMpoBaHnst — 3T0 oOpaTHas 33/ad9a; IO 3aJaHHON KOJI-
jgekruun [ TpeOyercd HAWTH MapaMeTpbl Q.; U 0y, TP KOTOPBIX TeMaTHIeCKas MO-
Jiedib (2) xoporno npubsmzKaer HabJII0aeMble YACTOTHBIE OIIEHKH YCJIOBHBIX BEPOSITHOCTEN

plw|d) = pa = 2.
JLj1st Jiydniero nmoHMMaHus TeMaTUudecKOro MOJIeJIMPOBAHMS 110JIE3HO PACCMOTPETh 110~
CTAaHOBKY 33/Ia4H C HECKOJbKHAX TOUYEK 3PEHHUS.
Bo-nepBbix, 3T0 3aja4a IpUOJIHKEHHOIO HH3KOPAHTOBOI'O CTOXACTUYECKOIO MATpPUU-

HOIO pasJiozKeHus. ITobbl HOSICHUTH BCE 9TH HOHSITHsI, HEPEHHIeM paBeHcTso (2) B Mar-
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p(w|d) p(wlt)

(G})Wt) t
Ndw p(td)
(%)

(Otd)

Q
<
X
@

w w

Puc. 2: ITocTpoemne TeMaTuIecKoit MOJEIH TEKCTOBOM KOJJIEKIINHA CBOAUTCS K BBIUHUCICHUIO TTPHOIMKEH-

HOI'O0 HU3KOPAHI'OBOI'O CTOXACTUYECKOIO MATPUYHOIO pasJioxkenus P = ("ﬁ“) ~ $O.

puunom Bujie P =~ O, tje P = (Paw)wxp — MAMPUya 4acmom mepmos 6 QoKYMeHMAT,
O = (Qut)wxr — Mampuya mepmos mem u © = (014) 7« p — Mampuya mem JOKYMeEHMO8,
puc. 2. Marpuna P u3BecTHa, 3T0 UCXOJAHbIE JaHHbIe. [IpaBas yacTh paBeHCTBA IIPEICTAB-
JsgeT coOOIl Mpou3BeJeHNne JIBYX HEM3BECTHBIX MaTpull. Bo Bcex Tpéx marpunax P, ®,©
CTOJIONBL Py, P4, 0 HEOTPHUIIATEILHBI, HOPMUPOBAHBL ¥ OLPEJIE/ISIOT JIMCKPETHBIE BEPOST-
HOCTHBIE paclpeje/eHus. Takue MaTpUllbl Ha3bIBAIOTCH CMOTACMUYECKUMYU. PaHr 1po-
usBejienuss PO He upesbiniaer unciaa rem ||, Koropoe, Kak HpaBujIO, MHOI'O MEHbIIE
|D| u |W|. Marpumia P B obmem caydae mMeeT MOJTHBI PAHT, MOTOMY HE MOXKET ObITh
B TouHocTH paHa PO. Takum obpasom, mMaTpudHoe pazjiokenne PO mpeamosaraercs
HU3KOPAHTOBBIM U HPUOITMAKEHHBIM.

Bo-Bropbix, 310 c1ocod MsArkoit Ou-kJacrepusanuu JIOKYMEHTOB 110 TeMaTHYeCKUM
kiacrepam 1. [Tpu 06branoii «xécrkoity knacrepusanuu (hard clustering) kazkpiii g0Ky-
MEHT IEJTUKOM OTHOCHUTCS K OJIHOMY U3 KJaacTepoB. Temarnueckas MOJIENb paclIpeieiserT
COZIEPZKIMOE JTIOKYMEHTa [0 KJacTepaM-TeMaM coriacHo pacupejesrenuto p(t|d). Takas
KJIACTEPU3ANUsl HA3bIBACTCs «MArKoit» (soft clustering). Amasormuano, xazkaplit Tepm w
MSIKO PACIPEJIeJIsercs 10 TeM ke Kjacrepam coracHo p(t|w). Kiacrepusyorest ojno-
BpeMeHHO JiBa MHoxkectBa, D u W. [losromy remarnyeckoe MOje/IMPOBAHUE HA3LIBAIOT
MAZKOU bu-Kaacmepu3ayued.

B-Tperbux, 310 coco06 BEKTOPU3AIUU TEKCTA, T. €. HOJy4YeHUs TEMATHIeCKIX PaCIIpe-
Jejennii g sioboro mokymenta p(t|d), repma p(t|w), TepMa B KOHTEKCTE JOKYMEHTA
p(t|d,w), rekcroBoro dbparmenta win npeiozxkenus p(t|s). Pacupenenenue suja p(t|z)
HA3BIBAETCS TEMATHYECKUM BEKTOPHBIM IPEJICTABIEHUEM, TEMATUIECCKUM BEKTOPOM, Te-
MATHYECKHM SMOEIUHIOM HIH memamukoti OObeKTa .

B-4eTBEpTHIX, 3T0 06MoK0dUPOSULUK TOKYMEHTOB, COCTOAIIMI U3 JBYX HOCIEI0BATE/b-
HBIX IpeobpazoBanuii. Koduposuyuk fo: pg — 04 mpeodpasyeT BEKTOPHOE P/ ICTaBIEHIe
JlokyMenTa pg = p(w |d) Bbicokoit pasmeproctu || B teMarnieckoe BEKTOPHOE Hpe/IcTaB-
senne 0y = p(t|d) uuskoit pasmepuocru |T'|. Jexoduposuyuk ge: 05 — POy pexoncrpyu-
PYeT HCXOIHOE IpejcraBieHne. emM TouHee pEeKOHCTPYKIWS, TeM OOJIbIIe HH(MOPMAIUN
0 JOKYMEHTE YJAJ0Ch 3aKOJIUPOBATh B BEKTOpe #y. B TeMarmyeckoM MOJIETHPOBAHUN JIe-
KOJIMPOBINUK JIMHEHHBINA, 3T0 YMHOXKeHHe BeKTopa 6y Ha marpuiy ®. Marpuna ¢ saBis-
ercsd HapamMeTrpoM Kak KOJMPOBIIUKA, TaK U Jekoauposiiuka. Marpuia © = (0,...,0p)
SIBJISIETCSI HE IIAPAMETPOM, a Pe3yJIbTaTOM KOJIMPOBAHHSA BCEX JIOKYMEHTOB KOJIIEKIIHU.
D10 BaxKHOE pasjimyuue poJieil JBYyX MaTpHll YCKOJIb3aeT 0T BHUMAHUsI, €CJIU PACCMaTPU-
BaThb TEMATHYECKYIO MOJENb TOJIbLKO KaK MATPHYHOE Pas3JIoKeHHe.

B-IATBIX, 9T0 6epoAMHOCMHGA A3IKOBAA MOOJEAD, TIPEJICKASBIBAIONIA TOIBICHIE TEP-
MOB B jlokymenTax. Cjieyer npusHarTh, 4TO B JAHHOM Ka4eCTBE TEMATHYECKUE MOJEJIN
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JIOBOJIBHO ¢J1abbl. UTOOBI XOPOIIO IpeJicKa3aTh TepM, HeOOX0JMMO 3HAThH €r0 JIOKAJIbHbIT
KOHTEKCT, OJIHAKO I'MIIOTE3a «MEINIKa CJI0B» Pa3pylaeT KOHTEKCTbI. DTO He COBCeM 1pob.ie-
Ma, TaK KaK CYMIECTBYIOT TEMATHYECKHEe MOJENHU, YIUTHIBAIONIIE eCTECTBEHHbIN MOPII0K
csioB. Bosiee cepbésnas 1mpobJema B TOM, YTO IOSBJIEHHE TepMa BPsJ| JIH OIIPEIeIAeTCs
TOJILKO TEMATHKON TepMa U ero KOHTEKCTA.

[iiybokue HelipOHHBIE CeTH HA OCHOBe MoJjie/ieil BHuMaHus |31] 1 apxuTekTypbl TpaHC-
dbopmepa, rakne kak BERT (66| win GPT [108], MojeupyioT Bech KOMILIEKC S3BIKOBBIX
SIBJIEHUH M IIPEJICKA3BIBAIOT CJIOBA B TEKCTE JIydIle TeMAaTHIeCKUX MOJEIed, u jJaxKe JIyd-
me Jiojeit. Mogens GPT crnocobna renepupoBaTh (heiiKOBbIe HOBOCTH, KOTOpBIE JIIOIU
He OTJIMYAIOT OT HACTOAIUX. B TO Ke Bpems, HelipoceTeBble MOJENU HEUHTEPIIPETHPYe-
Mbl, B OTJIMYHME OT TeMaTH4eCKuxX. Mbl 110Ka He HayYMJIUCHh ONPEIE/IATh, KAKUE I3bIKOBbIE
SIBJIGHUSI M KAKMM 00Pa30M MOJEJIMPYET HeHPOHHAs CeTh, U KAKOH CMbICJ HECET KazK1as
KOOP/JMHATA B HEHPOCETEBbIX IMOEMHTAX.

Ileawvio memamuueckozo modeauposarus sSBILETCS He CTOJbKO MpeICKa3aHue TEPMOB
B joKyMeHTaX p(w |d), CKOJIBKO BBISIBJIEHHE TEMATHYIECKON KJIACTEPHON CTPYKTYPHI TEK-
CTOBOIT KOJLJIEKIMH, Olpe/ie/ieHne TeMaruku JoKyMenToB p(t|d) u repmos p(t|w), u unrep-
nperaiys Kazkjaoi TeMbl ¢ ¢ IOMOIIBIO pacipe/esnenuii p(w |t) u cpejcrB ecrecTBeHHOro
SA3bIKA.

NHTepnpeTtupyemocTbs— BaxkHeiilliee cBoiCcTBO TemarudeckKoit mojenn. Kaxmpasa tema t
UMeeT cemanmuydeckoe A0po — MOJAMHOXKecTBO TepMmoB W, C W, KoTtopble BCTpedatoTcs
B JIAHHO# TeMe CyIIEeCTBEHHO valle, YeM BO Beeil kosuteknuu. s obmaoctu popmasinsa-
I MO2KHO BBE€CTH HECKOJIbBKO B3aUMOAOHOJIHAIOIIUX ITOPOI'OBBIX KPpUTEPUEB:

Wia, 8,7) = {w € W: p(w|t) > a, p(t|w) = 8, plw|t) = vp(w)}.

Tema Ha3bIBaeTCa uxmepnpemupyemotl, ecii 3KCIepT, M0JIb30BaTe/ b TeMATHIeCKON
MOJIEJIH, IPOCMOTPEB CIUCOK TepMOB Wy, moHMMAeT, KAaKOi OOl CMBIC UX 00be/INHSIET,
MozKkeT chOPMY/IUPOBATH HA3BAHHE TEMbI M COCTABUTH €6 KpPATKOe H3JI0XKEeHHe, II0JIb3Y-
sch repmavu u3 gapa [51]. Jannoe oupejesenne He sBJISETCsE MATEMATHIECKH CTPOIUM.
OnO cyOBEKTHBHO, TaK KaK HECKOJBKO YKCIEPTOB MOIYT BBICKA3ATh PA3/JTMYHbIE MHEHUS
o reme. Tem He MeHee, Ha €ro OCHOBE yzKe MOXKHO CTPOUTH SMIUPUIECKHE METOJUKH IKC-
IIEPTHOTO OIeHUBAaHUS WHTepIperupyemoctu (144, 145].

MuTepipeTupyeMocTh TeM IIEPEHOCHTCI W Ha JII0Oble OObEKTHI X, UMEIOIe TeMaTHh-
deckuii BekTop p(t|z). Ecim o aBisiercss koporkuit dbpasoil nim HETEKCTOBBIM 00bEKTOM
(Takue 3a/1a4n paccMaTpuBaioTcs B riasax 9 u 10), 1o it HEro Takzke MOXKHO OLPE/IeIUTh
cemanTHYeCcKOe s171po. CortacHo (hopMyJie HOJIHON BEPOSTHOCTH,

Wa(y) = {w: p(w]z) = teZTp(wlt)p(tlaf) > yp(w)}.

Biiarogapst ¢BOHCTBY MHTEpIPETHPYEMOCTH TEMa MOMKET «CaMa paccKa3arbh o cebe»
CJIOBAMU WM TEPMAMHU U3 CEMAHTHIECKOTO sijIpa, U JazKe MeIbMU (ppa3aMu, OTOOPAHHbI-
MH 3 TEKCTOB METOJAMHU IKCTPAKTUBHON CyMMAPU3AIUE UM ABTOMATHIECKOTO IMEHOBA-
uust rem [128]. Takzke u s1060it remarnyeckuii BekTop p(t|z) cnocoben pacckaszarb o cebe
cjoBaMu i (PpaszaMu eCTECTBEHHOIO sI3bIKA.

Temaruueckasi MOJIe/Ib HA3bIBAETCS UHTEPIIPETUDPYEMOI, €C/ii B HEfl MHTePIPEeTUPYyeMbl
BCE TeMbI, 33 UCKJIOYEHHEM, ObITb MOXKET, He3HAUUTEbHOI 10 TeM. Tema Kak ycToii-
YUBBIT KOMILIEKC COBMECTHO BCTPEYAIONIUXCS CJIOB ABJIAETCH JUHIBUCTUIECKUM SIBJICHHU-
em. OJIHAKO JJIst €ro HaJIEXKHOTO OOHAPYZKEHUS OH JIOJZKEH BCTPETUTHCS CTATUCTUYECKH
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3HAUYUMOE YUCJIO0 Pa3, U JIjIsd ITOI'0 HEOOXOJUMO UMETh JJOCTATOYHO OOJIbIIONH 0ObEM TeK-
croB. VuTepiperupyemMocTb MOJIE/IM, KAaK HPABUJIO, YJIYyUIIAeTcsd ¢ POCTOM 00beéMa KOJI-
JIEKITUN W yXY/AIIaeTcs ¢ pocToM 4uciaa TeM. B obmem ciydae He CyIIecTByeT HUKAKUIX
MaTeMaTHYeCKAX TapaHTUil TOro, 9YTO MOJeTb OyJaeT mHTepiuperupyemoii. Tem He Menee,
UHTEPIPETUPYEMOCTb MOKHO H3MepATb W YJIY4IIaThb PAa3JIUYHBIMUA METOJAaMH, KOTODBIE
paccMaTpPUBAIOTCS B MOCIEAYIONUX IJIaBaX 3TON KHUTH.

YHacToTHble OUEHKU YC/IOBHbIX BepodaTHocTe. B npocrpancrse ), BEPOATHOCTH, BbI-

n )
pazKalomuecst 4epes nepeMeHnbie d U w, COBIAJAIT ¢ 9acTOTaMU COOTBETCTBYIONINX Ha-
0JII01aeMbIX COOBITHIA:

N Ng Ty N
pldw)==7= pld=-" plw)=-" plwld) =" (3)
Ngw — TUCJIO BXOXKJIEHHUIT TepMa w B JOKYMEHT d;
Ng =Y, Ndw — JJIHHA JOKYMEHTA d B TePMax;
Ny = Y g Ndw — TUCJIO BXOJKJIEHHIT T€pMa W BO BCe JOKYMEHTBI KOJIJIEKIHI;

N=1 4w Ndw — AJHHA KOJUICKI[HH B Te€PMaX.

BepositnHocTi, cBsi3aHHBIE CO CKPBITOM HEPEMEHHOI {, TOXKe ONpPeIe/IsiioTCs KaK 9aCTOThI:

I Nt Nd Nidw
) = = ) = vt tld) = - tld. w) = : 4
p(t) - p(w|t) o p(t|d) ,’ p(t|d, w) m—— (4)

Nidgw — TUCIO TPOEK, B KOTOPBIX TE€PM W JOKYMEHTa d CBA3aH C TEMOI t;
Mg = Y, Nitdw — THCJIO TPOEK, B KOTOPBIX T€PM JOKyMeHTA d CBA3AH C TeMOii t;
Nt = Y g Mdw — GUCIIO TPOEK, B KOTOPLIX TEPM W CBA3AH C TEMOH ¢;

=4 Ntdw — TUCIO TPOEK, CBI3AHHBIX C TEMOii t.

B ominune ot (3), 9Td 9ACTOTHI HE MOIYT OBITH BBIYHCJIEHBI HEIOCPEICTBEHHO O UC-
XOJHBIM JAHHBIM, TAK KaK TeMbl {; HeH3BECTHEL.

B BeposirnHocrHOM 1ipocrpancTe §2 BbIOOpKa Tpoek (d;, w;, ;) | HOPOkKIaeTCs U3 pac-
npenenenns p(d,w,t). [losromy dopmysr (3)—(4) ABAAIOTCS He TOYHBIMI DABEHCTBAMMU,
a JILIIDb NPUOAUHCEHHDLMU YACTIOMHLMU 0UEHKAMYU COOTBETCTBYIOIINX YCIOBHBIX BEepO-
ATHOCTE.

CornacHo 3aKOHY OOJIBIIMX YHCEN, IPU N — OO YACTOTHBIE ONEHKH (BEPOSTHOCTH
B IPOCTPAHCTBE (),) CTPEMSTCS K COOTBETCTBYIONIUM BEPOSITHOCTSIM B IPOCTPAHCTBE ).

EM-anropntm. 3amernM, 4ro Bce ONeHKH (4) BBIPAZKAIOTCI 9€PE3 Nygyy, = NawP(t|d, w).
Buas ycsoBHble pactpesenenus p(t|d,w), MOXKHO OIEHHTb MCKOMbBIE MAapAMETDPhl TeMa-
TUUECKON MoJe/n @, = p(w|t) u Oy = p(t|d). U, naobopor, 3Hasi napamerpbl MOJeJH,
MOZKHO BbIpa3uTh ycjoBHbIe BepogrHocTu p(t|d, w) no dpopmye Baiieca:

p(t|d,w) = POl _ plp(t]d) _ uibha

pwld)  pwld) Y, ud (5)
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Agaropurm 2. Pannounanbusiit EM-anropurm st remarndeckoii mosenn (2).

Bxoga: kosueknust D, qucsio Tem |T'|, 9uCa0 UTepAUil impax;
Bbixoa: marpuns TepmoB Tem ® u TeM JOKyMeHTOB O);

1 MHUIMAJIUZANA Py, Opg myisi Bcex d € D, w e Wt € T
2 AN Bcex urepanuii ¢ = 1,..., tmax

3 OOHYJIUTD Ny, Nyd, Ny i Bcex d € D, we W, te T,
4 ANs BCex J0KyMeHToB d € D u Bcex TepMoB w € d

5 Nidw = New PutBid / Y. Puwbzq nist Beex t € T

6 YBEJTMYUTD Ty, Mg, T HA Nygy M BeeX t € T

7 Ouwt = Nyt /1y 1151 Beex w € W, t € T,
8 Orq := Myq/ng s Becex d € D, t € T;

Takum 06pa3oMm, 1OJIy4aeM CUCTEMY HEJIMHEHHbIX yPAaBHEHUN OTHOCUTE/ILHO IapaMeT-
POB MOJENH Py, B3 1 BCHOMOTATEIbHBIX HEPEMEHHDBIX Diguws Mty Mid, Tt

Sowtetd
Ptdw = =5 6
i ZS Sowsesd ( )
n
deD weW
Nyd
Ora = n_td; Nyg = Z Ndw Ptdw - (8)
wed

st pemenns JAHHON CUCTEMbl HEJIMHEHHBIX ypaBHeHUil yJ00HO LPUMEHUTH Me-
TOJL IPOCTHIX HTEpaluii: CHavdaja BbIOPATb HAYAJbHBIE IPUOJIMIKEHUSA I Py U O,
10 HUM BBIYUC/IUTH BCIOMOTaTeIbHbIEe IEPEMEHHbBIE Pygy, W HAWTH CIIeiyoliee MpubIizKe-
HIE Oy 1 Oy, Boraucsrenns mo dopmytam (6)—(8) mpomoaKaoTes B MEKIE 0 CXOAUMOCTH.

DTOT WTEPANMOHHDBI NPOIECC ABJIAETCsT YaCTHbIM ciydaem EM-ajropurva  [65].
BbluuciieHue yeJoBHBIX pacupe/iejenuii CKpbIThix nepemenubix (6) naspiBaercs E-nrarom
(expectation), Beraucsienue napamerpos mogean (7)—(8) — M-marom (maximization).

Jlajiee Mbl BBIBEJEM TOT aJCOPUTM M3 OOIIEH ONTHMHU3AINMOHHOI MOCTAHOBKH 3313~
an. Ceifyac Mbl OPUILIH K HEMY SJI€MEHTAPHBIM IyTéM, KOTODPbIH TaéT HHTYHTUBHO IMO-
HsiTHbIE (DOPMYJIbI, HO OCTAaBJIsIeT 0€3 OTBETOB BaZKHbBIE BOIPOCHI: CXOJAUTCS JIM AJIIOPUTM
K DEIIEHUIO CUCTEMbl YDABHEHUH, €JMHCTBEHHO JIM 9TO DElIeHHEe, U HOYeMy 3Ta CUCTEMA
OLIMCBHIBAET TEMATUYECKYIO MO/Ie/1b, HpudiuKaolyo p(w|d).

PayvoHanbHbii EM-anroputm. Bbruuciienue nepemMenHbiX Ny, Ny, Ny Ha M-1mare Tpe-
OyeT OJHOKPATHOIO MPOXO0Jia KOJIEKIUU B IUKJIE 110 BCEM TepMaM W € d BCeX JOKYMEH-
TOB d € D. BHyTpu 3TOro nuKkiaa 3HaAYeHHE Dyq,, BBIYUCISIETCS TOJIBKO onuH pa3. [losromy
E-mrar mox#HO BeTpouTh BHYTph M-mara 6e3 JOMOTHUTETbHBIX BBIYHCIUTETHHBIX 3aTPAT
u 0e3 XpaHeHusi TPEXMEPHONR MATPHUIIBI Pygy- DTOT BapuantT EM-ajropurva Oymem Ha3bi-
BAaTb PAUUOHAADHBLM, €T0 TCEBIOKO/ OKa3aH B Ayiropurme 2.
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BbiBoagbl no rnase 2

3a/1a1a TeMATHIeCKOrO MOIETMPOBAHUS COCTOUT B TOM, YTOOBI [0 33/ JAHHO{ KOJIJICK-
MU TeKCTOB HaliTu ceMaHTH4YecKue gapa TeM p(w|t) u TeMaTHvecKue BEKTODHbBIE
IpeJIcTaBIeHus: JTOKyMeHToB p(t|d).

TemaTtndeckad MoJieTlb — 3TO U HA3KOPAHTOBOE CTOXACTHYECKOE MATPHIHOE pa3-
JIOZKeHHe, U MsrKasd OM-KJIacTepHu3alius, U BepOATHOCTHAS BEKTOPHU3AIMS TEKCTOB,
U aBTOKOJMPOBIIMK, U SI3bIKOBAS MOJIEJIb.

OcHoBHas 1eJIb TEMATUIECKOI0 MOJICJIMPOBAHUSA — BBIICHHTD, «O UéM BCE 9TH TeK-
CTBI», He YuTad ux. J[Jig 9Toro TeMbl JOIKHBI 00J1a/1aTh CBOMCTBOM HHTEPIIPETUDPY-
emocTr. MHOrue Bu/ibl TeMaTUIECKUX MOJE/Ieil HAIPAB/IECHbl Ha YJ/IydIIeHue UHTep-
HPETUPYEMOCTH TEM.

Hurowmy He HpaBHUTCS THIOTE3a «MEIIKa CJIOB» — BeJb TEKCT TepseT CMBICT, eCJIH
B HEM 1epenyTarhb c1oBa. Moxkuo jin 0T Heé oTkazarbesa? [la, m MmuHOrnMu cnocobamu,
JOMWIEM 710 3TOro B 1viase 15.

Bce BBesiénnbie 0003uauenHust Oyj1yT aKTUBHO UCIOJIB30BATHCH JlAJIee.

EM-anropurm 0yaeT 000CHOBaH B JIBYX CJAEIYIONIUX IJIaBaX.
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3 OntyumMunsaums Ha eAUHUNYHbIX CUMNJIEKCaX

B sro0ii rmaBe Oymer moka3aHa 0CHOGHAA AeMMAG O MAKCUMHU3AIUN [JIAIKON (DYHKIANA
Ha eJMHIIHBIX CHMILTeKCaX. B jasbHeiineM, HAInHAS CO CJIeAYIONEeil T/IaBbl, BCe 3a1a4n
TEMaTHIECKOI'O MOJEJTHPOBAHUS Oy/IyT CTABUTHCS KAK 33129l MAaKCHMH3AIUH IPABIOIO-
J100usT HAaOJ1I01aeMbIX JaHHbIX. OCHOBHAs JieMMa OYIeT UCIOJIb30BAThCs /i BbiBoga EM-
HOI00HBIX MTEPAIMOHHBIX AJITOPUTMOB I JIIOOBIX TEMATHYECKHX MOJEJEH, OT CaMbIX
IPOCTBIX 0 CAMBIX CJIOXKHBIX.

[IpuMeHIMOCTE 3TOii JIEeMMBbI BBIXOIUT JAIEKO 33 PAMKH TeMaTHIECKOTO MOJIEJTHPOBa-
Husgd. OHa MO3BOJISIET CTPOUTD AJTOPUTMbBI ONTHMU3AIUN WU OOyUeHUs JJisd JIIOOBIX MO-
JieJieii, mapaMerpaMi KOTOPBIX SIBJISIOTCS HEOTPHIATEIbHbIe HOPMHPOBAHHBIE BEKTOPHI,
B YaCTHOCTH, JUCKPETHBIE BEPOATHOCTHBIE PACIIPE/IEICHUA.

Heobxogumble ycnoBusti makcumyma. KiraccumyeckKuM HHCTPYMEHTOM pEIleHHs 3a-
J1ad ONTHMH3AIUE C OrPAHNICHUSIMI PABEHCTBAMHU U HEPABEHCTBAMU SIBJISIIOTCS YCAOGUS
Kapywa—Kyna—Taxxepa.

Pacemorpum 3aga1y MaTeMaTndeckKoro HporpaMMupOBaHUs

f(z) — max;
g

Z(ZIZ’) O, Zzl,,m7
hj(.l’)zo, jzl,,k

N

Teopema 3.1. Ilycre ¢yuknun f(x), ¢i(x), hj(r) mempepeiBHO gHGOepeHIHPYEMBI
B TouKe x. Ecim x — Toduka JIOKaJbHOrO MAKCHMyMa U 3a/[a4a yAOBJIETBOPSET yCJAOBHIM
PEryJISPHOCTH, TO CYHMIeCTBYIOT 3Ha4YeHusd [i;, 1 = 1,...,m, \;, 7 =1,... k, Ha3biBaemble
moxcumersmu Jlazpanotca, Takue, 4ro:

(0. m k
B =0 Ll A) = f@) = 3 migi(e) = 32 Ajhy(a);
T i=1 j=1
gi(x) <0; hj(x) =0; (ucxoxmble orpanmIeHmsT) 9)

w; = 0; (aBoiicrBennple orpannydenmsi)

| 1igi(x) = 0; (yeaosue jonossiomteli HeKECTKOCTH)

VeioBust peryJisspHOCTH MOUYT (DOPMYJIMPOBATHCS 110-pa3Homy. B 3ajiauax ¢ JimHeiiHbI-
MU OI'PAHUYEHUSIMHM OHU BBINIOJIHEHBI BCEI/IA.

Makcumusaumsa rnagkoi PyHKUUM HA eAUHUYHbBIX CMMMIeKcax. Beeaém onepaiuio
norm, 1peodpasy oLy 0 IPOU3BOJIbHBINA BEKTOD (T;);c; B BEKTOD BepOATHOCTEN (P;);er JUC-
KPETHOI'O pacipeje/ieHus yTéM OOHYyJIeHUs] OTPUIATE/IbHBIX JIEMEHTOB U HOPMHUPOBKH:

p; = norm(x;) = (2:)+ , I Beex i € 1,

el > (Tk)+

rae (x)+ = max{0,z} — omepamus mos0KUTEIbHOI cpe3ku. Ecan x; < 0 prs Beex i € 1,
TO Pe3yJIbTaTOM NOTM OIPE/IEIUM HYJIEBOIl BEKTOD.
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JIlemMma 3.2 (0 MakcmMu3anuy Ha €QUHUYHBIX cuMIiekcax). Ilycrs pynxmms f(§2)
nenpepbisHo Ancpepennupyema 1o Habopy Bek1opos ) = (w;)jes, wj = (Wij)ier;, BoobIE
roBOpsI, Pa3IHIHBIX pasMepHOcTedi |1;|.

Torta BEKTOPBI w; JIOKAJIBHOIO IKCTPEMYMA 381aTH

f(Q) — max;
Zwij = 1, ] € J7
iEIj

wijEO, iEIj,jEJ;

npu yeaosun 1° 2 (Fi € I;) wy; awf > 0 y/J0BJIETBOPSIIOT yPABHEHUSIM

of :
Wi nZ%rIm (wij@), i€ 1j; (10)
npu yeaosun 2° : (Vi € I;) w”a <0 m(Jiel;) w; awf < 0 ypaBHeHusim
of :
Wij = nZ%rIm (—wij@), v € I;

unade (ycaosue 3°) OHU yJI0BIETBOPSIOT OJHOPOJHBIM Y DABHEHUSIM wij% =0,7¢€ 1.
ij

Jdoka3zareabCTBO. 3alUlIeM JIarPaHKHaH ONTUMU3AIMOHHO 33/1a91 ¢ OrpaHUYCHH-
MU HEOTPUIATEIbHOCTH U HOPMUPOBAHHOCTH BEKTOPOB:

L) = [ =D\ (sz‘j - 1) + )Y i,

jeJ i€l jed i€l

rae MHOXKHUTEJIN )\j COOTBETCTBYIOT OI'DAHUYECHUAM HODPMHUDOBKHU, Mij — OI'PaHUYCHUAM
HEOTPUIATETHLHOCTH.

Bamumem yciosust Kapyma—Kyna—Takkepa (9), OpupaBHSIB HYJTHO OPOU3BOIHBIE
JIarpaHzKMaHa, 110 apaMeTpam MOJIeJIH:

07  of

8%'] &uw i T Hij = HijWij (11)

3adukcupyem j € J. Ilpeanonoxum, uro w;; > 0. Torga p;; = 0. YMuOKHB 00€ yacTn
pasencrsa (11) Ha w;;, HOJYINM ypaBHEHHE

of \
Wi = WjiA;.
7 s, 3N

Ob6o3HaunM JIeBYIO 4acTb 3roro pasencrsa uepes A;;. Torma A;; = wjj);.

BosMoxkubl Tpu ciiyuas.

1. Ilycrs cymecrByer unjexc k € I; takoit, uro Ag; > 0. Torma A; > 0. Eciau A;; <0
IIpH HEKOTOPOM ¢ € [, ToO ypaBHeHHe He MOKeT ObITh BBIIIOJHEHO, U MOJydeHHOe IIPOTH-
BOpedre O3HAYaeT, UTO CeJaHHOe BHAYaJle MPeJIoaoxkKeHne w;; > (0 He BepHO, ciel0Ba-
TesibHO, w;j = 0. O0benunsas ypasuenue w;j\; = A;; upu A;; > 0 ¢ HyJIeBbIM DelleHueM
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wij = 0 npu A;; <0, moayuanm wijA; = (A;;)+. Cymmupyst JIeByI0 U IpaByio 9acTd ITOro
yPaBHEHHsI 110 7, BbIPDA3UM JBOMCTBEHHYIO IIEPEMEHHYIO: \; = Zielj(Aij)Jr. [Toacrasiisis
_ 1
IOJIydeHHOe 3HAYeHne \; B hopMyty w;; = /\—j(Aij)Jr, nosryduM uckomoe ypasuenue (10).
2. Ecim A;; <0 gy Beex ¢ € I; m Xora Obl OJHO U3 TUX HEPABEHCTB CTPOroOe,
10 A\; < 0, 1 aHAJIOrHYHBIM 00PA30M MBI 110/Iy4aeM BTOPOE HCKOMOE ypDaBHEHHE.
3. Ecm A;; = 0 gna BCB){() i € I, T0 A\j =0, 1 BEKTOp w;; OIIpejiesideTcs U3 CHCTeMbI
O/IHOPO/IHBIX YPAaBHEHU I wijan = 0 upu yCJIOBHSAX HEOTPHIATEIHLHOCTH U HOPMHPOBKH.
ij

JlemMa JloKa3aHA.

Ypasrenus, coorsercTByionue yeaosuam 20 u 3°, Ha mpakTHKe He ncnoabsyores. Onn
CUTHAJIM3UPYIOT O BBIPOK/IEHHOCTH BeKTOpa w;. B Takux ciaydasax bosiee 11e/1ecoodpasHbIM
MOZKET OKa3aTbCd 1HepecMOTp CTPYKTYPbl MOJAE/IN Q C IIOJIHBIM MCKJIIOYEHHEM U3 HEeE BeK-
TOpA Wj.

Jluist perieHusi cucTeMbl ypaBHEHUi yJI00HO MCIOJIb30BATh METOJI IPOCTOW HTEpaIUu.
CHauajia 3aa10TCs HaYaJIbHble IPUOJINKEHUS JIJIS BEKTOPOB W, 3aTeM UX 3HAYeHUs MHO-
rokpaTHo 06HOBIsAIOTCA 10 dbopmyse (10). OuepéqHOCTh U MEPHOIUIHOCTH OOHOBJICHHIA,
BOOOIIE TOBOPS, MOTYT BJIMATDH HA CXOIUMOCTH IPOIECCa U HA TO, B KAKOW U3 JIOKAJBHBIX
9KCTPEMYMOB IOIAIET Hali/IeHHOEe B UTOr'e YHCICHHOE pellleHue.

CBs3b € rpagneHTHbiMU MeTogamu. llrepanuoHHbil MPONECC MOX0XK HA OOBIYHBI Ipa-
JIMEHTHBIN MeToJ1 6€3yCJI0BHOW MaKCUMU3AIUK

af

Wij = Wij + U
ij

OTJINYadCh OT HEr'o TpeMd HIOaHCaMM: 3aMeHOI AJJUTUBHOIO I'PAJUEHTHOI'O IIalra Ha MYJIb-
TI/IHJII/IKaTI/IBHbeI, OTCYTCTBHEM IIapaMETpa I'PaJUEHTHOIO IIalra 7) U HAJIUIHUEM OIlepallin
norm JIjigd IpoenupoBaHud IIOJIYIEHHOI'O BEKTOPaA Ha e'ZLI/IHI/I“IHbII'?'I CHMIIJICKC.

CBsA3b C HelipoHHbIMU ceTaAMU. Jlemma 3.2 npuMeHHMa HE TOJBKO B TEMATHYECKOM
MOJIEJIMPOBAHUM, HO ¥ JIjIsd OITUMM3AIUU JIFOOBIX MOJiejiell, napamMerpaMu KOTOPbIX $IB-
JISIOTCS HEOTPUIATE/IbHbIe HOPMUPOBAHHbIE BEKTOPbI WJIU JIMCKPETHbIE BEPOSTHOCTHBIE
pacupejenennsd. B gacraocru, JleMmMy 3.2 MOXKHO HCIOJB30BaTh Jijisg OOyY€HUs] MOHO-
TOHHBIX HEHPOHHBIX CeTeil, B KOTOPBIX OI'PDAHMYCHHS HEOTPUIATETHHOCTH U HOPMHUPOBKHU
HAKJIa/IIBAIOTCS HA HEKOTOPbIE BEKTOPBI 11apaMeTpPOB Jijisd 00y4YeHUusi MOHOTOHHBIX 3aBU-
cumocreii [179, 50, 169, 92|, yiydiieHuss WHTEPIPETUPYEMOCTH U PA3PEKEHHOCTH CETH
[57, 32|, mocTpoeHnst HEOTPUIATEIBHBIX MATPHYHBIX DPA3JIOKEHHH U ABTOKOMPOBIIUKOB
[54, 140, 213], a TakzKe I MOJETUPOBAHUST MHOTOMEPHBIX (DYHKIIUi pACIpeTeeHusl.

[Ipu 3TOM rpajieHTb g—u{: MOZKHO, KaK OObIYHO, BBIYUC/IATH METOJOM O0OPATHOI'O pPac-
npocrpanenus onmbok. Mopudukanuu rpaueHTHOro mara (MyJIbTUILIHKATHBHOCTD, PO-
eKIUsl Ha CUMILIEKC) HUKAK He BJIUSIOT HA BBIYUC/IEHHE CAMHUX IDAHEHTOB.

CxoamMmMocTb NTepaymnoHHOro npouecca. PaccMorpuM MTepalMoOHHBIA IPOIECe, 0CHO-
BanHbli Ha opmyse (10), Ipu HeKOTOPOM Hada bHOM IpubauzKenun 0 = (W?)jeJ:

w; " =norm|w,———— |, t=0,1,2,... (12)
: w
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Teopema 3.3. Ilycrp f(§)) — orpanmyeHHast cBepXy, HEUPEPbIBHO jugdepeHiupyemast

bynxuus, n Bee O = (wh)jey, Haunnas ¢ Hekoropoii mrepammn t°, 001442107 CBOHCTBAMH:
)vjeJ Viel; w;=0— wfjl = 0 (coxpanenue HyJieii);
2) Ie>0 VjeJ Viel; wj;¢ (0, (orgemmmocts or Hys);
3) >0 VjeJ Jiel; w agﬁ?ﬁ > 0 (HEeBBIPOXKJICHHOCTD );
ij

4) IN>0 Q) — f(Q) = NH(Q) (MorOTOHHOCTD);

e H(QY) = f(Q) — f(Q) + o(AQY) ecrs smuneiinoe npubmikenne npupanienns byHk-
uuu f B okpecrHocTH TOYKH S

1

Torsa |wi' — wi;| = 0 upu t — oo.

B ycioBusix Teopembr 3.3 Bce mpejeibHble TOUKU HocsenoBarenbaoctu {1}, aB-
JISTIOTCS HeMOJBUZKHBIMU TOYKaMH HpeodpasoBamus (12) m o6pa3yioT CBA3HBIN KOMIIAKT.
Ecam MHOXKECTBO HENO/BUKHBIX TOYEK JUCKPETHO, TO IOC/Ie0BATE]IbHOCTD {Qt};’io CXO-
JIUTCS.

Ha npakruke coiictBa 1)-3) Moryr ObITh rapaHTUPOBAHBI BHYTPH IIPOIPAMMHON pe-
aJIu3allid UTePAIMOHHOIO MIPOIeCcCa.

[TonnMaHuIO CBONCTBA 4) HOMOTAET CJIEAYIONAst TeopeMa.

Teopema 3.4. CnpaBeanBo KBaJpaTHIHOE IIPEJICTABICHHE

1 0f(Q)  9f( Q)Y
H(Q) = 52 Z < D, - Doon, ) WijWhy -

jeJ ikel;

Orcrona caenyer, uro H(Q') > 0, 3uauut, nuMeer MeCTO MOHOTOHHOE WJIM IIOYTH MO-
HOTOHHOE BO3pacTaHue Moc/epoBareibHocTn 3Hadenuii () B nrepanonHom npomecce,
nockonbky f(QF) — f(QF) ~ H(Q) > 0. CBoiicTBO 4) HEMHOTO YCHIHBAET 9TO TpebGoBa-
aue. C omHOIl CTOPOHBI, y HAC HET HUKAKHX PBIYArOB BJINSHHUA, YTOOBI TapaHTHPOBATDH
ero Bommoaaenne. C Ipyroil CTOPOHBI, pa3syMHO MPEIINOI0KATh, 9TO OHO BBINOJHACTCH,
HauMHad ¢ HEKOTOPOH mrepanuu. /Joka3arh 9TO MOKa He yAaJ0Ch, PABHO KAK U 3aMEHHUTh
CBOMCTBO 4) GoJiee yj0OHBIM JIJIsi IPOBEPKU YCJIOBHEM.

Teopewmbr 3.3 u 3.4 Obin nokaszanbl V. A. Upxunbim kak 0000I1IeHEE €10 Ke Pe3yJib-
TaToB 0 cxXomuMocTn EM-asropurMa jyist temarndeckoro mogeuposanus [12]. 3aech onu
IPUBOAATCA 0e3 JOKA3aTeTbCTB.
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BbiBoagbl no rnase 3

«OcHoBHAs JeMMay O MAaKCHMU3AIUU [VIQJKONH (DYHKIUKA HA €JIMHUIHBIX CHMILICK-
cax OyJieT UCIOJIb30BAaTbC JaJjee JIJid BbIBO/A BCeX 0€3 MCKJIIOYEHUs AJTOPUTMOB
TeMaTHIECKOT'0 MOJETHPOBAHMI.

Taxkoii crioco6 HaMHOrO Ipoie 6aifeCOBCKOIO BBIBO/A, KOTOPbIiI OOLIYHO IIPUMEHSsI-
eTcsd B JIUTepaType M0 TeMaTuIecKOMY MojieupoBanuio. CpaBHEHHE STHX I0JIX0/I0B
OTJIO2KHUM JI0 1JIaBbI 7.

Ha mpakTtuke 0y/1eT HCIOTB30BATHCS TOJBKO mepBoe ycaosue (10).

CXO/ICTBO 3TOTO YCJIOBUS C IPAJUEHTHBIM [IANOM II03BOJISET 00ydYaTb HEHPOHHBIE
CeTu ¢ HeOTPHUIATeTbHBIMU HOPMUPOBAHHBIME Becamu. lIHTepecHas BO3MOKHOCTb,
HO 3a paMKaM# JaHHOU KHUIH.

Jloka3zarejibCTBO YCJIOBUI CXOJMUMOCTH, OoJjiee YI0OHBIX Jijisi KOHCTPYKTHBHOW IIPO-
BEPKH, [I0KA OCTAETCSI OTKPBLITOM IIPOOIEMOIA.

KakoBa cBsa3b ocHOBHOIT JiemMbl ¢ EM-ajiropurMomM TeMaTudeckoro Mo/ie/IapoBaHust
73 IpeAblAYINeil IJiaBbl, y3HaeM B CJAeAYIOLIel IyiaBe.

21



4 ApanTtunBHas perynsipnsaymns

B 3Toit rraBe Mbl BBeJiEM 00munii (popMan3M aIMTHBHON pery/isdpu3anuu, KOTOPBIi
HO3BOJIIET HAJIE/IATh TeMaTHIeCKHe MOJETU pPa3HOOOPA3HBIMH II0JIE3HBIMH CBOMCTBAMH.
Yro 310 3a cBOliCcTBa, U KaK OHU (POPMAIUBYIOTCS C IMOMOIIBIO pery/sipusanuu, Oy/iem
pa3dupaThCs B CJIEAYIONMX [VIABaX. 3/1€Ch Mbl IIOCTABUM 33/a9y TEeMaTHIeCKOrO MOJIE/I1-
POBaHuA KaK 3a/a49y MAKCUMHU3aAllUU Ha €JIMHUYIHbIX CUMIIJIEKCAX. C IIOMOIIbIO JIEMMDbI 32
BbIBeJileM EM-anroputm OYKBaJIbHO B JiB€ CTPOYKH.

MpuHUMN MakcMMyMa NPaBAONOAODMA KCIOJIb3YeTCs B MATeMaTHIECKON CTaTUCTHKE
AJid OHCHUBaHUYA HEU3BECTHBLIX ITapaMeTpOB BE€POATHOCTHbIX MO,H,e.HeI;'I 110 Ha6ﬂ}0ﬂaeMbIM
sgaabiM. COrJIaCHO TOMY IIPHUHITUILY, BHIOMPAIOTCS TaKWe 3HAYEHUS [TaPAMETPOB, IPU KO-
TOPBIX HaOJIIOIaeMas BBEIOOpKa HamboJiee [MpaBI0I0I00HA.

Qynkyus npacdonodobus OIMpPeIe/seTcs KaK 3aBHCHMOCTb BEPOSTHOCTH peasru3allin
nabmonaemoit Bei6opku X = (d;, w;)™; or mapamerpos monenun ¢, 0. B cuty rumoress
0 HE3aBHCHUMOCTH JIEMEHTOB BbIOODKH OHA paBHA MPOU3BEIEHHIO BEPOATHOCTEHl TEPMOB
B JOKYMEHTaX:

p(X; D, @) = || p(d;,w;) = p(w]|d)" p(d)"* — max.
E Cg)l]v;{l N—— [ONC)

const

[IpostorapudmupoBaB mpaBIon0/100He, Mepeil/IeM 0T HPOU3BEICHUd K CYMMe H OTOPO-
CHM CJIaraeMble, He 3aBHCINIE OT MapaMeTpoB Mojeu. [lomydnm 3a1ady MaKCHMI3AIIHT
Jiorapudma 1paBono00us 1IPU OrPAHUYEHUIX HEOTPUIATEIbHOCTH U HOPMUPOBKU:

DD nawlnd euibia — max; (13)

deD wed teT
Z Pwt = 1; Pwt = 0; Zetd =1 O = 0. (14)
weW teT

Perynsipnsayns HeKOppeKTHO NOCTAB/IEHHbIX 3a4a4. 3a/a49a HA3bIBACTCI KOPPEKIMHO
nocmasaerHot 1o AjaMapy, eciii e€ pelieHne CymecTByer, e JMHCTBEHHO | YCTOInBO.

3a/iaua CTOXaCTUIECKOTO MATPUIHOIO PA3/IOZKEHUSI SIBJISETCS] HEKOPPEKTHO TTOCTABJICH-
HOIT, TaK KaK MHOYKECTBO €€ perreHuii B 00meM ciay4dae beckonedno. Ecim $O — pemenne,
To (®S)(S™'O) TakKe ABASETCH PENIEHEEM [id 060N HEBBIPOK IEHHONH MATPHIIBL S TIpH
yeaosun, 9ro Marpunsl @S n ST1O — croxacTmueckue.

CymiecrByer o0mumii M0/IX0/ K PEHIEHUI0 HEKOPPEKTHO MOCTABICHHBIX 00PATHBIX 3a/1a4,
Ha3biBaeMblil peeyaspusayuet; [18]. Korga onrumusanmonnas 3ajada HeJ00Npe/leeHa,
K OCHOBHOMY KPHUTEPUIO JO0ABJISIIOT JIOMOJIHUTEIbHBIA KPUTEPU — PeryJisipu3arop, yau-
TBHIBAIOIIHUI crenuuKy pemaeMoil 3a/1a9n 1 3HAHUA HMpeaMeTHO#l obmactu. B mpakrude-
CKHX 3a/1a9aX aBTOMATHIECKOHl 00pabOTKN TEKCTOB JOMOJHAUTEIbHBIX KPUTEPUEB U Orpa-
HOYeHHl Ha pelleHne MOXKeT ObITbh MHOTO.

Addumusnasn peeyaspusayus memamuueckur modeset (ARTM) [5] ocHoBana na Max-
cuMu3almu Jorapudma npap/o1o100usi, K KOTOpomy JA00aBJIsIeTCsi JIUHEeTHAasT KOMOUHAIIHS
peeyaapuszamopos R;(P,0),i=1,... k ¢ xoappuyuenmamu pezyrapusayuu 7; > 0:

k
DD ) puba+ R(®,0) = max;  R(®,0)=) nR(®,0); (15)
’ i=1

deD wed teT
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IIPU OIPAHUYEHHUSIX HEOTPUIATEIHLHOCTH U HOpMUPOBKH (14).
[IpeobpazoBanue BeKTOpa KPUTEPUEB B OJIUH CKAJISPHBII KpUTEPUl — 3T0 OJuH U3 Da-
30BbIX IPUEMOB B MHOI'OKPUTEPUAJIbHON OUTUMU3AlLMU, HA3bIBAEMBIN CKAAADPUIAUUET.

OcHoBHasa Teopema ARTM. Ilpumenum jemmy 3.2 Kk HAOOPY BEKTOP-CTOJIOIOB JBYX
marpui, 2 = (®,0). B janbHeiiiem sra jieMMa HPUIOJAUTCS HAM U B 00JI€E CJIOZKHBIX
caydasdx, Korjaa Marpuil 6yjaer 6oJblie JIBYX.

Teopema 4.1. Ilycrs ¢pyukmus R(P, ©) neupepbiuo jpugpgepennupyema. Toryga rouka
(®, ©) srokaubrOro 9KCTPeMyMma 3aja4n (15) ¢ orpanmaennsivu (14) ygosaersopsier cucre-
Me ypaBHEHHi O BCHOMOTATEeJbHBIMH MePEMEHHBIMH Dig,, = P(t|d, w), ecom u3 pemenmst
HCKJTIOYATH HYJIeBbIe CTOJI0IBI MaTpui; P, O:

Pr = 10T (Pus1ra); (16)
OR
wt — wt T Pw y wt — w w 17
Pt nor{gfn(n t+ @ t@gowt) Nyt deZDnd DPtd ( )
OR
Ora = norjgn (ntd + 044 89td) Ntqg = ng;i NwPtdw - (18)

Hokazarenscrso. [lepenummenm (16) B ciaeayromem Bue:

Prdw = NOTTI (90 9 d) . (pwt‘gtd o Qowtetd
tdw — wtYt - - .
teT Z PwsVsd p(w ‘ d)

[Ipuvennm K 3a1ade (15) ocnosuoe pemrenne (10) u3 seMMbl 3.2 U BBLICTHM B IIOJIY-
YEeHHbIX BbIPpazKC€HUAX BCHOMOI'aTC/IbHbIC HEPEMEHHDbIC Didqy -

Put = 10NN <<pwt 0 <Z Z N 1N Z Outbra + R(P, @))) =

0
Put deD wed teT

OR OR
- norm (@wt Z ndw _'_ Puwt a(Pwt) = I%uoerm (Z NdwPtdw + Puwt 8<Pwt)

deD deD

Oiqg = norm <9td 0,1 (Z Z Ngw 1IN Z Owtbia + R(P, @)))
t

deD wed teT

Puwt 8R 8R
= 0 w 0 == w w 0
norTm< 1 Z Maw oty tdaetd) norm (Z Rawpra + bra g

wed

Hysepble croi6npt B Marpunax ® u © mosydaioTeda B TeX caydadx, KOIIa B JeMme 3.2
BMecTo yeaopug 19 peammsyiorca yenosua 2° wim 3°. B Takux ciiydagx ocHOBHOe perile-
nue (10) yzKe HEIIPUMEHHMO, OJIHaKO yCJOBHE TeOpeMbl HCKJI0YAeT HX U3 PACCMOTPEHHS.

Teopema nokazana.

Cucremy ypasuennii (16)—(18) ymobHo pemarh MeTOI0M IPOCTHIX urepanuii. CHadaia
BLIOMPAIOTCA HAYAIbHBIE NPUOIHKCHHA Oy, O1q, 3aTeM B IHKJIC 10 CXOAUMOCTH YePey-
forcst B-wae (16) u M-wae (17)-(18).
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CuencrBue 4.2. B ycjioBusix reopempl 4.1 rouka JjiokajabHoro sxcrpemyma (©,0) on-
TUMH3AIUOHHON 3a1a4n (15) ¢ orpammuenmsivu (14) coBmajgaer ¢ TOYKOH JIOKAJIBHOIO
SKCTpeMyMa CJIeIyIomel OMTHMH3AHOHHOI 3a4a49u ¢ orpanmdennsvu (14) u (16):

Z Z anwptdw ln(@wtﬁtd) + R(®,0) — max. (19)

$,0
deD weW teT

HokazarenscrBo. [Ipencrasus B (19) jorapudm npousBejieHust cyMMOi IBYX JOra-
pudMOB, HOJIYIUM JBe CYMMBI, IEpBasi 3aBUCAT TOJIBKO 0T ®, BTOpas — TOJBKO OT O:

Z antlngpwt+ZZntdln9td+R(<I>,@) — n(g%x.

weW teT deD teT

[Tpumensist K 1oit 3ama4e dopmy.ay (10) u3 emmbl 3.2 upu orpanndenusx (14) u buk-
CUPOBAHHBIX 3HAYEHUSIX IIEPEMEHHDIX iy, HEMEJICHHO TIOJLY UM, YTO HEOOXOMMOE yCJI0-
BHE JIOKAJILHOTO KCTpeMyMa i 3aga4n (19) coBmagaer ¢ ypasuenusvu (17)—(18).

CaeacrBue J10Ka3aHO.

JloroBopuMcs Ha3bIBaTh 065edunénroim M-wazom 3a7ady MaKCUMH3AIMHA TPABIOIO-
n06ust (19), Korga onpejesiorcs cpa3dy Bce mapaverpbl Mojgesn P, © npu u3BeCTHBIX
pacipeie/eHusxX Pg,y = p(t|d, w). B riaBe 15 on noMozker HaM u30aBUTHCsE OT IHIIOTE3bI
«MeIIKa CJIOBY.

BepoATHOCTHbIV NaTeHTHbI cemaHTu4deckuii aHanu3 (probabilistic latent semantic
analysis, PLSA) — nepBasi BeposiTHOCTHAsI TeMaTHYECKasi MOJE/Ib, Ipe/iiozKeHHas Toma-
com Xobmannom B 1999 roxy [86].

B ARTM eii coorBercTBYer HyseBoii peryispusarop R(P,0) = 0. B srom ciayuae cu-
crema (16)—(18) coBmamaer ¢ cucremoii (6)—(8), mosydeHHOI U3 TPOCTHIX IBPUCTHICCKUX
coobpazkennit. /lobapjieHue peryaspusanun MeHseT TOJIbKO ¢hopMy/abl M-mara, He 3arpa-
rusas E-mar.

HacrorHble OLEHKH yCJIOBHBIX BePOSTHOCTEH ), = "2t u b)) = Z—’j B Mojiesin PLSA sB-

JSIOTCA HECMEWEHHBLMU OUEHKAMU MAKCUMAJIbLHOTO IPABIOIOA00U, B OTJIMINE OT CMe-
wénnor ouyenor npu R(P,0) # 0.

Pauuvonanbhbiii EM-anroputm gna ARTM ycrpoen anajioruano Ajropurmy 2, T0/1b-
KO maru 7 u 8 3aMensiorcs (opmynamu peryispusosannoro M-mara (17) u (18) coorset-
crBenHo. KaxKmass urepariust TaK zKe peajn3yercs 3a OJUH IMPOXOJ II0 BCeM TepMaM BCeX
JIOKYMEHTOB.

AnropurM 3 oT/IHYaeTCs emé HeCKOJIbKAME HIOAHCAMM:

1) BekTOp 04 ompesiesieTcss MO OKOHYAHUH OOPAbOTKHU JOKYMeHTa d, a He BCeil KOJI-
JIEKITUH, U /1ajiee MOXKEeT He XPAHUTHCS, KaK U CIETIUKHI Ty;

2) mpu oOpaborke JOKyMeHTa d MOXKeT ObITh CJIEJTAHO HECKOJIBKO HTepaluii Mo BCeM
TepMaM JOKYMEHTa W € d /10 CXOAUMOCTH BEKTOpa #4;

3) BEKTOp 0 MHUIMAIMBUPYETC PABHOMEDHBIM DACIPE/ICICHUEM;

4) BEKTOD (; WHHIUATU3UPYETCS CIYIAlHBIM PACIPEIeJeHueM, KOTOPOe OT/IeJIsIeTCsI
OT HyJIS PACHPEIEJIEHUEM Dy, = Ty, /N
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A nroputMm 3. Peryaspusosanubiit EM-aiaropurv st ARTM.

Bxoga: kosuteknust D, qucsio Tem |T'|, 9uCI0 UTePAIAIT ipax;
Bbixoa: marpuns Tepmos Tem ® u TeM JOKyMeHTOB O);

[y

MHUNUATI3ANAL Oy 1= nor{grfl(pw + rand) ags Becex w € W, t € T,
we

2 AN Bcex urepanuii ¢ = 1,.. ., tmax

3 Nt = 0 jutst Bcex w € W, t €T

4 ANs BCex JH0KyMeHToB d € D

5 UHATAIU3aNUd Oy := % st Beex t € T

6 NOBTOPSATb

7 Nidw = Nduw Ilfeme(SOwtetd) st Becex w € d, t €T
8 O = norm( > Niaw + QtdaaTR> st Beex t € T,

teT \,cd td

9 noka 6, e coigércs;
10 Nawt = Nt + Mgy A1 BceX w € d, t € T,

11 Pwt = norm(nwt + gowtaa—R> st Becex w € W, t €T,
L weW Pwt

Onanatinoswtic EM-anzopumm cauraercss HauboJiee ObICTPBIM U YA00eH Il paciapaJi-
aeuBanus |85, 36]. ObnoBiennst Marpunbl O MPOU3BOAATCH HE IIOC/IE TPOXOJA BCeil KOJI-
JIEKIIMM, & dallie, 1nocje o0paboTKu HEKOTOPO# mnopuuu JaHHbiX. Kcim Kosuiekius 00J1b-
mas, To Marpuia $ MoxKeT CONTUCH U mepecTaTb MEHATHCS 33,0110 /10 OKOHIAHHS [TePBOii
urepanun. Torma ogHOro mpoxojaa OyIeT JOCTATOYHO JJIsd HOCTpOoeHusa Mozean. Ilosromy
OHJIAfiHOBBIE aJITOPUTMBI CIIOCOOHBI 00padaTLIBATL IIOTOKOBBIE TAHHBIE.

Heranun napaJuiebHoit peasmsaiun odduiaitnoBoro u ounjaitnoporo EM-ajiaropurma
B 6ubsmoreke BigARTM onucanbl B riaBax 19 u 20, emé nojpobuee — B crarbsx |77, 3.

Vcnosus BbipoXxaeHHOCTU. B remarnueckom Momenuposannn ciaydan 2° u 3° u3 gem-
MBI 3.2 OyjieM CUUTaTh BBIPOXK/IEHHBIMU. /IpyruMu cjioBaMu, ec/ii HOpMHPOBOYHBIH 3HaMe-
Haresib B (10) oKaKeTcsi paBHBIM HYJIIO, TO, BMECTO BbIYUC/ACHHH 110 (DOPMYJIaM U3 JIEMMbI
agst cayaaes 2° n 3Y) Gysiem HCKII0YATH COOTBETCTBYIONIMI BEKTOD Wi U3 MO/, CUUTas]
COKpallleHue e€é pa3MepHOCTHU 110J1e3HbIM 3P deKTOM pery/isipusanuu.

Tema t HA3BIBAETCS BULPOIHCOCHHOT, €CITI

OR
8Q0wt

JlokymenT d Ha3bIBAETCS 6biPOAHCOCHHBIM, €CIIH

OR
Ngg + 9td87 <0 g Beex t € T,
td

BoIpozK 1eHHOCTH MOXKET BO3HUKATH TOJBKO HPH OTPHIIATEIBLHBIX IIPOU3BOAHBIX PEry-
Jgspusaropa. B mogesmn PLSA e€ Obith He MOXKeT.

Eciin BBIpOXK IEHHOCTD HEKestaTe/ibHa, TO €€ HeTPY/IHO [IPEJ0TBPATUTD, YMEHbIIast KO-
3 dunuenT peryasapu3almm.

BBIpozK IeHHOCTD JIOKYMEHTa, O3HAa9aeT OTKA3 MOJIEIN er0 TeMAaTU3UPOBAThH, HAIIPUMED,
eCJIM OH AHOMAJIbHO KOPOTKHIl MM HE COOTBETCTBYET TEMATHKE KOJIJICKIIHH.

Nt + Pt < 0 qurg Beex w € W.
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VYnyudweHue cxogumoctu. Izsecrrno, yro EM-ajaropurm 6e3 peryiisipu3aliiu CXOIUTCS
B €J1aDOM CMBICJIE: IIPaB/IoNo00ue Ha KayK/I0# HTepalnuu MOXKET TOJIbKO YBeJIHYHBATb-
cs [65]. Anasormansie yemoBus ciaboit cxomumoctu st ARTM mosydenst B [12].

K coxkasenuto, MeTos mpocToil uTepanuu B O0IIEeM CIydae He FapaHTHPYET CXOIUMO-
CTU K CTAIMOHAPHON TOYKE PeryJsipu30BaHHOrO mpasonogodus [12]. Dror HegocraTok
ucupasJ/isiercs npoctoit mojuduxanueit, ne TpedyroIIei JOIMOJIHUTE/IbHBIX 3aTPAT BpeMe-
HI Wi namaTtu. locratouno mojactaBuTh B bopMysibl M-mara HeCMeléHHble YaCTOTHBIE

OIEHKH ), = "n—lit u b, = ’:L—t; BMECTO TeKYIIUX 3HAYCHUN (0, U Opy:

. OR(®*,0%)

Put = O Ty + Py = o ; (20)
- . OR(®*,0%)

th = l'ltOEI'TIl’l Mg + ethZi (21)

DkcnepumeHThl B [12] mokasasau, uro naHHas MoaudUKaius IPUBOIUT K GOJee BbI-
COKIM 3HAYEHUAM PeryJIIpH30BAHHOTO MPABIONOI00HS, IPUIEM UTEPAIMOHHBIN TPOIEce
ropasjo 6picTpee (yzKe Ha BTOPOH UTePANUK) BXOJUT B PE2KUM MOHOTOHHOIO YBEJIMICHUsI
peryJisipu30BaHHOIO 1IPaB/o110100us. Hem OoJibiie KOIMDMUIUMEHT pery/isipusaluu, TeMm
cuIbHee MpogBigeTcd 3pdeKT yIydeHns CX0IUMOCTH.

CrpaTternm perynsipusauun. 3ajada TeMaTHIECKOTO MOJIETUPOBAHNS [10 CYTH ABJISET-
c MHOTOKPHUTEPHUATBHON. TeMbl TOJI2KHBI YI0OBIETBOPATH MHOTUM TPeOOBAHUSIM OHOBpPE-
MEHHO: MHTEPHPETHPYEMOCTH, PAa3JIUIYHOCTH, PA3PEKEHHOCTH U T.J. leMaThmdecKas Mo-
JIe/Ib OOBIMHO UCIIOJIB3YETC KAK BCHOMOIATeIbHBIH WHCTPYMEHT JIjIsi PEIleHusl OHON min
HECKOJIbKUX 33J1a9 TEKCTOBOW aHAJUTUKU — WH(OPMAIUOHHOIO MOUCKA, BU3YAJH3AINH,
KATEeropu3aliii, CerMeHTalnu, cyMmmapu3aun u T. 7. Kazxas 3a/a4a 1perbsBiser CBOu
rpeboBanusg K Mojgenn. B ARTM Bce TpeboBanmsa (opManun3yrOTca B BHAEe KPHTEPHEB
peryiasgpusanuu R; u 6a1aHcupyIoTcs ¢ IMOMOIIBI0 KOIMMUITUEHTOB T;.

Koadpdunuenrnt 7; npuxourcs 1noj0uparTh B KaxK /10 3a/1a4e SKCIePUMEHTAJIbHO, B 110-
HCKe KOMIpOMECCA Mexky TpeboBanusimu. IIpu 9rom st u3mMepenusi KadecTBa MOJIEIN
UCIIOJIB3YIOTCS HE CaMU Peryaspu3aTopbl R;, a KakKue-To JpPYTue Mempuku Ka4ecmed.
PerynsgpuszaTopbl J0JKHBI OBITH IVIAAKAMEH (DYHKIUAMU, YAOOHBIMU JIjIsI BBIYHCJICHHI
Ha M-mrare. Merpuku KadecTBa JIOJIZKHBI OBITH YIOOHBIMHE JIJIsi HHTEPIPETAIUA UX YHCJIO-
BbIX 3HadeHuii. K coxajienuio, 31u TpeboBaHus 4acTo BXO/AAT B iporuBopedune. Hampumep,
OOJIBIMHCTBO METPUK KAadeCTBa MH(MOPMAIMOHHOTO MOUCKA HE SIBJISIIOTCS TJIAQIKUMH.

Ha mpakTuke moadop Ko3hpuiueHToB peryiasapu3aiui mnepepactaer B 6osee obIyio
30004y YNPasAEHUA KG4YECMEoM MoJeiu TI0 XO4y HTEPAIMOHHOro mporecca. Torma Koyd-
GUIUEHTHI Pery/Isipu3alud CTAHOBATCH YIPABJLAIOIIMMA HapaMeTpaMu. Peryssipu3aTopbl
He 00si3aTe/IbHO BKJIIOYATh BCE Cpasy, /JId KaxK/I0r0 MOXKHO BbIOpaTh HamboJiee 10/1X0/1si-
it 71 Hero MoMeHT. Hanmpumep, HEKOTOpbIe perysisspu3aTopbl JIydIlle BKII0YATh JIMIIhb
ocJie Toro, kKak EM-airopurm Hadas cxoauTbed. HekoTopbie peryispu3aTopsl MOII0OTaB-
JINBAIOT MOJIE/Ib K BO3/IEHCTBUIO IIOC/IEIYIONINX, 3aTeM UX MOYKHO OTK/II049aTh. VIHOI I8 OHI
HEATPAJIN3YIOT APYT JAPYra, TOrJA UX HPUXOAUTCS 4epPe0BaTh HA PA3HBIX HTEPALUAX.

O0Opa3HO TOBOpsi, PEry/IIPU3ATOPHI IMOJAO0HBI JIEKAPCTBAM — B MAJIbIX /103X JIEYaT,
B OOJIBIIMX CMEPTE/JbHO OIACHBI, B COUYETAHUIX MOTYT JaBAaTh HEOXKHUJIAHHBbIE Y(PDEKTHI.

CucremMaTu3anus MpUEMOB PEryJIAPU3aUNA CTAHOBUTCA IPEIMETOM SMINPUICCKHX UCCTIe-
nosanuit B ARTM.
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Cmpamezueti peeyaapudaryuy OyaeM Ha3bIBATH MPABUIA U3MEHEHHs KOIDPUIuenTon
peryJssipusanuu 7; B Xoje urepanuit EM-ajropurma.

KombunupoBanue pery/sipu3aropoB dekoppesuposanis, pa3percusaHus, CaAaAHCUCaH-
HUA XOPOIIIO 3aPEKOMEH IOBAJIO cebsl Ha MPAKTUKe BO MHOIHX HCCIeqoBanusX [8, 195, 196,
197, 21, 89|. B cepun sKcmepuMeHTATBHBIX PAbOT MO TemMarudeckomy moucky [89, 90, 91]
ObLIM 0TpabOTaHbl CTpAaTernu 10100pa KO3(pUIUEHTOB T; IIPU 1OC/IEI0BATE/IbHOM BKJIIO-
YeHUU PeryJisipu3aropon (mogpobuee cM. miasy 21, puc. 30).

[Toszke 9ru crparernn ObLn coOOpanbl 1 00001eHbl B Oubanoreke TopicNet |49, ko-
TOpas aBTOMATU3UPYET 3AIYCK YKCIEPUMEHTOB, UX YKYPHAJTM3AINUIO U BU3YATU3AIHUIO Pe-
3yJIBTATOB MOJETHPOBAHAA" .

TopicNet — 3TO BBICOKOYPOBHeBasd HaJCTpPoiika HaJ BigARTM, KoTopasa cHuKaeT «0Oa-
pbepBl BXOJay JJId ITOJIb30BaTeJel, CKpbIBasd TeXHUYCCKUE TeTaJId U YMEHbIIasd MHOTO-
KPAaTHO O0'bEM HPOIPAMMUPOBAHMUSI.

Jpyroit moaxo K m1ogA00py rumepunapamerpon (B Tom ducse KodbduinueHToB peryss-
pusanuu) st BigARTM Gb11 npeyiozxked B [100]. On ocHOBaH Ha 9BOIIOIMOHHOM AJITOPUTME
¥ MHOTOSTANHOIl cTpaTeruu W3MeHeHHs rumeprnapamerpoB. B mocrieyiomieii pabore [99]
TOT METOJ, OBLT JIOIMOJTHEH CYPPOraTHON MOJIE/IBIO Jjisd OIEHUBAHUA KadecTBa, UTO IIO3BO-
JILJIO IIPUMepHO B 1,5 pa3a COKpaTUTh BpeMs IOHCKA I'uieprapaMeTposn. Vcmob3oBasics
OOBIYHBIH sl A6MOMAMUYECK020 Mmawuniozo obywernus (AutoML) moxxo: st Kazk-
JIOI TOYKH B NPOCMPAHCMEE 2UNEPNAPAMEMPOS MO 00y IaeTCsk 3aHOBO 10 00y Jatoeit
BBIOOpKE, 3aTeM €€ KauecTBO OIEHHBAETCs 10 TeCTOBOI BBIOOPKE.

Ha Gosibmmx JaHHBIX TaKas CTpaTerus HpecTaB/IgeTcs CJIMIIKOM 3aTrparHoil. Kop-
PEKTHPOBATH UIEPIIapaMeTPhl MOKHO U Jale — 00padoTaB 0OuepeHYO MOPIUIO JAHHBIX,
HE JIOZKHJIAsICh CXOAUMOCTH, OIEHUBAs TEKYIIEe KadeCTBO MO/ el ObICTPO, HA HEOOIBIIIIX
CJIydalHbIX KOHTPOJIBHBIX MOJIBBIOOPKAX, 110 MHOI'MM MeTpukaM kKadectBa. llocrpoenue
TaKOI'0 POJia ObICTPBIX MHOI'OKPUTEPUAJIbHBIX CTPATEruil peryjisdpu3alui 110K OCTaéTcs
OTKPBITOI IIPOOIEMOIA.

OTHocuTenbHble kKoapuumneHTol perynsapusaunun. Kospdunuenror peryssipusanuu,
TIIATETHbHO TOA0OPAHHbIE I OJHUX JAHHBIX, MOTYT ILJIOXO MOJXOAUTH JJIS JPYTUX.
OHu MOryT 3aBHCETH OT pa3Mepa KOJJIEKITNN, MOITHOCTH CJI0Baps, CpeIHeil TJIHHBI JOKY-
MeHTOB. Ec/in KoJuIeKiys pacTér, TO CO BpeMeHeM MOZKeT 10TpedoBaThCs UX JOHACTPONKA.

[IpobJiema penraercss BBEJIEHHEM HOPMHUPOBAHHBIX OMHOCUMEALHOLE KOIPHUUUEHMOB
PE2YAAPU3AUUL, BBIPAZKAIONIUX CTEIeHb BO3/efiCTBUS pery/isgpu3aropa Ha TeMaTHYeCKyIo
Mojiesib. OrHocuTe bHbIe KOI(MDMUIUEHTH MOIYT 0CTaBaThCs (DUKCHUPOBAHHBIMU 110 Me-
pe pocTa KOJUIEKIWHU, U Jijisi HUX MOTYT CYIeCTBOBATh YHUBEpCAJbHbIE PEKOMeEH/IyeMble
3HAUEeHUsd, TOJAXOIIINE JIJIsI MHOTUX 33/a4.

Pacemorpum dbopmyny M-mrara (17) co B3BemIeHHON CyMMO# perysisipu3aTopos R;:

k
OR;
wt = norm | n,, E TiPwt =
Puwt = NOLL ¢+ 2 ' D

https://machine-intelligence-laboratory.github.io/TopicNet — qoKyMeHTaIus OGUOIHOTEKN
TopicNet B oTKpBITOM AOCTYTIE.
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Beeaém cymmaproe sosdeticmeue r;; peryispusaropa R; Ha temy t U ero cymmapHoe
6o3deticmeue r; Ha BCE TEMBbL:

TitZZ’SOwt i ) Tizzrit-

weW 8§0wt

Bsenenne HOpMHPOBKHU T; = %irﬁ,- [IO3BOJIIET UHTEPIPETUPOBATH KOIDDUIuenT 7; Kak
omuocumenvroe eoddeticmeue peryigpusaropa R; Ha TeMaTHYecKy0 Mojesab. OH moka-
3bIBa€T, BO CKOJIbKO pa3 BJIMAHUE PEryjidpu3aTopa Ha MOAEJ/Ib CUJIbHEE BJAUAHUA NCXOAHbIX
JAHHbIX.

[Ipu 7; — 0 peryngpusarop R; OTKJIIO9aeTcs.

[Ipu 7; — 00 MOJIe/Ib MOKET BBIPOZKIATHCS OT Mepeperyiapu3aliii.

Bsenenue apyroit HOpMHPOBKH T; = %Zf—i O3BOJIIET MHTEPIPETUPOBATL KO3 dumm-
eHT T; KAK 0MHOocumeavhoe 6o3delicmeue peryiaspusaropa R; nHa orjenbuyio temy t. Te-
1epb abCOJIIOTHBIN KO3 UIMEHT peryjspu3anuu 7; CTAHOBUTCS 3aBUCHIIMM OT TEMbI,
OJIHAKO €r0 OTHOCHTEJIbHbIE BO3/ICHCTBHSA HA BCE TEMbI OJIMHAKOBHI.

B obmiem ciydae He u3BeCTHO, Kakas U3 JABYX HOPMHUPOBOK Jjyuire. [y obiHocTn

olpeJae/IMM X BBIIIYKJIYIO KOM6I/IHaL[I/IIOI

T =Ti %‘ﬁ + (1 _%‘)ﬁ ;
Tit T

rjie 7, — omrocumesvrolli Koapduyuenm pezyarapudayuu; TapaMeTp y; Ha30BEM cmene-
Hb10 undusudyasusayuy, BO3ecTBIS R; Ha TeMbI.

[Ipu ~v; =1 koddbdunuenTsl 7; MAKCUMAJIbHO PA3JIMYAIOTCHA 110 T€MaM, BbIPDaBHUBAs
OTHOCHUTE/IbHbIE BO3JIeiCTBUS peryJisipu3aropa ; Ha rembl.

[Ipu v; = 0 ko3 dunuenTor 7; He PA3JIMIAIOTCS 110 TEMAM.

[Tapamerp 7; mpemaraeTcsd moaI0UPATh IKCIEPUMEHTATbHBIM IIYTEM.

Ananornuno pacemorpuMm (opmyay M-mrara (18) co B3BeleHHON CyMMOR peryJispu-
3aTopoB R;.

Bgeném cymmaproe sosdeticmeue q;q peryisipusaropa R; Ha JOKyMeHT d U ero cym-
maproe ozdelicmeue q; Ha KOJUIEKIIHIO:

Gia =Y _ |0 ggj; L G=)

terT deD

[IpejicraBum ko3 uiiernT pery/sipusanuu 7; B BUjIe

= A+ (=)= ),
did qi
rJIe T; — OMHOCUMervhovil KoaPhuyuenm pe2ysapusauus, v; — cmenend undusudyaiuaa-
yuy BO3JeCTBUS perysspusaropa [; Ha JOKYMEHTHI.

[Ipu v; = 1 kKoapdunuenTH MAKCUMAJILHO PA3/IMYAIOTCS 1O JIOKYMEHTaM, BbIDABHUBAs
OTHOCHUTEJIbHBIE BO3JECTBUS peryadpu3aTopa Ha JOKYMeHTbl. Bbicokas wHIWMBUIyaTH-
3amys MOJe3Ha, B YACTHOCTH, KOIJIa JTOKYMEHTHI KOJIJIEKIIUU CYIIEeCTBEHHO DA3TMIAI0TCs
1O JIJIMHAM Ng.

[Ipu v; = 0 ko3 dunuenTsbr He pa3/INIAIOTC 10 JIOKYMEHTAM.
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BbiBoabl no rnaee 4

Hakonern mb1 o6ocuoBasim EM-aaropurM, moJiydeHHBIH B IIepBOil IVlaBe U3 JI€MEH-
TapHBIX COOOparKeHMil.

BoJiee Toro, Mbl ero 060raTu/In BBEACHUEM PEry/idpu3aTOpOB, OCTABUB MOJIHYIO CBO-
6oy manbHeitero Beibopa dyukiuii R;(P, ©).

Ba01H0 00CyaMIH emE HeCKOJIbKO aciekToB npuMmernerns ARTM: uaunuammsanmro,
BBIPOK/IEHHOCTD, CXOUMOCTh, CTPATEIHH Pery/IsipU3allii, OTHOCHTEIbHbIE KO3 dhu-
[UIEHTHl Pery/Isipu3allii.

Jlannas rj1aBa UrpaeT KJKO4YeBYIO poJib B Kuure. JlajibHeiiliiee usjioxkenue Oyjer
pa3BUTHEM TEOPHUH a/JIUTHBHON Dery/Ispu3aiuu.

[Ipumenenne OCHOBHOI JIeMMbI O MAKCUMU3AIUN HA €JIUHUYHBIX CHUMILIEKCAX Oy/1er
0CTaBaThCS CTOJIb YK€ HPOCTBIM, JlazKe KOIJ[a MOJIe/Iu Oy/lyT uMerb 0oJjiee CJIOKHYIO

CTPYKTYDY.
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5 BepositHocTHas perynsapunsayna n mogenb LDA

Mogens Jarenrnoro pasmemenns: Jupuxiie (latent Dirichlet allocation) LDA [44, 45]
ABJISAETCS, TMOXKAJIYii, HauboJiee MUTHPYEMOl B TeMaTHYeCKOM MojeaupoBanuu. B mory-
JIAPHBIX 0030pax e€é MHOI/IA OTOXK/IECTBJSIOT CO BCEM TEeMATHYECKHM MOJIETHPOBAHUIEM,
XOTs B JINTEPATyPe MOXKHO HaiiTu COTHH JApyrux Mojeneit. Cpoeit mybaukamnueit 2001 romga
JsBu Basit, Duapro bla u Maiiki JIxkopaan onpeaeinin 10roCpOIHbIil TPEeH I pA3BUTH
TEeMaTUYECKOI0 MO/JIE/IMPOBAaHUs B paMKaXx 0aiiecoOBCKOIO 00y4eHwHs.

B nannoit riase mbl gaaum Oostee npocroe obocaoBanne LDA B repMuHAX ainTHBHOI
peryasgpusanuu. /s 3Toro Ham He noHaI00daTCI HU pacupeiesenus /lupuxie, Hu mare-
MaTHYecKnii ammapar 0ailecOBCKOIO BBIBO/A, PACCMOTPEHHE KOTOPOI'O MbI OTJIOXKHM JI0
IJIaBBI 7.

MpnHUMN MakcMMyma anoCTEpPUOPHOW BEPOATHOCTU. /lo cux 1op MbI Hpe/io/iara-
JIM, 9TO JIAHHbIE MOPOXKIAIOTCS BEPOSITHOCTHONW MOJebio ¢ mapamerpamu (P, 0), KoTo-
pble He U3BECTHBI M He CIyYailHbl. Ternepb MpeJ o/ IoKIM, UTO IMapaMeTpbl CAMU SBJIAIOT-
Csl CyJaflHBIMU MEPEeMEHHBIME U HOJTYHHSIOTCS anpuophomy pacnpedeaenuto p(P, O; )
C HEeCJIy4JaliHbIM GEKMOPOM 2unepnapamempos . B arom ciydae Makcumusaius COBMECT-
HOro npasjononodust ganubix X = (d;, w;)’; u mozgesn (P, 0) npuBoauT K NPUHIUILY
MAKCUMYMa anocmepuopholi eepoamuocmu (maximum a posteriori probability, MAP):

n

p(X,®,0;7) = p(X |, 0) p(®,0;7) = p(®,0;7) [ [ p(di, wi| ®,0) — max.

¢7®7
i=1 7

[Tocae norapudyupoBanus moaydaeM Moauduranmo 3agaqu (13), B KoTopoit Jorapudm
AIPUOPHOIO PACIPE/IEJICHNST BBICTYIIAET B POJIM PErY/ISPU3aTOPA:

Zzndw hlZSOwt@td +Inp(®,0;7) — max. (22)
deD wed teT R(q)"’@) =

Bo mHorux ciydasix Bo3mozkeH u obparhbiii nepexos. Peryisipusarop R(®,©), usna-
JaJIbHO HE UMEONMHA BEPOATHOCTHON MHTEpPIpEeTAnd, MOKHO IPeodpa3oBaTh B alpHOP-
HOe pacCIpejieleHne IyTéM SCIOHeHIupoBanust 1 HopMupoBku: p(P, ©) o exp(R(P,0)).
HopMupPOBOUHBI MHOKMTE/Ib HE 3aBUCUT OT LHAPAMETPOB MOJIE/IH, IOITOMY /I MAKCH-
musanuu B (22) on we Baken. OJHAKO €C/IM perarh 3a4ady OUTHMU3AIMY PHIEPIIapaMer-
POB 7, TO €ro yzKe IPUIETCA BBIYUCIATh U yUUTHIBATD.

AnpuopHblie pacnpegenenuns Oupuxne. OcHOBHOI MOTUBaIIUEH JIsi BBEJICHUS MOJIE/IH
LDA B [45] 6b110 perenne pobiembl nepeobywernus B mogean PLSA. TIpobiema 3akiio-
qasiach B ToM, 4r0 MoJeiab PLSA npejckaspiBaia BepositaocT TepMOB p(w | d) Ha HOBBIX
JIOKyMEHTaX 3aMeTHO XyzKe, 4eM Ha oOydatomieil Kojuieknuu. OObIYHO 1IepeodyYeHre CBsi-
3aHO € U30BITOYHOMN Pa3MEPHOCTHIO IIPOCTPAHCTBA APAMETPOB, II09TOMY Ha MaTpuIlbl P, ©
cJleJlyeT HAKJIaJbIBaTh JIOMOJHATEIbHbIE OrpaHndenus. B [45] ObLI0 BBEJEHO IIpenosio-
KeHue, 410 CTOH6HBI 9TUX MATPUILl ABJIAIOTCA CﬂyqaﬁHbIMI/I BEKTOPpaMU U HHOPOZKIAITCA
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Puc. 3: HeorpunaresbHable HOpMUPOBaHHbIE BeKTOPbI § pasmepuocru |T'| = 10, NOpOXKAGHHbIE CUMMET-
PUYHBIME pacnpefenenuaMu Iupuxie, o Tpyu BEKTOPA I KaXKJA0TO W3 MATH 3HAYEHUHM MapaMeTpa ov.

pacupejesenusivu Jupuxie ¢ runepuapaverpamu o € R” u 8 € RY coorsercrsenno:

: ' o
Dlr(ed;Oé) = ﬁ : Qtdt 1, oy > 0, Qg = zt:Oét, etd > 0, %:th = 17
t
I'(6o)

Dlr((pt7ﬁ> H(pfulg_lu ﬁw > 07 ﬁO = Zﬁwv Pwt > 07 Z(pwt = 17

N [TT(5) %

rie ['(z) — ramma-dynknus. [unepuapamerpst pacupe/eienus upuxiie cBsizanbl ¢ Ma-
TEMATUICCKUM OXKHJIAHUEM IOPOXKIAEMBIX CJIydailHbiX BeKTOpoB: Ef;y = 3—(’;, Epuwt = %

Beenenune pacupesjenennii /lupuxsie umeer Tpu MOTHBAIIUH.

Bo-nepBoix, pacupeesnenus /lupuxie cIocOOHBI MOPOXK/IATh KAK Pa3peKeHHbIe, Tak
U IJIOTHBIE BEKTOPBI JUCKPETHBIX PacIpeieaennii, puc. 3. Kciu BeKTop mapaMeTpoB COCTO-
UT U3 paBHBIX 3HaYeHuil [, 10 pacupeaeenue Jlupuxjie HA3bIBACTCA CUMMEMPUYLHBLM.
[Ipu B, =1 cummerpuunoe pacupegeienue Jlupuxiie COBIAAET ¢ PABHOMEPHBIM PaC-
pe/ie/IeHneM Ha eJIMHUIHOM CHMILTeKce. dem Menbine [3,,, TeM O/inzKe K HyJI0 YCJIOBHBIE
BEPOATHOCTU Q,y = P(w|t) B HOPOKIAEMBIX BEKTOPAX ;.

['umoresa 0 pa3peKeHHOCTH pacpe/eeHuil ¢, = p(w |t) dopmanusyer ecrecTBeHHOE
LPEJIIOJIOKEHHE, YTO KarxKast TeMa T UMEeT CeMaHMUYECKoe 40P0 — MHOKECTBO TEPMOB,
XapaKTepU3yOIuX JAHHYI0 TeMY U UMEIOIIMX B Heil O0JIbIne BeposaTHOCTH. Takux TepMoB
B Ka2KJI0il TeMe He MOKeT OBbITh MHOTO, TOCKOJIbKY OOJIBITHHCTBO TEPMOB CJI0BAPS TOIKHBI
OTHOCHUTBCI K CEMAHTUYIECKUM siJIpaM JIPYTHX TEM.

['umoresa o paspekenHocTu pacupenenenuii 0,y = p(t|d) dopmanusyer npyroe ecre-
CTBEHHOE PEJIIIOJIOKEHUE, YTO KAXKJIbIH JIOKYMEHT OTHOCUTCSA K HEDOJIBIIIOMY YHC/IY TEM.
TpynHo npejacraBuTh cebe JOKyMEHT 000 BCeX TeMax (a ecJii 9TO SHIUKJIONE/Us, TO B Ka-
4ecTBe JJOKYMEHTOB CTOUT B3sTh OT/E/IbHBIE €€ CTaThH).

Bo-BTOpbIX, ABYXypPOBHEBAS MOJIEb IIOPOKACHUS TAHHBIX (DOPMATUZYET IIPE/IIOT0ZKE-
HIIe O CYIIECTBOBAHUU TEMATHIECKHUX KJIACTEPHBIX CTPYKTYP B TEKCTOBOI KoJLIeknuu. Pac-
upejesienne Jlupuxjie 10poziaer BEKTOPbI JIMCKPETHBIX pPaCIpejieienuii ¢, = p(w|t),
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plwlt,d)~p(wlt) /]

plw|t,,d) ~p(w|t,) /

Puc. 4: Pacupezesnenue Dir(¢| @) nopoxiaer Ha €JUHUYHOM CHMILIEKCE B IPOCTPAHCTBE PA3MEPHOCTU
|W| = 3 BexTopbI TeM ; = p(w|t), KOTOPBIE TIOPOKAAIOT MYJIBTHHOMUAIbHBIE pacpenenerns p(w|t, d).

KOTOPBIE CTAHOBATCS TMEHTPaMU TeMaTHIeCKNX KIacTepoB. KarK/Iplil TaKOil MEHTP MOPOZK-
JaeT TeMaTHIeCKHe YacTh TOKYMEHTOB — BEKTOPbI JUCKPETHBIX pacipejeteruii p(w |t, d),
KOTOPBIE IJIOTHO IPYIIUPYIOTCS BOKPYT' CBOEro IeHTpa, puc. 4.

B-tperbux, pacupejesenue Jupuxiie sBjisieTcs COUPAZKEHHBIM K MYJIbTUHOMUAJIbHOMY
pacipeeieHui0. JTO YPE3BbIYARHO y100HO Jijist MeTO/I0B 6aileCOBCKOIO BBIBOJA, KOTOPDIE
paccMaTpPHUBAIOTCA B CJIEAYIONUX TlaBaX. VIMEHHO MaTeMaTHYecKoe yJI00CTBO IIpe/IoIpe-
JIEJIAI0 TOMYJIAPHOCTD pacupeaenenns /lupuxie u mogean LDA B TemaTmdaeckoMm Moje-
JINPOBAHUHU, XOTd yOEIUTEIbHBIX JIMHIBUCTHICCKIX OOOCHOBAHUII OHO HE MMeeT.

Corutacho (22), mogesan LDA coorBercrByer pery/isipu3arop, ¢ TOYHOCTHIO J0 KOHCTAH-
Thl paBHbII cyMMe JiorapuMOB allpUOPHBIX pacupejeenuit lupuxiie:

R(®,0) = lnH Dir(epy; 5) H Dir(64; ) 4 const =

teT deD
= Z Z (Bw — 1) In oy + Z Z(at — 1) In6yy. (23)
teT weW deD teT

[Ipumenenue ypasuenuii (17)—(18) k sTromy peryasipusaropy gaér dbopmynbr M-nrara:
Pur = morm (ny; + By = 1) bia = norm(ng + oy = 1).

[Ipu B, =1, oy = 1 anpuopuoe pacupejesenune lupuxjie coBmagaer ¢ paBHOMEPHBIM
pacipejie/ieHiHeM Ha CUMILTeKce, popMy/ibl M-1mara mepexoidar B HeCMeIEHHbIe YaCTOTHBIE
OIEHKH YCJIOBHBIX BepogrHOCcTeil, a Mojgenb LDA mepexomur B PLSA [78|.

Ilpu B, > 1, a; > 1 peryasapu3arop HMeeT CIIaKUBAOIINNA b KT, 3aCTaB/Isis Pac-
upejesienust ©; u 0y npubInzKaTHCS K 3a/[aHHBIM PACIPEJIEIeHIAM 3 U (¢ COOTBETCTBEHHO.

IIpu 0 < B, <1, 0 < ay <1 pacupenenenus ; u 0, HAOOOPOT, OTIAJAIOTCSI OT PAC-
npesesnennii § u «. Perysispuzarop nuMeer paspe:kupatoniuii 3dekT u crocober 00y IITh
MaJible YCJIOBHBIE BEPOATHOCTH.

K coxkaJsiennto, TpeboBaHre CTPOroil MOJIOKUTEIbHOCTH HaPAMETPOB (3, U (v B PacIpe-
JAeJICHUAX rZLI/IpI/IX.]'[e Orpanu4duBaeT BO3MO2KHOCTHU YIPaBJICHUA PA3PEzKEHHOCTbHIO MaTPUI]
®, 0 B mozesn LDA.

He-6aiiecoBckas uHtepnpetauyus n 06o6weHne mogenun LDA. Peryasipusarop (23)
MOKHO BBECTH HEIIOCDPEJICTBEHHO, He Ipuberag K allpuOpPHBIM pacipeaenrenusMm Jlupuxie.
Bostee TOro, MOXKHO CHATL OrpaHHYEHHs IIOJIOKUTEJILHOCTH C THIEPIAPAMETPOB [, 4
U JazKe 3a/1aBaTh UX WHIMBHIYAJILHO /s KaxK10il aaeiiku marpun ¢ u ©.
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Bresiém 0000uénnbill pe2ysapu3amop c2aanicusaHus U PadpercusaHi:

R((I)? @) = Z Z ﬁwt In Pwt + Z Z Qg In th- (24)

teT weW deD teT

[TogcraBum sror peryisipusarop B dbopmysbt M-mara (17)-(18):
Pt = 1010 (Mt + Bt ); (25)

0 = nl%l"Tm(ntd + atd). (26)

[Ipu 110JI0KUTENBHBIX [y, Qg PEryasipu3aTop (24) MOKHO HHTEPIPETHPOBATH KaK
MaKCUMU3ALUI0 Hpasono106us. OH 0JIHOBpEMEHHO HPUO/IMZKAeT KazK 10€ U3 paclpeleie-
HEil ©; K normy,(S,) 1 Kazxa0e u3 pacupegenenuii ; — Kk normy(qyg).

IIpn oTpunareabHBIX [, g MAHAMH3AIEA OPaBIOION00Nd, HA0DOPOT, OTIAJIAET
cToabupl Marpunpl ¢ 1 © OT 3aJaHHBIX PaCIpe/IeIeHHIA.

[ToJio2KuTE/IbHOE 3HAUeHMe rullepiapamerpa Sy W (g HPUBOIUT K CLVIAZKUBAHUIO,
OTPpHUIATE/IbHOE — K Pa3pPezKMBAHUIO COOTBETCTBYIONIEH sidueiiku Marpuiibl. B otindue ot
AIPHOPHLIX pacupeenennii Jupuxiie, 0600IEHHDLT peryIapu3aTop He OrpaHHINBACT [1a-
paMeTphbl CHU3Y, 9TO MO3BOJILET CBOOOIHO YIIPABIATh paspe:kuBanueM. TakzKe OH CHUMAET
OrpaHHYeHHe Ha CMEIINBAHHe OTPUIATEIbHBIX M IIOJOKHTEJbHBIX 3HAYCHUI IHIIepHapa-
METPOB B OJIHOM CTOJIOIIE.

Pa3ﬂeﬂI/IM IIOJIOZKUTEJIbHbIEC U OTpI/IHaTeﬂbeIe HapaMeprI B KazK/IOM CTOH6H€ Ha JABa
OTIEJbHBIX BEKTOpa M 00a UX OTHOPMHUPYEM:

we = 001 (B [Bur > 0]), orfy = norm (yalays > 0)),
Bt = I}U()er‘}vﬂ(—ﬁwt [But < 0])7 Oy = ntoel"Tm(—Oétd [oua < 0])7

3aTeM mepenuineM 00OOIIEHHBIN peryasgpu3arop (24) B Buje B3BemmenHoii cymmvbr 2|7 +
2| D| peryasgpu3aropoB, KazKIblil H3 KOTOPBIX BO3AEHCTBYET HA OTJETIBHBIN CTOIOEI] MaT-
purpt ¢ win O:

R(CI),@) = Zﬁ&—t Z 51—& 1nSOwt + Zaa_dzagzlnetd -

teT  weWw deD  teT
=Y B > Bulnpu — Y ag Y aynbu,
teT  weW deD  teT

rie Ba;, ady, Bogy Qg — TOTOKATETbHBIE HOPMEPOBOTHbIE MHOZKHTE/IH, TENEPh HIPAIOIITIE
poJib KO3 puimeHToB pery/isipusaluu.

Auseprenumus Kynobbaka—JSlenbnepa (KL-dusepeeryus, OTHOCUTETbHAS SHTPOIHS) —

970 HecuMMeTpudHast (DYHKIUS PACCTOSHUSA MEXKJY JUCKPETHBIMHU DACIPEIeIEHIAMU
P=(p), u@ = (q;)", ¢ coBuagarouumu nocurejamu, {i: p; >0} = {i: ¢; > 0}:

KL(P||Q) = KLi(pilla) = > ps 1nf]i%' — H(P,Q) — H(P),
i=1 ¢

e H(P)=—>.p;Inp; — onmponus pacupenerenua P, H(P,Q)=—>  pilng
kpocc-anmponueti pacupenesenuii P u Q.
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0.04 A 0.020 0.020
0.03 1 0.015 1 0.015 1

0.02 4 0.010 1 0.010 §

: Q . .
0.01 ] 0.005 0.005 ]
0 A 0 - 0 4
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
L(P|Q) = 0.44 KL(P||Q) = 0.44 KL(P||Q) = 2.97
L(Q|P) = 2.97 KL(Q||P) = 0.44 KL(Q||P) = 2.97

Puc. 5: Juseprennusa Kynbbaka—J/leitbnepa KL(P||Q) saBisiercs HECHMMETPUIHON MEPOH BIOXKEHHOCTH
pacnpeneneruss P = (p;)_; B pacnpenenenne @ = (¢;)" ;. BaoxkenHnocrs P B () 9HCIEHHO COBIAJAET
Ha, JIEBOM U CpeIHEM TpaduKax, BIOKEHHOCTh () B P — Ha JIeBOM U MPAaBOM rpaduKax.

Oboznadenne KL; ne gapigercsa obmenpuHATHIM, HO OHO YI00HO JIjI YTOYHEHHS, 110 Ka-
KOMY HHJIEKCY ITPOM3BOJIUTCHA CyMMHPOBAHHE.

[Tepeuncsium nekoropbie cBoiicTBa KL-juBeprennuu.

1. KL(PJ|Q) = 0, upu srom KL(P||Q) = 0 Torga u rosbko Torja, korma P = Q.

2. KL-auBeprennust siBjisiercss MEpPOil BJIOXKEHHOCTH II€PBOI'O PAaCIpPeeIeHus BO BTO-
poe: ecu KL(P||Q) < KL(Q||P), to P cunbhee BI0XKeHO B (), ueM () B P, M. puc. 5.

3. Eciu P — »swvmmpuueckoe pacopejesienue, a (Q(q) — mapamMerpudecKas Mo-
Jiesib, To MuHEMHu3anusg KL-1uBeprennun SKBUBaJIeHTHA MUHUMHU3AIMH KPOCC-IHTPOIIINT
H (P, Q(a)) WM MAKCUMU3AIUE [1PAB/ION0I00MS:

KL(P|[Q(a sz o

—>m1n = E pilng;(a) - max.
[e%
i=1

Maxkcumusanyst npaBaonogodus Jijisi TeMaTUuecKoro mogeaupoBanus (13) sxkBusa-
JIEHTHA MUHUMU3auu B3BeieHHoil cymmvbl KL-iuBeprennuii no Becem gokymentam d Mex-
Ay SMIEpUYecKuMI pacupesenenuamu p(w |d) = 22 u moneapubivu p(w | d):

N
an KLw< : H Zsowt&sd) — rgl@ﬂ
deD

1€ BECOM JIOKYMEHTa, d sIBJISIeTCs ero jiyinHa ng. Ecim Beca ng yoparb, TO BCe JIOKYMEHThI
Oy/lyT UCKYCCTBEHHO HPHUBEJICHbI K OAMHAKOBOM jyinHe. Takas mMopauduKanms ONTHMHI3A-
IIIOHHOT'O KPUTEPHsS MOXKET OBbITh [0JIe3HA IPU MOJIETUPOBAHUU KOJIIEKIIUN, COMEPIKAIITIX
JIOKYMEHTBI OJIMHAKOBON BaKHOCTU, HO CYIIECTBEHHO PA3HON JJIMHBI.

Makcumusarysi 0000IEHHOIO PEry/isipu3aTopa CIVIAXKUBAHUS U paspekuBanus (24)
9KBUBaJIeHTHA MuHUMEU3anuu cymvbl KL-uBeprennuii:

R(®.0) == > By KLu (Bl || 0ur) = D_ gy KL (arfy || 6ua) +

teT deD
+ Y Bo KLu (B || 0ur) + D aga KLi(agg || 6ua)
tel deD

I7le HOPMUPOBAHHbBIE BEKTOPHI T'HIIEpIIapaMeTpPOB ﬁti, och B allpUOPHBIX pAacCIpe/ieeHusIX

Jlupuxite 3a1a0T KejaeMoe HalpaBJieHUe CTIaKUBAHUSI WIH PAa3PeKUBAHUSI CTOIOIOB
mvarpul, ® u ©, a UX HOPMUPOBOYHBIE MHOKUTE/IN 5&, oz(jfd UIparoT pPoJib KO3 duiumenron
peryJisipusaluu.
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BbiBoagbl no rnase 5

e Temarmueckas mojeab LDA — 3T0 mpocToii, HO yCTapeBIIHi U JOBOJBHO CJIA0BII
crocob peryngpusanun. Tem e Menee, LDA mmeer maccy peajn3anuii i darie BCero
UCIIOJIb3yeTCd Ha IPaKTUKe.

o [lomynapaocts LDA 00bsiCHSIETCS HE CTOJBKO ero JUHIBHCTHIECKON 0O00CHOBAHHO-
CTBIO, CKOJIbBKO MaTeMaTHIYeCKuM yao0CcTBOM pacupeneienus /lupuxie B Gaitecos-
CKOM BBIBOJIE, CM. IJIaBY 7.

e O6obmeénnas Mozeab LDA (6e3 orpaHuveHus IOJOKUTEILHOCTH THIEPIIApAMeT-
POB) BBOJUTCsS 4epe3 MPHHIMI MAKCHMyMa IpaBaononobus win muaumyma KL-
JiuBeprennuu, 0e3 ylioMmuHaHus pacipejesienuit Jupuxiie.

e B nanpHeiinieM Mbl OyJeM aKTHBHO HCIOJIb30BaTh KL-IuBepreHiuio jijisg KOHCTPY-
UPOBAaHUS PEryasipu3aToOpOB.
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6 Teopua EM-anropunrtma

B sroit rmaBe mbr morpysumcs B Teopuio EM-anropurma. Pacemorpum 6osiee obiuii
KJIACCUIECKHiT Cr1ocod ero BbIBOA, KOTOPbIH M03BOJIAET 0O0OCHOBATH CXOUMOCTD. 3a0/[HO
oboraTuM ero BO3MOZKHOCTBHIO aJIMTUBHON peryJsipusainuu. Marepuas 3Toil 1J1aBbl 110-
HAJI00UTCS TOJBLKO B CJIEAYIONell TiaBe, emé OoJiee Teoperndeckoii. Ecium me Teprnurcs
IIOCKOpee y3HATh O MPAaKTHYECKUX aCIeKTaX TeMaTHIeCKOro MOJeTUpPOBaHusd, TO 0be IJia-
BBl MOXKHO IEJTUKOM IIPOIYCTHTb.

O6wumin EM-anroputm c perynsipusauymeii. Vcxoano EM-aaropurm mnpegHasHavaics
JIJIsI HOCTPOEHUST MUPOKOTO KJIACCA, BEPOSITHOCTHBIX MOPOXKIAIONIUX MOJEIeH CO CKPBIThI-
mu niepementbivu |65]. Temaruaeckoe MOJeTMPOBAHIE SIBJISETCS JJisl HETO JIMIITb YaCTHBIM
caydaeM. Cxomumoctb EM-ajiropurma yao0HO JT0Ka3bIBATH JIjis OOLIEro ciiydasi, 100aBUB
BO3MOKHOCTH PeryJIsIpU3aIlHi.

[Tosromy nepeiijiém kK OoJiee 00IIMM 0OO3HAUYEHUSIM:

X = (d;, w;)!_; — UCXOJIHbIE JIAHHBIE, HAOA00AEMBLE TEPEMEHHDIE;

Z = (t;)_, — ckpumuie nepemenmbie;

Q = ($,0) — napamerpbl HOpozKaoiieil BeposTHocTHON Mojesu p(X, Z |€).

Bajaua 3aK/I09aeTCs B TOM, 9T00BI 110 BbIOOpke X Hafitun mapamerpbl mojenn €2,
DU KOTOPBIX JOCTUTAETCS MAKCUMYM MAP2UHGAU306aHH020 Npasdonodobus (marginal
likelihood)? ¢ perynapusaropom R(():

Inp(X|Q) + R(Q) = anp(X, Z|)+ R — max. (27)

DTa 3a/[ada HeyI00Ha TeM, YTO CYMMUPOBAHUE HO/T JIOTAPU(MOM IIPOU3BOIUTC IO BCE-
BO3MOZKHBIM 3HAYEHHUSIM CKPBITHIX IT€pEeMEeHHBIX /. B caydae TeMaTHIeCcKOro MOIETHpPO-
BAHUsI 9TO MHOYKECTBO BCEX N-MEPHBIX BEKTOPOB TeM, ero MOIIHOCTh pasHa |T'|™.

Teopema 6.1. FEcun cynknmonas (27) gocrarodno riakuii, 1o Todka ) ero JoKajIbHO-
ro MaKCUMYMa YJIOBJIETBOPSIET CUCTEME YPaBHEHHUI, pellieHue KOTOPOH MeTOJ0OM HPOCThIX
aTepanuii CBOAUTCA K YEPEJOBAHHIO JIBYX IIAIOB:

E-mar: q(Z) =p(Z|X,Q); (28)
M-miar: Zq(Z) Inp(X,Z|Q)+ R(Q) — max . (29)

JokazaTeabcTBo. 3anuneM HeoOX0IUMbIE YCIOBUS JOKAILHOIO SKCTPEMYMa, /IS 3a-
Jadn MAaKCUMU3AIUA MIaKoro (gyHknunonaaa (27):

=0.

1 S Op(X.Z|9) | IR(Q)

pXTQ) & a0 o0

2Marginal likelihood mHOr7ga HmEepeBOMUTCA Ha PYCCKHH A3BIK KaK IPEAEJbHOE MPaBIOHOJ00He IIH
HEIMOJIHOE TIPAaBIOI0I00Me.
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p(X,Z2]Q)
p(Z1X,Q2)"

U3 dopmyiibl yesouoii BepositHoctu cieayer p(X [) = Bocnosb3yemcs

9TUM TO2KJIECTBOM, BHOCA 104, 3HaK CYMMDbI:

1
p(X[Q)

Zp (Z|X,Q) op(X, Z\Q)+8R(Q)_0.
(X,Z|9Q) Y o
OR(Q)

Zp Z|X,Q) lnp(X Z|Q) +

[TosiyuenHoe ypaBHeHue siBjisieTcsi HEOOXOAMMbBIM YCJIOBHEM JIOKAJBHOI'O SKCTPEMYMa
sazaun M-mrara (29), ecin bukcuposars pacupeesenue p(Z | X, 2) Tak, 41006 OHO HE 3a-
Bucesio or napaverpa . Vimenuno 1o u gocruraercst Borauciaenuem ¢(Z) na E-mare (28)
1 mocJieiytoredi ero mojctanoBkoii B (29). TakuM 06pa3oM, Mbl HOJTYYUIH CHCTEMY YPaB-
HeHUil, SKBUBAJEHTHYIO HEOOXOAUMBIM YCJIOBHsIM MakcumyMma yHKnunonama (27).

Teopema nmokazana.

CaencrBue 6.2. Ecian 3agada onruvmzanun (27) mveer orpanmienns ¢;(§2) < 0,
h;(2) =0, To cucrema ypasmennii (28)—(29) ocraérest B cuite, Ipu 9TOM 3344494 OLNTH-
muszanun (29) umeer e ke OrpaHHYCHHS.

g nmokasaresbcTBa HEOOXOMUMBIE YCJIOBUS JOKAJIBHOIO IKCTPEMYMa 3aMeHSIOTCS
yenaoBuamu Kapyma-Kyna—Takkepa, B 0cTaIbHOM BBIKJIAIKNA aHAJOTHIHBI.

Teopema 6.3. B urepanmonnom mporecce (28)—(29) 3navenne pyHKIHOHATA HE YMEHb-
HIAETCST HA KAZKJ[OM IIATE.

Hoxka3arenbcTBo. Breném nupoussosibaoe pacupesenenne ¢(Z). s Hero cupaseji-
JINBO yCJIOBHE HOPMHPOBKH Y, ¢(Z) = 1. 113 bopMyIIbl yCI0BHOIT BEPOATHOCTH BLITEKAET
p(X,Z]Q)
(Z 1X.Q)

Toxaectso p(X |Q) = . CiretoBaresibHO,

Inp(X|Q) = Zq ) Inp(X Q) = Zq(Z)lnM.

~ p(Z]X,9Q)
Hobasum u oruumem ) ., ¢(Z)Ing(Z):
(X, Z|Q) q(Z)
Inp(X|Q) = Z)yIn————= + Z)In ————. 30
L@.®) KL(g(2)llp(Z] X.2) >0

Bropoe cmaraemoe B 310l cymme gaBiagerca KL-muBeprenmnueil MexKay ABYMs pacipe-
JIeJIEHUSIME, KOTOpas BCerjia HeoTpunareabia. [TosTomy mepsoe ciaraemoe, 0003HaAYEHHOE
uepe3 L(q,2), sBisiercst HUXKHEl OleHKO# Jjiorapudma 1pasonogodus Inp(X [Q).

st MmakcuMusanuu pery/sipuzoBaHuoro log-npasononobdust In p(X |Q) + R(2) no
Oy/leM MaKCHMU3MPOBATH €r0 HUZKHIOK OLEHKY MO00YEPEIHO TO 110 ¢, TO 10 {2

E-mar:  L(q, Q) + R(2) — max;
q
M-mrar:  L(q, Q) + R(Q2) — max.
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Makcumusanust L(g,€)) 110 pacupeseennio ¢ SKBUBAJIEHTHA MUHUMM3AIUYU JIUBED-
rennn KL(q(2) H p(Z|X,Q)), nockoabky ux cymma (30) me sapucur or ¢. Munu-
MaJIbHOEe 3HadYeHHe JUBEPreHNnH, paBHOe Hy/t0, gocruraercsa upu ¢(Z) = p(Z]X,Q),
aro copmajgaer ¢ E-marom (28). IIpu obnymennn museprennuu B (30) HIZKHsS ONEHKA
L(q, Q) < Inp(X |Q) obpamaercst B paBeHCTBO, a 3aada MakcuMmu3anuu Ha M-mrare cos-
nazaer ¢ (29).

Taxum o6pazom, EM-asiropurym (28)—(29) siBjsiercst 4aCTHBIM CJIy 9a€M HTEPALUOHHOIO
nporecca 6JI09HO-OKOOpAMHATHO T onTumuzanuu dynkimuonana L(qg, Q)+ R(Q)), na kax-
JIOM IIare KOTOpOro 3uadenne (byHKIHOHAIA MOKET TOJLKO YBEJIMIATHC.

Teopema nokazana.

EM-anaroputm He rapaHTHpYeT HH JOCTUKEHWS MAaKCAMyMa C 3a/JaHHOU TOYHOCTBIO,
HU 17100aJ/IbHON cxouMocTr. OUTUMHU3AMUOHHAS 33,1298 SIBJISIETCS B OOIIEM CJIydae MHOIO-
skcTpeMaJsibHOi. Ha npakTuke KauecTBo pelieHns: MOXKeT 3aBUCeTb OT BbIOOPa Ha4aJ/IbHOI'O
Hpub/InZKEeHUs.

O6wumit EM-anroputm gnsa ARTM. IIpumennym EM-anropuryv (28)—(29) k 3amate Te-
MATHYECKOI'O MOJIEJIMPOBAHUS, BEPHYBIIUCH K UCXOAHBbIM 0003Hadenusm: X = (d;, w;)l,,
Z = (t;), Q = (P,0). Creayromnasi TeopeMa IPUBOIUT HAC K y7Ke 3HAKOMO{T HOCTAHOBKE
3a1aau obsedunénnozo M-waza (19), xoTa u 60Jee TPYAOEMKHM Iy TEM.

Teopema 6.4. Touka (P,0) JOKATBHOrO MaKCHMyMa PETYISIPU30BAHHOIO JorapuMa
npaBaonoobus B 3ajade TeMaTHdeckoro Mojgeaupoanus (15) ymoBiaerBopsier cucreme
VpaBHEHHH, pellleHne KOTOPOH MEeTOJ0M HPOCThIX HTepaluii CBOJAUTCI K depesoBaHuio E-
u M-maros:

E-mar:  p(t|d,w) = norm(@wt(?td), asgBeex d € D,we W, teT; (31)
M-mar: Z Z anwp t|d, w) In(uwbia) + R(®,0) — max. (32)

deD weW teT

JokazarenabcTBo. 3amumeM cHadajga dopmyry E-mara. Bocmosb3oBasmmcs ycemo-
BIEM He3aBHCHMOCTH 3JIEMEHTOB BBIOODKH U IpuMeHuB dhopmyny Baiieca (5), pasiokum
q(Z) B upousBejieHHEe YCJIOBHBIX BEPOSTHOCTEH TE€M 10 BCEM HO3UIHUAM i:

i=1
[ToxcraBum B dbopmysny M-nrara (29) pacupenenenus p(X, Z|Q) u q(Z):
Z q(Z)Inp(X,Z|Q) + R(Q) — max;

zZerm
> Zﬂptk\dk,wk lan diw,t;| Q) + R(2) — max.
t1€T  tn€eT k=1

Boipazum Jjiorapudm nmpoussejienus yepe3 cymmy JiIorapudMoB U EPEeCTaBUM MECTaMU
3HAKH CYMMUPOBAHUSI:

ZZ Z Hp tk‘dkvwk lnp(dzawut |Q) "‘R( ) — max

=1 t1 €T tneT k=1

38



BamMerum, uTo cpejyu 1 cyMm 10 t; € T HerpuBUaJIbHA BCEra TOJIbKO OJHa — Ta, JJld
KOTOPOI#i t; = t),. Bee ocraibHble CyMMbl PacxoiyloTcs Ha 00pa3oBaHUe MOJIHBIX BEPOSAT-
nocreit Y, p(ty|dy, wy) = 1. Takum obpasom, dyHKua B 1€BOH TacTH yupoITaeTcs:

i=1 teT

3aMeHIM CYMMHPOBAHUE IO HO3UIMAM T€PMOB ¢ CYMMHUPOBAHHEM IO JOKyMeHTaM d,
3aTeM IO TepMaM w B KazKJOM JIOKYMEHTe, YIUTLIBas KazKJIblil TepM Mg, pa3. 3arem
Bocmosib3yemcs npencrasienueM p(d, w,t|Q) = p(w|t,®)p(t|d, O) p(d) = ©uibrapa, OT-
OpocuB B HEM MHOXKHTEJIb Pg, HE 3aBUCHIIUI OT UCKOMbBIX [1aPAMETPOB MO/IEJIN:

Z Z Z Nawp(t|d, w) ln(cpthtd) + R($,0) — Ig%x.

deD weW teT

Teopema JjiokazaHa.

Takum 06pa3om, IpuMeHeHue Kjiaccuueckoro EM-ajaropurma K 3a/1aue TeMaTuieckoro
MOJIeJIMPOBaHMS LPUBOJUT K TON 2ke Teopeme 4.1 yepes dopmyiy obbegunénnoro M-
mara (32), copmagaontyio ¢ (19).

BbiBoabl no rnase 6

o Kiaccuuecknit EM-anropurm (28)—(29) pemraer 3agady ONEHHBAHHS TapaMeTPOB
BEPOSTHOCTHOM MOJIEJIH CO CKPBITBIME ITePpEMEHHBIMU TYTEM MAaKCHMU3AIUN Mapri-
Ha/30BaHHOIO log-nipasomnomnodus. EM-anropurm mist ARTM BeiBoguTCSt U3 HEroO
KaK 4YaCTHBII CJIy4ail.

e EM-asropurm st remarndeckoro mojeaupoanust (16)—(18) pemaer 3amady cro-
XaCTU4I€eCKOI'O MaTpPpHUYIHOI'O PA3JI02KCHU A HyTéM MaKCUMHU3alIUN HpaB,ZLOHOﬂO6I/IH.

e B TemaTnueckoM MOeJHpOBAHUE 00a BapHaHTa BBIBOJA IPUBOAAT K OJHOMY H TO-
MY 7K€ aJIrOPUTMY, JOIYCKAIOT BBeJeHUe TVIa/IKUX Peryaspu3aTopoB U PACIOIaraloT
JIOKA3aTeJIbCTBAMU CXOJUMOCTH.

e B remaruyeckom mojiesinpoBanun BbiBoj EM-ajiropurma ¢ HOMOIIBIO JIEMMbI O MaK-
CUMU3AIUU HA €JIMHUYHBIX CUMILIEKCAX OKa3bIBAETCH LPOIIE U rubye, 4eM KJ1acCu-
9eCKUN BBIBOJ.
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7 bBaiiecoBckoe oby4deHne mogenun LDA

[eabio GaiiecoBckoro obydenusi (Bayesian learning) sBiistercst mosiydenue OIEHOK
IJIOTHOCTH PACIPEIEJICHUS VI HaPaMeTPOB BEPOATHOCTHOW MOIEIN BMECTO OOBITHBIX
TOYEUYHBIX OIEHOK. B aHajm3e JJaHHBIX €CTh Macca MPaKTHYECKUX 3a/a9 U CUTYaIlHil, KO-
I/Ia allOCTEePUOPHbBIE ONEHKH ILJIOTHOCTH JeHCTBUTETHHO He0OX0ouMbl. OIHAKO B IIPAKTUKE
TEMATUIECKOI'O MOJIETMPOBAHUS BCEIJIA UCHOJIB3YIOTCS TOYEYHbIE OIEHKU 3/IEMEHTOB MaT-
pui, ® u O, a He wiorHocru pacupesesnenust p(P), p(O).

Ocraéres JiMinb J10rablBaThCs, Mo4eMy OaileCOBCKOe 00ydeHHe OKa3ai0Ch JTOMUHH-
PYIOIIUM IOJIXOJIOM B T€MaTHYeCKOM MOJIeTupoBaHuu. Bo3aMoxkHO, DaiiecOBCKHE METOJIbI
OBLTH Ha BO3pACTAlOIeM TpeHJe «KpuBoii ['aprHepar, Korja mosBmiach Momaeab PLSA
Tomaca Xodmanna. Bo3amokHO, cka3ajcsa 6€3yCc/I0BHBII HAayIHbIl aBTOPUTET aBTOPOB MO-
genn LDA. @akrudecku, OHE MOCTABU/IN TEMATHYECKOE MOJIEIUPOBAHUE HA PEJIbCHI Oaii-
€COBCKOIro 00y4eHHUs, MUHYsI €CTECTBEHHYIO CTaJIMI0 PA3BUTHA.

B perpeccuonnom anaJjinze, 06pabOTKe CUI'HAJIOB U M300ParKeHUil 1MOCTAHOBKH OIITH-
MHU3AIUOHHBIX 331849 YCJIOXKHSAJIUCH IMOCTEIIeHHO, B TOM YHCJIe IIyTEM BBEJEHUS PeryJis-
puszaTopos. Korja BO3HUK/IN IPUIOXKEHU, TPEOYIOIIHe 3HATHL OOJIbIIE O PACIpPe/Ie/IeHIIX
HapaMeTpPoOB, BMECTO OOBIYHON Pery/asipu3alii CTaad IPUMEHATh 0aifeCOBCKYIO U UCIOJIb-
30BaTh 0AECOBCKU BBHIBOI,.

Temaruaeckoe MOIE/IMPOBAHKE OKA3a/IaCh OTHOCUTE/TIHHO HOBOM 3a/1a49eil B TOT MOMEHT,
Korja OaiiecoBckoe obydeHnue OBLIO Ha MMHKE IOMYJISPHOCTH B JIPYTHX pa3jie/iaX MalluH-
HOT'O OOYYeHHS M CTATUCTHYECKOTO aHa/M3a JaHHBIX. [[pocToTra m Gorarbie BO3MOXKHOCTH
KJIACCHIECKOIl He DaileCOBCKOI pery/isipu3aluid OKa3a/IuCch He3aMEeUYEeHHBIMH. JTO YIIYIIe-
Hue Kak pa3 u ycrpaunser teopus ARTM.

Hecmorpst Ha BbicKa3aHHBIE Bbie cOOOparkeHusi, DaiiecoBCKoe oDyueHue KpaiiHe Bazk-
HO JIJISI TEMAaTUIeCKOTO MOJIETUPOBAHUS XOTsI OBl IIOTOMY, UTO 3a JBa JECATHICTUS ThICAIH
ny6imKanuii ObLIM HAIIMCAHBI KMEHHO Ha 9TOM MaTeMaTHYECKOM sI3bIKe.

Mgl paccMoTpuM JBa HamboJjiee MOMYJIAPHBIX IM0JIX0/Ia: BapUAIMOHHBIN OaiiecoBcKuit
BbIBOJ (variational Bayes, VB) [188] u commiuposanue I'n66ca (Gibbs sampling, GS) [183].
Jlnst nmpocroTsl orpaHmdnMces Mogeabio LDA w yBuawm, dro 00a IMOAXOHA IIPUBOISAT
K EM-110100HbIM ajiropuT™MaM, HE3HAYUTEIHbHO OTIMYAIOIIMMCSA OT 3HAKOMOI HAM BEPCHUH.

['pomozikas TexHuka 0aiileCOBCKOrO BBIBOJA, ONUCAHHAA B JIAHHOI TiaBe, Jajee HC-
0JTb30BaThCd He Oyjier. bBaiiecoBckue TeMaTwdecKue MOJEH, KaK IPaBUJIO, yIaéTcs Ie-
pedopmyIMpoBaTh B TEpMUHAX PETY/ISPU3AIUH €IIE HA dTAle MOCTAHOBKH 331491, C/IE/IaB
MaTeMaTHIECKHe BBIKJIAJIKU M BCE W3/I0KEeHHe HAMHOTO sicHee u mpoie. [Ipumepos Takoii
«Jjiebaitecuzanuuy Mojesieit Oy/lerT MHOIO B CJIEYIOIIUX IJIaBaX.

Konuenuus baiiecoBckoro obyuqenus. Ilycrs X — nabiromaeMast BHIOOpPKa JTAHHBIX,
p(X | Q) — BepogrHOCTHAST MOJIEJb JAHHBIX ¢ mapaMerpamu $2, p(€2|vy) — anpuoproe pac-
npedesenue B IPOCTPAHCTBE LapaMeTpoB MOJE/IM, UMelollee runepuapaMerpbl 7. Torua
anocmepuoproe pacnpedeaenue napaMerpos, coraacto gopmyle Baiteca, umeer Bu

p(Q2, X |7)
p(X[7)

rJle CUMBOJI IIPONOPIUOHAJIBHOCTA OC 3J€eCh U JaJjee O3HadaeT PaBEHCTBO C TOYHOCTBHIO
JI0 HOPMUPOBKH.

p(QX, ) = o< p(§2, X |) o< p(X[Q) p(Q2]),
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Eciin nam Hy2KHa JIMIIb OIIEHKA MaKCUMYMa, IPaB/I0110/1001s JIJIsI AIIOCTEPUOPHOIO Pac-
npejiesieHus, TO JIOCTATOYHO BOCHOJIb30BATHCH HMPUHIMUIIOM MAKCUMYMA GNOCMEPUOPHOT
8EPOAMHOCTIU, KOTOPBII OBLI pacCMOTPEH B Ipeablayiieil rinase. Toraa 3ajgada ¢BOIUTCS
K MaKCHUMHU3AIHUK JiorapudMa IpaBIonoo0us ¢ BEpOATHOCTHLIM PEry/IsipU3aTOPOM:

Inp(Q|X,y) =Inp(X|Q) +1Inp(Q|y) + const — max.

Q,y

AJIbTepHATHBHBLIT Iy Th, HA3BIBACMBII 6atieco6CkuM 6b16000M, 3AKTIOUACTCA B TOM, ITO-
Obl BBIYUC/IUTD alocTepuopHoe pacupejeenune p(€| X, ) B sBHoM Bujie. D10 HoJiee CJI0XK-
Has 3a/a4a, MOCKOJIbKY BMECTO TOYEUHON OlEHKN napaMerpa () CTpOUTCs ero pacupe/e-
JeHue. 3aTo Tako# moaxo Jaér ropasao 6osbine uHGOPMAMU O MapamMerpax MOJIEJIH.

CsoiicTBa pacnpegeneruns Jupuxne. [lepeduciium B CipaBOYHOM MOPSsi/IKE HEKOTOPHIE
cBOiicTBa pacupesesnenus lupuxie, KOropbie MOHAI00TCs Jijist BbIBOAa Mojesan LDA:

e EO, = [6,Dir(f| ) db = o= no%"m(at) — MareMarudeckoe oxujanue 0;

N ou—1 __ o .
° 0, = o = notrm(at — 1) — moua;

o DO, = 7(23(?50:113) — JIUCIIePCHS;

e Elnf, = [In6, Dir(f|a)dd = (o) — 1(ap) — maremarnieckoe oxuganue nb;.

Huramva-dyuxius ¢ (z) = ?(—x) noxoxa Ha Jorapupm. MUs-

BeCTHa IIpOCTad, HO JOBOJIbHO TOYHad AIIIIPOKCHMAIIUA IKCIIO- 35
30 ]

HEHTbI ,H‘I/IF&MMa—(l)yHKH‘I/II/I (Ha Fpa(l)I/IKe X JIMHUU IIPAKTHUIECCKHU 25
HEPA3/IMIUMBI ): 20 3
15 3

1,0 4

x? 0< 05 4

= z < 1; ;

_ ~ 27 A 0
E(I) - eXp(W@) ~ r— %7 1 < 7 0 0510 1520 25 30 35 4,0

BapuauunoHHbiii baecoBcknii BbiBog,. llaest 51010 10ax04a B TOM, 4TOObl HCKATH COB-
MECTHOE AllOCTEPUOPHOE PACHPEIEICHUE JIJIsd APAMETPOB MOJIEIM M CKPBITHIX IIePeMeH-
ubix p(Z, P, 0| X, «, 5). HenocpejcrBenHoe BbIUUC/IEHUE JAHHOIO PACHpPeIe/IeHUst 11Po-
6emarngHo. [1o3TOMy HaXOmdAT ero Ipub/uzKeHne B BUJIE PA3JIOKEHHs Ha MHOMXKHUTEIH,
HCIOJIb3YS OCHOBHYI0 MEOPEMY BAPUALUOHH020 DaliecO6CK020 6616004,

Teopema 7.1. Pewenne sazaun KL(q(Y) || p(Y | X,7)) — min B kuacce pacupeseie-
q

uuii ¢(Y) = [] ¢;(Y;), dakropuzopannpix 1o 6iaokam nepemennbix Y = (Y;: j € J), yio-
JjeJ
BJIETBOpSIET CUCTeMe ypaBHEHUIH

Ing;(Y;) = EqyInp(X,Y |y) + const, j € J, (33)

e Ep; — maremarmueckoe oxknjanue 1o BceM nepemenubiM Y \Y, const — srorapugm
HOPMHUPOBOYHOI'O MHO2KHUTEJI1:1 PDACIPEAC/ICHU S q]
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JlokazaresbcTBO MOXKHO Hajitu, Haupumep, B |38].

Cucrema ypasueunii (33) 3auucana B Buje, yJ00HOM JjIsi €€ YMCJIEHHOIO DENICHUs
METO/IOM HPOCTOH HTEpAIH.

[Ipumenum 5Ty Teopemy K Hamemy ciaydato: Y = (Z,®, 0), v = («, 3). Ilpubnusum
pacupegenenue p(Y | X, v) = p(Z,®,0| X, a, B) upoussesenunem n + |T'| + |D| pacupeje-
JieHuit 110 OJI0KaM 1epeMeHHbIX t;, py, O4:

Q(qu)7@ HQJZ(I)@ H HQt 901& HQd ‘9d
=1

JjeJ teT deD

rie J ={1,...,n} UT U D — unpmexcol Bcex GJIOKOB MEPEMEHHBIX.

3ameruM, 4TO eciiu OJOKH IepeMeHHBIX Y; He3aBHCHMBI, TO pelleHue OyaeT He IpH-
OJIMKEHHBIM, & TOYHBIM. TakuM 00pa3oM, HCIIOJIb30BaHUE BapUAIMOHHOIO DailecOBCKOIO
BBIBO/IA CBS3aHO C IIPEJIIIOJIOKEHHEM, YTO MOXKHO IpeHeOpedb 3aBUCUMOCTIAMU MEXK/LY Te-
MaMH TEPMOB t;, BEKTODAMU TeM ¢; U BEKTOPAMH JOKYMEHTOB 0.

Yrobbl 3amucarh cucTeMy ypaBHenuii (33), pacouimem JorapudM pacipeeeHust
p(X,Z, 9,0 |, ), uepesojs ciaraeMbie, He 3aBUCSIIEE OT HEPEMEHHbIX t;, ¢y, 04, B const:

np(X,Z,®,0]a, ) = Inp(X, Z[®,0) p(®]5) p(O]a) =

:lan(di,wi,ti |®,0) + lnHDir(gptW) +1In H Dir(0y| o) =
i=1

teT deD

Zl gpwm@td +Z w—1) lngpwt—l—z +—1)In 6,y + const.

Tenepn na10 Oparb MaTemaTudecKue oxuganus Eq ; or sToit cymmbl 110 Beem pacipe-
jenerusim G (), qa(0a), ¢;(t;), Kpome j-ro. 3amMerum, 4TO €C/Iu cjaraeMoe S He 3aBUCUT
OT j-# IepeMeHHOil, TO quS = const, 4TO CUJABbHO YIPOIIAeT BBbIKJIA/IKHU.

PaccmorpuM ypasuenne (33) OTHOCHTEIBHO ¢ (py):

In g;(¢;) ZEW [ti=t) 10 e, + Y (Bu—1)Inpy + const =

weWw
- Z D lwi=wlgi(t) e+ (Bu—1) I, + const =
=1 weWw weW
= Z <Z[wi:w]q,~(t) +Bw — 1) In ,; + const =

weW “i=1
NG

J/

Vv
Nuwt

=In Dlr((pt ‘ Bt)

~ Takmvm  obpasom, ¢ (@) aABngerca pacupenenenmeM Jlupuxie ¢ mapaMeTpamm
Buwt = Nt + Buw, THE Ny — OLEHKA YUCIa MeHepaluil TepMa w u3 TeMmbl t. [Ipu Goabimnx
Nyt OHO CKOHLIEHTPUPOBAHO B TOUYKE 0y = Norm(Sy).

w
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Pacemorpum ypasaenue (33) orHocuresabno qq(6,):

Ingy(04) = ZE yldi=d] In6y,q4, —i—Zozt— )In 6,y + const =

teT
= Z d;=d| ZQZ In 6, + Z +—1)In b,y + const =
teT teT
= Z(Z [d;=d]q;(t) +a; — 1) In 0,4 + const =
teT
%,_/
Nid

=1In Dll"(ed ‘ O~éd)

Takum obpasom, qq(04) siBiasiercs pacupejenennem [upuxsie ¢ napamerpamu
Qgd = Nyq + i, TJI€ Nyg — OLEHKA 4YUCIa TepMOB TeMbl t B jokymenrte d. Ilpu Gosibiimx
Nyg OHO CKOHIIEHTPUPOBAHO B TOUKe Oy = norm(dyy).

t
Haxkower, paccMorpuM ypashenue (33) orHOCHTeTbHO ¢;(t;):

Ingi(t) = Ep, (hl Ouyt; + 100y, 4, ) + const =

= Eg(p) In 0wyt + Eq(0,) In 04,0 + const.

Mbr yzxe 3HaeM, 910 ¢(@1) 1 qq(64) aBasiorcs pacupenesennsmu Jupuxie. Bocmosib-
3yeMCsl U3BECTHBIM BbIDAZKEHHEM JIJIsi MATeMAaTHIeCKOro OKuJaHust jJorapudma t-it Kom-
OHEHTHI CJIydaiiHoro BekTopa (6;), mopoxaemoro pacupeaesaenueM lupuxiie:

= 1 (gt + Bu) — 0 (D0 (Mt + Bu)) +
+ 1/’("tdi + at) - ¢(Zt(ntdi + Ozt)) + const.

Jlorapudmupyst 1 HOpMuUpysi, 1OJIly4aeM pacilpe/ie/ieHus epeMeHHbIX ¢

( E(nuw, + Bu,) . E (g, + o) ) (34)
E(Y,(nut+Bu)) E(XCi(nua, +ou)) )

q(t) = norm

N[

Wi, C UCHOJIb30BaHueM npubiuxkenust F(zr) = exp(¢(x)) =~z —

¢;(t) = norm

1 1
Nyt + Buw; — 5 Tad, T 04— 3
teT % '

1
ne+fo—35  ne +ag—

Bamernm, uro dopmyta s ¢;(t) moxoxka na E-mar (16) 8 EM-anroputme /i Mo/iesn
LDA: p(t|d;,w;) = normy(©y,:0:4,). Bosee Toro, akKyMyJIupOBaHUE CUETUUKOB My U Mg
B TOYHOCTH coBrajaer ¢ popmyaamu M-mrara (17)—(18), ecau nosarars ¢;(t) = p(t|d;, w;):

n

nwe =Y [wi=wla(t),  na=Y [di=dag(t).

i=1 i=1

Takum 06pa3oM, pelrenne cucTeMbl (33) METOJIOM MPOCTBIX HTEpAIii MPUBOJUT K
EM-noobHOMY a/iropurmMy. TO HEMHOT'O YAUBHTEIBHO, IIOCKOJIBKY MBI HE HCIIO/IH30BaJIH
EM-aJiropur™m, u jaxke He peliajy 3a/[ady MaKCUMHU3AIUU PAaBIOI01001sI
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[To okon4yanuu urepanuii UCKOMbIE HapAMETPbl MOJIE/IN MOYKHO OLHEHUTH MaTeMaTu4de-
CKUM OZKHMJIAHMEM alloCTePUOPHBIX paclipe/iesienuii upuxiie:

Pur = norm (nyy+By);  bia = norm(nya+ay).

Ocuosroe orimuune or EM-anropurma — B nonpaskax (—1, —% win 0) K 9acTOTHBIM
OIIEHKAaM YCJIOBHBIX BeposTHOCTeH. 1Ipu np, nyg > 1 3Tu nomnpaBku mpeHeOpe:KuMo Ma-
Jbl. OHE BIUSOT JIUIIb Ha OJU3KHE K HYJII0 YCJIOBHBIE BEPOATHOCTH Q. U iy, KOTOPHIE
He FABJILAIOTCSI 3HAYUMBIM [T TeMaTrudeckoil momenu. Takwme orimunmsa B EM-1mom00HBIX

AJI'OPpUTMaX TEeMATUICCKOI'O MOAEJIMPOBaHUA MOZKHO CHUTAThb HECylIeCTBEHHbIMU [30]

Coamnnuposanue 'nbbca. Iges sToro moaxojma 3aK/I0OYAETCS B TOM, YTOOBI CHAYAIA
OLIEHUTH CKPbIThIE LIEpeMeHHble LyTéM comiumpoBanus Z ~ p(Z| X, a, §), 3arem Haiitu
alocrepuopHoe pactpejeienue napamerpos moean p(®, 0| X, Z «, f), upu usBecTHbIX
XulZ.

CammimpoBanue CIydailHOrO BEKTOpa Z W3 MHOIOMEPHOTO BEPOSTHOCTHOIO pacCIpe-
JleJIeHUsT BJIsIeTCsl HeTPUBUAJIBHON 3aadeil, HO ero MOXKHO CBECTH K COMILTHPOBAHUIO
OJIHOMEPHBIX CJIyYalHbIX BEeJUIMH

Teopema 7.2 (o cxomumocTu cammiaupoBanus ['ub6ca). Ilporecc comimpoBanust
O/ITHOMEPHbIX C.]IyqaﬁHbIX BeJINYHNH

(k+1) p(X,Z]y)
ti Np(tl‘Xuszy):i, 1=1,...,n;
(X Zal)
rae k — nomep urepanuu, Z\; = (tgkﬂ), cee tl(-]f{l), tgi)l, . ,tslk)), CXOJIMTCST K MHOI'OMEPHO-

my pacrpeneneauto Z ~ p(Z| X, 7).

JlokazaresibcTBO MOXKHO Haijitu, Haupumep, B |38].

[Tokazkem cHavasia, 410 ecjiu aupuopHoe pacupeseinenue p(®, O|a, f) sBisiercs nupo-
U3BeJICHUeM pacupeeaenuii JIupuxie, To alocTepruopHOe PACHPEAeIeHUe TPHHAILICKHIT
TOMY K€ IapaMeTPHYECKOMY CeMEHCTBY, TO €CTb OUATb-TAKH SABJIAETCS IPOU3BEICHHEM
pacrpeesnenuii Jlupuxsie (IpyruMu cJIoBaMu, 9TO IPOU3BEJICHUE pacipe/eaenuii upux-
JIe SIBJISIETCS CONPANCEHHbLM MYTBTHHOMHATBHOMY pacupeaesenuto p(X, Z | P, 0)):

p(®,01X,Z a,8) x p(®,0, X, Z |, ) x p(X, Z|D,0) p(P,0 |, 5)
oc TT (gurtha) = ] Dir(er] &) [ D0 )

d,w,t tel deD
o [TTT et ™ TT T O~
teT dw deD w,t
x H H (pzjzzjt‘i‘ﬁw—l H H ezltd-i-at—l
teT w deD t
o [ Dir(g:|4) [ [ Dir(0a|da); (35)
teT deD

e Buwt = Nt + Buws Qed = Mg + ¢, CIETIUKA Mgyt Nyt T Nyg OMPEIENSTIOTCS COLIACHO
(4) gepe3 3HAYEHUS] CKPBITHIX [EPEMEHHBIX Z .
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Hro6bl BOCIIOJIb30BATHCs TeopeMoii 7.2, nojiozkum ¥ = («, §) u Haiijém pacupejesie-
uue p(X, Z|a, ). [TockoiibKy OHO He JI0JIZKHO 3aBucerb oT napamerpos (®,0), no Hum
NPUJIETCS B3ATh WHTerpaJ. 1loJpIHTerpaIbHOe pacipe/iesieHne Mbl yzke BbiBesn B (35),
HO JIMIIb ¢ TOYHOCTBIO JI0 HOPMHUPOBOYHBIX MHOXKHUTe e, Ternepb OHH HaM IIOHAI00ATCS,
1103TOMY pa30epéMcs ¢ HUMHU aKKypaTHee:

wx.Zla.5) = [ [ (X, 2]0.0)p(.0]a s)avde -

//HSOW GZithpd [ Dir(e:|8) [ Dir(0a|e)d®de =

teT deD

H Z Bw / POar | P IT.T tat /HW dfa =
t —_———

tET o N , deD

o Dir(¢t | Br) o Dir(0q | dq)
H Z ﬁw H r ﬁwt H tat Ht (atd)
teT [T, T(Bu) T INODW 5wt deD P’ Ht o) D32, dua)

(36)

Cuesyst Teopeme 7.2, neobxomumo naiitu pacupejenenne p(X, Zy;| o, ), koropoe or-
JyaeTcst ot nojydeHsoro soime p(X, Z|«, f) Jjuiib TeM, 4T0 OHO CTPOMTCH 10 TOH 2Ke
BLIOOPKE, HO 6e3 i-ro vjiementa (d;, wy, t;):

la (Zy 0 IL (s — o 1L o~ f
p(X, Zyi| v, B tle_:[FH e, (ﬁwt 5it) dle_!) d Ht ) T (g — td))

e 0%, = [w=w;|[t=t;], i, = [t=t;][d=d;]. Teuepn, cormacuo dbopmyJe u3 reopembl 7.2,
LIO/IEJIUM 1OJLY YeHHbBIE PACLPE/IEJICHUS OJJHO HA JAPYIOe, YTOObI HOJLY YUTh OJHOMEPHOE PAC-
npejiesieHne JijIs COMIUIUPOBaHUs TeMbl t;. IIpu jejileHnn B duciuresie U 3HAMEHATENE CO-
KPATATCs BCe MHOYKUTEIU KPOMe TeX, KOTOPbIe 3aBUCAT OT djaeMeHta (d;, w;,t;):

_ p X, Z|a,B)

p(tz|X? Z\iaa>5) - p()(7 Z\Z|OC,B) -

_ Dt +u) TRy (it +8u) = 1) T(nga, +0,) QS (g, +01) —1)
L (Mt + B, = 1) T (3 (Rt +8)) T (1,0, +, = 1) T (32, (g, )

I'(z)

YIIPOCTHM 3TO BbIparkKeHHe, IIPUMEHUB CBOMCTBO raMMa-(dyHKIHT o) — L~ 1:

p(t| X, 2y, ,5)—n<3€1"Tm

( Nt + Bwi -1 . Ntd, + ay — 1 )
Yot + Bw) =1 32, (g, + ) — 1 .

JlaHHOE BbIpasKeHHUe [OXO0Ke Ha YaCTOTHYIO OLEHKY YCJIOBHOI BepodaTHocTH Ha E-1mare
p(t|di, w;) = normy(@u,t0a,) EM-anropurma jyist mogean LDA. Takum o6pas3om, Mbl CHO-
Ba noJrydaeM EM-110100HbL alropuT™M, XOTd 33,/1a9a MAKCAMUA3AIMA IPABIOIOI00M JazKe
He cTaBUIach. Kak U B cIydae ¢ BApHAIHOHHBIME 6aileCOBCKIM BBIBOJIOM, aJIFOPHTM OTJIH-
Yyaercs HeKOTOPOIl CMEIEHHOCTHIO YaCTOTHLIX OLEHOK YCJIOBHBLIX BepodrHocreil. [JiaBHoe
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A nroputMm 4. Cysmumpoanue ['ubodca.

Bxoga: kosutekrust D, gucio tem |T'|, mapamerpsr «, [3;
Bbixoa: pacupenenenus ¢ u O;

1 Nty Mg, Mgy Mg =0 g Becex d € D, we W, teT,

2 ona Bcex urepanuii k= 1,..., kpax
3 ans Bcex i = 1,...,n B34Tb JOKYMeHT d := d;, TepM W := wj
4 ecim k > 2710 t:=t; —-Nuy; ——Nyg; —-Ng; —-Ng;
_ Nwt+Bw L Nygtoe .
5 p(t|d,w) = ntoerTm(imwo —nd—}—ao) Jist Beex t € T

COMILTUPOBATEL OJHY TeMy ¢ u3 pacupeienenus p(t|d, w);
Ui =1, 4Ny ttngg; t+ng +ng;

Ouwt = Nt/ 1151 Beex w € W t € T
Orq := nyq/ng nsi Becex d € D, t € T

©

ero OTJIMYKe B TOM, YTO JiJI Kazxkaoro (d;, w;), ¢ = 1,...,n, IPOUCXOJUT CIMILTHPOBAHEE
TOJIBKO OJIHOMH TeMBbI t;, KOTOpas U y4aCTBYyeT B aKKYMYJIUPOBAHUU CUETUUKOB Ty U Nyt

n n

Mot = 3 _[wi=w][t;=t],  ng=Y [di=d][t;=1].

i=1 i=1

DakTuyecku, Ha M-mare cymMMupyrorcs He camu pacupejesnenust p(t|d;, w;), a ux smmu-
pudeckne oneHku p;(t) = [t =t;] mo eguHCcTBEHHOIT COMITEPOBaHHOl TeMe t;. CyMma TaKux
OIIEHOK CXOJUTCH K CYyMME MCXOJHBIX PACIPe/IE/IeHUil, COIIACHO 3aKOHY DOJIBINUX YUCeI.

HO OKOHYaHuMn I/ITepaHI/Iﬁ HCKOMBbBIE IIapaMeTpbl MOJAEJIN MOZKHO OLEHUTHb 4Yepe3 MaTe-
MaTHYECKOe OKUJIAHUE AllOCTEPUOPHBIX pacupejesenuii Jupuxie u3 (35):

Pur = norm (nyy+By); b = norm(nya+ay).

B Anropurme 4 mokasaHa miesi peajusanuu, npejoxenuas B [183]. Kaxkmas ure-
parus k B mporecce COMILTHPOBAHUS COOTBETCTBYET OJHOMY IPOXOy Kosuteknuu. Korma
JIUTSI TIOBUIIMN § COMILIAPYETCS TeMa t;, BCeM IIPe/IbLAY M HO3UIuaM 1, ..., ¢ — 1 yxKe npu-
CBOEHBI TEMbI HA JAHHOI UTEeparuu, a BCe MOC/eAyIonue mo3uiuu ¢+ 1, ..., n COXPAHAIOT
rembl ¢ npegpiaynieii (k — 1)-it urepanun — B TOYHOCTU Kak TOro Tpebyer reopema 7.2.
CoMIumpoBaHHasT TeMa 3alIOMHHAETCS B IIEPEMEHHOI t;, U HA CJIe/yIOmell nrepanuu, Ko-
[J1a 9Ta TeMa U3MEHUTCS, CIETIUKH Ny U Nyg OYIYT YMEHBIIEHBI HA eJUHUILY I CTAPOit
TEeMbI, U YBEJIMYCHbI HA €IMHUILY JIJ1sI HOBOIA.

3HauuTe/IbHOE KOHCTPYKTUBHOE €XO0JCTBO EM-momobubix asropurmo PLSA, MAP,
VB, GS u emé HeCKOJIbKUX MX BAPHAHTOB ObLIO BIEpBble oTMedeHo B [30].

CoMiuiupoBanue eJuHCTBeHHOI Tembl Ha E-mare t; ~ p(t|d, w) MmoxkHO paccmarpuBarTh
KaK OTJICJbHYIO IBPUCTHKY, COBMECTUMYIO ¢ JII0OObIM EM-10100HBIM aJaropuT™MOM TeMa-
THYECKOrO MOJETHPOBaHUs |7]. DKCIEpUMEHTHI MOKA3a/d, YTO COMILITHPOBAHIE HeCYIIe-
CTBEHHO BJIMSIET HA CXOJAUMOCTH U JApyrue cBoiicrBa Mojesn. Kak sBpucrtuka, OHO MOKET
cBODOJIHO COYETATHCS C JIIOOBIMU PEryJisipU3aTOPAMMU.

Ontumnsauynsa runepnapametrpos B mogenu LDA. Bo muorumx paborax, HadmHas
¢ |183], ucnosb3yiorcs cuMMeTprUYHbIE AIPUOPHbIE Pacipe/iesenus /upuxie ¢ napamer-
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® &0
p(x) p(xly) p(x1, 22]y) p(xly1, v2)

Puc. 6: OrobparkeHue yCaOBHBIX 3aBUCUMOCTEN B IpadpuuecKoil HOTAIIUY.

w1 wy W3 Wik w
k
Puc. 7: Tpaduveckas HoTanus BEIOOPKH W1, . . . , Wk, HOPOKIAeMOil pacnpeaeneruem 3y, = p(w).

pamu oy = 50/|T|, B, = 0.01. Bousee Toukue uccienoanus |201| nokasanu, 4ro jydrie
OITUMHU3UPOBATH BEKTOD & = (1, ..., Q) B HECUMMETPHUYHOM pacupejesernn Dir(0y | «)
U OJ0UpaTh CKAIAPHbIH mapamerp (3, < 1 B cummerpudHoM pacupeeaenun Dir(yq|f5).

g onrumu3anuu BekTopa « B [201] mpesiaraeTcs MAaKCHMA3APOBATH PABIONOI00Ue
P(X,Z|a«, ) npu dbukcupoBanubix Z u . OrbpacbiBas B (36) MHOKHUTEN, He 3aBUCSIIITHE
OT v, OJIy4daeM 3a/1a9y OITUMH3AIMN:

FO(O Fntd"—Oét
P(X|a) :gF(n5+Lo) tell (F(at) ) max

B nuccepranun |200] cpaBHuBaIOCH Goiee jecsTKA YUCACHHBIX METOIOB €€ DeleHHs .
Camplil npocToii U3 HUX — MeToj, HenoaBuzKHOI Toukn [137|. B uém Bekrop o = (ay)
IePECIUTHIBACTCS 110 PEKyPPEHTHOI dopmyiie

Yoa (g + ar) — (o)
Yo U(ng+ ag) —Y(ag)’

rae ¥(x) — puramva-byHkus. 91a HopMysa BCTpaAHBAETCsl B UTEPAIMOHHBINA MPOTIECe
EM-anropur™Ma MexX1y MpOXOAaMu MO KOJIIEKITHH.

Okcuepumentsl B [201| moKa3aaM, 4TO ONTUMU3AIMA BEKTOPA (¢ HOBBIIIAET MPABIO-
11oj100ue u ckopocThb cxopumoctu EM-ajropurma. B ciiydae cuiibHOR HecOaAaHcuposa-
nocmu mem (KOTJia B KOJUIEKIIMH OJIHUX TeM OOJIbIIe, YeM JIDYIHX, B Pa3bl WIH JarxKe
Ha TIOPSA/IKH) ONTHMU3AIM BEKTOPA (v MPUBOJUT K OOJIee eCTeCTBEHHOMY HePaBHOMEDHO-
MY PacIpe/ieJIeHHIO KOJIJIEKIIUH 110 TeMaM.

Q1= O

pacdunyeckas HoTauusi. Bepogrnocrasle temarudeckue moiean PLSA u LDA sapis-
IOTCS YaCTHBIMHU ciaydasgMmu rpadoBbiXx Mojeneit. B epagosoti eepoammnocmmot modesu
(probabilistic graphical model, PGM) 3aBucumMocTin MexKIy CIy9IallHBIMH BeJTHIHHAME
upeJcraB/isorcsd B Bujie rpada. Bepuiunbl rpada coorBeTCTBYIOT ClydailHbIM liepeMeH-
HBIM, PEOPa — HENOCPEICTBEHHBIM BEPOSTHOCTHBIM B3aUMOCBSI3SIM MEZK/1y HUMHU.

Ha puc.6 mokazanpl npumepbl 3aBUCUMOCTEH MEXKIy CJAydalHBIMA BEJTUIUHAMHI.
Habmronaemble mepeMeHHbIe H300pazKAIOTCSA 3aKPaIleHHbIM KPYKKOM. BriOopka mepemen-
HBIX, TeHePUPYEMBIX OJHUM pacIpe/ieieHneM, n300pazKaeTcsd MPAMOYTOIbHUKOM, PHUC. 7.
Taxue n300pazkeHust NPUHATO HA3BIBATH gpagduueckol nomayuet (plate notation).
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Mogenas PLSA:

Kaxk /bl d € D 1OpoK/1aeT CKPBITHIE TEMBbI:
b~ p(t]d), = 1,... @—(C—@
KazKJasd TeMa t; HOpOXKIaeT TepM:
w; ~plwlty), i=1,...,n4.

ID|

Mopgeas LDA:
()

Q ()

Qv TOPOXK/IaeT BEKTOPBI JOKYMEHTOB: I\ U/
04 ~ Dir(f0|a), d € D; “ 0 ny

£ MOPOZKIAET BEKTOPbI TEM: DI
¢~ Dir(p|B), t €T;

nasmee Kak B PLSA. G
B ¢ |T|

Puc. 8: l'eneparuBHbIil clieHapuii U rpadpuueckas HoTanys Jjisd TeMarndeckux moueneii PLSA u LDA.

@
N/ /‘\ /) ’ @
(o ) H )b z
N AN BN / ™
M
N 91C
‘\;/‘ “\B AA 7
RN ofofie
D T N,
ORO) )
ok ok O
@_’@D\ ol ;I‘:ﬂ ]
L] N, L] Parse trees o4 N LL‘Z N A% N
> @ grouped into M T I T
documents o) Aw Aw
s ‘T e
™ O O‘Ql O L K
- L 9 T P %
fa,
(o] © ° M O O [0)
B sl st T st41

Puc. 9: Ilpumepnt rpadudeckux HoTarmii u3 myOauKanuil 0 TeMaTHuYeCKOMY MOJIEIUPOBAHUIO (UJLIIO-
crpaiusa u3 caaiinos Jssuna Biost).

AnbTepHATUBHOI TEKCTYaIbHOIT (OPMOIi MpeICTaBIeHI BEPOITHOCTHON MOJIETH SB-
aseTcs 2enepamushul cuenapul (generative story), KOTOPbIil ONUCHIBAET AJTOPHTM IO-
poxienus Jlanubix. Ha puc. 8 nokasanbl 00a upejicraBjienus, rpadpuieckoe nu Tekcryalib-
Hoe, Jutd Temarudeckux mogeseir PLSA u LDA.

[Toxbopka rpadudeckux Horanuii Ha puc. 9 uitocrpupyer 60J1bII0E CTPYKTYPHOE Pas3-
HOOOpa3ue BEPOSTHOCTHBIX TEMATUYECKUX MoJiejieil. XOoTsd HAIJISHOCTD SABJISI€TCS HEOCIIO-
PUMBIM [PEUMYIIECTBOM, HEJOCTATKOB Yy IrpadudecKoil HOoTaluu ropasro OoJibiie. [1as-
HBIIl — HEMOJTHOTA U HeOTHO3HAYHOCTH HHTepIIpeTanun. HeKoTopble aclieKThl MOAETNPOBa-
HUsI HE MOI'YT ObITh OTOOpazKeHbl OOIIENPUHATBIMU CPeJICTBAMU I'PAPUIECKONl HOTAIUHU,
U aBTOPbI BbIHYZK/IeHbI n300peTarTh cOOCTBEHHbIE HPUEMbBI BU3ya/u3aluu. B pesyiibrare
MOJIeJIb MOYKET BOCCTAHAB/IMBATHCS 110 KAPTUHKE HEOHO3HAYHO. [ eHepaTuBHbIi ClieHapuil
JIMIIEH 3TOI'0 HEJOCTATKa U JaéT Oojiee TOYHOE ONMUCAHUE MOJIEJIH.

['pacbuueckasi HoTalMS U I'eHEPATUBHBINA CLHEHAPUI 11OJIE3HbI JIJIsi HOHUMAHUS MO/IEJIN.
O/ 1tHaKO 00a OHU OIMHUCBHIBAIOT JIUIIb IPAMYIO 33a4dy — IPOIECC FeHepalyu JaHHbIX 10 13-
BECTHBIM IMapaMeTpaM Mojenn. Torga Kak B TeMaTHIeCKOM MOJETUPOBAHUU PEIIAETCS
oOparHas 3ajila4a — Tpedyercss BOCCTAHOBUTH 3HAYEHMS I1aPAMETPOB 110 HAOJIIO/AeMbIM
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smaaabiM. O0OMX BU3yaJIbHBIX HPEACTABJICHHE HE JTOCTATOIHO, YTOOBI OJHO3HAYHO BOCIIPO-
U3BECTU IePexoj] OT HMOPOKIAIoNieil Mojaen K ajaropurmy eé odydenus. K coxkajieHuro,
BO MHOTI'UX IYOJIUKAIHUAX ITOT MEPEXOJ] OIMYCKAETCS JIJId KPATKOCTH U3/JI0XKEHUA, ITO OT-
HIO/Ib He J00aB/IsieT UM SICHOCTH.

CpasHervne ARTM u bGaitecoBckoro nogxoaa. B mpakTuke TeMaTHdecKoro MOJIEu-
poBaHus GalleCOBCKUIi BBIBOJ amocrepuopHoro pacupegenenns p(§)| X, ) mpousBoauTcs
MCKTIOYATEILHO PaId HOIy4YeHHs TOYeUHOl ONeHKH IapaMeTpos §):

Posterior(Q2| X,v) o p(X |Q) Prior(2|7);
Q= arg max Posterior(Q2| X, 7).

MakcuMu3aIysi anocTepuopHoll BeposgTHOCTH (maximum a posteriori probability,
MAP) naér todednyto oneHky {2, MHHYs MPOMEXKYTOUYHBII mIar mpubIuzKEHHOIO U TPY-
g0éMKkoro BeiBoja Posterior:

Q= arg mgx(lnp(X |©2) + In Prior(Q]7)).

Muorokpurepuaabias ajauruBHas peryisgpusanus (ARTM) o6obmaer MAP wHa sro-
Oble peryJ/isipu3aTopbl, B TOM YKHCJI€ HE UMEIOIUe BEPOATHOCTHOW NHTEPIPETAIMH, 8 TaKKe
UX IIPOU3BOJIbHbLIE KOM6I/IHaLLI/II/IZ

Q:=arg m{z;x(lnp(X 1) + Y nRi(Q)).
i=1

K memocrarkam 6aitecOBCKOro BBIBO/IA MOXKHO OTHECTH TEXHUYIECKYIO CIOKHOCTH hop-
MaJiu3alyy TpeboBaHUl K MOJIE/IM B BU/IE OITUMU3AIMOHHBIX KpUTepUueB. EJIMHCTBEHHbIM
MeXaHU3MOM yuéra TpeboBaHuii siBjigeTcs aupuopHoe pacupejesenue. K coxasenuto, 6aii-
ecoBckuil BbiBoz B caydae Prior(2) oc [], exp(7;R;(€2)), sBisiercs TpynHON MaTeMarnye-
cKoil 3amadeii. Korna anpuopHble pacupeseieHns He aBJIA0TCd pacupeneaeHuaymu upu-
xJ1e, 6ailecOBCKUil BBIBOJI 3aMETHO YCJIOKHAETCS.

B bGaiiecoBckoM TeMaTHIeCKOM MOJETNPOBAHUN pacipesenenne /{upuxiie oKa3bIBaeTCs
«Ha 0cobOM noJiozkeHuny. OHO He nMeer yOeUTE/IbHBIX JUHIBUCTUICCKUX 00OCHOBAHUIA,
TeM He MeHee, B jiureparype OOJIBITUHCTBO MO/Ie/Ieil CTPOSITCS C ero MCIOIb30BAHUEM. DTO
00bACHIETCS UCKTIOINTETBHO MaTeMaTHIeCKIM y/I00CTBOM COMPSIZKEHHOCTH pacIIpe/iesie-
Huii /lupuxite ¢ MyJIbTHHOMUAJIBHBIM pacupenenerneM. B ARTM ner ocHoBaHwmil mpeio-
YATaTh pachpejenenne /{upuxie IpyruM peryasgpu3aToOpaM.

[TocranoBka omrumuzanuonuoit 3asgadun MAP mo3Bosisier mHTEpHpeTHpOBATH JIOTa-
pudM alpuUOPHOro paciipejie/ieHns KaK BEPOATHOCTHBIN peryJisipu3arop, KOTOPbI JIerKo
HEePEeHOCUTCS C OJHUX MOjeseil Ha JIpyTHe.

AU THBHOCTD PEry/IgpU3aTOPOB HPUBOIUT K MOOYAbHOT METHOAOLUY, TEMATHIECKOTO
MotenupoBanud. Kakaprit peryngpusatop R; peanusyercd B BHJE MPOIPAMMHOIO MOJY-
Jisl, KOTOPBI JI00aB/IeT K CYETUUKAM N, U Nyg B popmysiax M-iiara perysisipusaiiioH-
HbIE HOIIPABKU Tigpwt% u Ti9td§9—i cooTBeTcTBEHHO. Takux Mojiysieil MOZKHO HOJKJIIOUYUTD
CKOJIBKO YI'OJIHO Ha 3Talle 1OCTpoeHus Mojesnn. Kpome rtoro, koddduimenrs 7; MOK-
HO MEHSATh B XOJ/le UTEPAIMOHHOTO IPOTEcca, KOHTPOIUPYd 3(DdeKThl peryaapu3aTopos
0 COBOKYITHOCTH MEMpuK KaA4ecmea U BBICTpAWBAd cmpamezuto pe2yaapudayuu. B daii-
€COBCKOM M0/IX0/Ie TaKON I'MOKOCTU HET, XOTs BO3MOYXKHA OLUTUMU3AIMS I'UIlepIIapaMeTpoB

49



3Tanbl MoAeNUpoBaHUA Bayesian TM ARTM

AHanus TpeboBaHui AHanus TpeboBaHui
®opmanuzayus: BeposTHOCTHas mogenb CraHpapTHble Csou
NOpPOXAEHWNA AAHHbIX Kputepun Kputepum
Anzopummuszayus: baliecoBckuii BbiBOg, ANA EAVHbBIN perynapu3oBaHHbIN
OaHHOM nopoaatollen moaenm EM-anroputm gns ntobbix
(VI, GS, EP) Mogaenen U UX KoMnosuLmin
PeanusayusA: UccnepoBatenbckuii Kog, MpombiwneHHbIN Kog BigARTM
(Matlab, Python, R) (C++, Python API)
OuyeHusaHue: NccnepoBaTtenbckne METpUKM, CraHpapTHble
. CBOM METpUKM
uccnenoBaTeNbCKUN Kog, METPUKMU
BHeppeHune BHepgpeHue

-- HecmaHAapmu3yemble smarisl, yHUKAAbHAS pa3pabomka 011 kaxcool 3a0ayu

-- cmaHoapmu3yemble smarsl

Puc. 10: ARTM no3Bosisier cTaHAapTU3UPOBATH OCHOBHBIE STAIIbl TEMATAYECKOrO MOJICJTMPOBAHNUS, B OTJIU-
e oT baitecoBCKOro odyuenust. O6paboTKa 1 XpaHEHHE JTAHHBIX, ObICTPBIH Hapasuieabhbiit EM-aiaropury,
MO/IyJIbHbIE ODUOJIMOTEKH PEryJiipU3aTOPOB U METPUK KAYECTBA UMEIOT OOIILYI0 PEAJIM3AIUIO JIJIsi IITUPOKOrO
KJIacCa MOJEJIed U WX KOMITO3UIUMA.

AllPUOPHBIX PACIPEILIeHU ¢ MOMOIIBI0 0aeCOBCKOrO BBIBOJA BTOPOIO YPOBHS, HO TH
TEXHUKH I'POMO3JIKH Jiazke Jyist ipoctoii Mogesm LDA [200] u mtoxo nepenocsitest Ha apy-
rue MOJIEJIN.

Bubsmoreka BigARTM |9, 194 no/iepKuBaeT MOy IbHYIO TEXHOJIOIHIO, HO3BOJIsISE CTPO-
UTH MOJIE/IN C 3aJaHHBIMH CBOMCTBAME 0€3 JIONOJHUTEIbHBIX MaTeMAaTHIeCKUX BLIK/IAJI0K
U nporpaMmupoBanus, puc. 10.

B pamkax 6aitecoBCKOro 1ojxoja MO/y/JIbHOe KOMOMHUPOBAHHE MO/Iejiell He HPOCTO
3aTPYAHEHO, HO €1Ba JIM BO3MOXKHO. HaCKOJbKO HaM H3BECTHO, TaKHe LOIBITKH JAzKe
HE [PEIIPUHUMAJIUCD.

BbiBoabl no rnase 7

e VB u GS gBagiorca HanboJiee 9aCTO UCHOIb3YyeMbIMU TEXHUKAMU 0aileCOBCKOTO BbI-
BOJIa B TEMATHIECKOM MOJIETUPOBAHIH.

e B janbHeiiimem Mbl OyJeM paccMaTpHBAaTh BCe TeMAaTHYECKHE MOJIE/IN B TePMHHAX
KJIACCHYECKOil pery/isipu3aliun, /1azke eCJii B HCXO/IHBIX padoTax OHH CTPOMJIUCH Oali-
€COBCKUMU METOJIAMMU.

e Pedopmasnuzanus 6aiiecOBCKUX MoJieseil Yepe3 KJIacCHIeCKYIo peryiapu3aluio, Kak
[PABUJIO, IPUBOJIUT K YIIPOIIECHUIO U3/TOKEHUS IPU HECYIIECTBEHHBIX MOAU(MDUKAIIN-
sx B EM-110,100HbIX ajiropurmax.

e Jlasee rpacdudeckass HOTAIUs HE HCIOJIb3yeTcs, MOcKoabKy B ARTM mis dpopma-
JIN3AIUU U IMOHUMAaHUA MOJie/ieil HeT HeoOXOJMMOCTH B HAIVISIHON BH3yaJM3alldn
HOPOZK/IAIOIIET0 1IPOIecca.
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8 PaspexuBaHue, crna>kmBaHue, geKoppesimpoBaHumne

OTKa3 oT ampHOpHBLIX pacupeaenenuii /lupuxie mo3Bossger 0606muTh Momeab LDA:
CHATH OPPAHMUYCHUST HA 3HAKH HIEPIapaMerpoB B (23) u cBoGOHee 0OPAIIATHCSI CO CIIIa-
JKUBAHUEM U Pa3pe:KUBAHUEM JJIsl Yy dIIeHHs HHTePIPETUPYEMOCTH TEM.

Tunomesa paspestcennocmu: Kazkiast TeMa XapakKTepu3yeTcss HeOOIbITUM YUCI0M Tep-
MOB; KaK/IbIil JOKYMEHT OTHOCHUTCH K HEDOJIBIIIOMY YHUC/Iy TeM; 3HAYUTeJbHAs YaCTh
YCJIOBHBIX BEPOSITHOCTEH (0, U Oy PABHBI HYJIIO.

PaszpekeHHOCTD TPeICTaB/ISIeTCS eCTeCTBEHHBIM HEOOXOJUMbBIM YCJIOBHEM HHTEPIpe-
THPYEMOCTH TeMaTH4ecKoil Mojenu. Kpome Toro, ucro/ib30BaHue pPa3pezKeHHbIX MaTpPHIL
MOZKeT COKpAalllaTh BpeMsl BBIYUCJICHUN U pacXoj| MaMATH KaK B IPOIECCe MOCTPOCHHS
MOJIE/IN, TAK U IIPH JIaJIbHEAIIeM €€ UCIIOIb30BAHNMN.

MuorokparHbie HOIbITKY paspexuBanust mogesn LDA [175, 70, 204, 109, 55| upuso-
JIAJIA K €€ TePeyC/IOKHEHUIO W3-33 BHYTPEHHETIO HPOTHBOPEUUs] MEXK/y Pa3PeZKEeHHOCTHIO
U [0JIOZKHUTEJIbHOCTHIO apaMeTpoB B pacipejesenun upuxiie. [Tpobiiema perraercs rpu
HCII0JIb30BaHUI O0OOIIEHHOTO PEryIsipU3aTOpa CIyIazKUBaHUsS U paspexkuBanus (24), B Ko-
TOPOM THIEPIAPAMETPHI (¢, (g MOTYT IPUHAMATH OTPHUIATE/IbHbIE 3HATCHUS:

R((I)a @) = Z Z Bt In @yt + Z Z Qg Inbyy.

teT weW deD teT

Taxkoii criocob paspe:kuBaHus OBLT BIIEPBbIE MIPEII0XKeH, II0 BCeil BUIUMOCTH, B JHHA-
mugeckoit Mogesn PLSA st 06paborku Bujeonorokos [190], riae mokymMeHTaMu siBJISIHCH
KOPOTKHEe BujieopparMeHTbl, TepMaMi — HPU3HAKK Ha N300parkKeHusix, TeMaM#i — I0sIB-
JIeHHe OMpPeJIeIEHHOr0 00beKTa B TeUYeHHe ONpeIeJEHHOTO BpeMeHH (HAlpHuMep, Mpoe3
aBTOMOOIIISI Yepe3 MepeKpécTok). PaspexkuBaTh pacmupe/ie/eHus CUIbHEe, YeM 9TO Jieja-
er LDA, morpeboBaMCh /I ONHCAHUS TeM ¢ KOPOTKHM «BPEMEHeM KH3HL».

Yactu4yHoe oby4veHune. B mporecce co3ganus, ONEHUBAHUS MM MCIOJIb30BAHUS TeMa-
THIEeCKOH MOJIETH SKCIEePTHI, aCeCCOPhl WM II0JIH30BaTe/N MOIYT OTMEYaTh B TeMaX pe-
JIEBaHTHbIC WJIX HEpeJIEBaHTHbIC T€PpMbl U JIOKYMEHTDI. Pa3Me‘{eHHbIe JaHHbIE ITO3BOJIAIOT
dukcupoBarh MHTEPHPETAIMU TEM M IOBBIIIAIOT YCTONYUBOCTH Moje/u. Pa3zmerka mo-
KeT 3aTparuBaThb JIMlIb YaCTb JOKYMEHTOB U TE€M, IIO9TOMY €€ HCII0JIb30BaHUE OTHOCUTCS
K 33Ja9aM wacmuurozo obyuenus (semi-supervised learning).

[IycTb s kaxkaoit Tembl ¢ € T' 3ajaHbl YeThIPe MOIMHOXKECTBA:

W, — «GeJblii CIIHCOK» PeJIeBAHTHBIX TepPMOB;

W, — «4€pHbIil CIUCOK» HEPEeJTeBAHTHBIX TEPMOB;

D;” — «GeJblit CIECOK» pe/leBAHTHBIX JOKYMEHTOB;

D; — «49@pHbIil CIUCOK» HEePEIeBAHTHBIX JIOKYMEHTOB.

Yacmuurnoe 0byvwenue no pesesaHmHOCUY ABASeTCI IaCTHBIM CJIyYaeM peryisapu3a-
TOpa CIJIA?KUBAHUA U Pa3peKUBAHUA IIPU

Bur = Bylw € W = p_[w e W],
iy = ayld € D] —a_[d € D/,

e B+ u oy — K0IDDUIUEHTHI Pery isipu3aliii.
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Puc. 11: Crpykrypa pazpexennoctu marpurn ¢ u © ¢ mpeameTHbIMu 1 (DOHOBBIMUA TEMAMH.

MpeametHbie n choHoBbIe TeMbl. YTo0Obl MOJIE/Ib Obljla HHTEPLUPETUPYEMOIl, KazK1ast Te-
Ma, JOJIZKHA UMETh CEMAHMUYECK0e A0P0 — MHOZKECTBO TEPMOB, XapaKTepU3yIOIuX Olpe-
JIICHHYIO IIPEAMETHYI0 00JIaCTh U PEAKO ymoTpeb/seMblX B Apyrux rtemax. [lus sroro
marpuipl ¢ 1 © HO/KHBI UMETH CTPYKTYPY Pa3PeKeHHOCTH, aHAJOIUIHYIO MTOKA3AHHO
Ha puc. 11. MuoxkectBo Tem pazdbuBaercs Ha JBa moaMuoxkectsa, 1'= S L B.

IIpedmemmnwie memov, t € S comepzKaT TepMUHBL IPEAMETHBIX obsacreil. VX pacipee-
nerust p(w | t) paspezKeHsl U CYIIECTBEHHO PA3JINIHBI (IeKOpPEeJTnpoBanbl). Pacipeienenus
p(t|d) Takzke paspezkeHbl B HPEJIMETHBIX TeMax ¢t € S, eC/ii HPeNoIaraTh, 4T0 KazKIblil
JOKYMEHT COACPZKUT JIMIIb He60ﬂb]].[y}0 JOJIIO IIpeAMETHbIX TEeM.

Donosvie memov, t € B copepxKar cjoBa 00IIEH JIEKCUKH, KOTOPbIX HE JIOJIZKHO ObITh
B IIpeIMeTHBIX TemaxX. X pacupegesnenus p(w |t), BOBMOKHO, MeHee pa3peKeHbl 10 CPaB-
HEeHUIO C IPEIMETHBIME T€MaMH M CyIIECTBEHHO OTJIMYAIOTCA OT HUX. Pacmpenenenus
p(t|d) momzxubI OBITH CHIBHO CLJIaXKeHbl B (hOHOBBIX Temax ¢ € S, Tak Kak cjioBa o0mieil
JIEKCHKHU COCTABJSIOT 3HAYUTEABHYIO JIOJII0 JaKe B y3KO CHEeNUAJIN3UPOBAHHBIX JOKYMEH-
TaX. TeMaTI/ILIeCKyIO MO/AeJIb C HECKOJIbKHUMUM d)OHOBbIMI/I TeMaMUu MOZKHO paCCMaTpuBaTb
Kak 00001IeHne podacTHbX Mojesedi [52, 159], B KOTOPBIX HCHOTB30BAIOCH TOJBKO OJHO
¢doHOBOE pacIipejieieHne.

CdokycupoBaHHbIi TemaTnydecknii nouck. Yacruuxoe ob6ydeHne TeM MOKHO paccMar-
puBaTh KaK Pa3sHOBUIHOCTH TeMATHIECKOro MH(MOPMAIMOHHOIO MMOKCKA. B KadecTBe 3a-
poCca 3aIA6TCI CEMAHMUYECKOE AJPO OJHONW UM HECKOJbKHUX TE€M. DTO MOYKET ObITb JII0-
boit dparment Tekcra, «Oesblii cumcok» repMoB (seed words) wim z-memku — TEMBbI,
IPUNUCAHHBIE OTIEJbHBIM cJioBaM win dbparmMentam B nokymentax [26]. Temaruueckast
IOMCKOBAsl CHCTEMA JOJIZKHA He TOJIBKO HANTH M PaHKHPOBATH PeJIeBAHTHBIE JIOKYMEHTHI,
HO U Pa3JI0KUTh IIOMCKOBYIO BBIJIATY IIO TEMAaM.

B TUHUYHbIX ITPUJIOZKEHUAX peﬂeBaHTHbeI KOHTEHT COCTaBJIACT HUYTOZKHO MaJlyIO J10-
JITO KOJIJIEKIIMH. TeM HE MeHee, UMEHHO 9TOT KOHTEHT /10JI2KE€H 6bITb TIIaTE/JIbHO CUCTeMa-
tu3upoBan. OOpa3HO TOBOps, TPEOYETCS «HCKATh M KJIACCH(PUIMPOBATH UTOJKH B CTOIe
cena» [46]. Tembl cranoBsaTCs 37MeMeHTOM rpadudeckoro narepdeiica moab30BaTes, UH-
CTPYMEHTOM HABHUIAIUMH U IOHHMAaHHUs TeKCTOBOi KoJuteknuu. OTCioma BazkKHOCTH Tpedo-
BaHUs UHTEPUPETUPYEMOCTU KaXK/IOW TEMBbI.

Hacruunoe obydeHue HCIOJAB30BAJIOCH Jjisi HOMCKA W KJacrepusaluu HoBocTeill [94],
IONCKA B COIMHUAJIBHBIX MeIna HH(MOPMAINH, CBA3AHHON ¢ DOIE3HAME, CAMIITOMAMHI H Me-
Tomamu Jiedenus [151, 152|, ¢ npecrynHocTbio 1 skcTpemu3moM [120, 174], ¢ nanuonaib-
HOCTSIMH ¥ MEKHAI[MOHAJIbHbIMU OoTHOIeHusMu |46, 103, 148].
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B mogesn ATAM (ailment topic aspects model) B KauecTBe CrurazkuBaroIero pacipe-
JIeJIeHUsT By, UCHOJIb30BAIACH OOJIbIIAs KOJJIEKIMsT MeUIMHCKUX craTeii [152].

B momenax SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIJIS TIOUCKA STHO-PEJIeBAHTHBIX TEM B IIOCTaX CONUAIBHBIX CeTell HCII0/Ib30BaJIOCh CIIAZKH-
BaHUe 110 CJOBAPIO U3 HECKOJBKHUX COTeH 3THOHUMOB [46]. B Momenu SSLDA st Kaxkpoi
9THO-PEJIEBAHTHON TEMbI 33,/1a6TCsl CBOIl CJIOBaAPb STHOHUMOB, CBSI3AHHBIX C OJHUM OIIPE/Ie-
jgéaapiM 3tHOCOM. B Mogesn ISLDA muO)kecTBO Tem pa3buBaercss Ha MHTEPBAJIbI, U JIJIst
BCEX TeM KazKJ0ro HHTepBaJIa 33aéTcsd OOIIMii cjoBapb STHOHUMOB. [IpenmytiecTBo sTux
MoJIeJiell B TOM, UTO HHTepIIpeTalus KazK0i TeMbl u3BecTHa 3apanee. Hejgocratku B TOM,
YTO TPYAHO MPEJIYTaJIbIBATh YUCJO TeM [ KazKA0i STHUIHOCTU U CTPOUTH MOJTUITHHY-
HBbIE TE€MbI JI/IsI BBISIBJICHUS] MEZKITHUIECKUX OTHONICHMUIA.

st pemenusi srux upobsem B |27, 28| 6blr npeioxken noaxox #a ocope ARTM.
3a/iaBajioch 001Iee YUC/I0 STHO-PEJICBAHTHBIX T€M U K HUM, KaK K CcTOjIOnamM marpuibl P,
HPUMEHSLIOCH CIUIa2KUBAHUE 110 CJI0BAPIO STHOHUMOB. TemaTudeckass MOJE/Ib caMa OIpe/ie-
JISLTTA, KAK 9TU TeMBI PAa3Ie/IATCs 0 STHHIHOCTIM. AJIbTepHATHBHBIIN IT0/IX0/T 32K TI0IAETCS
B TOM, 4TOOBI IIPHJIATH ITHOHUMAM OOJIBIINN BEC, CJejlaB UX OTJEIbHON MOJAJIbHOCTHIO
(HOHSITHE MOJAJILHOCTH BBOJUTCS B Iy1aBe 9).

JIr00bIe 1101x0/1bI K C(DOKYCHPOBAHHOMY TEMAaTUYEeCKOMY MOMCKY TPeOYIOT PYUHOil 1Ipo-
BEPKH M MHTEPIPETAINN HATCHHBIX TEM.

Oexkoppenuposanune Tem. Temarndeckasg MOJEIb He JTOJKHA COACPIKATD JLyOTHPYIOTIIX
WA IIOXOKHX TeM. deM pasnumanee TeMbl, TeM nHdOpMATHBHEE MOAETb. Ecam Tembl pas-
JeJIAIOTCA Ha NPeIMeTHbIe 1 (POHOBBIE, TO BCE OHHU JOJZKHBI CYMIECTBEHHO OTJIMYATHCH
APy OT Jpyra.

JL1st noBbIIIEHUs] PA3JIMYHOCTU TeM OyJ/ieM MUHUMU3UPOBATH CYMMY IOIAPHbBIX CKa-
JIAPHBIX HPOU3BEACHUN (1, Ps) = D . PutPws MKy crodbmamu marpuis $. Ilomyanm
PEryIgpPH3ATOD:

R((I)) - —% Z Z Z (Pwt()pws-

teT s€T\t weW

®opmysia M-mara, coracho (17), umeer Buj

Pt = DOL <nwt — TQuwt Z sows)- (37)
seT\t

DTOT peryagapu3aTop KOHTPACTHPYeT cTPoKH MaTpuiel . B kKaxk10ii cTpoke, He3aBU-
CHMO OT OCTAJbHBIX, BEDOSITHOCTH (p,,; HAMOOIee 3HAYUMBIX TeM TepMa W YBeTUINBAIOTCS,
BEPOATHOCTH OCTaJIbHBIX TEM YMCEHbLUIAQIOTCA U MOI'yT 06pamaTbC${ B HYJIb. PaBpe}KI/IBa—
HUE — ITO COILYTCTBYIOIIMI 3pdeKT JIeKoppe/mpoBaHus.

B [186] 6b11 3ameden emé onun moJe3nbiii 3ddexT: cioBa o0IIeil JTeKCHKH TPYIIITH-
PYIOTCS B OTJEeTbHbIE TeMbI. DKCIIEPUMEHTH ¢ KOMOMHIPOBAHUEM DeryJIspU3aTOPOB CIIa-
JKUBaHWs, pasdpexkuBanus u jexoppesuposannus B ARTM moarsepzkaaior 310 HabJio/1e-
uue |8, 196, 195].

JexoppesnupoBanue Buepsbie 0bL10 npemioxkeno B Mojgean TWC-LDA (topic-weak-
correlated LDA) B pamkax GaitecoBckoro nojaxoia [186]. CoorBercrByiomiee anpuopHoe
pacipejieleHre He SBJISeTCd CONPIKEHHBIM K MYJbTHHOMHATIBLHOMY, TOTOMY Oaiiecos-
CKHil BBIBOJI CTAJIKABAaETCA ¢ TexHmdeckuMu Tpyaaoctamu. B ARTM pacuaéraas dpopmysra
M-rmirara (37) BBIBOAMTCS B OJHY CTPOKY.
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KomMbOuHupoBaHue perynspu3aTopoB pa3pe:KuBaHHs MPEJIMETHBIX TeM B Marpuie O,
cryiaykuBaHust (POHOBBIX T€M U JIEKOPPeJIMPOBaHus CTOJIO10B MaTpuiibl ¢ UCI0/Ib30BAJIOCH
BO MHOTUX paforax Jijis yaydineHuns uHTeprnperupyemocta tem (8, 195, 196, 197, 21, 89).

B [196] 6bL1a KCIEPHMEHTATBHO MOA00PAHA CIELYIOMAS CMpPAmezus PEeYiipUusaiul.
JlexkoppenupoBaHue n CrIaKuBaHUe BKIIOYAIOTCA cpa3y, pa3dpexkuBanne — depe3 10-20
urepanuii, nocje odpa3oBaHus TeHJIEHIUU K cxojumocTu. Hejib3sg paspekuBarb mMarpu-
I[bl IapaMeTPOB cpaldy, TaK Kak HeOOJIblIasl JIOJIsd LHapaMeTpoB, CJIy4YalHO OKa3aBIIMXCS
OJIM3KUMU K HYJTIO, MOI'YT OCTAThCS HYJIE€BBIMHU 0€3 ONTUMUBAIUN.

[Toa6op K03 DUIMUEHTOB peryIapu3aiiy MO3BOJIET YIYUIIIUTh OJHOBPEMEHHO HECKO/Ib-
KO KPUTEPHeB MHTEPIPETHPYEMOCTH TeM (pa3pe:KeHHOCTh, KOHTPACTHOCTb, YHCTOTY, KO-
PEePEHTHOCTH CM. IVIaBy 17) npH HE3HAYUTEIBHON MOTEpe HPABIOHOI00USL.

B [89] ucnosb3oBastack noxoxkas cmpamezus peeyaspudeyuu. Ilepsbie 8 urepanmii
BKJIIOYAETCs TOJIBKO JIEKOPpPe/IMPOBaHKe, C/ie/lylolue 8 urepaiuil pa3spezKuBaiorcs croJio-
bl MATPHUIEL O, emé 8 urepanuii cryrakuBaroTcsa croaomsl Marpunsl P. Ha kazx oM 610ke
urepanuii moabupaerca KoxhbhUIEenT peryasapu3anun no cerke u3 4 3xadenuii (11opoo-
Hee 9TOT FKCIepuMeHT Oy/er onucan B riaase 21, puc. 30).

Crparerusi, HalleJIeHHAsT HA, yJIyUIIEHHE WHTEPHPETUPYEMOCTH TEM, HO3BOJISIET OJIHO-
BPEMEHHO YyJIYYIIUTb U Ka4eCTBO TEMATUYE€CKOI'O IIOUCKa, XOTd HUKAKHE KPUTCPpUHU Ka4de-
CTBa TOWCKA HEMOCPE/ICTBEHHO He ONMTHUMU3HPYIOTCH.

BbiBogbl no rnase 8

e PaspekmBanue, crjakKuBaHue W J€KODpPeJUPOBAHUE SBJIAETCI MUHUMAJIbHBIM
«JIZKEHTJIbMEHCKMM Ha0OPOM» PeryJisipu3aropoB, HPUMEHUMbIM K OOJIbIIMHCTBY
IIPUKJIQIHBIX 3a/1a4.

e Peryngpusarop JeKoppenpoBaHus peKOMEH/yeTcs UCIOJIb30BaTh Beerjia, 01aroaa-
Psi HECKOJIbKHMM 110J1€3HBbIM 1100049HBbIM 3 hexTam.

e Ob6o0ménnasa moaeab LDA, B KOTOpoii CHATO OrpaHHYeHHE IIOJTOKHUTEJTbHOCTH I'H-
nepruapaMeTpoB, HAXOUT MHOXKECTBO IPUMEHEeHUIl: pa3peKuBaHue, 4acTuaHoe 00y-
4JeHue, Bbljiesienre (POHOBBIX TeM, C(DOKYCUPOBAHHbIN TeMaTu4eCKuil 1OUCK.
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9 MyJ'IbTVIMO,D.aJ'IbeIe TemMmatTn4deCkKkme moageim

Myavmumodanrvhas memamuueckas Mooesb OMMUCHIBACT JOKYMEHTDI, COICPZKAIIIE Me-
TaJaHHbIC HAPLY ¢ OCHOBHBIM T€KCTOM. MeTalaHHbIe IOMOraioT 60J1ee TOTHO OIPEeIe/IaTh
TEMATUKY JOKYMEHTOB, U, HA00OPOT, TEMATHYECKAsST MOJIE/Ib MOKET MCHOJIb30BATHCS JIJIst
BbISBJICHUS CEMAHTUKKM METAJAHHBIX WJIM UPEJACKA3aHUS HPOILYHIEHHBIX METa aHHbIX.

Kazkaplit Tunn MeTaJaHHbIX 00pa3yer OTAEAbHYIO MO0AAbHOCTMb CO CBOUM CJIOBAPEM.
CrioBa ecTecTBEHHOIO sI3bIKa, coBocoderanus [203, 212|, reru [105|, umeHoBanubIe 00H-
eKkThl [142] — 3T0 mpuUMepbl TEKCTOBBIX MOJATBHOCTENH. B MyJIbTHI3BIYHBIX TEMATHIECKUX
MOJICJISIX TTAPAJIICJIbHBIX TEKCTOB MOJAJIBHOCTSAMHU siBisiiorTcst si3biku [198]. it anasmsa
KOPOTKHMX TEKCTOB C Olle4aTKaMH HMCIHOJIb3YIOT MOJAJbHOCTH OYKBEHHBIX N-I'PAMM, 4TO
03BOJISET YJIydlIaTh KadecTBO NHGOPMAIMOHHOIO HOMCKa [88].

[IpumepaMu HETEKCTOBBIX MOJATBHOCTEN SIBIISIOTCSA: KIACChl Wi Kareropuu [168, 228|,
aBTopbl [167], Bpems [189, 224, 190|, nuTupyeMble Win MUTHPYONIHe JOKYMeHTHI |67 wiu
aBTopbl [98|, rpaduueckue smements u3obpazkenuit [43, 87, 115|, mosb3oBaTenn 3yeK-
TPOHHBIX OGUOJIMOTEK, COMMAJIBHBIX ceTeil niu pekoMenareabubix cucrem [110, 178, 205,
220, 221|, peknamubie 0ObsiBIeHust Ha Beb-crpanunax 155, cm. puc. 12.
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Puc. 12: O6brunas TemMarndyeckas MOJE/Ib ONPEAEIAET PACIPEIETIEHIE TeM B KaxKI0M Jokymente p(t|d) u
paclpe/Ie/IeH|e TepMOB B KaxK 10 reme p(w |t). MyjibTuMo/aibHast MOJIE/b PACIPOCTPAHAET CEMAHTUKY
TeM Ha 3JIEMEHTBI BCEX OCTATbHBIX MOJAILHOCTEH, B TOM 4HCJIe HETEKCTOBBIE.

MynbtumopganbHas ARTM. Bce nepeunciiennbie Bbliie cjiydad, HECMOTPsI Ha, Pa3HO-
obpasue unrepuperanuii, onucbiBaiorcs B ARTM eauabiv (hopMain3MomM MOIaIbHOCTENH.
Kaxkaprit TOKyMeHT paccMaTpuBaeTcsd KaK YHUBEPCAJIbHBIN KOHTeHeD, Co/iepzKaIiuii Tep-
MBI Pa3JIMIHBIX MOJIAJbHOCTE, BK/IIOYasi OObIYHBIE CJIOBA.

[Iycte M — MHOXKecTBO MojajbHOCTell. Kazkmass MOJAIbHOCTh UMeeT CBOi CJI0Baphb
repmoB W, m € M. D1 MHO)KeCTBa IOIAPHO He nepecekaorcs. VIx obbeunenne Oygem
obo3nauarb yepe3 W. Mogasbaocts Tepma w € W Oyjem 0603Hauars yepes m(w).

Temaruueckass MOIEIb MOIAJBHOCTH 1M AHAJOIHYIHA, MOIEIN (2):

p(wl|d) = pr|t (t|d) = ngwﬂtd, weW™ deD. (38)
teT teT

Kaxk10ii MOJAJIBHOCTH M COOTBETCTBYET CTOXacTHIecKas marpuna P, = (gowt) S —
CoBokynHocth marpur, ®,,, eciaum uUX 3amumcarb B cTOJ0er, obpa3yeT MaTpuily Py yr.
Pacupeiesienne TeM B KazKJIOM JIOKYMEHTE SIBJISIETCsSI OOIIMM JIJIsi BCEX MOJIAJIbHOCTEH.
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MyJibTuMO/Ia/IbHAST MOJE/Ib CTPOUTCS IIyTEM MAKCUMU3AIKUKU B3BEIIEHHON CYyMMBbI JIO-
rapudMOB 1paBJIO000Us MOJ/IAJIbHOCTEH U pery/isipu3aTropoB. Beca 7, 1no3poJisoT cba-
JIAHCUPOBATh MOJIAJIBHOCTU 1O MX BaXKHOCTH U C YUETOM MX YACTOTHOCTHU B JJOKYMEHTAX:

Z T Z Z N lnz Owibia + R(P,0) — rgfi@x; (39)

meM deD weWwm teT
Z Owt =1 Quwr 2 0; Zetd =1; 04 =0. (40)
weWm teT

Teopema 9.1. Ilycrs ¢pyukuus R(®, ©) venpepoiBao qupepennupyema. Touka (P, O)
JIOKaJIbHOTrO dKcTpeMyMa 3agaqn (39)—(40) yaosmerBopsier cucreMe ypaBHEHHI CO BCIO-
MOraTeJIbHBIMH ITePEMEHHBIMHA Pig, = P(t|d, w), ecim w3 penieHnss HCKIIOYATH HYJIEBBIE
crosioner marpui P, O:

Prw = 10T (PurBa); (41)
OR
wt — w wtay | wt — m(w wPtdw 42
Pwt BEO%‘VIHH nt+¢t590wt Nt %T()nd Ptd (42)
OR
Oa = Bt ). = N o) et Pt 43
d n%r%rl Nig + Gta 90, ) Ntd WEZWT (w) TbdwDtd ( )

JlokazareibcTBO aHAJOTUIHO Teopeme 4.1, KoTopas sBJsSeTCs YaCTHBIM CJIYy9aeM Teo-
pembl 9.1 g caydast ool Mogaabuoctu, |M| =1, 7, = 1. [lepexon or oxHOil MOIAIb-
HOCTH K IIPOU3BOJIbHOMY 4YUCJIY MO,Z[aJ’[bHOCTefI CBOJAUTCA K JABYM IIOIIpABKaM:

1) mcxouble JJAHHBIE Mgy, JOMHOMKAIOTCH HA BECA MOJIAJIBHOCTEH T (y);

2) marpuna ¢ pasbuBaercsa ua 6;10Ku D,;,, KOTOPbIE HOPMHUPYIOTCS TO-OTI€JIbHOCTH.

B nmpoekTe BigARTM peasn3oBana BO3MOKHOCTb KOMOMHIPOBATD JTI000€ THCI0 MOJAJIb-
HOCTEH ¢ JII0ObIMU peryssipusaropamu |27).

MynbTuA3bI4YHbIE TEMATUYHECKNE MOAENN HCIOTb3YIOTCS I KPOCC-SI3BIMHOTO HHMOP-
MaIMOHHOI'O IIOUCKA, KOIJIA 110 3aIIPOCy Ha OJIHOM s3blKe TpeOyerTcs HaiflTu CXOxKue JIOKY-
MEHTBI Ha JAPYTI'OM 4d3bIKE. ﬂﬂﬂ CBA3blBaHUA A3bIKOB UCIIOJIB3YIOTCA 1lapaJlJleJIbHbIe TEKCTbL
WJin ABYyA3blYHbIE CJIOBAPU. HepBbIe MYJIbTUA3bIYHbIE TEeMaTU4Y€eCKUEe MOIEJ/IN 1OABUJINCH
noutu oxHoBpemeHHo [64, 134, 147| u npeacraBiasgan coboil MyJIbTHMOJATBHYIO MO/IE/b,
B KOTOPOil MOJIAJIbHOCTIMH SIBJISIOTCS SI3BIKHM, U KaXKJasl CBS3Ka MAapaJlIeJIbHBIX TeKCTOB
O6'be,ZLI/IHHeTCH B OJlMH JJOKYMEHT. OKa3aﬂOCb, YTO CB4A3blBaHUA JOKYMEHTOB A0CTAaTOYHO
AJid CUHXPOHU3alIUKU TeM B Pa3HbIX A3bIKAX U KPOCC-A3bIYHOI'O ITOUCKA. HOHbITKI/I 60.)'[66
TOYHOI'O 1N pr,ZLO'éMKOFO BbIpaBHUBaHUA 110 IIPEAJIOZKEHUAM HUJIK 110 CJIOBAM IIPAKTUYC€CKU
He YIydIIaloT KadecTBO mouckKa. OOCTOATeNbHBINH 0030p MYJIbTUSI3BIUYHBIX TeMATHIECKIX
Mo/ieseit MoKHO Hajitu B [198].

Ha puc. 13 nokazaubl Hekoropbie u3 400 tem, nmocrpoennbix 1o 216 175 napam pycckux
v aHrniickux crareit Bukunenun [194]. [list cBsi3biBaHust 136IKOB HCIIOJIB30BAIUCH TOJIBKO
MO/IaJIbHOCTH, BbIPABHUBAHUSI M CJAOBApU HE UCIOJIb30BauCh. Aceccop onenmt 396 tem
3 400 KaK XOpOIITO WHTEePIpeTupyeMbIe.

Jlng menosib3oBaHust JBYSI3bIYHOTO cyioBaps B [10| OBLT mpejiozKeH peryasipu3aTop
crinazkuBauug. O popmasu3yer npeIno0KeHne, 9T0 eCJii CJI0BO U B sI3bIKe k sIBJISIETCS
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Tema Ne68 Tema Ne79
research 4.56 | nHCTUTYT 6.03 || goals 4.48 | maty 6.02
technology 3.14 | yausepcuter  3.35 || league 3.99 | urpok 5.56
engineering  2.63 | nporpamma 3.17 || club 3.76 | cbopHas 451
institute 2.37 | y4ebHbiii 2.75 || season 3.49 | bk 3.25
science 1.97 | TexHnyecknin  2.70 || scored 2.72 | npotune 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | kny6 3.14
education 1.44 | nay4HbIli 1.76 || goal 2.48 | dytbonuncr 2.67
campus 1.43 | nuccnegosanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abuBaTtb 2.53
programs 1.36 | obpa3zosanHne  1.47 || match 1.67 | komaHga 2.14
Tema Ne88 Tema Ne251
opera 7.36 | onepa 7.82 || windows  8.00 | windows 6.05
conductor 1.69 | onepHblii 3.13 || microsoft 4.03 | microsoft 3.76
orchestra 1.14 | pupunxep 2.82 || server 2.93 | Bepcus 1.86
wagner 0.97 | nesey 1.65 || software  1.38 | npunoxerune 1.86
soprano 0.78 | nesuua 1.51 || user 1.03 | cepeep 1.63
performance 0.78 | Teatp 1.14 || security 0.92 | server 1.54
mozart 0.74 | napTusa 1.05 || mitchell 0.82 | nporpammubiii  1.08
sang 0.70 | conpaHo 0.97 || oracle 0.82 | nonb3oBatens 1.04
singing 0.69 | Barnep 0.90 || enterprise 0.78 | obecneyenne  1.02
operas 0.68 | opkecTp 0.82 || users 0.78 | cucrema 0.96

Puc. 13: IIpumepst Tem u3 aBysa3brauoit Temarudeckoil moxesn Bukunemuu. Ilokazanst nepsoie 10 cios
KazKJIOH TEMbI M UX BePOATHOCTH p(w|t) B MPOIEHTaX.

IIEPEBOJIOM CJIOBA W U3 si3biKa ¢, TO ux pacupejaesnenus tem p(t|u) u p(t|w) qoaKHb GBITH
ou3ku B cMmbicsie KL-auBeprenmun:

R(®) = Z Znut In .

w,u teT

Qopmyna M-mrara yBeTmInBaeT BePOITHOCTH CJ0BA B TeMe, KOIJIa OHO HMeeT MepeBO-
JIbl, UMEIOIUe BBICOKYIO BEPOSITHOCTDH B TOM 2Ke TeMe:

Puwt = nogvrrl; (nwt + 7 E nut>.
we u

DTOT PEryJsspu3arop He yYUTHIBAJ, YTO IEPEBOJ CJI0BA MOYKET 3aBHCETb OT TEMBI,
W 4TO CpeJd IEepeBOJOB CJOBA MOTLYT HAXOJMTLCA INEPeBOABI €ro OMOHHMOB. llosromy
B TOil ke paboTe ObLT HpeIoZKeH BTOPOIl peryIdapu3aTop, KOTOPLIi BBOIUI B MOJIENb
HOBBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOrO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM ciioBa w B Teme L. IIpejnosaraercs, uro Tema ¢, Kak pacnpenesenue plu|t) = 2t

HA/I CJIOBAMU SI3bIKA K, 10/IzKHA ObITH Osin3ka B cMmbicsie KL-uBepreniy Kk BepOsiTHOCTHOI
Mozen Toii 2Ke TeMbl p(u|t) = D TyutPuwt, TOCTPOCHHOI 1O EPEBOJAM CJIOB U3 A3BIKA (:

R(®,1I) =7 Z Zn“t hlZﬂ'uwt(pwt — max .
ueWwk teT weW? ’

@opwmysia M-mara renepb y4uTbiBa€T BEPOATHOCTU HMEPEBOJOB Tyqt. Kpome Toro, J1o-
baBiisieTcsl peKyppenTHas (popmyJia Jijis ONEHUBAHUS ITUX BEPOSTHOCTEN:

Puwt = nOl{/Ir/rl} (nwt +7 § qut”ut) ;
we “

Tuwt — NOTIM (qutnut) .
ueWk

57



Tembl, B kKOTOPBIX p(«sum>»|«cymmay, t) > 0.9

Tema Neb6 Tema Nel2 Tema Ne20
MHO>XXeCTBO set MaTeMaTuka triangle BEKTOP vector
NPOCTPaAHCTBO | space TPeyroJibHMK square KOOPAMHATA coordinate
rpynna point Teopema number NPOCTPAHCTBO field
TOYKa left TOYKa point npeobpasosaHune | tensor
3NIeMEHT limit MaTemaTmyeckmnii | theorem 6a3uc transform
byHKL NS symmetry || yron angle TeH30p basis
npegen function KoopamHaTa mathematics || cuna space
oTobparkeHne | open 3KOHOMUKA real BEKTOPHbI force
CNUMMETPUS property 4ncno theory TOYKa rotation
OTKpbITbIA topology KBagpaTt geometry cucrtema thermometer

Tembl, B kOTOpbIX p(«total» |«cymmax,t) > 0.9

Tema Neb Tema Nel9 Tema Ne22
opbuta space NporpamMMHblii software nrpa game
annapart nasum Bepcus version BNAEOCUTHAN character
kocMuyeckuii | orbit paboTa news NrpoK video
3emns instrument || komnanus company bunom player
noBepxHOCTb | earth AHOHUMHBII work ronoBoJIOMKA series
CONHEYHBIN surface npumMe4vaHmne note cepus puzzle
cTaHuns solar TEpMUHATOpP release Ka4ecTBo movie
3anyck system >KypHan support LIAaXMaThbl jason
cucrema landing peii terminator [KeCOoH world
aTMocdepa camera nepcoHax< anonymous bykBa chess

Puc. 14: [Ipumepsbl TeM ¢ pa3HbIMU LEPEBOAAMU CJIOBA, «cyMMmay [10].

Casi3biBanue napaJijie/IbHbIX TEKCTOB CUJIbHEE Y/Iy4IlaeT KavdeCTBO MOMCKA, d4eM 00a
criocoba yuéra csrosapeii |10]. Bropoit criocod wemuoro Jsydrre mepsoro. Kpome toro, on
[I03BOJISIET BBIOMPATH BAPDUAHTHI [IEPEBO/IA B 3AaBUCHMOCTH OT KOHTEKCTa, YTO MOYKET OBIThH
IOJIE3HO /s CTATHCTUYIECKOTO MAIIMHHOTO MepeBoja, puc. 14.

MoganbHoCTK KaTeropuii u aBTopos. JlomycruM, 9To pacipeeseHus TeM B JIOKYMEeH-
tax p(t|d) mopoxaaroTes OHOM M3 MOJATBHOCTEIl, HAIIPUMED, ABTOPAMHU, PYOPUKAME I
KaTeropudamu. By,ZLeM CHYUuTaTb, 4TO C KazKJAbIM TEPpMOM W B KazKJIO0M JOKYMEHTE d CB4-
3aHa He TOJIBKO TeMa t € T, HO W KaTeropusl ¢ W3 3aJaHHOI0 MHOZXKecTBa Kareropumii C.
Pacmupum BeposiTHOCTHOE IpocTpaHcTBO 10 MHOXKecTBa D X W x T x C.

Ilycrs u3BectHo moamuozkecTBo Kareropuii Cy C C') K KOTOPBIM MOXKET OTHOCHTBCS
JIOKYMEHT d.

PaceMoTpum MyJIbTUMOIAIBHYIO TEMATHIECKYIO MOJIe/b (38), B KOTOPO#l pactpe/ieie-
HUE BEPOSITHOCTHU TeM JIOKYMEHTOB Oy = p(t|d) onmcsiBaeTcsi cMeChI0 paCIpe/Ie/IeHuil Tem
Kareropuii 1. = p(t|c) u Kkareropuii 10KyMeHTOB T.q = p(c|d):

plwld) = pr|t Zpﬂc (c|d) = Zzs%t%cﬂcd (44)

tel ceCy teT ceCy

1O TaKzKe 3aa9a CTOXaCTHICCKOr0 MATPHIHOIO PA3JI0KEHH, TOJILKO Ternepb Tpedy-
ercs Hajitu Tpu Marpuipi: ¢ — Marpura TepmMoB TeM, ¥ = (Ui )rxc — Mampuya mem
kamezoput, Il = (T.q)oxp — Mmampuya Kamezoputd doKYMEHMOB.

Moiesib 0OCHOBaHA Ha JIBYX I'MIIOTE3aX YCJIOBHOH HE3aBUCUMOCTH:

p(t|c,d) = p(t]|c) — remaruka jJoKyMeHTa d 3aBUCUT HE OT CAMOIO JIOKYMEHTa, & TOJIb-
KO OT TOr0, KAKAM KATErOPHAM OH IIPUHA/IJICZKHT;

p(w|t, c,d) = p(w|t) — pacupe/esienne TepMOB OLPEIESIETCS TOJIBKO TeMATUKON J10-
KyMEHTa U HE 3aBHCUT OT €r0 TEPMOB U KaTeropuii.
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Kpowme roro, upesnonaraercs, 4ro m.q = p(c|d) = 0 mis Beex ¢ ¢ Cy.
Ba/aua MAKCUMU3AIUU PETYJISPU30BAHHOIO IIPABIOIOI00HS:

Z Z N In Z Z prtwtcﬂ-cd + R((I)a \II’ H) — nax; (45)

[CRVNT
deD wed teT ceCy
Z Pwt = 17 Owt = O, Zd}tc = 17 djtc = 07 Z Ted = 17 Ted = 0. (46)
wew teT ceCy

Teopema 9.2. Ilycrb pyuknus R(®, VU, 11) venpepeiBao gudgepennupyema. Touka jio-
kasbaOro skcrpemyma (P, W, 1) zazaun (45), (46) yaosaerBopsier cucreme ypaBHeHHIT cO
BCIIOMOTATETbHBIMH MEPEMEHHBIMH Pyeqy, = P(t, ¢|d, w), ecin u3 perenns: HCKJIIOYATD HY-
Jespre croyiomsr marpur ©, U, I1:

Predw = 10rm_ (QuiicTea);
(t,e)ETxCy
OR
Pt = norm| Nyt + Put=— |; Nyt = g E NdwPtedw;
weWw 0g0wt
deD ceCy
OR
Ve = RO { My +@/}th ; Nye = E E Nw Ptedws
te deD wed
OR
Ted = Ilglém Ned + ch% ; Neg = E E NdwPtedw-
C
d cd wed teT

Jloka3aTeibCTBO ONMUPAELTCS HA JIEMMY 3.2 0 MAKCUMUBAIMUKA HA €JIUHUYHBIX CHUMILIEK-
cax M MPOBOJIUTCI AHAJOTMYHO J0KA3aTe/bCTBY Teopembl 4.1.

Mojeib TPEXMATPUUHOIO pa3/IozKeHud Haubo1ee M3BECTHA KaK a48MmMop-memamuecrkas
modeav ATM (author-topic model), B KoTopoii OpozxK garomieii MOIATBHOCTHIO SABJISTFOTCSI
aBTOPbHI JJOKyMeHTOB [167].

B memamuueckot modesu mezuposanus doxymernmos TWTM (tag weighted topic
model) nopoxgaromeii MoJAIBHOCTHIO SBJSIOTCS Tern JoKymenTta [113].

AHasornvHas MOJEb UCHOJIB30BAIACh [jisi 00pabOTKH BUIEOMOTOKOB B [87]: mMOKy-
MEHTBI d COOTBETCTBOBAJIM IOCJIEOBATEIbHBIM CEKYHIHBIM BUJICOKIUIIAM, TEPMbI W —
971eMEHTAPHBIM BU3YAJIbHBIM COOBITUSM, TEMbI  — JICHCTBHSAM, COCTOSIIMM U3 COYCTAHUS
coObITHIT, KaTeropuu ¢ — 00Jiee CJAOKHBIM IOBEIEHUIM, COCTOSIUM U3 COUYeTaHus Jeii-
CTBUIT, IPUIEM CTABU/IACH 33/[a9a BBIJIEJUTH B KaXKJOM KJIMIIE OJJHO OCHOBHOE IIOBE/ICHUE.

Mogenb (44) MOXKHO YIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DA3JIOKEHUIO, eC-
JIX OTOXKJIECTBUTH TeMbl ¢ Kareropusamu, C' = T', u B34Tb e uandHyio Marpuiy V. /lannas
MO/IesTb u3BecTHa B sinreparype Kak Flat-LDA [168] u Labeled-LDA [163]. Eé BoipasuTen-
Hbie Bo3MoOxkHOCTH Oesaee, yem y PLSA u LDA, rak kak 3naduresibHas J0JIsI 9JIEMEHTOB
marpuipl II = © dbukcupoBanbl U paBHBL HYJIIO.

Tpéxmarpuunsle Mojen B bubmnoTeke BigARTM He pean30BaHBL.

MopanbHOCTb BpemMeHW U TemMnopasjbHble mMogenun. Bpewms cosjanus JJIOKYMEHTOB
BAaKHO 1IPU aHAJIM3€ HOBOCTHBIX [IOTOKOB, HAYyYHbIX IyOJIMKAIUil, HaTeHTHbIX 06a3, JaHHbIX
conua/ibHbIX cereil. Temarndeckue MOJe/IM, YUUTHIBAIONIUE BPEMsi, HA3bIBAIOTCH MEMN0-
PaNOBHBIMU. OHI/I IIO3BOJIAIOT pa3dejidThb TeMbl Ha cobvmutinse 1 IepMaHeHTHbIe, JE€TCeK-
THPOBATHb HOBBIE TEMBI, IPOCIEKUBATL PAa3BUTHE TeM BO BpeMmenu (topic detection and
tracking), BbIIEJSTD TPEHIBI.
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[Iyctb I — KOHE4YHOEe MHOXKECTBO MHTEPBAJIOB BPEMEHU, U KaxK/Iblil JOKYMEHT OTHO-
CUTCAd K OJHOMY HJIM HECKOJIbKUM HMHTEpBaJlaM, DZ — HOJAMHO2KEeCTBO JJOKYMEHTOB, OTHO-
CAMUXCsT K UHTepBAJTy i. ByJeMm moJjararh, 9ro TeMbl Kak pacupejesenus p(w |t) ne me-
HSIOTCS BO BpeMeHH. Tpebyercss HAlTH pacipe/iejieHne Kax 10l TeMbl Bo Bpemenu p(i|t).

TpuBHAIbHBI HOAXO 3aK/II0YAETCA B TOM, YTOOBI IIOCTPOUTH TEMATHIECKYIO MOIE/Ib
Oe3 yuéra BpeMeHH, 3aTeM HAlTH PaCIpe/e/IeHue TeM B KaxkJoM uHTepBaJje p(t|i) kak
cpennee 0y 1m0 BceM jiokymeHTaM d € [); U nepeHOPMUPOBATH YCJOBHBIE BEPOSTHOCTH:
p(i|t) = p(t\i)%. HeoctaTok JaHHOTO MOJAXOAA B TOM, 9TO HHMOpPMAIUS O BpEeMeHH
HUKAK HE HCIIOJIL3YeTCI IpH O0YYeHHH MOJEIHM U He Bausger Ha (POPMHDPOBAHHIE TEM.

B ARTM »sta npob/tema pelmaercs BBeaeHneM MogaabHOCTH Bpemenn . lckomoe pac-
upesesenue p(i|t) = p; nosydaercs B crosbie Marpuipl $. Jonosnurenbabie orpanude-
HHUA Ha 1IOBE€AEHHUE TeM BO BPEMEHHU MO2KHO BBO/IMTH C IIOMOLIbIO peEry/idpu3saluu.

B oxnoit u3 nepseix remmopasbHbix Temarudeckux Mmogeneit TOT (topics over
time) [211] kaxkqas TemMa MOJETUPOBATIACH HAPAMETPUICCKIM [3-PACIPeIeTIeHIHEM BO BPe-
MEHH. DTO CeMeHCTBO MOHOTOHHBIX M YHUMOJAJIbHBIX HeNpephbIiBHBIX (PYHKIHH, ¢ mOMO-
IO KOTOPOIO MOZKHO OIIMCHIBATH Y3KUE HMKU COObMUTHbLT MeM 1 OrPAHUYeHHbIH Habop
TPEH/I0B. TeMbI C HECKOJIbKHUMHU BCIIJIECKAMHU JaHHad MO/JCJ/Ib OIIMCBbIBAaET I11JIOXO.

HeHapaMeTpI/I‘{eCKI/Ie TeMIIOpaJibHblE MOJ/EJIN CHOCO6HBI OIIUCbIBATH IIPOU3BOJIbHbBIC U3-
MEHEHHd TeM BO BpeMeHH. PaccMOTpHM JBa €CTeCTBEHHBLIX IPEIIOI0KeHHd 1 (hOpMaJIn-
3yeM UX C IOMOMIIBbIO Pery/Isapu3alii.

Bo-11€pBbIX, HPEIIIONI0KUM, UTO COObMUTHbLE MEMbL UMEIOT OTHOCUTEILHO HeDOIbIIOe
«BpeMs KU3HU», IOITOMY B KarK/JIOM HHTepBaJie BPEMeHH 7 IIPUCYTCTBYIOT HE BCE TE€MbI.
[Torpebyem paspezxenHocTu pacipejesienuii p(t|i) ¢ moMOBbIO0 KPOCC-I9HTPOLUITHOIO pe-
IyJIAPH3ATOPA:

Ripasp(® 111 ©) = —Tsp > > Inp(t]d).

icl teT

Bo-BTopbIX, mpeanosoxuM, 9ro pacupegetenns p(i|t) kak dyHKIUM BpeMeHU MeHs-
I0TCS He CJTMIIKOM OBICTPO. [IjIsl 5TOro BBeIEM peryiapu3aTop CLIaKUBAHUS, MAHAMA3H-
pytoruii Moxysu pasHocreil p(i|t) B coceHUX HHTEpBAJAX BPEMeHH:

Rep(® wmn ©) = =70, > Y [pli|t) — p(i—1]t)|.

icl teT

Takoii peryasgpu3aTop IPHHATO HCIOIL30BATH IIPU MHTEPIIOJAIUH PAa3PBLIBHLIX Bpe-
MeHHBIX psizio [101]. Momysb passoctu (Li-HOpMA), B OTJIHYHe OT KBajpaTa PasHOCTH
(Lg-HOpMBI), He mTpadyeT MOIeIb BDEMEHHOTO Psijia 33 Pe3Kue CKAIKh. DTa 0COOEHHOCTD
I0JIE3HA [IPH MOJEJUMPOBAHMU TEeMAaTHKU HOBOCTHBIX MOTOKOB. Cobwmudnas mema t Xa-
paKTepu3yercs CKauKOOOPa3HbIM BCILIECKOM BepositHOCTU P(i]t), KOTOpas JI0 HACTYILIe-
HHUA COOBITUSA ObLIa HYJIeBOii. L1-peryasapu3arop He IBITAeTCsd CIIasKUBAaTh TAKHE CKAYKH,
B omymune ot Lo-peryngpusaropa. Vcmnonb3opanue Lo-HOPMbBI MOXKET IPHBOJUTL K HeJe-
IBIM pe3yJIbraTaM Ipd 0OpabOTKe MCTOPUIECKHX JAHHBIX — <9eJaOMHCKHII METeOpHT»
emé He mpuJeTe/1, a HEKOTOpas J0Jd €ro TeMbl yzKe HOABU/IACH B IIOTOKE HOBOCTEH.

Oba peryJisipu3aTopa MOXKHO 3anucarh u Kak (yukiuio or ®, u kak pynknuo or O.
B nepsoMm ciiydae BBOJMTCH MOJIAJIbHOCTH UHTEPBAJIOB BpeMenu. Bo BTOpoM ciiydae 1pu
00paboTKe JOKYMEHTOB, OTHOCSINUXCA K MHTEPBAJIY 4, HPHIETCH 00ECIIeYUBATDL JIOCTYII
K BEKTOP-CTOJ0IAM 04 JOKYMEHTOB, OTHOCANIMXCA K COCeaIHUM uHTepBataM i + 1. Texuu-
YECKH 9TO MeHee yI00HO, H09TOMY Oy/eM pacCMaTpUBaTh TOJILKO IIEPBbI BapUAHT.
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Paccmorpum B Gosiee o0mieM Bujie 3a/iady MyJIbTHMOJIAJIBHOIO TEMaTHYEeCKOI'0 MO/JIe-
JIMPOBAHUS C B3BELICHHO cyMMOit Heryaakux Ly-perysspusaropos |R;(®,0)|, j € J:

Z Tmz Z N angothtd—i-R((I),@ Z}R (P, @)} — Igaéx (47)

meM deD weWm teT JjeJ
Ipu OOBIYHBIX OTPAHUIEHHSIX HEOTPUIATETbHOCTH U HOpMHPOBKH (40).

Teopema 9.3. Ilycrs ¢pyurmun R(P,0) u R;(P®, ©) menpepsisao g gepeHnupyeMsr.
Torna touka (P, ©) sokaabrOro 3KCTPeMyMa 3a4a4n (47) ¢ orpanmaennsvu (40) yaosite-
TBOPSIET CUCTEME YPABHEHUE CO BCIOMOIaTe/IbHBIMH IIEPEMEHHBIMHU Dyqyy = P(t|d, w), eciin
U3 PeIeHust HCKJIIOYUTD HyJIeBble ¢To/101bl Marpul ©, O:

DPtdw = nl%f%n (prtetd); "
OR,;

Puwt = BEOIE/% <nwt + Sowt — Put Z Slgn 8§0wt) (49)

0,g = norm <ntd + Opg— 20,1 — Oia 26; Slgn(Rj)ﬁt;) ; (50)

e sign(z) = [z > 0] — [z < 0], BeIpazkeHust jist Ny 1 Nyq 1€ 2k€, 910 B (42)—(43).

K seryiajikum dyHkiusiMm ocHoBHas JieMMa HelipumenuMa. [Ipobjiema obxojurcs: BBe-
JIeHueM JTOTIOJTHUTEIbHBIX HEeOTPHUIATETbHBIX IepeMeHHBIX pz U p; , YAOBJIETBODSIONINIX
cucreme orpammdennii [R;(®,0)| = p; 4 p; u R;j(®,0) = p; — p; . B pesynbrare pery-
JISPU3ATOD CTAHOBUTCH IVIQJIKUM, YTO HO3BOJISAET IIPUMEHUTD K 3ajade yciosus Kapyna—
Kyna—Taxkepa. [JokazarenbcTBo MoKHO Hajitn B pabore H. B. Hoitkosa®.

[Tpu BBesienun peryisipusaropa Req;(P) dopmyna M-mara st MOJAJIbHOCTH BpEMEHH

HPUHUMAET CJIEAYIONMil BIJI;
i = norm <nit — Terait (Sign (@i — @i1,¢) + sign (s — (Pz'—i-l,t)))- (51)

Perynspuzatop R, criaxuBaer BpeMeHHON psijt @ = p(i|t) B KazK 10l TOUKe 1m0 OT-
HOHICHUIO K COCeJHUM TOYKaM CJi€Ba U CIIpaBa. EC.HI/I 3HAYCHUE Soit CTaHOBUTCHA BbIIIE O6OI/IX
COCEJIHUX ;11 ¢, TO PELYJSPU3ATOD YMEHbIIAET €r0; eCJH HUZKE, TO, HA000POT, yBeInyn-
BaeT. EC.HI/I 3HAYCHUEe Soit Iona/aer Mez2kK/1y HUMHU, TO OHO HE U3MEHACTC.

3 Ilo#ikos H. B. AnanTuBHaa perynapHu3allis BepOITHOCTHLIX TeMATHIeCKIX Moeel. BeImyckHas KBa-
mudukanuonnaa pabora dakasaspa, BMK MIY, 2015.
http://www.MachineLearning.ru/wiki/images/9/9f/2015_417 _DoykovNV.pdf
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BbiBoabl no rnase 9

Bsenenne momanbHOCTEH — MPOCTOE, HO MOIIHOE 00ODIIEHNE TEMATUIECKUX MOJIe-
jieit. OHO O3BOJIAET HCIIOJb30BAaTh TEKCTOBBIE JAHHBIE COBMECTHO C PA3HOTHUITHON
JIOIIOJTHUTEIbHOU HHMOpMAIHEit.

My1bTUA3BIIHBIE H TEMIIOPAJIbHBIE MOJIE/TN SABISIOTCA YaCTHBIME CJIyIadMHA MYJTbTH-
MOJIAJIBHBIX, HO MOT'YT TpeOOBaTh JOIMOJHUTEIbHON crenuduIHONl peryisapu3aliim.

B TpéXManI/I‘{HbIX TeMaTHYeCKUX MOJAEJIAX C aBTOpaMH UK KaTeropudMu He TOJIbKO
BBOJATCA HOBbIE MOJAJIbHOCTH, HO I MEHACTCA CTPYKTYPa MaTPUIHOI'O Pa3JI0O2KEHU .

Bo Bcex srux mojudukanusax EM-ajropurv jierko BbIBOJUTCH 110 JIeMMe O MAaKCH-
MU3AIAA HA eJMHIIHBIX CAMILIEKCAX.

Beca mojiasibaocTeit, Kak 1 KO3MMUIUEHTHI peryJidpu3aluu, IPUXOJUTCs 100UPaTh
B 9KCIIEPUMEHTAX 110 BbIODAHHBIM KPUTEPUSIM.

Jlajiee Mbl yBHJIUM eIIé MHOI'O HPUMEPOB HCIIOJIb30BaHUS MOJIaJIbHOCTEH st hop-
MaJin3aluu TpedOBaHUl K TeMaTUIeCKON MOJIE/IN.
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10 TpaH3akKyuMOHHble TeMaTu4eckmne Moaenn

OObIYHBIE TEMATUYIECKUE MOJIE/IA TEKCTOBBIX KOJIIEKIIHH OIMMCHIBAIOT BXOXK/ICHHS CJIOB
B JIOKYMEHTBI. MyIbTHMO/Ia/IbHbIE MO/ OIIUCHIBAIOT JIOKYMEHTBI, B KOTOPBIX COJIepzKaT-
Csl TEPMbI PA3JIMIHBIX MOJIAJIBLHOCTEI: CJI0Ba, TEr'n, aBTOPbI, U T. 1. BO Bcex 3Tux cjydasx
MO/I€/Ib ONUCBHIBAET MAPHbIE B3aUMOJIEHCTBHS MEXKJIy JIOKyMeHTaMu u Tepmamvu. B Oosiee
CJIOZKHBIX HPUJIOKEHUSIX MCXOJHbIE JAHHBIE MOI'YT OLHHMCBHIBATH TPAH3AKIUH (OTHOIIEHHS,
B3aUMOCBSI3U, B3AUMOJIEHCTBUS) MKy TpeMs U 0ojiee 00bEKTAMU PA3IUIHBIX MO/Ab-
Hocreii. Hanpumep, B ceTn HHTepHET-peKJIaMbl «II0JIb30BaTe/Ib U KJIUKHYJ 00bsaB/IeHne b
HA CTPAHUIE S»; B CONUAJBHOW CETU <IOJIb30BATE/b U HAMUCAJ CJAOBO W HA CTPAHUIE
oJtora d»; B ceTH MPO/IaXkK «HMOKyHATe b b KyIu/I y HPOJABIA S TOBAP ¢»; B HACCAXKUPCKUX
ABUAIIEPEBO3KAX «KJIMEHT U BBbLIETEJ U3 adPOIOPTa T B adPOLOPT Y CAMOJIETOM aBHAKOM-
HAaHUKA (»; B PEKOMEHJIATEIbHOI CHCTeMe <«KJIHEHT U ONeHWT (BuibM f B CHTYaTHBHOM
KOHTeKcTe s». Emé oanoit MoIaIbHOCTHIO MOXKET ObITh JaTa U BpeMs TPAaH3aKIIUHU.

Bo Bcex npuBeI@HHBIX HMpuMepax TpaH3aKIUs HECKOJbKUX 00bEKTOB HE MOXKET ObITb
cBejleHa K HapHbIM B3auMmoJieiicTBusiM. [lornbiTka UCK/II0YeHus J100010 00'beKTa 13 TpaH-
3aKIUK MPUBOJIUT K yTpare BaxKHOU dactu wHMOpManuu. OJHAKO BO3MOXKHBI U TAKUE
CUTYyalli¥, KOTJIa TpaH3aKIUs paclajaercd Ha mapel. Hampumep, B cucreMe pekoMeH/1a-
Uil My3bIKH TPAH3aKIHA «TPEK 7" UCIOJHUTEIS ¢ HAXOJIUTCHA B aJabOOMe d, BBIIIE/IIIeM
B IO/l Y» ONUCHIBAETCsI, KA3aJI0Ch Obl, 9eTBEPKOIl 00beKTOB (7, a, d,y). OaHAaKO OHa pac-
najiaercs Ha naphbie B3aumocsssu (d,r), (d,a), (d,y), B KOTOPbIX aJb0OMbI UIPAIOT POJIb
JIOKyMeHTOB. Takue JaHubie MOrYT ObITH OIMCAHBI OOBITHOI MYJIBTUMOIAJIBHON MOJIE/BIO.

JInsg TeMaTHYecKoro MOJIe/UpPOBaHUS TPAH3aKIIMOHHBIX JAHHBIX Y/JIOOHO IOHATHE I'd-
neprpada. 'uneprpad obobmiaer nongrue rpada 1 OTIXIACTCA OT HEr0 TeM, 9T0 pedpaMu
B HEM MOryT OBITh HE TOJILKO Iapbl BEPIINH, HO M IIOJMHOXKECTBa U3 TPEX U OoJiee Bep-
. Beprimaer rutieprpada cooTBeTCTBYIOT TePMaM Pa3/IndHbIX MOJAIbHOCTEM, pedpa —
TPpaH3aKIUsIM. 3a/1a9a 3aK/JI0YAETC B TOM, 9TO0BI 110 Ha0/110/1aeMOil BEIOOPKE TpaH3aKIuit
BOCCTAHOBUTH HEU3BECTHbIE TeMaTuveckue pacupejeenus sepiun p(t|v). [peanonara-
eTcs, YTO BEPOATHOCTH TPAH3AKIIUU TeM BBIIIE, YeM 0oJiee CX0KU TeMATHKH €€ BepPIIIHH.

B mpoekTe BigARTM peam3oBaHa onnucaHHasd HIZKe THIeprpadoBas TeMaTHuIecKasd MO-
JIe/Ib TPAH3AKIIMOHHBIX JAHHBIX.

TemaTtunyeckne mogenu Ha runeprpadax. [unepzpag I' = (V, E) oupejessiercss MHO-
JKECTBOM BepIIH-TepMoB V' 1 MHOZKecTBOM pébep (rpansaxiuit) E. Kaxoe pedpo e uz E
obpasyercs IIOMHOKECTBOM BepuiuH, e C V.

Kaxgag Bepmmuaa v € V' umeer modasvrocms m = p(v) W3 KOHEIHOTO MHOXKECTBA,
mozasibHocTeit M. MHOkKecTBO Beex BepliMH pa30uBaeTcsi Ha HElepeceKaronuecs oji-
MHOzKeCTBa 110 MOAAJIbHOCTAM:

V= |_|Vm, Vin ={v e V:pu(v) =m}.

meM

Hanpumep, B 0ObIYHBIX TEMATUYECKUX MOJIEJISX €CTh TOJIBKO JIBE€ MOJAJIbHOCTU: JIOKY-
MenTbl Vi = D u repmbl Vo = W kaxjias TpaH3aKIys 1IPEJICTAB/ISIETCS peOPOM U3 JIBYX
BepuiuH € = (d, w) u OIUCHIBAET BXOXKIeHUue TepMa w B JoKyMeHT d. [Tpu srom runeprpad
ABJIETCA BYI0JBHBIM TpadoMm.

B 6ostee c10KHBIX TPUIOYKEHAAX TPAH3aKIIUU MOTYT UMeTh pa3iandHbie Tunbl. Hampn-
Mep, B CETU MHTEPHeT-PeK/IaMbl, KPOMe JaHHbIX THla (U, b, $) O KJIMKaX H0Jb30BaTe el U
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M — MHO2KECTBO MOJAJIbHOCTEI:
oo A

K — MHOXKECTBO THUIIOB pELEp:

0 Bp 00 Oa Sa

T — MHO2KECTBO T€M:
00000

Puc. 15: [Ipumep rumeprpada ¢ BepImmHAMEA TPEX MOJAJIBHOCTEH, pEOpaMU-TPAH3AKIIUAMHA MIATH TUIIOB
U IATHIO TEMaMHU.

110 0ObsABICHUAM b HA CTPAHMIAX S, MOI'YT UMEThCs JIAHHbBIE O MOCEIEHUsIX CTPAHUIL 110J1b-
30BaTeIAME (U, S), O COJEPXKAHUN TEPMOB W B TeKCTaX 00baBIeHuil (b, w), crpanuri (S, w)
H 3alIPOCOB MoJIb30Bareseil (u, w).

[Iycrb 3a1a8H0 MHOXKeCTBO TUIOB TpaH3akmuii K. Tpanszakyuonnoie dannoie Tuma k —
910 BRIGOPKa F), HesasucuMbix Habmonennit (e,t) € 2¥ x T, nopoxaemas pacupesesie-
aueM py(e, t), ceouM st Kaxkaoro tuna k € K. Kaxaoe pebpo e € Ej BXOAUT B BBIGOPKY
Nke Pa3, U ¢ KazKJIbIM BXOXKICHIEM peOpa CBS3aHa CBOS JaTeHTHad Tema t € 1.

Ha puc. 15 nokasan npumep runeprpacda ¢ Bepiuimnamu Tpéx MoJiajibHOCTel, pébpaMu-
TPAH3aKIMAMY AT TUIOB U HATHIO TeMaMMU.

Byaewm mosarath, 9T0 B KazK/10i TpaH3aKIuu e € F MMeeTCst OHA BbIIEIeHHAs BEPIITH-
Ha d, HA3bIBaEMasl Konmeldnepom, u 0603HaYATh pebpo depe3 e = (d, x), Tje & — MHOXKe-
CTBO BCEeX OCTAJIbHBIX BepIIUH pebpa €, 3a HCKII0YeHneM BepIInHbI-KonTeiinepa, d. AnaJo-
I'MYHO JIOKYMEHTY, ¢ KOHTelHepoM CBsi3aHO pacupejeserue reM p(t|d). MuoxecTtBo Beex
BEPIIMH-KOHTEHepOB 0003Haunm uepe3 D.

asee mpeanosiokuM, 9to HE pacipejenenus teM p(t|d) B koureitnepe d, Hu pacmpe-
JleJieHns BepInnH B TeMax p(v|t) He 3aBucar ot tuna pebpa k. Kaszamoch Obl, HA IPAKTHKE
9TO HPE/IIIOJI0KEHNE MOYKET He BBIIOJHATHCs. Hanpumep, pacupe/iesienus CJI0B B TEKCTaxX
BEO-CTPAHUIL, B I0JIb30BATEILCKUX 3aIIPOCAX U B PEKJAMHBIX DaHHEPAX MOIYT 3HAYUMO
pa3myuarbes Jid OMHON u TOi ke TeMbl. OJHAKO TO OrpaHUYEHHE HETPYIHO 0DOUTH,
eCJIM HOCTPOUTDL MOJENb C TpeMs Pa3HBLIMH MOJAJILHOCTAME CJIOB /IS 3THX TPEX THUIIOB
rpansakuuii. Caesarsh 3T pacupeaeeHns HOX0KHMU MOZXKHO C IIOMOIIBIO PEry/IgdpU3aiii.

Hakonen, BBeIEM IruIOTE3y YCJIOBHOI HE3aBMCUMOCTH BEPIIMH U, OPOZKJAAEMbBIX OJHUM
u rem ke pebpom (d, x):

p(z|t) = Hp v|t).

veT

[Ipu caeTaHHbIX JOMYIEHUAX MPOLECC MOpozK aenus pebpa (d, x) € Ej cocTouT u3 aByx
maroB. CHavaJjia nopoxaercst reMa t u3 pacupegenenust p(t|d). Barem 1mopoxjaercs
MHOZKeCTBO BepmuH - C V, Ipu4éM Kazk/as BeplUIMHa U € T MOJAJBLHOCTU 1M HOPOK 1aer-
Cs1 HE3ABUCUMO OT JIPYTUX BEePIIUH U3 CBOEro pacipejesenus p(v|t) HaJ MHOKECTBOM V.

TemaTn4ecKasg MOJEIb BBIPazkKaeT BEPOSTHOCTH IOABICHHA pédep rumeprpada depes
YCJIOBHBIE PACLpe/Ie/IeHus], CBI3aHHbIe C UX BePLIMHAMMU:

p(z|d) = Zpt|d Hpv|t :ZQthgpvt.

teT VET teT vET
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[Tapamerpamu 39TOit MOJEIN SIBJISIIOTCS YCJIOBHBIE BEPOSTHOCTH BEPHIMH B TeMax
Yot = p(v|t), HOpMUDPOBAHHBIE 110 KAXKI0# MOJAJBHOCTH U € V. 1 YCJIOBHBIE BEDOSTHOCTH
TeM B KoHTeiiHepax 0y = p(t|d). B Marpudnbix 0003HAYEHUAX MApAMETPAMU SIBJISIFOTCS
marputbl $,,, m € M u ©, Kak u B caydae MyJIbTHMOJAIbHOl TeMaTnaeckoii Moaenn (39).

[MuneprpadoBast Mojie/ib sBJIsieTCd MUPOKUM O0DOOIIEHUEM OOBIYHBIX TeMaTUYEeCKUX
mozeneii. B gacraocTn, ona mepexoautr B PLSA B ciyuae, Korja MoaaibHOCTeH 1Be —
JqokymeHThl V) = D u tepmbl Vo = W, tun pébep Tosibko ogus — mapsl (d,w) € D x W,
B KOTOPBIX JOKYMEHTBI d SBJISIOTCS KOHTeiHepaMu.

MineprpadoBbii EM-anroputm. [l oneHuBaHusl ApaMETPOB MOJEJH HPUMEHUM
HPUHIMII MaKCUMyMa IIPaBJONoA00usd. ByraeM MaKcHMH3MpPOBATh CyMMYy JiorapudMoB
IPAB/IONOA00Ks 0 BeeM TumaM pébep k ¢ Becamu Ty, u peryaspusaropom R(P, ©):

Z Tk Z Nkdx In (Z Qtd H (pvt) + R((I) @) — max (52)

keK dxeEy, teT vET

Z@vtzla Yot 2 05 Zetd:L Ora = 0

vEVm teT

Teopema 10.1. Ilycrs ¢pyuknuss R(®,O) neupepsisao gupdepennupyema. Touka Jjio-
kagpHOro Makcumyma (P, 0) zazaum (52) ygopiaerBopser cucreMe ypaBHEHHIl OTHOCH-
TeJILHO MAPAMETPOB MOJETH Py, Uiy H BCIOMOTATETbHBIX MEPEMEHHBIX Dy, = p(t|d, x),
ecJId U3 pelleHHs] HCKJIIYATh HyJeBble cTo01el Marpur P, O:

Puaz = 1OTM (ﬁtd 11 %t) : (53)

vET

OR
v = morm (nvt + Qor 5 ); Nyt = Z Z [V € &] TkNkdzPtda; (54)
vEYm Pt keK dxcEy,
OR
Ora = norTm (ntd + th&? ) Niqg = Z Z TN kdzPtda - (55)
td keK drcEy

oka3areabcTBO. Bocnosb3yemMes jieMMoit 3.2 0 MAKCUMHU3AIUN Ha € ITUHUIHBIX CHM-
IUIEKCAX, BBIJIEIHB BCIIOMOIATE/bHBIE [IEPEMEHHBIE Dyig,, Onpenesénnbe B (53):

OR
Pot = l;l)g%n/gl ((pvt Z Tk Z nkdm |d) 0@ t H Put + Pot 8%0vt) —

keK dx€eE)
oR
= nvg"/fnn(z > Tenkaalv € @lpra + Pur 8%)
keK dvek),
0;q = norm |( G4 Z T Z nkdm H Ot + Ora=— Of
teT \ d) 0014
keK red
oR
= norm (Z Z TkNkdzDide 1 Otd 89td)
keK zed

Teopema JjiokazaHa.
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Twunbl TpaH3akumMii N ux BecoBble KO3(hdurumneHTbl. B onucanHoit Mo/ HET HUKA-
KUX OI'PAaHUYEHUIT Ha TO, KAKUM 0Opa30M TpaH3aKIMU I'PYHIUPYIOTC 110 TuiiaMm. JIodas
TpaH3aKIusd, He3aBUCUMO OT THUIA, MOXKET CO/epyKaTh JII00Oe YHCJIO0 TEPMOB JIFOOBIX MO-
naiapHOCTelt. Ha mpakTuke y700HO OTHOCUTH K OJHOMY THILY BCe TPAH3aKIHH, HMEOIIne
o01Iee MPOUCXoXKaeHne u cTpyKTypy. OaHako bopMaIbHO TAKOTO OrDAHUYEHUs HeET.

Becosbie ko3 duiierTsl T, 103BOJILIOT €OAJIAHCUPOBATH MOJIEJ/Ib C YUETOM KOJIMYECTBaA
Tpan3akiuii B BbIOOpKax | Ey|. Yem GoJiblie Ty, TeM CHjibHEe TPAH3AKIUU TUILA K HOBIUAIOT
Ha MOJIETb.

B HekoTOpHIX 3a/1a9axX ONpe/eIéHHbIe TUIIbI TPAH3AKII He JOJIZKHBI BIUATH HA TeMa-
THKY KOHTeitHepoB. Hampumep, B MyJbTHA3BIYHON MOJIEIN MOYXKeT OBITh BBIODAH OJUH
[VIABHBIN $I3BIK, ONPEIE/ISIONINI TeMATUKYy MHOTOS3bIYHOTO JOKYMEHTA, OHAKO TEeMbI
JIOJIZKHBI TIOJIyYUTHh CBOU PACIPE/IEIeHUs] CJIOB B KayK/JOM si3biKe. B Takom ciyuae Jijist
CJIOB IJIABHOTO $i3bIKA, BBOJIMUTCS BECOBOI KOI(DMDUIUEHT Ty, HA MOPSJIKU ITPEBLIIITAIONIHIT
BecOBbIe KOI(DDUIMEHTHI CJIOB OCTATHHBIX SI3BIKOB.

Jlpyroit npumep: B peKOMeHIaTeTbHOIl CuCTeMe MY3bIKATbHbIE TPEKU TOTKHBI BJIUITH
Ha TEMbI, €CJIM OHU HAXOJATCsd B IJIefi-jincTax 110/1b30BaTes e, HO He B aJb0OMax HCIIOJI-
nuresieit. Temaruka ajbOOMOB JI0JIZKHA ONPEIENIATHCH UCXOJH U3 LHPEIIOYTeHUl 0JIb30-
Baresieit, Ho He HaoOopor. [ToaToMy Beca TpekoB B ILIel-jIMCTAaX JIOJIKHBI Ha [OPSIKU
IPEBLINIATH BECa TPEKOB B aIbOOMAaX.

Mvneprpadosbie mogenn ansi pekomeHgaTenbHbiX cucteM. [lycrh mMeercs Koned-
HOE MHOKECTBO KJIMEHTOB WJIM 10JIb30Baresteii U (users) m KOHEYHOE MHOKECTBO 0O'beK-
TOB wir ToBapoB I (items), OTHOCHTESILHO KOTOPHIX Y KJAMEHTOB MOIYT ObITh DA3/IHIHbIE
IpeIIOYTeHns, BKYChl UJIA HHTepechbl. BeposdATHOCTHAS TeMaTHIecKas MOJeIb PeKOMeH/1a-
TeJbHOI CHUCTeMbl IpeJ/ICKa3blBaeT IPeNOUYTeHU KINEHTOB:

p(ilu) = p(ilt) plt|w).

teT

Ona 3KBUBAJIEHTHA TEMATUIECKOl MOJIEIN TEKCTOBOW KOJUIEKIIHHA ¢ TOYHOCTHIO /IO 3aMeHbBI
TePMHUHOJIOTUU: «TOKYMEHTBl — KJIUEHTBI», «CJI0Ba — OOBEKTBI», «T€Mbl — HHTEDECHI».
VcxonHbIMI TAHHBIMA SBJSIOTCS CIETIUKHI 7.,;, ONHACHLIBAIONINE JACTOTY HUCHOJIH30BAHUS
00'beKTa ¢ KJIMEeHTOM u. B 3aBUCHMOCTH OT HPUJIOKEHUST 9TO MOTYT ObITh HOKYIIKH, 1OCE-
HeHust, O0palieHus, JahKu 1 T. JI.

B pekoMeHIaTeTbHBIX CHCTEMAaX CYMIECTBYET IIPODOJIEeMa «XOJIOMHOTO CTapTay: HOBOMY
KJINEHTY HeYero NOpeKOMeHI0BATh, IIOCKOJIbKY MBI He HMeeM HCTOPUU ero MpeIovYTeH i,
TaKzKe W HOBBII TOBAp HEKOMY IOPEKOMEHIOBAThb, MOCKOJBKY €ro emé HUKTO He BBIOW-
paJt. [luist pertenust 31oit 1pod/ieMbl IPUBJIEKAIOTCS JOHOJHUTE/IbHbIE JaHHbIE O KJIHEeHTaX
u obbekrax. Hanpumep, Ounapubie JJaHHbIE N,, O HAJUYUU Y KJUEHTA U arpudyra a u3
3a/JAHHOTO0 KOHEYHOI'0 MHOXKeCTBa A W/in JaHHbIe Ny O HAJTUYIHH Y 00bEKTa ¢ CBOWCTBA b
U3 33JaHHOTO KOHEYHOro MHOXKecTBa B. Hampumep, 00beKTHI MOTYT HMeTb TEKCTOBBIE
OMHCAHWS, ¥ TOTJa B — 9T0 cJ0Bapb TEPMUHOB, UCIOJIB3YEMBIX B 9TUX onncaHugX. Taxue
PEKOMEH/IATe/IbHbIEe CUCTEMbl HA3bIBAIOTCS, COOTBETCTBEHHO, YUUTHIBAIONIUMU aTPUOYTHI
(attribute-aware) u yuurbiBaonmmu KoureHT (content-aware). OHE O3BOJISIIOT OLPEJie-
JISTh TeMaTH4YeCKHe BEKTOPbI KJIMEHTOB 1 0O'beKTOB Jlazke TOI/Ia, KOIJla, 110 HUM HeT OCHOB-
HBIX JTAHHBIX O IIPEINOYTEHUIX 7,;. B KadecTBe TOMOJHUTE]HHBIX JTAHHBIX MOIYT TaKZKe
UCIIOJb30BAThCA COBETHI KJIMEHTOB JPYT APYTY. DTO MONAPHBIE B3aUMOMEUCTBUS MKy
KJIMEHTAMU T,y WK JaHHBIE O joBepun (trust-aware). lrak, B 3aja4e HOsBIISETCS y7Ke
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Pwuc. 16: Tpan3aknuoHHbIe JaHHBIE B PEKOMEHIATETHHON CHCTEMe OMUCHIBAIOT B3aUMOJEUCTBUAST MEKTY
IIeCThI0 MOJAILHOCTAME: KAueHThl U, 00beKThI I, arpubyThl KIueHToB A, cBoiicTBa 00beKTOB B, cuTy-
aTuBHBIE KOHTEKCTHI C', MHTEPBAJIBI BpeMeHu J.

gerbipe Mogaibroctu U, I, A, B, MexK 1y 9/ieMeHTaMu KOTOPBIX HAOJ/IIOMAIOTCS TAPHbIE B3a-
uMojieiicTBusi. Bo3MOXKHBI 1 TPOiHbIE B3aUMOJIEHCTBUsI, HAIIPUMED, My, — KJIUEHT U Te-
rEPOBaJI O0BEKT ¢ CBOHCTBOM b.

[Ipenmourenns KJIMEHTOB MOTYT H3MEHSATHCSA CO BpeMeHeM HJIM 3aBUCETb OT CUTYa-
THBHOIO KOHTEKCTa: MOKYIKa JJIsd cels, Iad oduca Win B MOAAPOK; TIPOCMOTD DUIbMa
C JIpy3bsiMH, C HOJPYIO#l uju ¢ JjierbMu U T. 1. s yuéra rakoit uudopmanum BBOISATCS
emé JBe MOJAJIbHOCTH: MHOXKeCTBO curyanuit C' ¥ MHOXKECTBO MHTEDPBAJIOB BpemeHu .J.
BzaumojeiicTBusg MeKiy HUMH MOI'YT OHUCBIBATHCHA TPAH3AKIUAMU U3 TPEX MJIM YeTbl-
PEX TepMOB, HAIPUMED: Ny — KJIHEHT U BLIOpaJ OOBLEeKT ¢ B CUTYAIUU C) Tyij — KIH-
eHT U BBIOpAJ OOBEKT ¢ B CHTYAIlUH ¢ B HHTepBaJe BpeMeHH j. Takue cucTeMbl HA3bIBAIOT-
Cs1, COOTBETCTBEHHO, YIUTHIBAIONIUME KOHTEKCT (context-aware) u y9IuTHIBAIOIHMHA BPEMsI
(time-aware), cm. puc. 16.

CummeTpusoBaHHbie runeprpacgoBbie MOAEN HOAXOAAT JJisd 33434, B KOTOPbIX CO-
JIepzKIMO€e KOHTEHHEePOB MOXKEeT M3MEeHSAThbCdA. B TeKCTOBBIX KOJIEKIHUAX JOKYMEHTHI I10-
ABJISIOTCS TEJTUKOM U B JajibHeiinieM He MeHsioTcda. COBEpIIEHHO WHAasl CHTYyallus B pe-
KOMEeH IaTe/IbHbIX cucTteMax. T'paH3akiius «I0/1b30BaTe/lb U BbIOPAJ TOBAp ¢» Ha HEPBbIil
B3IVId/J aHaJIO'MYHA TPaH3aKIUU <JIOKYMEHT d CoOAepzKUT CJIOBO W». PaB.HI/ILII/Ie B TOM,
4TO JOKYMEHT CTaTU4Y€H, TOI'Jd KaK Yy KazKA0I'0 1I0JIb30BaTeJ/Id MO2KET paCTu MHOzKECTBO
BBIODAHHBIX TOBApPOB, a y KazKJI0r0 TOBapa — MHOYKECTBO BBIOPABIIUX €ro I0/Ib30BaTe-
Jieit. KTo B TakoM cjiydae JIOJI2KeH UTpaTh poJib KOHTeiiHepa — TOBap WU I0JIb30BATEb !
To u jpyroe Hey106HO ¢ TOUKHU 3peHusd nakerHoro EM-aaropurma; ropasio ecrecTBeHHee
Ob1J10 ObI (hOPMUPOBATH MAKETHI 110 BPEMEHHU HOCTYIIJIEHUS JIaHHbIX.

Bynem cuurarb, uro B pédbpax runeprpada r C V HeT HUKAKOU BbIJIEJEHHOI BepIiiiu-
HbI-KOHTelHepa. /g remepanuu pebpa cHada/a MOPOKIAETCA TeMa t U3 pacipe/ie/IeHus
7 = p(t), ob1Iero Jjist Beeli KOJUTEKINH, 3aTeM BEPIIUHBL ¥ € T TOPOXK/IAIOTCA HE3aBUCHMO
JPYT OT Jpyra U3 pacupeenenuii ¢, = p(v|t) vag MogaapHOCTIME Vi),

= o) [[pwlt) =>_ m]] eu-

Bo3MOKeH TakzKe BAPHAHT, KOTJa TeMa, ¢ HOPOKIAeTCs U3 pacupeienerus Ty = pi(t),
3aBUCAINECr0 OT THUIla TpaH3aknuu k. Mbl He paccMaTpuBaeM 3TOT CJydail, MOCKOJBKY
OH JIEMKO PACIUCHIBAETCS 110 aHAJOTHUU.
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[Iycre Ej — mabuomaemasi BbIOOpKa pédep-Tpan3aknuii tuna k, ng, — 9UCJI0 HADJIIO-
Jienuit pebpa x B BbiOOpKe Fj.

Breinumem 3a1a1y MaKCHMU3AIUU PETYIIPU30BAHHOTO TPABIOION00U TPH OOBITHBIX
OTpAHWYEHHUIX HOPMHPOBKH U HEOTPUIATETLHOCTH:

ZTk anx In ZﬁtH%t + R(®,7) — Ig%}% (56)

keK zeb), teT vET
E Oot = 1, @y 2 0; E T =1, m = 0.
’UEVm tET

Teopema 10.2. Ilycre ¢pyuknus R(P,w) menpepsisao jugpgepennupyeva. Touka Jjio-
kasbaOro Makcumyma (O, ) sagaan (56) yiaoBiaerBopsier cucreMe ypaBHEeHHIT OTHOCHTE b~
HO HApaMeTPOB MOJIE/H Py, Ty H BCHOMOIATEJIbHBIX MEPEMEHHBIX Py, = p(t|x), ecim u3
PEIIeHHs] HCKJIFOYUTH HYJIEBbIE CTOJ0IbI MATPHI] P, :

Prz = n0TIN WtHsovt : (57)
VET
L > Y es %)
vt = normy{ n, vt |; Nyt = U C X TeNkgPtas
Pt o t TP tas%t t kN gz Pt
keK xeFEy,
= norm + R\ _ZZ (59)
T = toe 5 N + T o, ) ny = TNz Pta-
keK z€E,

Jloka3zare/ibCTBO, KaK U B CJIydae IPeblyIeil TeOpeMbl, ITPOBOIUTC 110 JIEMME O MaK-
CAMU3ANUN HA €JIMHAYHBIX CUMILICKCAX.

B BigARTM Takasd Moje/b HEIIOCPEICTBeHHO He peasin30BaHa, HO €€ HeTPYIHO ¢ XOpo-
et TO4YHOCTbhIO CUMYJINPOBATD. ZLHH 9TOI0 CUMMETPU30BaHHbIE TPAH3aKIIUU, HE UMEIOIINE
KOHTEeHEPa, COOMPAIOTCS B IICEBIO-KOHTEITHEPHI d MPOU3BOJIBHBIM 00PA30M; X CUETUMKH
Mg AKKYMYJTUDYIOTCS: Ty = 4 td, ¥ HAKOILJIEHHBIE CYMMBbI HCIIOJIb3YIOTC JJI CUIBLHOTO
CIJIAZKUBAHUS BCEX CTOJIOIOB MATPHIBI © B CTOPOHY 00IIEero BeKropa (ny).

TpaH3akuMu € rNaBHbIMN U NOAYUHEHHBbIMWU TepMmamu. [IpejiiosioxkuM, 4TO Kaxkiast
TpaH3aKIyd COCTOMT M3 JIBYX HEIEPeCeKaromMxcd MOAMHOKecTB Tepmos: x LI 2/, TTox-
MHOYKECTBO 24G6HET MEPMO6 T oupeje/isier reMaruky rpansakuuu p(t|z,z') = p(t|x),
KOTOpas 3aTeM MePeIaéTcs IIOAMHOXKECTBY NOJUUHEHHIT MePpMOos X .

[J1aBHBIC U OIYMHEHHBIE TEPMbI MOKHO BBOJAMTH KAK /IS CHMMETPH30BAHHBIX MOJIE-
Jieit ¢ TpaH3akiusiMu Buja e = (x, ), Tak u jist MoJesieil ¢ KOHTeHHePHbIMU TPAH3aKI[1-
savu e = (d, x,2').

Hanpumep, Kk 6aHKOBCKON TpaH3aKIUU «IOKYIATeab b KyIuI y IpoJaBla S TOBap ¢»
MOZKET NMPUJIAraTbCs TEKCT ILIATé:KHOro nopyvenusd. OH He JO0JIZKeH BAUATH HA TEMATHKY
TpaH3aKIMU, KOTOPas ONPeIe/sdercd SKOHOMUICCKON JedaTe/IbHOCTHIO IIPOJABIA U MOKY-
naress. Tepmbl b, s, g ABJISIOTCA IJIABHBIMHU, & CJI0BA U3 IJIATEKHOTO HOPYYeHUd — HOJI-
yuHEHHbIME. [IPOCTO UIHOPUPOBATDL ITU TEKCThl HE XOTEJI0Ch Obl, TaK KaK Paclpe/e/IeHus
0B p(w | t) mOJIe3HBL JJTsI COEPIKATETbHON HHTePIPETAIIMA TeM KAK BUOB JesTeTbHOCTH
KOMIIAHMI. 3aMeTHM TakzKe, 9TO OAHKOBCKHE TPAH3AKIUU He ABIAIOTCA KOHTeHHePHDBIMH,
IIOCKOJIBKY KOHTPAIeHTbI HOCTOAHHO OCYHICCTBJIAIOT HOBbBIE CICJIKH.
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Cuenaem ew@ ojun mar B 0600menun runerpadosoii reMarudeckoil mogesnn. By-
AeM 11oJIaraTb, 4TO KOJIJIEKIUA E COLAEP2KUT KaK KOHTeﬁHeprIe, TaK U CUMMETPpU30BaH-
Hple Tpansakiuu. Hanmdaume koureiinepa d y Tpamsakiuu OyjgeM 0003HAYATH YCJIOBUEM
le = (d, z,2")], a orcyrcTBHE KOHTeiiHEpa — ycaoBueM e = (z,2')].

Momuduranua EM-anropurma obbeumsger KonTeitnepustii Bapuant (53)—(55) u cum-
MeTpu3oBaHHbL Bapuant (57)—(59):

Pte = DOTM <[e = (d,z,2")]0 + [e = (z, x’)]m) H ot |;

teT
VET
OR
o = norm ( nuy + Puim— ; Nt = E g [V € €] TpNpePre;
v 7
" Put kEK ecEy,
OR
/
0 = norm | nyg + Oram— |; Nt = E § le = (d, z,2") | TknpeDic;
teT 09td
keK e€FEy
OR /
m = norm|( n; + = ); ny = E E [6 = (IL',ZB )]Tknkepte-
tel 87Tt
keK ecEy,

OcnoBuas Mojudukanug E-mara: ecam TpaH3aKIdg € OTHOCUTCS K KOHTeitHepy d,
TO ucnosb3yercsd pacupeenenue p(t|d) = 04, eciiu xKe OHA HE OTHOCHTCS HHU K OJHOMY
KOHTEHHEPY, TO MCIOJb3yeTCs pacupeesenune p(t) = my, obuiee s BCeX TPaH3aKImii.

B 060oux BapuaHTax B pe3y/bTaTe I0JydaeTCs paclpeleseHue TeM JJisd TPaH3aKIUn
p(t]|e) = pie, KOTOPOE 3aTEM HCMOIB3YETCs BO Beex (opmyaax M-mmara.

Mneprpadyosblie si3bIkOBbIe Mogenun. B Tekcrax ecTecTBEHHOrO S3bIKa peOpOM I'HIep-
rpacda (TpaH3akIueii) MOKHO CYUTATH JIIOOOE MOJAMHOKECTBO CJIOB, IIPE/IOJI0KUTETHHO
PeHepUpyeMbIX OJHOi 00Ielt Temoit u3 pacupeenenus p(t|d). D1o moryT GbIThH CI0Ba,
CBSI3QHHBIE CHUHTAKCHMYECKH — IIpejiioykeHune, ¢pasa, cjaoBocoderanue, cuHrarma. JInbo
CJIOBA, CBSI3aHHbIE JIEKCHYECKU, HAIIPUMED, Te3ayPYCHbIMU OTHOLIeHUsIMU |14| cuHOHnMuY,
«9aCThb—TEJI0e», «00mee—JacTHoe». Vcmonbp30Banme TaKOro pojaa CBA3eil MOKHO CYMTATD
YXOJIOM OT THIIOTe3bI «MENIKA CJIOB» — HAMMEHEe PEAJUCTHYHOrO U HamboJIee KpUTUKYe-
MOI'O IPEINOJ0KEHAS B BEPOATHOCTHOM TEMAaTHICCKOM MOJEIUPOBAHUM.

Mpbi BepHéMcst K 9T0# mjee B riiaBe 15, Korja OyjaeM paccMarpuBaTh TeMaTHYECKHE
MOJIE/IU CBSA3HOI'O TEKCTA. 3JeCh K€ OTMETHM eCTeCTBEHHYIO A3bIKOBYIO MHTEPIIPeTALIIO
TpaH3aKHI/Iﬁ C TI'JlaBHbBIMU " HO,ZLLII/IH'éHHbIMI/I TepMaMU. FﬂaBHbIe TEepMbI OlIpeAe/IAIT Te-
MATHKY TPAH3aKIUU (HAIPHMED, MPe/JIOKEHUsT) — 9TO MOIYT ObITh TEPMHUHBI MU NMEH-
HOBAHHBIC OOBLEKTHI, HECYIIHE 3HAYUMYI0 HHMOPMAIUIO O TeMATHKe IpeJIMeTHOH o0Ja-
cru. B poJin HOJUUHEHHBIX MOI'YT BBICTYIATH CJIOBA OOIIEH JIEKCUKU WJIU PEJIKUEe CJIO-
Ba. BoJjiee Toro, crocob pasbuenus kazxoil rpanzakuuu e = (d, x, ') Ha HOJIMHOKECTBA
Z 1 ' B TPAH3AKIMOHHON MO/Ie/IM He (DUKCUPOBAH M MOYKET YTOUHSITHCA B XOJ/I€ UTePAIUii.
DTO OTKpPBIBAET MACCY MHTEPECHBIX BO3MOMKHOCTEH /IS MOJIEJIMPOBAHMA TEMATUKH CJIOB
BHYTPHU IIPEJIOKEHHUIA.
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BbiBoabl no rnase 10

e ['uneprpadoBbie TeMaTHYeCKHe MOJIE/TIA — ITO MOIIHOE 0D0DIIEHHe MYJIbTHMO/IATb-
HBIX Mojeseil. Eimé cunbHee paciimpsieTcs KIace pelraeMbIX HPUKJIAIHBIX 3a1ad.

o Hosbiit 061Kt B31JIs/1 HA TEMATHYECKOE MOJIEJIMPOBAHUE: ITO BEKTOPU3AIMS BEPIIUH
rpacda uan rumneprpada 1mo Had/IogaeMoil BbIOopke ero pédep. OOBIYHBIN TEKCT —
9TO JIBYIOJIbHBII I'pad, B KOTOPOM BEPIIHHBI-CJIOBA COEJIMHEHBI pEOpaMU C BepIIn-
HaMU-JJOKYMEHTaMU.

e JlemMa 0 MakKCHMHU3AIMH Ha €IMHUIHBIX CHMILIEKCAX JaKe B TAKOM, Ka3aJI0Ch Obl
JIOBOJIBHO CJIOZKHOM, ODODIIEHUH ITO3BOJINIA JIETKO BhIBecTH EM-agiropurm.
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11 TemaTuyeckume mogenmn 3aBUcCmMmMocTell

Temarudeckass MoJieb (GOPMUpPYET BEKTOpHOe omnucanue mokymenta p(t|d), koropoe
MOZKET OBITH HMCIOJIL30BAHO /I IPEJACKA3ATEIbHOI0 MOJCJUPOBAHUS, B YACTHOCTH, JIJId
perenus 3aa4 kiaccudukanuu u perpeccun Ha tekcrax. Kinaccudukanus (wim karero-
pU3aInus) peajnsyercs 0COOEHHO IIPOCTO, €CJIU KJIACCHI CYUTATh MOJAJBHOCTHIO.

Perpeccusi Ha TeKcTax MJLIIOCTPUPYET BazKHBIA HPHEM, KO JIONOJIHUTEIbHBIE I1a-
paMeTpbl MOJe N (B JaHHOM Caydae Kod(bdUIueHTsl JHHEHHON MOJETH Perpeccuu) e-
PECYNTBIBAIOTCA UTEPAIMOHHO MOCIe KazKI0r0 IPOX01a KoJteKnun. Iloxoxuii npuém uc-
nosb3yerca u B mogesn CTM, Koropast BbISB/ISET NapHbIE KOPPEJIAIUE MEZK/ly TeMaMHu.

YucsioBble MOJAJBLHOCTH BBOJATCA B TeX CJIydasiX, KOIJa C TEKCTOM CBsi3aHa HE OJI-
Ha YMC/I0Bas BEJIMYMHA, KOTOPYIO HEOOXOAMMO IPEJACKa3aTh, a BLIOOPKA YMCeJI, KOTOpast
MOJEIUPYETCS CMEChI0 HEIPEPLIBHBIX BEPOATHOCTHLIX PACIIPEIe/IeHMi.

Knaccudukaymsa. PaceMorpuM KoJLIEKIUIO JOKYMEHTOB ¢ MOJAJILHOCTAMU TepMOB W
u kjaccoB C. Jlst kax10ro qokymMenTa d n3BeCTHO HoAMHOZKeCTBO KjaccoB Cy C C. Tpe-
Oyercsa KjaaccuHUIUPOBATH HOBBIE MOKYMeHTHI ¢ Hem3BecTHbiMu Cy. /lasg sroro Oymem
HCIIOJTb30BATD AUHETHYI0 BEPOATNHOCTIHYIO MOJeAb KAGCCUPUKAUUY TOKYMEHTA MO ero
TEMaTUIeCKOMY BeKTOpY 09 = p(t|d):

pleld) = abh.

teT

JokymeHT d OTHOCHTCS K KJaccy ¢, ecau p(c|d) = ..

Koaddunuenrst juneiinoit mojgenu o, = p(c|t) u noporu 7, 00y4arrcs 1o BbIOOPKe
JI0KyMeHTOB ¢ u3BecTbiMEu Cy. BEKTOP HOBOrO JOKyMeHTa 6 BBIUUC/ISIETCS TeMATHIeCKOi
MO/IEJIBIO TOJIBKO 110 €r0 TePMaM.

Temamuueckas modeav kaaccugurayuu Dependency LDA [168] saBasiercsa Gaitecos-
CKHM aHAJOrOM MYJIBTUMOJAIBHON Mojean (38). Dkcmepumventsl B [168]| mokaszasm, 4ro
TEeMATUIECKUE MOJIEIN HPEBOCXOIAT OOBIYHBIE METO/bl MHOI'OK/IACCOBOI KJraccuukanuu
Ha OOJIBIIUX TEKCTOBBIX KOJIJIEKIUAX ¢ OOJIBIIUM YHCJIOM HecOAJIaHCHPOBAHHBIX, epece-
KAIOIMXCsl, B3AMMO3aBHCHMBIX KJaccoB. B [193| re ke BbIBOibI HA TeX zKe KOJIEKIMSIX
OBLITH BOCIIPOU3BEEHBI 11t My abruMoaa bHoin ARTM.

Hecbanarcuposarnmnocms o3HadaeT, 9TO KJIACCHI MOTLYT COJepKaTh KaK MaJjoe, TaK
U O4YeHb DOJIBIIOE YHCIO JOKYMEHTOB. B ciydae nepecexarowurcsa xiaaccos (multilabel
classification) JMOKyMeHT MOXKeT OTHOCHTBHCsI KaK K OJHOMY KJIACCy, TaK U K OOJIBIIOMY
YUCJIY KJIACCOB. B3aumo3a6ucumvie KJIacChl UMEIOT OOIUe TePMbI U TE€MbI, IOITOMY IPHU
KJIaCCU(PUKAINH TOKYMEeHTa MOTYT BCTYHATh B KOHKYPEHIIHIO.

Pezynapusayus no ompuyamesvrsim npumepam ACIOJb3YET JAHHBIE O TOM, UYTO JOKY-
MeHT d 13 00y4aronieil BLIOOPKH He IPUHA/IEKUT MoAMHOKecTBY KiaaccoB C C C. B srom
cJIydae 3aluiieM HPaB/ono00ue BbIOOPKY Jiisd 3a/1a9u OMHAPHONW KJIACCU(DUKAIIMN:

Z Z lnz Oerba + TZ Z ln(l — Z%tem) — max.

deD ceCy teT deD ceC, teT

[IepBoe ciiaraemoe 1pejicrasisier coboit log-npaBiononodue MoJaJIbHOCTU KJIACCOB
(38), ecau mosoKUTEL ng. = [c€Cy|. Bropoe ciaraemMoe MOXKHO pacCMaTpUBATH KaK pPe-
IYJISPH3aTOP HOCTPOEHHBIIH 0 TaHHBIM O He-IPUHA/JIE;KHOCTH JOKYMEHTOB KiaaccaM. Ko-
surmenT peryjsgpusanun T MOXKHO 110/1araTb PaBHBIM €J/IMHUIIE.
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Pezyaspusayus baranca xaaccos (label regularization) xoporio 3apekomenroBajia cebst
B 33/la9aX ¢ HecOaJIaHCHPOBaHHBIME Kjaccamu [121, 168|.

[Torpebyem, 4TOOBI OIleHKA 0O€3yCJOBHOIO pAaCIHpe/ie/IeHHs KJIacCOB IO KOJIJIeKuHH
p(c) =Y, pup(t) Oblaa G1u3Ka K HAOIOJAEMBIM YaCTOTAM KJIACCOB P(c) = ] L|D,|, rae
D.={d € D: c€ Cy} — MHOXKECTBO JOKYMEHTOB, OTHOCSIIUXCS K KJIacCy ¢. Bbipasum
JlaHHOe TPeOOBaHMe C IIOMOIINBIO CIVIAKHBAIOIIETO PEry/spH3aTopa KPOCC-IHTPOINH, KO-
TOPBIIT MOXKHO HHTEPIPETUPOBATH U KAK MAKCUMU3AIUIO ITPABIONOI00US JIJIsT MOJIE/IN JTUC-
KPETHOIO pacipe/ie/ieHust KJaccos p(c):

o) = TZ |D,| anntgoct — max,

ceC teT
e ng = Mg — YUCIO0 TepMOB MoAaabHOCTH C', OTHOCSIIMXCS K TeMe t BO Beeil KoJi-
aeknuu. [ogcrasisist sror peryasipusarop B (17), nosyuanm dopmyssr M-mmara:

t(pCt (60)

et = 10T | Ny + 7| Do) =————
ew Do
Perynapusanua Oajanca K/IacCoOB HUCIOJIb30Balach B TEMaTHYeCKOil mozpean Prior-
LDA, koropasi 6bli1a npejgioxkena B [168| kak yayumenue mogenun Flat-LDA.

Perpeccusa. 3agaqn npejcka3anusi YUCJI0BON BeJIMIuHbl KAK (DYHKIIMH OT TEKCTa BO3HIU-
KalOT BO MHOT'UX ITPUJIOZKEHUAX 3JTeKTPOHHOI KOMMePINN: IpeJicKa3aHne peiiTHHTa TOBa-
pa, duabMa WM KHATH MO TEKCTY OT3bIBA; MpeJcKa3aHue YHCJa KJIUKOB MO TEKCTY pe-
KJIAMHOTO OObSIBJIEHNS; MIPe/ICKa3aHne 3apIIaThl 0 ONUCAHUIO BAaKAHCUU; MpeICKa3aHue
noJsie3HocTH (dnciia JAfKoB) OT3bIBa Ha OTeJb, pecropaH, cepsuc. s BoccTaHOBIIEHHSI
YUCJI0BbIX (DYHKIUI 110 KOHEUYHOU oOyualoiieil BbIGOpKe nap «00beKT—-O0TBET» UCIOJIb3Y-
IOTCSl PerPEeCCHOHHBIE MO/JIEU, O/THAKO BCe OHU IPUHUMAIOT Ha BXOJe BEKTODHbIE OINCAHUS
00bexkToB. Temarmueckas MoJeTb MO3BOJIAET 3aMEHUTh TEKCT MTOKYMeHTa d ero BeKTOp-
HbIM TpejcTaBierneM 6y, C npyroit cTopoHbl, KpUTepUil ONTHMHU3AINUEA PErPecCHOHHON
MOJIEJIM MOZKHO MCIIOJIb30BATh B KQYECTBE Pery/isipu3aropa, 4Todbl HAlTH TeMbl, HanboJiee
uHGOPMATUBHBIE ¢ TOYKH 3DEHHs] TOYHOCTH HpejcKa3anuii 126, 182].

[Iycrb ayis Kaxk10ro JoKyMeHTa d obydatomieit Bbioopku [ 3aaHO 1e/1eBOe 3HAYCHUE
ya € R. Pacemorpum aunetinyro modeasv pezpeccuu, KOTOpas IpeIcKa3biBaeT MaTeMaTu-
JecKoe OKH/IaHUe IeJIeBOil BeJTMIIHbI:

?J | d Z V104,
teT

rie v € RT — pekrop kosddunuentos. [IpuMennM MeTON HAMMEHLIINX KBAJIPATOB I
o0ydeHusi BEKTOpa v IO BBIOOPKE JIOKYMEHTOB:

R(O,v) =—7 Z(yd — Z Uﬂtd)
deD teT

[Toscraisist sror perysiasipuszarop B (18) u npupaBHEBAs HYJIIO €10 HPOU3BOIHYIO 110 U,
nosryauM (opmyabl M-mara:

01a = norm <ntd + U014 (yd -3 v393d> ) :

seT

v=(007)'ay.
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QopwmyJia Jijiss BEKTOpPA U SBJISETCH CTaHJAPTHBIM PelleHueM 3a/la4l HaUuMEHbITUX
KBa/paroB npu pukcupoBanuoit marpurne 6. BekTop v MOXKHO OOHOBJISITH O OKOHYA-
HUU KaKJOT0 MPOXOJa KOJIJIEKIUHU, JUO0 mocae 00pabOTKI KaKIOro MaKeTa JTOKYMEHTOB
B oHJaiinopoMm EM-ajropurme.

B |182] noka3ano, 4ro Ka4ecTBO PErpecCHu MOZXKeT 3aBHCETh OT HHUIUAJN3AIIMNA TeMa-
THUYECKON MOJIeJIM, U [PEeJIJIOKEHO HECKOJIbKO MeTO/I0B MHUIMAJIUBAIUY.

Ha mpakTuke 0O6BIMHO HCIOIB3YyeTCS 00Jiee TPOCTOI MOAXO/: CHAYaa CTPOATCI TeMa-
THYEeCKUEe MPU3HAKOBBIE OMUCAHUS JOKYMEHTOB C moMoinbio mojean LDA, 3arem k stum
HpU3HAKaAM MOLYT JIODABJISATHCS €llé KaKhue-TO YUC/IOBble IPU3HAKU TEKCTOB, M, HAKOHeII,
o01iee IPU3HAKOBOE OIIUCAHKE UCIIOJIb3YeTCs JIjIs PellleHus perpeccuontoi 3aiauu. Hejio-
CTATOK 3TOrO MOJXOJA B TOM, 4TO Moje b LDA Hudero me 3HaeT 0 perpeccuu.

Perynspuzamus ARTM no3zBosisier moodepeHo yjiydniarb TO TeMaTHIeCKYI0 MOJIE/Ib
C YUETOM pErpeccuu, TO perpecCuOHHYI0 MOJIeJIb C yYETOM TeMaTuYeCKuX pu3HakoB. B pe-
3yJibTare JIBe MOJIE/IU 110 OYePe/U HPUCIIOCA0JUBAIOTCS JIPYT K JIpyry. BekTopbl Tem 1o-
BOPAYNBAIOTCSA B MPOCTPAHCTBE TaKUM 00Pa30M, YTOOBI OBITH MAKCHMAJIHHO IOJIE3HBIMU
B Ka4ecTBe MPU3HAKOB perpeccnoHHoit moaenu. /lobaBienne HeTeMaTHIeCKUX MPU3HAKOB
B PEI'PECCUOHHYIO MO/IE/Ib TAKzKe He COCTaB/IseT TPy/ia.

Koppensuuu tem. Modeaw koppeauposarnox mem CTM (correlated topic model) npei-
Ha3HAaYeHa JIJI BbIsBJICHUs CBaA3eil Mexxay Temamu [39]. Hampumep, craTbs Mo reoJoruu
DoJee BEPOATHO CBS3aHA C apXeosorueil, 4eM ¢ TeHeTHKOil. 3HaHUue O TOM, KaKWe TeMbl Ja-
e COBMECTHO BCTPEUYAIOTCH B JOKYMEHTAX KOJIJIEKIIMH, [TO3BOJISIET TOYHEE MOJIEIUPOBATH
TEMATUKY OT/IEJbHBIX JOKYMEHTOB B MYJIbTHIUCIUILIMHAPHBIX KOJLICKIIHSIX.

g onucanus Koppensdiyil y100HO UCIOIb30BATh MHOTOMEPHOE HOPMAJIbHOE PacIIpe-
nenenne. OHO He TMOJXOAUT Il OMHUCAHWS HEOTPHUIATE]bHBIX HOPMHPOBAHHBIX BEKTOD-
cTOJIONOB 0, HO HEILJIOXO OIMKUCHIBAET BEKTOPHI uX Jjorapudmos 1,y = In 6,4. [TosTomy B MO-
JIeJIb BBOJIUTCST MHOTOMEPHOE JIor-HOpMaJibHOe pacipesesenue (logistic normal) ¢ aByms
napaMeTpaMu: BEKTOPOM MaTEeMATHIECKOTO OKUJIAHWS [ M KOBAPUAIMOHHOM MaTpuiieit 3.

p(nal i, 2) = (21) 73872 exp(— 2 (g — )™= (4 — p))-

Nsznavanbno mogesns CTM Obliia paspaborana B pamMKax 0aiieCOBCKOTO MOIX0/a, Te
BO3HUKAJIM JIONOJIHUTE/IbHbIE TeXHUYECKHe TPYJIHOCTH U3-33 TOr0, YTO JIOI-HOPMAaJIbHOE
pacipejieleHe He sBJISeTCs CONPSKEHHBIM K MyJabTHHOMHa bHOMY. B pamkax ARTM
uiaes C'TM dbopmanusyercsa n peajusyercs HAMHOTO IIPOIIIE.

Oupegeum pery/isipu3arop Kak Jorapudm mpasono100us BBIOOPKU BEKTOPOB JIOKY-
MEHTOB 7)g JIJIs JIOI'-HOPMAaJIbHOM MOJIeJIu:

RO, p,%) = TZ Inp(ng|p,X) = —% Z(ln Og — )" (In by — p).

deD deD

Corutacho (18), dopmysa M-mara jist 0y npuauMaer Bu

01q = norm (ntd -7 Z Yt (111 Osa — :us))v (61)

seT

e X;.! — s1eMeHT 06paTHOl KOBapHAIMOHHO MaTpuiel. [lapaMeTpsl ¥, (1 HOpMAIbHO-
I'o pacupe/ie/ieHusi OOHOBJISIIOTCS 110C/Ie KazK/JI0I'0 HPOX0/a KOJLIEKIMH, JIn0O 110C/Ie KaxK-
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JIOro nakera B oHJjiaiinoBoMm EM-ajiropurme:

1
= — In 0y;
H |D|d€z; Nog
1 T
Y= ﬁZ(lnﬁd—u)(lnﬁd—u)
deD

Takum obpaszom, TPYI0EMKOe OOpallleHne KOBAPUAIIMOHHONW MATPUIIbI MOZKHO BBIIIOJI-
HTh OTHOCHUTEJIbHO PejKO. UT0ObI 1oJIydarb pa3spekeHHYI0 KOBaAPUAIMOHHYIO MaTPHUILY,
B [39] ucnonp3zoBanace LASSO-perpeccust. Tam »Ke mpejcTaBieHbl HPUMEPHI BH3YaJIH-
3alli CBA3€il MeXKJy TeMaMH, IMOCTPOEHHBLIMH II0 KOJIJIEKIUU cTaTeil KypHaJa Science
3a 1990-1999 rr.

Yucnosble MoganbHOCTU. B 3amauax perpeccuu ¢ KazKIbIM TEKCTOBBIM JOKYMEHTOM
CBSI3aHa OJHA 4KMC/JI0Basl BEJUYMHA, KOTOPYIO HE0OXOAUMMO Hporosuposarb. OHako Obl-
BalOT U TaKue 3aﬂa“H/I, B KOTOprX YHUCJIOBbIE BEJIMYNHDBI CBA3aHbI C KazK/IbIM TepMOM.

Paccmorpum remarudeckyio Mo/iejib OaHKOBCKUX TPaH3aKIMOHHBIX JIAHHBIX. B poJin
JIOKYMEHTOB BBICTYIIAIOT KOMIIAHHM, TePMAMH B JOKYMEHTe ABISIOTCHA KOHTPALeHTH —
JIpyrHe KOMIIAHUH, KOTOPBIC 3aK/II0Yai0T ¢ JaHHOH KOMIAHHUCH CIeJKH 0 HOKYIKe I
upojazke ToBapoB WM yciayr. Kazkjas clejKa COUPOBOMKIAETCH TEKCTOM ILIATENKHOIO
HOPYYEeHUsI, KOTOPBI COJEPKUT HA3BAHUS TOBAPOB WJIM YCJIYyIl. DTU Ha3BaHUA 0Opa3y-
oT BTOpyIO MOJaJIbHOCTD. HOKyHKI/I n HpO,ZLa)KI/I paCCManI/IBaIOTCH 110 OTﬂeﬂbHOCTI/I, qTO
yABAUBAeT YHCJIO MOJAJBLHOCTEH 10 4eThIpéx. TeMbl COOTBETCTBYIOT BHJAM SKOHOMUYE-
CKOIl JledTesIbHOCTH KOMIIaHHL. /I8 nHTeplIpeTanu TeM paccMaTpPUBAIOTCA B CIINCKA —
TOBapbl, KOTOPbIe KOMIAHUH IIOKYIIAIOT, ¥ TOBAPLI, KOTOPLIE OHH IIPOJAIOT, OCYIICCTBIAL
JAHHBIA BuJ Jesreabroctu [19).

KpOMe eCTeCTBEHHDbBIX ,ZLI/ICerTHbIX MO,ZLaI[bHOCTeI';I KOHTpaFeHTOB nu Ha3BaHI/H71, B J1aH-
HOIT 3aJa9¢ NMEIOTCA eNIé U YUCJIOBBIe JaHHbIe 00 00bEMax CACI0K, KOTOPLIe MOIYT HECTH
KOCBeHHYI0 HH(MOPMAIMIO O BHJAE JedTeJbLHOCTH. DymeM mojaraTb, 9TO ¢ KasKIBIM JIO-
KyMEHTOM d CB3aHO HECKOJBKO YHCJIOBBIX IMOCTEAOBATETBHOCTENR {Ygmi|t = 1,.. ., kam},
COOTBETCTBYIOIUX 4UCA06bM MOdaAvhocmam m € M. B Hamem c/ydae HCIOBBIX MO-
JIAJIBHOCTEH JiBe — 910 00bEMBI CJIEJIOK IOKYIKH U 1Ipoiazku. [Ipejiiosioxkum, 94To KaxKjas
TeMa ¢ HOPOKIAET 3HAYCHUS Ygn,; U3 pacupenenerus p(y|t; Yu,) ¢ BEKTOPOM HapaMeT-
POB Yy, KOTOPOE He 3aBUCHT OT JOKYMeHTa (3T0 00bIYHAS [JIsl TEMATHIECKOTO MOJIETUPO-
BAHUS TUIIOTE3a YCJOBHOU HesaBucumocTu). Torga pacupesesienne 3HAYCHUId y MOJIATb-
HOCTH M B JIOKyMeHTe d OIIMChIBAETCS CMEChIO Paclpe/le/1eHuii:

p(yld,m) = Z Py [t 7im ) Ora-

teT

BosbMéM 3a OCHOBY MyJIBTUMOJAJIBHYIO MOJEAb (39) ¢ HPOU3BOJIILHBIM HENPEPHIBHO
juddepenipyembim peryssgpusaropom R(P, O). lobaBum perysisipu3arop 4ucJI0BbIX MO-
JIAJILHOCTEH, OIIPeJIe/INB ero KaK B3BEIICHHYIO CYMMY JIorapuMOB IpaBIon0 1001 BbIOO-
POK {Ygmi} € BECaMu Ty,

kdm

meM

deD i=1 teT
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Torya cucrema ypabuenuii B reopeme 9.1 mnpeobpazyercst ciejylomnum odpasom: ¢pop-
myJibl E-mara (41) 1 M-mara no ® (42) ocrajorcst B cuiie; K HUM 100aB/IsI0TCH (DOPMYJIBL
E-mrara m M-mmara /i1 9ucI0BBIX MOJAJIbHOCTEH U m3Mengercs (opmyna M-mara mo O:

Prami = P(t] d; Yams) = norm (P(Yami |t Yem) Ora);

kdm
Yom = AXGMAXD D Prami 10 P (Y |15 Yo )
deD i=1
< OR
Ora = mTldw Ptdw TmDtdmi Oram— |-
y m(z > b+ 33 b + tdaetd)
meM weWm™ meM =1

[loaxon Ha OCHOBE MYJIBTUMOJAJILHOM MOJETN UMeeT OJMH CYIIeCTBEHHBIH WU3bIH —
OH TpeHeOperaeT TPAaH3aKIMOHHONW MpUPOION JaHHBIX. KaxK/Iplil JOKYMEHT (KOMITAHHS)
HPEJICTAB/IACTCS «MEIIKOM Ha3BaHUI», «MEIIKOM KOHTPAr€HTOB», U «MEIIKOM O0bEMOBY.
O HAKO B KazKJIOH TpaH3aKIMK HA3BaHUE, KOHTPAreHT U O0BbEM CIAEJKH HEPA3PHIBHO CBSI-
3aHBI JPYT € JAPYTOM U TOPOZKIAIOTCs 00Ieit Temoii (BugoM gearenbHoctn). Mudopmaris
00 3TUX CBA3SIX UTHOPUPYETCS B MYJIBTHMO/IAIBHON MOJIEITH.

[Tosromy paccMoTpuM BBejieHHE YHCJIOBOM MOJAJILHOCTU B ruleprpadoBoil TeMaru-
JecKoit Mozesu, onncanHoit B riase 10. Kaxkaast rpaH3akius KOMIAHHE d HPEICTAB/IAET
060t ueTBepKy (d,m, x,y), e m € M — ojHa u3 ABYX YHCJIOBBIX MOJAJIBHOCTEH <0G bEM
HOKYIKI» WU «00bEM Mpoakny, £ C V' — HOJAMHOZXKECTBO TepMOB, V' — MHOZKECTBO Bep-
muH rumneprpada, moaydeHHoe odbeauHeHneM ciaoBapeir W BceX HEUHCIOBBIX MOTAJIb-
HocTeit m € M. Ecan xkoMmmanus d coBepImaeT CAeJKy HOKYHOKH, TO TeEPMaMH B & OYAYT
KOMITAHUSI-IIPO/IABEI] ¥ HA3BaHUs TOBAPOB, KOTOPbIe d y Heé nmokynaer. Ecin kommanus d
COBEPIIAELT CJIEJIKY IPOJIAaXKU, TO TepMaMu B T Oy/LyT KOMIIQHUSI-TIOKYIIATE/Ib U HA3BAHUS
TOBapOB, KOTOPBIE d eii mpogaéT. B oboux Tumax TpaH3akKIuil 3Ha4YeHHE Yy PAaBHO O0OBEMY
crenku. Temarmaeckas MOJIEIb TPAH3AKIIMNA HMEET BH/I

p(l’,y|d, m) = Zetdp(yua’ytm) ngvt-

teT VET

Bagada (52) makcumusanuu Jorapudma IPaBIONo00Hs TPAH3AKIMOHHBIX JAHHBIX
X = {(di,mi,xi,yi): 1=1,... ,n} g runeprpadoBoil TeMATHIECKOI MOJEIN COOTBET-
CTBYIOIIIM 00pa30M MOIUMDHUIUPYETCH:

Z) In <Z Orap(y|t; Yim) H%t) + R(®,0) = max; (62)
ex

(d,m,x,y teT vET

Teopema 11.1. Ilycrs ¢pyaknus R(P,©) menpepsiBro augdepennupyema. Touka Jio-
kaspHOro Makcumyma (®,0,1") sagaqun (62) yzopaersopser cucreme ypaBHEHHI OTHOCH-
TeJIbHO HAPAMETPOB Py, Oiq, Vim M BCHOMOraTe/IbHBIX EpeMEHHbIX Dy = p(t|d;, my, i, y;),

)



€cJI U3 PeIlleHusi HCKIIOIATh HyJieBbie cTo0mer matpui] ©,,, O:

P = norm etdi p(yz | t7 fytmz) H Put |5

teT
vex;
OR -
ot = norm| Ny + Oy =—— | ; Nyt = U € Ti| Py
Pt Lorn t T t&%t ¢ ;[ | e
OR -
d n?el"Tm Nig + i 96, ) Nid E [ i

1=1

Yem = argmax » [m = m;] pu Inp(y; |t Yem).-

WNurepecHo, 410 B 00eUX MOJIE/ISX, MYJIBTUMOJAAJIbHON U rutieprpadoBoii, HaM y/1a/10Ch
u36eKaTh KOHKPeTU3aluu Buia pacupejenenus p(y|t; y) 10 camMoro moc/ieHero MOMeHTa..
N renepb Mbl noHuMaeM, kakuMm obpazom B EM-ajiroputm MOzKHO BCTPOUTH JII0OOE 1IPE/I-
[OJIOYKEHUE O BHJE dTHX pacipejesienuii. /[js 3Toro J10cTarovHo yMeTb pellaTh 3a/iady
MaKCHMHU3AIMH B3BEIIEHHOro Jorapudma mpapaomnoaodus mo v € I, riae KaxK bl 371eMeHT
BBIOOPKH, TO €CTh KazK/ias TpaH3aKIHs, KMEeT CBOI BeC Py, BRIYUCACHHBIN HA E-1mare.

Sro crangaprHas 3ajada. [lycrs s onpegendunocta p(y |t Yon) = N(Y; thim, 02,) —
rayCccoBCKOE paclpe/ie/ieHue ¢ MaTeMaTuueCKUM OXKUMJIQHUeM [, U juctepcueii o2, . Torja
3aj1aua M-1Iara OTHOCHTETHHO MAPAMETPOB Yim = (fim, Opy,) DEITAETCA AHATUTUYCCKH:

Ll = Z?:l[m = m;] Pili o2 — Z?:l[m = my) pri(yi — ,Utm)2
" Z?:Jm = mi] Y47 ’ fm Z?zl[m = mi] Dti

st MyJIbTUMOJIAJIBHOM MO/ (DOPMYJIbI T€ 2Ke, C TOYHOCTHIO JIO 3aMEHbI Dy HA Pidmi-
B oboux cirydasgx cyMMupOBaHUE IPOU3BOJIMTCS 10 BCEM TPAH3AKIUAM B KOJIJIEKITUH.

BbiBoabl no rnase 11

e CymecTByeT MHOTO CHTYAIMil, KOT1a TpebyeTcs MOJAeJIHPOBATh 3aBUCUMOCTH MEYK LY
JIOKYMEHTaM#, TepMaM{ UM TeMaMd U HEKOTOPBIMU YUCJIOBBIMH II€PEeMeHHBIMH.

e B rakux 3ajadax remMaTudeckas MOJIe/Ib HCIIOJIb3YeTCs B KadecTBe reHepaTropa o0y-
YaeMbIX BEKTOPHBIX IIPEJICTaBJICHUIl TEKCTOBBIX OOBLEKTOB, a KpPUTEPHil KadecTBa
Ipe/ICKa3aTe/IbHON MO/JIe/IM CTAHOBUTCS PeryJ/ispu3aTOPOM.

e DBoJiee npocToil 110/1X0/1 3aK/TI0YAETCA B IIOCJI€I0BATEILHOM 00y IeHUN JIBYX MOJIEIet:
CHadvaJia CTPOUTCS TeMaTu4decKasl MOJIe/Ib, 3aTeM TeMaTUuIeCKne BEKTOPbI UCIOIb3Y-
I0OTCS B POJIM IPU3HAKOBBIX ONKMCAHUN 00bEKTOB BO BTOpOit mosesn. Ha npakruke
9TO MOZKET IMPUBO/IUTH K MOTEPSAM KadeCTBA U3-3a HECOTVIACOBAHHOCTH JIBYX MOJIeJIeil.

e [Ipenmymecreo ARTM B ToMm, 4T0 npu coBMecTHOM 0OyYeHUH JIBYX MOJIesei TeMa-
THYECKHe BEKTOPbI OUTUMU3UPYIOTCS 110J1 PellleHue KOHEeYHOUW MPUKJ/IQJHONW 3a/a4u,
B TO K€ BPeMs COXPaHsis CBOUCTBA MHTEPIPETUPYEMOCTH.
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12 TemaTuydeckmne mogesin ces3ein U LUTUPOBAHUSA

CymiecrByer mMacca 3a/1a49, B KOTOPBIX JIOKYMEHTBI CIPYIIINPOBAHBI HJIM CBSI3aHbI MEXK-
JIy co0oii, Mpu4YéM HaJMYUe CBSI3U TOBOPUT O TOM, YTO JOKYMEHTbI UMEIOT CXOXKYIO Te-
MaTuky. [Ipupoaa cBsa3eit MoxKeT OBITH PA3JIUYIHOI: CCBIJIKU, TUIEPCCHLIKA, IUTHPOBAHKE,
COBMECTHOE YIIOMHHAaHKE, OOIIHe aBTOPHI NI KOMMEHTATOPBI, ODIIHe HCTOTHUKH, OJTM3KHe
reoJIOKaIuu, u T. 1.

[Ipejiiioiozkenne 0 CXOJCTBE TEMATUKK B lIapax JOKYMEHTOB (popMaJ/iu3yercs ¢ HOMO-
IO PErysasspu3aTopoB Marpuibl © mim marpunb P.

Ccbinku n yntuposaHue. [lpeanosioxkum, 910 ecjin MexK/1y JOKYMEHTaMu ¢ U d MMEeeTCst
CBsi3b, TO OHU UMeET cxoxue reMaruku p(t|c) u p(t|d). Popmasiuzyem 310 HpeAHOI0ZKe-
HHUE C [OMOIIBIO PETYJISIPU3ATOPA:

RO)=7> naY O,
d,c

teT

IJIe Nge — BEeC CBI3U MEXKJy JOKYMEHTaMH, HAlpUMep, YHCJI0 CChLIOK u3 d Ha c. B [67]
npejjoxkena moxoxkas mosgeab LDA-JS, B koropoit BMecTo MakCHMuU3AIUu KOBAPHUAIUU
MEHIME3HpYyeTcst juBeprennns Vencena-Illennona Mexay pacupeenennsvu Oy u 6,.
®opmyaa M-mara jjis 6,4, cormacho (18), IpUBOAUT K PA3HOBUIHOCTH CLJIAZKHBAHIS:

0ia = norm <ntd + THha Y ndcﬁtc)

ceD

BepositHoctu 6,y B x0/1€ urepaiuii npubInKaOTCId K BEPOITHOCTIM 0. JTOKYMEHTOB,
CBSI3QHHBIX C d.

Perysisipuzarop marpuipl © CTaHOBUTCS BBIYUCAUTEIBHO HEIDDEKTUBHBIM [IPU 1a-
Kemrotl obpabomike OOJILIIUX KOJUIEKIUH, KOIJIa JOKYMEHTBbI €, Ha KOTOPbI€ CCbLIAETCS
JIAHHBI JIOKYMEHT d, HaXO/AATCs B APyrux makerax. [Ipobsiema permraercs: BBejeHUEM MO-
JTAJTBHOCTH JOKYMEHTOB, HA KOTOPBIE €CTh CCHIIKU U3 APYTUX JOKYMEHTOB. DTOT CIOCOD
HOPOZKTaeT HOBYIO poOsemy: MaTpuna ¢ MoKeT He TOMECTUTHCSI B ONEPATHBHYIO MaMATh.
Y100BI COKPATHTH MOJAJTHHOCTH, MOXKHO OCTaBHTH TOJBKO JOKYMEHTBHI €, YHCJO CCHLIOK
HA& KOTOPBIE N = Y, Nge OOJIBIIE 33LAHHOIO OPOLa.

Januasi njest npunuia U3 MOJEJNM BMsiHUS HaydHbIX myOuaukanuii LDA-post [67].
B meit ucnosnb3ytoresa ase MogaabaocTn: ciosa W' n murupyemble noxymentor W2 C D.
Mopenb BbIBISeT HamboJIee BIUATETbHBIE TOKYMEHTH BHYTPH KayK1o0il Tembl. Hemyre-
Bble 3JIEMEHTbl B CTPOKe ¢ MaTpunbl P, MOKA3bIBAIOT, HA KaKHe TeMbl MOBJIUAT JTOKY-
Ment ¢ € W2 TaxKke MOJe/ib I03BOJSET Pa3indaThb, KaKue U3 CCLLIOK CYIIECTBEHHO
HOBJIUSTM HA HAY9YHYIO CTAThIO, a KaKue SBJISIOTCS BTOpOocTeneHubiMu. Cauraercs, 9To
JIOKYMEHT C HOBJIUSLT Ha JIOKYMEHT d, ecjin d CChLIAETCS HA C U OHU UMEIOT 3HAYUTEIbHYIO
JIOJIIO ODIIEH TeMaTUKU.

leonokauun. UMudopmaiys o reorpaduydeckoM IMOJIOKEHUU HYACTO HCIHOJIb3YETCs IIPU
aHaJIn3e JAHHBIX COIUAJBbHBIX ceTeil. ['eorpaduieckaa mpuBga3ka goKyMeHTa d WA €0
aBTOpa 3a1a6rcst Jubo 2eomezamu (HA3BAHUAME CTPAHBI, DEIHOHA, HACEJEHHOTO IYHKTA),
b0 2eonokayuett — napoii reorpaduueckux koopaunar fq = (x4, yq). B nepsom ciyuae
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BBOJIMTCH MOJAJbHOCTH M€OTEr0B, BO BTOPOM HCIOJb3yercs peryiaspuzarop. ARTM mos-
BOJISIET BBOJIUTH B MOJIe/Ib 00a Tuila reorpadpuaeckux JTaHHbIX.

Hesbio MoO/eIMPOBaHUS MOXKET OBITh BBIJEICHUE PErHOHAJbHBIX TeM, OIIpejeeHue
«apeaJia OOMTaHHSI» KazKJOW TeMbI, MOUCK IOXOXKHX TeM B Jpyrux peruonax. Hampwu-
Mep, B Ka4ecTBe OJHOI U3 miuTiocTpanuii B [222] onpeaesoTcs PernoHbl MOy JISIPHOCTH
HAIMOHAJIbHOM KyXHHU 110 moctaM noJjb3oBareseii Flickr. Ipyras wiunocrpanus usz [127]
HOKA3bIBALT, 9TO TeMaTUIeCKas MOJe/b, yauThiBaiomas, u3 kakoro mrara CITA mpuiwio
coobIenne, ToUHee MpOCIeKUBaeT MyTh yparana «Karpunay.

Kpasipatnaublii peryisipu3arop MarTpuibsl O, mpemioxenusiii B [222|, dopmanusyer
HPEJIITOI0KEHNE, ITO JOKYMEHTDBI CO CXOKHMHU I'eOJIOKAIUAMEI UMEIOT CXO0KYI0 TEMATHKY:

R(©) = ——chdz etd_etc ;

(c,d) teT

IJle W.q — BeC mapbl JOKYMEHTOB (¢, d), BhIpazkatoruii 6,1u30cTh reosiokanuii. Hampuwmep,
Weg = exp(—72), vie 12, = (v, — 24)* + (Yo — ya)* — KBaJpaT eBKJIUI0BA PACCTOAHUS.

DTOT peryjapu3arop Tpedyer npu 00paboTKe KazKI0r0 J0KyMeHTa d JI0CTyIa K BEKTO-
pam 0. Apyrux JOKyMEHTOB, 9TO 3aTPYyAHSAET MaKeTHYI 00pabOTKy OOIbIINX KOJIICKIIMM.
AbrepHATUBHBINA CII0CO0 CrIasKUBAHUS OCHOBAH HA PEryJIapH3aluu Marpuinl P.

Ilycts G — MOmaIbHOCTH reoreroB, g = p(g|t). Temarnka reorera ¢ BbIpazKaercs
1o dopmyJie Baiteca: p(t]|g) = gogt:;—;, e Ny, — Yacrora reoTera ¢ B MCXOAHBIX JAHHBIX,

¢ = D, Mgt — JACTOTA TEMbI ¢ B MOJIA/ILHOCTH [€OTEroB, Bbraucigemas EM-aaropuryonm.

Kpagparnunplii peryigpu3arop MaTpunbl @ 10 MOJAILHOCTH reoTeros (hOpMaIH3yeT

IPEJIIOJI0KeHHe, 9TO reorpadguieckn OJU3KUe Ie0Tern UMEIOT CXOKYI0 TeMATHKY:

R(®) = — Z Wgg' Znt <(pgt ijt) )

g g'eG teT

IJIe Wyy — BEC IMapbl reoreros (g, ¢'), BeIpazkaiouuii ux reorpadudeckyio oiusocrs. Huxke
Mbl paccMOTpUM ODODIIEHHE STOI0 pery/sipusaropa Ha 0oJiee MUPOKUl KJacce 3a/a4.

Mpadbl n coumnanbHbie cetu. B [127] npeaioxkena Gosee obimas TeMaTHIeCKast MOJIENb
NetPLSA, yunrbiBaomiasi 1pou3BoJibHble rpadoBbie (cereBbie) CTPYKTYPbl Ha MHOKECTBE
jgokymenTos. [Tycrs 3auan rpad (V, E) ¢ muoxkecrsom Bepiuut V' u MHOKecTBOM pébep E.
Kazx10it ero Bepune v € V' coorBercrByer 1HoJAMHOXKeCTBO JoKymenToB D, C D. Haupu-
Mep, B posin [, MOXKeT BBICTYIIATh OT/JEJbHBIN JJOKYMEHT, BCE CTaTbH OJHOIO aBTOpa v,
BCE IOCTBI U3 OJHOTO reorpauueckoro peruoHa v, u T. JI.

Temaruka Kaxk10if BepmiuHbl v € V' BbIpazkaeTrcs depe3 napaMerpbl O:

pt]v) = 3 plt|d) pld]v) = Zetd
deD, deD
B monenn NetPLSA ucnosib3yercss KBaipaTHIHBII Peryispu3aTop:
2
R( :__ Z wuvz t|'U (t|U)) )
(u v)EE teT

IJie Beca Wy, pédep rpada (u,v) 3aJal0TCa ecTeCTBEHHBIM 06pa30M, KO B 3ajade eCTh
COOTBETCTBYIOIAS JIONOJHATEbHas wHdopmanus. Hanpumep, eciin D, — Bce cTarbu aB-
TOpa v, TO B Ka4ecTBe Beca pedpa W, €CTECTBEHHO B3sTh YUC/IO CTATel, HAIUCAHHBIX
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aBTOpaMu U W v B coaBropcTBe. Kcim 1momo0HOi nHOpManuu HET, TO BEC MMOJIaraeTcs
PaBHBIM €JIMHUIIE.

DTOT peryigpu3aTop TpedyeT npu 00padboTKe KaxK/JI0I0 JOKYMEHTa d JIOCTyIa K BEKTO-
paMm 0, Apyrux JOKYMEHTOB, UTO 3aTpy/aHsgeT 3h(HEKTUBHYIO MAKETHYI0 00pabOTKy 0O0/Ib-
X KOJITEKIU. ATbTepHATHBHBIA IIyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIIHH I'Da-
da V 06baBUTH MOJAJILHOCTBIO U IepeiiTu K pery/ispusanuu MaTpuiibl P.

B kaxapiit nokyment d € D, nobaBum TepM v MoAagbHOCTH V. BhIpasum remaTuky
BEpINUHBL v Yepe3 mapamerpbl ¢ 1o dopmyrte Baiteca: p(t|v) = (v|t)£((z = govtﬁ, e
ng =y, Ny — 9aCTOTa TeMbl ¢ B MogaabHOCTH V, BoIducasgeMas EM-aaroparmom.

Perynapusarop NetPLSA coxpanser mpe:kHuit B, HO cTaHOBUTCS (hyHKIHEH oT D:

R@) =5 Y w Yoni( - B) (63)

(u v)eE teT

Bo mMHOrux npujiozKeHusix BaxKHbl HALPABJIEHHOCTU CBsA3€l, KOTOPbIE KBaJpaTHYHbII
perysisipu3arop He yuurbiBaer. Hanpumep, cBsa3b (U, V) MOXKET 03HAYATh CCHLIKY M3 J10-
KyMmeHra u Ha JokymeHT v. B mogesn iTopicModel [184] upemmosaraercs, aro eciu
(u,v) € E, 10 Temarnka p(t|u) mupe Tematuku p(t|v). IlosToMy MEUHEMEH3EPYeTCS CyM-
ma auseprernuit KL(p(¢|v) || p(t|u)), npuuém yenosuste pacupenenenus p(t|v) MoxHO
BBIPA3UTH Kak depe3 O, tak u depe3 P:

R(© umu ) Z wuvat\v Inp(t|u).

(u v)eEE teT

Kax 1moxasajim 9KCIepuMenTbl®, peryisapusanus MaTpuiibl ® nIpuBoauT HpaKTHIecKu
K TeM Ke pesysbraram, 91o u peryispusanus O s mogeseit NetPLSA u iTopicModels.

BbiBoabl no rnase 12

e JlaHHBIE O TEMATUIECKOM CXOJICTBE JIOKYMEHTOB JIETKO (DOPMAJIH30BATH C OMOIIBIO
peryigpu3aTopa MaTpHUInL O.

e Menee oueBuiHasi (popmasin3aliis ¢ HOMOIIBIO pery/sipu3aropa Marpuibl P mpubo-
JIUT K COIIOCTABUMBIM pe3yJibTaTaM, HO He 3aTPy/IHAET HMaKeTHYI0 00paboTKy 00JIb-
IIUX KOJLJIEKITAI.

4Bynaros B.T. Ucnonb3opanne rpadoBoil CTPYKTYPEL B TEMATHIECKOM MOJEINPOBAHHE. Marucrep-
ckaga auccepranus, MOTHU, 2016.
http://www.MachineLearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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13 TemaTundeckue nepapxuu v BbiOOp 4Yucsa Tem

CyHLeCTByeT JI1 B peaJiIbHbIX TEKCTOBbLIX KOJIJICKIIUAX O6’beKTI/IBHOG, NCTUHHOE UJIN OII-
TUMaJIbHOE 9uc/10 TeM? BHyTpu j11000# TeMbl BO3MOYKHbBI BAPDUAIMH UJIU ACHEKThI, KOTOPHIE
MOKHO paccMaTpHBaThb M KaK OT/AeJbHbIE IOATEMBI, I KaK YacTHBLIE IPOABJICHUI OIHOM
obmieit Tembl. Ecau Tema mnpejcraB/ieHa B HEIOCTATOIHOM OObEMe M I €€ HaIEKHOIO
OIIpejiesIeHNsI He XBAaTaeT JAHHBIX, TO He IPUCOEINHUTL 1 e€ K OymzKaiimeii reme? AHato-
rudHas 1mpoodJieMa ¢ HeOJIHO3HAYHBIM BbIOOPOM 4HCJ/IA KJIACTEPOB BO3HUKAET U B 3a/a4dax
KJlacTepuzanuu, puc. 17.

L A ++ * ++ *
EE p A, +4+ 4 * ++ 0 * 4
m A + * ® ° |
s B A v o+ o v © o
u AA A v oo ¢ v oo O
[ 'y v oo v oo
Nea? HeTeipe? Lllects?

Puc. 17: Boibop umciia TeM B TEMATHICCKUX MOIEIAX CTOJb K€ HEOIHO3HATEH, KaK BBIOOD UMCJIA KJIACTe-
POB B 3a/1a9aX KJIACTEPU3AIIMH.

Crowut /it pa3buBaTh TeMbI Ha 60JI€€ MEJIKUE OITEMbI, U KaK OIIPeJIeTUTh 00IIee YuC/10
TeM — TH BOIIPOCHI BO3HUKAIOT B KarKJIOH HPAKTHUIECKON 3aade TeMaTHIeCKOrO MO/Ie-
JINPOBAHUS. 3a9aCTYI0 BHIOOP OKA3BbIBAETCS MIPOU3BOJIBLHBIM U CyObekTuBHbIM. VICII0/IB30-
BaHIe CTATUCTUIECKUX KPHUTEPHEB /s BBISIB/ICHUS 3HAYUMBIX PA3JAIAN MEXK/Iy TeMaMH
He n30aB/sgeT OT CyObeKTHBHOCTH, ITOCKOJIbKY YPOBEHb 3HAYHMOCTH TOXKE BBIOHMPAETCS
BPUCTHIECKH. B0oobIe, MHOIe M3BECTHBIE METObI, HPETEHIYIOMNue Ha 00beKTHBHOCTD
OIIPE/IEJICHUST YUC/Ia TEM, COJEPXKAT BHYTPHU cedsi mapaMerp, 0T KOTOPOrO YUCJIO TEM sIBHO
Wi HesiBHO 3aBucut [195].

STI/I COO6pa)KeHI/IH IIpuBOAAT K HAee, 4TO BMECTO IIOUCKa OITHMaAJIbHOI'O 4uUCJ/Ia TeM
(KOTOPOTrO MOZKET MPOCTO He CYIECTBOBATH ), HMEET CMBICJ CTPOUTH HEPAPXUIECKUE TeMa-
THYEeCKHEe MOJEJH, B KOTOPBIX TeMbI II0 HEOOXOIUMOCTH JPOOITCS HA HOATEMBI, 8 YPOBEHb
JeTan3anun (2paHYAUPOSANHOCD) TEMATHIECKOTO PEICTABJICHUs] BEIOUPAETCS HCXO/s
u3 HoTpedHOCTeH NPUKJIAHON 3a/1a4u.

OnpepeneHne yucna TeM MO BHEWHWM KPUTEPUSIM HCIOTIB3YeTCd B TeX CIydasdx,
KOT/Ia KOHETHOIT 1es1bio (MJIH OTHON U3 mesieil) TeMaTHIeCKOTO MOJCTUPOBAHIS SIBJISCTCS
pemenne 3a1aun kiaaccudukanuu [168|, nudopmanuonnoro noucka [90| win cermenra-
nuu [165] rekcros. Hepocrarodnoe 9uc/io teM MOXKET HPUBOAUTH K CHUKEHUIO BbIPA3H-
TeJIbHBIX CHOCODHOCTEH MOJIe/IN U KadeCTBa PellleHus 1eseBoit 3aga4n. V30b1rounoe 4uc/io
TeM MOKeT IPHBOAUTD K nepeobyuenuto I CHIZKeHIIO KadeCTBa Ha He3aBHCUMBIX TECTOBBIX
nanaplx. Ha mpakTuke 4mcsio TeM moaOupaloT HO ceTKe 3HA4YeHUil, KaK IIPABHJIO BeChbMa
rpy6oit, oupezesasg 10 rpaduKy MUHHMAJbHOE YHCIO TeM, IPH KOTOPOM JOCTUIAeTCs
npuemsieMoe (6JIM3KOe K ONTHMAJIBLHOMY ) 3HAYEHHEe BHEIIHEI'O KPUTEPHS.

DHTponuiiHoe pa3spexusaHue asisi otbopa Tem mpeioxeno B [195] s yaanenus us
MOJIEJTH HE3HAYUMBIX TeM. Vliest 3aKII09aeTcs B paspekuBaHun pacipejesenus p(t) Kak
dyukun or mapamerpos Oyy:

RO) =~y chinplt),  p(t) = 3 p(d)fia

7 1T i
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[ToxcraBum sror peryisipusarop B dopmysny M-mara (18):

n p(d)
0 :norm<n —T——=0 )
BamennM 6,y B IpaBoil 4aCTH PAaBEHCTBA HECMEIIEHHON OIEHKOI Z—f;:
0 ( (1 n )) (64)
= norm|(n —T )
td teT td ’rLt|T|

DTOT PEry/Isipu3aTop pa3pezKuBaeT HeJUKOM cTpoku Marpuilpl ©. Ec/in 3nadenne caér-
YUK Ny B 3HAMEHATEJIE JIOCTATOYHO MAJIO, TO BCE HJIEMEHThI {-if CTPOKM OKA3bIBAIOTCS PaB-
HBIMU HYJIIO, ¥ TeMa ¢ TMOJIHOCTBIO UCKJII0UaeTcs u3 Mojean. [Ipu ucioib3oBanuu JaHHOTO
pery/sgpu3aTopa CHada/a yCTaHABIUBACTCS 3aBeoMO n36biTouHoe dncsio Tem |T|. B xome
uTeparuii 9ucja0 HyJIEeBBIX CTPOK MATPHIIBI O MOCTENeHHOe YBEJININBACTCS.

Ot16op Tem B ARTM mamuOoro npoie HemapaMerpuieckux 0aiiecoBCKUX Mojesieit —
uepapxudeckoro npornecca Jupuxie (hierarchical Dirichlet process, HDP) [187| nim npo-
necca Kutaiickoro pecropana (Chinese restaurant process, CRP) [42].

B o6oux nogaxomax, ARTM u HDP, umeercs yupasisiiomuii mapamerp, Boibupast Ko-
TOPBI, MOKHO HOJIy4aTh MOJEIH ¢ YHCJIOM TeM, pasindaiomumcs Ha nopsaku (B ARTM
910 Kodbbunument perysipusanuu 7, B8 HDP — kosddbunuenr konnenrparun 7).

B [197] 6bliu poBeieHbl SKCIEePUMEHThl Ha MOJTYCHHTeTHIECKUX JTAHHBIX, MPeICTaB-
JSIONHUX coOO0i cMech IBYX pacipeenennii p(w |d) — peaabHON KOJUTEKIHH, JIJIs KOTOPOi
YUCJI0 TEM HEM3BECTHO, M CUHTETHYECKON KOJIIEKIUU C 3aJaHHBIM 9ucjaoM TeM. Cunre-
THYECKasl KOJJIEKIMS CTPOWJIACH IIyTéM nepemMHokenus mMarpun, PO, mosiyuaeHHbIX B pe-
3yJabTaTe TEMATHIECKOTrO MOJETNPOBAHUS TOH Ke peabHOI KosuteKiuu. (OKa3aaoch, 9TO
HDP u ARTM crocobubI onpee/issiTh KCTHHHOE YUCI0 TeM HA CHHTETHIeCKUX H ITOJTYCHH-
rerundeckux JaHHEBIX. ARTM omnpenenser ero rounee u ycroitamsee. OmHaKO dem OJInzKe
HOJIYCHHTETUIECKHE JIAHHBIE K PEAJIbHBIM, TEM MEHee YETKO Pa3/InduM JIMAIa30H 3HAYE-
HUil rumepuapaMeTpoB T WA 7, Ha KOTOPOM BOCCTAHABJIMBAETCS MPABUIHLHOE YHCJIO TEM.
Ha peasibHBIX TaHHBIX OH HEPA3JMINM BOBCEe, TaK UTO 00a MOJXO/IA He B COCTOSHHUH OIIpe-
JIeTUTH ONTHMAJIbHOE YHCJIO TeM.

ITo ckopoctu Bbruncienuit BigARTM ¢ peryisgpuszaropoMm orbopa Tem okasaJjcs B 100
pa3 ObicTpee cBODO/HO JIOCTYIIHON peasu3aiuun HDP.

B skcmepumentax [197] Takke BBISICHHIOCH, YTO PeryJspu3aTop 0TOOPA T€M HMEeT
HOJIE3HBII COMyTCTBY oMM 3ddeKT, yaansasa u3 Mojenan 1yOJupyolye, pacilelaéHHbie
U JIMHEHHO 3aBucuMbie TemMbl. Teoperudeckoe obocHOBaHME TOr0 dpderra ocraércs OT-
KPbITOI 11PODJIEMOIA.

Nepapxnyeckoe tematnyeckoe mogennposaHue. llepapxuieckue TeMaTudecKue MoO-
JIeJTH PEKYPCUBHO JIEJIAT TEMbI Ha MOATeMbI. TeMaTnaecKue nepapXuu CIyzKar /i pyopu-
Kanun, nHGOPMAIMOHHOIO MOUCKA W HABUTAIUU MO OOJIBIIMM MYJIBTHIACIUAILTHHADHBIM
TEKCTOBBIM KOJLIEKIMAM. 3a/1a4a aBTOMATUYECKOH pyOpHMKalUu TEKCTOB CJIOXKHA CBOEH
HEOIHO3HAYHOCTBIO U CyObeKTUBHOCTBIO. Pas/inaus BO MHEHUAX 9KCIEPTOB OTHOCUTEIHHO
pybpukaiuu jokymenToB MoryT jgocrurarsb 40% |1]. Hecmorpst va obusne padbor 1o uepap-
XUYIeCKUM Temarudeckum Mojenam [41, 114, 133, 223, 161, 206, 207, 208, 209|, ontu-
ME3alds pa3Mepa U CTPYKTYPbl HePapXuu OCTAETCsl OTKPBITOI mpobiemoii; GoJee Toro,
OICHUBAHKE KAYECTBA MEPAPXHUH — TaKzKe OTKpbITas 1pobsema [223].
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Crparerun mOCTPOEHUST TEMATUIECKUX UEPAPXUN BECbMa PA3HOOOPA3HBI: HUCXO/ISIIIE
(pasaesstomue) u Bocxogsipe (0ObenHIONHE), TPEJACTABISIONNE HEPAPXUIO JIEPEBOM
WJIX MHOTOJOJBHBIM IpadoM, HapaluBaonye rpad 00 YPOBHAM U II0 BEPIIMHAM, OC-
HOBAHHbIC Ha KJACTepU3aldd JTOKYMEHTOB WM TepMOB. Helb3s Ha3Barb KaKylo-TO H3
CTpaTeruii mpeaIoYTHTeIbHOMN; Y KazKI0il eCTh CBOM JTOCTOMHCTBA M HEJOCTATKH.

BepositTHOCTHasi Mogenib MexXypoBHeBbIX cBa3ei. Hucxongmas crpaterus Ha 0OCHOBe
ARTM npegtoxena B [56] u yayumrena B [37]. Mlepapxus mpeacTaB/asgercs MHOIOI0IbHBIM
rpacdom ¢ pukcupoBaHHbIM YuC/I0M ypoBHeil. Ha Kax/10M ypoBHE 4UC/IO TeM yBe/nYuBa-
ercsi 1 CTPOUTCs OOBIYHASL «ILIOCKAsT» TeMaTHdecKast Mojiesib. [1o9roMy Bpemst II0CTpoeH st
BCeil MepapXum OCTAETCs JIMHEITHBIM 110 00bEMY KOJUICKIHH.

J1s MozmenupoBaHus CBs3ell MeXKIy YPOBHSAMH B MOJEJb BBOJATCS HapaMeTpPhI
s = p(s|t) — ycaoBHBIE BEPOATHOCTH MOATEM S B TeMaxX t. B MyJIbTHIHCIUILITHHAPHBIX
KOJUIEKIIUSAX [O/ITeMa MOYKeT HMEeTh HECKOJIbKO POAUTETbCKHX TeM. Hampuwmep, «6uomm-
dbopmarnkay uMeer B KadeCcTBEe POJUTENbCKUX «OHOJOrUIO» U «MHGOPMATHKY», a «Oy-
CTUHI PENIaloliuX JIePeBbeBy — «OyCTUHD» U «penraomiue jgepesbst». [losromy mnpecras-
JIEHHEe HePapXUU MHOTOJOJBHBIM IPadOM HPEAOYTHTENbHEE, YeM JIEPEBOM.

Ha BepxHem ypoBHE HepapXuil CTPOUTCHA OOBIYHAS ILUIOCKAS TEMATHICCKAs MOJEb.
I[IycTh MOzeDb ¢-r0 YPOBHS ¢ MHOYKECTBOM TeM 1’ yzKe IIOCTpoeHa, H TpeOyeTcss MOCTPOUTD
MOJIeTb ypoBHH {1 ¢ MHOKeCTBOM JodepHEX TeM S (subtopics) u qucmom tem, |S| > |T].

[Torpebyem, 4Tobbl HacTOTh pojUTeIbCKUX TeM p(w [t) = =, ¢ € T Kak MOZKHO Jylie
IpUOJIHKAIICH BEPOSTHOCTHBIMU CMecsiMi jo4eprux TeM, p(w|t) = Y p(w|s)p(s|t).
JList 3Toro GyjieM MaKCUMU3UPOBATH JiorapudM paBonoi00us:

R(®, V) = TZ Z Nt angpwstt — max, (65)

teT weW ses

riae U = (g)sxr — Mampuya ceésaseli, KOTOpasg CTAHOBHTCS JOMOJHUTENbHON MaTpuIieil
IapaMeTpPOB /I TeMATHIEeCKO MOIEIN J0UePHEro YPOBHS.

Bagada Makcumu3anuu peryisgpuzaropa R(P®, ¥) ¢ TouHOCTBIO 10 0003HAUEHUIT COB-
aJaeT ¢ OCHOBHOI 3ajaveil Temarmdeckoro mojgesuposanust (13), ecam caurarb pojiu-
TEJIbCKHUE TeMbI t Nce8J0d0KYMEHMAMYU C TACTOTAMU TEPMOB Ny = TN Pyt ITO O3HAUTALT,
9TO JOYEPHAST MOJEIb C OOMBIIAM UHCJIOM TE€M CTPEMHUTCS KaK MOXKHO TOUYHEEe OINCATH
He TOJIbKO MCXOJHBIE JAHHBIE, HO H BCIO COBOKYIHOCTH POIUTEIbCKHAX TEM.

Bwmecro momudukanun dopmyn M-mmara JaHHBIR peryasipu3aTop MOXKHO pean30BaTh
coBcem 1pocto. locrarodno, nocrpous pojure/ibekuii yposeub u3 |T'| tem, pobaBurh
B KOJLIEKIUIO | 1| CEeBIOJIOKYMEHTOB ¢ 4aCTOTAMH TEPMOB Ny Marpuna W nojydunrcs
B CTOJIONAX MaTpUIbl O, COOTBETCTBYIONIMX IICEB/IO0KYMEHTAM, KaK MOKa3aHO Ha puc. 18.

JIaHHBII MOAXO0 K MOJETMPOBAHUIO TEMATHIECKHX HEepapXuii peasn30BaH B OHO/IHO-
Teke BigARTM. A/ibTepHATUBHBIN I[I0JX0J] 3aKJOYAETCS B TOM, YTOOBI NPUOINKATH PO-
JUTEIbCKHE TeMbl KaK pactpe/esenus p(t|d) BepOSITHOCTHBIMU CMECSMHU JOYEPHHUX TeM
Y ses P(t]s)p(s|d). B pesymbrare noydaercs pery/spusarop Marpuip © s 104epHero
YPOBH4, 9KBUBaJIEHTHbBIN BBEJACHHUIO MHO2KECTBa POAUTE/IbCKUX TEM T KaK MOJaJIbHOCTHU
C 4aCTOTAMH TEPMOB Nyg. DKCIepuMeHThl B [56]| mokasasiu, 4TO JaHHBIT MOAXO0J XyZKe
npubIIzKaeT poauTeabekyo Marpuny ®f. Kpome Toro, mobaBienme MOJATbHOCTH B KaK-
JIBI JIOKYMEHT TPY/Hee peann30Barh, 9eM J00aB/IeHne IICEeBI0OKYMEHTOB B KOJLIEKITHIO.
Jlannblit ox0/1 ObLJI IPU3HAH HEYJaYHbIM U He Obl1 peasin3oBaH B BigARTM.
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S
w w

Puc. 18: Ins nocrpoennsi BToporo ypoBHs MEPAPXHUU C MHOXKECTBOM HOATEM S B KOJLIEKIUIO 100aB/is-
1orcst |T'| nceBIOIOKYMEHTOB € 9aCTOTAMU TEPMOB 7,,¢. Marpulia cBaseii rem ¢ nogremamu U = (p(s | t))
obpasyercs B CTOIONAX MATPHUIBI O, COOTBETCTBYIOMIUX TICEBIOI0KYMEHTAM.

Pa3pe)xxuBaHne me>XypoBHEBbIX CBSA3el He0OXOJMMO JIJId TOr0, YTOOBI KazKaasd TeMa,
JIOUEPHEro ypoBH#A S € S umesa HEOOJBIIOE YUCJ0 TeM POAUTEJIHCKOro yposus t € T.
B wacruocru, eciin Bece pacupeesenust p(t|s) BbIPOXK/JIEHbI, TO €CTh KaXK/asi TeMa § UMeer
TOJIBKO OJIHY POJIUTE/IbCKYIO TeMy t, TO BCs uepapxus lpuodperaer Bu/L Jepesa.

[IpuMeHnM KpOCC-3HTPONUIHBIA peryasapu3aTop JJId pa3spe:kKuBaHUs paclpee/eHnil
p(t]s), BeipasuB ux uepes g 10 Gopmyse Baiieca:

wst t
R _‘TZZW““'S RPN e

seS teT teT seS

[Tockosbky Marpuina W siBisercs dacTbio Marpuibl O, K Heit npumennma dopmy.ia (18),
u3 KOTopoit cieayer dopmysa M-mara i MOJIe/ I J0YePHEr0 YPOBHSI:

st = norm (nst + T(p(t\ s) — |17|)> (66)

1
T’

¥ IIPU JOCTATOYHO OOJIBIIOM T 00HYJIsIIOTCs |56].
i — nst
[Ipu paspekuBanuu pacupegenenuii p(s|t) = 2L BaykHO, 4T0ObI BEKTOPLL p(t|s) = e
OCTABAJIACH PACIIPeIeICHIAMHE, TO €CTh YTO0BI y K&)K,ZLOI/I IOITeMBI S OCTABAIACH XOTS OBl
OJlHA poJuTeabcKag Tema. Ha jgodeprem ypoBHe S He JOJIKHO 00pa30BaThCs HHM OIHOIL
MEMbI-CUPOMDL S, KOTOPasd COBCEM He MMeJia Obl POAUTEbCKUX TeM t.

YesoBubie BepositHoctu p(t|s), MeHblue C UTEPAIUSIMH CTAHOBATCS eIé MeHbIIIe,

nst

TemaTtnyeckass mogenb MHEHWIA— 3TO JBYXYyPOBHeBas Hepapxusd, B KOTOPOIl BepXHIUIT
YPOBEHb CTPOUTCH OOBIYHBIM 0OPA30M 110 JIEKCUKE, YTOObI BbIJIEJUTD COOLMULTIHbLE MeMbl
B HOBOCTHOM I10TOKe. BTOPOIi ypoOBEeHb CTPOUTCS 1O JAPYIMM MOJIAJIBHOCTSM, YTOObI pa3/ie-
JIMTh KazKJIyI0 TeMy He Ha [OJTeMbl, & Ha HOJIsIpU30BaHHble MHeHus1 0 cobbiTun |74]. [Ipe-
JlaraeTcs UCHOJIB30BaTh TPU THIIA TAKUX MOJAIbHOCTE(l: NMEHOBAHHBIE OOBEKTHI C MO3H-
THBHBIMU U HETATUBHBIMH TOHAJbHOCTSIMU, UMEHOBAHHBIE OOBEKTHI C MX CEMAHTUIECKHMMU
poJIsiME, TPUILIETHI {CYyObEKT, IIPeJUKAT, OObEKT). DKCIEPUMEHTHI OKA3A/IHM, YTO KazKIasl
U3 TPEX MOJAJIBHOCTEN BarkKHa /IJIsl LIOBBIIIEHUs KAYeCTBa KJlacTepu3aluu MHEHUII.
Anasnornunas JByXypOBHeBasl HepapXusl UCIOJIb30Badach B [157| mig mapripyrusa-
nuu oOpallieHuii B KOHTAKTHbIH 1eHTp. BepxHuil ypoBeHb CTPOWJICH 110 JIEKCHKE, 4TOObI
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. OCTPOB, 3eMN4, Nepuod, TaM, TePPUTOPUS, OKeaH, rae, 6onee, BUA, HANTK, BYNKaH, HAXOANUTLCA, HOKHBIN

. pacTeHue, snoHus, paca, npu, 6onee, Yem, Hanpumep, KccneaoBaHue, BUA, CTpaHa, HaceneHue

. BUZ, 3BOIIOLMS, caMell, MO3r, CamKa, XUBOTHOe, oT6op, reH, 6onee, NTULA, HaL, Mexzy, H4Tobkl, YeM, Apyr
MO3r, HepOoH, Npw, 3aGonesaHune, Hall, NaLUNEHT, GOCTORHUE, cucTeMa, 6onesHb, GOH, McCnenoBaHne

. KneTka, My3eii, CTBOMOBOW, TKaHb, OPraHU3M, H4TOBbI, OMyXorb, CUCTEMA, UCMOMNL30BaTL, TEXHOMOMUS

KneTKa, reH, AHK, opraHnam, Monekyna, reHom, 6enok, Genka, 6aktepus, cuctema, NpoLece, Ku3Hb

cucTema, Matepuan, 3agaya, CTpykTypa, MeTof, KOMMbTep, AaTk, NPU, XMMUYECKNIA, 06NacTb, XUMUS

. KBAHTOBbI, CBET, BOMHA, aToM, MHOPMaLKA, hOTOH, CUrHar, UCNONb30BaTh, ABa, NPH, YacToTa, COCTOAHNE

. YacTuua, sHeprus, KBapk, B3auMofeicTsmne, MarHUTHbIN, 3MNeKTPOH, Macca, duaunka, 6030H, NPOTOH, MoAenb
10. 3Be3/a, ranakTuka, 3eMns, NnaHeTa, BCeneHHas, Ablpa, Y&pHbI, 06LEKT, COMHLIe, Macca, Hall, cucTeMa

11. Teopus, NPOCTPAHCTBO, BCENEHHas, 3aKkoH, dranka, MaTeMaTUHECKNIA, ypaBHEHWE, YACHO, ABa, MUP, cUCTEMA
12. Haw, ceTb, MHdOpMaLKA, AaTb, OOLEKT, KyNbTYpa, 3af4aya, Hanpumep, obpas, NamsaTb, COBO, Pa3HbIf

13. A3bIK, CNOBO, PYCCKWI, HanNpKYMep, roBOpWUTb, CIIoBapb, Peyb, PasHbIf, A3bIKOBOW, TEKCT, ABa, NNHIBICT

14. Hayka, y4EHbIN, Hay4HbIN, MOTOMY, YTOGbI, NMEKUWH, XOPOLINIA, YHUBEPCUTET, ceryac, Hall, 3aHUMaTbca

15. 3KOHOMUYECKNIA, 3KOHOMMKA, cTpaHa, 4Tobbl, Gonee, pblHOK, KOMNaHWS, UeHa, pelleHne, AeHbra, paboTa, Yem
16. cTpaHa, BolHa, rocyapcTBo, MONUTUYECKWIA, POCCUS, COBETCKUI, BNacTb, NONMTUKA, repMaHuns, cTaTb

17. peBEHOK, XKeHLUMHA, MYXUUHA, XN3Hb, KyrbTypa, 00LecTBO, cebs, ceMbs, COLManbHbIN, COBETCKNM, JKEHCKMIA
18. ropo, MPOCTPaHCTBO, CoLMarbHbIA, rOPoACKON, 0BLLECTBO, MECTO, KYNbTYPHBIN, XW3Hb, Bonee, CoBpeMeHHbI
19. uccnefoBaHve, coumarbHLIA, NoBegeHve, rpynna, pelleHue, and, the, Teopus, npotnema, Hayka

20. coumanbHblii, COLMONOrMsA, MUp, TEOPKH, 0OBEKT, CoLMONOornyecku, AerMcTene, cobblTue, couuonor, Hayka
21. nonnTu4eckuit, hunocousa, naes, Hayka, ceoboga, NnoHATUe, peBosiioLumns, nctopus, unocod, Bek, cedbs
22. npaso, BNacTb, 3aKOH, KOporb, BeK, pUMCKUI, Bor, cebs, LepKoBb, MPaBoBOM, NONUTUYECKUA, cya, ABa

23. BeK, CTOPUS, PYCCKUIA, UCTOPUHECKUIA, UMK, TPAAULIMS, XPUCTUAHCKUIA, KynbTypa, UCTOPKK, TEKCT, yxe

24. cebq, MCKYCCTBO, NUTEPATYpa, FOBOPWUTL, MOTOMY, MUP, CaM, MU, KWN3Hb, CNOBO, TEKCT, POMaH, BEK

25. kHura, hunbM, aBTop, KUHO, pcourse, NUMm, YuTaTtenb, MOCBATUTL, TEMa, NCTOPUSA, NccrneaosaHie, paGota

CONDO D WN =

Puc. 19: [Ipumep mI0CKOro TEMATHIECKOTO CIEKTPA 13 25 TeM, TOCTPOEHHOTO M0 KOJIJIEKITUH Ty O/IHKAIHii
HayYHO-TTIPOCBETUTEIHCKOTO pecypca postnauka.ru ma 2017 r.

NeKLNA, NPOYMTaTh, NocTHayKa

KHWra, aBTOp, HAMUCATb _

HayKa, HayuHbIN, Y4EHbIR

pelUeHne, YToGhI, SKOHOMUKa

ropof, MPOCTPAHCTBO, TOPOACKON

CcTpaHa, 9KOHOMUYECKMIA, kuTam

OCTPOB, adppuka, paca

KyNbTYPa, BEK, KYMNbTYPHbIN

BEK, VIMs1, MCTOpis

MCKYCCTBO, JIUTEpaTypa, Mi

PUITBM, KMHO, KUHeMaTorpal

BOWHa, COBETCKUM, POCCHSt

npaBo, Npa3gHWK, BOiHa

npaBo, BEK, LIEpKOBb

npago, 3aKOH, ceds

(PUNOCONS, PEBONIOLINS, BEK

TOCYA@PCTBO, NOMUTUMECKUN, MAEHTUMHOCTD
OLLeCTBO, NONUTUYECKMIA, COLMANBbHBIN

coLiarnbHbIM, COLMONOTUs, MUp

MCTOPUS, Hayka, UCTOPUYECKNI

3a1a4a, NCCIeloBaHyie, peLueHue

PEBEHOK, KEHLLNHA, My}K4MHA

aMSATb, NUM, PCOUrse

MO3T, HEMPOH, HaLL

Hall, FOBOPUTb, MOTOMY

. DYCCKUI, A3bIK, CII0BO
A3bIK, CIIOBO, PYCCKUMA B30k, CrioBo, pyccin

3eMI4, NnaHeTa, cucrema
3B€3/1a, ranakTika, BceneHHasn
yacTuLia, 38e3aa, TeopHst YacTnLa, KBapk, B3anmodencTemne

TEOpWS, MPOCTPAHCTBO, 3aKOH
cucTema, 3afjiada, fatb
MaTepmar, atoM, CTpyKTypa

Hayka, 4Tobbl, y4EHbIA

TpaHa, ropofl, 3KOHOMUYECKUIA

BEK, UCTOpUS, KyNnbTypa

npaBo, MONUTUYECKWIA, BNacTb

COLMAnbHLIN, KHUrA, Hayka
root
MO3F, Hall, npn

nepyof, BYrkaH, semns
OpraHu3M, KIeTka, XKi3Hb
pacTeHIe, BUPYC, TeH

NHK, KIeTKa, [EH B
KIETKa, My3€l, CTBOINOBOM
B, 3BOTIOLIMS, JKNBOTHOE
pacTeHe, opex, MbILLLa

Martepuarn, npu, CTpykTypa

KneTka, reH, opraHusm

Puc. 20: IIpumep uepapxudeckoro remarundeckoro cuexkrpa u3 10 u 40 rem, mOCTPOEHHOIO 110 KOJLIEKIAN
nybsmmKanuil Hay 4HO-IIPOCBETUTEIHCKOrO pecypca postnauka.ru na 2017 r.

BbIJIEJINTH TeMATUKy oOpalienusi. Bropoit ypoBenb cTpouics 110 MOPGOJIOIMYeCKUM U CUH-
TaKCHIECKUM MOJAJBHOCTAM, YTOOBI BBIJIETUTb B KaKJI0W TeMe KJINEHTCKHe HHTEeHTHI,
pazanyasi, HAIIPUMeD, «3a0J0KHPYiTe MHE CUET» H «y MeHs 3a0JJOKHPOBAH CUET».

CnekTp Tem n Bulyanusauuns uepapxmii. Temarumdeckne mepapXun CTPOSITCS B 3Ha-
YUTEJbHOIl CTeHmeHu JI/Id TOro, 9ToObI IMOKa3bIBaTh MX IOJb30oBaTe/ daM. Jlo cux mop Mol
TFOBOPHJIM O TeMaX KaK O HeylnopsaodeHHOM MHOxKecTBe 1'. OHAKO HPOCMAaTPUBATH CIIH-
COK TeM ropas/io yjiobHee, €C/ii OHU PAHZKMPOBAHbI 110 CEMAHTUYECKOW OJIM30CTH — TaK,
9TO0BI OJIM3KHE 110 CMBICJLY T€Mbl OKA3bIBAJIMCH B CIHUCKE PSIAOM. DTO IMOMOIAET I10JIb30-
BaTe/IIM ObICTpee HaXOJUTh HYzKHbIe TeMbl U aKIeHTUPOBATH BHUMAHHE HA Pa3/JTHIHIX
MEKJIy OMZKAfIIMMU TeMaMU. DTO BarxKHO U /I OOBIYHBIX <«ILJTIOCKHX» TEeMaTHYECKHX
Mojiesieit, u, Tem GoJiee, Jijisi uepapXuyecKux.
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Temamuueckum cneEKMpom WA CNEKMPOM mem OYyJeM Ha3bIBATb yHOPsI0YEHHbIT

CHUCOK TeM ty,...,t7|, B KOTOPOM CyMMa PACCTOAHUE MKy COCEJIHMMU TeMaMU MH-
HEMaJIbHA!

7|

E p(ti,ti—1) — min,

i—2

rie p(t,t') — paccrosiHie MexKly TeMaMu Kak crosbrnamu marpuibl $, Hanpumep, KOCH-
uycuoe (97), Xemmunrepa (98) wiu paccrosinue 2Kakkapa MezK/Iy CeMaHTHIECKUME $1/pa-
vu Tem (99). DTo Kraccuueckas 3a0aua KOMMUGOANCEPA®, Nd PEIeHns KOTOPOH MOZKHO
IPUMEHUTH, B 9acTHOCTH, ajaroput™m Jluna-Kepuurana B peasmsanun Xesbcrayna [84],
umeronwmii Boruucauressuyio caoxuocrs O (|T]%2).

B remMaTHuecKoM ClIeKTpe CeMaHTHYeCKH OJIM3KHE TeMbl OKa3blBAIOTCA PALOM, KAK 110~
Ka3ano Ha puc. 19. Ilpu mocrpoeHnn nepapXudecKoro CIeKTpa yIUTHIBAIOTCA BCE YPOBHH,
4TOOBI MUHUMH3UIPOBATH YUCJIO0 Hepecedennil B rpade cpaseii, cm. puc. 20.

BbiBogbl no rnase 13

Eciin remarudeckoe MoJe/IMPOBAHKE SIBJISIETCS IIPOMEKYTOUYHBIM ITAIIOM AHAJIU3A
JIAHHBIX, TO BBIOMpPATh YUCJIO TEM JIYYIlle BCEro 10 KPUTEPUIO KAadeCTBa, PEIIeHus]
KOHEYHOW NPUKJIAQJIHON 3a/1a4MU.

Nepapxust jpaér 6osibiie nHpOpMaUU O TEMATUIECKONR CTPYKTYPE KOJIEKIIMU, YeM
oObIYHAs IJIOCKAs MOJIe/Ib U 1O3BOJIsIeT BhIOUPATh HEOOXOJUMYIO CTElEHb JeTaJn3a-
U JJI KazKI0i TeMBbl.

[TocTpoenne TemMaTu4eckoil vepapxuu 110 YPOBHSM CBEPXY BHHU3 peajiu3yercs B
ARTM uyrém mpeobpaszoBanus pOAUTEIHCKOIO YPOBHS B IICEBJIO-JI0KYMEHTHI, KO-
TOpBIe JTOOABISIOTCS B KOJUIEKIIHIO.

Ha npakruke nocrpoenue reMarudecKux uepapxuil 3aTpyjHsercs HeoOX0MMOCTbIO
HO/IOUPATD YHCJIO TeM B KOI(MMUIUEHTH pery/idpu3allid Ha KazK/IOM YPOBHE.

[TocTpoenue ciiekrpa TemM yJI00HO Jijisi BU3yaIU3alMi KaK ILJIOCKUX, TaK U UepPapXu-
YEeCKUX TeMaTHU4YCeCKUX MO,Z[eJ’[eI';I.

S®emopsara [I. C. TexHOIOTHA HHTEPAKTHBHON BU3YaJH3allIN TeMATHIeCKHX Mojeseil. BuImyckHasd
KBasMUKAINOHHad padora bakamaspa, MOTU, 2017.
(www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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14 TemaTuydeckue moaennm co4etaemMoCcTu CJIOB

['urioresa «MelKa, CJI0B» SIBJISIETCSI OJHUM M3 CAMbIX KPUTUKYEMbBIX IPEII0JI0KEeHI I
TeMaTU4IeCKoro MojieiupoBanud. OHa IOJHOCTHIO UTHOPUPYET €CTeCTBEHHBINR IOPSIOK
CJIOB B TEKCTe U TaKOe BayKHOE B €eCTECTBEHHOM S3BbIKe SBJIEHUE KaK COYEmMaeMocmb CA08
(word co-occurrence).

CoueraemMocTb OBIBAET JABYX BHIOB: KOHMAKMHAA U QUCNAHMHAL.

Konmaxmmnasa couemaemocms 03Ha9aeT 9aCTOe TMOABIEHIEe HEKOTOPOU IOC/IeI0BATE b~
HOCTHU W3 N MOJPSJ HJIYIIHUX CJOB, Ha3bIBAeMON n-zpammoti. Cpejau n-rpaMm IIpejacTaB-
JISIOT MHTEPEC KOJIJIOKAIUU U cjioBocoderanus. Koasokauus — 3T0 n-rpaMmMa, BCTpeda-
IOIAsICsl B KOPILyCe I'Opa3/i0 4alle, 4eM MOYKHO ObLIO Obl 0XKH/IaTh, €CJii Obl CJI0OBA, I'eHe-
PUPOBAJIUCH CAYYAHO U HE3aBUCUMO JIPYT OT Jpyra. Caosocowemanue — 9T0 n-rpamma,
CJI0OBA KOTOPOI CBA3aHBI I'PAMMATUYIECKHU U II0 CMBICIY, 00pa3ys eJIuHOe MOHSITHE.

Temarudeckue mozesnn n-rpamm (n-gram topic model) crposiTest Ha HPEIIOIOKEHNH,
YTO BCE CJIOBA N-I'PAMMbl HOPOK/IAIOTCs OJIHOM U TOit ke TeMoii. Vciojib3oBanue n-rpaMmm,
KOJIJIOKAIMI MJIM CJIOBOCOYETAHUI 3aMEeTHO YJIydlllaeT MHTePIPETUPYEMOCTh TeM, 4TO Jie-
MOHCTPHUPYETCS MPAKTHIECKH B KazKJION MyOJTUKAIUK 110 N-I'PAMMHBIM TeMaTHIeCKHM MO-
nensM, Hanpumep (95, 72|. [Ipobiema B TOM, 9TO YHCIO BCEX N-IPaMM KaracTpodudae-
CKHU OBbICTPO PACTéT ¢ poCcTOM 00'béMa KoJuleKiu. [[oaroMy BblIeISIOTCSH HEe BCe MOPSiI
Nn-rpaMMbl, a TOJIbLKO HauboJiee YaCTOTHBIE.

ucmanmmnas couemaemocms 03HaYaeT 9acTOE MOSBJICHUAE ABYX WK OOJiee CJI0B B O/I-
HUX U TeX Ke KOHTeKCTaX, HAllpUMep, B OJTHOM MIPeJTOKeHUN WA B COCETHUX MPeToZKe-
Husx. B orimuue or n-zpamm, coBa He 00si3aHbI IPUMBIKATD JIPYT K JPYTY.

Temarudeckue MOJEIN JUCTAHTHONW COYETAEMOCTH OMUPAIOTCS HA TUIOTE3Y JUCMpPU-
OYymueHot CeMaHMUKU: «CMBICJ CJTIOBA OIPEIEIIeTCS TeM, B OKPYKEHHH KaKUX CJIOB OHO
qarie Bcero ynorpebssiercs» [82]. Ecam nBa cioBa 9acTo BCTPEYAIOTCS PAIOM, TO, CKO-
pee BCero, OHM MOPOXKJIAIOTCH OJHON 1 TOM »Ke TeMoil. VcXoHbIMU JJTAHHBIME JIJI TAKUX
MoJieJIelt CJIyzKaT He 9aCTOTHI CJIOB B JIOKYMEHTAX 74y, & 9aCTOTHI AP CJIOB 7l,,, BCTpeda-
IOINUXCS B OJJHUX U TeX zKe KOHTEeKCTaX.

CymecTBYIOT TakKe TeMaTHYeCKHe MOJIe/H, 00padaThIBaIONne TEKCT KaK HellpepbiB-
HYIO IMOCJIe/IOBATETHbHOCTh TepMOB. VX MBI paccMOTpUM B CAeAYIOMHUX IviaBax 15 u 16.

Mopenn koHTakTHOW codetaemoctu. Illepasi OurpaMmHasi TemMarudyeckas MOJIE/Ib
BTM (bigram topic model) [203] upeacrasisiia coboit O CyTH My/JIBTUMOAAIBHYIO MO-
JieJib, B KOTOPOH KazKJIOMy CJIOBY ¥ COOTBETCTBOBAJIA OT/EIbHAS MOJIAJIBLHOCTH CO CJIO-
BapéMm W' C W, cocTaB/ieHHBIM U3 BCEX CJIOB, BCTPEYAIONIMXCS HEIOCPEICTBEHHO IIOCIe
cjoBa v. 3anuneM log-mpaBIonomodme SToil MO/ B BUJIE PErY/IspU3aTOPa:

R((I), @) = Z Z Z N 1N Z @thetda

deD ved weWv teT

rae pl, = p(w|v,t) — ycioBHAsE BEPOSITHOCTDH CJIOB W HOCJE CJIOBA U B T€ME t; Ngyy —
qacToTa OurpamMmmbl «vw» B JokyMmente d. [taBubiit Hepoctarok mogaesn BTM B Tom, aro
OHA YYHUTBIBaeT TOJBKO OMrpaMMbl. Bropas mpobiema B TOM, 9TO YHCJIO BCeX OUTpaMM
OBICTPO YBETUYIUBAETCA C POCTOM KOJJIEKIINH, U HCIOIb30BaTh Moaeab BTM na 60oabmux
KOJLJIEKIUSIX 3aTPY/HUTEIBHO.
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pacnosHaBaHue obpasoe B buonHdopmaTuke TEOPUS BblHNC/INTENBHON CNOXHOCTK
YHUTrpaMMmbl burpamme: YHUTrpaMMmbl burpamme:

obbekT 3aja4a pacnosHaBaHusi 3agaqa pasgensitb MHOXECTBA
3agaya MHOXECTBO MOTNBOB MHOXECTBO KOHEYHOE MHOXKECTBO
MHO>X€eCTBO cmcTemMa mMacok MOAMHOXECTBO  YC/OBME 3aAa4yn

MOTNB BTOPVYHAsI CTPYKTYpa ycnosune 3aja4a O MoKpPbITAN
paspeLmmMocTb CTpyKTypa benka Knacc MOKPLITNE MHOXXECTBA
BbIbOpKa pacnosHaBaHme BTOPUYHOW | pelueHne CUJIbHBIA CMbICT

Macka cocTosAHne obbekTa KOHEYHBbIN paspensrowmnin KOoMmnTeT
pacno3HaBaHue obyuatowasi Beibopka 4mcno MUHNManNbHbI adpdNHHbIA
NHOPMATNBHOCTL  OLEHKa MHOPMATUBHOCTU | adddprHHBIIA adprHHBIA KOMUTET
COCTOsiHNE MHOXECTBO 0bbekTOB cnyyaii acpbuHHbIA pasgenstownii
3aKOHOMEPHOCTb paspeLnMoCcTb 3agaqn NoKpbITNE obuiee nonoxexmne
cncrema KPUTEPWNIA paspeLunmocTm obuynii MHOXECTBO TOYeK
CTpyKTYypa MHOPMATNBHOCTL MOTHBA | MPOCTPAHCTBO cny4vaii 3agaqn

3Ha4veHne nepBn4Hasi CTpyKTypa cxema obwuii cnyyaii
perynsipHoCTb TYMNMKOBOE MHOXECTBO KOMunTET 3agayqa MASC

Puc. 21: TIpumepsl COOTBETCTBYIOIIUX TE€M B yHUIDAMMHON 1 GurpaMMHOI Mozesu (10 KOJUIeKIu: craTeit
BCEpPOCCUIICKOl Hay4uHOil KoHdeperuu «Maremaruueckue MeTobl Paclo3HaBAHUs 0OPA30B» ).

Mogear TNG (topical n-grams) [212]| ycrpamsger 9TH HeI0CTATKH. YCIOBHOE PACIpe-
JIeJIEHHE CJIOB ONUCBIBAETCS BEPOATHOCTHON CMEChIO

p(w ‘ v, t) = Sowt P T (1 - ngt)gpwta

rj1e e — MepeMeHHasd, paBHasd BEPOATHOCTH TOTO, YTO Mapa CJIOB «VW» SIBJIAeTCS OUrpaM-
moii B Teme t. B pabore C. C. Crenuna® noxkasano, 4To Ipu HEKOTOPBLIX He 0C000 JKECTKIX
HpeIIo/I0KeHusIX log-rpaBionoodue 3ot MO/Ie/ M ONEHUBACTCS CHI3Y B3BEHIEHHON CyM-
moit log-tipaBomno106uit MmogabHOCTEH yHUrpaMm u durpamm B Mozein ARTM. Ipyruvmu
caoBamu, myabrumoaaabiasgs ARTM MoxkeT ObITh HCHOIB30BAHA, JIJIsT TOMCKA, TPUOJINZKEH-
Horo permrenus B mojenn TNG.

B Toit ke pabore ObLIM IPOBEJIEHBI YKCIIEPUMEHTHI ¢ OUIPAMMHON MYJIBTUMOJIAJIbHOMN
mozesiblo ARTM na mebosbmioii (Menee 1000 OKYMEHTOB) KOJLIEKIIMH PYCCKOSI3BIYHBIX
crareit Hayunoit koudepenun MMPO (Maremaruydeckue MeTO/bI pACIO3HABAHUsS 0Opa-
30B). ComocraB/ieHre TeM YHUIDAMMHON 1 GUrpaMMHOI MoJiesieil MoKa3as0, 9To Mo TeMaM
OUTrpaMMHOI MOJIETH OIPOIIEHHBIE MOCTOAHHbIE YIACTHUKHA KOH(MEPEHIIUH MOIJIH OIpe/ie-
JINTh HAYYHYIO TPYIILY U JaKe aBTOPOB CTaTel, TOr/1a KaK M0 TeMaM YHUIPAMMHON MO/1e/11
c/iesiaTh TO ObLIO POOJIEMATUYHO, CM. puc. 21.

B ARTM n-rpaMmMHasi MOJE/Tb eCTECTBEHHBIM 00Pa30M OIIPeIe/IIeTCs KaK MYJIbTHMO-
JlaJIbHasd, B KOTOPOU /It KazKJ0T0 1. BBIAEISIeTCs OTJie/IbHas MOJIaJIbHOCTD.

JLj1st ipeiBapuTE/IbHOTO COKPAIIEHUS C/IOBAPEH N-rpaMM HOIXO[IUT METO/I MOUCKA KOJI-
nokanuii TopMine [72]. On sumueiino Macmrabupyercs Ha GObINNE KOJJIEKIUH U O3B0~
JisieT (pOpMHUPOBATH CJIOBAph, B KOTOPOM KazKJas n-rpamMma 00/1a/1aeT TpeMs CBOHCTBaMU:

(a) uMeeT BBICOKYIO 9aCTOTY B KOJLJIEKIIUH;

(6) coCTOUT W3 CJIOB, HECTYIAHHO YACTO 0OPA3YIOIIUX N-TPAMMY;

(B) He comepxxurest B (n+1)-rpammax, umetomux coiicrsa (a) u (6).

Mero/ipl, IpeIIoZKeHHbIe B TOCTeayomux paborax, SegPhrase [117] u AutoPhrase [173],
JIEMOHCTPHUPYIOIIUE elIe JIVIIIAe Pe3y/IbTaThl.

6C. C. Crenun. MyabTurpaMMHbIe aJIIMTHBHO DETY/IAPH30BAHHBIE TeMaTUYeCKue Mojieau. Marucrep-
ckaga auccepranusa, PUBT MOTU, 2015.
http://www.MachineLearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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Mopenb 6utepmoB. Kopomkumu mercmamu (short text) HasbIBAIOT JOKYMEHTHI, /U~
Ha KOTOPBIX HE JOCTATOYHA JIJIsl HAJEZKHOIO OLPE/IE/IeHHsT UX TeMaTuku. [Ipuvepamu Ko-
POTKHUX TEKCTOB SIBJISIOTCH COOOIIeHHs ['BUTTEpPA, 3ar0/I0BKH HOBOCTHBIX COODINEHUIl, pe-
KJIAMHbIEe 00'bsIB/IEHH, DEILUINKI B HAJIOIaX, OT/eJIbHbIe IIPe/IOyKeHNsI, U T. 1. VI3BecTHDI
IIPOCTBIE HOJIXO/bI K IIPODJIeMe, HO OHH He BCeryia IPUMEHHMBI: 00beIUHATH COOOIIEHNST 110
KaKOMY-/1100 pu3HaKy (aBTOPY, BDEMEHHU, PErHOHY M T./1.); CYUTATh KaXK/10€ COOOIIeHHe
OTJIEJIbHBIM JIOKYMEHTOM, pa3pexkuBast p(t|d) BIIOTH 10 € JMHCTBEHHON TeMbl; JONOJHITH
KOJJIEKIIMIO JUTHHHBIMA TeKcTaMu (Hampumep, crarbavmu Bukuneaun). Oxaum u3 Hanbo-
Jlee YCIEIIHBIX U YHHBEPCAJIbHBIX IMOAXOI0B K IPOOJeMe KOPOTKUX TEKCTOB CUUTAETCS
memamueckas modeav bumepmos (biterm topic model, BTM) [217].

Bumepmom Ha3bIBALTCs Apa CJIOB, BCTPEYAIONIUXCS PSIJIOM — B OJJHOM KOPOTKOM CO-
OOIIEHUH MJIM B OJHOM IIDE/IIOKEHHU WM B OKHe +h cioB. B owmmane or Gurpammsbi,
MEXKJLy JIBYMsI CJIOBaMU OMTEDPMa MOIYT HAXOJUTbCs Apyrue cjoBa. KoHKperusalus 1o-
HATHA <«PSIOM» 3aBHCHT OT [OCTAHOBKH 33/a4d U OCOOEHHOCTeH KosuteKiuu. Bopicokas
qacToTa OHTEpMa B TEKCTOBOIl KOJUIEKIHH SIBJISETCS MIPOABIEHHEM IUCTAHTHOI codeTae-
MOCTHU JI@HHOM 11apbl CJIOB.

Mogesns BTM onuchiBaeT BeposiTHOCTH 10siBJeHus nap cioB (u, v). Uexomubivm jgan-
HBIMU SIBJISIFOTCSL YACTOTHI Ty, OMTEPMOB (U, V) B KOJUIEKIUH, UM MATPHIA BEPOSTHOCTENT

P = (puw , TIE Pup = NOrm (Ny,).
(Puv)wxw, TaE P (w)ewg( )

[Tpumem runoresy yciaosuoit Hesasucumocru p(u,v|t) = p(u|t) p(v|t), ro ecrb noiy-
CTUM, YTO CJIOBA U, U IIOPOKIAIOTCA HE3ABUCUMO JPYT OT JPYTa U3 OJHON M TOH XKe TeMbl.
Torga, o dbopMmy.ie MOJHONH BEPOATHOCTH,

plu,0) = plult) p(v]t) p(t) = Cupunt,

teT tel

rie Y = p(w|t) u m = p(t) — napamerpbl TeMaTHUeCKOil MOJe/ M. DTO TPEXMATPUUHOE
paszioxenue P = ®IIOT, e Il = diag(my, ..., mr) — auaronaibHas Marpuna. Mosjeib
OUTEpPMOB He OIpeIe/sIeT TEMATUKy JOKYMEHTOB © W IIOITOMY He IIOJABEPKEHA BJIUSHIIO
3} eKToB, BHI3BAHHLIX KOPOTKUMH TEKCTaMH.

ARTM no3BoJiser 00beMHATH MOJAEIb OUTEPMOB ¢ OOBIYHON TEMATHICCKONR MOJIEJIBIO,
9100bI BCE-Taku 1mo/yuanTh marpuity O. /s sroro Bo3bmém log-ipasionogodue moie/in
OUTEpPMOB B KadecTBe peryJsipusaropa ¢ KoM UIueHToOM T:

R((I), H) =T Z Ny In Z PutPot Tt -
u,v t

[Tpumenenue ypasuenuii (17)-(18) k sromy peryisipusaropy gaér dpopmyriay M-mrara
Jst MaTpuibsl P:

Puwt = IllvOErVE/n <nwt +7 Z nuwptuw); (67)
ueW
Pruw = ntoerTm(nt@wt@ut)- (68)

D1 HOPMYJIbI MOKHO HHTEPIPETUPOBATH KaK JI00AB/IEHUE B KOJIEKIUIO Nncesdodoky-
mernmos ciioB. Kaxkaomy cioBy uw € W cTaBUTCSI B COOTBETCTBHE IICEBIO-TOKYMEHT d,,
00'beTUHSIONINN BCe KOHTEKCTBI CJI0BA 1. JTO MEIIOK CJIOB W, BCTPETUBIINXCS PIIOM CO
CJIOBOM U TJe-in00 B KOJIJIEKIUU. JacTora CJI0Ba W B MCEBIO-A0KYMEHTE d,, PABHA T1 .

88



Bbruuciienne BCIOMOTaTeJNbHBIX MEPEMEHHBIX Pryy = P(t|u, w) B (68) B TOuHOCTH CO-
orBercrByer E-mary jijist HCeBJI0-J0KYyMeHTa d,,, eCJId MOJI0KUTh, YTO €r0 TeMaTH4eCcKuii
BEKTOP 00pa3yeTcs IyTéM MepeHOPMUPOBKU cTpOK Marpuibl P mo dbopmyne Baiteca:

O, = nog"m(ntgout). (69)

VBennuuBasg KodhMUIMEHT 7, MOKHO JIOOUTbCA TOro, 4rodbbl Marpuia ¢ dopmupo-
BaJIach IMPAKTHIECKH TOJBKO 1Mo burepmaMm. B Takom ciaydae momenb ARTM mepexoant
B MO/IE/JIb OMTEPMOB, KOTOPas CTPOUTCS 1O KOJJIEKIHH ICEBI0-I0KYMEHTOB, 0€3 HCIO0JIb-
30BaHUA MCXO/HbIX JOKYMEHTOB.

Mopgensb cetu cnos. Iies Mojie/impoBaTh HE JJOKYMEHTHI, a CBA3U MEXK/1y CJI0BaMU, ObLiIa
nosiozkena B ocaoBy mozesieit WTM (word topic model) [53] u WNTM (word network topic
model) [229]. JTioboubrrHo, 4T0 GoJee pannss myGaHKaus [53| ocrasach He3aMedeHHON
(BummMO, Kak He-OailecOBCKast), W CTaThs [229] maxke He cChITaeTCA HA HEE.

Mogenu WTM u WNTM cBomgarca k npumenenunto PLSA u LDA coorsercrBeHHO
K KOJLJIEKIMH IICEBI0-I0KYMEHTOB d,:

p(w|dy) pr|t (t|dy) Zgowtetu

teT teT

Banumem sorapudM IpaBIONOA00ns I/ TeMATHIECKOH MOIEIN IICeBI0-T0KYyMEHTOB
p(w|d,) B BUZE peryasgpusaTopa:

R®,0)=7 Y nuwln Y o,

u,weW tel

7€ Ny — YacToTa GurepMa (U, v) B KOJUIEKIUH (KCTATH, My = Ty )-

g oObenuHEeHNS MOJIETN CETU CJIOB C OOBITHON TeMaTHIeCKOU MOJIETbIO JOCTATOTHO
J100aBUTH 1ICEBJIO-T0KYMEHTBI B OCHOBHYIO KOJLIEKINIO. B ommane or mMojem Ourepmos,
He NpUIETCs Jazke MeHsITh 00braHyI0 (popmyy M-mrara jst Berauc/jieHust 6y,.

Ecu BBIYHCISATH TeMATHYECKHE BEKTODBI IICeBI0-T0KyMeHTOB 1o dopmyae (69),
to mMomenb WNTM nepexoaur B momens Gurepmos [158|. Bosee toro, ecau B Mojenn
HeT IPYTUX Peryaspu3aTopoB, TO JOCTATOYHO IPUMEHUTH 3Ty (DOPMYJIY TOJBKO IPU UHU-
HUAJIU3AIME MATPUIBl O,

B skcuepumenrax Ha KOJUIEKIHMSX KOPOTKUX TeKcToB Mojeib WNTM nemuoro ipe-
BOCXOJIUT MOJIeJIb ONTEPMOB U CYIIECTBEHHO MPEBOCXOJUT OOBIIHBIE TeMaTHIeCKue MOJie-
au [229]. Ha JiMHHBIX JOKyMEHTaX TeMaTHYeCKHe MOJEeNU MAPHOH COYeTaeMOCTH CJIOB
He MMOKA3aJi 3HAYMMBIX [IPEUMYIIECTB Iepe/l OOBITHBIMI TeMAaTHIeCKUMU MOJIETSMH.

KorepeHTtHocTb. Tema HasbiBaercs kozepenmuoll (COIACOBAHHOIL), eciu Hanbosee da-
CTble TePMbI JAHHOII TEMBI YACTO BCTPEYAIOTCS PSZIOM B JOKYMeHTaX Kosutekiuu [144].
JucranrHast co4eTaeMoOCTb TEPMOB MOXKET OLEHUBATHCS 1O camoil Kosutekiuu D [135],
WJIU 110 CTOPOHHEH KoJuleKiuu, Hanpumep, no Bukumeun [141]. Cpeansisi KorepeHTHOCTD
TEM CYMTAETCs XOPOMIeil Mepoil HHTEePUPETHPYEMOCTH TeMaTH4ecKoi Mozean |145].

[Tycts 3amanbl onenku coueraemoctu Cy, = p(w |v) amg nap tepmos (w,v) € W2. Ha-
upumep, Cy, — 0I5 JTIOKYMEHTOB, COJEPKAINX TEePM U, B KOTOPBIX T€PM W BCTPEIALTCS
He Jlasiee 4yeM depe3 10 cjioB oT v.
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Banumem (Gopmy/y MOJHON BEPOSITHOCTH, 3aMEHHUB YCIOBHYIO BEPOSTHOCTD Dy Ha-
CTOTHOW OIEHKOM:

plw|t) = pr|v )p(vl|t) = ZC’wvnvt.

veW veW

Banumiem B Bujie peryisipuszaropa log-npasionoiodusi TpedboBanue, 9ToObl mapaMer-
PBI (¢ TpHOIUZKAIH OoneHKE p(w |t):

D) :TZnt Z[)(w\t) In .

teT weWw

Dopmysa M-mara, coracho (17), npuHuMaer Buj

Pt = DOL <nwt +7 Y vanvt>- (70)
veW\w

D10 cryraxkupaonuii pery/sipu3arop. OH yBeJIMYUBAET BEPOATHOCTH TEPMA B TEME, €CJIH
TEPMBbI, C KOTOPBIMHU OH 9aCTO COYETAETCs, OTHOCATCHA K JIaHHON Teme. TOYHO Takasi zKe
dbopmysa nosaydmiacs B [135] aust mogesn LDA u asropurma commuinposanusi ['u66ca,
HO ¢ DoJiee CJIOKHBIM ODOCHOBaHHUEM 4epe3 00600mennyo ypHoByio cxemy [loiis, u ¢ 6osee
CJI0ZKHOM 3BpUCTHYIECKON OMEHKOH Clyy.

B pabore |141] upemiozxen apyroit peryjisipuzarop KOrepeHTHOCTH:

(I)) =T Z In Z Cuvsoutspvta

tel u,veEW

B KOTOpOoM mapHag coderaeMocTb Cy, = Ny, [PMI(u,v)>O} UCITONIB3YeT NOMmouedHyo
s3aummyto ungopmayuro (pointwise mutual information)

IDINuv

PMI(u,v) = N N,

(71)
rjie Ny, — YHCJIO JJOKYMEHTOB, B KOTOPBIX TE€PMBI U,V XOTsS ObI OJUH Pa3 BCTPEYAIOTCS
psiiom (He nmasee, dem depe3 10 cioB), N, — YHCIO JOKYMEHTOB, B KOTODBIX TE€PM U
BCTpeYaeTCd XOTs Obl OAUH pa3.

Takum obpazom, eJuHbI 110/1X0/1 K OITUMHU3AIMN KOI'ePEHTHOCTH 1I0Ka, He BhIpaboTaH.
[Ipejtaraembie KpuTepur HMOXOXKHM Ha MOJIeJIM OUTEPMOB U ceTu cjoB. Bee onu dopma-
JIU3YIOT OOIIYIO MJICI0, YTO €CJAU CJIOBA YacTO COBMECTHO BCTPEYAIOTCS, TO OHH HMEIOT
CXOKYIO TeMaTHUKY.

Mopenn BeKTOpHbIX NPeACcTaB/IeHU CNOB CTaBAT B COOTBETCTBHE KaKJIOMY CJIOBY W
BEKTOp I, (PUKCHPOBAHHOU pa3MepHOcTH. OCHOBHOE TpeOOBaHHE K ITOMY OTOOpazKe-
HUIO — 9TOOBI OJIM3KUM 110 CMBICJIY CJI0OBAM COOTBETCTBOBaJM OJin3kue BeKTOphl. Corac-
HO ducmpubymusnol eunomese (distributional hypothesis) cmbici ciioBa onpejessiercst
paCIpeie/IeHueM CJIOB, B OKPY’KEHUH KOTOPbIX OHO Berpedaercs [82]. Cuosa, Berpedaro-
muecsd B CXOKHX KOHTEKCTaX, MMEIOT CXOXKYI0 CeMAaHTHKY M, COOTBETCTBEHHO, JIOJI2KHDI
nMeTh Ou3Kue BekTopbl. s dopmanusanuu sroro npuniuna B (129, 130] mpegiara-
€TCd HECKOJIbKO BEPOATHOCTHBLIX MO,Z[eJ’[eI';I A3blKa, BCE€ OHM DPe€aJJIM30BaHbl B IIpOI'PaMMe
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accoymayns MeTop, PaH>XXMPOBAHHbIA CMUCOK C/OB
king — boy + girl PWE queen, princess, lord, prince
Ww2v queen, princess, regnant, kings
moscow — russia + spain | PWE madrid, barcelona, aires, buenos
w2v madrid, barcelona, valladolid, malaga
india — russia + ruble PWE rupee, birbhum, pradesh, madhaya
w2v rupee, rupiah, devalued, debased
better — good + bad PWE really, something, thing, nothing
w2v worse, easier, prettier, funnier
cars — car + computer PWE computers, software, servers, implementations
W2V | computers, software, hardware, microcomputers

Puc. 22: CpaBuenune cniuckoB accoruanuii, oy derHasrx mogaeasvmu PWE u word2vec. [IpuBogsrces gersipe
Hanbosree Onu3kue acconuanuy [158].

word2vec. B wacrnocru, mosesib skip-gram npejickasbiBaer IOsBJIEHHE CJIOBA W B KOH-
TeKCTe CJIOBA U, TO €CTb LIPU yCJIOBUH, YTO CJIOBO U HAXOJUTCH PsIJIOM:

exp (T, Ty)
>, €xXp (Ty, Ty)

p(w|u) = Soite%ax (T, Ty) = I%errvry(exp (T, ) =

€ (o, Ty) = D, TptTyt — CKATAPHOE IPOU3BEEHNE BEKTOPOB. B oTmtne oT TemMarmde-
CKHX MOJIeJIei, HOPMHPOBKA BEPOATHOCTE MPOU3BOINTCSA HEJNHEIHBIM IIPeo0pa30BaHIeM
SoftMax, a camu BeKTOpHBIE IIPEJICTAB/ICHUS] CJIOB HE HOPMUPYIOTCS.

Jlns 00y9enns MOAEIN PenraeTcs 3a1a49a MaKCUMU3AIUH JorapudMa mpaBIonoaoomsd,
KaK IPABUJIO, IPAJIACHTHLIME METOTAMHE:

Z Ny I p(w|u) — max.
u,weW {zu}

[locTanoBka 3a/lauu O4YEHb IIOXOXKa Ha obOydeHume Temarwdeckux wmozesneir BTM
u WNTM. Mojenu cemeiictBa word2vec u Jipyrue MOJie/Ii BEKTOPHbBIX HPEJICTAB/ICHUI
CJIOB TaKKe SIBJISIIOTCS MaTPHYHBbIME pas3sioxkenusvu 112, 154, 118|. TuraBnoe orymume
3aKJ/I0YAEeTCs B TOM, YTO B 9THX BEKTOPHBIX IPEJACTABJICHUAX KOOP/JMHATHI HE HHTEP-
IpeTupyeMbl, He HOPMHPOBAHBI W He pa3pekeHbl, TOT/a KaK B TeMAaTHIECKHX MOJIeTIX
CJIOBAM COOTBETCTBYIOT pa3pe:KeHHbIe THCKpeTHble pactpesenenus tem p(t|w). C apy-
IOl CTOPOHBI, TeMaTHIEeCKIEe MOJIEIN N3HAYAJILHO He IIPeIHA3HAYAJIICH JJId OIpeae/IeHus
ceMaHTU4IeCKOil OJIM30CTH CJIOB, IOITOMY JI€JIAI0OT OHU ITO ILJIOXO.

B [158] mpesioxken cmocob MOCTPOCHUST MEMAMUNECKUL 6EKMOPHOLL NPeICasAerull
caos (probabilistic word embedding, PWE) 1o mceBao-KoIIeKIun J0KyMeHTOB, aHAIO-
ruaabiii Mmogenam BTM u WNTM. B s3amagax cemMaHTHYeCKOit OJIM30CTH CJIOB OHH KOH-
KypUPYIOT C MOJIe/isiMi WOord2vec U CYIIECTBEHHO ITPEBOCXO/ST OObIYHbIE TeMATUYECKHE
Mojiesin. [Ipu 9rom Temarndyeckne BEKTOPHbIE HPE/ICTABICHUS SIBISIOTCS UHTEPIIPETHPY-
eMBIMU U pa3pekKeHHBIMU. VICImoMb3ysd KpoCc-9HTPONUHBIE Peryasapu3aTOpbl, pa3pezKeH-
HOCTb BEKTOPOB yAaérca moBoauThb 10 93% 6e3 morepu kadecrsa. Ha puc. 22 mokasaHbl
IPUMepPHLl PelleHus 3aIa9l acCOIUaNMil CJIOB ¢ MOMOIIBI0 MOJAEel, IOCTPOEHHLIX 10 aH-
1J10s13b19HON Bukurieiun.

KonundecTBeHnHble onmeHKH IokasbiBaioT, 4yTo PWE pemraer 3agadyu acconualuy CJIOB
HAMHOI'O JTy4Iie OOBIIHOI TeMaTndecKoil mojaeun LDA, HO He ¢TO/Ib yCIemHo KOHKY pUpyeT
C JIydIIuM MoOjesisiM ceMmeiicTBa word2vec, Kak B 3ajadax CeMaHTHIeCKO#l OJIM30CTH.
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B 3ajsiaue cemantudeckoit 6sim3octu jokymenToB PWE yBepeHHO orieperkaior BEKTOP-
uyto mozesnb DBOW [62], cienmasbro pa3paboTaHHyIO JJisi TOUCKA CEMAHTHYECKU OJIn3-
KUX JOKYMEHTOB.

ARTM mo3BoJisteT 06001IUTh TeMaTHIeCKIe MOJIE/H JUCTPUOYTUBHON CEMaHTUKN JIJIsT
MYJIBTHMOJATBHBIX KOoJLTeKuit [158]. Vcmosb3yst faHHbIe 0 MAapHOil COYeTaeMOCTH TEPMOB
Pa3JIMIHbIX MO,ZLaIIbHOCTef/'I, BO3MO2KHO CTPOUTHb HMHTEPpHPpETUPYEMbIC TEMAaTUYCCKUE BECK-
TOPpHbIE IIpEJACTaBJIeHud JIJid BCEeX MO,Z[aJ’[bHOCTefI. B TO 2K€ BpeMdd, lIpuBJIedeHue J10I110JI-
HUTEJIbHOI nHMOpMAIMKE O JPYTUX MOJAJIBHOCTAX MOBBIIIACT KAUYEeCTBO PEIIeHH 3a/1a9u
OJIM30CTH CJIOB.

BbiBoagbl no rnase 14

o Yuér I[IOpAJKa CJIOB B TE€KCTE€ U yXOJ OT I'HIIOTE3bl «MeEIIKa CJI0B» — OJHO U3 BazK-
HeHIInx HaHpaBﬂeHI/Iﬁ pa3BUTUd TEMaTUIECKOI'O MOAE/JIMPOBAHUA.

e [Ipocreiimuii mar B 9TOM HaIpaBIeHHH — IEPEXO0J OT «MeIIKa CJIOB» K <«MEIIKY
cioBocodeTanniiy. OHO ITO yrKe MO3BOJISIET CYIIECTBEHHO YJIyUlIMTh WHTEPIIPETHU-
pPyeMoCThb TeM.

e Cremyromnuii mar — mepexoJi OT «MeIIKa CJIOB» K «CeTH CJIoB». Vcmosib30oBanue gaH-
HBIX O JIMCTAHTHOM COYETAEeMOCTHU CJIOB IPUBOJMT K YJIyUIIEHUIO Ka4ecTBa TeMaTH-
YEeCKUX BEKTOPHBIX IPEJICTaBICHUN CJI0B U KOPOTKHUX TEKCTOB.

o [lojiHONEHHBIN yuéT 1Opsi/IKA CJIOB BO3MOXKEH 1pH 00pabOTKe TEeKCTa KaK MOCJIe/10-
BaTe/JIbHOCTU TepMOB. K 1OCTPOEHUIO TAKMX TeMAaTUYECKUX MOJIe/Ieil Mbl U 1epeijiém
B JIBYX CJeJYIOLIUX IJlaBaX.
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15 TemaTunyeckmne moaesin HenpepbIBHONo TeKCTa

['umoresa «MeIIKa CJIOB» HE CTOJIb YKECTKO BCTPOEHA B IMOCTAHOBKY 3a a4l TEMATH-
YECKOI0 MOJIETHPOBAHMS, KaK MOXKET MOKa3aThcd. lIpeacraBuM TEKCTOBYIO KOJLIEKIIHIO
B BUJIE IOCJIE0BATEILHOCTH TepMOB (d;, w;)I |, TJe JOKYMEHTbl KOHKATeHUPOBaHbI (3a-
IIMCAHBL JPYT 33 JPYTOM), U B KAZKJOM JOKYMEHTe COXPAHEH €CTECTBEHHbIIT MOPSIJI0K CJIOB.

BanuiieM 3a/1a9y MAKCUMU3AMUN JIOrapuMa MpaBIomnoa00ms:

Zanpwl\t (t]d;) Zan@wtﬁtd — Igaéx

teT tel

Panbiie Mbl 1puBo/in/in 110J100HbIE C/laraeMble B 9TON CyMMe U 3alUChiBaJ/Iu Jiorapudm
1paBo110/100us (13) Yepes 4acToThl TEPMOB B JJOKYMEHTAX Ny, TePsisi HHMDOPMAIHIO O 110-
pAIKe CJIOB BHYTPHU JOKYMEHTOB. lemepb MbI 000OITUM MOJ€Jb, 3aMEHUB JTOKYMEHT d;
Ha KOHTeKCT C; — JIOKAJbHYIO OKPECTHOCTh TepMa, w; BHYTPH JTOKYMEHTa, d;:

Zanp w; |[t)p(t|C;) — max.

teT

Panpire koHTeKCTOM TepMa ObLT Bech TOKyMeHT, C; = d;. B maHHOIi ri1aBe MBI OCTabuM
9TO MPEIIOJIOKEHNe, CINTasl, ITO TEMATHKa TepMa w; OIIPE/IEIIeTCI He BCeM JOKYMEHTOM,
a TOJIbKO OKPYZKAIOIIIMHI €ro IpeII0KeHUSIMH, BIMAHIE KOTOPBIX IIOCTEIEeHHO YMeHbIIIa-
eTCsi ¢ POCTOM PACCTOSTHHS JI0 TepMa. B TakoM cjiydae HaM IPUIETCH HE TOJIBKO 3aJ1a-
BaTh I'PAHUIIBI KOHTEKCTA, /It KazKJI0I0 T€PMa, HO U MOJEJIUPOBATHL TEMATUKY KOHTEKCTa
p(t]|C;) 6e3 BBeeHuUst MaTpulbl O.

DTO HE TOJHLKO OTKA3 OT IUIIOTE3bI «MEIIKa CJI0BY, HO TAKKe OTKA3 OT JeJIeHUs TEeKCTO-
BOIl KOJJIEKIIUK Ha JOKYMEHTHI. [ paHUIIbI JOKYMEHTOB 1 B CAMOM JIeJIe I0BOJIbHO YC/TOBHBI.
Pazbusarn Jjin sHmuk/oneuo Ha crarbu? CuMrarb Jiu J0KYMEHTOM KHUIL'Y, LJIaBy, Hapa-
rpad, ad3al niMm TeMaTHIeCKd OAHOPOAHBII cermenT? Temepnb Bce STH BOIIPOCHI PEIIAIOTCS
Ha drale 3aJanust KoHTekcra C; jyis Kaxkoro repma w;. Keraru, He cjieg0Bajo Obl UC-
KJII0YATh TEPM w; U3 CBOero ke KoHrekcTa C;, 9T0ObI n30e:KaTh nepeobyyeru.s a3bIKOBOI
mozenn? [To uee, eé 3aa1a — OpeICKa3bIBATH BEPOATHOCTD ¢jioBa B KoHTekcre p(w; | Cy),
HE 3Hasi CAMOI'0 CJIOBA, W;.

Hauném ¢ gacTHOro cirydasi, KOrja KOHTEKCT BCE el COBIAJaer ¢ JIOKYMEHTOM, HO Te-
MaTHKa KOHTEKCTa yKe MOJeJUpyercsd 0e3 Marpuipl ©.

OpHonpoxogHbiii E-war. Beruuciienue remarnieckoro Bekropa Jokymenta 0y = (0yq)ier
B EM-anropurme rpebyer MHOIMX wTepalyii 110 BceM TepMaM JoKyMmenrta. B crarbe [11]
Ipe/IAraeTCsl BBIYUCISTh BEKTOD 0y 1o siBHOi dopmyite Oy = 0,4(P) 3a oqun suHeiHbII
HPOXOJI JTOKYyMeHTa d.

JIaHHBINH TOIX0/, UMEeT HeCKOJIbKO IPEUMYIIECTB.

Bo-nepsoix, Bektop 6, Bhruuc/siercss Obicrpee, 63 urepanuii.

Bo-Bropbix, uckirodenne mMarpuipl © u3 MOje/J M HPUBOJAUT K COKPAIIEHUIO Pa3Mep-
HOCTHU U YMEHbIIEHUIO nepeobyyuerud. B oObIYHOM MOJIe/ 1M HeJIOCTATOYHOe KaueCTBO MaT-
putpl ¢ MoxkeT ObITH CKOMIIEHCHPOBAHO HTEPAIMOHHON MOJAIOHKOI KaxK10ro cToJidna 6,
MaTpunbl © 1Mo KOHKPETHBIH JTOKyMeHT d. YeM KOpode JOKYMEHT, TeM MeHee HaIeK-
HO ODydeHue BeKTOpa Oy, BILIOTH JIO 3aMETHOTO 11epeodydYeHns, KOraa IYUC/I0 apaMeTpoB
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B BeKTOpE 6, npesbitiaer Jjiuny gokymenTa d. Boeraucienune © gepes ® no ¢popmysie ocras-
JII€T MEHbIIe BO3MOXKHOCTEH JijIst OJIIOHKH.

B-tperbux, pazmep MaTpuiibl © JIMHETHO 3aBUCUT OT YUC/A JOKYMEHTOB B KOJIIEKIIHH,
TOr/Ia KaK pa3Mep CJI0Baps YBEJIMINBAETCsd MO CyOIMHEITHOMY CTeeHHOMY 3aKOHY XWII-
ca [69]. Pocr cioBapst MoxKeT ObITh OPPAHUYEH U MPUHYJAUTENBHO, MyTEM OTOPACHIBAHIS
HaMMeHee 4aCTOTHbIX CJIOB. Takum 06pa30M, OTKPbIBAETCS BO3MOYKHOCTD JIjIsl CYIIECTBEH-
HOI'O YMEHbIIEHUs TeMIa POCTa Pa3MEPHOCTU MOJIE/IH IIPU PACHIUPEHUN KOJIJIEKIUN.

B-4eTBépTHIX, OrpaHnYeHne-paBeHCTBO, cBA3bIBaonee MaTpuibl ® u ©, dakTudeckn
BBICTYIIAeT B POJIHU PEryIsIpu3aToOpa, XOTd U He 3aIUCBHIBAETCS B BUJE ONTUMHU3AIMOHHOTO
KpuTepud. B skcmepuMeHTaxX HECKOJIBKO KPUTEPHEB KadecTBA YIIYUYIIAIOTCA OTHOBPEMEH-
HO, TaK 4TO JIONOJIHUTE/IbHAS Pery/ispu3alis MOZKeT JlaKe He HOHA/[00UThCs.

Hauném c obuiero ciyuas, korjga dynkuus 0q(P) upousBosibHasi, 3areM paccMOTPUM
YaCTHBIN CJIy4ail JIMHeAHON TeMaTru3anuu TEeKCTa.

Teopema 15.1. Ilycrs ¢dyakmun 0yy(P) u R(P,0) menpepsiBHO uchdepeHiupyemsr.
Torna rouka ® JokasbHOrO 3KCTPeMyMa 3ajadu (15) ¢ orpanmyennsvu (14) n gonosr-
HHUTEJIbHBIMH OrPaHmdeHusIMu-paBeHcTBamu Oy = 0,4(®) yaosiersopsier cucreme ypasBHe-
HHIl €O BCHOMOTATeJIbHBIMH MEPEMEHHBIME Digy, = P(t|d, w), nyg 1 ply,,, €cim u3 pemenust
HCKJTIOYHATH HYJIeBbIe CTOJIOMBI MaTpui; P, O:

Praw = 10T (PurBa); (72)
oR

= wPtdw 0 73

Nid U)ZEdnd Dtdw + Ora 77— 8‘9td (73)
/ Pwt Nsd aesd

= Drgw + : 74

Praw Prd _l_ Jo SEZT esd agpwt ( )

OR
Sowt o I%UOEIVI{}} (Z ndwptdw + SOUH‘» a(pwt) (75)

JokazareabcTBO. Bociojib3yeMcs HEOOXOJMMBIM YCJIOBUEM IKCTPEMYMa 3a/a4uu
(14)—(15), xoropsie gaér ciaegcrsue 4.2 u3 reopembl 4.1. Paccmorpum 3aady MakcuMu-
sarun Jyist obsedunérnozo M-waza (19):

— Z Z anupsdu (ln Ous + 1In Qsd(fb)) + R($,0(P)) — max.
deD ueW seT @

3anumieM 9acTHbIE MPOU3BOAHBIE () IO MAPAMETPAM Py, BBLIETsAS B (hOPMyIax BhIpa-
KEHUST Ngq U Py, coracHo (73) u (74) coorBeTcTBEeHHO:

Puwt (995d 8R 898d 8R .
Puwt aSOwt (g; Ndw Ptdw + ;ndupsdu 9 8S0wt Sowt %; 895d a@wt + Puwt 8@wt -
w OR \ 00, OR
= S (225 (S i+ O ) )+ g =
deD Ndw seT sd wed sd Pwt Pwt
M
prt Ngg a‘9sd ) 8R
= Z Ndw (ptdw Z + Pt 7
deD Hsd a()Owt 3 890101‘/
p;dw
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Orcroga u u3 jieMMbl 3.2 0 MAKCUMU3AIMUE HA €MHUIHBIX CUMILIEKCAX ciemyer ¢pop-
mysa M-mrara (75).

Bamerum, 910 0, B 3HaMEHATE 1 HE MOKET 00PaIaThCs B HyJIb, IIOCKOJIBbKY 1pH 0, = 0
UMEEM Pgg, = 0 JJIsT BCEX U, CJIEIOBATEILHO, COOTBETCTBYIONIEE CIAraeMoe B CyMME IO §
orcyrcTByer (paBHO HyJ0) B dyHKnuonase ) em@ 1o ero juddepenupoBanusi.

Teopema JjiokazaHa.

Takum obpazom, moauduranusa EM-aaropurma cBoaurcs K nocm-obpabomre E-waza —
IPEOOPA30BAHUIO [EPEMEHHDBIX Digy B Digy, KOTODBIE 3aTeM IIOJICTAB/IAIOTCS B OOBITHYIO
dopmyiy M-mrara st marpuipr . C apyroit croponbl, €€ MOKHO PacCMaTpPUBATDh U KaK
aJIMTUBHYIO 1101PaBKy B opmysie M-mara, 1o ecrb orpanudenue-paBencrso 0y = 0y4(P)
pakTuUeCKY JIEHCTBYET KaK PErysispu3aTop.

Tenepb 1opa pacopsiuThes 060101 BoIGOpa DyHKIMiT Oy (D).

JluHeliHas TemaTu3laumnsa TekcTa. s oneHuBanus TeMaTHIeCKOIO BEKTOPA JIOKYMEHTa,
p(t|d) 3amuniem dbopmysty MOJHON BepOSTHOCTH, 3aMEeHHUB B Hell pacupeaesenus p(t|w, d)
Ha pacupejesnerus p(t|w) cOMIACHO MUIOTe3e YCJIOBHO HE3aBUCHMOCTH, a JIJIsl MOJTY IeHUsI
TeMaTHYECKUX BEKTOPOB TepMoB P(t|w) u3 pacupeesenuit p(w |t), 3anucaHubix B CT0JI0-
nax marpuiipl @, npumenum dopmyiy baiteca:

0,a(®) = Zp(ﬂd,w (w|d) = Zp wld)p(t|w) = prd ntoerTm(@wtpt), (76)

wed wed wed

n

Ng —
—4 — 9aCTOTHAs OIEHKA PACIPeIe/IeHUsI p(w|d), pr = S — YacToTHas ONEHKa

LA€ Pwd =
pacrpeesnenus p(t), moaydaemas u3z EM-aaropurMa.

Bynem naspiBarh ypasuenue (76) aunetinold memamusayuel JOKYMEHTA, TaK KaK Te-
MaTH4YeCKuii BeKTOp MOKyMeHTa p(t|d) BbIUUCAAETCS IIyTEM YCPEJIHEHUS TeMaTHIeCKUX
BEKTOPOB TepMOB p(t |w) 3a ofuH JUHEHHBIH TPOXO/ MO JTOKYMEHTY.

AnbrepaaruBHoe 000CHOBAHME JTHHEHHO TeMATH3AIUI MOXKHO HOJYYUTD, 3AIACAB Te-
MaTHdecKuii BeKTop gokymenta p(t|d) mocie nepsoit urepamun EM-anropurma B PLSA
IpU HAYATBHOM TpUGIMzKenun 00, = p;:

w w 9
Qtd(q)) = H%%m(Z ndwptdw) = Z fa Put td prd norm (Spwtpt)

n
weWw wed @ Z Pust Sd wed

[Tpumenum Teopemy 15.1 k dbopmyste (76). g 91010 Haii 1M JaCTHYIO TPOH3BOIHYIO:

8936[ = a (pwdgawsps ) -
wt -
890101& 890101& ZU PuwovPo
5st Zv Sovav - prsps

(2, Punpr)’
PwtPt

rae 0y = [s=t] — cumBoa Kponekepa, ¢}, = sk = normy (@upr) = p(t|w) — pe-
3yJIbTaT IEPEHOPMHUPOBKH CTPOKU w Marpuipl ® 1mo dopmyne Baiieca. ITojcrasum 510
BoIpazkenue B (75) W HepenuiieM ypaBHEeHHsI B MOPSJIKe, YIO0OHOM JIJis MPOBEIEHHs Bbi-
GUCJICHUTT METOJIOM POCTHIX ureparuii [11].

Pwt

= OutPtPud = PuwdPr (0st — El)s
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[Tostyaum EM-ajiropurm ¢ aunetdnot memamu3aayuet JJOKYMEHTOB:
(P = NOIM (SOwtnt)Q
teT

bia =D PuwdPh

wed

tdw = NOTIN (PB4 ) ;
Puaw = mOIT (@utbra);

ng = E E NdwPtdw;

deD wed
OR
Nig = WZEd NewPtdw + 9td%?
Prdw = Praw + % % - ; P Z:;l ; (77)
pui = mOTM d; NdwPhaw + prt%

Borauciienne nepeMeHHbiX @y, Ord, Didws Mty Midy Dig O00Pasyer E-mar m s3anmmaer
O(ng|T|) ouepanuii jijis KazkJ0ro JIOKyMeHTa, Kak B obbiunom EM-ajropurme. Bee ne-
peMeHHbIe, OTHOCSIINECS K JOKYMEHTY d, MOKHO yJIAJIATh U3 HAMATH 110 OKOHYAHUU €10
obpaborku. [lepemeHHbBIE (. BBIYHCIAIOTCS 110 0ObIYHOI (bopmysie M-mmara, B KOTOpPOIi
BMECTO YCJIOBHBIX BEPOATHOCTEH Digy, MOACTABIAIOTCS Py, . LTaKuM oOpa3oM, JaHHAd MO-
jucduranysa EM-ajropurMa He HPUBOJMT K CYHIECTBEHHOMY YBEJUYEHUIO BPEMEHHU €ro
paboThl UJIU JIOIOJHUTEIbHOMY PACXO/Ly ITaMSITH.

Ob6paboTka KaxkK /1010 JOKyMeHTa Ha E-mmare ocymecrBisiercs 3a JaBa npoxoaa. Ha mep-
BOM IIPOXOJI€ BBIUUCJISIIOTCS HepeMeHnoie ¢}, u 64. Ha BTOpOM mpoxome — ocrajbHbie
IIEPEMEHHDIE Dy, Nty Nids Piguy-

Ecnun Tpebyercs TOJBKO HAiiTH TeMaTHIeCKHil BEKTOP JOKyMeHTa 0y, He OOHOBJISIS
Marpuily @, To Bropoit mpoxoy, jiesiarh He Hy2KHO. HOpMUPOBOUHBbIE MHOKUTEJIH JIjIS CTPOK
MaTpulbl @ MO2KHO BbIYHUCJIATD U COXPaAaHATDH IIOCJ/IE KazKA0TI'O O6HOBH€HI/IH MaTpulbl @

Boranc/ieHnst MOXKHO €Ié COKpPaTUTD, eC/IH OTKA3aThCA OT peryiagpusarun mo ©. Torma

%Z = (0. Ecim Tenmepb BOCIOIB30BATHCH MPABHIOM [MOJCTAHOBKH HECMEIEHHBIX OIECHOK
MaKCHMAJIbHOLO 1paB1o10100us (21), 1o nocie nojcranosku g4 = 54 = ny B (77) oka-
S

KETCsL, 9TO Py = Drdw- LOTJIA BBIYUCISTD Nyg U Py, BOOOIIE HE HYZKHO.
EM-anropur™ ¢ 6viempot aunelnot memamusayuet, BBIYUcaseT BeKTopsl p(t|w) =
©h, 1 p(t|d) = 0,9 32 OUH TPOXOJ O TOKYMEHTY:

o = nomm ()

Oa = prd%w;

wed

= norm Oq);
Ptdw s (Spwt td)7

Uz :E g NdwPtdw;

deD wed
OR
Pyt = NOIm E NawPtdw + Pt
weWw 1D 8Q0wt
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Puc. 23: 3aBucumocTu OT HOMEpa MTEPALUM HYETHIPDEX KPUTEPUEB KadecTBa (IEPILIEKCHs, Pa3PerKeH-
Hocrb @, cpenuss korepenrnocrb rem 10 PPMI, cpenusist 6imsocrs rem no mepe 2Kakkapa) Juisd nsaru
moueneit (PLSA, LDA co craaxusanuem, LDA ¢ paspexusanuem, TARTM, nausubiit TARTM) no tpém
TEKCTOBBbIM KoJutekuusiM [11].

DKCrnepuMeHTbl C JiMHelHol TemaTu3auuei [11] mokaszannm oJHOBpEMEHHOE YJTydIire-
HHUE CKOPOCTU CXOAUMOCTHU, PA3PEKEHHOCTHU, PA3JIMIHOCTU U KOI'€PEHTHOCTHU TEM, 1IPpU 9TOM
TeMbl OYUIIAJIUCh OT O6I]_LeyHOTpe6I/ITeJ'IbHOI71 JICKCUKHW U HE3HAYUTEJ/IbHO YXYAIIAJIOCh IIPpaB-
JIOIIOI00MST MJIU LEPILIEKCHT (Ho;Lpo6Hee METPUKHM Ka4deCTBa OIUCAHbI B IJIaBe 17).

Jluneitnas remarusanusg TARTM (©-less ARTM) cpaBnuBasach ¢ o6bransiv EM-asro-
PUTMOM € OJHOI uTeparmeii mo 1okyMeHTy (naive TARTM), 4To0bI OKA3aTh, 4TO JIHHEI-
Has TeMaTu3alus He CBOJUTCH K TAKOMY HAMBHOMY YIIPOIIEHHUIO, CM. pUC. 23.
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JNokanusoBanHbiii E-war. @opwmyiia 0,4(P) oupejensier remarnveckuii Bekrop p(t|d)
JokymenTa d = (wy, . .., Wy, ) LyTéM ycpeaHenus BeKTopoB p(t|w) = ¢}, BCex ero repmos:

0,4(®) = p(t]d) = Zpt|w, = Z%wl-

AHaJIOrTIHBIM 00Pa30M MOYKHO OLpPEIETHTh TeMATHIECKAN BEKTOP /IS IIPOU3BOIbHO-
I'o TEKCTOBOro (hparMeHTa — CJA0BOCOYETAHUS, IpeIozKeHusd, ab3ara, pasjea.

Jlokarvroim Kowmexemom TepMa w; B JOKyMeHTe d OygeM Ha3bIBATh IOIIIOC/IEI0BA-
resibHOCTh TepMOoB C; = {wy, . . ., W, }, HAXOAAUXCST B OKPECTHOCTH TepMa w;. Mbl ocras-
JisieM OOJIBIIYIO CBOOO/IY B BBIOOPE KOHTEKCTa: OH MOXKET OBITh JIEBBIM, IIPABBIM HJIU JBY-
CTOPOHHHUM; TaKzKe MOKeT IIPOIYyCKaTh HEKOTOPBIE TEPMBI, B TOM YHCJIE U CAM Wj.

Temamuueckut sekmop A0kaavHo20 kKowmercema C; OUpeessieTcst Iy TéM yCpe/[HeH st
BeKTOPOB P(t|u) = ¢}, BCeX ero repMos:

04(®) = p(t]) = |C| > ut |Ol—i|Zso;u-

ueC;

Hekoropsie repmbt konTekcTa C; MOTYT ObITH 00JI€€ BazKHbBI JIJIsE ONPE/ICICHHUS €10 Te-
maruku. [losromy cpasy o6obuum ompesesrenne i OyaeM yCPEIHATD TeMATHICCKHE BEK-
Topbl p(t|u) ¢ HEOTPHUIIATETLHBIME HOPMUPOBAHHBIME BecaMu o (u|7):

0u(®) = p(t]i) = > @la(uli), > a(li)=1,  alu]i)>0. (78)

ueCy ueC;

3amena TeMaTHKH JOKyMeHTa 0Oy = p(t|d) TeMaTHKON JIOKAJBLHOTO KOHTEKCTa
0 = p(t|i) IpUBOAUT K A0K@AU308aHKOT Memamuyweckol Mmodesu, B KOTODOIi mpejicKa-
3aHHe TepMa B i-il [O3UIUK JIeJAeTCs He 10 TeMATHKe BCEero JOKYMEHTa, a [0 TeMaTHKe
€ro JIOKAJIbHOI'O KOHTEKCTa:

plwld, i)=Y plw|t)p(t]) =Y pur Y chualuli).

teT teT ueC;

JIoKa/im30BaHHAas TeMaTUIeCKas MOJIE/Ib IePEXOIUT B OOBIYHYIO, €CJIU B KA4eCTBE KOH-
rekcra C; B3sTb BECh JIOKYMEHT, a BECA PACUpPee/uTh paBHoMepHo: a(u 1) = nid

Jlokaim30BaHHas TeMaTU4IecKasd MOJIe/Ib eCTeCTBEHHBIM 00pa30oM BcTpauBaeTcs B EM-
AJITOPUTM C OBICTPOIl JIMHEHON TeMaTu3anueir. MHOXKecTBO JOKYMEHTOB [ U OTJe/IbHbIE
JIOKYMEHTBI d B 9TOM aJITOpUTMe BooOIIe He Gpurypupyor. Temaruka J1t000T0 JTOKYMEH-
Ta, KaK 1 JII0O0r0 TeKCTOBOIO (DparmMeHTa, BbIYUC/ISETCS <«HA JIeTy» ILyTEM yCpeJ/IHeHUs

TeMaTUYCCKUX BEKTOPOB BCEX €I'0 TepMOB.

Jlasiee OyeM 1moJiaraTh, 9TO JJIsl BCEX TEPMOB B KOJIJIEKITUU BBE/I€HA CKBO3HadA HyMepa-
must ¢ = 1,...,n, 1 KazKI0il MO3UIUH ¢ ompeie/éH KoHTekeT C; U pacipejieieHne BecoB
a(ul]i) no Bcem u € C;.
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EM-anropur™m ¢ sokxasuzosarmvim E-wazom:
P = norm(gpwtnt);
teT

b = > @hualuli);

ueC;

Py = ntOEI"Tm ((pwit‘gti) ;

ng = Z Dti;
i=1
- OR

Pwt = 1}1)061"5‘;1 ;[wz = w]pti + prt%

JIokasmm3anus oc/1ad/IsieT UCXOAHbIE JOIYIIEHNS TEMATHIECKOI0 MOALIUPOBAHUS. DTO
HE TOJIbKO OTKa3 OT I'HIOTE3bI «MEIIKa CJIOBY», HO TaKyKe OTKa3 OT YJIeHEHHUsI TEKCTOBOI
KOJLJIEKIIMH Ha JTOKYMEHTHI.

Jlokann3soBaHHbI E-war co ckonb3sawmmm cpegHnmun. Baenenne BecoBbiX K03hdu-
ueHToB (| 47) MO3BOJISIET CIEJATh IPAHUIIBI KOHTEKCTOB HEYETKIMU, YMEHbIIIas Beca 1Mo
Mepe YBEJIUYeHHUs JJUCTAHIME MEXK/y TepMaMu w; U U.

B wacrHoCTH, 337aTh BeCA MOXKHO C MOMOIIBIO JIBYX IKCNOHEHUUGALHOLL CKOALIAULUL
cpedruz (DCC), KOTOpBIE YCPEJHSAIOT BEKTOPBI TEPMOB MO DPEKYPPEHTHBIM (hopMyaM,
npoberas o TEKCTY B JIBYX HAIIPaBJIEHHSIX — CJIeBa HAIIPABO W CIIPaBa HAJIEBO:

(tli—1), i=1,...,ng, M =1;

p(t|1) =i+ P, + (1 — ) -
D (tli+1), i=ng...,1, 7, =1

)
1) =%+ P, + (1= %)

(¢]d

g Beibopa Kosddurmenta criaxusanus y; € [0, 1] MOKHO OpHEHTHPOBATHCS HA W3-
BecTHYIO iyt DCC onenky v; ~ %, rjie h — 4ucjio ycpegaHseMbx BeKTopoB. Hampumep,
v; = 0.1 upubsmsure/ibHO coorBeTCTBYET ycpejaHernuio 10 BeKTopos.

Ecin v, = v — KoHCTaHTa, TO YKCHOHEHIUAJIHHOE CKOJIB3SIIEE CPEJHEe OIPeJIe/Isier
Beca, yObIBAIOIIUE ¢ PACCTOSHUEM MexKJly Hno3unusgMu |i — k| 110 reomMerpuydeckoil 1mpo-
rpecenn: o(wy|i) = (1 — )=k

Kosddumnument v; MOXKHO MEHATh B 3aBUCHMOCTH OT IMO3WIUU i. Ero ysenumdenue
BIUIOTH JI0 7Y; = 1 103BOJIIeT «3a0biTh» HAKOILUIEHHYIO K JJAHHOMY MOMEHTY uHGOpMa-
UIO0 O KOHTEKCTEe, HALPUMED, IIPH HePexo/e K CJIEAYIONEeMy JOKYMEHTY WJIU K CJIeIyIo-
et ceknuu JIOKyMeHTa. Y MeHbIIEeHUe Y; BILUIOTH JI0 HYJIs H03BOJISET UTHOPUPOBATH T€PM,
HAIIPUMED, eCJIH 3TO CTOI-CJIOBO HJIH CJIOBO OOIIEi JIeKCHKH.

3Hast TeMaTHYECKIe BEKTOPBI JIEBOTO  IPaBOro KouTekcTa p(t|i) u p(t]i) ams Kax 1oii
HO3UIMK ¢, MOKHO OTBEYaThb HA MHOTHE BOIPOCHI O TEMATHIECKOIl CTPYKType TeKCTa U
JIIOOBIX ero (pparMeHToB.

Temaruka ABYCTOPOHHEIO KOHTEKCTA TE€PMa w; ONEHUBACTCS KAaK cpejHee apudveru-
"qeckoe WK (JiJ1s OGIMHOCTH) Cpe/iHee B3BEIIeHHOE JIEBOrO U MPABOIO KOHTEKCTA:

0ui(®) = p(t]i) = Bp(t]i) + (1 — B)p(t]i).

['panumy i MexXIy TeMATHIECKHMMH CErMEHTAMHU JJIMHHOIO TEKCTOBOTO JOKYMEHTA
MOKHO OIIPEJIEJNATh 0 MAKCUMYMY Pa3/indust Mex1y pacupejaesenusvu p(t|i) u p(t]d).

p
p
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Anayimsz orkjionennit KOporkux u yimHHbBIX JCC, COOTBETCTBEHHO PU OOJIBIINX U Ma-
JIBIX 7Y, TIO3BOJISIET OLPE/IEIUTD, COJAEPKUT JIM TEKCT BKPAIJICHUS TEMATHIECKHA PAZHOPO/I-
HBIX (DPArMEHTOB, U TJe OHH HAXOIATCH.

Pacemorpum deynanpasaenivie memamuyeckue 6exmopse 1l Iapbl TEPMOB W; U W;:

p(tli), p(eli)  p(tlj), p(tl))

i J
Puc. 24: TemaTnka J€BOTO U IPABOTO KOHTEKCTA B IMO3UNUAX % U j.

TemaTuKy KOPOTKOI'O CerMeHTa [i...J] MOXKHO OIEHHTb, YCDPE/Hsisl MPABBIl KOHTEKCT
ero HavaJja ¢ U JIeBblif KOHTEKCT ero KOHIa j:

p(tli...5) = 5(p(t[d) + B(t]])).

TemaTHIecKasg OJHOPOJHOCTL CEIMEHTA [i...J] ONEHHMBAETCS TeM, HACKOJBKO CXOZKH
pacupenenenus p(t|i) u p(t|j).

Nokann3zosanubiii E-war kak aHanor mogenv BHUMmanus. BaxueiimnmM «cTpouTe/b-
HbIM 0GJIOKOM» COBDEMEHHBIX HEPOCETEBBIX MOJIEJIeil SI3bIKA ABJIAETCsT MOJIE/]b BHUMAHUS
[31, 66, 108|. Ona onpe/eisier BeKTOp KOHTEKCTa Y; B HO3UIMHU { KAK BBIITYKJIYI0O KOMOU-
HAIMIO BEKTOPOB T, BceX TepMoB u3 KouTekcra C; ¢ koaddurmenramu au|i):

yi= > a(uli)z, Y ouli)=1  a(uli)>0. (79)

ueCy ueCy

TakuMm 06pa3oM, CMBICIT TepMa w;, 3aKOIHPOBAHHBII BEKTOPOM ';, 0DOTAIAETCS CMBIC-
JIAME OKDYyzKafomux ero repMoB u € C;, 00pasyst B pe3y/ibrare BEKTOD KOHTEKCTA U;.

ITo cyru, 310 Ta ke dopmyna (78), TOMLKO HelipoceTeBble BEKTOPHDIC MPEICTABICHUS
(3MbeIMHIT) TEPMOB He SIBJISIOTCS HEOTPHIATETBHBIME M HOPMUPOBAHHBIMHL.

BoJiee BaxkHOe ommdne B TOM, 9T0 3/ech Kodbdunmentol «(u|i) oneHnBaoT He 110-
BUIUOHHYIO, & CEMAHTHIECKYIO OJIM30CTh TEPMOB wW; W U Uepe3 CKATSAPHOE IPOM3BEICHHE
UX BEKTOPOB (T;, T,). C OOJBIIEM BECOM YIHTBIBAIOTCS TEPMBI U, KOTOPBIE O CMBICIY
OIM3KH K TepMY W;, TO €CTh BEKTOPBI KOTOPBIX O0JIee MOXOKH Ha BEKTOD T;:

a(u|i) = norm exp(z;, x,) = SoftMax(z;, z,,).
ueC; ueC;
TpeTbe cyuieCrsenioe orjipiue B TOM, 4TO HeﬁpoceTeBaH MOZJ€JIb BHUMaHHUA JOIIOJI-
HATEJIBHO MapaMeTpu3yeTcsa TpeMs marpuiamu ), K,V s auneitnoro mpeobpa3oBaHust
BEKTOPOB TE€PMOB, KOIJIa OHH BBICTYIAIOT B TPEX PA3HBIX POJIAX:

Y = Z (Va,) SoftMax(Qz;, Kx,). (80)

ueC;
ueC;

Mogenb BHUMaHUS TpaHChOPMHUPYET UCXOIHDbIN OECKOHTEKCTHBIH BEKTOD X; TepMa w;
B KOHTEKCTHBII BEKTOP 1/;, KOAUPYIONuii emé 60/bine nudOopMaIli O CMBICIE 3TOTO Tep-
Ma ¢ y4éTOM ero JIOKaJbHOrO KOHTeKcra. Bekrop QQr; HasbiBaercs sanpocom (query),
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Bektop K, — xarowom (key), Bekrop Vi, — snavenuem (value). Marpunpl mapamerpos
Q, K,V obyualorcs 10 JJaHHBIM, 9TO JI€JIaeT MOJe/Ib BHUMAHUS HAMHOTO 00Jiee ruOKOii.

®opmysa BauManus (80) OMUCHIBACT TPEXCIONHYIO HEHPOHHYIO ceThb. Tpancgopmepom
HA3BIBAETCs IVIyOOKas HelipoceTeBasi apXUTEKTYPa, KOTOPAs BBIIOJIHIET HECKOJIHKO TAKHX
IpeobpazoBaHuil APyr 3a APYroM — KOTJA MOCIEI0BATEbHOCTD (Y;) ¢ BBIXO/AA IIPEIbITY-
et MOJIe/I BHUMAaHUs! HOJAETCsl B KAUECTBE 110C/1e10BATe/IbHOCTU (T;) HA BXOJL IOC/Ie/1y-
foineit Mojie/in BuuManus. Kax bt 0,10k Tpancdopmepa, HOMUMO MO/IE/IM BHUMAHUSA, CO-
JIEPZKUT, KaK MIPABUJIO, €II¢ /1BA MOJTHOCBI3HBIX CJIO0S H JIBA CJI0S HOPMUPOBKHU, UTOTO CEMb
CJIOEB C O'POMHBIM KOJIMIECTBOM 00y 9IaeMbIX ITapaMeTpoB. B oHOM 13 nepBbix Tpancdop-
MEpOB /TSl MAITMHHOTO IePeBO/Ia UCIOJIb30BAJIOCH MIECTh MOPS/T UAYIUX OJI0KOB, BMECTe
obpasyiomux riaybokyio Heiipounyo cerb u3 42 ciaoés [31|. Bosee Toro, yucio mojeseit
BHUMAHUsI MOXKET HAPAIIUBATHCS HE TOJbKO B IIyOMHY, HO B MIUPUHY, KOT/A HECKOJIHKO
HapaJiie/IbHbIX «T'OJIOB BHUMAaHUsI» 00yYalOTCs BBIJIEISTH PA3/JIMYHbIE ACIHEKTHl CMBICIOB
U3 KOHTEKCTHBIX /TAHHBIX.

Hecmorps Ha Bce paszimdmsi, UMeETCs HAMHOTO 6oJiee TyiybDOKas aHAJIOIHUS JIOKATH30-
BaHHOrO E-rrara ¢ Mo/esibio BHEMaHust, 9eM 1pocTo c¢xoiacrBo dopmys (78) u (79).

3aMeTuM, 9TO AaHAJOIOM BEKTOpa KOHTEKCTa y; B (80) sIBJIsIeTCs He TeMATHYCCKHH BeK-
TOP JIOKAJIBHOTO KOHTEKCTa P(t|i) = 0y, a TeMarndeckuii BekTop Tepma w; B Kourekcre Cy,
BLIYHCIIeMblil 110 (popmyste E-mara:

p(t ‘ Ci7 wl) = Py = norin (Qowit‘gti) = norm Z Qoifugowit a(u | 7’)
teT er \ o

3xech remarnieckue BeKTOPH (¢}, = p(t|u))er He IPOCTO CKIANBIBAIOTCS C BECAMH,
HO CHAaJaJja JOMHOMKAIOTCHA ITOKOMIIOHEHTHO Ha BEKTOP (gowit = p(wi|t))t€T. On urpaer
posb (bUIBTPa, HPOIYCKad TOJLKO T€ TeMbI, KOTOphIe eCThb y TepMma w;. B pe3yibrare
cymma (OpMUPYETCsl HPEUMYIIECTBEHHO U3 BEKTOPOB TEPMOB U, TEMATUYECKU CXOZKHUX
C TEPMOM W;.

[Toxoxkwuit a3¢pdekT mocTuraercsa B HeiipoceTeBoit Mojen BuuManus Query—Key—Value,
KOI/Ia BEKTOPbI TEPMOB I, IOMHOYKAIOTCsI Ha Beca (| 1), IPOMOPIHOHATBHbIE CKAJISIPHBIM
IPOU3BEJICHUAM (T, Ty, ).

Jlokasmm3oBauublit E-mar skciuiyatupyer ajbTepHATUBHbIA MeXaHU3M, [HOKOOP/IMHAT-
Hy10 (UILTPALMIO yepeaHseMblx BeKTopoB. OH TpaHchOpMHpYeT I110C/1e10BATEeIbHOCTD
GECKOHTEKCTHBIX TEMATHYeCKHX BEKTOPOB p(t|w;) B MOC/IEI0BATEIbHOCTh KOHTEKCTHBIX
BekTOpoB p(t|C;i, w;). Ilo cyTu, 310 MpeebHO YIPOIEHHAS MOJIEIb BHUMaHUs 6e3 00y-
JaeMbBIX IapaMeTPOB M JOIOJHUTEILHBIX BEKTOPHDLIX IPeo0pa30BaHMii.

EM-anropntm c nokanusosaHHbiM E-warom. [lo anajorum ¢ rpancdopmepom, 1mo-
JIyYeHHbIE KOHTEKCTHbie BeKTOPbl p(t|C;, w;) MOXKHO IIOBTOPHO 10/JaBaTh HA BXOJ JIOKA-
au30BaHHOrO E-mrara BMecTo GECKOHTEKCTHBIX BeKTOpoB p(t|w;). B Tpamcdopmepe 510
IpuBeIo Obl K HAPAIIUBAHUIO APXATEKTYPBI CETH €IIE CEMbIO CJOIMH ¢ 00ydaeMbIMH Ia-
pamerpamu. OaHaKo B Haimeil (IpesesbHO YIPOIEHHON) TeMATHIECKOH MOJeTH BHAMA-
HHMsl HUKaKuX 00ydaeMblX HapamMerpoB TpaHcgopMalyd He MMeeT. DTO HPOCTO €Il OJHaA
uTepaIms M0 JOKYMEHTY, CM. AJITOPUTM 5.

Ha Bxoze ajropurma 3a1aércd 4uc/10 urepanuii mo seeil Kourekuun K 1 9ucjio ure-
panuii o Kazx oMy mokymenty L. [Tepes mepBbiM HpOXOJ0OM JOKyMeHTa (mar 5) B Mac-
CUB Dy; 3AIUCHIBAIOTCS OECKOHTEKCTHBIE BEKTOPBI TepMOB, py; = p(t|w;). OHu obpabarsi-
BalOTC 110 hopmysiam JIoKaan3oBaHHoro E-mara (maru 7-9). B konne npoxoga (mar 9)
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AgropurMm 5. EM-ajiropurm ¢ JioKaJin30BaHHbIM E-111arom.

Bxoa: xosuteknust, uucsao rem |T'|, nmapamerpot K, L, 8, 7., Vs
Bbixoa: marpuiia ®, BeKTOpbI TepMOB JOKYMEHTOB Py;;

1 MHUIUAJIU3ALUS Py := normy(rand); n; = 1 jgys Beex w € W, t € T

2 AN Bcex urepanuii k = 1,..., K (1poXo10B 10 BCelt KOJLIEKIHn )

3 UHUNHATUABAIAS: Ny = 05 Ny := 0; 1y :=0; g Bcex w e W, t € T

4 AN BCex JTOKyMeHToB d € D

5 Pri := normy (@, ny) mag seex t €T, i =1,...,ng;

6 ansa scex | =1,..., L (anasor L 6J0K0B BHUMAHUS )

7 O =7, pti + (1—7;) Oricy st Beex t €T, i=1,...,n4, 7, =1;
8 O = Yipu + (1=7;) bpipr amaseex t €T, i =ng,...,1, 7, =1
9 | Dii = normt((ﬁﬁti + (1—B)9ti)pti/nt) mgBeex teT, i=1,...,ng
10 Tst = Moyt + Priy T =Ny + Dy g Becex t €1, 1=1,...,ng;

11 ecnu nopa obnosuth marpuiy ¢ To

12 Nt := Nt + Napt; N := 0 aast Beex t €T, w € W,

13 Ot = norm(nwt + gowtaa—R) mag Beex t €T, we W,

L weW Pwt

14 ng = Ny 0s1 Beex t € T,

B 9TOM K€ MACCHBe OKA3bIBAIOTCS KOHTEKCTHbIE BEKTOPBI TepMOoB py; = p(t|Cy, w;), KoTo-
pble Ha CJEAYIOIEM IMKJIe 10 | 00pabarhiBalOTCs BMECTO OECKOHTEKCTHDIX.

O6uosuaenust Marpuipl ¢ (marn 11-13) npousBojgarest M0 Mepe HAKOIUIEHHsI JJOCTa~
TOYHOIO 00'bEMA CTATUCTUKHU B CYETUUKAX TNy — HE CJAMIIKOM PEJIKO, HO M HE CJUIIKOM
9acTO, B 3aBUCHMOCTH OT Pa3MepOB KOJLICKIUH.

BbiBogbl no rnase 15

e JluHeiiHasg TeMaTu3anusd JOKYMEHTOB IIPeOI0IeBaeT OrPDAHNYEHUs TUIIOTE3Bl «MeIIl-
Ka cJI0B». B skcrepumenTax sra mojesb npes3onnia mojaean PLSA u LDA o ckopo-
CTH, YCTORYMBOCTH, PA3PEe’KeHHOCTH, PA3JANYHOCTH U KOTePEHTHOCTHU TeM, JaKe IIPU
orcyTcTBUU peryJisipu3aTopoB. Oupeei8HHO, ITO 3asiBKa HA POJIb HOBOI'O CTAH/IAPTa
Jie-(hbaKTO B TEMATHIECKOM MOJIETUPOBAHUH.

o Jlokasim3oBaHHbI E-11ar, Kak 1pejeibHO yUPOIIEHHbIH aHAJIOI MOJIe/IM BHUMAHUS,
Tpebyer SKCIepUMEHTAJbHOIl MPOBEPKU U JaJIbHEHRIINX HCCAeJTOBAHUN 10 HOAO0DY
napamerpoB L, 5, v, ;.

e Ocraércst OTKPBITBIM BOIIPOC, HACKOJIBKO BO3MOXKHA U Ie/1ecoo0pa3Ha Ja/ibHeilas
rubpuIu3anmsa JOKAJIU30BAHHBIX TeMaTHIeCKUX MOJIe/Iell B CTOPOHY HeiipoceTeBbIX
MoJeJIeli BHUMAHUS.

e OcCraércd OTKPBITBIM BOIPOC, HACKOJBLKO 00OCHOBAHBI TpaHCOPMAIHMU KOHTEKCT-
HbIX BeKTOPOB p(t|C;, w;), N KAK MEHsIeTCsl IPH STOM MOCTAHOBKA HCXOJHON ONTH-
MHU3AIMOHHON 3a7a4yu. YacTUYHLIA OTBeT Ha Hero Jaércsd B ryiase 16.
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16 Mopgenn cermeHTaunm u perynsapmnsauyna E-wara

['mnoTe3a «MeIIKa CJIOB» U MPE/IOIOKEHNEe O CTATUCTUIECKO HEe3aBUCUMOCTHU COCE/I-
HUAX CJIOB MOTYT IPHUBOJUTH K 4YaCTOl XaOTHYHON CMeHe TeMaTHKH MeKJy COCeTHUMU
cjoBamu. B pesyiibrare coueranue TeM BHYTPH LPE/JIOKEHUS MOXKET OKa3aThCs HEUHTEP-
HpeTupyeMbiM, OO JIOKAJIbHAS MHTEPHPEeTAIUs TeMbl 110 KOHTEKCTY MOXKeT Pa3oifTucCh
¢ eé 1I00aJIbHOM MHTEpIIpeTalueil 110 PAHZKUPOBAHHOMY CIHUCKY YaCThIX CJIOB.

B nannOil raBe paccMaTpUBAaKOTCA TeEMATHIeCKHe MOJIETN, YIAThIBaoNIue dojee pea-
JINCTUYHBIC [IPEIIOI0ZKEeHNs O TeMaTUIeCKOIl CTPYKTYpe CBA3HOI'0 TEKCTa, IIPOUCXO/ILAIIIe
M3 TEOPUH JUCKYpPCa U KOMMYHHKATHBHOI JTUHrBUCTHKY [4], HAIpUMep:

® KaxKJloe IPeJJIoZKeHue, KaK I[PaBUJIO, HECET cOODIleHHe O B3aUMOJEHCTBUU JIBYX
areHTOB, U IIOTOMY OTHOCHUTCS K OJIHOI WJIM JIByM Te€MaM;

e cieJlyolee IpeJjIozKeHne, KaK IPaBUJIO, MPOIOJIZKAET TeMATUKY IIPeJIblTyIIero;

® CMeHa TeMATUKU Yallle IPOUCXOJUT MeXK/ly ad3alamMu, 9eM MEXK /Ly I1Pe/JIOKEHUsIMHU,
elé 4vallle — MeXKJy CeKIUAMU JOKyMeHTa.

Hauném ¢ Temarnueckux Mojeseil, OCHOBAHHBIX HA IUIOTE3€, UTO KAaxKJI0€ IPeJJIo-
JKEHUE $BJISETCS «MEIIKOM TePMOB», 1OPOXkK/IaeMbiX o0mieit remoii. JJokyMeHT 1ipu 31om
CUMTAETCS «MEMIKOM MPEJIOKEeHHITy. 3aTeM BBEJIEM MeXaHu3M pery/spusanun E-mrara,
KOIJIa OPPAHMYCHUST HAKJIA/IBIBAIOTCS HA [IOCJIEI0BATEIbHOCTH BeKTOPOB p(t|d, wy;).

Tematunueckas mogenb npegnoxxeHuin. lomycrum, 910 KazxKiblii JOKyMeHT d pa3douT
Ha MHO?KECTBO CEIMEHTOB Sy. 9TO MOI'YT OBITH HpeI0KeHns, ad3aIbl Wil (pasv, — CHH-
TaKCHYECKH KOPPEKTHbIe YacTH IpejiokeHuit. O0o3HaYnMM depe3 N, JJIUHY CerMeHTa S,
9epes Ny, — YHUCI0 BXOK/IEHUIl CI0Ba W B CEIMEHT S.

[Ipeamosioxkum, 910 BCE CJIOBA CEIMEHTa, OTHOCITCS K O/IHOf TeMe u 3anuiieM (hbyHKIIUIO
BEPOSITHOCTU CerMeHTa S € Sy 4epe3 napaMerTpbl TEMATHIECKON MOJECTH Oy, Oig:

p(sld) =Y "p(tld) [ pwlt)™ =" 6u [ ] ou.

teT wWES teT WES

Bysiem cunrarh Kazkipiil JIOKYMEHT «MeIIKOM cermMeHToBy. Toria pyHKIus: BEpOSTHO-
cTH BLIOOPKH OyjieT paBHA MPOU3BEICHUIO (DYHKIUN BEpOSITHOCTH cermMeHToB. llocTaBum
3a/1a9y MAKCUMU3AIUHA CyMMBI log-nipaBaomonodus u peryasgpusaropa R:

D> ) ][ eur + R(®,0) — mas, (81)

deD seSy teT wes

pu 06bIYHBIX Orpannvenusx (14).

B uwacTHoMm ciiyuae, KOrjia KazK/blii CErMEHT COCTOMT TOJILKO U3 OJIHOIO CJIOBA, JaHHAs
MO/IEJIb [IEPEXOUT B OOBIYHYIO TeMaTu4ecKyio Mojenb (15). C apyroif ctoponbl, oHa siB-
JIIeTCS JACTHBIM CIydaeM rumneprpadoil TeMarnaeckoi Mojgesnu (52), B KOTOPOii BepITHHBI
COOTBETCTBYIOT CJIOBaM, a pPEOpa — Ipe/IJIOKEHHSIM.

Crenyrolias TeopeMa He HYK/IAeTCs B JIOKA3aTe/bCTBE, TaK KaK dABJISETCS YIIPONIEH-
HbiM BapuanTom TeopeMbl 10.1 o runeprpadoBoit Mojieiu.
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Teopema 16.1. Ilycre ¢yakuus R(P,0) wneupepbiBao ugppepennupyema. Touka
(®, ©) JrokasnprOro sxcrpemyma 3agaqn (81), (14) yaosaerBopsier cucreme ypaBHeHHii co
BCIIOMOTATeTbHBIMH MEPEMEHHBIMHE Pygs = p(t|d, s), ecim u3 perennst HCKJIIOYATD HYJIEBbIe
crostomer marpui P, O:

Duds = n?ErTm(th [T e

wWES
OR

Pwt = quUOEl"MY;l Nt + @wt% ; Nt = Z Z (w € 5] pras;

deD seSy

OR
0,y = norm|( n Org— | Nyg = )
td orl td T Oid 90,1 )’ td sezs: Dtds
d

AnasorndueiM 006pa30M 3ajada CTABUTCS JIIs MoJeau mpejjioxkennii senLDA [35] u
JUtst MoJiesin Koporkux coobienuit Twitter-LDA [226]. B oboux ciydasx peryssipusa-
TOPOM SBJISIOTCs anpuopHbie pacupesesnenus: upuxie. B mogenn Twitter-LDA B posin
JIOKYMEHTOB BbICTYIAIOT aBTOPbI, B POJIM CEI'MEHTOB — COODIIEHMS JIAHHOI'O aBTOPA.

Mmneprpacdosbie mogenun cesA3Horo Tekcta. Temarudeckast mojesnb runeprpada (52)
u3 raBel 10 HemocpeICTBEHHO MPUMEHUMA, /T OCTPOEHIS TeEMATHIECKUX MOJeIeil CBa3-
HOro Tekcra. PeOpom rumeprpada MOKHO OIHCATH KaK IIpeIJIoKeHHne, TaK U J00e II0/I-
MHO2KEeCTBO T€pMOB, HE O6H3aTe.HbHO HUAYyIUX 1OAPAL, CBA3aHHbBIX JAPYI' C APYI'OM 110 CMbIC-
JIY U HOPOXK/IaeMbIX OJIHO# 00IIeit Temoii.

Ecaun Tekcr mpenBapuTesbHO 00pPabOTAH CUHMAKCUYECKUM NApPCepoMm, TO B Kade-
cTBe pébep MOXKHO GpaTh BETKH WJIH HOIJIEPEBbsl CHHTAKCUIECKOTO JepeBa (cunmazmot),
B YACTHOCTH, UMEHHbBIE 2PYNNG, — IPAMMATHIECKH KOPPEKTHbBIE CJIOBOCOYETAHUSI, B KOTO-
PbIX IVIaBHBIM CJIOBOM 4BJIA€TCA CYyIIECTBUTEJILHOE.

CuHTaKCHIeCKHe CBI3U IO3BOJISIOT YCTAHABIUBATD CEMAHIMUYECKUE PO CA08 T BbI-
JIeITh (hakmor B BHJIE TPOEK <«OObEKT, CyObekT, JAeficTBUE», KOTOPbIE MOXKHO CYUTATH
TEeMaTUYECKU OJHOPO/IHBIMU M TaKzKe OlKUChIBaTh pédpamu ruteprpada.

MO2KHO HCIIOIb30BATH BHEIIHIE JIMHTBUCTHIECKHAE PECYPCHI — Me3aypyco, WIH OHITO-
nozuu, Takne kak WordNet, Buku-CioBapb, PyTes u npyrue [14]. Onu mo3BoIs0T HaX0-
JINTH HAaPbl TEPMHUHOB, C BBICOKOI BEPOSITHOCTBIO CBSI3aHHBIE TEMATHIECKHU, JIMOO BOOOIIE
0003HAYAIONINE B TEKCTE OJUH U TOT K€ O0bEKT. DTO MOI'YT OBITH MAPBI CUHOHUMOG, TTAPHI
2UNORUM—2uneporuMm (4acTHOE—00IIee), HAPbl MEPOHUM—TOA0HUM (FaCTh—TIEI0€).

TepMuHbI, CBSI3aHHBIE Te3ayPYCHBIMI OTHOIIEHUSIMU, MOXKHO O0beIUHSITH peOPOM I'Hi-
Hepra(ba, KOr'J/la OHU HaXOAATCAd B OAHOM HPEAJIO?ZKEHUU WJIM B COCEJHUX IIPEAJIOZKECHUAX,
obpasys Jekcudeckyio 1enodky (lexical chain).

['umeprpacdoBasg Momesb He HAK/IAbIBAET HUKAKHX OIPAHHYEHHI HA MHOIOKpPATHOE
BXOXK/ICHHE OJIHOI'O U TOTO K€ CJI0Ba B pasuble pédpa runeprpada. 1o 1aéT BO3MOKHOCTH
Y4uTblBaTh Pa3HbIC THIIbI CcBs3el MeXK/AY CJIOBaMH, OIIMCbIBad UX PA3JIMYHbIMHU THUIIaMU
pédep B runeprpade. Hamnpumep, M0KHO B eauHOM rutieprpadoBoil MoO/e/iM YIUThIBATH
OJTHOBPEMEHHO IIpe I I0KeHns, (pbaKThl, CAHTAKCHIECKHEe U Te3aypPyCHbIe CBSI3H.

TemaTuyeckass cermeHtTauusa. Paccmorpum 0oJiee CI0KHBIM Cydaii, KOT/la TEKCT CO-
CTOUT U3 HpPeJJIOKeHuit, u TpedbyeTcd 00beIMHUTh UX B 0oJiee KPYIHbIE TeMATHIECKH O/I-
HOPOJIHBbIE CEI'MEHTBI, 'PAHUIILI KOTOPBIX 3apaHee He 3aJal0TC.
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Memod TopicTiling [165] ocuoBan Ha mnocr-obpaborke pacupespesnenunii p(t|d,w;),
1=1,...,ng4, HOJy9aeMbIX KaKOH-I100 TeMaTuIeCKOi Mo/e/ibio, B dacraocTr, LDA. Te-
MaTHKa mpe/iokenus p(t|s) ompeensercs mMyTéM yCpeJIHEHNs TeMATHIeCKUX BEKTOPOB
p(t|d,w) Beex ero caoB’. 3aTem g KazK 0 Mapbl COCETHUX MPEIOKEHU ( Sk, Sk11) Bbl-
GUCJISETCs KOCHHYCHAs OJIM30CTh MeK1y TeMaTndecKkumu Bekropamu p(t|sy) u p(t|sgi1).
YeM ru1y0zKe JIOKAJIbHbI MEHUMYM OJIM30CTH, T€M BBIIIE YBEPEHHOCTh, YTO MEXK /LY JaHHOI
apoi npeayoKeHuil NPOXOJUT I'PAHUIA CEIMEHTOB.

Meroy; TopicTiling uctosib3yer HabOp IBPUCTUK I 10/00PA YKUC/A [PEJIOKEHU
cleBa W CHOpaBa OT JIOKAJbHOIO MUHUMYyMa OJM30CTH, ONpPe/e/eHUs 9HCJIa CEeTMEeHTOB,
noJ00pa YHCIa TeM W YHCIA UTePalnil, ITHOPUPOBAHUS CTOI-CJIOB, (DOHOBBIX TEM U KO-
POTKHUX TpeioKennil. AKKyparHas HACTpOifKa mapaMeTpoB TUX IBPHUCTUK MO3BOJIAET
JIOCTUYb BBICOKOI'O KadecTBa cermentaruu [165].

TopicTiling He sBJisieTcst OJIHONEHHO TEMATUYECKON MOJIEJIBIO CerMEHTAIlun TeKCTa,
HIOCKOJIbKY 1IOCT-00pabOTKa HUKAK He BJIMSeT Ha caMu TeMbl. dT00bI HAUTH TeMbl, HanbO-
Jiee BBITOJIHBIE JIJIS CeIMEeHTAIuu, TpeOyeTcs CIeMUaJbHbIi Peryaspu3aTop.

PerynapusaTtop E-wara. Jlo cux mnop juis popmasinsalnu JOH0JIHUTE/IbHBIX TPeOOBaHUT
K TeMaTHUYeCKOW MOJIe/IM Mbl KOHCTPYUPOBAJIU KPUTEPUHU PEry/isipu3aiui KakK pyHKIUKI OT
HapamMeTpoB Y.y U By, HYT0OBI yauThiBaTh HOPSIOK CJIOB BHYTPH JOKYMEHTOB, IOpPa3Ji0
yl00Hee HAKJIAIBIBAT OPDAHUYCHUST HA PACIPeeNeHus Py, = p(t|d, w), BeIduCIsIeMbIe
Ha E-mrare ns mociegoBaTesbHBIX CJIOB Wi, . . ., Wy, JOKyMeHTa d.

[Iycts perynsipusarop R(II, @, ©) asasercs dyukiuii He ToabKo Marpun,  u ©, HO
TPEXMEPHOI MaTPHIbl BCIIOMOTATEe/IbHBIX nepeMeHHbIX I = (piaw )TxDxw -

Byaem npejosiarars, yro R gBjsercd JOCTaATOYHO IVIAJKOM (pyHKIMed BceX CBOMX
LHEPEMEHHDBIX Pidw, Puwt U Gig. Kpome Toro, ciaesaem ecrecrBeHHoe JOIyIIEHHE, YTO €CJIU
cjI0Ba w HeT B JoKyMmente d, 10 (pyHKus R He 3aBUCHT OT HEPEMEHHON Dygy, -

Cornacuo ypasaenuio (16), marpuna I1 asiserca dynknueit or & u ©. [Tosromy K pe-
rynapusaropy R(®,0) = R(II(®,0), ®, ©) npumennma Teopema 4.1. Oxmako cucremy
ypaBHEHHil yI00HO 3alHCHIBATD Yepe3 YacTHbIe IPOU3BOLHbIE peryiapu3aropa R, a ne R,
4T00bl He JnddepeHnupoBaTh KazK/blil pa3 CJA0KHYIO CyHepPHO3UIUI0 (DYHKITUIA.

Pacemorpum 3a/iauy MakcuMusanuy JIorapudya mpasaoinogooust ¢ peryJisipu3aropoM
R(P,0) npu 00bIYHBIX OIPAHUYEHUSAX HEOTPUIATEIHLHOCTH U HOpMUPOBKH (14):

DY nawln > uibia+ RIN®,0),®,0) — max. (82)

3,0
deD wed teT

Teopema 16.2. Ilycrs pyuknus R(11, &, ©) neupepbiBHO quddepernupyema u He 3aBu-
CHT OT HePEMEHHBIX Dy, IpH W ¢ d. Torma rouka (P, ©) JOKaTBHOrO IKCTpEMyMa 331290
(82), (14) ymoBierBopsier cucreMe ypaBHEHHI €O BCIHOMOTaTeJIbHBIMH TEPEMEHHBIMH Digy,

"Tounee, B [165] npe/yTaranock s KaxKJ10ro CJI0Ba BLIOMPATh HanbOJIee BEPOATHYIO TEMY, 3aTeM yCPe/I-
HATh TEMATHUKY 10 BCeM CjaoBaM mpezyoxkenus. Oba BapraHTa UMEIOT MPAaBO HA, CyeCTBOBaHue. Kakoii
73 HUX JIydIlie, B JAHHON padoTe He MCCIIEeI0BAIOCD.
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H Didw, €CJIM U3 PEIHIeHUs] HCKJIIOIATH HyjieBbie cToj0nb Marpun P, O:

Ptaw = ﬂg%ﬂ (@wt@d)% (83)
1 OR
D w — w 1 + — zdw ) 84
Dtd Dtd ( T ( Er ZZP d Zdw)) ( )
OR
Put = 1OLL < > NawBraw + Pur a%t) (85)
deD
OR
Oy = norm ( Z NawPtdw + Ord 5 etd) (86)
wed
okazarenbcrBo. Haiijigm dacTable pon3Bo/Hbie DYHKIUA P,q, (P, O) = %
st siobwix t, 2z € T
© 8pzdw = 8 ( @wzezd ) _
0pur T 00w \ Y Pwubud
Z:t 9 wueu - 9 wzez
— @wt[ ] i (Zzu(p@wu [id)2 i d = Ptdw [Z:t] — PtdwPzdw; (87)
(9pzdw . 0 (szezd o
Ora——— = O =
8 Dtd a‘gtd Zu @wueud
[Z:t] Pt Z (pwueud - (pwtﬁpwzezd
td NBE Dtdw] | = Ptawp-d (88)

3aMeTHM, 4TO pe3yJabTHpyomue Boipazkenus (87) u (88) coBmagaior.

Buraromapa TpéMm cBoiicTBaM He3aBHUCHMOCTH MEPEMEHHBIX Pidw

1) oT 4yKuX JOKYMEHTOB, 0P, /00 = 0 mpu d # d';

2) OT YyIKUX CJOB, OP,aw [ OPwt = 0 ipu w # w';

3) or uyxux cioB, OR/Opig, = 0 npu w & d;
suddepeHupoBaiue Cynepuo3unun é(@, ©) = R(II(®,0), ¢, 0) no napamerpam @,,; u
0;q HECKOJIBKO YIIPOIAETCS:

OR  OR OR Op.aw ZZ OR Op.aw

= + 89

&Pwt &Pwt 2w apzdw’ &Pwt a()Owt deD zeT pzdw a()Owt ( )
OR OR  Op.aru OR Op.duw

. 90

89td 89td ZZ 8pzd’ 004 89td %Z 8pzdw 0044 ( )

BocnonpzoBasumcs (87) u (88), mosyduM IBa TOXKIECTBA:

Sowtz OR apzdw

apzdw &Pwt OR
= ——Dwaw |2 =1 vdw) = Praw Qtdw
IR Opzdw 2 o 1 ([z=1] = Pzaw) = PrawQua
etd z€T
T apzdw aetd

OR OR
IJle BBEJIEHA BCIIOMOTATe/IbHAdA epeMeHHass Qg = ——— — Z Do
aptdw ZET a Zd’u)
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[TojcraBuM Oy 9€HHOE BBIDAKEHUE DigyQiay B UPABYO0 dactThb (89), JTOMHOKEHHYIO
HA 1, U B IpaByio dacTb (90), TOMHOKEHHYIO Ha ;5. 3aTeM 10JCTAaBUM YaCTHBIE HPOU3-
BosiHbIe peryiasgpusaropa R(P,O) B cucremy ypaBHeHuil u3 reopemsl 4.1:

= norm Oq);
Ptdw s (Spwt td)7

OR
wt — wPtdw w Ptdw w 91
Pwt T%y%%?(Z”d Dtd +ZQtd Didw + ¢ taSOwt) (91)
deD deD
014 = norm Z NgwPtdw + Z QtawPraw + Ora=— OR (92)
e\ fed wed Oa

Bcenomoraresibuast mepeMenHasi Pra, w3 (84) mospossger mepernucarh ypasaenus (91)-—
(92) B Tpebyemom Bue (85)—(86).
Teopema j0ka3aHa.

Takum obpaszom, B EM-ajiropurMe st Kazk10ro J0KyMeHTa d CHada/1a BbIIHCIISTIOTCS
BCIIOMOI'ATE/IbHBIE IIEPEMEHHDBIE Py, 32TEM OHM IIPEOOPA3YIOTCS B HOBBIE IEPEMEHHDIE Dy,
KOTOpbIe MOACTABAAITCA B hopmymnsr M-mara (17)—(18) BMeCTO pigy. Takoii crocob BbI-
JHCIeHU Oy1eM Ha3bIBaTh pezyaapusavuet E-waza wia nocm-obpabomkot E-waza.

3aMeTuM, 9TO IePEMEHHBIE Pig,, MOT'YT IIPUHIMATDH OTPHUIIATE/IbHBIE 3HAUEHHSI, [I09TOMY
B 001IEM Cilyvae OHM He 00pa3yloT BEPOATHOCTHBIX pacupeiesenuii. Tem ne menee, jist
HUX BEPHA HOPMUPOBKA Y, Praw = 1.

Pa3spexusanune pacnpegenenuii p(t|d, w). Ilorpedyem, 9To6bl KazKblii TEPM B JOKY-
MEHTe OTHOCHJICSI K HebosbmoMmy 4ducay TeMm. s sroro 6ymaem paspeKuBarhb pacipese-
nerust p(t|d, w), makcumusupyst ux KL-TuBepreHun ¢ paBHOMEPHBIM PaCIPeIeTeHIeM:

KL (7

il H p(t|d,w)) — max.

CyMMupys 110 BCEM TepMaM BCeX JOKYMEHTOB, HOJIYYUM Peryjispu3arop:

R(IT) Z Z N Z In prg, — max.

dED wed teT
[ToacTaBuM MIPOU3BOTHYIO
OR(II) 7 ngy

apzdw |T| Pzdw
B opmyny (84):
S 1
Ptdw = Ptdw — T(m - ptdw)'
Takum obpazom, ecin Prg, < ‘%' JIJIsI HEKOTOPBIX ¢ ¥ w, TO Ha cjeayolieil urepa-
IUU Pigy CTAHET emé MeHbime. TeMaTuka TepMa Oy/ieT IMOCTEIeHHO KOHIIEHTPUPOBATHCS
B HEDOJIBIIIOM YHCJIE TEM.

Ewg ojiHa unTepuperaiys 3roro peryJsipu3aropa Celyer u3 BO3MOXKHOCTHU 3aIUCAThH
perysipusanuio E-nrara sxBuBaieHTHBIM 00pa3om depe3 dopmyiisl M-mara (91)-(92):

1 Tt
Gt = NOTI| Tyt — TNy | 7777 — — )
weWw |T‘ Ny ’

1 Ntd
0y = norm| ny — gl — — — | |.
teT |T‘ Ng



S — Nt
Ecsin Heperyisipu3oBaHHble YaCTOTHBIE OIEHKHN YCJIOBHBIX BEPOATHOCTENl p(t|w) =ty
A Ntd
p(t]d) = ™2 craHOBATCSI MEHbIIIEe BEPOSITHOCTH PABHOMEDHOTO PACIIPE/IeTeHUST |T‘ TO IIPO-
HCXOUT paBpe}KI/IBaHI/Ie paCIIpeJeIeHnN O, U 0yq; ¢ HTEpANUIMI UX 3HAYCHHA YMEHbIIA-
IOTCS U MOI'YT 00pallaThCs B HYJb. TakuM 00pa3oM, HMPOUCXOJUT COIJIACOBAHHOE pa3pe-

xkupanue marpur, @ u © nox ynpasienuem o00mero kodduimenta pery/sipusanuu 7.

PaspexuBawowun perynapusatop E-wara pgna cermeHTaumm Obll 11pejjiOKeH
B [181]. Cermentamu Moryr ObiTh ab3allbl, NPEJIOKEHNST UM CHHTAKCUIECKH CBSI3aHHDIE
JaCTU MpeJIOKEeHUl, Hall;IeHHbIe ¢ IMOMOIIBI0O CHHTAKCH4YecKoro aHajm3saropa. Obo3Ha-
9uM depe3 Sy MHOKECTBO CEIMEHTOB, Ha KOTOpPbIe pa30uT JOKYMEHT d, 4epe3 ng — JTAHY
CerMeHTa S, Yepe3 Ny, — UUCI0 BXOKJIEHUN TepMa w B CEIMEHT S.

Ornpejie/iuM TeMATUKY CeIrMeHTa § € Sy KaK CPeJIHIOI0 TEMATUKY BCEX ero TePMOB:

Ptds =P t‘d S Zpt‘d U) (’UJ|8 Znswptdw
wes wEs

Yr1o0bl KazK/Jiblil CE'MEHT OTHOCHJICS K HEDOJIBIIOMY 4YHCJY TeM, OyjeM MUHUMU3UPOBATDH
KPOCC-9HTPOIHIO MezK/y pacupesenenusyvu p(t|d,s) u paBHOMEPHBIM DACIIPE/eeHIeM,
9YTO MPUBEIET HAC K PA3pPeKUBAIOIIEMY peryiasgpu3aropy E-mara:

R(H> =T Z Z Z In Z N swPtdw- (93)

deD seS, teT wWES

Omnyckast BBIKJIQJIKH, PUBEIEM pe3y/ibrar mmojcraHoBku (93) B (84):

~ o T j : Nsw 1 Pzdw
Ptdw = Ptdw ]- - n— n - -
dw seS, s DPtds T Dzds

Xots popMy/Ia BBIVISIAT TPOMO3IKOM, 3(DDEKT NpUMeHeHUsI Peryiapu3aTopa HOHATD
He TpyAHO. Ecan BepoaTHOCTD Pigs TEMBI B CEIMEHTe OKaryKeTCd MeHbIe HEKOTOPOTO TO-
pora, TO BEPOSATHOCTH Pigyy, OYJLYT YMEHBIIATHCS JIjIs BCEX TEPMOB W JIAHHOI'O CerMEeHTA.
B urore remarnka Kazkjoro cerMeHTa CKOHIEHTpUpyercs B HeOosbIoM unciae tem [181].

B pesyisibrare paspexkuBaHus TeMaTHKa COCEJHUX CEI'MEHTOB MOYKET OKa3aTbCs OJin3-
KOil, 1 UX MOXKHO OyJeT OObeJMHUTH B OJUH TeMmMaTudeckuii cermeHT. Hazosém Temy ¢
¢ MakcuMaJbHBIM 3HadenueM p(t|d, s) domunupyrowets memotli cermenta s JOKyMeHTa d.
Ecim TemMa JOMUHHpYET B COCEJIHHX CerMEHTaX, TO OHa OyJAeT JOMHUHHPYIOIIECH U B UX
obbejuHennu. Ecjim o0beMHuTh 110C/1€/10BaTe/IbHbIE CEIMEHThI ¢ OJIMHAKOBOW JIOMUHUDY-
omieil remoit B ojiuH OoJiee KPYIHBIN CEIMEHT, TO JIAHHAs TEeMa TaKyKe OCTaHeTCsd B HEM
JIOMHHHUPYIOIIEH. DTO MpOocTas arioMepaTUBHAs CTPATErds TeMAaTUIEeCKOW CerMeHTAIlHH.
B ormmane ot TopicTiling, y Heé HeT 9BpUCTUYECKUX ITapaMeTpoB, KOTOPbIe HAJI0 HACTpa-
UBaTh, X OHA IIOYTH HE YBEJMIUBAET BpeMs IOCT-00paboTku E-1mara.

Moct-06pabotka E-wara — 3710 perynsipy3aumsa. C OOMOIIBIO Peryaspu3aTopa
E-mrara moxkHO dopmasinzoBaTh TpeOOBaHUsI PA3PEKEHHOCTU TEMATHKU IIPE/JIOKEHU i
WJIH CXOJICTBA TEMATHKKH TEPMOB BHYTPH KK /010 IIPE/IJIOZKEHUsI, MEZK/Ly COCEHUMHE [PEJI-
JIOZKEHUSIMU, MEK/Ly HPEJJIOKEHUAMU OJJHON CEeKIMK JIOKYMEHTa, U JPYrHUe.

JleficTBUTEIBHO JIM /I 9TOTO HYyzKeH peryigpusarop? He mpoiie 66110 Obl BHIIOJIHUATD
HEOOXOUMbIEe [IPEOOPA30BaHUs HEIMOCPEJICTBEHHO HaJl MOC/JeI0BATEIHLHOCTI0 TeMaThIe-
CKHX BeKTOpOB p(t|d,w),...,p(t|d, w,,), HAIpEMED, KAK IIOKA3aHO HA PHC. 25.
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123 ... g

| cexnmomumpoBaHue u paspexkmBaHHE |

ST IZZKIMZ ’“‘l 1

|} crmaxwBamme m KOHTpAacTHpOBaHmE |

S het B

Puc. 25: dspucruueckas nocr-obpadorka marpuupt (p(t|d, wi))TXnd na E-mare. CHauana JOKyMeHT cex-
UMOHUPYETCA 110 HMPEJIOKEHUAM, B KazKJOM IIPEJJIOKEHUM OIIPEJIEIACTCa OCHOBHASA MPEIMETHAS TeMA.
3arem coceHue IPEeIJIOKEHUs ¢ OJMHAKOBOI OCHOBHOM TeMOH OObEIMHSAIOTCA B CEIMEHTBI S, JJId KO-
TOPBIX ONpeneNdaroTcsa pacupeenenus p(t|d, s). PoHoBbIE TeMbI (JIB€ HUKHUE, KPACHBIE) HE yYaCTBYIOT
B IOCT-00paboTKe.

Takoro pojia nocr-oopadorka E-miara spiisiercss IBpucTukoit u Tpedyer o0OCHOBAHUIA.
MozkeT it OBITD, YTO JII00O0i1 AJITOPUTM IMOCT-00PAOOTKH SKBUBAJIECHTEH HEKOTOPOMY pery-
nspuzaropy? Jlasee MbI 1a UM OTBETHI HA TU BOIIPOCHI.

Cormacuo dhopmyste (84), npousBosbHOMY TiajgkoMmy peryispusaropy R(I1, @, 0) ox-
HO3HAYHO COOTBETCTBYET IIPEOOPA3OBAHUE Digyy — Diduw -

BepHro u obpaTHoe: mpeodbpa3oBaB Pigw — Prdw C IMOMOIIBI0 HEKOTOPOI'O 3BPUCTUIECKO-
ro aJropuTM™Ma, MOXKHO yKa3aTh peryiaspusarop R(II), KoTopslil IPHBOIUT K TAKOMY Ke
pe3yJIbTaTy.

Teopema 16.3. Ecuu na k-ii urepamun EM-amropurma st kaxaoro (d,w): ng, > 0
B opmysax M-mara Bmecto pektopa (pf,, )ier moiacrasuth apyroit sexktop (pr, )ier,
V/IOBJIETBODSIONIHIT YCJIOBHIO HOPMHDOBKH Y, Pty = 1, TO 9TO 9KBHBaJEHTHO HpHMEHe-
HHUIO PeryJIsspU3aTopa CLJIasKHBAHUSI-DA3PEsKUBAHUS

= Z Z Ndw Z(ﬁfdw - pfdw) lnptdw‘ (94)

deD wed teT

HokazarenscrBo. 3anumem (84) kak cucremy auddepeHnnaibHbIX ypaBHEHHH OT-
HOCHTEJIbHO (DYHKIUU [ U BBIJICJUM B KazKJIOM YPABHEHUH [MEPEMEHHBIE Ty,

OR
k ~k k
p w p w pz W = Nguw p w p w) o t € T
td apt o td ;eT: d 8 Do ( td td )

Ttdw Tzdw

st kazioro (d, w) Takoro, 4ro ng, > 0, 910 cucrema |T'| JiuHeHBIX ypaBHEHUTT OTHOCH-
TesibHO |T'| IePEMEHHBIX gy, t € T. Cymma Bcex ypaBHeHUi paBHA HYJIIO, CJIE0BATEIbHO,
CUCTEeMa, ABJISeTCsl Hel00IPeAeJIEHHON 1 uMeeT GeCKOHeuHoe MHOKeCTBO pewenuii. ITepe-
IHIIeM 3Ty CHCTEMY B CJIeLYIOIIeM BHJIE:

~k k k
Ttdw = ndw(ptdw - ptdw) + Piaw Z Lzdw, teT.
zeT
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BekTop Tigw = Naw(Pryy — Pr), t € T ABjISIeTCH HENOABUAHON TOUKON U peleHu-
eM 3TOH CHCTEeMBbI, IIOCKOJBbKY Ul HErO » . r T.qy = 0. B3as 1o pemenne (mau soboe
Jpyroe), moayuanm cucremy AuddepeHnuaIbHbIX yPABHEHUIT B YACTHBIX IIPOM3BOIHBIX
oraocureabro dbynknun R(I1):

ok _Ldw  geD wed teT.

ap tdw B Ptdw

DTa cHCTeMa IOJTHOCTBIO JEKOMIIO3UPYETCsd 10 IMePeMEHHBIM Dy, E€ penrenueM npu 3a-
JaHHbIX d, w,t aeasgorcs dyaknun suga R(I1) = 2y, Inpia, + C, tie C He 3aBucHT OT
ePEeMEHHON Pyqy,y. CrienoBaresbuo, obmee pemterune R(I1) npemcraBumo B BuIe CyMMbL

R(II) = Z Z Z Ttdw 1N Praw,

deD wed teT

B KOTOPYIO MOYKHO IOJICTABUTH IIPOU3BOJIBHOE DEIICHUE Ty, JTUHEHHON CHCTEMBI, B TOM
JHCJIe ¥ HAHJEHHYIO BBIIIE HEMOIBUKHYIO TOUKY.
Teopema JjiokazaHa.

BbiBogbl no rnase 16

Mgl pacemoTpesnn mATh MeXaHU3MOB TeMAaTHIECKOI'O MOJIeJMPOBAHUS CBA3HOI'O TEKCTA.
Pamxkupyem ux, Haunnas ¢ HauboJjiee CUJIbHbBIX, YYUTHIBAIONIUX HOPSIOK CJIOB HOJHOCTHIO,
3aKaH4uuBas 0oJiee CIadbIMU, YyYUTHIBAIOINIMMU €r0 YaCTUYHO UJIM B MEHbIIeil cTeneHu.

o Jlunetinas memamudayus ¢ A0KaAbHuM E-wazom u3 riiael 15. Bmecto Ttemaruku
JnokymenTa p(t|d) Bbraucisiercss TeMaTuka JIOKaJIbHOIO KOHTeKeTa p(t]i) B KazK 10l
MO3UIAH %, 3aTeM CTPOSITCS KOHTEKCTHbIE TeMaTu4eckne BeKTopbl p(t|d, w;).

o [locm-obpabomra E-waza. Temarnaeckue Bekropsl p(t|d, w;) cHadama BIYUCISIIOT-
Cs1 HE3ABUCHMO JIJIsI KAK/IOT0 CJIOBA W;, 3aTeM UX [OCJIeJ0BATEILHOCTD I10/IBEePraeTcs
9BPUCTHYECKUM [Pe0OPa30BaHUsIM, UTO SKBHBAJIEHTHO pery/igpusanuu E-mara.

o [unepepagosas memamuveckas modesv. CoderaHusi TEPMOB, LPEAIOIOKATETHHO
IIOPOZKIaeMble OJHOI 0obIelt Temoii (mpejioxkenus, ¢pasbl, HaKTbl, U T.1.), 00b-
eUMHAIOTCA B pédpa rumeprpada. Kosmekmmsa ocTaéresas «MEmKOM COIeTaAHMI».

o Temamuueckas modeas cemu caoe (wiu burepmos) u3 ruiasbl 14. [To kazx qomy cioBy
dopmupyercs u 100aBIIeTCA B KOJJIEKIUIO IICEBIOA0KYMEHT, COCTABJICHHBIH IIyTEM
o0'beIMHeHUs BCEX JIOKAJIbHBIX KOHTEKCTOB JAHHOI'O CJIOBA KaK «MEIIKOB CJIOB».

o Temamuueckas modenv n-zpamm u3 raasbl 14, CroBapu n-rpaMM CTPOSTCS Ha dTale
npe10O6pabOTKH KOJIIEKIIUU U HMCIOJb3YIOTCA KaK MojaabHOCTH. KoJitekius ocrta-
€TCdI «MEITKOM YHUTPAMM U N-TpaMM»y. YJIydIIaeTcsd UHTEPIPETUPYEMOCTD TeM.
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17 Kputepnun kadectBa TeMaTudeCcKnx mMoaesie

Kpurepuu kadecrBa TeMaTudecKux MoJjesieil Je/iared Ha JiBa THIIA.

Buympennue kpumepuu (intrinsic) oneHUBAIOT MOJEJb 110 UCXOJAHON KOJJIEKIUH.

Brewmnue kpumepuu (extrinsic) ONEHHBAIOT MOJE3HOCTH MOJETH IS PelleHus MpU-
KJIQJIHOM 3a/1a4u 110 JIOIOJIHUTEIbHBIM JIAHHBIM, HAIPUMep, 110JIb30BATeJIbCKUM JIefiCTBY-
sIM WJIM OIEHKAM aCcecCcOpOB.

Ha npakrtuke K TeMarudecKuM MOJE/ISM LPEIbABIAIOTCH PA3/IMUHbIe COUeTaHUs Tpe-
boBaHuii, a Jijis HOCTPOEHUS MOJIE/IN IIPUMEHSIETCS MHOIOKPUTEPHUAJIbHAS OINTUMU3AIIUSA.
[TosTOMY BIOJTHE €CTECTBEHHO M KA4eCTBO MOJETH OIEHNBATH MO MHOTHM KPHUTEPHSIM.

B npoexkre BigARTM nojjiep:kuBaercsd OMOIMOTEKA CTAH/JIAPTHBIX METPUK KadecTBa
U IIPe/IyCMOTPEHbI MeXaHU3MbI T00ABIEHUS HOBBIX IMOJTb30BATETHCKIX METPHK.

BHewHne kputepun BecbMa pasHOOOPA3HBL U 3aBHCAT OT KOHEYHOMH perraeMoil 3a1a4u.
[TpakTuyeckn B KazK/a0# 1myOJIMKAIMU 110 TEMATHYECKOMY MOJIEJIMPOBAHUIO UCIIOJIb3YeTCs
KaKOM-/1n00 BHEINIHU{T KpUTepuit: KauecTBo Kiaccudukaun J0KyMenTos |168], tounocts
u nosTHOTa HHGOPMAUHOHHOTO moucka (219, 25, 10, 21|, wucsio HaiiIeHHBIX XOPOIIO HHTED-
IpeTupyeMbIX TeM 28], kadecTBo cermentanuu TekcToB [165]. B [58| mpemmaraercsa meto-
JIKA THATHOCTHKH TeMATHICCKHX MOJeJieil, OCHOBAHHAs Ha COMOCTABJICHHH Haii[CHHBIX
TEM CO CLeNUAJbHBIME HADOPAMU B3aMMOCBSI3AHHBIX CJIOB, HA3bIBAEMbIMU KOHUENIMAMU.

Mepnnekcna. Haubosiee u3BECTHBIM BHYTPEHHUM KPUTEPHUEM $BJISETCH NEPNAEKCUA
(perplexity), ucronb3yemasi Jjist ONEHUBAHUS BEPOSATHOCTHBIX MOJE/CH SI3bIKA B KOMIIBIO-
TEPHON JIMHIBUCTHKE. DTO Mepa HEeCOOTBETCTBHs WIN <«YAUBIEHHOCTH» Mozean p(w |d)
TEpMaM W, KOTOPble BCrpedarorcs B pokymentax d. Ona oupejensercs uepes log-upas-
nonoaobue repmos (13), B 06mem caydae (39) — st Kax 1ot MojaabHocTu m € M:

Perp,,,(D; p) = exp —LZ > ngwlnp(wld) ), (95)

™ deD weWwm

L€ Ny = D uep D wewm Ndw — AMMHA KOJLIEKIUH 110 M-ii MogaabHocTH. dem Menbie
uepiiekcus (1 gem GoJiblIe mpaBaoo001e), TeM JIyUIle MOJIE/b P UPEICKA3bIBALT OB~
JIEHHe TePMOB W B JOKyMeHTaX d.

[lepiiekcusi uMeeT CJeAyIONLYI0 HHTEpUpEeTanuio. Kcjim TepMbl W HOPOKIAITCH
13 paBHOMepHOro pacupesenenus p(w|d) = 1/V na ciaoBape momiaocT V) TO mepiuiek-
cus A3bIKOBOM Mogiesn p(w |d) Ha TaAKOM TeKcTe CXOAUuTCst K V' ¢ pocToM ero JyinHbl. Hem
cusibHee pactpesenerue p(w|d) oraugaeTcss OT pABHOMEPHOIO, TEM MEHbBIIE ePILTeKCHS.

HemocrarkoM IepIUIeKCHU 9BJIeTCS HEOUeBUIHOCTD €€ YUCJIOBBIX 3HAYCHHI, a TaKKe
€€ 3aBUCUMOCTb OT Pa3MEPHbIX XapPAKTEPUCTUK KOJIEKIIMU — JIJIMHBI JJOKYMEHTOB, MOIII-
HOCTH CJIOBAapsl, Pa3pesKeHHOCTH BEPOATHOCTHOIO pacCIIpejiesieHus TepPMOB. B dacrHoCTH,
C IIOMOIIbIO HEPIVIEKCUHU HEKOPPEKTHO CPpaBHUBATb TeMAaTU4YE€CKUE MOIEJ/IN O,ZLHOI';I u Toit
K€ KOJIICKIIUH, OCTPOCHHDIE Ha PA3HBIX CJI0BAPIX.

Ob6o3nauum vepe3 pp(w|d) Moueb, 1OCTpoeHHYO 110 KoJutekuuu D. Ilepnaekcus
obyuarowets subopku Perp,,(D;pp) gBisieTcst ONTHMECTHYHO CMENIEHHON (3aHUZKEHHOI)
OIIEHKOI KadecTBa Mojie/n u3-3a apdekTa nepeobyuerus. OOOOIIAIONLYIO CIIOCOOHOCTD Te-
MaTHYECKUX MOJIEJIei IPUHATO OLEHUBATH nepnaekcued kKorumpoaviot ewbopku (hold-out
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perplexity) Perp,,(D’;pp). O6bIYHO KOLIEKIMIO PA3IEISIOT Ha 00YYaIOILyI0 U KOHTPOJIb-
HYTO c/IydaiinbiM o6pasom B upotopuuu |D|: |D'| =9 : 1 |45].

B pannunx skcuepumentax [45| 6b10 nokasano, yro LDA npesocxoaur PLSA 1o mep-
IJIEKCUU, OTKY/1a cjieoBaJl BoiBoj, 4r0 LDA menbine nepeody4aercs. [To3zke ObL10 moka-
3aHO, 9TO Ha Oo/IbmuX KoJuteknusax nepisiekcus PLSA u LDA otimgaercst ne3naqnreibHO
[125, 216, 119].

Ha camom jsiesie 910 KazKyieecss nepeobyuerue, CBSI3aHHOE CKOPee € 0COOEHHOCTSIMU
HEePIIEKCUU, 9€M € KadecTBOM camux mojesteii. [lepriekcusi ayBcTBUTE/IbHA K MaJIbIM
SHAYEHUSIM [PEJICKA3aHHON BEPOSTHOCTH TEPMOB, MOCKOIbKY p(w |d) crout mos jsorapud-
moMm. Crinaxkupanue B LDA 3aBbIliaeT ONEHKH BEPOSITHOCTEH PEJIKUX TEPMOB, HOITOMY
LDA umeer MeHbIIYIO0 KOHTPOJIBHYIO Hepiiekcuio. MoaenpoBanue BepOSTHOCTH PEIKUX
CJIOB BAKHO JIJIsl CTATHCTHYIECKOTNO MAIIMHHOI'O MEPEBO/IA U JPYTHUX MPUIOKEHUN KOMITHIO-
TEPHOIl JIMHIBUCTUKHU, OTKY/A HEPIJIEKCUs U IPUILIA B TEMAaTHIECKOEe MOJETUPOBAHUE.
OHako /i MOHUMAHUS TeMAaTHIECKONH CTPYKTYPbI TEKCTOBOH KOJLIEKITHH U OTIEeJILHBIX
JIOKYMEHTOB pPEeJIKHe TePMbl KaK pa3 HauMeHee BarKHbI.

B [6, 159] Oblitn 11pe/1ozKe bl pobacmmbie memamuveckue MoOeU, OIUCHIBAIOIIIE PeJi-
KIe TepMbl CIeIHATbHBIM «()OHOBBIMY pacupejenerneM. KOHTpOIbHAsS HePILIEKCUs PO-
bactupix BapuanToB PLSA u LDA oka3aiach He TOJBKO HUKE, HO U Pa3/IMIaIaCh He3HA-
YUTE/IBHO.

B |7] 6b1710 mOKa3aHO, 9TO HA JOCTATOMHO GOIbIIHX KoJLIeKIusx (n > 10°%) obyuaromas
U KOHTPOJIbHAs HEPILIEKCUs OJIMHAKOBO PAHKUPYIOT CPABHUBAEMbIE MOJIEJIH, TO €CTh IPH-
BOJIAT K OJIMHAKOBBIM KQ4€CTBEHHBIM BbIBOJAM. Takum 00pa3om, Jijisi CpaBHEHUST MO/IeJeil
HET HEOOXOIMMOCTH PA3JIE/IaTh KOJIIEKIIMIO U BBIYUC/ISITH KOHTPOJIBHYIO MMEPILIEKCHIO.

[Ipu BBIYUC/IEHUN HEPILIEKCUU MOZKET BO3HUKHYTDH CUTYAIlHs, KOTJIa TepM W B JOKY-
mente d Berpedaercs, HO p(w|d) = 0. B rakom cirydae B IepIIEKCHN BO3HUKAET CJIATaeMOe
—1In0 = 4+00. M0kHO POUTHOPUPOBATH BCE TAKUE TEPMbI U MOCYUTATH UX JOJIO B KOJI-
JIEKIIMH KaK elIé OJ[Hy Mepy KadecrBa Mozesu. Ipyroe pemenue — ciaeys |7], caurars Bee
TaKde TepMbl HETEMATHIECKUMH U ONMUCHIBATH UX BEPOSITHOCTH YACTOTHON OIEHKOH ho-
Hosoro pacmnpenenenusd p(w|d) = %=, Takag Mojenb HUKOrJa He OyIeT JaBaTb HyJIeBYIO
BEPOSITHOCTb.

NHTepnpeTupyemMocTb TeMbl dBJseTCs IJIOX0 (hopMain3dyeMbiM TpedboBanueMm. Cojep-
JKaTeJJbHO OHO O3HA4YaeT, 9YTO [0 Hambosee YaCTOTHBIM CJIOBAM W JTOKYMEHTaM TeMbl IKC-
IepT MOZKeT IOHSTh, O 4éM 9Ta TeMa, COCTABHTH eé onucaHue, Jarh eii Hazpanue [51].
[Ipumepbl XOPOIIIO MHTEPIPETUPYEMbIX Te€M HOKa3aHbl Ha puc. 13 u puc. 21.

WNurepuperupyemMocTsh BazKHA B TeX MPUIOKEHUSIX, TJe TEMATHIECKAs MOJIE/Ib CJIY ZKUT
HOCPEHUKOM MEKJIy I10/JIb30BaTeIeM U OOJIBIIUM TEKCTOBBIM MACCHBOM, HHCTPYMEHTOM
danvrezo wmenus |16], nHbOPMAIMOHHOrO MOUCKA, PA3BEIOYHOIO AHAIN3A JAHHBIX.

WurepuperupyemMocTh T€Mbl NPUHIMIAAIBHO BayKHA, KOIJ/IA T€Ma, CTAHOBHUTCs (DyHK-
[UOHAJIBHBIM JIEMEHTOM B IMOJIb30BATE/ILCKOM mHTEp(deiice — myHKTOM B pyOpukarope,
CCBLJIKOW HA MO0OPKY JOKYMEHTOB, (pUjIbTPOM JIjIsl TIOUCKA, /I PEKOMEH/IAIuil, CHUIIIIE-
TOM B CIIHCKE Pe3yJIbTaTOB MOUCKA, BCILJIBIBAIOMIEH MOICKA3KOM, U T. 1.

BobmuHeTBO CymiecTByIOMMUX METOI0B ONEHUBAHUS HHTEPIPETUPYEMOCTH OCHOBAHO
Ha [IPUBJIEYEHUH JKCIIEPTOB-aceccopos. B [143] skcuepram mnpe/iarajioch HeocpeacTBeH-
HO OIEHUBATh MOJIE3HOCTH TeM MO TPEXOA/IHHON NIKaJe, pacCMaTpUBas CIUCKH CJOB,
pamKupoBaHHbIe 110 yobBanuo p(w|t). B memode unwmpysud [51] aus Kazx a0 TeMbI cO-
crapjisercss cruucok u3 10 BepXHUX CJIOB CIHUCKA, B KOTOPBI MCKYCCTBEHHO BHEIPSIETCS
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OJIHO citydaifroe csioBo. Tema cuuTaercst HHTEPIPETUPYEMOM, el OJABJIoNee O0/Ib-
HIMHCTBO IKCIEPTOB IIPaBUJIBHO YKa3blBalOT JIMIIHEE CJIOBO.

B npuK/IaIHBIX COMUOIOIHIECKUX HccaenoBanusx [46, 103, 148| s sxcmepTHOTO Oie-
HUBAHUS TEMBI UCIIOJIB3YIOTCS HE TOJIBKO CHHCKH BEPXHHUX CJIOB, HO U CIHCKH JTOKYMEHTOB
(HOCTOB conMaNbHOl ceTn), paHKUpOBaHHbIE M0 yobBanuio p(d|t). DTa MeTomuka GoJee
TPYJI0EMKA, MOCKOJIbKY 9KCIEPT BbIHYZK/IEH ITPOYUTHIBATH JOKYMeHTbl. Ho ona 6oJiee Ha-
ﬂé}KHa B T€X CJly4dadX, KOI'la HpI/IKﬂaﬂ‘HOI’;I HEeJIbIO TeMaTU1eCKOI'O MOAE/INPOBaHULA ABJId€T-
Cs IIOUCK TeM OIPE/ETEHHOM HAIPABICHHOCTH (HAIPHMED, 00CYK/ICHHIT MEKITHUIECKUX
OTHOIICHHUH B COIUAIBHBIX CETAX), 3aTe€M KAadeCTBEHHOE HMOHUMAHHE CEMAHTUKU KazKI0ii
TeMbl (B YACTHOCTH, KAKHE STHHIHOCTH M KaKHe HPOOIeMbl 3aTPAruBaeT KazK/Ias Tema),
¥ HAKOHEI[ KOJMYECTBEHHOE OleHUBaHUe 00bEMa JaHHOM TeMbl (e, KOrja U KakK 4acTo
BOBHHKAET JaHHbIH 1uckypce) |27, 28].

KorepeHTHOCTb TeMbl. VIHTepnpeTupyeMoCcTb TeM XOTeJ0Ch Obl OIEHUBATH aBTOMAaTHIe-
cku, 6e3 yuactust skcneproB. B cepun pabor 1. Heomana 143, 144, 145| cpenu moytopa
JIECATKOB KpUTepHeB ObLT Hail/IeH TOJBKO OJINH, CUJIBHO KOPPEIUPYIONIUNA ¢ SKCIEPTHBIMHE
OIEHKAMK MHTEPIPETUPYEMOCTH — 9TO Kputepuii Kozepenmmuocmu (coherence).

Tema nasbiBaercst Kozepenmmol (COrIACOBAHHOM), €C/au TepMbl, HaubOJIee YacTble
B JIAHHOM TeMe, HeCJydaifHO 9acTo BCTPEYAIOTCs BMeCTe B JIOKYMEeHTaX KoJuteKiun |144,
145]. KorepeHTHOCTb TeMbI ¢ BBIYUCISAETCS KAK CPETHSIS NOMOYeYHAA 63GUMHAA UHPOD-
mayus (71) mo k manbosee 9acTBIM TepMaM TeMbI (IeM BBIIIE e 3HAYCHHE, TeM JIydIe):

k-1 k
Coh, = ﬁ >N PMI(wy, wy), (96)

i=1 j=i

rje w; — i-it TepM B HopsiiKe yobiBauus @; PMI(u,v) = 1n P,, /P, P,; Py, — 10/ 0Ky~
MEHTOB, B KOTOPBIX T€PMbI U, U XOTs Obl Pa3 BCTPETUJIUCH BMeCTE (B OJIHOM IIPE/JIOZKEHUH
Wi Ha paccrosiuuu ze 6ostee 10 ciioB); P, — 10151 JOKYMEHTOB, B KOTOPBIX T€PM U BCTPe-
THJICS XOTs OBI pas.

Yucsio k o6braao Beibupaior ot 10 g0 20, TaK KaK CYMTAETCs, 9TO ITOTO JTOCTATOYHO
JIJIS ONEHUBAHUA UHTEPIPETUPYEMOCTH TEMbI SKCIIEPTOM.

Dynknus PMI mMoxker oneHuBarbes Kak 110 UCX0HON Koswiekiuu |135], tak u mo cro-
ponHeii, Hanpumep, o Bukunemun [141].

Kozepenmmnocmov modeau omnpenenserca Kak cpeaass Coh; mo Bcem temam t € T

[Tocne pador Hplomana mnepiuiekcus U KOT€PEHTHOCTb HAJI0JI0 CTAJIU «CTAHIAPTOM
Jie-paKTO» JIJId ONCHUBAHUs TeMATHIECKHX MO/JIEIe.

[Tozxke ObLIO 3aMedeno, 4To 1020 caMbIX 4aCTOTHBIX CJIOB, B3dThIX 110 BCEM TeMaM,
3aHUMAIOT B COBOKynHOCTH He Dosiee 1-2% or 00béma TeKkcra, U3 HUX 1mapbl ¢ JOCTATOYHO
oonpmim N, obpasyiorca emé pexke. Takum obpasom, 6osee 99% TEKCTOBOro KOHTEHTA
urHopupyercs (opmyoii korepearnoctu [23]. Bosee Toro, skcrnepTHbIE OIEHKH HHTED-
HPETHPYEMOCTH, 110 KOTOPBIM KaJTMOPOBAJICS BBIOODP KPUTEpHA KOT'€PEHTHOCTH, CTPAIAIOT
OT TOr0 K€ HEeJ0CTAaTKa. JTO, B YACTHOCTH, O3HAYAET, 4TO, B3sIB IIPOM3BOJIHLHbIN ab3all
TEKCTa, MBI ¢ BBICOKOI BEPOSITHOCTHIO CMOYKEM OIPEIE/IMTh €ro IJIABHYIO TeMy, HO 9T0 Oy-
JIyT COBEPIIEHHO HE Te CJIOBA, 10 KOTOPbIM JAHHYIO T€MY HHTEPIPETUPYIOT IKCIEPThI U
10 KOTOPBIM OIEHUBAETCHA KOMepeHTHOCTh. VIHbIMU cjoBamu, riiobaabHasd HHTEPIpeTalus
TEeMBI 110 €€ BEPXHUM CJIOBAM U €€ JIOKaJIbHAs HHTePIpeTalus 110 (pparMeHTy TeKCTa MOTYT
OKa3aThCsl PACCOTIACOBAHHBIME, U KOI'€PEHTHOCTb 9TOIN0 HE YUUTHIBAET.

113



TekcTOBass KOrepeHTHOCTb TeMbl. UTo0bl pemurb 1POOJIEMY PaCCOIIACOBAHHOCTU U
pa3pezKeHHOCTH, 0000IIMM HOHATHE KOrepeHTHOCTH. BBejiéM nmapaMerpu3oBaHHOe ceMeii-
CTBO KOT'€PEHTHOCTell KaK CPeTHeB3BEIIeHHYIO JUCMaHMHYI0 COYEMAEMOCMb Tap TEPMOB:

2w T, 0) c(u, v)
Zu,v Tt(”? U) ’

rie c(u, v) — DYHKIUSA couemaemocmy apbl TepMoB (u, v) B rekcrax, 7 (u, v) — GyHkius
PEAEBAHMHOCTIY TaPbl TepMOB (U, v) Teme t.

Bei6op c(u,v) = PMI(u,v) u r(u,v) = [(put, Ot > topkgowt} HIPUBOJIUT K KOMEPEHTHO-
cru HploMaHa Kak 4acTHOMY Ciydaro. PaspexkKeHHOCTh BO3SHHKAET U3-3a TOTO, YTO peJie-
BAHTHOCTH PaBHA HYJIIO /I MOJAB/ISIONIEr0 OOJIBIIXHCTBA AP TEPMOB. DTO MOXKHO HC-
IIPABUTH, €CJIM ONPEJEUTh €6 MHAYe, HO 00A3aTe/IbHO KAK BO3PACTAIONLYI0 (DYHKIHMIO OT
Qut 1 Py Haupumep, 8341 1(u,v) = \/PurPor wimnt 1(U, V) = [Qyppur > €]. Mozno ske-
IePUMEHTHPOBATH TaKKe ¢ BbioopoM dyHKImu coueraemoct: c(u,v) = (PMI(u,v) — §)4
wia c(u,v) = (Pyy, — P,P,)/\/Pyy, 1 T. 1.

JIis1 BbIUKC/IeHAs KorepeHTHOCTH HboMaHa Mbl mepebupaeM mapbl CAMbIX YaCTOTHBIX
TepMOB TeMbl t u obpamaemcs K Gyakuuu ¢(u, v) = Ny, 3HaUeHUsT KOTOPOii 3apaHee 110-
CYMTAHBI 110 TEKCTaM U coxXpaHeHbl. Ecim MyHKIMs pejleBaHTHOCTU HE Pa3perkeHa, TO BO3-
HUKAIOT BBLIYUC/IUTEbHBIE TPY/IHOCTH ¢ CyMMHPOBaHHeM 1o BeeM napam (u,v) € W2,

Texcmosas Kozepermuocms memo, [23] ocHOBaHA HA JPYrOM MOpsiIKE BBIYUC/IEHHIA.
MpbI Jes1aeM OJUH JUHEHHBIH TPOXO/I 110 BCEM TepMaM B KOJLIEKIUH, U = W1, . . . , Wy, U JJIs
KazK/IOTO TepMa u 1poderaeM 1o ero JIoKajbHoMy KOHTeKcTy, v € (. s kax1oit Takoit
1apbl TePMOB (U, V) U KaxKJIOH TeMbl ¢ AKKYMYJIUPYEM JIBE CYMMbI, YUC/JIUTE/Ib U 3HAMEHA-
Tesib, Jyist Bbraucsenusi Coh,. Tenepnb paspekeHHOCTH pejieBaHTHOCTEN T4(U, V) HE BJusgeT
Ha BBIYHCIUTEIbHYIO 3 deKTuBHOCTL. Bosiee TOro, mpu pacuére KOrepeHTHOCTH BHYT-
pu EM-ajiropurMa BO3HHKAET HOBas BO3SMOXKHOCTb — OIEHHBATH PEJIEBAHTHOCTH TEPMOB
TeMe ¢ yUSTOM HX JIOKAJIBHOTO KOHTeKCTa, Hanpumep, 1(u,v) = /p(t|d, u) p(t|d, v).

Hpe,ﬂ,ﬂO}KeHHaH ITapaMeTpu3alud KOI'€epEHTHOCTHU OCTaBJIAeT OTKPbITBIM BOIIPOC HJId
JIAJIbHEHIIero ucce/ie/loBaHus: Kak 1000parh (pyHKIMKU COYETAeMOCTU U PEeJIEBAHTHOCTH,
9TOOBI MOJYUYATH eNE JIyUMIHi KPUTEPUil Jjisi aBTOMATHYECKOTO OINEHUBAHUS MHTEPIIPe-
TUPYEMOCTH TEM.

COht -

Pa3pe>xeHHOCTb n cemaHTu4eckme sagapa Tem. Pa3pekeHHOCTb MOJIe/In u3Mepsercs
JloJieit HyJieBbIX djieMeHTOB B Marpuiax ® m ©. B mogensx, pasmessdiommux MHOKECTBO
reM 1’ Ha mpenMerHble S U (HOHOBBIE B, pa3peKeHHOCTHh ONMEHHBAETCS TOJTHKO IO CTOJIO-
maMm ¢ u crpokam ©, COOTBETCTBYIOIIMM IIPEIMETHBIM TEMaM.

HemocraTok Takoro ompejesienns pa3pe:kKeHHOCTH B ero Heycroitdmpoctu. Ha mpak-
tuke mMarpunpl ¢ u O moryr comepkarh OOJBHIYIO JIOII0 3HAYEHUIT, OJU3KUX K HYJIIO.
I/IX O6HyﬂeHI/Ie IIPAaKTUYCCKN HE IIOBJIMACT Ha MO/I€/Ib, HO PE3KO INOBBICUT PA3PE2KEHHOCTD.

B |103] upegiaraercst caurtarb CYuCmMEEHHbLMU JHIIb T€ YCJIOBHBIE BEPOSITHOCTH,
3HAYCHHUSA KOTOPBIX BBIIIE, YeM Y PABHOMEDHOI'O pacIiIpee/IeHus:

Wt:{erW}QOWt>|—V%/‘},
Td:{tET}th>ﬁ}.

B skcmepumventax ma 300 ThICA9aX MOCTOB conmuaabHOI ceTtn mpu 120 Temax pa3perKeH-
nocts ¢ npesbicuiaa 96%, paspexennocrts © — 88%. Ilpu 3TOM 4MCIO €I0B, BOLIEINIMX
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x0T Obl B OJiHO U3 MHOzKeCTB W, OKazajioch paBHbIM 8 ThicgyaM 1pu cjoBape 154 Tbi-
cauM CJI0B. Takoil 10J1X0/1 1103BOJII€T COKPATUTh CJI0BAPb JI0 MUHUMAJILHOIO Habopa Te-
MaTHYEeCKH PeJeBAHTHBIX CJIOB. Ecam TpebyeTcs ympaBasaTh pa3pezKeHHOCTHIO MOJETH, TO
HPUIETCA BBOIUTH YCJIOBHULA Oy > 0o, Oig > 6y u mombuparsb moporu g, ty.

B [195]| mpeiaraercs onpesiesisiTh cemarmuueckoe A0po memv, KaK MHOKECTBO CJIOB,
KOTOpbIE € DOJIbIION BEPOSITHOCTHIO YIOTPEOJILIOTCH B TeMe t U PeJIKO yIoTped IsdroTcs
B apyrux remax: W, = {w € W ‘ p(t|w) > 0.25}, rae p(t|w) = Putpt. Hopor 0.25 Gl
000 paH SMIUPUIECKUM ITyTéM npu gncie rem |T'| = 100. st Apyrux JaHHBIX U IPYTOrO
qUcIa TeM, ero, BOSMOXKHO, IPUAETC MOI0MPATh 3aHOBO.

HezaBucumo ot Toro, Kakmm oOpas3oM OHpefesseTcd CeMaHTHIECKOe PO, BBeIEM
HECKOJIBKO II0Ka3areJieil, XapaKTepu3yIoluX pa3pekeHHoCcTb TeMbl ¢ € T Kak croJjidna
Marpuiibl P:

w
Ker, = |W;| — pasmep adpa (onrumym HEMHOTO BbIIe u);

T
Pur, = > p(wl|t) — wucmoma (1em Beiire, Tem srydrie);
weWy
Con; = ﬁ > p(t|w) — kowmpacmmuocmo (dem BbIIie, TeM JIydIile);
weWy
H t .
logLift, = ﬁ > log % — nodsém (demM BBIIIe, TeM JIydIle).
weWy

Jlas Mozmenn B TeJIOM 3TH ITOKA3aTeId OMPEeIeIAI0TCa IMyTEM YCPeJIHEeHHs II0 BCeM
npeaMeTHBIM TeMaM t € S. KocBeHHO OHE ABJISIIOTCS TaKzKe H MepOil HHTePIPeTHPYeMO-
CTU MOJIEJIH, MOCKOJIbKY MHTEPIPETHPYEMbIE TeMbl JIOJIZKHBI ObITh pa3pezKeHbl, 00/1aas
HE CJUIIKOM MAJIEHBKUM, HO U HE CJIMIIKOM OOJIBIINM CEMAHTUIECKUM SJIPOM.

Jlorapudmuaeckuit Kpurepuit aucToThl (m0xbéM) Tembl logLift mokasbiBaer, Ha CKOJIb-
KO MOPSJIKOB YaCTOTa TEPMOB M3 CEMAHTHIECKOI'O SIAPa TEMBI IIPEBBINIAET UX OOBITHYIO
qactory B Kosutekiun p(w). Ou Gbl1 npeyioxen B [185] 1jsi cOpTHPOBKE TepMOB IpU
BU3YaJM3AIUE TEeMbl B 110JIb30BaTEIbCKOM uHTEepdeiice. B |73] 6bu10 npe/oxkeno ycpe-
b loglift mo & = 30 k/0o4ueBbIM ciioBaM B Kazkji0it Teme. BbLio mokaszaHo, 94To cpejHuii
logLift cBst3an ¢ mogeit mH(MOPMATUBHBIX CJI0B B T€Max, U 9TO OH 3HAYUMO KOPPEIupyer
C 9KCIIEPTHBIME OIEHKAMH KA9IeCTBA TEM.

Oonsa doHoBoit nekcuku. Ilycrs B C T — noaMHOKeCTBO (DOHOBBIX TEM, B KOTOPBIX
cobpana obmeynorpedbuTebHasd Jekcuka. OupeaenauM doaro hornosol sekcuku s BCei
KOJLJIEKIIMH ¥ JIJI OTJIEIbHOrO JIOKYMeHTa d:

Bgr = %Zzzndwp(”d’ w);

deD wed teB

Bery = - > > naupt]d.w).

wed teB

o dponosoit mekcuku npuauMaeT 3uaderus or 0 10 1. Eciau ona 6sim3ka K 0, To Mo-
JieJib He CIIOCOOHA BbIJIEJISATH CJIOBA OOIIEH JIEKCHMKHU, €CJIu 2Ke OHa OJim3Ka K 1, TO 3TO
CBHJIETEJIbCTBYET O BBIPOXKJICHUU MOJE/IN. B clenuaJ u3upoBaHHBIX TEKCTaX y3KUX IPe/I-
MeTHBIX OOJsiacTei 101 POHOBOI Jlekcukn MozxKer cocrasiaarb or 30% 10 90%.

Bosmoxkna cutyarus, Korja cpe/inee o KOJIJIeKIUU 3Hadenne Bgr ykiaapiBaeTcda B 3TU
OpPUEHTUPOBOYHBIE HOPMBI, OTHAKO Bgr,; BEIXOAUT 3a MX HpeJesibl /1 3HAYATEIbHOMH J10-
JIK JIOKYMEHTOB. DTO MOYKET I'OBOPUTH KaK O HAJUIMU AHOMAJIbHBIX WA <«MYCOPHBIX»
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JIOKYMEHTOB B KOJLJIEKIUH, TaK U O HEJIOCTATKAaX MOJIEJTHMPOBaHMSA. AHAJIN3 aHOMAaJIbHBIX
JIOKYMEHTOB MOZKET IIPUBECTU K IIOHUMAHUIO 3TUX HEJOCTATKOB C HOC/Ie/yIoleil Moaudu-
Karuyeil MOJIeJIl, pery/ispu3aTopoB WU KPUTEPHUEB KavdeCTBA.

Takue KpuTepuu, Kak pa3peKeHHOCTh, pa3Mep si/ipa WK 101 (POHOBOM JIEKCHKH MO-
I'YT UCIOJIBb30BATHCA JI/Isi KOHTPOJIA U30BITOYHOTO PAa3peKUBAHU MOJIC/IH.

PaznuyHocTtb Tem. Beejém dyukimio paccrosuus Mexy remMamu p(t, §) Kak BEKTOP-
crosibuamu p(w|t) u p(w|s) marpunst ®. Oupejeum Jijis KaxK 0l TeMbl t DACCTOSTHUE JI0
OsimzKaiiieit K Heil TeMBI S:

Dist, = min p(t, s).
e = i (6 )

Ecan paccrosiaue Disty 10 Onmzkaiinieit Tembr § 6J1M3K0 K HYJIIO, TO TeMbI ¢ ¥ § MOYKHO
cuutarh jryosmkaramMu. Bo3amMozxKHO, 3T TeMbl CJ1e/I0BaJIO0 Obl 00bEeIUHUTD.

Ecan paccrosuus Dist; BeJluKu 1711 BCEX TeM, TO 9TO 03HAYAET, IYTO BCe TeMBbI IIOIapPHO
CYIIECTBEHHO PA3JIMIHBI, TO €CTh MOJIE/Ib LOPOULO 0eKOPPEAUPOBUHA.

Paccrosinust mexk iy TeMaMu Kak cro/ionamu Marpuiibl ¢ MOXKHO OLpeJesTh 10-pas3-
HOMY. OOBIYHO HCIIOIB3YETCS OJHO M3 CJICLYIOIUX:

> w PusPu
p(t,s) =1— AL t<p2t)1/2 — KOCHHYCHOE PaCCTOSHUE; (97)

pt,s) = <% > (VPws — VPt )2> R paccrosinue XeJIHHIepa; (98)
p(t,s) =1—|W,NnW4|: |W,UW,| — paccrosinue 2Kakkapa; (99)

e Wy u W, — cemanTudeckue sijipa TeM.

BbiBoabl no rnase 17

e 3aja4ya TeMaTHIeCKOr0 MOJEeJTNPOBaHUS HEKOPPEKTHO MocTaBieHa. /[y peryngapu-
zanuu penrenns B ARTM ucnosibsyercst MuOrokpurepuaibuas onrumusaius. Coor-
BETCTBEHHO, U KQ4€CTBO MOJIE/IU JIOJIZKHO U3MEPIThCS MHOI'MMU KPUTEPUSIMHU.

e B npukiaJHbIX HCCIET0BAHUSIX OOBITHO OIPAHUYUBAIOTCS U3MEPEHHEeM IePILTIEKCHT
U KOI'€pEHTHOCTHU. K COZKaJIEHUIO, 9TOI'0 HE AO0CTAaTOYHO, HO TaKad IIPpaKTHUKa BECbMa
pacipocTpaHeHa.

e B JlanHoil rj1aBe onucanbl KpUTEPUU JIJIsi aHAJIU3a PA3J/IMYHBbIX ACIIEKTOB KayecTBa
KaK OTJ/IEJIbHBIX T€M, TaK U MOJe/U B 1ej oM. Mbl OrpaHUYU/IMCH JIUIIIbL BHYTPEHHU-
MU KPUTEPUSIMU; BHEIIHUX KPUTEPUEB IOpa3/io O0Jiblle, HO OHU Clielupuyunbl Jijis
[PUKJIATHBIX 3371249,

e Ocraércst OTKPBITHIM BOIPOC O 10100pe (DYHKIUN COUeTaeMOCTH U PEJIEBAHTHOCTU
B lIapaMeTPU30BAaHHOM ceMeicTBe KOI'epeHTHOCTE! 1yTéM KaJuOPOBKY HA MAKCUMYM
KOppeIdaIUd C IKCIIEPTHBIMU OICHKAMH HHTEPIPETUPYEMOCTH TEM.

e B miaBe 18 Mbl paccMOTpUM CeMeUCTBO KPUTEPHUEB JIJIsi TECTUPOBAHUS TMIIOTE3b
YCJIOBHOI HE3aBHCUMOCTH — OJHOTO U3 KJKYEBBIX JOIYIIECHUI BEPOATHOCTHOIO Te-
MaTHYEeCKOTO MOAECIAPOBAHUI.

116



18 Kputepnn ycioBHOW HE3aBUCUMOCTN

['unoresa yc/IOBHOI HE3aBUCUMOCTH SBJII€TCS OA30BBIM IPE/INOI0KEHUEM BEPOSITHOCT-
HOT'O TeMaTHYeCKOIo Mojie/iupoBanusd. [lpu mocTpoeHnn BepoOSTHOCTHBIX MOJIE/Ieil M0 M-
HUPUIECKUM JIAHHBIM 0a30BbIe JOIYIIEHUs ITPUHSATO HPOBEPSTH MOC/IE TOIO, KaK MOJIE/Ib
nocrpoena. Hanpumep, aHa/iu3 perpecCHOHHBIX OCTATKOB COJIEPYKUT B CBOEM apceHaJie
JIECSITKU TECTOB JIJIsl IIPOBEPKH CTATHUCTUYECKUX I'MIIOTE3 O CBOMCTBAX OCTATKOB — HE3aBH-
CUMOCTHU, HEKOPPEJIUPOBAHHOCTU, HOPMAJIbHOCTH, HYJIEBOI'O MATEMATUIECKOTO OXKHUIAHUSI,
[OCTOSIHCTBA JIUCIIEPCHH, U T. .

CrarucTuyeckuii aHaau3 aJIeKBATHOCTH BEPOATHOCTHBIX TEMAaTHYECKHX MOoJeseit
HEe HACTOJIbKO XOPOIIO pa3padoTaH, XOTsS M3BECTHHI OTJIe/IbHbIe PAOOTHI B 3TOM HalpaBJie-
mnu [202, 131, 73].

B nannoii rytaBe Mbl BBEJIEM CEMEHCTBO CpeIHEB3BEIIEHHBIX CTATUCTHK, ITO3BOJISIONIAX
U3MepATh CEeMAHTUIECKYIO OJTHOPOJTHOCTDH TEMbI, COIVIACOBAHHOCTD JIOKYMEHTOB U T€PMOB
¢ Temoii. Heoxkn1anHo 0OHAPYZKHUTCS, 9TO HEPILIEKCHS TOKe IPUHA/JIEZKHT ITOMY CeMeii-
CTBY CTATUCTUK W JOIIYCKAeT MHTEePeCcHbie 0000IIeHus.

f'MnoTe3a ycnOBHOW HE3AaBUCUMOCTMU JIOIYCKAET TPU SKBUBAJIEHTHBIX CIIOCODA 3AIIMCH:

p(w,d|t) = p(w|t) p(d|t); (100)
p(w|d,t) = p(w]t); (101)
p(dw,t) = p(d|t). (102)

Ha mpakTumke Bce 3TH pacuopeneeHuss HEM3BeCTHLI. llocjie HmOCTpoeHHms MOIe/n
(n ma kaxjom mare EM-ajaropurMa) g0CTYHHbBI JIMIIb ONEHKH THX DACIPe/IeJeHHi.
B kaxk/JIoM U3 TPEX paBeHCTB paclipeje/eHue B IpaBoil 4aCTu OLCHUBACTCH 110 OOJIbLIEMY
00bEMY JIaHHBIX, YeM paciipeje/ienue B JjieBoit dactu. [[lodromy B KadecrBe HYJI€BOW I'-
noTe3nl OymeM GpaThb HPeIIoI0KeHHe, ITO SMIUPUYECKOe PACIPEIeJICHIe B JeBOil 4acTu
IOPOKIAELTCs (COMTTACYETCS ) BEPOSTHOCTHOM MOJENBIO U3 MPaBOil 4acTH.

Hecmorps Ha hopMasibHy 10 SKBUBAJIEHTHOCTH, Tpu mpeacrasienus (100), (101), (102)
IPUBOIAT K TPEM Pa3JUIHBIM KOHCTPYKIUAM CTATUCTHYECKUX TECTOB € PA3HLIMH BO3-
MOZKHOCTSIMH IIPHMEHEHUS.

Paccmorpum ux moapodHee.

1. Pagencrso (100) rpancdopmupyercsi B HyJIeByIO IHIIOTE3Y O TOM, 9TO Jijisi 3a,/aHHO
TeMbl ¢ COBMECTHOE paCIpe/ieIeHre TePMOB B JOKYMEHTaX MOPOKIaeTcs (paKTOpU30BaH-
HBIM pacIlpejeeHneM:

Ho: plw,d[t) ~ p(w|t) p(d]t). (103)

JI1st IpOBEPKY IAHHOMN IMIIOTE3bl MOKHO HCIIOJIH30BATH CTATUCTUKY B3auMHOI nH(Op-
Maluu, npeiokentyio B [131]:

p(w, d|t)

Sy = KL(p(w,d|1) || e 0p(d) = 303 b, d|t) 02 os.

deD wed

st nojiydenusi yJ0OHO# BbIYUC/IUTE/IbHON (DOPMYJIbI BOCIIOJIB3YEMCs OLIPE/Ie/IeHueM
ycsioBHO# Beposithoctu: p(w, d|t) = p(t|d,w)ﬁ(w|d)%, p(d|t) = p(t|d)%, dbopmyuioit
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E-mara (16) u gacrornoii onenkoii yciaosnoit sepogruocrn p(w,d|t) = *a. Tlogcrasum
LOJIyYEHHbIE BbIPaKeHus B S;:

Pl dlt) _p(tld w)plowld) _ paw o0 Blwld),

p(w|t)p(d]t) — plw[t)pt|d)  Puiba ~ p(wld)’
Nidw  P(w|d) ( plwld)
S, = In = avg| Negu, In ——= |, (104)
22 g pwld)
rae avg (i, x;) = % — CpeJHEB3BEIICHHOe 3HAYCHHN x; ¢ BecaMu ;, 1 € I.
icl ieri

Crarucruka S; paBHa CPeJHEB3BEIICHHOMY 3HAYCHMIO Jiorapudmuyeckoii dynKimun
norepsb £(w,d) = In z&z}z; 110 BCEM TepMaM W BCeX JOKYMEHTOB d, B3SATBIM C BECAMHU Tligy.
[Torepst £(w, d) mosoxureasua, korga p(w|d) < p(w|d). Ilorepst rem Bbliie, Yem XyxKe
MO/JIeJIb LPEJICKA3bIBAET MOsIBJICHUE TepMa B JOKyMeHnTe p(w |d) 1mo cpaBHEHHIO ¢ TPUBH-
aJIbHOI 1aCTOTHOM oneHKol p(w|d) = 5.
Crarucruka S; SBJISETCS MepOil CeMAHTHIECKOH HEOTHOPOTHOCTH TeMbl t. deM 60Jib-

me S;, TeM XyzKe Tema. dem GOJIbIe B MOJEIN CEMAHTHIECKH HEOIHOPOIHBIX TEM, TEM

XyzKe MOJIE/Ib B 11eJIOM. BO3MOXKHO, TAKyIO MO/IE/Ib CJIe/IYyeT ePECTPOUTh, YBEJIUIUB YUCJIO
rem |T'], iubo pacuienurb TeMbl ¢ HAUOOJIBIIUMHU Sy HA HOATEMbI B UEPAPXUIECKON MOJIEJIN.

2. Pagenctso (101) rparcdopMupyercs B HYJI€BYIO THIOTE3Y O TOM, YTO SMIUPUAIECKOE
pacipejie/ieHre TePMOB TeMbI ¢ B JOKYMeHTe d TIOPOKIaeTcs OOIUM /I BCeX JIOKYMEHTOB
pacupe/ieileHueM TEPMOB!

Ho:  pwld,t) ~ p(w]t). (105)

Jl1g mpoBepKu JAaHHOI TMIOTE3bl OTHOCHTETHHO (PUKCHPOBAHHOTO JOKYMEHTA d BBe-
JIEM CTAaTUCTUKY Ha ocHOBe KL-nmuBepreHnuu u, omyckas aHAJOTHYHBIE BBHIKIAIKH, 3AIIH-
meM eé depes cpe/lHeB3BenieHHoe JiorapudMuieckoit (pyHKIuu 1morepb:

Sia = KL(p(w|d, t) || p(w]t)) = avg (ntdw, lnM). (106)
wed p('lU | d)

Crarucruka Sy u3MepsieT HeCOIJIAaCOBAHHOCTD JIOKYMeHTa, d ¢ TeMoi t.

Yem Oosibllie 3HaUeHHE Sy, TeM XyzKe TeMa OIpejeseHa B JOKyMeHTe. AHOMaJIbHO
BBICOKHE 3HAYEHUS S;y MOIYT FOBOPHUTH O HEJIOCTATOYHOM UIHCJIe UTeparuil I/ JTaHHOTO
JIOKYMEHTa WJIK O HAJUYINN B HEM HOBBIX HEM3BECTHBIX TeM. AHOMAJILHO HU3KHE 3HATe-
Hust Sig MOTYT CJIYyZKHTH KpUTepreMm 0TO0pa JIOKYMEHTOB, Hanbo/Iee Pe/IeBAHTHBIX JTaHHO
TeMe 1Ipu CyMMapu3aluu UJIW BU3YyaJIu3alluu TE€MBbI.

3. Pasenctio (102) TpancdopMupyercs B HyJI€BYO FHIIOTE3Y O TOM, YTO SMITHPHIECKOE
pacipejie/ieHre TepMa w 10 JOKYMEeHTaM B TeMe ¢ IOpPOKIAeTCs OOIIUM JIjIs BCeX TePMOB
pacupesesnenneM p(d|t):

Hy:  pld]w,t) ~ p(d]t). (107)

J11g mpoBepKH JTaHHOI THIOTE3bI OTHOCUTETBHO TepMa W BBEJEM CTATHCTHKY Ha OC-
HoBe KL-nmuBeprennun. CHOBa ommycKas BBIKJIAIKN, 3AMANIEM €€ depe3 CcpeHeB3BelleHHOe
JiorapudmMuyueckoil (PyHKIUU 1OTEPD:

Swt = KL(p(d|w,t) || p(d|t)) = 3;/% (ntdw,ln %) (108)
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Crarucruka S,,; u3Mepsier HEeCOIVIaCOBAHHOCTb TepMa W ¢ TeMOoi t.

AHOMAJIBHO BBICOKHE 3HAYEHUS Syyy MOTYT TOBOPUTH O TOM, YTO T€PM OTHOCHTCH K 00-
mEeynoTpedbuTe IbHOI JiekcuKe. /Ij1d BbIje/ieHns TaKuX TepMOB B (POHOBBIE TEMbI MOYKHO
VCUIUTD PEry/IspH3aTOpbl IeKOPPEJUPOBaHs U criaaxKkuBauus [196].

AHOMAaIbHO HU3KHE 3HAYEHHUS S,y TOBOPAT O TOM, ITO TEPM W BXOIUT B CEMAHTUIECKOE
sJIpo TeMbl. Tembl, cojepzkaliie 00JIbIIOe YUC/IO0 TAKUX TEPMOB, MOI'YT ObITh 0OPa30BaHbI
mabJIOHHBIME (hpa3aMu, 9aCTO HOBTOPSIIOMMMECS B TeKcTaX KoJutekiun [131].

J1j1st IpOBEPKH CTATUCTHIECKOIT TUIIOTE3bl 00 YCJIOBHOI HE3aBUCHMOCTH 3HAYECHUE CTa-
TUCTUKK S, 1Peodpasyercst B JIOCTHraeMblil ypoBeHb 3HauumocTu p-value = F'(S,), rue
F — dyukinus pacupejesieHusi CTATHCTUKE Sy, IOy YeHHAs] B YCJIOBUSAX HCTUHHOCTH HYJIe-
BO# runoresbl. Ecau qocTuraeMplit ypoBeHb 3HATUMOCTH OJIM30K K €JIMHUIE, TO JIeTAeTCs
BBIBOJ[, UTO JIaHHBIE POTHBOpeYAT HyJeBoil rumorese. Oyukuus pacupemenenns F(.S,)
CTPOUTCH MO CHHTETHYECKOHl KOJLIEKIHH, FeHepUPYeMON HyTéM COIMILTHPOBAHUS TEPMOB
w ~ p(w|d) remarnaeckoii Mmogeanio [20].

CpegHeB3BelleHHble CTAaTUCTUKM HecoraacoBaHHOCTU. OO00IKMM BBEIEHHBIE BBIIIIE
craructuku Sy, Syg, Sy HA CJydail upousBo/ibHOI MyHKuuu norepsb (d, w):
Sy = avg (ntdw, /(d, w)) — HEOJHOPOIHOCTb TE€MBbI ¢ B KOJLIEKIIHH;
N

Siq = avg (ntdw, ((d, w)) — HEeCOIJIACOBAHHOCTDH JIOKyMeHTa, d ¢ TeMOii t;
wed

Swi = avg (ntdw, ((d, w)) — HECOIVIACOBAHHOCTb T€PMa W C TeMO t.
deD

I[Ipu norapudmuieckoit dpyuxnun noreps £(d, w) = In 2 (w| 000DIIEHHBIE CTATUCTUKI

St, Sta, Swt mepexonar B (104), (106), (108) cooTBeTCTBEHHO.

B obmiem citydae nmorpedyem, 4ro0bl (DyHKIMS IOTEPh HE 3aBHCE/Ia OT T€Mbl U 9TOObI
suavenue £(d, w) ObLIO TEM BbIIE, Y€M XyZKe MOJIEJIb PEICKA3bIBACT HOABJICHUE TEPMA, W
B JIOKyMeHTe d.

Paccmorpum gacThble ciydan 3TOi oOIeil KOHCTPYKITHH.

Mepnnekcns tembl. 3ameTum, 9TO JiorapudM MepIIeKCHH TeMaTI/IquKoﬁ MOJIEIN MOZK-
HO 3allCaTh Yepe3 CpejHeB3BeneHHy o GbyHKuo norepb £(d, w) = In —— npuvém Kak
JJIA BCel KOJIJICKIIMH, TaK U JJId OTAEC/JIbHOT'O JJOKYyMeEeHTa:

W\d)

In Perp = 3:/”% (Mtdu; In m) = EZng (Mdw, In p(w|d))

In Perpy = avg (1w, I 5rrg) = ave (naw: In 5era;)-

w,t
STO 1IO3BOJIdEeT PaCIPOCTPAHUTD ITIOHATHE HIEPIJIEKCUU Ha OT/JA€J/IbHbl€ TeMbl, 4YTO paHee
HUKOIJIA He JIeJIAJI0Ch, IIPUYEM NEePnAeKcus membt t oupeieasiercs KaK Jjist Beeil KoJlIeK-
1, Tak U JJid OTAECJIbHOT'O JJOKYyMEHTa:
_ _ 1.
InPerp, =5; = avg (ntdw, In p(w‘d)),

d,w

In Perp,; = Sig = avg(nigw, In = ).
td = Dtd we§( s 10 5

3HaHeHI/Ie IIEPIIJIEKCUN I er He oIIpeaejaceHoO, €CINU Nidy = 0 JId BCeX W € d TO €CThb
td ) )
€CJIn TeMa IIOJIHOCTBIO OTCYTCTBYET B JJOKYMEHTE.
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Mepbl HecornacoBaHHOCTHU, TOMIEPAHTHbIE K NOBTOPSAEMOCTUN CNoB. ['uroresa ycjios-
HOIl HE3ABUCHMOCTH SIBJISIETCS U30BITOYHO CHJIBHBIM JlonylieHnem. Hekoropbie si3bIKOBbIE
daBJIeHUs MOryT (bOpMaJIbHO HApyIIaTh €€, Jake IIPH YCJAOBUU, UTO T€MbI OCTAIOTCHA Ce-
MaHTHIECKH OTHOPOIHBIMH.

Hanpumep, saBienne nosmopaemocmu caos (word burstiness) — eciu cJioBo BCTpe-
TUJIOCH B TEKCTE OJMH Pa3, TO OHO € DOJIBIION BEpOsITHOCTHIO Berperutcs emé |68, 111].
B Hay4HO-TEXHHYECKUX TEKCTaX TO CBA3aHO C TPeOOBAHUSIMH €JIMHCTBA TEPMUHOJIOIUH.
Kpowme Toro, aBrop MoKeT uMeTh CBOU JIEKCUYECKHE HPEIIOUYTEeHs, YIOTPED/ISATh HEe BCE
CHHOHUMBI, WJIM YIIOMUHATH HE BCe aCHeKThl TeMbl. B pe3ynbTaTe TOKYMEHT MOXKET CO-
JiepzKaTh HAMHOI'O MEHBIIIEe CJIOB T€MbI, IIPH 3TOM HEKOTOPbIE M3 HUX OYIAYT BCTpedaTb-
cd HAMHOTO Yalle, YeM MOKHO ObLIO Obl OKH/IATh IPH CTPOIrOM BBLIMOJTHEHUU THIIOTE3bI
YCJIOBHONl HE3aBUCUMOCTHU.

Yro0bI ¢aeaaTh CTATUCTUKH Sy, Sig, Syt TOJEPAHTHBIMU K HOBTOPSIEMOCTH CJIOB, 3aMe-
HUM Y9aCTOThI CJIOB B JOKYMEHTAX M4, OUHAPHBIMU UHIUKATOPAMHU bgy = [Ngw = 1]:

St = avg (bdwptdw> f(da 'lU))7

d,w

Sta = aV% (bdwptdwa ((d, w));
we

Swt = avg (bdwptdwa £(d, w)) .
deD

Yro0bl (DYHKIMIO HOTEPH TAKKE CJEJIATh TOJEPAHTHON K HOBTOPAEMOCTH, Oy/IeM CpaB-
HUBATH MOJIEJIbHYIO BepoaTHOCTh p(w |d) ¢ dacToTHON oneHkoil p(w |d) = 21—:, Jtst OB
HOCTH YMHOYKEHHOIT Ha 1mapamerp « (YMeHbIIeHHe v JieJiaeT CTAaTHCTHKE elé 6osiee ToJie-
DAHTHBIMH K HADYIICHUSIM HYJIEBOM IMIOTE3bI):

U(d,w) = [p(w|d) < a%—ﬂ.

Tenepb cratucturu Sy, Sy, Sy IPUHAMAIOT 3HaUeHUs U3 oTpe3ka [0, 1] 1 BeIpazKaroT
JIOJTII0 TEPMOB TeMbI ¢, JJIsi KOTOPBIX MOJIE/Ib MPE/ICKA3bIBACT CJIMINKOM MAJIyIO BEPOSIT-
HOCTb. DBJlarojapst crosib yHUBEpPCaIbHOU UHTEPIIPEeTAlM CTATUCTUKU ¢ OuHAPHOHN (DyHK-
nueil moTepb MOYKHO UCIOJIB30BATD [/ CPABHEHUS TeM B MOJEJIX C PA3IUIHBIM YHCIOM
TeM, C PA3JIUIHBIMU CJOBAPSIME U JayKe MOCTPOEHHBIX MO PA3TMIHBIM KOJIEKIIHIM.

Oueeprenuna Kpeccn—Pwupa. Ilpu dpyukiuu norepnb

1 plw]d)\*

A+ 1) \\ p(w]|d) -1

Ud,w) =

00OOIIEHHbIE CpeHEeB3BEIIeHHbIe CTATHCTHKY MepexondaT B auBeprennuio Kpeccu-Puma.
D10 napamMerpuveckoe ceMeiCTBO CTATHCTUK HCIOJIb3yeTcs B KadecTBe 0000IieHus cra-
THCTHKY XU-KBajpar [[upcoHa Jijisi MPOBEPKH I'MIIOTE3bI O COIVIACUHU IMITMPUIECKOTO PaC-
IpeJIeJIeHns ¢ 33/ JAHHBIM JIMCKPETHBIM pacupesesenneM [61].

[Ipu koHKpeTHbIX 3HadYeHusx mapamerpa A guBeprennus Kpeccu—Pumga nepexoaur
(C TOYHOCTBIO JI0 MHOZKHUTEJIS) B CTATUCTUKY Xu-KBapar [lupcona (A = 1), nuBepreniuio
Kynb6aka—/leitbnepa (A — 0), craructuky ®@pumana—TbOKI WK paccTogHue XeJInHre-
pa (A= —%), MOJIM(PUIIMPOBAHHYIO CTATUCTUKY JIOrapudMa OTHOIIEHUS PAB/IOI0I00UI
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(A = —1), MmoaudunupoBaHHYIO CTATUCTUKY XH-KBaJApar HeiimaHna win B3BelIeHHOE €B-
KJIJI0BO paccrostaue (A = —2). Bee 911 crarucruku sBJIsSIOTCS HECUMMETPUIHBIMU (34 UC-
KJIFOUEHHEeM DACCTOHUs XeJTHHrepa) (DYHKIUIME Mapbl TUCKPETHBIX PACTpe/Ie/IeH .
[IpeumytiecTBO Takoil mapaMeTpU3alliid B TOM, 4TO CBO0O/IOII BBIOOpa MapameTpa A
MOKHO PACIOPSIUTHCS JIJI ONTUMU3AINANA KAKOr0-/TH00 BHEIIHErO KPUTEPHs KadecTBa.

BbiBogbl no rnase 18

CucreMaTndecKnii MOJAX0/ K OINEHUBAHUIO aJIEKBATHOCTH IIOCTPOECHHON TemaTude-
CKOU MOJIeJIN 3aKJII0YaeTCd B IMMPOBEPKE OCHOBHOTO BEPOATHOCTHOIO JIONYIIEHUS —
TATIOTE3Bl YCJIOBHOU HE3aBUCUMOCTH.

JLj1st nocTpoeHust COOTBETCTBYIONIEIO CTATUCTUYECKOI'O TeCTa BBOIATCH 0D00IIEHHbIE
CPeHEB3BEIIeHHbIE CTATHCTUKU Sy, Sy, St

OHU 1103BOJISIOT OIEHUTH, HACKOJBKO IJIOXa TeMa © B IEJOM JijIsi MOJIEJIH, B KOH-
KPETHOM JIOKYyMeHTe d, Jjisi KOHKPETHOI'O TepMa, w.

PaH)KI/IpOBaHI/Ie TeM, JOKYMEHTOB, TEPMOB 110 3HAYCHUAM ITUX CTATUCTUK I103BOJIAET
BblABJIATb KaK HaW/Jlydliue, TaK U HauXyAlmue TeMbl, JOKYMEHTbl, T€pPMbI. Pe3yﬂb—
TAaTOM MOZKET 6bITb Jiyduiee 1nmoHuMaHue MOJICJIMn WJIM HPUHATHE JIydIIUX peH_IeHI/Iﬁ
0 eé MoauUKAIUNL.

Kouncrpykiust srux crarucruk ejgunoobpasna. Menss B Heil Beca u (DyHKIHUIO 110-
Tepb, MOYKHO JIeJIaTh UX TOJEPAHTHBIMU K ONPeIeTEHHBIM OTKJIOHEHUSM MOJETH OT
TUIOTe3bl YCIOBHOU HE3aBUCHMOCTH.
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19 OcobeHHocTn peannsaunn EM-anropntma

EM-ajiropur™ B TeMaTHYECKOM MOJEJIUPOBAHUE — ITO METOJ| IPOCTHIX UTEPAIMl J1ist
pemtennst cucreMsl ypasaenuii Buga (16)—(18) B ciydae 0ObIYHON ABYXMATPUUHON MO-
e wnn (41)—(43) ana mynbraMonaabaoit Mogenu win (53)—(55) musa runeprpadosoit
Mojie . Pean3anun UTepaIIOHHOTO IIPOIEcca MOIYT OTIHYATHCS HOPSIKOM BBIUUC/IE-
uuit 1o dhopmynam E-nrara u M-mrara. B panunonansaom Bapuante (Asroputm 2, crp. 15)
KazKJlasi HTepaliisi BHIIOJIHSETCS 33, OJIMH [IPOXOJL [0 BCEM TePMaM BCeX JIOKYMEHTOB, B pe-
3yJIbTaTe KOTOPOro (POPMUPYIOTCS CUETUUKH My, N¢g U OOHOBJISIIOTCSI ITADAMETPBI MOJIEJIN
Yuwt, Big. B 1anHol ryraBe 00CYKIAIOTCA NPUEMBI YJIYUIIEHUs] CXOAUMOCTH U OCOOEHHOCTH
OPraHU3aIIH YTOIO UTEPAIUOHHOIO IPONECca /it OOJIBIINX TeKCTOBBIX KOJIIEKITHIA.

MakeTHbI anropuTm Mo3BoJsgeT 00padATHIBATH KOJIIEKIIUH JIOKYMEHTOB, He IIOMEeIalo-
Iuecsd B ONEpaTUBHYIO naMaThb. Komtekiusa D paszdbuBaercd Ha nakersl Dy, b=1,..., B,
KazKJIplil U3 KOTOPBIX XpPaHHUTCA B oT/ebHOM baitine. [lakeTsl oOpabaThIBalOTCA IO Ove-
peau. Kaxkplit maker 3arpyzaercs B HaMsiTh, OOHOBJsieT MaTpuily ¢ u BbIIpyKaeTCs,
0CcBODOXK 1asi TAMATD JijIst 00pabOTKHU CJIe/IyIOINIero MnakeTa.

®ynknus ProcessBatches ofGpabarsiBaer 3a omun pa3 MHO)KecTBO maketoB {D},
cm. Ajiropurm 6. jist Kazk10ro JIOKyMenTa d Kazk10r0 U3 HakeToB Dy, NpOu3BOAITCS UTe-
panuu BeKTOpa Oy co BerpoerubiM E-trarom npu pukcuposanunoit marpune ®. Ha mocsre -
Hell urepanuu J0KyMEHTa OOHOBJISIIOTCS CUYETUYUKU Ty TEKYHIErO IMaKeTa.

OddaitHoBbIit 1 OHJIATHOBBI AJITOPUTM — ITO JIBE PA3HbIE CTPATEIMH ArPEruPOBAHUS
CIETUYUKOB Ny, MOJYIAEMBIX OT PA3HBIX MAKETOB.

Oddnaiivosbii  anroputm  FitOffline cosepuraer muoro mpoxomos mo kKosuieknuu.
Ha kazk10M 1poxo/ie CUETUYUKU Ny POpMUPYIOTCS 1IPU (DuKcupoBaHHO# MatTpune ® u cym-
MUDPYIOTCS 10 BceM AokyMeHTaM. OOHoBiIeHNe P ¢ yIéTOM BCeX peryiaspu3aTopoOB HPOU3-
BOJIUTCS B KOHIIE KazK/I0r0o mpoxoaa Koteknuu. OdduraitHoBbIil pe:kuM OpHeHTHPOBAH HA
00pabOTKy OTHOCHTEILHO HEOOJIBIINX KOJICKITHIA.

OwnnaiinoBobii anroputm FitOnline 6b11 mpegioxken st mogean LDA B [85], mo3zxe
st mozesin PLSA B [36]. On peanmsoBan B 6HOIHOTEKAX MAIIHHHOTO 00ydenus Vowpal
Wabbit, Gensim, BigARTM u npyrux, u cuunraercda Haunbdbosee 3(PeKTUBHBIM MeTOI0M 00y-
JeHus TeMaTudecKkux mojeseil. Ero ocHoBHasi mjiesi 3aKJI0YAETCsS B CHEIMAJIbLHOU Opra-
HU3AIUH [TOCIeI0BATEILHOCTH BhIUucaeHuit mo ¢popmyaam E-mara u M-mrara. Ona He 3a-
TparmBaeT MeXaHH3Mbl perygpu3anun i oguHakoo npuMennMa K PLSA, LDA u ARTM.
OmnJTafiHOBBIN AJITOPUTM JieJIaeT OJIMH IPOXOJI 110 KOJIIEKIINK, 0OHOBJIAA MaTpuiy P moce
KazKJIpIX h makeToB: Ha mmare 21 CYETUYMKH T,;, HAKOILIEHHBIE 110 h HOC/IEJIHUM IaKe-
TaM, CYMMHUPYIOTCS CO CUYETUYUKAMU My, HAKOIJIEHHBIME 110 BCEM IHPE/bIYIIIM HaKeTaM,
C BECAMH Kgecay M Kapp1y- Ha mrare 22 marpuna ® nepecunteiBaercs 10 OOHOBJIEHHBIM CYET-
YUKaM € YIETOM peryasapu3aTopon. OHIAfHOBLIN aJIropuT™M OPHEHTUPOBAH Ha 00PabOTKY
OOJIBIINX KOJLIEKIHNI UM IOTOKOB JTAHHBIX.

Becosble KOIDMOUIUEHTBI Kgecay U Kappry IIO3BOJIAIOT YHPABJIATH TEMIIOM 3a0bIBa-
HUs TpEeJbIIynuxX makeros. llepemennas n,; HaKaILIUBAeT CYMMY 3HAUYEHUU 7, NPH
Faecay = kapp1y = 1, cpesinee apudmeTnieckoe IpH Kgecay = 1 — %, Kapp1y = %, 9KCIIOHEHITH-
AJIbHOE CKOJIB3SIIee CPeHee MPU Kgecay + Kappriy = 1. st asropurma Online LDA B [85]
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AgroputMm 6. Odduaiinossliit u onsaiinobbiiit EM-agropury aius ARTM.

1 cbyHkums (7,,;) := ProcessBatches (muoxkectBo makeros { Dy}, marpuna P);
2 Ny ;=0 g Becex w € W, t €T,

3 0N BCcex nakeros D, BCcex JIOKyMeHTOB d € Dy

4 MHUNHMAIA3UPOBATE Oy 1= ﬁ Juist Beex t € T

(S}

NnOBTOPSTb
Nidw = Ndw norjgn(gpwtetd) st Beex w € d, t € T
te

=]

7 0,4 = norm(z Nidw + Qtdge—R) s Beex t € T
tel L cd td

noka 6, ve coitgércs,
9 Nawt = Napt + Mg A1 BceX w € d, t € T

10 dpyHkuuma FitOffline (kostekuuss D = {Dy: b € B});

11 WHHUIUAJTU3UPOBATD (O, Jjid Bcex w € W, t € T

12 MOBTOPSATH

13 (nwt) :== 3.1, ProcessBatches(Dj, ®);

14 Dt 1= Izu%rvr[p(nwt + @wt%) st Becex w € W, t e T,

15 noka ¢ me coiigércs;

16 dpyHkuma FitOnline (komnexnusa D = {Dy: b € B}, mapaMerpsl kgecay, Kappiy: 11);
17 MHUIUAJU3UPOBATD (O JiJist Bcex w € W, t € T}

18 Ny := 0 jiy1st Bcex w € W, t € T,

wanai:=1,...,B/h

20 (Nye) := ProcessBatches({ Dp;_p11, ..., Dni}, ®);

21 Nt := KaecayMwt + KappryTwe 114 Beex w € W, t € T
22 Pt 1= norm(nwt + @wtaa—R) st Becex w € W, t e T,
weW Puwt

IPeTAratoch OpaTh Kaecay = 1 — pi, Kappry = pi, TA€ p; = (7o + 1) ™", 3HaUeHHe T) 33/~
forcd B auanazone or 64 g0 1024, 3nadenuss £ — ot 0.5 10 0.7.

Ha mpakTmke BMecTO KOHTPOJIA YCJIOBHM CXOMUMOCTH Ha Imare 8 m mare 15 gacTo
331aI0T (PUKCHPOBAHHOE YHCJIO UTEpAIUil 10 KOJIIEKIIUHA U IO KAaXKJIOMY JIOKYMEHTY.

B omnnaitHoBoM ajropurme pas3bueHne KOJLIEKIHH Ha IMaKeThl U IOPSI0K 00paboTKu
[AKEeTOB MOIYT BJHATH Ha Pe3y/bTaT, B orimdue or odddiraiiHoBoro ajaropurma. IrTodnr
YMEHBIIUTH 3TO BJIUSHUE, KOJJIEKIIMIO Pa30UBAIOT HA LHAKEThl CJIydailHbIM 0Opa30M.

MapannenbHbin anroputm. OO6paboTKa MAKeTOB MOXKET BBINOJIHSATHCH IMapaJliebHO
B HECKOJIBKO IIOTOKOB KaK B OHJIAHOBOM aJirOpuT™Me, Kak u B 0pdiaiHOBOM.

B cunxpornrom asrzopumme obpaboTKa Cjegayrolieil MOpIUA MaKeTOB He HAYMHAETCH,
HOKa He 3aBepineHo obHosjienue marpuibl ¢ wa marax 21-22. DTu 3a/1€PKKU TPUBOJIAT
K Hea(hDEKTUBHOM 3aI'Py3Ke BbIYUC/IUTE/IBHBIX PECYPCOB.

[Ipobema peraercs B aCuUHLPOHHOM OHAGTHOBOM GAZOPUMME C TIOMOIILIO OOHOBJIE-
Huit ¢ 3anazapiBanueM [77|. IToka oqun nponece 3anst GopMupOBaHHEM HOBOIO MpUO/IH-
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ancno | [T Gensim Vowpal BigARTM BigARTM
npow,. Wabbit (cuHxpoH) | (acuHxpoH)
1 50 | 142m (4945) | 50m (5413) | 42m (5117) | 25m (5131)
1 100 | 287m (3969) | 91m (4592) | 52m (4093) | 32m (4133)
1 200 | 637m (3241) | 154m (3960) | 83m (3347) | 53m (3362)
2 50 89m (5056) 22m (5092) | 13m (5160)
2 | 100 | 143m (4012) 20m (4107) | 19m (4144)
2 | 200 | 325m (3297) 47m (3347) | 28m (3380)
4 50 88m (5311) 12m (5216) m (5353)
4 | 100 | 104m (4338) 16m (4233) 10m (4357)
4 200 | 315m (3583) 26m (3520) | 16m (3634)
8 50 88m (6344) m (5648) m (6220)
8 100 | 107m (5380) 10m (4660) m (5119)
8 200 | 288m (4263) 15m (3929) 10m (4309)

Puc. 26: CpaBHeHue BpeMeHH HOCTPOEHUsT TEMATUYECKOH MOIe/ M (B MUHYTAX) U IEPILJIEKCUU B 3aBUCAMO-
CTH OT YHUCJIa IPOIECCOPOB U YucIa TeM st oubmaunorek Gensim, Vowpal Wabbit, BigARTM B skcriepuMeH-
Tax Ha KOJIeKnuy u3 3.7 MUsLIMOHOB crareil Bukuneuu co cioBapém 100 reicad cios [102]. B 6ubiuoreke
Vowpal Wabbit pacnapasuiesuBanue He moziepKuBajioCh Ha, MOMEHT [IPOBEIEHUS YKCIIEPUMEHTOB.

Kenust Marpuiibl ©, ocraJibHbIE HPOIECCHI IPOJI0JIZKAIOT HCII0JIH30BaTh €€ MPebl1yIee
npubJivkeHne i 00padbOTKU HaKeTOB U OOHOBJIEHUSI CUETUUKOB Ty

Ha puc. 26 npuBenernbl pe3yIbTaThl CpaBHEHUS CHHXPOHHOIO W aCHHXPOHHOTO ITapaJi-
JIEJIbHOT'O OHJIAfTHOBOI'O asiropuT™a 3 oubsamnorekn BigARTM ¢ IOy JIIDHBIMU PEAJIU3AIIHS-
mu Mogiesin LDA [102]. BigARTM 3amerHO 9 dekTuBHee HCIOIb3YeT paciapaJl/ie/iBaHue.
ACHHXPOHHBII aJIrOPUTM HMPHMEPHO B IIOJTOpa pa3a ObicTpee cuHXpoHHOTO. Ha BOCHMEI
nporeccopax acHEXpoHHBI BigARTM mourn B 30 pa3 OpicTpee Gensim.

B 0630pe [3] onucanst 11 cnocobos nosbiienus: 3bhEKTUBHOCTH TAPAJLIEIbHBIX aJl-
rOPUTMOB TEMATHYECKOI0 MojiesinpoBanus u 14 6ud/IMoTeK, B KOTOPbIX OHU PeaJin30BaHbI
B PA3JMYHBIX COYCTAHHAX.

Apyrue dyHkunn noteps n E-war 6e3 HopmupoBku. lI3MeHHM [OCTAHOBKY OIITH-
MH3AIMOHHON 3a/1a4uu, 3aMEHUB JIorapupMuuecKyo (PyHKIMIO IOTE€Pb HA HPOU3BOJILHYIO
Ky HeyObiBatonlyo Gynkiuio £(p). Tenepb st OleHUBAHUS HAPAMETPOB TEMATH-
geckoit mojesn ® u © 1mo Kosutekuu JOKyMeHTOB [ Oy/eM MaKCHUMHU3UPOBATH CyMMY
noreps £ (p(w|d)) mo Bcem TepMHHAM BO BCEX JIOKYMEHTAX:

(109)

Zanw <Z @thtd) + R($,0) — max.

deD wed teT

Teopema 19.1. Pemernne ®,0 3azaun (109) npu orpaHnIeHHsIX HEOTPHI[ATEIBHOCTH U
HOPDMUPDOBKH YJA0BJICTBOPAECT CUCTEME ypaBHeHI/Iﬁ CO BCHOMOraTe/IbHbIMHA 1HePpEMEHHbIMHA
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Draw = P(t|d, w), ecin u3 peurenust HCKIOYUTD HyJjieBbie ¢10oJi01b Marpul O, ©:

Praw = Puwibral’ (p(w]d)); (110)
= norm Z n + OR Y, (111)
Gwt = weW dwPtdw Pwt 8S0wt ;
deD
OR
Ora = norm ( wZEd NewPtdw + thaTtd) : (112)

Jloka3aTe bCTBO cielyeT U3 JeMMBbl 3.2 0 MAaKCHMU3AINI Ha €/ ITHHIIHBIX CUMILTEKCaX.
[Tosryuennast cucremMa ypaBHeHUI OTJIMYAETCsd OT OOBIYHON TOJILKO (popmysioii E-mara.

[Tpu ¢(p) = Inp, u Tos1bKO B 31OM Cityuae, E-mar uepexoaur B popmyay Baiteca, a 3a-
ngada (109) skBuBajeHTHA MEUHEUMU3aIUK B3BeleHHo# cymmbl KL-nuBeprennuii ¢ Beca-
R ng
MH 7g MEXKJIy SMIMPHYECKUME pactpeenenusvu p(w|d) = T M MOJE/IBHBIMI PACIIpe-
neaenusvu p(w | d) = (@, 04)-

[Ipu £(p) = p* 3a1aua SKBUBAJIEHTHA MUHIMHU3AIMH B3BEIICHHONR CyMMbl MBEPreHInit
Kpeccu-Puma (crp. 120).

[Ipu f(p) = p 33Ja4a LepexojuT B MAKCUMU3AIUIO B3BELICHHONW CYyMMbl CKaJIAPHbIX
IIPOU3BEACHUNA:

an<ﬁ(w|d), (Pw,b4)) + R(®,0) — max.

deD

[Tocnenuuii ciay4ail maTEpeceH TeMm, 4To n3 OpMyJabl E-mara yXomauT 3HaMeHATEIb
C HOPMHPOBOYHBIM MHOXKUTEIEM: Pidyy = PuiBid- Bysem Ha3bBaTh 910 bvicmpoim E-wazom.
On Mozker JaBarh 3aMeTHOe yecKopenue EM-aaropurMa, 10CKOJIbKY HOPMHUPOBOYHbBIE MHO-
Kure i TPeOYIOT BHIUUC/IEHUST CKAJISIPHBIX HPOU3BEIeHU (P, 04).

[To pesysbraram skcnepumeHToB B [29| Oblra npeioxkeHa KOMOMHHPOBAHHAS CTPA-
Terus, KOTJa IepBas IOJOBHHA HTEPAIMil HCIOIb3yeT ObICTphId E-mmar, mpm 3ToM MO-
JIeJIb CTAHOBUTCA Pa3pezKeHHoi 61arogapsa peryiagpusanun. OuHaabHasg T0BOIKA MOIEIN
IPOMCXOAUT Y2K€ IO MAKCHMYMY IIPaBIOIOA00M, HO TeIepb CKAIAPHBLIC HPOM3BEICHUS
(pw, 04) MOTYT BBIUMCIATHCS HAMHOIO ObicTpee GJarojaps paspeKeHHOCTH Pacipe/ie)ie-
HUH 0y U Oy, DTOT BAPUAHT aJIrOPUTMA, JAET BHIMIPHIII B CKOPOCTH Bhiuucsenuii 10 30%
npu Gosbimom unciae rem (500 u Gostee).
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BbiBoabl no rnase 19

e B riaBe ommcanbl BapuaHTBI B 0cobeHHOCTH peasu3anun EM-aaropurma B 6ubiimo-
TeKe TeMaTHIeCKoro Moaeaunposanud BigARTM.

o [lakeTHblil aJIFOPUTM 11O3BOJIIET 00padaTbiBaTh OOJIbIINE JJAHHbIE HOPIUIMU, HE 3a-
IpyzKas TeKCTOBYIO KOJUIEKIIHIO METUKOM B ONEPATUBHYIO MaMSATh.

o [lapaJiie/ibHbIil aJropuTM 1103BOJIsIeT 0OpadaThIBATh HECKOJIBKO ITAKETOB OJIHOBPE-
MEHHO, COKpailasl o0Iee BpemMst 00pabOTKH.

e OHJIAWHOBBIN AJropuT™M cuuraercs Haubosee 3(pPeKTUBHBIM CIIOCOOOM OpraHu3a-
nuu Bbluncjaennii. Jacreie 0OOHOBJIeHHST MaTpHIbl P IMO3BOJILIOT TEMATH3UPOBATH
OOJIBIIYIO KOJIEKITHIO 33 OJUH JIMHEHHBINH IIPOXO0JT II0 BCeM JTIOKYMEHTaM.

e Duicrpolit E-miar 6€3 HOPMUPOBKY 1103BOJISET YCKOPUTD HIEPBble UTEPAIUU AJITOPUT-
Ma, KOIJIa BbICOKasl TOYHOCTb €l¢ He HYKHA.

e B ciuenyroueil riiaBe JAOTCH Hada/bHblE CBEJIEHUS 110 HPAKTUIECKOMY HPUMEHEHUIO
oubsinorexn BigARTM.
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20 bBbwubnuorteka BighRTM

BigARTM — 310 Oub/mOTEKa C OTKPBITHIM KOJOM, ocHOBaHHas Ha Teopun ARTM.
Ona uMeer pacuupsieMblii BCTPOECHHBIIT HAOOD Pery/isipu3aTopoB U METPUK KadecTBa, pe-
aJIM3yeT OHJIafiHOBLIN U 0ddIaiiHOBBINE MHOIOIIOTOUHBINH MakeTHBIH EM-aaropurm, obec-
[EYUBAIONINI BBICOKYIO 3 (PEKTUBHOCTH 0OPAbOTKU OOJIBIINX KOJLIEKIU Ha OJHOM KOM-
nbloTepe.

Bubsinoreka spJjsiercss KpocciiargOpMeHHON: cCOOPKY U UCIIOJIHEHHE MOZKHO ITPOU3BO-
qurb nox Windows 7/8/10, Mac OS u pazimduabivu gucrpubyrusavu Linux. [Toiepzxu-
BAIOTCS porpaMMHble mHTepdeiicer Mo Python 2.7.%/3.* C++ a rtakke 3amyck B Buje
ucroHgeMoro ounapHoro daitna. exonnsrit kox BigARTM namucan ma C++11. [logmep-
JKMBAETCSA HECKOJIBKO IMOIY/IAPHBIX (POPMATOB TEKCTOBBLIX JIAHHBIX.

NcuepubiBaroniyo nndopmaliyio 110 0ub/JIMoTeKe MOXKHO HAWTH B JIOKYMEHTAllUd Ha
caifite http://bigartm.org.

Huxke upejcrasien MuHuMaJibHbI Ko B Python, Bbinosnsiionuii 3arpysky u npeod-
pa3oBaHue JAHHBIX BO BHYTPEHHHI (DOpMAT IMaKeTOB JTOKYMEHTOB (6amuell), CO3IAHEE
1 o0ydeHHne MOJIEIU, BbIYUCICHIE U BBIBOJ, MEPILICKCHUH.

1 # Import all necessary tools and data

> from sklearn.feature_extraction.text import CountVectorizer

3 from sklearn.datasets import fetch_20newsgroups

4+ from numpy import array

import artm

¢ # Extract data using sklearn and numpy

7 cv = CountVectorizer (max_features=1000, stop_words=’english’)

s n_wd = array(cv.fit_transform(fetch_20newsgroups().data).todense()).T
o vocabulary = cv.get_feature_names()

10 # Create batches and dictionary

11 bv = artm.BatchVectorizer(data_format=’bow_n_wd’,

12 n_wd=n_wd,

13 vocabulary=vocabulary)

14 # Learn simple PLSA model

15 model = artm.ARTM(num_topics=15, dictionary=bv.dictionary)

16 model.scores.add(artm.PerplexityScore(name=’perp’,

17 dictionary=bv.dictionary))
15 model.fit_offline(bv, num_collection_passes=20)

10 # Print perplexity values by iterations

20 print(model.score_tracker[’perp’].value)

MoprotoBka aaHHbix. Bekropuszarop artm.BatchVectorizer ssiisiercs yHuBepCaJib-
HBIM O0O0BbeKTOM, IPHHEMaeMbIM Ha BXOJ BceMnu omepanuavu BigARTM. B mpumepe Bbimme
(mmaru 10-13) oH GBLI CO3/IaH IO MATPHIIE «MeIIKa CJI0B» n_wd U CJOBaps, 33/IAI0IIEro Co-
OTBETCTBHE MeXKLy CTPOKAMU MATPHIILI U CIOBAMH KOJIJIEKIHH. B 3TOM ciIydae maKeTsl CO-
3/IAI0TCS B OIIEPATUBHOM ITAMSITH U IIOJIHOCTHIO YIAJISIOTCH U3 HEeE 110 3aBEPIIeHUH PabOThI
OuOIMOTEKH. DTOT CIHOCOO XPAHEHHUsI JAHHBIX ITOAXOMAMT TOJBKO JIJIsi HEOOJIBIINX KOJLIEK-
Ui, HEeJUKOM HOMEMIAIONINXC B HaMsiTu. BO BCeX OCTaJIbHBIX CJIy4YasiX HCIOJIb3YIOTCS
dopMaThl JIAHHBIX, IpeJIoJIaraolie YTeHNe UCXOJIHBIX JIOKYMEHTOB C JIMCKA M 3aIUCh
UTOrOBBIX IIAKeTOB Ha Juck. Hambosee momynspen dgpopmar rekcroBbix daiiios Vowpal
Wabbit, B koTopom Kaxkjjasi CTPOKa COOTBETCTBYET OJHOMY JOKYMEHTY U MMeeT B/
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doc_title token 1:value 1 token 2:value 2

ﬂaHHbeI (I)OpMaT IIO3BOJIdeT HpeAcCTaB/IATb JOKYMEHTbl KaK «MEIIKOM CJIOB», TaK U
nocJjie10BaTe/IbHbIM TEKCTOM, a TaKzKe 3allMCbIiBaTb B JJOKYMEHTbI T€PMbl PA3JIMYHbIX MO-
naabHocreii. [lpumep co3manus BekTopu3aTopa 110 ganubiM B dpopmare Vowpal Wabbit:

1 bv = artm.BatchVectorizer(data_path=’docword.vw.txt’,
2 data_format=’vowpal_wabbit’,
target_folder=’"my_collection_batches?’)

w

3aech data_path — myTh K dailny ¢ gokymeHTamu, mapaMeTp target_folder yka-
3bIBaeT HA HECYILIECTBYIOIIYIO JAUPEKTOPUIO JJid COXPAHEHUA IOTOBBIX IIAKETOB.

[Tapcunr GO0 KOJUTEKINH — OTHOCHTEIBHO JITUTEIbHBI mpotece (J1azKe HeCMOTPsI
Ha 1o, 4r0 BigARTM yMeeT BBIIOJIHATDL €r0 B MHOIOIIOTOYHOM pe>K1/1Me), O9TOMY Y/I00HO
COXPAHHUTDH ITAKETbl HA JUCK U UCIOJIb30BAaTh UX MHOIrOKparHo. [Ipumep cosjanust BeKTo-
pusaropa, 3arpyzKaroiero 1akerol ¢ JUCKa:

1 bv = artm.BatchVectorizer(data_path=’my_collection_batches’,
2 data_format=’batches’)

Cnosapu BigARTM mnpejHa3Ha4YeHbl /I XPaHEHH: JAHHBIX O CJIOBaX MU HCIIOJIb3Y-
I0TCS B HEKOTODBIX Peryasph3aTopax U MeTpuKaxX KadecTBa. (CJI0Bapi COOTBETCTBYET
o0bekT artm.Dictionary, KOTOpBII MOXKHO JinOO cOPMHPOBATH ABTOMATHYECKH BO
BpeMsi pa30MeHusl KOJUIEKIMK Ha nakerbl (3aj7aB B artm.BatchVectorizer mapamerp
gather_dictionary, no ymosdanuio paublii True), b0 CO3/1aTh BPYUYHYIO HA OCHOBE
cBouX JIaHHBIX. OODBEKT cJa0Bapsd MOXKHO COXPAHUTH B OMHAPHBIN MM TEKCTOBBIH aii,
3aTeM 3arpyzkaThb ero m3 3Toro daiira:

1 bv = artm.BatchVectorizer(data_path=’docword.vw.txt’,

2 data_format=’vowpal_wabbit’,

3 target_folder=’"my_collection_batches?’)
4+ bv.dictionary.save(’my_collection_batches/dictionary?)

s # Load dictionary back during next BigARTM launch:

¢ dictionary = artm.Dictionary()

7 dictionary.load(’my_collection_batches/dictionary.dict?)

['oToBBIIl C/TOBaph MOXKHO H3MEHITH. /[ 3TOTO HOCTATOYHO COXpAHHUTH €ro Ha JTUCK
B TEKCTOBOM BHJIE, 3aTeM MOAU(MHUIUPOBATH MOJTYICHHBIH (hailyl 1 3arpy3UuTh €ro 00OpaTHO:

1 dictionary.save_text(’my_collection_batches/dictionary.txt?’)
> # Change file according to your needs

s # Then, load it back

4 dictionary.load_text(’my_collection_batches/dictionary.txt?)

CiioBapb, COXpaHEHHBIH B TEKCTOBOM dailjie, COCTOUT U3 CTPOK CJIEAYIOMEro BUIa:
token class id value tf df

rje token — crpokoBoe InpejcraBjienue ciosa, class id — mogasbHOCTb, tf — abcosror-
Has 4aCTOTa CJIOBA B KOJLIeKIuH, df — 9MC/10 JI0KYMEHTOB KOJLJIEKIUU, B KOTOPHIX CJIOBO
BCTPETHUJIOCH XOTs Obl pa3. Iloste value o ymosrdanuio 3a0/IHseTcss HOpMEPOBAHHBIM 3HA-
denueM tf, HO MOKeT OBITh M3MEHEHO (9Ta BO3MOXKHOCTH HCIIOJIb3YeTCs KaK MEXaHH3M
nepe/iady JaHHBIX B HEKOTOPBIX PEryJsipU3aropax U MeTPHKAX KadecTBa).
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CiioBapu MOKHO (DUJIBTPOBATH BCTPOEHHBIME CpejcTBaMu 10 3uadenusam tf u df, na-
HpUMep, MOZKHO OTOpachiBATh CJMIIKOM YaCTble MJIU CJIMIIKOM PEeJIKUE CJIOBA.

Ykazanue c1oBapsd B KOHCTpyKTope artm.ARTM unu B MeTose artm.ARTM. initialize
3a/126T HOPSIOK CTPOK B MATpunax P u (1n,,) CONIACHO MOPSIIKY CJIOB B CJIOBape. DTO BazK-
HO, HAIIPUMEP, JIJId MOJAJBbHOCTH METOK BpEeMeHU.

Perynsipnsatopbl moryTr BozjeiictBoBarh Ha Marpunbl P, O win (ptdw). Perymsa-
puzaropbl ¢ MoryT BO3J/EHCTBOBATH Ha OTJE/IbHbIE MoOJa/abHoCcTH. Hajimuune napamer-
pa class_id ykasbiBaeT, 4TO Ppery/spusarop padoraer ¢ OJHON MOJAJBLHOCTHIO, I10-
ymosrdanunio ¢ @default_class. Hasimuue napamerpa class_ids ykasbiBaer, 4To pery-
JIApU3aTOp paboTaeT cO CIHUCKOM MOJAJbHOCTEil, Mmo-ymMoJsdanuio co Bcemu. llodyrn Bce
HapaMeTphbl BCEX Pery/spu3aTOpOB MOKHO MEHSTh MEK/Iy UTepaIrusaMi 00yIeHH.

SmoothSparsePhiRegularizer — pe2yaapusdamop C2AGHCUCAHUA-DASPEHCUCAHUA MATTL-
puyo, P, peasmzoBan 1o Gopmyiie (25) ¢ HebOIBITM 0000IEHIEM:

Put = qvoervrip(nwt + 78w f ().

Ecim B oupenesenun KL-juBeprennuu 3amenurs jiorapudm Inz wa dbyskinuo A(x),
to f(z) = xN(x). [To ymomuanuto f(x) =1, uro u coorBercTByer Jorapudmy. B 6ub-
JMOTeKe MOXKHO 3ajaBarh f(x) Kak cremennyio dbyuknuio. Bekrop (3,) 3arpyxkaercsa u3
cJIoBaps U 3aJa8Tcst 3HaYeHusIMU 110J1s1 value kazktoro cioBa. [ljist KaxKioit TeMbl ¢ MOXKeT
ObITH 3a/1aH CBOM TaKoil BeKTOP. TakuM criocoboM MOZKHO 3a/1aBaTh «OeJibley U «UE€pHbIE»
CIIMCKH CJIOB JIJIsi YaCTHYHOIO OOy4eHus.

SpecifiedSparsePhiRegularizer — pezyaapusamop paspescusanus P, pearnsoBan
110 TOii 2ke popMyJte, HO T[3,, ABISIETCS KOHCTAHTON U [OI0MPAETCS TAKAM 00pa30M, ITOORI
JIOJIsl HYJIEBBIX 3/IeMeHTOB B Marpulle ® okazajiach He HUZKe 3aJlaHHOrO 1nopora. [Ipu srom
dbyukuus f He ucnosbdyercs, o ecrb f(x) = 1.

SmoothSparseThetaRegularizer — pe2yaapuszamop Ca2AQAHCUBAHUA-PA3PEACUCAHUA
mampuys, O, peanuzoBad o dopmysie (26), ¢ aHATOrHIHBIM 0000TIEHIEM:

O = n?er%n (ntd + Taiatdf(‘gtd))-

Oyukius [ urpaer Ty 2Ke poJib, YTO U B PEry/IsipU3aTOPe CIUIaKHBaHUsI-Pa3pe:kuBaHust P.
MaccusB MHOKHUTEJIEH (y; TTO3BOJISIET YIIPABJISATH BO3/IEfiCTBUEM Pery/isipu3aTopa Ha KazK10i
i-it BHyTpeHHell urepauu oO6paboTKH JOKyMeHTa. BeKTop mwin Marpuna ((vg) MO3BOJISET
YIIPABIATH BO3AEHCTBHEM PeryIgapu3aTopa Ha 3JeMeHThl MaTpHIbl O.

DecorrelatorPhiRegularizer — pezyasapu3amop 0eKkoppesuposarus mem 6 Mampu-
ye @, peasmzoBan coriacHo (37). Ot mosub3oBaress Tpebyercst ykazarh Koddduipenr
peryagapusalua T U CIACOK MOJAJBHOCTEH, Ha KOTOpble Hy?KHO BO3/IeiCTBOBATD.

TopicSelectionThetaRegularizer — pezyaapusamop ombopa mem 6 mampuye O,
peasusoBan 10 dbopmyste (64). EAuHCTBEHHOE OTJIHYNe 3aKTI0IATCsI B HATHIHHA MACCHBA,
MHOXKHUTEJIEH (v;, KAK B PEryJsipu3aTope CriazKuBaHUsi-paspeKuBaHus ©.

SmoothTimeInTopicsPhiRegularizer — pe2yaapu3amop C2AGHCUBAHUA MeM NO MO-
danvrocmu epemeny 6 mampuye P, peamuzoBan o dopmyse (51). st KOpPEKTHOH pa-
O0TBI peryjsapu3aropa TpedyeTcsd yKa3aTb HMs MOJAJbHOCTH BPEMEHHU H PACIOJIOKHTD
TepMbl BpEMeHH B cjioBape u B Marpuiie ® B XpOHOJIOIMYECKOM TOPSIJIKE.

129



NetPlsaPhiRegularizer — pezyasapuszamop mampuuyve ® das modasvrocmu sepuun
epagpa (63) u3 mogean NetPLSA. JTokyMeHTBI JOJZKHBI COEPZKATH T€PMbl BEPIIMH I'Da-
da v. B mapamerpax peryisipu3aropa 3aJaloTcst MMeHa BepuimH v, ux Beca |D,| u Beca
pédep rpada wWy,.

ImproveCoherencePhiRegularizer — pezyaapusamop Koz2epernmuocmu, PeaJn30BaH
o dopmyse (70) u B KadecTBe mapamerpa Tpedyer CJI0Bapb MAPHONH COYETACMOCTH
cii0B Cyy (cOBpaTh €ro MOXKHO € HOMOIIBIO BCTPOEHHOTO 1apcepa).

BitermsPhiRegularizer — peeyaapusamop 6umepmos, peanusoBaH 110 HOPMY-
naMm (67)—(68) u B KauecTBe mapamerpa Tpebyer CI0Bapb 4acTOT OHTEPMOB Ny, (3agada
ero cOOPKH JIOKUTCS HA MOJTH30BATEs ).

LabelRegularizationPhiRegularizer — pezyasapusamop banrarca Kaaccoe IS MaT-
putipi ® s 33124 Kjaaccudukaiun ¢ HecOaJJaHCMPOBAHHBIMU KJiaccamu. PeaJim3oBan
o dopmyse (60). B kadecrBe mapamerpa Tpebyer c/0Bapb KJACCOB CO 3HAYCHUSIMU
ux MorHocrei |D.|.

HierarchySparsingThetaRegularizer — pezayaapusamop uepapruieckoz20 paspesncu-
sanuA O, HCIOJb3yeTCs I pa3peKUBaHUs MATPHUILI CBA3EH MEK/Iy POJIUTETbCKIME Te-
MAMU U UX JIOYEPHUMHE IIOJTEeMaMi B HEPAPXUIECKUX MOJE/IsAX, coriacHo dhopmyse (66).

TopicSegmentationPtdwRegularizer — pezyasapuszamop E-waza dan pazpesrcusanus
ceemenmos 6 Mampuyas (P ), oupeaeasemblii o dopmysie (93).

SmoothPtdwRegularizer — peeyasusamop E-waeza das cenavrcusarus mampuy, (Praw )
0 JIOKAJbHOMY KOHTeKcTy. [Ipubimkaer TemarndecKuili mpoduib KazKJ0ro BXOXK/ICHHS
TepMa K yCpeJHeHHOMY TpOMUIo ero coceeil (o okuy GUKCHPOBAHHON MIUPUHBI).

PeryngpusaTopbl MOTYT BKIIOYATHCs, OTKIIOUATHCI NN MOAUMDUIIPOBATHCS B JTIO00i
MOMeHT MezKy BbizoBaMu fit_offline mim fit_online, 4TO HO3BOJIAET, B COBOKYIIHO-
CTU C KOHTPOJIEM METPHUK KadyecTBa, I'MOKO IepecTpauBaTb CTPATEruio peryJispu3aliiiu
B COOTBETCTBUHU C TEKYIIUM COCTOsiHHeM Mojesn. [Ipumep:

1 reg = artm.DecorrelatorPhiRegularizer(name=’decor’, tau=le+b)
> model.regularizer.add(reg)
3 model.scores.SparsityPhiScore(name=’sparse’)

s model.fit_offline(batch_vectorizer=bv, num_collection_passes=10)
¢ print model.score_tracker(’sparse’).last_value

¢ # Printing result: 0.15 - too small. Let’s increase tau
model.regularizer[’decor’].tau = 3e+b
model.fit_offline(batch_vectorizer=bv, num_collection_passes=15)

©

MHoronoTtouHbii naketHbln EM-anroputm. Bubamoreka BigARTM mo3Bosser obpada-
TbhIBaThb KOJIJIEKIIUU JOKYMEHTOB, HE IIOMellaloIuecd B OlIEPATUBHYIO IIaMATD. ﬂﬂﬂ 9TOro
koJuiekius D ¢ nmomomipio BatchVectorizer paszbuBaercs na nakersi Dy, b=1,... B,
KaK/IbIfl U3 KOTOPBIX XPAHUTCS B OTAebHOM (haite. OObIYHO UCIOIb3YIOTCS TAKeThl Pa3-
MEpOM OT COTeH KHJIODAUT /10 JecaTkoB Merabaiit. KosddunuenTsr peryngapusanuu 3a1a-
I0TCSI B MOMEHT CO3JIaHHs MOJIE/IU, HO IIOTOM MOILYT OBITHb B JIFOOOHi MOMEHT HM3MEHEHBI,
B TOM 4ducjie B xojie EM-urepanmuii.
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[Takerbr obpabarbiBatorcs yHkiuei ProcessBatches Asiropurma 6. Oddiaiinosbrii
aaropurm FitOffline sanyckaercs BoizoBom ¢dyuknun ARTM.fit_offline, ousaiinoBbIi
FitOnline — dynkmuun ARTM.fit_online. /Iy BK/IIOYEeHHS ACHHXPOHHOIO AJrOPHT-
Ma mocjenHeil HaJo mepenarhb mapaMerp async=True. KoHTpob yca0Buil CXOIUMOCTH
EM-anropurMa Bo3jaraercs Ha IoJb3oBaTend. IIpoine Bcero 3ajaBaTb YHCIO0 HTepAIUil
10 KOJIJIEKIIMU U 110 KaXKJOMY JOKYMEHTY.

[TocTpoeHny10 TEMATHIECKYIO MO/IE/Ib MOYKHO HCIIO/IH30BATH JI/Isi TEMATH3AIUN 0TI Tb-
HBIX JOKYMEHTOB Ipu (puKcupoBaHHoil Marpuie $. 9ta BO3MOKHOCTD peaandyercs (PyHK-
mueii ARTM. transform, KoTopas IPOIyCKaeT JOKyMeHThI depe3 ProcessBatches.

MeTpukn kadectBa 100aBJIAIOTCI 4depe3 moJig scores odbekra ARTM. B sror momenT
y MHOI'HX METPHK MOXKHO 33/1aBaTh IapaMeTpbl. Belduc/ieHHbIe 3HAUYEeHUs] METPUK H3BJIe-
KAIOTCsI depe3 1oJjisd score_tracker.

PerplexityScore — nepnaercus, Boraunciasgemas 1o dopmyie (95). [lus eé KOppekr-
HO PabOThl HYKEH CJI0BaPb, COJ/IePKallMii HOPMUPOBAHHbIE YACTOTHI CJIOB B KOJLJIEKIIUH
(ne moudunupoBannbie 3Hadenus value st kazkaoro ciosa). OHE UCHOJIB3YIOTCS B Ka-
4ecTBe allPOKCUMAlUU HYJIeBbIX 3HaueHuil p(w |d) u 103BOJILIOT KOPPEKTHO OLEHUBATDH
MOJIEJIA Ha OJTHOM CJIOBape, HO C pa3HOil CTeMeHbI0 Pa3peKeHHOCTH.

[Ipumep nopk/0YeHnst neprieKcun Jjisi MoJasibHocru @default_class (crangapraast
MOJAJIBHOCTD CJIOB):

1 # m = artm.ARTM(...)

> m.scores.add(artm.PerplexityScore (name=’perp’,

3 class_ids=[’@default_class’],
4 dictionary=dictionary))

3HavdeHus MePIJIEKCHI MOXKHO BbIBECTH CJIeJyIommM obpasom (Bmecro value MozxHO
BBIBECTH, HAIPHMED, YUCTUTEb U 3HAMEHATe b MePILUIeKCUH M0 KazKI0# MOIATbHOCTH):

1 print(model.score_tracker[’perp’].value)

[Toste value cogepkuT BCIO KCTOPHIO 3HAYEHUIT METPUKH 110 OOHOBJIEHUSIM MaTpuIibl .
Y moboro moJig 1000 METPUKH HMeeTcsd BapHaHT ¢ HpedHuKcoM last_, KOTOpBIA BO3-
BpallaeT 3HadeHNe MEeTPUKU Ha MOMEHT IOCJeHell CHHXPOHH3AIUH. DTO MOYKeT ObITh
[IOJIE3HO JJI IIOJIYYeHUd MaCCUBHBIX MeTpuk Tuna TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspesicennocms mampuy, ® u ©. Orne-
HHUBAIOTCA ,Z[O.J'[eﬁ 9JIEMEHTOB MaTpUIlbl, MCHbIIUX 3aJaHHOI'O 110JIb30BaTe/JIeM I10pOora.

TopTokensScore — mon-cao8a 6 memax, CIUCOK U3 3aJaHHOI'0 4YHUCJIa CJIOB C Hau-
00JIbIIIell BEPOSITHOCTBIO 10 Kaxkjoi Teme. Ecin B mapaMerpax 3TOil METPUKH yKa3aTb
CJI0BAPh MAPHOM COYETAEMOCTH CJI0B, TO OyJeT BhIYUC/IeHa KorepeHTHocTb Cohy mo crmc-
KaM TOII-CJIOB B TeMax, cormacHo (opmyite (96).

TopicKernelScore — #dposvie Tapakmepucmuku mem: ductora Pur;, KOHTpacTHOCTD
Cony, pasmep giapa Ker; oneHuBarorime pa3andHOCTb U, KOCBEHHO, HHTEPIPETHPYEMOCTH
KazK/10if TeMbI £, cM. ¢Tp. 115. AHATOrHIHO TOI-CJI0BaM, YKa3aHHe CJIOBaps HapHOil code-
TaeMOCTH 3aITyCKaeT MOJCYET KOTepeHTHOCTH, HO Telephb yzKe MO SapaM TeM.

BackgroundTokensRatioScore — doaa pornosuz caoe, 11 KOTopbiX KL-1uBeprenmus
Mexkjy pacupesesenusivu p(t) u p(t|w) sBeiiie 3aganuoro nopora delta_threshold.
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TopicMassPhiScore — wacmomu, mem n, u pacupejesenus p(t) = “L 1A Beex TeMm t,
BBIUUC/ISIEMbBIE 110 MATPUIE (Thyy)-

ItemsProcessedScore — wucao 00pabomannvs JoKYyMeEHMO8, TEXHUIECKAsT METPHUKA,
IOKA3bIBAMOIIAs [0 UTEPANUAM KOJUIECTBO JIOKYMEHTOB (C MOBTOpaME), 00pabOTAHHBIX
¢ MOMEHTa BKJIIOUEHUS METPUKU.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKas MeTpPUKa (JI0CTyII-
Hast T0/16bK0 B C++ unrepdeiice), npegocrapisionias nHbOPMAIMIO O MAKCUMAJIBHOM I10-
TpebJIeHnN OllePATUBHON HaMsITH 33 BpeMs KarkJIOW UuTepaluu ajropurMa.

[Tosib30BaTE b MOXKET HE TOJILKO CO3/IaBaTh COOCTBEHHbIE METPUKHU, HO U BBIYUCISATH
UX HAIIPIMYIO, C/IeJIaB BBIIPY3KY ImapameTpoB mozenn ¢ u O.

Boirpyska napametpos mogenu. B cienyronem Koge HOKa3aHO, KaK MOJYyYATh MATpPH-
iy ® (rounee, nepsbie 10 Tem 1edoaTHON MOAATBLHOCTH):

1 model.get_phi(topic_names=model.topic_names[: 10],
2 class_ids=[’@default_class’],
3 model_name=model.model_pwt)

Ykazanue napamerpa model_name=model.model_nwt 103BoJisieT aHAJOIUMYHBIM OOpa-
30M IIOJIYYUTD 3HAUYEHUA Ty BMECTO Dyt

C marpuneit © MoxKHO paboTarhb 1mo-pasHomy. Bo-mepBbix, €6 MOKHO BOOOIIE HE Xpa-
HUATDH, €CJIU OHA He HyKHa. BO-BTOPBIX, MOKHO XPaHUTHL €€ B KIIIe, 3a/aB Iepesl Hada-
JioM obOydenus mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIOUYUTH XpaHeHne ©
B ®-110,106H0#1 MmaTpure, 3a1aB napamerp theta_name. 910 jacT CBOOOIHBIN JOCTYI K MAT-
pulle HA YTeHue U 3aluch B JII0O0I MoMeHT. B iepBom ciiydae BbIDY3UTh MATPUILy HEBO3-
MOKHO, B OCTAJIbHBbIX IIPUMEHUM CJIC/IYIOIANR KOJI;

1 # case 2

> model.get_theta()

3 # case 3

1 model.get_phi(model_name=model.theta_name)

Bce onucannbie BbI30Bbl BO3BpallaloT 00 bekThl pandas .DataFrame.

[Tomumo onucanHoro unrepdeiica BbI'DY3KH MaTPHIl, €CTb BO3MOXKHOCTb IOJIyYUTh
yKa3aTeJb HAa MaTPUIy W HAOPAMYIO MOAUMUIHPOBATH MaMITh, MCIOIb3YEMYIO SIPOM
OUOIMOTEKH, UYTO CYMIECTBEHHO YMEHBIIAeT PACXOJ] MaMATH U BPeMs BBIYUCTEHHIA.

BbiBogbl no rnase 20

e /laHbl HAUYAJbHBIE CBEJIEHU 110 HPAKTUIECKOMY IIpUMeHeHuto bubianorexku BigARTM,
BKJIIOYAsl UCIIOJIb30BAHUE BCTPOEHHBIX PEryJIPU3aTOPOB U METPUK KadecTBa.

e BoJiee moipoduyo mHMOpMaIuo 1 IpuMepbl Koja Ha g3bike Python moxkHO HaliTH
B JIOKyMeHTanuu Ha caiite http://bigartm.org.
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21 TemaTn4yecknii NOUCK U Apyrue nNpuo>KeHusl

BarkubIM mpuioKeHneM TeMATHIECKOTO MOJETUPOBAHUS ABISIETCI UHPOPMAUUOHHbLT
nouct (information retrieval) [219, 25]. CoBpemeHHbIE TOUCKOBBIE CHCTEMbI HPeHA3HA~
YEeHbI, TVIABHBIM 00Pa30M, JijId MMOUCKA KOHKPETHBIX OTBETOB HA KOPOTKHE TEKCTOBBIE
zanpocbl. CoBceM JIpyrue MOUCKOBBIE MOTPEOHOCTH BO3HUKAIOT Y IOJIb30BaTe e, KOTO-
PBIM HEOOXOIMMO pa300paTbCsd B HOBOI IpeIMeTHOH 00/IaCTU WM IIOMOJIHUTE CBOil Darazk
3Hannii. [losib30BaTeTH MOXKET He BIa/eTh TEPMHHOJIOTHEN, c1a00 MOHUMATL CTPYKTYPY
npejaMeTHOl 00/IacTu, HEe UMETb TOYHBIX (POPMYJUPOBOK 3AIPOCA W HE MOJPA3YMEBATDH
eIMHCTBEHHBII IPABUJIbHBIN OTBET. B Takux cjydasx HyzKeH HOUCK HE MO KJIFOYEBBIM CJI0-
BaM, a [0 CMBICIY. 3aIPOCOM MOZKET ObITh JIMHHBINA (DparMeHT TEKCTa, JOKYMEHT WJIu
noJ00PKa JTOKYMEHTOB. Pe3yibraToM momcka MOyKeT OBITh OOBIYHAS MOMCKOBAs BBIIAYA
B BH/Ie CIINCKA JJOKYMEHTOB WJIH D0Jiee CTPYKTYPIPOBAHHOE MIPE/ICTABIEHIE C Pa3/IeIeHIneM
0 TeMaM W rpadudeckas BU3yaJIH3aIs — «JIO0POXKHAS KapTay IpeIMeTHONW 00JacTH,
CTaTUYecKasi Ul WHTEPAKTHUBHAS.

Jag 9TuxX ciaydaeB HOAXOAUT MapaJurMa paseedounozo uH@OPMAUUOHH020 NOUCKG
(exploratory search) (122, 215|. Ero nesibio siBisiercst 1OJIy4eHHEe OTBETOB HA CJIOZKHbBIE
BOIIPOCHI: «KAKWE TEMbI MPEJCTABJICHBI B TEKCTE 3aIPOCa», «9TO YATATH B IEPBYIO OUe-
pe/b [0 STUM TeMaM», «9TO HAXOJIUTCH HA CTHIKE ITUX TEM CO CMEXKHBIMU ODJIACTIME Y,
«KaKOBa TeMaTHdecKas CTPYKTypa JAHHOI IpeaMeTHON 061acThy, «KaK OHa PAa3BUBAIACDH
BO BpEMEHN», «KAKOBBI IIOCTETHIE TOCTUKEHUST», «I[/Ie HaXOATCSI OCHOBHBIE TIEHTPBI KOM-
HETEHTHOCTH Y, «KTO SIBJISIETCS IKCHEPTOM IO JIaHHON Temey u T. 1. [losib3oBareib 0ObId-
HOU ITOUCKOBOII CHCTEMbI BBIHYK/IEH UTEPATUBHO HepeOpMy/IMPOBaATH CBOM KOPOTKHUE 3a-
HPOCHI, PACIIUPssS 30HY IMOUCKA [0 MepPe YCBOEHUsI TEPMHUHOJIOTUU MPEIMETHON 00/1acTH,
IEPUOJNIECKU MEPECMATPUBAS U CHCTEMATH3UPYsI Pe3y/IbraThl moucka [150]. Dro Tpeby-
eT 3aTpaT BpeMeHH M BBICOKOI KBasmdukanuu. Pa3Be oIHbIl TOUCK pealn3yercs C IO-
MOIIbIO BU3YAJIBHBIX TEKCTO-IPADUIECKUX IMPEJICTABICHUI «00mEeil KapTUHbI», JAIONUX
0JIB30BATE/II0 OOJIBIIE YBEPEHHOCTH, 9TO BCE BarKHEHIIINe aCIeKThl U3y 4aeMOil po0/IeMbl
HallleHbl 1 OToOpazKeHbl. e 00pa3HO LPEeJCTaBUTh UTEPATUBHBIN HOMCK Kak OJIyzKjia-
HUe [0 JaDUPUHTY 3HaHUi ¢ (POHAPUKOM, TO Pa3BEJOYHBIN MOUCK — ITO aBTOMATHIECKOEe
IIOCTPOEHKE KapThI JJId JIFOOOH JacTH 3TOr0 JIAOUPUHTA.

TeMaTVIHeCKVIVI nMOouUCK. HOJIHOTeKCTOBbIe IIOUCKOBbIE CHUCTE€Mbl OCHOBAHbl Ha MHBEPTHU-
POBaHHbIX MH/EKCaX, B KOTOPbLIX JIJIA KazKJ0I'0 CJIOBa XPAaHUTCA CIIMCOK COAepzKallluX ero
nokymeHToB [15]. ITouckoBast cucTeMa HIIET JTOKYMEHTBI, COJepZKAallie Bee CI0Ba 3aIpoca,
HO3TOMY TIO JITHHHOMY 3aIPOCy, CKOpee BCero, Hm4ero He Oyer HaiiaeHo.

Cucrema TeMaTHIECKOTO PA3BeI0THOrO MTOMCKA CHAYAIA CTPOUT TEMATHIECKUN BEKTOD
p(t|q) 3ampoca g. 3arem [yist MOKCKa JOKYMEHTOB CXOKeil TeMaTHKH (IIOUCKA JOKYMEHTOB
110 siokyMenTy, document-by-document search) MoryT npuMeHsITbCS Te yKe MeXaHU3Mbl HH-
AEKCUPOBaHUd, TOJIBKO B POJIX CJIOB BbICTYLIAIOT TE€MBbI. HOCKOﬂbe YHnCJI0O TEM Ha HECKOJIb-
KO IOPsiJIKOB MeHbllle 00'béMa CJIOBapsd, TeMAaTUYeCKUNl MOUCK TpedyeT HAMHOIO MEHbIIe
HaMATH [0 CPABHEHUIO C MOJHOTEKCTOBBIM IMOMCKOM M MOZKeT OBITh pean30BaH Ha OoJiee
CKPOMHOI TEXHHUKE.

Texunosiorun mHMGOPMAIMOHHOIO HOUCKA HA OCHOBE TEMATHYECKOIO MOJIE/JIUPOBAHUS
JIOJITOe BpeMsl HAXOJWINCh B cTajnu ucciepoanuii [183, 39, 153, 47, 22, 205], HO Tak u
He BBIIILIA HA YPOBEHb MIMPOKOI0 KOMMepUecKOro mpuMeHeHus. B snrepaTtype mo pa3se-
JIOYHOMY IIOMCKY Ha TeMaTHYeCKOe MOJEIMpPOBaHue nHora cepliaores |170, 80, 166, 192],
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OJIHAKO MHOIHE 0030pbl 0 HEM BOOOIIE He ynomuHator |75, 162, 180, 97, 123, 93|. C apyroii
CTOPOHBI, B paboTax 110 TeMaTHYeCKOMY MOJIEJIUPOBAHUIO PA3BEJIOUHbI IOMCK YacTO Ha-
3BIBAIOT OJHUM M3 BarKHEHIINX IPUIOKEHHIT, & ONEHKH KAYeCTBA, MOUCKA UCIIONb3YIOT JIJId
BAJTHIAIIMI TEMATHIeCKUX Mojeseil [219, 25]. D910 roBopuT Kak 0 pa3sobMEHHOCTH HCCTIe-
JIOBATEIbCKAX COODIIECTB, TAK U O TOM, YTO TeMATHICCKOE MOACTUPOBAHUE ITOKA, HAXOIUT
JIUILIb HUIIEeBble IpUMeHeHUd B UH(POPMALMOHHOM IIOUCKE.

B crarbe [192] BaxKHBIME IPEHMYIIIECTBAMA TEMATHIECKUX MOJEJel sl TIOuCKa Ha-
3bIBAIOTCH I'MOKOCTL, BO3MOXKHOCTH BU3yaJ/IM3alud 1 HaBUraluu. B Kauecrse HeJ0CTaTKOB
OTMEYaloTCs pPOo0JeMbl ¢ UHTEPUPETUPYEMOCTLIO TeM, TPYJAHOCTH ¢ MojudUKalueil Te-
MATHYECKOIl MOJIEIH NP IIOCTYIUICHUH HOBBIX JOKYMEHTOB U BBICOKAS BBIYHCJIATEIbHAS
c102kH0CTh. OIHAKO 3TH IPOOIEMbI OTHOCATCA K YCTAPEBIIMM METOJAM U OBLIM YCIIEIIHO
PeLIeHbl B MOCIELYIONME TObL: JIeCATKI HOBLIX MOJEJICH pa3pabOTaHbl s YJIyqIICHUS
UHTEPLUPETUPYEMOCTH; OHJIAHHOBbLIE aJrOPUTMbI CIIOCOOHBI 0OpabarbiBaTh 0OJIbILNE KOJI-
JIEKIIMK ¥ IIOTOKHU JIOKYMEHTOB 3a JimHeiinoe Bpems [132, 36, 193].

OueHuBaHune kavecTtBa Tematuyeckoro novcka. Moaear ARTM m1g TemMaTndeckoro
pa3BeIOIHOrO TMOUCKa ObLTa mpejyiokena B [21] u ymydmena B cepun pador [89, 90, 91].
,D;.HH usMepeHud KadeCTBa IHOUCKa UCIIOJIb30BaJIMCh KPUTEPUHU TOYHOCTU W IIOJIHOTBHI Ha OC-
HOBE OIIEHOK aCecCOpPOB.

Bruia cocrasiiena Boibopka u3z 100 3a1pocoB — TBOpYECKUX 3a/aHUil pa3Be0IHOIO
noucka. Kaxk/iplii 3a1mpoc mnpejacraBisji co0oil TeKCT 00bEMOM OKOJIO OJIHON CTPaHUILbI
dopmara A4, onuceiBatonuit temaTuky noucka. Kaxkaoe 3ajanue cHadasia BbIIOJIHSIOCH
HE3aBUCUMO HECKOJbKHMH aCceCCOpaMH, 3aTeM CHCTeMOW TeMaTHYeCKOTO IOUCKA, 3aTeM
eé pe3yJibTaT CHOBa OIleHUBAJICA aceccopamu. /laHHas MeTOJMKA MO3BOJISET, €IUHOZK DI
c/ieJiaB pa3METKY Pe3y/IbTaTOB MOUCKA, MHOTI'OKPATHO OIEHUBATH KAYECTBO Pa3JIMYHBIX
TEeMATHYICCKUX MO,H,e.HeI.?'I 1 MEeXaHU3MOB ITOUCKaA.

DKCHEPUMEHTBI O HO00PY TeMATHYeCKONH MOJEIN Jijis Pa3BEIOYHOIO TOUCKA, IIPOBO-
JIMJIUCh HA JIBYX KOJLJIEKIUsAX: 175 Thicdd cTaTeil pyCCKOSA3bIYHOIO KOJIJIEKTUBHOIO OJiora
habr.ru u 760 Thicsu crareil aHyI0s3bI9HOIO OJsiora techcrunch.com. Bulio 1nokasaHo,
YTO TeMaTUIECKUil TIOUCK HAXOIUT OOJIbIIE PeJIeBAHTHBIX JJOKYMEHTOB, YeM aceCcCOpPbl, KO-
Topble 3arpadnBaioT 30 4 20 MUHYT Ha BBLIIOJHEHHE KaKJIOTO MOMCKOBOTO 33 JaHUSI.

Kombunuposanue pezyrapusamopos NeKOPPEJIUPOBAHU, PA3PeKUBAHUS U CIIaKUBa-
HUs BMeECTe C MOJAJbHOCTSIMHU M-TPaMM, aBTOPOB M KaTEropuil 3HAYUMO YJIydIIaeT TOY-
HOCTb ¥ MOJIHOTY HOHMCKa (puc. 27), KOTOpble A0cTUraloT 85% MpH TIATEIBHOM IOI00pe
ancisia reM |T'| (puc. 28), u Boie 90% 1pu UCHONB30BAHUI HEPAPXHUYECKON TeMATHIECKOi
MOJIEJI € TI000POM YHUCJIa TeM Ha BCeX YPOBHsIX mepapxuu (puc. 29).

Cmpamezus peeyaspusayuu crpourcs B Tpu drana [89]. [lepsoiit sran u3z 8 nrepanumit
BKJIIOYAET TOJIbKO JIEKOppe/IupoBaHue, 4To0bl C/ieJiaTh TeMbl KaK MOXKHO 0DoJiee pa3/iudHbl-
mu. Bropoii atan u3 8 urepanuii pa3pe:kKuBaeT CTOJIOMBI MATPHUILI O, ITOOBI IO TeMATH-
decknM BekTopaM p(t|d) 9€TKO OmpeneuIuch peJieBaHTHbIE TeMbl JOKYMEHTOB. Tperuii
STAIl U3 8 UTepaIyil CriIazKuBaeT cTOJI0IBl MATPUIbl P, 9TOOBI IPEIOTBPATUTDH BBIPOZK/I6-
uue pacupeenenuii p(w|t). Ha kaxiom u3z 1péx sranoB Kodpduiuent pery/isipusanuu
(T, a, f COOTBETCTBEHHO) MOAOMPAETCs 110 CETKE U3 4eThIPEX 3nadenuii. Kadecrso moje-
JIN KOHTPOJIUPYETCsl 10 KPUTEPUSM Iepijiekcun u paspezxennocru, puc. 30. Okazaniocs,
YTO TaKasgd CTpaTerus, HaleJeHHad Ha yJIYUdIIeHue HHTePIIPETUPYEMOCTH TeM, caMa CO0Oi
YJIYUIIaeT U Ka9eCTBO TeMAaTHIECKOI'O MOUCKA, XOTs HUKAKHe KPUTEPUU KadecTBa MOUCKA,
HEeIoCpeJACTBEHHO HE OUTUMU3UPYIOTCA.
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(a) xagecrBo momcka nmo Kosuieknuu Habr.ru (6) xagecrBo noucka mo xosuexnuu TechCrunch.com

Puc. 27: Tounocrs (Precision@k) u nonnora (Recall@k) 1o mepBbiM Ak HO3UIUAM BBLIAYU IIPH [IOMCKE
[0 JUIMHHBIM 3ampocaM. JIOKyMeHThI PAHKHPOBAJINCH M0 KOCHHYCHON Mepe CXOZCTBA TEMATHIECKUX BEK-
topoB. Uepapxudeckas momeab hARTM omepeskaer Mo TOYHOCTH U MOJHOTE TIOCKYI0 Mojaeab ARTM,
[PHU 9TOM 00€ MOJIEJIH PEryJIsipU30BaHHbBIE U MYIbTHMOAAIbHBIE. MO/esn paH:KipOBaHNs, OCHOBAHHBIE Ha,
cxoacrse Bekropos ciios (TF-IDF, BM25) uiu meiipoceresbix ambeuuros (word2vec), ABIA0OTCH CUIbHbI-
MU KOHKYDPEHTAMH, HEMHOI'O OIepexKast JIIOAeil (assessors) 1o HOJHOTe, HO OTCTaBasg OT HUX IO TOYHOCTH.
Knaccuueckne Temarndeckne mogenn PLSA u LDA ue BbIaep:KuBaloT KOHKYpeHImu [90].

Habr.ru TechCrunch.com

acecc 100 150 200 250 400 acecc 350 400 450 475 500

P@5 0.821 0.662 0.721 0.810 0.761 0.693 0.822 0.653 0.725 0.752 0.819 0.777
P@10 0.869  0.761 0.812 0.879 0.825 0.673 0.851 0.663 0732 0.762 0.867 0.811
P@15 0.875  0.733 0.795 0.868 0.791 0.651 0.835 0.682 0.743 0.787 0.833 0.793
P@20 0.863  0.724 0.795 0.847 0.792 0.642 0.813 0.650 0.743 0.773 0.825 0.793

R@5 0.780  0.732 0.807 0.840 0.821 0.721 0.762 0.731 0.762 0.793 0.835 0.817

R@10 0.817 0.771 0.843 0.870 0.851 0.751 0.792 0.763 0.793 0.812 0.868 0.855
R@15 0.850 0.824  0.895 0.891 0.871 0.773 0.835 0.782 0.807 0.855 0.890 0.882
R©20 0.873  0.857 0.905 0.925 0.892 0.771 0.867 0.792 0.823 0.862 0.919 0.903

Puc. 28: ITogbop onruMaJbHOrO ducjaa Tem 1mo kpurepusM tounocru (PQk) u nonuorsr (RQkL) moucka
st <«awtockoit» mogean ARTM ¢ perysusipuzaropamu (uekoppesupoBanue u criaxkupanue marpuupl D,
paspexuBanue Marpuupl ©) u MojaIbHOCTAMU (N-I'PAMMbIL, ABTOPbI, Kareropuu) Ha Kojuiekuusax Habr.ru
u TechCrunch.com. /Tyis cpaBHeHust I0KA3aHbI OLEHKU KAYECTBA IOUCKA, BBILIOJIHEHHOro aceccopamu [90].

[IpumeHeHre HEpApXUIECKUX TeMATHIeCKUX Mojieseii B [90] mo3Bomio yayamurs To4-
HOCTh W MOJHOTY emé Ha H—8% upu OJHOBPEMEHHOM YBEJMYEHUH ONTUMAJILHOIO YUCIA
rem |T'| B HECKOJILKO pa3, cM. puc. 29. DTOT pe3y/ibrar MOKHO UHTEPIPETUPOBATDL CJIe/Ly-
fo1uM 00pa30M: 1OCTeleHHOe JIPODJIeHHEe TeM Ha 1oJTeMbl ciiocobcTByer DoJjiee aKKyparT-
HOMY Pa3peKUBAHUI0 TEMATHIECKUX BEKTOPOB TOKyMeHTOB p(t|d). Tembr, KOTOPBIX TOY-
HO HEeT B JIAHHOM JOKYMEHTe, IOJIy4YaioT HYJIeBYIO BEPOSTHOCTH yKe Ha MEePBOM—BTOPOM
yposue uepapxuu. [loaroMy Me/IKO rpaHy/IMpOBaHHbIE HOJTEMbl HUXKHEI'O YPOBHSI, KOTO-
pble MOI'JIX 6]31 6bITb CTATUCTUYICCKN HeHaﬂé)KHbIMI/I, HaCJIeAYIOT HYyJ/IeBble BEPOATHOCTU OT
CBOUX POJUTEJIbCKUX TEM. KaK pe3yJ/ibTaT, HOUCKOBAasA Bbl/la4a OYUIIa€TCA OT HEepeJieBaHT-
HBIX «MYCOPHBIX» JIOKYMEHTOB, 9TO M O3HAYAET yBeJUUCHHE UMEHHO TOYHOCTHU ITOMCKA.
[TostHOTA TIOMCKA TAaKzKe HEMHOTO Y/IYYIIAeTCA, BO3MOXKHO, Oarogaps YBEJUICHUIO Pa3-
MEPHOCTU TeMaTUYCCKHUX BEKTOPOB. MO)KHO CKa3aTb U TaK, YTO HE€papXU4YeCKue TeMaTu-
HYeCKue 1npe/acraB/JeHud JOKYMEHTOB Jiydlle COOTBeTCTByeT 4eJI0BeYEeCKON JIOM'MKE IHOUCKA:
KOr'Jla Mbl HUIIIEM I/IH(i)OpMaI_LI/IIO, MbI Cpa3y OTCEKaeM TO, 4TO HaM TOYHO HE IIOAXO/HT.

AbGnsnuonnsie skcnepuMenTsl B [90] mMOKa3aau, 9TO BCE PEryJsipu3aToOpbl U MO/IAJb-
HOCTHU BayKHBI: BHIKJTIOUCHUE KAZK/IOTO U3 HUX U3 MOJIEIN MPUBOJIUT K MAJICHUI0 TOYHOCTU
1 IIOJIHOTHI ITOUCKA.
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Habr.ru
|T1| 20 25 30
|T>| 150 200 250 275 300 400 450

P@5 0.621 0.742 0.839 0.850 0.865 0.869 0.869 0.803 0.769 0.701 0.670
P@10 0.645 0.749 0.850 0.861 0.879 0.911 0.895 0.809 0.796 0.719 0.689
P@15 0.635 0.751 0.848 0.869 0.873 0.893 0.887 0.807 0.781 0.721 0.701
P@20 0.630 0.745 0.841 0.855 0.864 0.874 0.875 0.800 0.775 0.709 0.675

R@5 0.628 0.773 0.843 0.865 0.881 0.881 0.868 0.849 0.839 0.715 0.691
R@10 0.652 0.782 0.855 0.871 0.902 0.918 0.877 0.871 0.845 0.745 0.699
R@15 0.671 0.801 0.870 0.889 0.929 0.939 0.901 0.883 0.861 0.781 0.722
R@20 0.680 0.819 0.886 0.892 0.955 0.955 0.907 0.901 0.872 0.801 0.729

| T3] 750 800 1200 1300 1300 1400 1500 1500 1600 3000 3500

P@5 0.625 0.743 0.840 0.852 0.869 0.872 0.870 0.805 0.771 0.705 0.672
P@10 0.648 0.754 0.851 0.867 0.882 0.915 0.901 0.811 0.799 0.722 0.694
P@15 0.632 0.752 0.850 0.872 0.878 0.895 0.889 0.809 0.785 0.729 0.703
P@20 0.629 0.745 0.845 0.861 0.871 0.877 0.882 0.803 0.778 0.710 0.681

R@5 0.632 0.780 0.845 0.869 0.883 0.889 0.872 0.851 0.841 0.721 0.695
R@10 0.654 0.792 0.859 0.873 0.905 0.922 0.881 0.873 0.850 0.749 0.703
R@15 0.675 0.805 0.874 0.892 0.932 0.942 0.905 0.889 0.863 0.787 0.725
R©20 0.684 0.824 0.889 0.901 0.958 0.961 0.912 0.904 0.878 0.805 0.734

TechCrunch.com
|T1] 80 100 120
|T%| 300 350 500 550 600 700 750

P@5 0.651 0.701 0.749 0.789 0.883 0.889 0.889 0.785 0.721 0.701 0.675
P@10 0.675 0.709 0.771 0.821 0.891 0.918 0.902 0.803 0.738 0.718 0.691
P@15 0.687 0.712 0.773 0.827 0.899 0.919 0.905 0.817 0.741 0.721 0.701
P@20 0.683 0.707 0.759 0.815 0.885 0.888 0.895 0.805 0.732 0.716 0.679

R@5 0.749 0.791 0.801 0.854 0.868 0.875 0.861 0.849 0.829 0.731 0.701
R@10 0.765 0.809 0.823 0.873 0.890 0.904 0.875 0.867 0.835 0.745 0.708
R@15 0.771 0.820 0.841 0.882 0.909 0.921 0.895 0.890 0.848 0.769 0.717
R©@20 0.778 0.825 0.851 0.887 0.928 0.942 0.929 0.901 0.869 0.785 0.728

| T3] 1500 1700 2500 2600 2600 2800 3000 3000 3200 4500 4700

P@5 0.655 0.707 0.751 0.792 0.887 0.893 0.890 0.789 0.722 0.703 0.678
P@10 0.678 0.712 0.773 0.823 0.895 0.922 0.905 0.805 0.741 0.722 0.692
P@15 0.692 0.715 0.775 0.831 0.902 0.921 0.907 0.821 0.743 0.725 0.703
P©20 0.687 0.709 0.761 0.819 0.889 0.885 0.898 0.809 0.736 0.719 0.683

R@5 0.751 0.795 0.802 0.856 0.871 0.877 0.863 0.852 0.831 0.738 0.705
R@10 0.767 0.812 0.825 0.875 0.892 0.908 0.879 0.871 0.842 0.751 0.711
R@15 0.772 0.824 0.841 0.887 0.912 0.927 0.901 0.893 0.854 0.772 0.721
R©@20 0.783 0.830 0.854 0.892 0.931 0.949 0.935 0.905 0.871 0.790 0.732

Puc. 29: TTonfop onTrManbHOro 4ncia TeM mo Kpurepusm todnoctu (PQk) u nonuorst (RQK) B 1ByX-
YDPOBHEBOI U TPEXypOBHEBOIT mepapxmdaeckoil mogenn ARTM ¢ perynsipuzaropaMi W MOJAJIBHOCTSMH.
Hns kaxmoro yposas £ nomo6pano cBoé ontumanbaoe aucyo tem |Ty|. TpéxypoBHEBas MOJEIb JOCTUTAET
JIy4LIEr0 KA4eCTBA IIOUCKA, IIPU ITOM 3HAYMTEJILHO yBEIUUUBACTCS OUTUMAIBHOE TUCJIO TEM HA HUZKHEM
yposue [90].

TemaTnyeckue Mogenn B COUMO-TYMaHUTaAPHbIX UccnenoBaHusix. lssecrHo mHo-
JKECTBO LPHUKJIAIHBIX 33/a4 M CIEHapUeB HPUMEHEHUs] TeMaTHYeCKOI'O MOJILJTUPOBAHUS
B 1uPOBBIX TyMaHUTAPHBIX uccaenoBanusax (digital humanities), dbutonoruu, KyabTypo-
JIOTUH, COIUOJIOTHH, TIOJUTOIOrHH, ucropun [48, 214, 96].

Yaime BCero mccje0BaHe HAYMHAETCS C BOIPOCA «KAaK MOHATDH, O 96M BCE STH TeK-
CTBI, HE UNTASA UX» HJIH «KAK BBIJIEINTH U3 HUX TY 9aCTh, KOTOpAas MPEeICTABIAeT HHTEPEC
Juis DoJiee IIPUCTAILHOIO M3ydeHust». IIpu 3rom uccegoBare/i MOIyT He 3HATh 3apaHee,
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Puc. 30: Tpu stana oOydenuss TeMaTuIecKoil momenu, mo 8 mreparmii. Ha ka)kaom srtame BKIIOYAETCHA
HOBBI PEryJIIpU3aTOp, U Jjid Hero noabupaercd koabdurpent perynsapusanuu (7, «, 3 COOTBETCTBEHHO)
1o cerke u3 4 3navenuii. [loka3aHbl 3aBUCUMOCTH KPUTEPUEB LIEPILIEKCUK, Pa3dpeKeHHocTH © u paspe-
x)ennocru ¢ or nomepa urepanuun [89].

KaKnue MMEHHO TeMbl MJIM aCHEKTbl OKazKyTCd HMHTEPECHbIMU U IIPpUBEAYT K HOBbBIM 3Ha-
HUSIM WM HeTPUBHAIBHBIM BbIBOJaM. [lo cyTu, 3T0 TakzKe pa3sHOBUIHOCTH Pa3BeI0IHOTO
HHGOOPMAIMOHHOIO IIOUCKA.

Tunuunblii cueHapuil 3aK/I049aeTcs B TOM, 4TOObI 33/IaTh IHIOUCKOBYIO TEMATUKY C 110-
MOIIIBIO CJIOBAPS KJIIOYEBBIX CJIOB WM HOA0OPKU TEKCTOB. DTY 334y Mbl y2Ke paccMar-
PHUBaJIA, KOTJIa TOBOPUJIK PO CHOKYCuposanHbil memamuieckut nouck, cTp. 52.

Cpeau HaiJICHHBIX TEM MOIYT OKa3arbCsi Kak Xopoime (MHTepHpeTHpyeMble), Tak
U MyCOpHbIE, a CPe/Jld XOPOIIMX — KaK pe/leBaHTHbIe, TaK U HepejesBaHTHble. [lojiy4yus
TEMAaTUYECKYIO MOJIeJib, 110J1b30BaTe/lb MOXKEeT pa3MeTuTh TeMbl Ha 3TU TPHU TUlla, U 3a-
TeM IpU IIOBTOPHOM IOCTPOEHUH MOJEIU IOTPeO0BaTh, YTOOBI pejeBaHTHBIE TEMbI CO-
XpaHWJINCh, & HA MECTe MYCODHBIX, 110 BO3MOYKHOCTH, BOZHUKJIM HOBBIE XOPOIIINE TEMBI.
[Ipm sTOM JaHHBIE MPEILIAYINeld MOJETN W TMOJTb30BATETbCKON pa3MeTKH HCIOIb3YIOTCI
JIJIs KOHCTPYUPOBaHUs PEryJisipu3aTopoB ClUIazKUBaHUS U JIEKOPPEeJIMPOBAHUSL.

BbI'ZLeIII/IB nHorepecyromue TeMbl, [10JIb30BaTE€/Ib MOZKET IIOCTPOUTD CJIEAYIOIYIO MOAEJIb,
B KOTOpOfI IIOIIBITATHCA Pa3AeJUTDh 9TH TEeMbl Ha 0OJIbIIee KOJIHIECTBO MEJIKO I'panyJinpo-
BaHHBIX ITIOATEM.

Mmuorue uccjieioBaHusi, IPOBOAUMbIE HA JAHHBIX COIUAJIbHBIX CETel, HOBOCTHBIX 1OTO-
KOB, CTapbIX I'a3eTHBIX M KYPHAJbHBIX MOJI00POK, HCTOPUIECKUX APXUBOB CBI3AHbBI C BbI-
sBJICHUIEM U aHAJIM30M JIMHAMUKH MPOIECCOB BO BpeMenu. VccieioBaTe ieil MOTyT HHTEpe-
COBaTh MEIOYKHU COOBITUI, 1OSIBJIEHUE HOBBIX aCIEKTOB, U3MEHEHHsI B yIOTPeO/IEHUH CJIOB,
CBSA3aHHBIE C KYJIBTYPHBIMH BJIMAHUSMU U CABUT'AMU.

[IpuBe1éM HECKOJIBKO MPUMEPOB TAKUX HCCJIC/IOBAHUIM.

B [136] usyuanace nosnast Kosutekius myoaukanuii 24 HayqHbIX KYyPHAJIOB 110 GuUIio-
JIOTUH M apxeoJsioruu 3a mnosaropa crojerus (1850-2006 rr.), mocrynnas depe3 1mudpoByio
6a3y manubix JStor. [IpociekuBasach JuHAMUKA H3MEHEHHIT B TEMATUKE ¥ TEPMUHOJIOTHH.
JStor npegocrapisger TeKCThl B hopMaTe «MENIKOB CJIOBY» U3-3a JIMIEH3MOHHBIX OIDAHU-
YeHUil; B 9THX YCJIOBUAX HUMEHHO TEMATHYEeCKOe MOJIeIMPOBAaHME OKA3aJI0Ch aJeKBATHBIM
HHCTPYMEHTOM aHaJIn3a.
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B |79| uszyuanach HaydHas nepuoguka B 06J1aCTH JTUTEPATYPbI, OXBAThIBAOIIAst OoJIee
21 reicaun crareit 3a nepuoj 1889-2013 rr. Ocoboe BHUMaHUE YJIe/I51/I0Ch U3MEHEHUSIM
TeM W 3HAYeHUU CJI0B BHYTPH KarKJOW TeMbl, B YJACTHOCTHU, TpaHCHOPMAINA OTHOIIEHUS
K TeMe HaCHUJIus.

B [124] uzyuanach koJuteknus raser u nepuojuku Ouuiisaaun 3a nepuos 1854-1917 rr.
[Hesibto OBLIO BBIJE/IEHHE TEM O IEPKBHU, PEJUIHA U 00PA30BAHUU JIjIsi [IOHUMAHUS TeMa-
TUYECKUX TPEHJIOB MOJEPHU3AIMHU U CeKyJisipu3anuu (PUHCKOro o0IIecTna.

B |171] uzyuasnacey komteknus soicryiienuit 8 Cosoese OOH no Adrauucrany 3a me-
puon 2001-2017 rr. Pemasach 3a7a9a BbIABICHUS IUHAMUKHA OTHOIIEHUS PAa3HBIX CTpPaH
K npobsemaMm Adranucrana.

B [71] m3y4anace komaeknus 7,6 Teicssa noBocrabix crareii B CMU [Takucrana 3a nepu-
071, 2010-2021 rr. Pemmanach 3a/1a49a BIBICHUS TeM, CBI3aHHBIX C N3MEeHEeHUSIMH KJIMMAaTA,
Bbl4dBJICHHbIE TE€Mbl BPYYHYIO I'DYIIIIHNPOBAJIUCL 110 HAay4YHbIM, COLUAJIbBHBIM W IIOJIMTHUYE-
CKUM aclleKTaM KJIMMaTUu4eCKON IIOBECTKH; UCCJIe0BaJ/aCb JUHAMUKa T€M BO BPEMEHHU.

B [83| uszyuasacy kosieknust AYLIEN COVID-19, comepxkammast 1,5 mun. HOBOCTE
o mamgemun 3a mnepuoa 11.2019-07.2020 u3 440 mcrounukoB CMI. Pemanacs 3amaqa
BBISIBJICHUS] T€M, BBI3BIBAIOIINX IOJIAPU3AINUIO OOIIECTBEHHOIO MHEHHUs, CBSI3aHHYIO C II0-
JIMTUYECKUMK HPUCTPACTUSMU UJIN HAPTUHHOCTHIO.

Hecmorpst Ha GOJIBIIOE KOJMYECTBO DPA3HOOOPA3HBIX IIPUMEHeHHil B 1udpPOBBIX Ty-
MaHUTApPHBIX HCCJIEJOBAHUAX, TeMaTUYCeCKUEe MOLEC/JIM KPUTHUKYIOTCA 3a HECOOTBETCTBUE
CTATUCTUYECKON M JIMHI'BUCTHUYECKON KOHIECIIHUN <«TEeMbl», YTO HOPOXKIaeT Pl IIUcCTe-
MOJIOTHYeCKHX pobaeM [172]. VrBepxaaeTcsa, IT0 TeMaTHIECKOe MOJETUPOBAHIE B €ro
HBIHEITHEM COCTOSHUM He OTBedaeT TpeGOBAHUIAM METO/0JOMMIeCKONl HHTerpaluu ¢ IpH-
3HAHHBIMHM METOJaMHU aHaJIU3a U HE MOZKET HCIIOJb30BaTbCA KaK CaMOCTOATEJIbHBIA Me-
TOd HUCCJICJO0BaAHUA. «TeMaTI/ILIeCKaH MO/EJIb UCXOAUT U3 OTHOCHUTEJIbHO HEPpeaJIMCTUYIHbIX
HPEJIIIOJIOZKEHU, UMeeT HeJ[eTePMUHUPOBAHHDBIN Pe3y/ibTaT, He MOKeT ObITh 3(PdeKTUuBHO
IPOBEPEHa B CPABHEHUH € PA3yMHBIM YHCJIOM KOHKYDPHUDYIOIIUX MOjeJeil, He IpHUBs3a-
HA K Y€TKO OIpeeJeHHOMY JHHIBHCTHYecKOMY uHTepdeiicy. Hanpumep, crarucrudeckue
Tembl (tOpICS) HE COOTBETCTBYIOT COJepzKaTesbHbIM TeMaM (themes) B KOHTeHT-aHasU3e.
I13-3a 3rux 0cobeHHOCTEll MHTEPIPeTAIUS MOJE/IH OKA3bIBAETCs 10/IBEPKEHHOI anodennu
(qeﬂOBequKaH CKJIOHHOCTb BOCIIpUHUMATDH Cﬂy‘{aﬁHbIe Ha60pbl JIEMEHTOB KaK 3HAYUMDbIC
HATTEPHBI) U MPEJIB3ITOCTU HOATBEPK/ICHUs (1e0BeYecKas CKJIOHHOCTD IPeIOYnTaTh
HATTEPHBI, COOTBETCTBYOIIHE AlPUOPHBIM Hpeaybexennsam). B To Bpems Kak dacTud-
Hasl IPOBEPKA CTATHCTUYECKON MOJIEH BO3MOXKHA, e€ KOHIENTya bHas [IPOBEpPKa TpedyeT
HIMPOKOI'o BBaI/IMO,ZLeI';ICTBI/IH C ApyrumMu MeToJaMu U Ye/JIOBEYCCKHUMHU OHEHKaMH, a TaK-
7K€ BbldCHEHUYA TOI'O, KOppeJiupyeT JIM JIEKCHYeCKasd COYeTaeMOCTb C KOHIEIITYaJIbHbIMU
Temamn» [172].

Bnonme ompaBanHasg KpUTUKA BO MHOTOM CBS3aHA C TeM, UYTO B TeMAaTHIECKOM MO-
JIGJIMPOBAHUE IIPEIIPUHIMAIOCH HEJOCTATOYHO YCHIHI Jiid (bopMaIn3aiuy JTUHIBUCTHU-
JecKHX 3HaHUil u TpeboBaHmii. B psgme ucciaenoBanmii TeMaTnieckoe MOASIUPOBAHUE HC-
HOJIb3YETCsI KAK BCHOMOTATeJbHbII HHCTPYMEHT KOoHTeHT-aHasm3a (60, 81, 24, 34, 33|, upu
9TOM HCIIOJIb3YETC MOPAJIBLHO yeTapeBinasa Mmoaeab LDA, a 3agaan Moandukamnmm MOIE 1
0/ TOTPEOHOCTH JIMHIBHCTUYECKOTO aHAIN3A JlayKe He CTaBATCA.

PasBurne temarmdeckoro mozpenupopanus 10 2016 roma ObLIO0 HAIpaBIeHO B 3HAYU-
TEJILHOII CTeleHN Ha pelleHue BHYTPEHHUX MaTeMaTHYeCKUX MpodseM 0ailecoOBCKOrO BbI-
Boza [59]. Janbueiiniee pazpurue HAIPABUIOCH B CTOPOHY MHTEIDAIMH ¢ HEHPOCETEBBIMU

138



MOJIEJISIMU $13bIKa ¥ CHOBA COCPEJIOTOYU/IOCH HA IIPEOJOJIEHUH TPYIHOCTEN TEeXHUYECKOIro
xapakrepa |225].

Pemrenne KoHIENTyaJbHBIX MPOOJIEM TEMATHIECKOTO MOJIEIUPOBAHUA TpedyeT TUyHo-
KO MEKJIUCHUIJIMHAPHON IKCIEePTU3bl, TOIAd KaK [OBEPXHOCTHLIN «TeXHOKPATUYCCKUN»
HO/IX0/1 K IU(DPOBBIM I'yMAHUTAPHBIM HCC/IeI0BaHusIM 00pedén Ha Heyaaqdy. Teopus ARTM
SIBJISIETCS OLPE/ICJIEHHBIM 1IAI'OM B 9TOM HallpaBJIEHUMH, HO HE I'OTOBBIM PEIIeHHEeM BCeX
npobJieM, a 6oJiee THOKOI MaTeMaTHIeCKOil OCHOBOII, CIIOCOOHON CHUMATh CYIECTBOBAB-
e paHee 6apbepbl U MOICKA3bIBATh HAIIPABIEHUS PA3BUTHUS.

TpeboBaHus kK TemaTnyeckum mogensim. Anaaus myOJUKaUil 1 COOCTBEHHBIX IIPH-
KJIaJHDbIX I/ICCIIe'ZLOBaHI/II'?'I IIOKa3bIBaeT, 9TO Ha IIPpaKTHUKe K TeMaTHUYeCKOI MOJeJINn BCer/la
PEeIbsBJISETCA COBOKYIHOCTb TpeboBaHmii. TemMaTuueckas MO JjIsI Pa3BeI0THOIO 110~
HCKa WJIn COOUO-I'YMaHUTAPHbIX I/ICC.]'[G,H,OB&HI/II';I JOJIZKHa 6bITb O/IHOBPEMEHHO:

® Topowo unmepnpemupyemoti B TeX CJIydasdx, KOI/ia TeMbl HCHOJIb3YIOTCH B IOJIb-
30BaTeJIbCKOM HHTEpeiice jijisi 0JyaBTOMATHIECKOIO MOUCKA U (pUIbTPAIUN JIAH-
HBIX, YTOUYHEeHNS KPUTEPUEB MOUCKA, HABUTAIUA MO KOJJIEKINN 1 BU3YAJTU3AIUN Pe-
3yJIbTATOB TOMCKA;

® paspestcernoti, ITOObI KayK bl JJOKYMEHT COCTOST U3 HEeDOJIBIIIOr0 YUC/Ia TeM — 3TO
YUPOIIAET aHAJIMTUKY U HOBbIIIAET 3PPEKTUBHOCTD TOUCKA,;

® UEPAPTUMECKOT, YTOObI 10JIL30BATE/Ib MOI' IIOJIYYUTh IIPEJCTaBJIeHUe O TeMaTu4de-
CKOI CTPYKTYype LpeJMeTHONH 00/1acTu Ha JIIOOOM YpPOBHE JleTajiu3allui; KPpOMe TOTO,
uepapxuyecKoe JejleHre TeM Ha HOJATeMbl IO3BOJIdeT YBEJUYUTb Pa3MepHOCTDb Te-
MaTHYeCKHUX BEKTOPOB JJId MOBBIIICHUdA KadeCTBa IIOUCKA;

® CIIOCOOHOU aBTOMATHYECKH 0ONpedesmsd 4ucao mem Ha KazKJI0M YPOBHE HepapXuu,
aBTOMaTHYECKH €030a6a4Mb HOGbLE MeMbl, U ABTOMATHICCKH UMEHOBAIMb MEMbL Pe-
JIEBAHTHBIMH 3aI'0JIOBKAMMU;

® MYALMULPAMMHOT, TAK KAK BblJEJIeHHe KIYeBbIX (ODPa3 U TEPMUHOB CYIIECTBEHHO
yJydlllaeT UHTEePUPETUPYEMOCTb TeM;

& MYALMUA3BLYHOT B T€X MPUIOKEHHUIX, T/1e TpedbyeTcs KPOCC-si3bIKOBOM MU MYJIbTH-
SI3BIKOBOIl TIOMCK, HAIIPUMEpP, IIPU IOUCKe MAaTEHTOB HAa OJHOM $3bIKe II0 MaTEHTY
Ha JIDYTOM $I3bIKe;

® MYALMUMOIAALHOT, ITOOBI YIUTHIBATH META/IAHHBIE JJOKYMEHTOB: aBTOPOB, UCTOY-
HUKU, CCbLJIKH, KATerOpuu, Teru, u Jip.;

® MEMNOPAALHOT, YTODBI BbISBJISATH JIMHAMUKY Pa3BUTHSA TeM, OOHAPYKUBATHb HOBbIE
TeMbl 1 ObICTPO PACTYIIUE TeMaTUuYeCKUe TPEH/Ibl;

[} ceemenmupymugeﬁ, 9TOOBI HE TOJHKO HaXOAUTb pejieBaHTHbIE JOKYMEHTDI, HO U YKa-
3bIBaTb B HUX CEI'MEHTDI, HauboJiee pejJeBaHnTHbIEe TeMaTHUKe 3allpocCa;

® 00yuaemotl 10 TOJTH30BATEILCKON pa3MeTKe, YTOObI JeTATU3UPOBATD TeMaTHIeCKU i
aHaJIU3 KOJJIEKIIMU WJIM [IePCOHAJIM3UPOBATH aJIOPUTMbI IOMCKA U PAHXKUPOBAHUS;
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® 0HAGUHO0B0T, NAPAANEALHOT U PACNPEIEAEHHOT C TOYKH 3PEHUs] HPOrPAMMHOI pea-
Jimsanuu, 9To0bl 3 dexkTuBHO 00padarbiBaTh 0OJIbIINE KOJLJIEKIUA TEKCTOB.

Baxkneiimmum TpeboBaHneM K MHCTPYMEHTAPUIO TEeMATHYECKOIO MOJIEJIMPOBAHMS OKa-
3bIBAETCSI €r0 CIIOCOOHOCTH CTPOUTH MOJE/IN, codeTaloliue B cebe JIIoObie U3 1epevduc/ieH-
HBIX BO3MOKHOCTeil. VITHCTpyMeHTapuii J0JI2KeH ObITh «JIEI0-KOHCTPYKTOPOM», B KOTOPOM
MOJIEJTH C 3a/ITAHHBIM CBOMCTBaMHU COOMPAIOTCI U3 3apaHee 3ar0TOBJEHHBIX MOJIYJICIH.

Teopust anuTuBHON peryaspusanuu Temarudeckux momeneii (ARTM) maér Bmosme
HPAKTUYHBIA OTBET HA BOIPOC «YTO €CTh MOJLYJIb». DTO PEryaspu3aTop, KOTOPbIH JIErKO
BcTpauBaercs B EM-ajsropury u Haje/sier MoJIe/ib OLPe/IeJIEHHBIM CBOWCTBOM.

Monynbnblit ojxox nojaepzxubaercs oudanorexkoit BigARTM. Hexkoropoit TpyiHOCTBIO
[IOKa OCTAETCs MOJ00p KO (DUIUEHTOB peryidpu3alud U JIPYTUX IHieplapaMeTpoB, 9To
TpedyeT HOHMMAHUS TEOPHH, & TaKzKe HABLIKOB IIPOrPAMMHUPOBAHUS U IPOBEICHUS BbIUUC-
jure/ibHbIX kcrepumentoB B Python. Cozganue yio0HO# it KOHEIHOTO HOJIB30BATE/IsI
cpe/ibl TeMaTu4deckoro mojesnpoBanus na ocaose reopun ARTM u 6ubimorekn BigARTM
BEJIETCS B HACTOsIIIee BpeMsl.

Busyanusauna remaruydeckoro MoJie/IMPOBaHUS U IIOMCKA HEBO3MOXKHA 0e3 MHTepak-
TUBHOIO I'paduveckoro upejcrapieHus. B o630ope [2| onuchBaOTCS M CPaBHUBAIOT-
ca 16 cpeacTB BH3yaJdu3aldd TeMAaTHYeCKHX MOJeseil Ha OCHOBe BeO-mHTepdeiicos.
Emé Gosbmre mieil MOXKHO HOYEpIHYTb U3 HHTEPAKTHBHOIO 0030pa’, KOTOPLIH HaCdh-
rhiBaer OoJiee 440 cpejicTB BU3yaJIM3alUU TEKCTOB, HE OI'DAHMYUBASCH TEMATUYECKUMU
MOJIEJISIMU.

Hecmorpsi Ha Takoe 00raTcTBO TEXHUYECKUX PEHIeHUil, OCHOBHBIX WJIeil BU3ya/in3aiuu
TeMaTUIecKNX Mojesieil He TaK MHOTO: 9TO JTHOO0 ABYMePHOe 0TODpazKeHe ceMaHTUIecKOit
Om30cTH TEM B BHe rpada Wil KapThl, JU00 TeMaTHdYecKasd HepapXus, Ju00 JTHHAMUAKA,
pa3BUTUA TeM BO BpeMeHH, JuO0 rpadoBasg CTPYKTYpa B3aUMOCBsI3eil MeXKIy MOHATHU-
sIMH, T€MaMU, JIOKYMEHTaAMU, aBTOPAMU U/ MHBIMH MOJIAJIbHOCTSME, JIMOO CerMeHTHAast
TeMaTUYecKas CTPYKTYpa OTJAEIbHbIX JIOKYMEHTOB 2.

I'padudeckas Busyanuzanus OOTBIINX JTAHHBIX MPAKTUYECKN OecIoJie3HA B CTATUI-
HOM HCIIOJTHEHHH, HO MOYKeT OKa3aTbCS MOITHBIM KOIHUTUBHBIM CDEJICTBOM B CJIydae WH-
TepaKTUBHOI peasmsanyu. [I[puHIUI NTHTEPAKTUBHOTO BIU3YAJIbHOTO MOUCKA HHMOPMAIIT
u3BecTeH Kak manmpa lnetidepmara: «cHadaia KPYIHBIN LIAH, 3aT€M MACIIadDUPOBAHUE
u dbuibrpanys, Jeraiu 1o rpeboBanunios [177].

I'padudeckoe oTobpazkeHme pe3yaIbTaTOB TEMATHIECKOTO MOIETUPOBAHUS U Pa3Be109-
HOTO MOKMCKA COJIACYeTCsl ¢ KOHMenueii daavrezo wmenus (distant reading), mpeiozen-
HOli conmostorom Jsinreparypbl @parko Mopertu [16]. OH mpoTHBOMOCTAB/ISET STOT CIIO-
cob M3ydYeHUs] TEKCTOB HAIlleMy HPHUBBIYHOMY npucmansvhomy wmenuto (close reading).
HeBo3mokHO 1npounTars MUJJIMOHBI KHUT WJIM CTATel, HO BIIOJIHE BO3MOXKHO HPUMEHUTD
CTATUCTUYECKHUE METO/bl U I'PADUUECKYIO BU3YAJIU3AIMIO, YTOObI HIOHATH B ODIIUX YepTax,
0 4éM BCd 9Ta JIUTepaTypa, YBU/IeTh HeTPUBHATbHbBIE OOIIE 3aKOHOMEPHOCTU U HAYIHTHCS
ObICTpee OTBICKHBATDL HYKHOe. «/lambHee dTeHme — 3TO crmenuagbHasg (GopMa MpeIcTaB-
JIEHUs 3HAHUM, B KOTOPOI MEHbIIIe 3/IeMEHTOB, I'PyOee CMbIC/I UX B3aUMOCBs3€il, OCTAI0TCs
Junrb (OPMBI, OTHOIICHUST, CTPYKTYDbI, Mojesns |138].

8http://textvis.lnu.se — HHTEPAKTUBHLIH 0030p CPECTB BU3YaJM3aINH TEKCTOB.
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BbiBoabl no rnase 21

o [Ipunoxkenus B 00JIaCTH pa3BeIOYHOIO MH(MOPMAIMOHHOIO MTOUCKA U COIHO-TYMa-
HUTAPHBIX HCCICOBAHUN IPEbABIAIOT HETPUBHAJIbHbIE KOMOUHAIIMN TpeboBaHUi
K TEMATUYECKUM MOJIEJISIM.

e B reopun ARTM u 6ubsmoreke BigARTM mmpokuii Kiacc TpeboBaHiT BO3MOKHO
dopmam30BaTh ¥ KOMOMHHPOBATH C IIOMOIIBIO PEry/IsSpU3aTOPOB, MOJAIBLHOCTEI
u runeprpadoBbix MojieJIei.

e HecmoTpa Ha ABa JecaTHyieTHsl UCCIEIOBAHUII B O0JACTH TeMAaTUIECKOTO MOJIETH-
poBaHusd, MHOTHe MpobgeMbl (hOpMATU3AUN JTHHTBUCTUIECKHX U T'YMAHUTAPHBIX
3HAHUM /IO CUX LIOP HE PELICHDI.

e OTKpbITbIe TPOOJIEMBl TEMATHIECKOTO MOJEIUPOBAHUs OOCYIMM B CJIEIYIONIei, 3a-
KJIIOUUTETBbHON, TJIaBe.
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22 3aksr4yeHune

3ameHa Teopetunyeckoro cpyHgameHTa. BeposTHOCTHOE TeMaTHYECKOe MOJIEJIMpPOBa-
HUE SBJISIeTCS OTHOCUTEIBHO MOJIOJBIM HAIPAB/ICHUE UCCJICIOBAHMIT HA CTHIKE MAIITUHHOTO
o0ydYeHHs W aBTOMATHIECKON 0OpabOTKU TEKCTOB. 3a YeTBEPTHh BeKa yCIeaa CJIOKUTbCS
HayJYHas TPAJUINI — PACCMAaTPUBATH 9Ty 00/IaCTh KaK 9acTh WX KaK MpPUJIOXKeHue Oaii-
eCOBCKOro oOydeHHsd. B 3Toif KHUTe HpeaIpHHATa MOMBITKA HPEO0JeTh 3TY TPAIUINIO,
HPEJJIOZKUB HAMHOI'O OoJjiee HPOCTO, HO HE MeHee BbIPa3uTe/ibHbli (POPMAJIU3M MHOI'O-
KpUTepUaJIbHON He-0alieCOBCKOM peryJisipu3allii.

CorHu aJIrOPUTMOB TEMATUYECKOI'O MO/ IMPOBAHUS, OIUCAHHBIX B THICSYaX IIyOJIHMKa-
uit, MOryT ObITH HepePOPMYIMPOBAHBI ¥ BBIBE/ICHBI B OIHO JEHCTBHE U3 JIEMMbI O MAKCHU-
MU3AIAA TJIAJAKON (DYHKIUH HA eTHHUYHBIX CHMILTIEKcax. BeposaTHOCTHOe TeMaTHdecKoe
MO/IeJTUPOBAHIE MOYKHO Tellepb HAa3bIBATh «Teopueil OmHoi JeMMbly. OObACHATH, CTPOUTD
1 KOMOWHHUPOBATH TeMaTUIeCKNe MOJETHN CTAJI0 Ha HOPII0K IPOIIIE.

[lIouemy 3Ta BO3MOKHOCTH He ObLIa 3amedeHa cpasy! Bejab 6aiiecoBckuil BBIBOJI, TPY-
JIOEMKUIT ¥ YHUKAQJIBHBIN I KazK/I0f MO/, IIPUHOCUT UCCJIeI0BATEISIM MHOI'O TE€XHI-
4eCKUX Hey100CTB.

Mmuorue obJiacTu aHaJM3a JJAHHBIX U MAIIIMHHOIO 00yYeHusi, BKJIF0Yast 00paboTKy u300-
pazkeHuil U CUIHAJIOB, PA3BUBAJIKMCH 10 CJIe/IyiommeMy TunoBoMy crerapuio. Cuadasa dop-
MaJIu3alisl MOJIEIM U ONTUMUBAIUOHHON 3a/a4uu; 3aTeM oDoralieHune MOCTAaHOBKY 3a/1a4u
JIOTIOJTHATETHbHBIMI CTPYKTYPAMH U KPUTEPUIMH, B TOM YHCJE C MOMOIIBIO Peryspu3a-
IIIH; ¥ TOJIBKO B MOCJIETHION OUYepe/ib IepeXo, K 0aileCOBCKOI peryIspu3anui. JTOT mepe-
XOJI, Hy2KeH TOI/ia, KOIJIA BO3HUKAET MPAKTUYECKas MOTPEOHOCTH ONEHUBAHUS HE TOJIHBKO
CaMUX [APaMEeTPOB MOJIE/IM, HO M WX aloCTepUOpHBIX pacupeaenenuii. Hanpumep, ajis
HOJIYYeHUST WHTEPBAJIbHBIX OIEHOK, IMPOBEPKU CTATUCTUIECKUX THUIIOTE3, CIMILTUPOBAHUS
MoJtesieil, ONeHNBAHNS UX YCTOMYHBOCTH W MPOYHX BHJ/IOB BEPOSITHOCTHOTO AHAJIH3A.

B ciydae temarumueckoro MojeqmpoBaHusl TUHOBOH creHapuit Obu1 napymer. Cood-
MECTBO TEpeniIo K MeToJaM 0ailecOBCKOro OOydeHHs MHWHYS STall PA3BUTHS B paMKax
KJIACCHIECKOI perysdpu3anui. JTo TeM Oojee MapaJoKCAJbHO, YTO B MPAKTHKE TeMATHU-
YECKOI'0 MOJIeJIMPOBAHUS AllOCTEPUOPHbIE PACIIPeIe/IeHIs UCIIOJIb3YIOTCS UCKJIFOUUTE/IbHO
pa/ii MOJIyYeHUs] TOUYCIHBIX OMEHOK MAaKCHUMAJIbHOI'O MpaB/onoaodus. Her Hukakux 3Ha-
YUMBbIX HOTPEOHOCTEH, BbIHY K IAIONIUX UCIO0JIb30BATh DailecOBCKOe 0byveHue.

Teopus aguurusnoii peryiasipusanun (ARTM) ectb nombITKa BOCIOJHATD 9TOT PODEI.
Bo3MoxkHO, 101IbITKA 3a1103/1aJ1a4, TOCKOJIbKY (DOKYC HHTEpeca HayYHOI'0 COODIIECTBA, yKe
HNePeKJTIOYIIICS Ha TUIyOOKUe HeifipoceTeBble MOJEH SI3bIKa, MO BHUMAaHUS U apXUTeK-
Typsl Tpancdopmepos [59]. Temarnueckoe MoJeUpPOBAHEE Telepb GOJIbIE COCPEIOTOYe-
HO HA MHTErPAlUU C HEIPOHHBIMU CETSIMHU B IMOUCKAX BO3MOXKHOCTEH /st «00'be/InHeHUS]
JIy9IIero oT JBYX MHPOB» [225].

Oba Buma mozeeil, HeifipoceTeBble W TEMATHYECKUE, N€HEPUPYIOT BEKTOPHbLIE HPEJI-
CTaBJIEHUS CJIOB U TEKCTOB.

Oba msirorefor K romorenusanuu [149|, MCHOIB30BAHMIO €JIMHOTO BEKTOPHOIO IIPO-
CTPAHCTBA JIJIsi OIMMCAHUSI PA3HOPOIHBIX O0'bEKTOB 110 JIAHHBIM 00 MX B3aUMOIEHCTBUSIX.
B riraBax 9 u 10 370 OBLTO MOKA3aHO HA MYJIBTUMOJATBHBIX U IUIeprpadoBbIX TeMaTude-
CKUX MOJIEJISX.

Oba renepupyior Kak 1yiodabHble SMOEIMHIH, TaK U JOKAJbHbBIE JIJId KazKJ0r0 CJIOBA
B ero KoHTekcre. B rraBax 15 u 16 OblIM IOKa3aHbBI MOJAXO0/IbI K TeMATHIECCKOMY MO~
POBAHUIO 110CJIE€/I0BATE/ILHOIO TEKCTA.
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HeiipocereBbie Mojie/ii HAMHOT'O CJIOZKHee, uX 3MOe iuHIM BOMPAIOT B cebsd HAMHOI'O
6oJibllle UHMOPMAIIMY O CBSA3AX MEXKJLy CJIOBAMHU, HPUYEM Mbl JlaKe He [HIOHUMAEeM, KaKue
AMEHHO CBA3U W KaK UMEHHO YUYUTBIBAIOTCH.

TemaTudeckue Mo/ i@ HAMHOTO HPOIIE, UX IMOEJMHIH YIATHIBAIOT TOJHKO JIEKCHYe-
CKYIO COYeTaeMOCTDb CJIOB, 3aTO COXPAHAIOT HHTEPHPETHPYeMOCTb. (CBOHCTBO IMOKOOP/IH-
HaTHOM UHTEPIIPETUPYEMOCTU [dBJIACTCA IIPAMbIM CJI€JCTBUEM TOI'O, 4YTO TeMaTU4YECKUe
3M6€,H‘I/IHFI/I ABJIAIOTCA JUCKPETHbBIMU BEPOATHOCTHBIMU pacClipee/ieHudMu, TO €CTb HeOT-
pUIIATEJIbHBIMA HOPMUPOBAHHBIMHA BEKTODAMU.

Orka3 ot 6aiiecOBCKOIro BBIBOJIA TeMATHIECKUX MOJIe/Ieil YIIPOIaeT X BO3MOKHYIO HH-
TEerparuio ¢ HelpoceTeBbIMU MOJIe/IsME. J[1000if BEeKTOpPHBIN IapaMeTp HEHpOHHOR ceTH,
€c/IM Ha Hero HaJIOXKHWTh OI'PAHUYEHMS HEOTPUIATE/JIbHOCTU U HOPMHUPOBKHU, MOYKHO 00Y-
YaThb C IIOMOHIIbIO MYJIBTHUIIJIMKQTUBHOI'O I'PaJUEHTHOI'O IIara C HpOGKL[I/IefI Ha e,ZLI/IHI/I‘{HbeI
CUMILJIEKC, COIJIACHO <«OCHOBHO# JieMMey. [Ipu 3TOM Jijisi BbIYUC/I€HUS CAMOI'O I'Da/IUeH-
Ta MOZKHO ITO-IIPEKHEMY HCIIO/Ib30BaTh 0OpaTHOE paclpocTpaHenne omuOKu. Peanun3arus
stoit ugen B cucreMax PyTorch wim TensorFlow mo3sosuT npuMeHSTh UX Jijid 00yIeHHS
IIPOU3BOJIbHBIX TeMAaTUYCCKUX MOJIeJeil ¢ aJI/IMTUBHON peryjdapusanuei.

Mudbl 0 TemaTudeckom mogenupoBaHuun. JlomuHupoBanue 0AECOBCKOIO 10AX0JA,
Pa300IIEHHOCTD aKAJIEMUYECKOI'0 ¥ UH/LYCTPUAJIBHOIO COODIIECTBA PUBE/IU K HEKOTOPbIM
3a0/1y2K/ICHUSAM O TeMaTHIeCKOM MOJETUPOBAHUH, JOCTOUHBIM YIIOMHHAHUSA U KPUTHUKH.

o «Temaruueckoe moseupoBanue — 310 B ocHoBHOM LDA». Her, ectb coTaHu MOje1€0,
perranmux pasnoobpas3ubie 3a1a4u, ¢ KoropbiMmu LDA cupasiisiercs xyxke.

o «Temaruueckoe Mojie/IMPOBaHKE IOJAXO/UT TOJBKO IS aHAJIU3a TeKcToBy. Her, ecTb
MOJIeJIN JIJIsI aHAJIN3a N300parkeHuii, Buaeo, rpados, CUIHAJIOB, TPaH3aAKIUN.

o «Temarmueckoe MoJIeIMPOBaHIE — ITO pa3/ie/1 baiiecoBckoro obyuenus». Her, 60/1b-
HIMHCTBO MOJesteit ropasno upoire crposrcs B ARTM 6e3 GaitecoBCcKOro BuiBoJA.

o «TemaTmyeckne MOJE/M CAYKAT /I MPeCKa3aHud JYaCTOTHI CJIOB B JIOKYMEHTaX».
PopMabHO J1a, HO UX MEedb B BBIIBIEHUH KJIACTEPHOU CTPYKTYPBI KOJJIEKITHH.

o «Tembl YacTo OKa3bIBAIOTCA JAyOJUPYIOIMIMMHU HJIX ILJIOXO HHTEPIPETUPYEMBIMEY.
1o Ttak B LDA. IIpobiema pemraercs ¢ IMOMOIIBIO JIPYTUX PEry/Isipu3aTOpOB.

o «Temaruyeckue MOje/IM OCHOBaHbI Ha I'MIIOTE3€ Mellka cjaoB». MHorue, HO He Bce.
TemaTudeckue MoJEIN N-IPpaMM, OUTEPMOB, IIPEI0KEHUN, CerMEeHTAIUN, PEeryJisd-
pusanusd u JIOKaau3anusd E-mara yIuThIBAIOT MOPSAI0K CJIOB B IOKYMEHTaX.

o «Temaruyeckue BEKTOPbI He TaK XOPOIIO OTPAKAIOT CMbIC/IbI CJI0B, KaK word2vecs.
OHnu menaroT 9TO He XyzKe, eCJIU CTPOUTh TeMATHIeCKYI0 MOJEeTb MO JYacTOTaM Map-
HBIX COYETaHWIl CJI0B, KAK 9TO U Jlefaercd B word2vec.

o «Temarnueckas momesnbp LDA nepeobyuaercsi ropaszno menbine, dyem PLSA» [45].
Her, ux kadecTBO HpUMEpPHO OJIUHAKOBO, OCOOEHHO Ha OOJBIINX KOJJIEKIUIX.
LDA ocropozkHee OleHHBaeT BEPOSTHOCTH PeIKHX CJI0B. POpMaIbHO 9TO YIIydIIaeT
1PaB/I0110/1001e, OJIHAKO ITU CJIOBA HPAKTUYECKH HE BAYKHBI JIJIsi OIIMCAHUS TEM.
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o «Temarmueckass mozmesnb LDA umeer mamuoro menbine napamerpon, dem PLSA».
Her, marpunpt ® u © onenuBaiorcs B 00enx MOJE/IsIX, OCKOJIbKY OHM HYZKHBI JIJIsT
npuaokenuii. Ha camom gese B LDA Gosbire mapaMerpoB, J100aBISOTCI 5 U (.

o «lI3yuenue TeMaTHYECKOIO0 MOJIEJIMPOBAHUS HAYMHAETCS C BEPOATHOCTHBIX rpadu-
JecKHX MoJiesieil u baitecoBckoro BuiBojay. Temeps met. Ilporne HaunHaTh ¢ OCHOBHOIT
JIEeMMBI O MAKCHUMU3AIlUU HA e JUHUYHBIX CUMILIEKCAX.

OTkpbiTbie nNpobnembl. He nperenjyss Ha 1OJHOTY, YKaxKeM BOCEMb IIPO0JIEM, KOTO-
pble IIPeJCTaB/Ig0TCd HanboJ/iee aKTyaJ bHbIMU HAIIPABJIEHUSMU UCC/IEJIOBAHUN B TeMaTu-
YECKOM MOJIEJIUPOBAHUMN.

o [apanmuu Kawecmea mem O0as HeCOUAAHCUPOBAHHLIT Koasekuud. Momenb Moxker
BbIJIaBaTh ILJIOXO HHTEpPIpeTupyembie, AyOJMpyIoiie Wl MYCOPHbIE TEMbl, €CJIH
B MCXO/IHOM KOJLJIEKIIMHU TeMbl Pa3/IMdaiorTcs 110 00béMy B coTHU pa3. Makcumusaiust
[PAB/IONO 100K UMeeT TeH/ICHITNIO BhIPABHUBATH TEMbI 110 00bEMY, & He 110 CeMaHTHU-
YeCKOil 0JIHOPOJIHOCTH. B pe3ysibrare KpyImHbIe TeMbI JIpOOITCS Ha TeMbI-/1yOJINKATHI,
a MeJIKHe 00beJUHIOTCA U 00pa3yloT MycopHbie Tembl. [Ipobiema mecHamancupo-
BAHHOCTH IIPEJICTABJIACTCA OCHOBHOW NPUYUHON IIJIOXOW MHTEPUPETUPYEMOCTHA TEM.
Omxpvmas npobaema: CKOHCTPYHUPOBATH ONTUMH3AINMOHHBI KPpUTEPUH TaK, 9TO-
OBl MOJIE/Ib CaMa OIpe/ie/idia, KAKHe TeMbl SBJISIOTCS KPYIHBIMH, KAKHe MEJTKHMI
B HecOATAHCHPOBAHHON KOJLICKITUH.

o (Obecnevwenue ycmotuusocmu memamudeckur modeseti. Ilpy MHOTOKpaTHBIX 3aIyc-
KaX MOJIeJITMPOBAHNS C PA3HBIMH PEry/sipu3aTopaMu, U3 Pa3HbIX CIyvallHbIX Hada b
HBIX IPUOJIMKEHUII U C HCIOJb30BAHUU CTOXaCTHYECKOro E-mmara, MOryT moJry-
4aThCs MOJIEJIM C pa3jimdnbiMu Habopamu TeM. [TocTpoenue nojiHoro Habopa uHTEP-
HPETUPYEMBIX TEM MOZKET HOTPedOBATH JECATKOB M JIazKe COTEeH 3allyCKOB.
Omxpvimas npobaema: MOCTPOCHHE IOJTHONO HAOOPa XOPOIIO HHTEPIPETUPYEMbIX
TEeM 3a OJUH 3aIlycK. BO3MOXKHO JI 9TO C MOMOIILIO PeryIapu3allim !

e Modeauposanue memamury nocaedosamenvhozo mekcma ¢ yI6ToM IOPaIKa CJIOB.
Momenu, OCHOBAHHBIE Ha THIIOTE3¢ «MEIIKA CJI0B», CJAUIIKOM XAOTHIHO OTHOCAT
OJIM3KO CTOsIIIUE CJI0Ba K pasHbIM TemaM. [lonsitue Tembl (topic), ocHoBaHHOE Ha
CTATUCTUKE COYETAEMOCTH CJIOB, ILJIOXO COIJIACYeTCS ¢ IPU3HAHHBIMU B JIMHIBUCTUKE
KOHIeNusAMEI TeMbl (theme).

Omxpvimas npobaema: CO3JAHHE TEMaTHUCCKUX MoJeseil BHUMAHHS, BO3MOXKHO,
Ha OCHOBE JIOKAJU30BAHHOIO E-mrara. Meromosornueckasd MHTerpanus ¢ JAHIBHU-
CTUYCCKIMH METOJaMH aHaJIu3a TeKCTa.

e Passumue netpocemesoir memamuveckur modeaet; (neural topic model, NTM).
TexHosiornyeckasi HECOBMECTHMOCTb TEMATHYCCKHX U HEHPOCeTeBbIX BEKTOPHBIX
HPEJICTABJICHNAN CJI0B IPUBOAUT K KOHKYPEHIUMH STUX KOHIEHIUH, CJAUIIKOM I'PO-
MO3IKUM PEIIEHUSIM WJIM CJAUIIKOM HOBEPXHOCTHON HHTErPAIMH.

Omxpvimas npobaema: TybOKas HHTEIPAIUd MEXaHU3MOB 00y IeHUs TeMaTHICCKUX
1 HeiipoceTeBLIX MOjeseil S3bIKa ¢ MOMOIBI0 MYJIbTUILTHKATHBHBIX I'PAIAeHTHBIX
maroB (OCHOBHOIT JIEMMbI O MAKCUMU3AIMH HA €MHIUYHBIX CHMILIEKCAX ).
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o Asmomamuaayus nodoopa eunepnapamempos. llpu ucnoib30BaHuN HECKOJIBKUX Pe-
I'YJISIpU3aTOPOB U MOJIAJIbHOCTEH UX BecoBble KOpduiumen bl 00bIYHO 110/10UPAIOTCS
BPYUHYIO, IyTEéM MHOTOKDATHOT'O MEePECTPOEHUs MOJETH 10 BceM JaHHBIM. |Ipnme-
HEHUEe TeHEeTUYECKUX AJTOPUTMOB U JPYIUX U3BECTHBHIX TeXHUK AutoML mposomut
K TPOMO3/IKAM U BBIYUCTUTETBHO TPYJOEMKHM AJTOPUTMAM.

Omxpvmas npobaema: pean3anusi ObICTPOR aIAIITUBHONR MHOIOKPHTEPUAIBHOM OI1-
TUMU3AIUY TUIEPHAPAMETPOB B PEKUME IMaKeTHON 00padOTKU KOJLIEKIIUH.

o Asmomamuueckoe uUMEHOBAHUE U U3AOIAHCEHUE MeM. BOTBITUHCTBO TPUIOKEHHIT Te-
MaTHYECKOT'O MOJIJIMPOBAHUS CBS3aHO C BU3YAJbHBIM IIPE/ICTABJIEHUEM TEM T10JIb30-
Baresio. Kaxas tema J0/KHA yMeTb pacckasarb 0 cebe. OgHako B juTeparype
3aJa9a CyMMapHu3allud TeM JI0 CUX IOp He CTaBUJIACD.

Omxpvimas npobaema: TeHEPUPOBATH I JIFOOOH TeMbl He TOJILKO KpaTKOe Ha3Ba-
HUE U pejieBaHTHbIE (DPa3bl, HO U KPATKOE CBS3HOE U3J/I0ZKEHUE 3a/[aHHOI0 00'bEMA.

o Jlunamuueckoe cozdarue cobbumulinbx mem B TEKCTOBBIX MOoTOKax. Hecmorpst Ha

obu/ine MCCJIeIOBAHUN 110 TEMIOPAJbHBIM TeMAaTHIeCKUM MOJE/IIM, IIOKa He CyIIe-
CTBYeT YHUBEPCAJbHON MOJIe/IN, HOAXO/dIeil jijisi JIOObIX TEKCTOBBIX KOJLIEKIIUI
C JJMHAMHUKOM.
Omxrpvimas npobaema: aBTOMATHIECKOE M CBOEBPEMEHHOE JIeTEeKTHPOBaHUE HOBOI
TeMaTUYCeCKON JJIeKCUKHU, IIPUCYTCTBAA HOBOI TeMbl B JIOKYMEHTE, MOMEHTOB IIOdBJIe-
HUS HOBBIX T€M U 3aBepIIeHHs CTapbIX. Perenne 3Tux 3aa4d J0IKHO O0OXOIUTHCS
0e3 TPY/L0EMKOI0 KCIEPUMEHTAJIbHOTO 110100pa I'uliepiapaMeTpos.

e Bepeotcnoe 0bsedunenue memamuieckur modesed, TPy MOTOTHEHUN KOJIIEKITUT 3Ha-
YUTEJTHHBIM 00bEMOM TEKCTOBBIX JAHHBIX C HEU3BECTHBIM UUCJIOM HOBBIX T€M, JIHOO
1pu O6'be,Z[I/IHeHI/II/I KO.H.HeKI.LHfI C I'OTOBBIMHA TEMAaTHYC€CKHMMHU MOICJJIAMMU.

Omxpvimas npobaema: BbLIeIeHHE OOIMUX U COXPAHEHUE YHUKAJIbHBIX T€M P 00b-
eJIMHEHUH HECKOJbKUX TeMAaTHYIeCKUX MOJIeseil, BOBMOXKHO, B YCJIOBUSX HecOasIaH-
CHPOBAHHOCTH TEM II0 UX 00bEMAaM.

B a1y xHUTYy He BOILIN HEKOTOPBIE BayKHble THILI MOJe/ell, HalpuMep, /19 aHaIn3a
n300parkeHuil U BUJEONOTOKOB, aHHOTUPOBAHUS U300pazKeHuil, cyMMapu3aluu TEKCTOB,
aHaJ/JIn3a TOHAJBHOCTHU 1 BbIABJICHNA MHeHl/If/'I, UCIIOJIb30BaHUA U HOCTPOCHUA OHTOJIOFI/Ifl,
06Hapy)KeHI/IH HOBbBIX T€M U IIPOCJIezZKUBaHUA HOBOCTHBIX CHO2KETOB. He 6bIJII/I 3aTPOHYThL
METOJ[bI aBTOMaTHIeCKOTO nMeHoBaHudg TeM. He Halia orpazKkenus B 0030pe HOBas TEH-
JICHITMS CO3/IaHUA THOPHIHBIX Mojeseil Ha OCHOBE TeMAaTUIeCKOTO MOJICTUPOBAHUS U Heli-
POHHBIX CeTeH.
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