BepositHOCTHOE TemaTndeckoe MOAETNPOBAHNE:
0030p MoJieseil U aIAUTUBHAS PEery/IsdpI3aliis

Boponnos Koncrantnn BstueciaBoBuu
vokov@forecsys.ru
MockoBckuii pu3nKo-TeXHUIECKU UHCTUTYT (MOCYIAPCTBEHHbI YHUBEPCUTET),

DenepanbHbIi uccnemoBareanckui mentp «Mudopmaruka u ynpasiaerunes PAH

5 deppasa 2019 r.

Copep>xaHue
1 Bsenenne

2 OCHOBBI TEMAaTHYECKOTO MO/IEJINPOBAHUS
[IpeaBapurenbHas 00PADOTKA TEKCTA. . . . o v v ' v v e e e e e e e e e e
['unore3a 0 CYMECTBOBAHUM TEM. . . . o« o o v v e et e e et e e e e e e
['umoTe3a «MEITKA CITOBY. . . .« v v v v v v v v i e e e e e e e e
['umore3a 0 BEPOSATHOCTHOM MOPOKIEHUH JAHHBIX. . . . . . « « o o o o o o o .
['umoTesa yCIOBHOM HEZABUCHUMOCTH. . . .+ « + « « v v v e e e e e e e e e e e e e
BepositHocTHast TemMaTudeckasi MOJIEb MOPOXKICHUST TEKCTA. . . . . . . . . . . .
Baada TeMaTHIECKOTO MOMETUPOBAHUS « « .+ « v o o v v o e e e e e e e e e e
HuskopaHroBoe MaTpuaHOe PA3IOKEHUE. . . . . . o o o v ot i e e e
YacToTHBIE OIEHKH YCIOBHBIX BEPOSITHOCTEM. . . . . . . . . . v v v v v o oo
EM-amropuT™. . . . . . . ... e e e e e
Pamwonanbuwiit EM-asropurm. . . . .00 Lo

3 ApautuBHasg peryagpu3anus
[TpuHnun MakcUMyMa MPABIOTMOMOOMST  « .« .+« o o o i o e e e e e e e e
Perymapuzamus. . . . . . . . .. L
HeobxoauMbie yCHIOBUS MAKCHMYMA. . . « .« . o v v et o e e e e e e e e o
VemoBUS BBIPOKICHHOCTH. . . « . o o v e oo e e e e e e e e e e e
Mogmesib BEPOSITHOCTHOTO JIATEHTHOTO CEMAHTUIECKOTO AHAIN3A, . . . . . . . . . .
PerynapuzoBannerit EM-amropur™ . . . . . ... oL
OmnaitroBerit EM-asropura . . . . . . L oL Lo
O cTpaTerugx PerymIsdpU3AIMMAM. . . . . « .+« « v o o e e e e e e
OtHocutenbHbIe KOAMMUIUEHTHI PETYIAPHIAMAM. . . . + « « o o o o o o v o o

IS

© © 00~ oo

10



4 DBaiiecoBckag perynagpusanug m moaesib LDA
BaiiecoBcKasi pETYISAPHBAIMS. . . .« o v v v v v e e e e e e e
Momenn starenTaoro pasmemniennst dupuxie. . . . . . . ..o
Juseprennusa Kynnbaka—/leitbmepa . . . . . . . . . ...
He-BeposgtaocTnas marepnperanua mogenn LDA. . . . . . . .. . ... ... ..

5 HMHTepnmpeTupyemMoCTh TEM
CriaaKuBaHWe W PA3PEKUBAHME. . . . . . « .« o o o et et e e e e
YHacTHIHOE O0YUEHUE. . . .« o v v v v v e e i e e e e e e e e
[IpenveTHbIe T (DOHOBBIE TEMBI. . . . . .« o o v ot e e e e e e e e
ChoKyCHpPOBAHHBI TEMATHIECKUN MOMCK. . . . « o o o oot o e o e o e e e o
JIEKOPPEIMPOBAHME. .« « o vt v v v e e e e e e e e e e e
KoMOuHUpOBAHUE PETYAIPUZATOPOB . . . « o o o o v o e o e e et e e e

6 MoagennpoBaHue MyJIbTUMOOAJIBHBIX JTAHHBIX
MyTbTHAZBITHBIE MOMET. .« o o o o v e e e e e e e e e e e e e
MogaIbHOCTH KATErOPHIT M aBTOPOB. . « .+« o v v e e i v e e e e e e e e
TeMIOPATBHBIE MOMEIIH. . « « o o o v v e e e e e e e e e e e e e e e

7 MonpenupoBanue TpaH3aKIINOHHBIX JaHHBIX
TemaTnueckne MOJEIN HA THIEPrPAdAX. . . . . o o o v v v et e e e e e
Ko3hdUmueHThl BARIHISI. . . . . . . . v v v v e e e e e e e e

8 MoaenunpoBanue 3aBUCUMOCTEM
Knaccmukamuss. . . . . . . . . L. e
Perpeccusi. . . . . . .o
Koppeldammum TeM. . . . . . . . . . . e e e e e

9 Onmnpenesenne Yncjaa TeM

10 ITocTpoenne TeMaTUYIeCKUX Mepapxuit
PerynapuzaTop MeKypPOBHEBBIX CBA3EHM. . . . . . . .« . o v v v v vt i e
PerynapuzaTop paspexkuBaHUS MeKYDPOBHEBBIX CBA3€H . . . . . . . . . . . . ..

11 MonenupoBaHue cBda3eili MeXKIy JOKyMEHTaMu
CCBII[KI/I U IMATUPOBAHUE. . . . . . . . . . . o v o vttt e e e e e e e e e e e e
TeoMORKAIMMIM. . . . . . . . . v e e e e e
['padbl M COMMATBHBIE COTH. . . . . .+ o v v e v e e e e e e e e e e e e e

12 MoaenupoBaHue COBCTPEYAEMOCTH CJIOB
Kommokammui. . . . . . . . . . e
BurepMbl. . . ..
CeThb CITOB. . .+ v v v e i i e e e e e e e e e e e e
KOrepeHTHOCTD. . . . . . v v v v o e e e e e s e e e e e e e e e
Mopenu BeKTOPHBIX MPEICTABICHUI COB . . . . . . o o o v v e oo o o o

16
16
17
19
20

20
21
21
21
22
23
23

23
25
26
28

29
30
33

33
33
34
35

36

37
38
38

39
39
40
40



13 Temarnuyeckass cerMeHTaIus TEKCTOB
TemaTtmdeckas MOIETb MPEITIOKEHMI. . . « . o . v v o v et e e e e e e
Temaruueckas MOJEIDL CETMEHTAIMM. . . . . . . .+« o v v v e e v e e e e e
Peryngpuzarop E-mmara. . . . . . . ..o Lo Lo
Paspexkusanue pacupenenennit p(t|d,w). . . . . . ..o Lo
Pazpexkusatomuii peryasgpuzarop E-mmara pig cermentamum. . ... ... . L L

14 KpuTrepun KadecTBa TEMATUYECKUX MOIeJeil
BHeIIHIE KPUTEPHE . . . . . . . o o o o e e e e e e e e e e e e e e e
IIEepIIEKCHA. . . . . v v v v e e e e e e e e e
KorepeHTHOCTD. . . . . . . . . L o o e
Pa3peKeHHOCTD M PA3/IMTHOCTD TEM. . .« .« . o v v o e oo e e e e e e e e e

15 ITpoektT BigARTM
IToArOTOBKA JAHHDBIX. . . « + v v v v e e e et e e e e e e e e e e e
CrmoBapm BigARTM . . . . . . . . . . . .
Perymapus3aTopbl . . . . . ... L
MeTpUKH KA9eCTBA . . . .« v v v i o et e e e e e e e e e
Boirpyska mapaMeTrpoB MOJEII. . . . . o v o o v v e e e e e e e e
Muoronorounsrit nakerubiit EM-ajropurm. . . . . ..o o000
Wepapxudeckas TeMATHICCKAST MOJIETD . . . « « .« o o o et e e et e e e e e o

16 PazBemgounsbiii nH(OPMAIMOHHBIN ITOMUCK
TeMaTHIeCKHII TTOMCK. . . . . . . o v o e i i e e e e e e e
KagecTBO pasBeIOTHOTO MOMCKA. . .« v+ v v v v v e e e e e e e e e e e e e
Busyammzammss. . . . . ..o L e

17 3akjarodyeHue

47
47
48
48
51
51

52
52
52
53
54

55
%)
56
57
58
59
60
62

62
63
64
64

65



1 BBepeHue

Tematmdeckoe MOAETUPOBAHUE — OJHO U3 COBPEMEHHBIX HAIMPABICHUN CTATHCTUYE-
CKOli obpabomrku ecmecmeennozo aszwka (natural language processing, NLP), akTuBHO
pazBuBaoteecsa ¢ kKouna 90-x rogos. Temarwmdeckas MOIeTb OMUCHLIBAET TEMATHKY KOJI-
JIEKITUU TEKCTOBBIX JOKYMEHTOB, ONpEeIessis, K KAKUM TeMaM OTHOCUTCS KayKJbIH JTOKY-
MEHT, U KaKue CJ0Ba Wan (ppasbl 00pa3yioT Kazkyio TeMmy. B xoporreit Mojaenn Kaxjast
TeMa, SIBJISIETCS CeMAaHTUIECKN OJHOPOIHOM, TO eCTh HEeCET B cebe ONpeIeIEHHBIi «aToOMap-
HBIIT CMBICT». TeMaTu4deckoe MOJIETUPOBAHNE He TPETEHIYeT HA TMOJTHOIEHHOE NOHUMAHUE
ecmecmeennozo asvika (natural language understanding, NLU), ofHAKO BBISIB/IEHHE Te-
MATHUKU MOYKHO CIUTATH OMPEICTEHHBIM TATOM B 3TOM HAIPABJICHUN.

Bepoamuocmmuan memamuueckas modeav (probabilistic topic model, PTM) omucsbi-
BaeT KaykKIyl0 TeMy IHCKPETHBIM paCIpeeeHHeM BEepPOSITHOCTEH CII0B, a KarKIbli 10-
KYMEHT — JINCKPETHBIM PaclpeieieHneM BeposiTHOCcTell TeM. TeKeT mponu3BOJIBHOM JjTu-
HBbI MOYKET ObITh MPeoOpPa30BaH B TEMAaTHYECKOE BEKTOPHOE IMPEJICTaBIeHNne, U3 KOTOPOro
MOYKHO y3HATh, KakKasl J0Js1 KayKJ0# U3 TeM (ATOMApHBIX CMBICJIOB) COMEPKUTCS B JaH-
HOM TekcTe. [TOXOXKYIO 337a4y PeIalT MOJETH 6ekmophuir npedcmasierud caoe (word
embedding) [79, 65|, mpemnoxkenuii [95, 149] u goxymeHTOB [35]|, OMHAKO B HUX KOOD/IMHA~
ThI BEKTOPOB HE MMEIOT CMBICJOBONH WHTEPIIPETAIIH.

Temarnmdeckoe MOJETHPOBAHUE IOXOXKE TaKxKe Ha KAGCMEPU3AUuU0 JoKYMEHMOos
(document clustering). Orauume B TOM, 9TO NpH KJIACTEPU3ANUE JOKYMEHT IEJTUKOM OT-
HOCHTCSI K OJHOMY KJIACTEPy, TOI/A KaK TeMaTHIecKash MOIETh OCYIIEeCTBISET MA2KYI0
kaacmepusayuto (soft clustering), pasessist JOKyMEHT MezK Ly HECKOJIBKUMH KJIACTePAMU-
TeMaMH. TeMaTI/ILIeCKI/Ie MO/I€J I HA3BIBAIOT TaK?K€ MOIC/IAMU MATKOM 6I/I—KJIaCTepI/I3a]_[I/II/I,
IOCKOJIbKY CJIOBA TaKKe KJIACTEPU3YIOTCS MO TeMaM. DTO MO3BOJSET OOXOAUTH Hpob.ie-
MBI CHHOHUMHUHU U ToJuceMun c1oB. CHHOHUMBI, YIIOTpeOasgeMble B CXOKUX KOHTEKCTaX,
I'PYNIUPYIOTCS B OJIHUX W TeX Ke Temax. MHorosmadnbie cjI0Ba U OMOHUMbBI, HA00OPOT,
paCHpeﬂeﬂfHOT cBOn BepOHTHOCTI/I 110 HECKOJIBKUM CEMAaHTHUYECKUN HE CBA3aHHBIM TEeMaM.
HaHpHMep, 3HaUYeHue CJI0Ba «Hﬂpo» MOZKeT 6bITb IIOHATO U3 TOFO, KaKad TeMa JOMHHH-
pyeT B ero KOHTEeKCTe — MaTeMaTHhKa, (pu3nka, OHOJTOrUs WX BOSHHAS HCTOPHUSI.

MHOFI/Ie MMPUJIO2KEHU A TEeKCTOBON aHAJIUTUKU HUCHOJIB3YIOT TeMaTU4YeCKUue BEKTOPHbIC
npeacraBjaeHud TEKCTa: BbIdABJIE€HUE TPEHJIOB B HOBOCTHBIX IIOTOKaX, ITaTEHTHBIX 6&—
3aX, apXuBaX HaydHbIX Mybsaukanuii [159, 126], MHOrOS3bIYHBIN HHODOPMAIMOHHBIH MO-
uck [137, 136|, monck TeMaTnveckux cOOOIIECTB B CONMUATBHBIX cerax [161, 128, 101, 27],
kiaccuduKalmsa U Kareropusaus JokKyMeHToB [111, 162|, TemMarndeckas cerMeHTaIust
trekcroB [145], rermpoBanme BeG-crpanui; [60], obHapykenme TexcroBoro crmama |[10].
CyL[LeCTByIOT N HEe-TeKCTOBbI€ IPUJIOKEHUA TEeMaTHYIEeCKOIO0 MOAEC/JIMPOBAHHA B aHAJIU3E
n3o6pazkennit u Bugeonotokos [50, 68, 43, 127|, B pekoMeHIaTeTbHBIX cucremMax [153,
140, 64, 156, 155|, B monyasunonnoit remernke [104], B GuoundopMaTuke st aHAIA3A
HYKJICOTHIHBIX [61] 1 aMHHOKHCIOTHBIX mocaegoBarenbrocTeit [116, 59|. dpyrue npmio-
JKeHUsT TeMaTHIeCKUX Mojesieii ynoMuHaoorest B o63opax [36, 22|.

[TocTpoenne TemMaTHIecKoi MOJETN MO KOJJIEKITNHA JTOKYMEHTOB SBJSETCSI HEKOPPEKT-
HO IIOCTABJIEHHOI ONTHMH3AIIMOHHON 3a1a4ueil, KOTopas MOKeT HMeTh OECKOHETHOe MHO-
skectBo penrernii. CornacHo teopun perymasipusanun A. H. Tuxonosa [11], pemenne takoit
3aJ[a491 BO3MOYKHO JIOOTPEJIEUTH U CAeIaTh YCTONIUBBIM. [Ij1s 9TOTO K OCHOBHOMY KPHUTe-
pPHUIO T00ABILIETCS Pe2YAAPU3GMOP — JTOMOTHATETbHBINR KPUTEPHil, YINTHIBAIONINN CIIEIH-
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duueckne 0cOOEHHOCTH MPHUKJIAIHON 331290 WK 3HAHUS IpeaMeTHOl obmactu. B croxk-
HBIX TIPIIOKEHUIX JTOMOJTHATETbHBIX KPUTEPUEB MOYKET OBITH HECKOJBKO.

Addumusnas pezyaspusayus memamuueckur modesed (additive regularization of
topic models, ARTM) — 3170 MHOTOKpHTEPHAIBHBI MOAXO0/, B KOTOPOM MOJE/Ih OMTHMH-
3UpyeTcst Mo B3BelneHHo cymme kputepues [3, 132]. ARTM no3Bosisier ¢cTpouTh Mojesn
¢ TpeOYyeMbIMH CBOMCTBAMHU, MEPEHOCH PEryJIgpH3aTOpPbl U3 OJHUX MOje/el B JApyrue WiIn
0o0beUHssI Peryasipu3aTOpPhl OT pa3IUYIHbIX Mozeseit. /I1a oOydeHus m00ObIX Moaeneil u
UX KOMOWHAIWI MCIOJIB3yeTcss OJWH W TOT ke 0000mmeénubit EM-agroputM, K KoTopomy
MOYKHO MOJKJI0YATh Peryasipu3aropbl Kak momysn [130, 44, 57|. Waest MmomyabHOCTH pe-
aJM30BaHa B OMOIMOTEKe TeMaTHYeCKOro MOJEJTWPOBAHUS ¢ OTKPBITHIM KOJoM BigARTM
(http://bigartm.org). ARTM He gBigercst emé OIHO MOJENBIO WM METOIOM — 39TO
OOt TOAXO K TMOCTPOCHUIO ¥ KOMOMHUPOBAHUIO TEMATHIECKHX MOIEIeN.

JIOMUHUDYIONIAM TOIXOAOM K TeMAaTHYEeCKOMY MOJEJTHPOBAHUIO B HACTOSIIEE BpPEMS
siBJIsteTcst DaiiecoBckoe oOyuenne. B oramuame or ARTM, B HEM HET eCTECTBEHHOIO pas3-
JIeJIeHUsT MOJie/iell Ha YHUBEPCAIbHBIN aJTOPUTM W OTTOPTaeMble OT HErO MO/LY/IA-PeryJis-
puzaTopsl. [ KaxKa0# MOJETH NPUXOIUTCA 3aHOBO ITPOBOJUTH MAaTeMaTUUYECKHIT BBIBOJ,
U IPOrPaMMHYIO peann3anuio. I3-3a c10KHOCTH MaTeMaTHIecKOro allapaTa B CTATbSIX
JaCTO OIYCKAIOTCS BaykKHBIE JJIsI MOHUMAHUS JeTaju. VHOrma aBTOPHI OrpaHUYUBAIOTCS
VIPOIIEHHBIM ONMUCAHWEM MOJIeJM B BHJE MOPOKJIAOIIEro Tporecca (generative story)
win rpadudeckoii Hotanuu (plate notation), ogHAKO HOC/IE YOI TTEPEXOL K AJITOPUTMY
1 €ro peau3allii OCTAETCd HEeOJHO3HAUYHBIM U HEOUEBUIHBIM. DTH Dapbhephbl MPeMsITCTBY-
0T ITIPOKOMY PACIPOCTPAHEHUI0 TEMATHIECKOTO MOJETUPOBAHU: B HHIYCTPUU aHAINA3A
TEKCTOB PEJIKO MOYKHO BCTPETUTH IPUMephl HCIOTb30BaAHNS TEMATHIECKHX MOl CI0K-
ree Mopasbao yerapesmreit LDA (Latent Dirichlet Allocation) [26].

OcHoBHast 1eIb JAHHOTO 0030pa — MOKA3aTh Pa3HOOOpa3ne TeMaTHIeCKUX MOJIeIel,
COCPEOTOYNBIINCH, HA MEPBOM W BarKHEHIIeM dTare MOAeTNPOBaHus — (hOPMATH3AINN
OCTAHOBKH 33Ja49i. TeMaTudeckKoe MOJEeTHPOBAHHE 00/1a1aeT OIPOMHBIM 3alacoM THO-
KOCTH, ITO3BOJISIONIUM 00pabaThIBATh CJIOKHO CTPYKTYPHPOBAHHBIE JTaHHBIE H TPUMEHSTh
TeMaTUIeCKUil aHAIN3 COBMECTHO C JIPYTUMHU METOJaMW aHAJIN3a TeKCTOB. Bropas meiab —
OKA3aTh, YTO PEry/ISPU3AINS SIBJISETCS HE MEHee BhIPA3UTEIbLHBIM CPEICTBOM MOJIE -
poBanusi, dem OaiiecoBckoe oOydenme. Ha 3TOM si3bIKE€ BO3MOXKHO HE TOJBKO CTPOUTH
1 KOMOMHHPOBATH TeMaTHUECKHE MOJETN, HO TaKKe OObSICHITH WX HAMHOIO JOCTYITHEe
1 KOpode, IIPH 3TOM He CKpPbIBag MaTeMaTHIECKHX BBIKJIAI0K. COMOCTaBUMBI IO OXBATY
1 00CTOSITEILHOCTH 0030p DalieCOBCKUX MoJie el 3aHs Obl COTHU CTPAHMIL.

Paznennt 24 apisiiores 6a3osbiMu. B paszgenax 5-13 B repMuHax perysisipu3aliiiy Onu-
CBHIBAIOTCST PA3JINIHBIE BUJIBI TEMATHIECKAX MOJesIeil. DTU Pa3/iesbl IPAKTUIECKH He CBsi-
3aHBI JPYT C APYTOM, UX MOYKHO YUTATH B IPOU3BOJTLHOM MOPSIIKE WIN HCIOIb30BAaTh KaK
yTeBOIUTE/b IO CChLIKAM Ha JIUTepaTypy. B pazmene 7 mpeamaraerca HOBoe U Hambosee
IMIAPOKOe 0000INEeHNe TeMATHIeCKUX Mojeaeil 11 o0pabOTKKH TPAH3aKIIMOHHBIX TAHHBIX
POU3BOJILHON pupo/ibl. Pazmesn 12 moCBANEH TeMaTHIeCKUM MOJIEISIM JTUCTPUOY THBHOM
CEeMAHTHUKHW, YCIENTHO KOHKYPHUPYIONNM ¢ BEKTOPHBIMU MPEJICTABIEHUSIMA CJIOB CeMeiicTBa
word2vec. B pazaene 13 mpenaraercsa HOBBI THIT peryIapU3aliii, TO3BOJIAIONINI Y IUThHI-
BaTh MOPAJIOK CJIOB B JOKYMEHTaX B 00XOJI THIIOTE3bl «MeIKa CJI0By. Paznen 14 mocBsimén
OIIEHMBAHUIO KavuecTBa TeMaTH4decKux Mmojeneit. Pazmen 15 comepKuT HadaabHBIE CBee-
HUSA 00 mcnoJb3oBannn Onbsmorekn BigARTM. B pasznene 16 obcy:kpaercss mpuMeHeHMe
TEMATHIECKOTO MOJIETNPOBAHNS JIJIsI PA3BEI0THOIO WH(OPMAIIMOHHOTO MONCKa. B pa3me-
Jge 17 — kpaTkoe 3aKJII04YeHue.



2 OcHoBblI TeMmaTn4eckoro MogenimpoBaHuA

B sTom pazzesie OyyT BBe/IeHBI OCHOBHBIE TIOHSITUSI U MMOCTAHOBKA 3a/Ia9M TeMaTHIe-
CKOTr'0 MOJIe/InpoBaHus. By/er nmokas3aHn mpocToil IBpUCTUYECKUIT CITOCOD €€ pereHus.

MpeaBaputenbHas obpaborka Tekcrta. Ilepes mocrpoeHmeM TeMATHYECKHX MOJesel
TEKCT eCTECTBEHHOT'O A3BIKA OOBIYHO IOJBEPTaeTCs CepHH IMPeodPa30BaHUil.

Jlemmamusayus — 3TO TPUBEIEHNE KAayKIOTO CJIOBA B JOKYMEHTE K €r0 HOPMAJIHHOM
dopme. B pycckom g3bIKe HOPMATbHBIMI (hOPMAME CUUTAIOTCA: J/IsI CYIIECTBUTETbHBIX —
IMEHHUTEIbHBIN TaIe2K, e JHHCTBeHHOE YHCI0; M IIPUIaraTeIbHbIX — HMMEHUTE/TbHbIH 1Ta-
JIeZK, €IMHCTBEHHOE YHCI0, MYKCKON POJI; J/Is IJIAroJIOB, MPUYACTUM, JeenpudacTuii —
r1arosl B WHGUHATHBE. XOPOIUMH JTEMMATH3ATOPAME IS PYCCKOTO SI3bIKA, CAUTAIOTCS
HOCJIe/IHIEe BePCUU mystem u pymorphy.

Cmemmune — 3TO OTOpachIBaHHe OKOHYAHWII M JPYTUX H3MEHsSIeMBbIX YacTeil CJIOB.
OH TOAXOMUT /It AHTIUICKOTO SI3BIKA, JJIsT PYCCKOTO MPEAMOYTHTE/THHA TEMMATH3AINS.

Ydanenue cmon-ca06. DTO YaCTble CI0BA, BCTPEYAOIIHECcs B TeKCTaxX J000il TeMa-
tukd. OHI OeCIOIe3HbI /I TeMATHIeCKOr0 MOJAETUPOBAHUS U MOTYT OBITH OTOPOIIEHBI.
K HuM OTHOCATCST TIpeyIOTH, COM3bI, YNCAUTEIbHBIE, MECTOMMEHHUs, HEKOTOPhIE IJIaro-
JIbI, TIPUJIaraTe/bHble U Hapedus. UuCI0 TaKuX CJI0B OOBIYHO BapbUPYETCs B Mpeesax
HECKOJIBKUX coTeH. VX orOpachbiBaHHe MOYTH He BJIHSET HAa O0ODBEM CJIOBapsi, HO MOZKET
HPUBOJIUTH K 3aMETHOMY COKPAIIEHHUIO JIUHBI HEKOTOPBIX TEKCTOB.

Yoanenue pedkuz cao6 W CTPOK, HE SIBISIFOIIUXCS CIIOBAMH €CTECTBEHHOTO s3bIKa (Ha-
IpUMep, cojiepKamux Mudpbl WK CHEICAMBOJIbI), TIOMOraeT BO MHOIO pa3 COKPAIIATh
00bEM cJIOBapsl, CHHKad 3aTpaThl BpEMEHH W MAMITH Ha IOCTpoeHue Mojeneii. Penkue
CJI0Ba, KaK MPAaBUIO, HEe BJIUSIOT Ha TEMATHUKY KOJLIEKIUH.

Buideserue karouesvix ¢hpas — cIoBocoUeTaHUIT, XapaKTePHBIX /I IIPeIMETHOI 00.1a-
ctu. VX mcrmonb3oBaHue BMECTO OTIENBHBIX CIOB MM HAPSAAY C HUMH YIyUIIaeT HHTEep-
IIPETUPYEMOCTD TeM. JIJist UX BBIJeTeHHs] MOYKHO HCTIOIB30BAThH Te3ayPyChl [8] mwiu MeTobt
ABTOMATHYECKOTO BbIJeIeHNsT TepMUHOB (automatic term extraction, ATE), ne tpebyo-
e TpuBJIedenns skcnepros [41, 69, 113].

Pacnosnasanue umenosarnur cyuyrocmed; (named entities recognition, NER). 9o na-
3BaHUs 00BEKTOB PeaTbHOI0 MUPA, OTHOCSIINXCS K OMPEIETEHHBIM KATErOPUsIM: TTePCO-
HbI, OPIraHU3AINHN, T€0TOKAINH, COOBITHSI, TATHI, U T. JI. JIJIsT pacmo3HaBaHusT MMEHOBAHHBIX
CYIITHOCTE HCMOJIB3YIOTCsT PA3JINIHble MEeTObI MAITHHHOTO 0Oydenus |86, 62, 92].

[Iycts D — MHOXKeCTBO (KOJITEKITHsI) TEKCTOBBIX JOKYMEHTOB, W — MHOXKeCTBO (CJ10-
Baph) BCEX YHOTPEOIsIeMBIX B HUX TePMOB. Tepmamu MOTYT OBITH CJIOBA, HOPMAJbHbIE
bopmbr ¢/10B, CIOBOCOYETAHUST UM TEPMUHBI, B 3aBUCHMOCTH OT TOTO, KAKHe BUJIBI MTPe/I-
BapuUTEILHON 00PabOTKU TEKCTOB ObLIN BBITIOIHEHBI. KaxKaprit jokymenT d € D npejcras-
7eT coboii MOCIeT0BATETBHOCTD Ng TEPMOB W1, . . ., Wy, U3 caoBapd W.

MmnoTte3a o cyuiecTtBoBaHun TeM. Kaxkaoe BXOXKIeHHE TepMa w B JOKYMEHT d CBSI3aHO
¢ HEKOTOPO#l TeMoil t W3 3aJaHHOT0 KOHEYHOro MHOKecTBa 1. Komneknusa JOKyMeHTOB
peJIcTaBiIsieT coboii MOoC/IeI0BaTeIbHOCTh TPOoeK (2, = {(wi, d;, t;) } i=1,... ,n}. Tep-
Mbl W; W JOKYMEHTHI d; SIBJISIIOTCS HAOJIIOAAeMbIMU TePEMEHHBIMU, TeMbI t; HE W3BECTHBI
U ABJISTIOTCS AQGMEHMHbLMU (CKPBITHIMA) MEPEMEHHBIMH.
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MmnoTte3za «mewka cnoBy. [lopsaok TepMOB B JOKYMEHTaX He BarKeH /s BHISIBJEHUS
TeMaTUKH, TO eCTh TeMATUKY JOKYMEHTa MOYKHO Y3HATH JIazKe MOcje TPOU3BOTBLHOI mepe-
CTAHOBKM TEPMOB, XOTsI JIJIsT YeJI0BEKA TAKOH TEKCT MOTEPSET CMBICI. DTO TIPEIIOJI0KEHIE
Ha3bIBAIOT IHIIOTE30i «Merka cioBy (bag of words). [Topsiiok JOKyMeHTOB B KOJLIEKIHH
TaKyKe He MMeeT 3Ha4YeHHs] — JTO MPeII0J0KEeHHe HA3bIBAIOT I'MIIOTe30# «MeIKa JI0KY-
MEHTOB». ['MIIOTe3a «MeIIKa CJOB» MO3BOJSIET IMepeiTH K KOMIIAKTHOMY HpPEeICTABICHUIO
JIOKYMEHTa KaK MYAbMUMHOHCECTNEG — TTOAMHOXKecTBa TepMoB d C W, B KOTOpOM KazK-
JIBIIE TepM W € d TTOBTOPEH Mgy, pas.

f'MnoTe3a 0 BepOSATHOCTHOM MOpPOXXAeHUN AaHHbiX. Muoxkectso 2 = D X W x T gaB-
JIAETCA KOHEUHBIM 6EPOATMHOCTIIHOLM NPOCTPAHCTGEOM ¢ HEN3BECTHON (hyHKIHUeHd BeposaT-
woctu p(d, w,t). Komiekius TOKYMEHTOB siBJIsieTcsi BBIGOPKO Tpoek (d;, wy, t;), MOPOK-
JAEMBIX CJIyYaifHO M He3aBHCHMO JIPYT OT Apyra u3 pacupemnenenns p(d,w,t). 1o mpes-
HOJIOYKCHUE ABJIACTCA BEPOATHOCTHBIM YTOYHCHUEM THIMOTE3bI «MENIKA CJI0BY.

Baarogapst nmpeanoioKenuio 0 He3aBUCUMOCTH, PEaJn30BaBIIYIOCA BBIOOPKY (2, d/e-
MEHTOB 13 {2 MOKHO PaCCMATPHUBATEL KAK HOBOE BEPOATHOCTHOE IPOCTPAHCTEO C 11 PABHOBE-
POSATHBIME 3JIeMEHTAPHBIMA HCXOJaMH. B mpocTpancrse (), IerKo HAXOIUTh BEPOATHOCTH
Pa3JINYHBIX COOBITHI, IPUYEM OHH COBIAJAIOT ¢ YACTOTHBIMU OLEHKAMH BEpOATHOCTEIl
Tex ke coOwThii B mpocTpancTse ). B wactnocrn, B npocTpancTse (2, BeIpaKeHHe

By w,t) = — 3 [ds = d) [u; = w] [t = 1

i=1

PaBHO BEPOSITHOCTH TOTO, 9TO TEPM W JOKYMEHTa d CBsI3aH C TeMOil ¢, a B mpocTpancTie )
OHO PaBHO BLIOOPOYHON YACTOTHOI ONEHKE BEPOSTHOCTU TOTO YK€ COOBITHUSI.
JloroBopuMcst B Ja/IbHEHTIIEM 3alUCHIBATH BCE BEPOSTHOCTH B IIPOCTPAHCTBE (), ecn
HE OrOBOPEHO MHOro. B Oo/IbIIMHCTBE CIydaeB BBIKJIAJIKUA OYIyT CIPaBEIJIMBBI B 060UX
npoctpancTBax. [IpocrpancTso (2, umeer hopmaabHOE OrpaHUYeHUE — OHO CTPOUTCS TIO
durcupoBannoii Koytekuu. Eciu B KOJLTEKITUIO T00ABISIOTCSI HOBBIE JIOKYMEHTHI, TO TTPO-
CTPAHCTBO (), U3MEHSIeTCsI, TOTJA KaK MPOCTPAHCTBO ) MOYKET MOJIaraThCsl HEM3MEHHBIM.

MmnoTte3a ycnosHoii He3aBucumocTu. llogpiaenne TepMoB B JOKyMeHTe d 1O Teme t
3aBHCUT OT TE€MbI, HO HE 3aBUCHT OT JOKYMEHTa d, U OMUCBIBAETCS OOIIUM I BCEX JIO-
KyMEHTOB pacipeenerneM p(w |t):

p(wld,t) = p(wlt). (1)
BepositTHocTHass TemaTudeckass mogenb nopoxpgeHusi Tekcta. Cormacuo dopmy-
Jie TIOJHOW BEPOATHOCTW W TUNOTE3€e YCJAOBHOW HE3aBUCHUMOCTH, PaclpeesieHhe TePMOB

B 0KyMeHTe p(w | d) OMUChIBAETCST 8EPOAMHOCMHOT CMECHIO PACTIDEIeJIeHHI TEPMOB B Te-
Max @, = p(w|t) ¢ Becavu Oy = p(t|d):

plw|d) = " plw|t,d)p(t|d) =Y plw|t) p(t|d) = Cuibia. (2)

teT teT teT

BepositHocTHasT MOJIe/Th (2) OMUCHIBAET MPOIECC MOPOKICHUST KOJJIEKIMH 110 N3BeCT-
HBIM pactpesenernam p(w |t) u p(t|d). Dror mporece mokazau B axroputMe 1 u Ha puc. 1.
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AaroputMm 1. BepogaTHOCTHBI MPOIECC MOPOXKACHUS KOIEKIUHE JTOKYMEHTOB.

Bxona: pacnpenenennst p(w|t), p(t|d); AnnHB TOKyMEHTOB Ng4;

Bbixoa: Beibopka map (d;, w;), i =1,...,n;
11:=0;
2 pna secex d € D
3 anascex j=1,...,ng

1:=14+1; d; :=d,
BHIOpATH Caydaiinyo Temy t; u3 pacnpeaesnenust p(t|d;);
BBIOPATH CYyUaliHBIN TepMm w; u3 pacupeaenenus p(w |t;);

[=2 B0 S

re — EEEERO00000000000000

H D O \
pwlt): [o023 DHK 0.014 6asnc 0.018 pacnoaHasaHve

0.016 reHom 0.009 cnextp 0.013 cxoacTeo
0.009 Hykneotup 0.006 opToroHabHlit 0.011 natTepH

Wi, e, Wiy /

Pa3paboTaH cnekTpasibHo-aHaNUTUYECKUI NOAXOA K BbISIBIEHUIO PAa3MbITbIX MPOTAXKEHHBIX TOBTOPOB
B FEHOMHbIX MocfiefoBaTelbHOCTAX. MeToA OCHOBaH Ha pa3HoMaclwTabHOM OLeHMBaHUM CXOACTBa
HYK/TEOTUAHBIX MOCNef0BaTENIbHOCTEN B NPOCTPAHCTBE KO MDULNEHTOB pasnoXeHns dparMeHToB
KkpuBbIX GC- n GA-cofepxaHusa Nno KacCuyeckuM OpToroHanbHbIM 6a3ncam. HaiaeHbl ycnosus
OonTMMasbHOWM annpokcMMaumm, obecneyvBatoLne aBToMaTMyeckoe pacno3HaBaHMe NoBTOPOB
pasfnnyHbIX BUAOB (MPSIMbIX M MHBEPTUPOBAHHbIX, @ TakXe TaHAEMHbIX) Ha CNeKTpasbHON MaTpuue
cxoacTea. MeTo 0AMHAKOBO Xopowo paboTaeT Ha pasHbix MacwTabax AaHHbIX. OH no3sonser
BbISIBNATL CNeAbl CErMEHTHbIX AYNANKaUMn U MeracaTenITHblE y4acTKn B reHoMe, palioHbl CUHTEHUN
npu CpaBHEHWW Napbl reHOMOB. Ero MOXHO MCNonb30BaTh ANS AE€TaNbHOro U3y4yeHUs parMeHToB
XPOMOCOM (MOMCKa pa3MbITbIX y4acTKOB C YMEPEHHOW AIMHON NOBTOPSIOWErocs natrepHa).

Puc. 1: IIpomecc mOpoKIeHUsT TEKCTOBON KOJIJIEKIMU BEPOATHOCTHON TEMATHIECKON MOIENbIo (2): B KakK-
JIOH no3uiyu i JOKyMeHTa d; CHadasa nopoxkiaaercs rema t; ~ p(t|d;), 3arem Tepm w; ~ p(w|t;).

3apaya TemMaTM4eckoro MOAesIMpoBaHusl — 3To obpaTHas 3aJa4a: M0 3aJaHHOi KOJI-
gekiun D TpeGyercst HaliTn napaMerpbl Q. 1 0y, P KOTOPBIX TEMATHIECKAst MOJIEb (2)
XOPOTIO MPUB/INKAET YACTOTHBIE ONEHKH YCJIOBHBIX BepositHocTel p(w |d) = "ﬁ”.
Pacnpenenenne Buga p(t|x) Oymem HasbiBaTh memamukot oobekta x. MOXKHO TOBO-
puTh 0 TeMartuke Jgokymenta p(t|d), repma p(t|w), repma B gokymente p(t|d,w).
[e/1b10 TEMATHIECKOTO MOJAESTUPOBAHNS ABISETCS ONpeIeIeHIe TEMATUKI JTOKYMEHTOB
¥ CBSI3aHHBIX ¢ HUMH 00beKTOB. TakzKe TpeOyeTcst HaXOAUTh PACIPeIeTeHHsT @,y = p(w | 1),

O CBhIBAIOIINE CEMaHTUKY K&)K,Z[Oﬁ TeMbI { CJIOBaAMHU €CTECTBEHHOT'O SI3bIKA.

Hu3kopaHroBsoe maTpu4yHoe pasnoxeHue. PapercTso (2) MOXKHO Hepenucatb B MaT-
pUYIHOM BHUJIE. B JIeBOII JacTu PaB€HCTBa HaXOAUTCA HU3BECTHadA MaTpUlla 9aCTOT TEPMOB
B JIOKyMeHTax F' = (p(w | d))WX D [IpaBag gacThb mpeacTaBIgeT coO0it TPOU3BeIeHNe IBYX
HEM3BECTHBIX MATPUIL — Mamputyve mepmos mem P = (@) wxr 1 Mampuyv, mem 0oKy-
mernmos © = (04) 7« p. O6brano uncso tem |T'| muoro menbie |D| u |W|, nosromy 3amada
TEMaTUIECKOT'O MO/JIE/JINPOBaHUA CBOAUTCA K IMOUCKY HpI/I6.HI/I}KéHHOFO MATPUYIHOTO Pa3J10-
xkenus F' =~ ®O, paur koroporo e npesbimaer |T|.

Bce tpu marpunst F, ®, O gapisrorcs cmoxacmuveckumu, TO €CTh UMEIOT HeOTPUIa-
TeJIbHbIe HOPMUPOBAHHBIE CTOJIONBI fg, 0, 04, TPEICTABISIONINE TUCKPETHBIE PACIpeieie-
Hus. [Ipouzsenenne PO OymeM HA3BIBATH CMOLACNUNECKUM MAMPULHBLM DA3AOHCEHUEM.



HactoTHble oueHKN YyCNOBHbIX BeposiTHOCTel. B mpocTpancrse (2, BEpOATHOCTH, BBI-
pazkaroIuecs depe3 mepeMeHHble d U w, COBNAIAI0T ¢ YaCTOTAMI COOTBETCTBYIOIIUX Ha-
OJII01aeMbBIX COOBITHIA:

Ndw Ngq Ny N
p(d, ’LU) = 77 p(d) = Z7 p(’w) = 77 p(’w|d) = n—dv (3)
Ngw — YHUCJIO0 BXOXKJIEHUiT TepMa w B JIOKYMEHT d;
ng = Zw Ngw — JJIMHA TOKYMEHTa d B TepMax;
Ny =Y 4 Ndw — THCTO BXOXKICHHI TepMa w BO BCE JOKYMEHTBI KOJLIeKIH;

n=> 4> ., Ndwy — JJIMHA KOJUIEKIINN B TE€PMaX.

BepositHOCTH, CBS3aHHBIE CO CKPBITOW NMEPEMEHHON ¢, TOXKe ONPEeEeIIOTCd KaK 9acTOThI:

[ Nt Nd Nidw
) = = ) = vt tld) = - tld.w) = ' 4
p(t) - p(w|t) n p(t|d) ’ p(t|d, w) m— (4)

Nidw — YUCJIO TPOEK, B KOTOPBLIX TepM W JOKYMeHTa d CBA3aH ¢ TeMOil ¢
Ntd = Y, tdw — THCIO TPOEK, B KOTOPBIX TePM TOKyMeHTa d CB3aH C TeMoil ¢;
Nt = Y g Mdw — TUCTO TPOEK, B KOTOPLIX TEPM W CBI3AH C TEMOI ¢;

=24 Mdw — TUCIO TPOEK, CBS3AHHBIX C TEMOii t.

B ormame or (3), 9TH 9aCTOTHBIE OIEHKU HEe MOTYT OBITH BHIYUC/IEHBI HETOCPEJICTBEHHO
IO UCXOAHBIM JaHHBIM, TaK KaK TEeMbI tz HEN3BECTHHI.

Cormacno 3aKOHY OOJBIINX YUCET, IPH 7 — OO YACTOTHLIE OLEHKH, OIPEeIe/TdeMble
dbopmynamu (3)—(4), cTpeMsTCs K COOTBETCTBYIONIUM BEPOSITHOCTSIM B TIPOCTPAHCTBE ).

EM-anropntm. 3amernM, 4ro Bce ONEHKH (4) BBIPAKAIOTCI U€PE3 Nygyy = NawP(t|d, w).
Buas ycsioBHBIe pactpesenenust p(t|d,w), MOXKHO OIEHUTH MCKOMBIE MAPAMETDBI TeMa-
THYECKOH MOJeTn @,y = p(w|t) u Oy = p(t|d). V1, naoGopor, 3Has mapamMerpbl MOJIEJH,
MOKHO BBIDA3UTh yCJIOBHBIE BepositHoCTH p(t|d, w) no dopmyse Baiieca:

Cpltwld)  plOptld)  pubh
Pl w) = 20D = pwld) Y. ol

Takum obpa3oM, MoaydaeM CUCTeMY HeJTUHEHHBIX YpaBHEHUH OTHOCUTETHLHO IMapaMeT-
POB MOJENH Py, O3 N1 BCIOMOTATETBHBIX TEPEMEHHBIX Didws Nty Nid:

(pwtetd
Ptdw = ; 5
! ZS (Pwsesd ( )
Nt
Pwt = < Nwt = NdwPtdw (6)
Zw’nw/t deZD
n
Oa = ——a Mg = E NdwPtdw - (7)

)
Zt/ Nyd wed
Jlng eé pemenns ya06HO OPEMEHSATH METOJ IIPOCTHIX UTePAIMii: CHAYAIA BEIOMPAIOTCS
Ha4YaJIbHbBIE HpI/I6JII/I>KeHI/I${ HapaMeTpOB Sowt nu th, II0 HUM BBIYHUCJIAIOTCA BCIIOMOT'aTeJIb-
HBIE TIEPEMEHHBIE Dig,y, KOTOPBIE HO3BOJISIOT HAWTHU CJleyloliee NpubInzKeHne mapaMeTpoB
Ouwt 1 By, Beruncnenust o dopmyaam (5)—(7) mpogoszKamoTest B MUKJIE 0 CXOAUMOCTH.
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Aaropurm 2. Pannonanbusiit EM-anroputy st reMaruveckoii momenn (2).

Bxona: kosteknust D, anciao rem |T|, Hadaapubie npubanzxkenusi marpur, ¢ u ©;
Bbixoa: napamerpsr mogen ¢ u O;

1 NOBTOPSITb

2 OOHYJIUTD Ny, Nyg, Ny AN Bcex d € D, we W, t e T,

3 anascexde D, wed
4

5

Nidw = ndwgpwtetd / ZT (pwferd AJIST BCEX te T;
YBEJIUYIUTD Nty Nig, N HA Nygy, s Beex t € T

6 Ouwt = Nyt /My 1151 Beex w € W, t € T,
7 Oq := nyg/ng nnascex d € D, t €T,
8 noka ¢ u O me coiimyres;

DTOT MTEPANMOHHBIA MPONECC SABIAETCA YaCTHBIM caydaeM EM-aaropurMa, mpeaHa-
3HAYEHHOIO JIJIsl TOCTPOEHNUST BEPOSITHOCTHBIX MOJIeJIeli O CKPHITHIME TTepeMeHHbIME [38].
Brorauciienne yeJIoBHBIX pacipeieieHnii CKPBITHIX mepeMenHbix (5) HasbiBaercst E-mmarom
(expectation), Beraucsrenne mapamerpos mogenn (6)—(7) — M-marom (maximization).

Jlamee Mbl BoIiBegeM EM-aaropurm u3 obIeil OnTUMI3AIMOHHON TOCTAHOBKH 33 IatM.
Ceiiyac MBI IPUILIA K HEMY 3JI€MEHTAPHLIM IIyTEM, KOTOPBIHA J1aéT MPOCTOe HHTYUTHBHOE
IMOHUMaHue CyTu EM—aJ[FOpI/ITMa, HO OCTaBJIAET 663 OTBETOB BazKHbI€ BOIIPOCHI: CXOJUTCHA
JIM aJITOPUTM K PENIeHUI0 CHCTEMbl yPaBHEHU, eJIMHCTBEHHO JIM ITO PEeIIeHne, U moyemy
9Ta CHCTEMa ONMCHIBALT TEMATHYECKYIO MOJIeb, npudanzKaonyo p(w |d).

PayvoHanbHbii EM-anroputm. Boraunciienne nepeMenHbIX Ny, Ny, Ny Ha M-1m1are Tpe-
OyeT OZHOKPATHOIO MPOX0Ja KOLIEKINH B IUKJE 0 BCeM TepMaM w € d Bcex JT0KYyMeH-
ToB d € D. BHYTpH 3TOr0 NMUKJIa KaxKJaasd MEePEMEHHAS Pig, BBIUYHCIAETCI TOJIBKO OJIUH
pa3. [losTromy E-mmar BcrpanBaercsa BHYTpb M-Imara 6e3 JOMOJTHATETbHBIX BBITHCTUTE b
HBIX 3aTpaT U 0e3 XpaHeHHd TPEXMEPHOIl MATPHUIIBI Pigy,. DTOT BApUAHT peaTU3AIUH
EM-asiropur™ma Oy/iemM Ha3bIBaTh PAUuUOHAAbHBLM; OH TIOKA3aH B ajaropurme 2.

3 ApantmnBHas perynsipnsayuns

B stom pa3zmene BBoguTcsa obmmii popMam3M ONTHMHUBAINT W PEryIdpH3aIiun, KOTO-
phIii s1ajiee Oy/IeT UCIOIb30BATHCS JIJIsI OITUCAHUST BCEX TeMaTHIeCKUX MO/IeJIei.

MpuHUMN MakcMMyma NpasaonoaobuMsA HCIOIbL3YeTCs B MATEMATHIECKON CTaTHCTHKE
JITST OIeHUBAHUS HEM3BECTHLIX ITAPaAMeTPOB BEPOATHOCTHBIX MOJeNei Mo HabII0IaeMbIM
naaabiM. COrIacHO 3TOMY HMPUHIIUILY, BHIONPAIOTCS TaK¥e 3HAYEHUsT HapaMeTpPoB, MPH KO-
TOPBIX HaDJIIOIaeMasi BHIOOpKa, HamboJiee MpaBIoo 00Ha.

Oynryus npasdonodobus ONUpeIeTdeTcss KaK 3aBUCHUMOCTh BEPOSITHOCTH BBIOOPKHT
OT mapaMeTpOB MOJIEN. brarogaps mpeanomo:KeHnio 0 He3aBUCHMOCTH HAOTIOIeHIii, OHa
paBHA IMPOU3BEICHUIO0 BEPOITHOCTEl TEPMOB B JOKYMEHTAX:

p((dz, wz)?zl, (I), @) = Hp(d“ U}Z) = H Hp(w ‘ d)"dw p(d)ndw — rg%x .

deD wed const
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[IposorapudmMupoBaB IpaBaOIOI00He, EPeilIEM OT TPOU3BEICHUI K CYMMe H OTOPO-
CHM CJIaraeMble, He 3aBHCAINIE OT MapaMeTpoB Moae u. [lomydanm 3amady MaKCHMI3AIIHT
log-tipaB10110/1061s TP OTPAHUYEHUSAX HEOTPUIIATEIHHOCTH U HOPMUPOBKH:

S nawlnd puiba — max; (8)

deD wed teT
Z Pwt = 1; Pwt = 0; Zetd =1 Orq = 0. (9)
weWw teT

Perynapusauua. 3amaua Ha3bIBaeTCsS Koppexmuo nocmasaennot mo Amxamapy, ecan eé
pelenne CyIecTByeT, e JMHCTBEHHO U YCTORUIUBO.

3ajiava CTOXaCTHIECKOTO MATPUIHOTO PA3TIOKEHUS SIBISIETCSI HEKOPPEKTHO MTOCTABJICH-
HOIT, TaK KaK MHOYKECTBO €€ perrennii B 001eM ciaydae beckonedno. Ecim $O — pemrenne,
to (®S)(S71O) Takke ABIAETCS peleHHEM JJIs BCeX HEBBIPOXKICHHBIX MaTpull S, mpu
yeqosnu, uro Marpunsl S n ST'O — croxacTmueckue.

CymecTByer 061l MOIXO/ K PEIIEHNI0 HEKOPPEKTHO MOCTABIEHHBIX OOPATHBIX 33144,
Ha3blBaeMblii pezyaapusayuet; [11]. Korma ontnvusanmonnas 3ajada HeJI0ONpe/eIeHa,
K OCHOBHOMY KPUTEPUIO J00ABJISIOT JIOMOJHUTEIHHBIIT KPUTEPHil — PeryJsipu3aTop, y4u-
THIBAIONIH crienuduKy pernraeMoil 3ajja4u U 3HaHus npeaMeTHoi obiactu. B mpakTnye-
CKHX 3a/1a9aX aBTOMATHIECKOI 00pabOTKU TEKCTOB JOMOJTHUTEILHBIX KPUTEPUEB U Or'pa-
HUYEHUl Ha peIleHne MOXKeT OBITh MHOTO.

Addumusnas pezysapusavus memamuueckur modeset (ARTM) [3| ocHoBana Ha Mak-
CUMU3AINN JINHEHO# KoMOuWHamuu JjorapudMa TpaBIONOg00UsT W Pe2yapu3amopos
R;(®,0) ¢ HeorpunaTebHBIME K0dfpuLuenmamy peysapusauuy T, = 1,... k:

k
Z Z Ndw h’l Z (pwtetd + R((I)’ @) — rgaexv R((I)a @) = Z TiRi((I)7 @)a (10)
’ i=1

deD wed teT

U OrPAHWYEHHUSIX HEOTPUIATETHLHOCTH U HOPMUPOBKH (9).
[IpeobpazoBanne BeKTOpa KPUTEPUEB B OJUH CKAJISIPHBIN KpUTEPHUit — 3TO OJUH U3 Da-
30BbIX NIPUEMOB B MHOTOKPUTEPHAJIBHON ONTUMU3AINU, HA3BIBAEMBIN CKAAAPUIAGUUET.

Heobxopgumbie ycnosus makcumyma. 3azgaga (10), (9) oTHOCHTCS K KTaccy HEBBIMYK-
JIBIX 3319 MaTeMaTHYeCKOro MporpaMMupoBanus. /I Heé BO3MOXKHO HAWTH JIMIIL JIO-
KaJIbHBII 9KCTPEMYM, KauecTBO KOTOPOrO OyJeT 3aBHCETh OT HAYAJIHHOTO NMPUOIUKEHNS.
Omnaxo aias ARTM mownck riobaabHOTO SKCTpeMyMa, He CTOJIb BaykeH. BapbupoBamue
camoif OCTAHOBKHM 3aJa4M MyTEM MOAOOPa Peryaspu3aTopoB T; R; MOXKET BIMATH Ha, Ka-
YeCTBO PEINIeHUsl CUJIbHee, 4eM BBIOOD MeTOa ONTHMU3AINN.

BBeném omeparop norm, KOTOPBIH MpeoGpasyer MpOM3BOJbHBIH 3aJaHHBIA BEKTOD
(x;)ier B BEKTOD BepOATHOCTElN (P;)ic; JMCKPETHOIO PACIIPE/IEJIEHNUST Ty TEM OOHYIEHUsI OT-
PUIATEIHLHBIX 3JIEMEHTOB U HOPMHUPOBKH:

pi = norm(x;) = @)+ , Juist Beex i € I,

el > ()4

jel

rae (z); = max{0,x} — onepanus nosoxkuTeaLHON cpe3kn. Ecan x; < 0 mis Beex i@ € I,
TO Pe3yJILTATOM ONEPATOPA NOTM MO ONPEJIEJEHHI0 ABISIeTCA HYJIeBOIl BEKTOP.
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Teopema 1. Ilycrte ¢pymaknms R(P,O) mempepsiBro mugpgepennupyema. Torma Todka
(®,©) srokaspHOrO KCTpeMyma 3amaqn (10), (9) yaosmerBopsier cucteMe ypaBHEHHI €O
BCIIOMOTATETbHBIMH TEPEMEHHBIMH Digy, = P(t|d, w), eciim u3 pemennsr HCKJIOYIATH HyJTe-
BBIe cTOIOIBI MaTpuil P, O:

Praw = n%r%n(wwtetd); (11)
OR
wt = 001 g + Py Nwt = Y NdwPtdw; 12
Pwt W(t@tagpw) t dEZDdtd ()
OR
O = norjgn (ntd + Oy P 9td) Ntqg = wzed NdwPtdw- (13)

[Joka3aTtenbctBo. 3anumem neodxoauMmelie yeaoBus Kapymra-Kyna-Takkepa JokaabHO-
ro skcrpemyma 3amaan (10), (9):

OR
anw N+ Au =05 Aur 205 Aupur = 0; (14)
w | d &pwt
deD P
Nt (©,0)
8R
Z ndw —pa+ pea =05 g = 05 pyabg = 0; (15)
8«9t
wEW
Ntd(éae)

rae MHOXKHTenn Jlarpanza s, [ig COOTBETCTBYIOT OrDAHUYCHHAM HOPMHUPOBKH, MHO-
JKUTEJTH Ay, [ltg — OTPAHMYEHHSIM HeoTpunaresbHocTH. OO03HAYNM MPOM3BOIHBIE log-
npasaonoaoous B (14) u (15) no mapamerpam @, u yq uepe3 Ny, u Nijg COOTBETCTBEHHO.

YMHOKEM 00e dacTu paBeHcTBa (14) Ha (¢, 00e wacTu pasencrBa (15) Ha O, u
BBLICIUM BCIOMOTATEIbHBIE HEPEMEHHBIE Dygy, Myt U Nyg. LIOJYyUINM ypaBHEHHA

w 9 OR OR
(pthwt qD @ Z dw ()0 : td (Pwt— = Nyt + Pwt —— = (Pwt)\t;
deD 8()Dwt 8()Dwt
w 9 OR OR
01N (P, ©) = Z uzm Pt id + 04 = Nyq + Org7— = Orafta-

S p(w|d) 00,4 00,4
Paccmorpum niepoe ypasuenue 115t GUKCHPOBaHHOM Tembl t. Bo3MoXKHBI j1Ba ciydast.
1. Ilyctw cymecrByer Tepm v € W takoit, aro N, > 0. Torma Ay — Ay > 0, caexosa-
teabHo, Ay > 0. Ecim ipu atom Ny < 0 st mHekoroporo w € W, 10 Ay = A\ — Ny > 0,
U U3 YCJIOBUS JIOTOTHSIONIEH HEKECTKOCTH Ayt Py = 0 crremyeT, 9To ¢y = 0. O0beaunsas
YPABHEHUE Qy A\t = Pt Nyt € HYJIEBBIM perieHueM @,y = 0 mpu N, < 0, moaydum

OR
(pwt/\t = ((Pthwt)_i_ = (nwt + (Pwta—>+' (16)

Pwt

Cymmupyst jieByio n npaByto dacti (16) mo w, BeIpa3snM JABOCTBEHHYIO TIEPEMEHHYIO A

Av = Z (nwt + Put 7 Ok ) (17)

weWw a‘Pwt
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[Moncrasnss A\ u3 (17) B (16), moxyunm uckomoe ypasuenue (12).

2. Ecin Ny < 0 pg Bcex TepmoB w € W, 1o Temy t O6yaeM cINTATH BBIPOXKIEHHOI.
Torna ypasrennto (12) yaoBieTBopsieT TOJBKO HYJIeBOH BEKTOD (@ = 0: w € W).

AHaJI0rn9HO BRIBOANTCsI ypaBHeHue (13) orHocHTeIbHO epeMeHHbIX Oy, [Tpuaém ecn
Nyg <0 g Becex tem t € T, To goKyMeHT d OyjemM CUYATATH BBIPOXKIEHHBIM, U B 3TOM
caydae ypasaenuto (13) yaoBieTBopsieT TONbKO HyieBoii BekTop (6iq = 0:t € T).

Teopema mokazana.

VcnoBusi BbIpoXAEHHOCTU. B pesyabrare perrennsi cucrembl ypabHenwii (11)—(13)
HEKOTOpBIe cTOJIONBI B Marpunax P, © moryr okazarhcs HyseBbiMu. HyseBoit crosiberr
He YJIOBJIETBOPsieT TPeOOBAHUIO HOPMHUPOBKH, HE SIBJISIETCS YCJOBHBIM PACIPEIeTIeHIeM
1 dopMaTbHO He MOXKeT OBITh perenueM 3agadn (10), (9). Hynessie cToibmsr cooTBeT-
CTBYIOT BBIPOYKJEHHBIM TeMaM U JOKYMEHTAM.
Tewma t HazbIBACTCS B8LLPOIAHCIEHHOT, €CIIN
Nt + gpwta—R < 0 mng Becex w € W.
3901015

BrIpoK IeHHOCTD SIBJISIETCSI CJIE/ICTBHEM YPE3MEePHOTO Pa3perKMBAIOIIEro BO3/IeiCTBIS
peryiaspusaropa R. OueHKH yCJIOBHBIX pactpeeaenuii p(w|t) ajsi BIPOKICHHOI TeMbl
HEe UMEeOT Pa3yMHON YacTOTHOW WHTepIpeTanui. Takyo TeMy JIydIie HCKIYATh U3 MO/Ie-
JI, 9TO U JIOCTUTAETCS OOHYJIEHUEM COOTBETCTBYIOINIEro cToabna marpunb ¢. Cokparienue
YUCIA TeM MOXKeT OBITh KeJaTeTbHBIM MOOOYHBIM 3(D(MEKTOM Perysspu3alii.

JloxkymeHT d HA3BIBAETCS BbLPOAHCIEHHLM, ECITH

Neg + Qtda—R <0 gnaseexteT.
0044

BBIpoK IeHHOCTD JTOKYMEHTa MOYKeT 03HAYaTh, YTO MOJETh He B COCTOSHUU €ro OMH-
caTh, HATPUMED, €CJIU OH CJIMIIKOM KOPOTKUI WU HE COOTBETCTBYET TEMATHKE KOJIIEKITIH.
Bripox iennblit JOKyMeHT (HhaKTHIECKN UCKITIOIAETCS W3 KOJIIEKITIH.

Ha mpakTuke BBIPOXKIEHHOCTH BO3HHUKAET JIOBOJBHO PeKo. Kcjm BBIPOXKIEHHOCTH
HeKeJlaTeTbHA, TO eé MOYXKHO N30eKaTh MyTéM yMeHbITeHus KO3hdUunuenTa peryasapusa-
nuu. [lpu mocreneHHOM ero yMeHBIIEHHH HACTYIIAeT MOMEHT, KOTJIa YCJIOBUE BBIPOZKIEH-
HOCTH TeMbI MEPECTAET BBIMOJIHATHCSA XOTS OBl JIJIS OJHOTO TepMa, (WTH, COOTBETCTBEHHO,
YCJIOBHE BBIPOKIEHHOCTH JIOKYMEHTa MePecTaéT BBIMOJHITHCST XOTsI OBl JIJIsT OJJHON TeMBbl),
U HYJIEBOI CTOJIOEI] B MATPUIIE PEIIeHHs IIePEeXOIUT B HEHY/IEBOM, YI0BJIETBOPSIONINiT He0O-
XOJIUMBIM YCJIOBHSAM IKCTPEMyMa Mo Teopeme 1.

Mopgenb BeEpOSITHOCTHOrO NAaTEHTHOrO CeMaHTu4eckoro aHanu3a (probabilistic
latent semantic analysis, PLSA) ucropnvecku siBjisiercst nepBoii BepOSITHOCTHON Tema-
traeckoit Mojesbio. Ona Gblia npemioxkena Tomacom Xodwmanuwom B 1999 roxy [49).
B ARTM ona coorsercrByer HysmeBomy peryisipuzaropy, R(®,0) = 0. B srom ciyuae
cucrema (11)—(13) coBmamaer ¢ cucremoit (5)—(7), KOTOPYIO MbI HOJYUYHIH PAHee U3 e~
MeHTapHbBIX coobpazkennii. Beruncienue E-mrara o dbopmyne Baiteca (5) ocraérest mpex-
HUM, OHO HE€ 3aBHCHUT OT PeryJsipu3aTOpOB.

B momenn PLSA He MokeT ObITh BHIPOXKIEHHBIX T€M WU JOKYMEHTOB, MOCKOIBKY IO-
SIBJIGHUE HYJIEBBIX CTOJIONOB B MATPHUIAX PEIIEHUsT 03HAYAET COKPAIIEHNe TUC/Ia MapaMeT-
POB MOJIEJ/IH, UYTO 3aBEIOMO HEBBITOTHO C TOYKH 3PEHHS MAKCHMHU3AIUH [IPABIOIOI00M.
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PerynsipnzoBaHHbiii EM-anroputm sgaBigercsa npuMeHeHHEM MeTOJA IIPOCTBIX HTEpa-
nmii s permenust cucrembl (11)—(13). Cravana BHIOHPAIOTCS HAYATbHBIE TPHOJINZKEHUST
Ouwt, 01a, 3aTEM B IIEKIIE 10 cxoauMocTh depenytorcs F-wae (11) m M-wae (12)-(13). Pa-
IIOHAJBHBI BapuanT perysispuzoBannoro EM-ajropurma CTpOUTCS aHAJIOTHYHO AJIro-
putmy 2, TosibKO Tmaru 6 u 7 3amensitorcst popmyaamu M-mmara (12)—(13).

N3BectHo, uTo EM-airopurm 6e3 peryaspu3aniun CXOIUTCS B CIaA00M CMBICTE: Ha KazK-
J0if mreparn npapaonoaobue ypeanduBaercst [38]. Auasorudubie ycioBust caaboii ¢xo-
muvoct aiasg ARTM nosyuenst . A. Upxuabiv®.

Peamuzanun EM-anaropurMa MOTyT pas3indaTbCd YacTOTOW OOHOBJIEHHS HMapaMeTpOB
MOJIENTH Py U Oy TIO TIEPEMEHHBIM T U Nyg. 1acTbie OOHOBJIEHUS MOBBIMAIOT CKOPOCTH
CXOJIMMOCTH, HO MOYTH He BJIMSIIOT HA 3HAYEHHE MPABJIONOA00Us B KOHIE uTepanuii [5].

B emozacmuueckom EM-anzopumme [5| 1ast Kazk10ro repMa w; CAMIIHPYETCsT TOJBKO
onHa Tema t; ~ p(t|d, w;), 3arem na M-mare Bmecto p(t|d, w;) MoaCTABISETCS BBIPOXK IEH-
Hoe pacupesenenne p(t|d, w;) = [t = t;]. Dra umgest IKCIIyaTHPYETCSA TAKKE B GaiieCOBCKOM
0OyUYeHNH TeMATHYECKUX MOJeNeli Ha OCHOBe comIumupoBanus ['ub6ea [121].

EM-1o106HbBIe aJrOPUTMbI TEMATHYECKOTO MOJIEJINPOBaHNs CpaBHUBAOTC B [18].

OnnaiivoBbiii EM-anropntm cunraercsa Hambosiee OBICTPBIM U XOPOIIO PaCIapasIIe -
Baercsa [48, 20]. OcHoBHAsg ero ujest COCTOUT B TOM, UTO Ha OOJIBIION KOJLIEKIUA MATPH-
na ® Moxker CONTHCH M IepecTaTh MEHSIThCS 3aJI0JI'0 0 OKOHYAHUs TEPBOI WTepaIlni.
B makux ciaydasix 0JHOTO MPOXO/a MO KOJIIEKIUU JTOCTATOYHO JIJIsT TIOCTPOEHUST MOJIEIH.
[TosTomy oHIaiTHOBBIE AJTOPUTMBI CITIOCOOHBI 00pPabaTHIBATH MTOTOKOBHIE JaHHBIE.

Jeranun mapasnenbHoil peanusanun oddaaitnoBoro u omnaiinoporo EM-aaropurma
B Gubmoreke BigARTM omuncanbl B paszese 15, emé mompodbnee — B crarbe [44].

O cTpaTteruax perynsapusauuun. 3agada TEMATHIECKOTO MOJIEJIWPOBAHUS MO CYTH SIB-
JII€TCsI MHOTOKpHUTepHaabHOMi. TeMbl JTOKHBI YI0BIETBOPSITH MHOIUM TPEOOBAHUAM O/I-
HOBPEMEHHO: HMHTEPIPETUPYEMOCTH, PA3JHIHOCTH, Pa3pe:KeHHOCTH u T.1. Kpome Toro,
TeMaTH4IecKass MOJIe/Tb OOBIYHO HCIOJIb3yeTcd He caMa 1o cebe, a KaK BCIOMOTATeTbHbIH
UHCTPYMEHT JIJIsi PENIeHUs] Pa3/JIMIHbIX 33/a4 TeKCTOBOI aHAJIUTHKU — UHMOPMAIMOHHO-
ro MOWCKa, BU3yaJIM3alNU, KATeropu3aluu, CerMeHTalnu, cyMMapusanuu u T. 1. Kaxjas
3a/1a4a npeabsanisier cson Tpedoanust k mogenn. B ARTM Bce TpeboBanust hopmainzy-
I0TCS B BUJE KPUTEPUEB PEryaspu3anuu [; n 6amaHcupyoTcs ¢ MOMOIIbI0 KoM dUImeH-
ToB 7;. KoadpunuenTsr 7; mpuxoauTcesa moadupaTh B KaxKI0# 3a1ade SKCIePUMEeHTATbHO,
9TOOBI HAWTU KOMIIPOMUCC MEYK/Iy BCeMHU KpurepusiMu. boJjiee TOro, Jijisi n3MepeHnus Ka-
YecTBa MOJEIN OOBIYHO MCHOJIB3YIOTCS HEe CaMU Peryjsipu3aropbl R;, a KakKue-To JIpyrue
MEMPUKY Kavecmea. Peryasspu3aTopbl JTOIKHBI OBITH TVIAJIKUMU (DYHKIHUAMEI, YAOOHBIME
g BeraucaeHuit Ha M-mmare. MeTpukn KadecTBa JOKHBI UMeTh YIOOHBIE JsI HHTEp-
HIpeTaIuu IUCI0BbIe 3HaUYeHnda. K coxkateHuio, 3Tu TpeboBaHUug IaCTO BXOIST B IIPOTUBO-
peune. Hampumep, obmenpuusaTbie METPUKN KadecTBAa WH(MOPMAIIMOHHOTO TOUCKA, TOYTH
HUKOI/IA, He SIBJITIOTCS TJIAKUMU (DYHKIUSIMA.

Ha npakrtuke mpobiema Beibopa KO3 DUIUEHTOB peryadapu3alund Iepepacraer B 00-
Jiee OOIIYI0 TPOOJIEMY YNpasAeHUA KG4eCmEoM MOJETH, TOCKOIbKY HIHYTO He 3aIperiaer

Wpxun U. A. CxoamMoCTh 9UCTEHHBIX METOI0B BEPOATHOCTHOTO TEMATHIECKOTO Mojie/upoBanust. Ma-
rucrepckasi nuccepramus, MOTU, 2016.
http://www.Machinelearning.ru/wiki/images/0/05/Irkhin2016msc.pdf
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U3MeHATh KO3 GUIUEHTH 7; B Xo1e urepaiuit. OJHI peryIgapu3aTopbl MOTYT Je1aTh TO/I-
TOTOBUTEJIBHYIO PADOTY I/ Apyrux. HekoTopsle peryaspu3aTopbl peKOMEHIyeTCsa BKJIO-
JaTh, Koryia EM-aaropurm yzKe Hava1 CXOANThCs. pyrue jytdiie oTKI09aTh MOCJe TOTO,
KaK OHU BBITIOJIHUJIM CBOIO pabory. Hekorophwie peryisipu3aTropbl MOryT HeifiTpaJm30BaTh
JIPYT ApyTra, W TOTJIA WX HPUXOANTCS TPUMEHSATH M00YepEIHO. Peryasspu3aTopsl, Kak siabl
JIIST MOJEJN, — B MaJIbIX J03aX OHHU JiedaT, B OOJBIINX OHH CMePTEIbHO OIMACHBI, B CO-
YeTaHWU JPYyr C JAPYTOM OHH MOTYT JaBaTh HeokuaaHHbIe 3hdekTo. CucreMaru3anug
1 UCIOJIb30BaHue 3TuX 3PPEKTOB CTAHOBUTCS mpeamerom nccaeaoBanns B ARTM.

Cmpamezueti peeyaapusayuy, Ha3bIBaeTcs (GYHKIUS KOIDDUINEHTOB peryaspu3a-
UK 7; OT HOMepa HTepaluu. B dacTHOCTH, OHA MOXKeT UCIO/IH30BATh TEKYIIHe 3HAUCHHS
napamMeTpoB MOJEIN ¥ METPUK KAadecTBa.

OTHocuTenbHble Ko3cduuneHTol perynspusaumun. Emé oxna mpobiaema 3ak/aoda-
eTcs B TOM, UTO KO DUIMEHTH peryaspu3alin, TIAaTeJIbHO MOI00paHHbIe JIIsS OXHOM
KOJLJIEKIIMH, CKOpee BCEero, OYIyT ILI0XO paborarh Ha Apyroil. OHW MOryT 3aBHCETH OT
pasmepa KOJIJIEKIIHH, MOITHOCTU CJIOBapsl, CpeIHeil JIMHbI JOKYMEeHTOB. Ecjm Kojuiek-
IS TTOTOJIHSIETCSI, TO CO BpeMeHeM MOyKeT ToTpeboBaThCs WX nepeHacTpoiika. [Ipodbiaema
perraeTcss BBeJIeHHeM HOPMHUPOBOUYHBIX KOIDMUIIUEHTOB U 0OMHOCUMEALHBLT KOIPPHUUUEH-
MO8 PE2YAAPU3AUUL, BHIPAZKAIOIINX CTEIeHb BO3IEHCTBUS PEryasapu3aTopa Ha TeMaTHIe-
CKYIO MOJeJIb. OTHOCI/ITe.HbeIe KOSCI)CI)I/H_[I/IGHTBI MeHbIIIe 3aBUCAT OT KOJIJICKIIUU, WU JIJIdA
HUX MOTYT ObITh YCTAHOBJIEHBI yHUBEpPCAJIbHbIE PEKOMEH/IyeMble 3HAYCHUS.
Pacemorpum dbopmyny M-mrara (12) co B3BemeHHON CyMMO# peryispu3aTopos R;:

OR,;
pur =m0l (nwt + Z TiPut a%t)

Bregém cymmaproe sosdeticmeue ry peryisipusaropa R; Ha Temy t u ero cymmaproe
soadeticmeue r; Ha BCE TEMBI:

Z
Tit = @wtaw ) ri = E Tit-
wt

weWw teT

Bpenenne HOpMUPOBKH T; = 7;; MO3BOJIAET HHTEPIPETHPOBATH KOIDPUIMEHT 7; KaK
ommocumenvroe sosdeticmeue peryagpuzaropa R; Ha TeMaTndeckyio moaenb. OH MOoKa-
3bIBAET, BO CKOJILKO Pa3 BIUSIHUAE PEryJIIPU3aTopa HA MOJIE/Ib CUIbHEe BIAUSHUS HCXOTHBIX
nannbix. [Ipu 7; — 0 peryaspusarop R; orkaiodaercs. [Ipu 7; — oo nepeperyssipusanus
MOKEeT TPUBOJIUTH K BBIPOKIEHUIO MOJIEIH.

Brenenue apyroit HOpMUPOBKU T; = ﬁ‘% MO3BOJISIET WHTEPIPETUPOBATH KO3 duim-
eHT T; KaK omuocumenvhoe gosdeticmeue peryisipusaropa R; na ortnenpuyio temy t. Te-
nepb abCOMIOTHBIT KOI(DMUIUEHT peryIspu3anui 7; CTAHOBUTCS 3aBUCAIIAM OT TEMBI,
OJTHAKO €r0 OTHOCUTETbHBIE BO3/EHCTBUS HA BCE TEMbI OIMHAKOBHI.

B obmiem ciiydae e m3BecTHO, Kakas W3 JBYX HOPMHUPOBOK Jjyuiie. [[jisi obrHoCcTH
BBeJIEM BBIMYKIYI0 KOMOMHAINIO JIBYX HOPMHUPOBOK:

~ Uz n
T =T (%T—t +(1— ’Yi);)a
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rjie 7; — omuocumenvhoili K0ahhuuuenm pe2ysapudayuy; IapaMeTp 7y; Ha30BEM cmene-
HB10 UHIUBUIYAIU3GUUY BO3EHCTBUS peryagpu3aTopa R; Ha Tembl. [lpu v; = 1 koaddu-
[UEHTHl T; MAKCUMAJIHHO PA3INIAI0OTCs 110 TeMaM, BHIDABHUBAsI OTHOCUTEIbHBIE BO3/IEii-
cTtBus peryisipuszaropa R; va tembl. [Ipu v; = 0 koaddunuentsr 7; He pasjmvaloTcs Mo
temam. [Tapamerp ~; mpemraraercst moaOUpPaTh IKCIEPUMEHTATBHBIM Ty TEM.

Ananornano pacemorpum dbopmyry M-mara (13) co B3BeneHHO# cyMMOil perysipusa-
TopoB R;. BBeném cymmapnoe sosdeticmeue q;q perynsgpuszaropa R; Ha TOKYMeHT d U ero
CYMMapHoe 6o3deticmeue ¢; Ha KOJIEKITHIO:

Gia =Y etd% L G=) G

teT deD

[IpescraBum ko3 duieHT peryasipusanun 7; B BHJIE

- n n
T =T (%fd +(1— %’)—>a

qid q;

TJe T; — 0OmHocumenvhul Koadhuyuenm peayaapudanyuu, y; — cmenens undusudyaiusda-
yuu BO3eiicTBUA peryasgpusaropa R; Ha mokymentsl. [1pu v; = 1 koacddunuentsr makcu-
MAJIBHO PA3JIMYAIOTCS 10 JIOKYMEHTaM, BBIPABHUBAs OTHOCUTETbHBIE BO3/IEHCTBUS Pery.is-
puzaropa Ha JOKyMeHThI. [Ipu v; = 0 ko3 dpuimenTs He pasjMIaloTcs M0 JOKYMEHTaM.

4 BaiiecoBckasa perynsipusauns n mogeno LDA

BaiiecoBckas perynsapusaumnsa. J[o cux mop Mbl HPeIIoIaraim, YTo JaHHbIe MOPOXKIa-
FOTCsT BEPOSITHOCTHOM MO/Ie/TbIo ¢ Tapamerpamu (P, ©), KoTopbie He H3BECTHBI U He CJIy vaii-
Hel. B OaitecoBCKOM MOIXOJIe MPEIoIaraeTcs, 9To mapaMeTpbl TaKyKe CIyYailHbl U MO/I-
IHHSIOTCS HEKOTOPOMY anpuophomy pactpenenernto p(®, ©;~) ¢ HecaydallHbIM 2unep-
napamempom . B 3TOM ciydae MaKCHMHU3AIMs COBMECTHOI'O TPABIOMOI00MS JTaHHBIX
¥ MOJIeJIH TIPUBOIUT K HPUHIUITY MAKCUMYMA GnOCmepuophot eepoamuocmy (maximum
a posteriori probability, MAP):

n

p(D,®,0;7) = p(D[2,0)p(®,0;7) = p(®,0;7) [ [ p(di, wi|®,©) — max.

@7@7
=1 K

[Tocae jmorapudmMupoBanus nosydaem Moaudukanuio 3a1adn (8), B KOTOpoii Jorapudm
AIMPUOPHOTO PACIIPE/IETICHUST ABJISIETCS PEryIaPU3aTOPOM:

Zzndw lnzﬁpwtetd —|—h’1p(q),@7’y) — glgx (18)
deD wed teT R(@V,@) =

B 6GaitecoBckoM Mmoaxoje HTpUMeHAETCS TaKzKe MPHHIUI MAKCHMU3AIUN HEMOTHOTO
IPABIOMOA00MS, B KOTOPOM MO CaydaiiHbiM mapaverpam (P, ©) mpom3BoIuTcs HHTErpu-
poBaHUE U ONTHMHU3UPYIOTCA THHeprnapaMeTpbl 7. CUUTaeTCs, ITO STOT HPUEM CHHKAET
pa3sMepHOCTh 3aJadl ¥ PUCK repeobyuenus. JlelicTBUTEILHO, pa3MepPHOCTH BEKTOpa 7,
KaK MPaBMUJIO, MHOTO MeHbIe pa3MepoB Marpul] ®, © u He 3aBUCUT OT 00bEMA KOJLIEK-
muu. OHAKO 7Tl pellleHnsd TPUKJIAIHBIX 337849 BCE paBHO HYKHBI UMEHHO 9TH MATPHUIIHI.
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DopMyJIbl I HUX BBIBOAATCS IPOMO3IKAMHA HPUOTMKEHHBIME METOJAMH, HO B HTOTE
Masio omtnaaores or MAP-ornenox [18].

B baiiecoBckoM Moax0/1e OIEHNBAIOTCS He caMu apaMerpsl P, ©, a ux anocrepruopHoe
pacrpegenerne p(®, O | D;~y). Iis 3a1a9 TeMATHIECKOTO MOJICTUPOBAHUS B STOM HET 0CO-
ooit HeobxomuMocTu. Ha mpakTuke mosiydeHHOE pacipeeeHne HCIOIb3YeTCs HCKTI0YN-
TEJILHO JJIsI TOTO, YTOOBI BEPHYTHCA K TOUEUHBIM OIIEHKAM MaTeMaTHIECKOrO OYKUIAHUSI.
HI/I allOCTEpUOPHBIE pacCIipede/JIeHud, HU NHTEePBAJIbHbIC OIICHKU, HU J1azKe aJIbTEePpHaATUBHBIE
TOY€4YHbIEe OIICHKHN MeJIWaHbl WJIN MOJbI B IIPUJIO?KEHUAX HE UCIHOJB3YIOTCA.

Texunkn mpubIHKEHHOrO 0AaECOBCKOrO BBIBOJA (BapuanmoHHBIH BBIBOA [125], com-
mmpoBanne ['mb6ca [121], pacmpocrpanenne o:KugaHus) He TMO3BOJSAIOT JIETKO KOMOWH-
HUPOBATH MOJEIH U JOOABIATH PEryISPU3ATOPHI, HE UMEIONME BEPOATHOCTHOW HHTED-
nperanun. [Ins KazK0it HOBOH MOJIEIN MPUXOJANTCS 3AHOBO BBIOJIHATH MATEMATHICCKUE
BBIKJIAJKHA U IMPOIPAMMHYIO PeATH3aIluio. B OpUKIAIHBIX IPOEKTaX CPOKH, CTOUMOCTD
1 PUCKH TAKUX Pa3pabOTOK CTAHOBATCS HEMPEOJOJUMBIM OapbepoM. I1o3ToMy Ha HMpax-
THKE TOJIB3YIOTCS MPOCTOi yerapestneit mogenpio LDA | a baitecoBckoe TemaTnaeckoe Mo-
JIeTAPOBAHNE PEJIKO BBIXOJUT 33 PAMKH aKaJIeMUYeCKUX uccaegoBanuii. Tem He Menee,
B JIATEPATYPE MO TEMATHIECKOMY MOJETUPOBAHUIO OalleCOBCKMUIT TTOIX0/ JOMUHUDYET.

Muorokpurepua bHbIil He-OaiecoBekmii moaxom ARTM — 310 monbITKa H3MEHHTDH CH-
rTyamuio. BaiiecoBckue TeMaTudecKue Mojeu B OOJBIIUHCTBE CayvaeB yaaércs nepedop-
MYJIHPOBATh B TEPMUHAX PEryJisipU3alii, 3aicaB MocTaHoBKY 3a1aun B Buje (18). C sro-
0 MOMEHTa Peryaspu3aTop OTALTISIETCS OT MOJETN U MOXKET OBITh UCIOIH30BAH B APYTHX
MOJIE/IAX. DTO HPUBOIUT K MOJYJIHHOI TEXHOJOTHH TEMATHIECKOTO MOJIEJTUPOBAHUA, KO-
Topad peajiM30BaHa U pa3BUBaeTcd B MpoekTe BigARTM.

Mopenb nateHtHoro pasmewerHuss OQupuxne. lsua Bisii, Duapio bla nu Maiika
zxopnan npempaoxuiu mojgenb LDA (latent Dirichlet allocation) [26] ayist pemenunst mpo-
6embl mepeobyuennst B PLSA, koropast mpejckasbiBaia BeposiTHOCTH TepMoB p(w |d)
HA HOBBIX JIOKYMEHTaX 3aMeTHO XyzKe, 4eM Ha oOydalomieil koJuiekmuu. [To3zke Bbisic-
HIJIOCH, UTO HA OOJIBIIUX KOJITEKIIUAX 00€ MOJE/H MOUTH He MepeodydaroTcs, a X IpaB-
JIOTO00UST OTINYAIOTCS He3HauuTe buo [76, 150, 71|. Paziudust mposBagioTCs TOJIBKO
HA HU3KOYACTOTHBIX TepMaX, KOTOpbIe He BayKHBI I oOpa3oBaHusS TeM. B pobacTHBIX
Bapuantax PLSA u LDA takue TepMbl HTHOPUPYIOTCSI, ITO PE3KO CHUKALT KAaK Mepeody-
deHne, Tak W pasjudne B npaiononodun mozeseii [103]. Cam Bonpoc o nepeobydeHnn
[OCTaBJIEH HE BIOJIHE KOPPEKTHO. Bo-NepBbiX, TeMaTuyecKue MOJEIN CTPOSTCS He PaJiu
npecKa3aHus TePMOB B JOKYMEHTAX, a /I BBISIBICHUSA KJIACTEPHOH CTPYKTYPHI KOJLIEK-
. Bo-BTOPBIX, BeIMYMHA MepeobyUeHns 3aBHCHT HE TOJBKO OT caMOil MOJeTd, HO W
OT TOTr'0, KaK MbI JJOTOBOPUMCS M3MepsTh e€é KadecTBO. /[1s1 u3aMepenusi 0OBIYHO UCIIOJIb-
3yeTcsi NePIJIEKCHsI, KOTOPasi CHJILHO MTpadyeT 3aHUKEHHbIE BEPOITHOCTH HU3KOYACTOT-
HBIX TepMOB. Bo3mozxkuo, npeBocxoactBo LDA nmax PLSA we crons cymecrBenHo, Kak 910
OPUHATO cYuTaTh. TeMm He Menee, LDA ne dbaxTo gBiasercsa camoii mCIOIbL3yeMoil TeMa-
THYECKOU MOIEJIBIO.

Mogens LDA ocHoBaHa Ha MPeIIOIOKEHUH, 9TO CTOJIONGI 0y W (; SIBIAIOTCS CJIydaii-
HBIMH BEKTOpPaAMH, KOTOpbIEe MMOPOXKIAIOTCS pacupeaeneHusaMu JIupuxie ¢ mapaMeTpaMu
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02 02 02
.3[.,..!!-]'.. 1 .3‘;.,|JI'HTT1!. .3‘;.,TTTTTTTTTT
Dir(p;0.1) Dir(p;1) Dir(¢; 100)
(paBHOMEpHOE)

Puc. 2: [Ipumep TPéX HEOTPHUIATETLHBIX HOPMUPOBAHHBIX BEKTOPOB ¢; € R0, mopoxadHHBIX cooTBeT-
CTBEHHO TPeMs CUMMETPUYIHBIMU pacupeaenenusvu Jupuxie ¢ mapamerpamu 0.1, 1, 100

a € R"lu g € RWI coorsercrsemnno:

I« _
H;(O)) eat 1’ oy > 0’ Qg = zt:at’ etd > 0, zt:etd = 17

Hé(ﬁ))n w T Bu>0, Bo=Pu Pw>0, ow=1

Dir(04; ) =

Dir(¢y; 8) =

rie ['(z) — ramva-dynknus. [lapamerpsr pacnpenenenus: upuxie cBS3aHbI ¢ MaTeMa-
THIECKUM OXKHJTAHHEM IMOPOZKIAEMbBIX CIyYaiiHBIX BEKTOPOB: Ef;y = g—;, Epuwt = 56—1;

Pacnpenenenunss dupuxie crmocoOHBI MOPOXKIATH KaK pas3perkKeHHble, TaK W IJIOTHHIE
BEKTOPHI JUCKPETHBIX pachpenenennii, puc.2. Yem menbine [,, TeM Oojee pa3perkeHa
COOTBETCTBYIOMASA W KOMIIOHEHTA (,; B TMOPOXKIAEMBIX BEKTOpax ;. Kcim BeKTOp ma-
paMeTpoB COCTOUT W3 PaBHBIX 3HaUeHHii [, TO pacupeienenne /Iupuxie Ha3bIBAETCS
cummempuurvim. Ipn 5, = 1 cumMerpuaroe pacupenenenne /lupuxie coOBIaIaeT ¢ paB-
HOMEPHBIM pacCIlipeJe/JIeHueM Ha € IUHUYIHOM CUMILJIEKCE.

TeMaTI/ILIeCKaH MOZEJIb TOPOKACHUA JaHHBIX ABJIAETCA ,Z[ByxypOBHeBOﬁZ CHa4vaJIa
u3 pacrpeseneHus Jlupuxie mopoxKIATCA BEKTOP-CTOIOIBI (0, KOTOPBIE 3aaI0T TEMBI.
3areM u3 MOTYUYEHHBIX pactpeneaeHuii p(w|t) = @, TOPOXKIAIOTCI TEPMbI, 00Pa3yio-
ue TeMaTHIecKe acTu J0KyMeHToB p(w | t, d). Takum o6pa3oM, TByXypOBHEBAs MOJIETH
OIMCHIBAET KJIACTEPHBIE CTPYKTYPHI B TEKCTOBBIX KOJJIEKIUIX. BEeKTOPBI pacipe/ie/ienuii
p(w |t) mHTEPIIPETHPYIOTCST KAK MEHTPHI KJIacTepoB, a pacupenenenus p(w|t, d) sBiastorcs
TOYKaMM 9TUX KJIaCTEPOB.

Bonee ybenuTeNbHBIX JMHTBHCTHYECKHX OOOCHOBaHUiI pacmpenenenne Iupuxie me
nMeeT. Ero mmpokoe pacmpocTpaHeHne B TeMATHIECKOM MOIETHPOBAHUN OObSICHSIETCS
CKOpee ero 4ucTo MaTeMaTHIeCcKUM yI00CTBOM /i DaitecoBckoro obydenus. Pacnpesee-
Hue Jlupuxie gBJsgeTcst CONPSIKEHHBIM K MYJIBTHHOMUAAJIHHOMY PACITPEIEIEHUIO, UTO CY-
IIECTBEHHO yIpolnaeT bailecoBCKuil BHIBOA. biiarogapst 3ToMy CBOWCTBY OHO OKa3bIBAETCS
«Ha 0CODOM IOJIOKEHUU» B 0aileCOBCKOM TEMATHIECKOM MOIEJTHPOBAHUN, U OOJIBIITHHCTBO
Moeeil CTPOsSTCS ¢ MCIOIL30BAHNeM pacrpeaenennii lupuxie.

Cormacho (18), mogeaun LDA coorBercTByeT pery/isipu3aTop, ¢ TOYHOCTHIO 0 KOHCTAH-
ThI paBHBI JlorapudMy apruopHOro pacupenenenus Jupuxie:

R(®,0) = In [ [ Dir(gs; 8) | | Dir(6a; @) + const =

teT deD
_ZZ _1 ln(pwt"f_zz —]. lnﬁtd (]_9)
teT weWw deD teT
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0.04 4 0.020 - 0.020
0.03 1 0.015 1 0.015 4

0.02 1 0.010 1 0.010 1

] Q ] _
0.01 0.005 0.005 7
0 0 - 0 -
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
KL(P||Q) = 0.44 KL(P||Q) = 0.44 KL(P|Q) = 2.97
KL(Q||P) = 2.97 KL(Q||P) = 0.44 KL(Q|| P) = 2.97

Puc. 3: Oueeprenmust Kynanbaka—Jleitbnepa KL(P||Q) siBisiercst HECHMMETPUIHON MepOil BIOXKEHHOCTH
pacupenenenuss P = (p;)_; B pacupenenernue Q = (¢;)1,. Brnoxkernnocrs P B () IpUOIU3UTEIHHO ONHA-
KOBa Ha JIEBOM U CpeJHeM rpadukax, BIOKEHHOCTh () B P — Ha JIeBOM U IMPaBOM IrpadpuKax.

[Tpumenenue ypasuenuit (12)—(13) k sTomy peryaspusaropy gaér dbopmynbt M-mrara:
ot = " o — 1) 0., = —1).
Put qv%rvgl(n 4 Bw—1) a = norm (neq + o — 1)

[Ipu B, =1, oy = 1 anpuopHoe pacupejenenune /[upux/e coBnajgaer ¢ paBHOMEPHBIM
pacipejie/ieHIHeM Ha CUMILTeKce, popMy/abl M-1mara mepexoadar B HeCMeIEHHbIe YaCTOTHBIE
OIEHKH YCJIOBHBIX BeposgTHOCTell, a Mojgenb LDA mepexomur B PLSA [45].

[lpu B, > 1, o4 > 1 peryasipuzarop uMeeT criaazkuBawmunit 3 dexT: ox gemaer 60/b-
e BEPOATHOCTHU eIIé 0O0JIbINe, ITPU ITOM MaJjible BEPOSITHOCTH 33 CYET HOPMUPOBKH CTa-
HOBSITCSI MEHBIIIe, OJTHAKO HUKOI/IA He JOCTHTAIOT HYJIS.

[Ipu 0 < B, < 1, 0 <y < 1 peryrgpusaTop uUMeeT paspexkuBaronuii ahdexT u cuo-
cobeH OOHY/IITH MaJble BEPOITHOCTH.

Auseprenuuns Kynbbaka—Jleiibnepa (KL-dusepeenyus, OTHOCHTEIHHASI SHTPOITHS) Jia-
Jiee OyJeT OJHUM W3 BaKHEHITUX WHCTPYMEHTOB KOHCTPYHPOBAHUS PEry/isipu3aToOpPOB.
910 HecuMMeTpUYHAST (DYHKIUS PACCTOSIHUSI MEYXKJY JIMCKPETHBIMH PaCIpeie/IeHusIMI
P=(p), u@=(q;)",, c coBmamaomumu Hocuresvu, {i: p; > 0} = {i: ¢; > 0}:

L(P|Q) = KL;i(p:]|¢:) szln H(P,Q)— H(P),

e H(P)=—),pilnp, — asnwmponusa pacupenenenus P, H(P,Q)=—) .pilng —
Kkpocc-anmponua pacupenenennit P u (). Obo3nauenne KL; He gaBasgeTcs oOMEnpUHATHIM,
HO OHO yJI00HO, KOIJIa HA/I0 TOKa3aTh, 10 KAKOMY HHIEKCY TPOU3BOIUTCS CyMMUPOBAHHUE.

KL-auBeprennusi HeoTpulare/jbHa W paBHA HYJ/IIO TOTJAA W TOJBKO TOIJA, KOTJIA Pac-
npese/eHnst COBIAJIANOT, P; = ¢;.

Ecmu KL(P||Q) < KL(Q||P), To pactupenenenue P cunbHee BIOXKeHO B ), ueM ) B P,
cM. puc. 3. Takum obpazom, KL gaBigerca Mepoit BIOXKEHHOCTH ABYX PAaCIpe/Ie/TeHMIA.

Ecau P — smnupudeckoe pacrpejenenne, a (Q(a) — mapaMerpudeckasi MOJe/ b, TO M-
auvusanus KL-quBeprediun 9K BUBaJIeHTHA, MUHUMU3AIMHA KPOCC-IHTPOIUN U MAKCHMHU-
3aIN [IPABIOMOI00M:

KL(P[|Q(a sz -

—)mln — E piIng; (o) — max.
(0%
=1
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Maxkcumu3aIms Ipasaonoaoous (8) SKBHBATEHTHA MUHIMI3AINN B3BEIICHHO CyMMBbI
KL-1uBeprenmuii Mezk/1y SMIMPHIECKAMH pactpeenenuamu p(w |d) = 744 1 Mote bHbI-
vu p(w|d), mo Bcem gokymentam d u3 D:

ng .
E ng KLw <—w H E (pwt‘gtd) — min,
nyg 0
deD terT

IJle BeCOM JOKYMeHTa d SBJIIeTCS ero JInHa ng. Ecam Beca ng yopaTh, TO Bee JOKYMEH-
THhI OY/JyT UCKYCCTBEHHO NPUBEIECHBI K OAMHAKOBON jjune. Takas momudurams QyHk-
[MOHAJIA, KAYeCTBA MOXKET OBITh TOJIE3HA MPH MOJIEJTMPOBAHUY KOJLIEKIUH, CO/IepzKAIX
JIOKYMEHTBI OJIMHAKOBON BAaKHOCTU, HO CYIIECTBEHHO PA3HON JTHHBI.

He-BepositHocTHasi untepnperaums mogenu LDA. Peryngpuzarop (19) MOXKHO 9K-
BUBAJICHTHBIM 00pa3oMm 3amnucarh depe3 KL-guBeprenmnun:

R(@’@) = |W| ZKLw(ﬁ H (Pwt) - BOZKLw(%_Z H (Pwt) +

teT te’T
+ T KL (o7 || ) — a0 > KL (2 || 61a).
deD deD

Orcrona ciaemyer, aro momeab LDA oka3biBaeT CriakKMBaoIIie W PasperKnBaroIne
BO3eiicTBUs Ha MaTpuibl P, ©. Bee crosnbib maTpunbt  10/1KHBL OBITH OJIU3KH K OTHOMY
U TOMY 7K€ PacIpe/Ie/IeHIT0 %—z, npuaéM mapamerp [y CTaHOBUTCS KOIMDMUITMEHTOM Pery-
JSIpU3anund. AHATOTHYHO, BCE CTOJIOIBI MATPHUILI © TOMKHBI OBITH OJIM3KK K pacipeeie-
HUIO g—;, U 3TUM TpeboBaHUEM yIpaBisgeT KoM UIHEHT peryaapu3anun «y. Kpome stux
CTUIAyKABAOIINX BO3IEHCTBIN HMEIOTCS cJIabble HeypaB/IsieMble pa3peKnBaOIINe BO3/Ieii-
CTBUSI: CTOJIONBI 00EUX MATPHUIL JOJKHBI ObITh JAJEKH OT PABHOMEPHOTO PACIpeIe/IeHHS.
JlasbIe Bcero oT paBHOMEPHOTO PACIPEIeIeHIsT HAXOIATCS BBIPOXKIEHHBIE Paciipe/eie-
HUsI, B KOTOPBIX €IMHUYHASA BEPOITHOCTH CKOHIIEHTPUPOBAHA B €IUHCTBEHHOM 3JIEMEHTe.

[TosToMy paszpekuBaHMe TPUBOIUT K OOHYJIEHHUIO MAJIBIX BepOITHOCTeH B MaTpunax ¢, ©.

5 WHTepnpeTtnpyemocTtb TeM

OTKa3 oT ampHOpHBLIX pacupeaeneruii /lupuxie mo3BossgeT 0606mmuTh Momenab LDA:
CHATH OTPAHMYEHUST HA 3HAKH rUneprnapaMerpos B (19) u cBoGoHEe 0OPAIIATHCS CO CTIIa-
JKUBAHUEM U Pa3pe:KUBAHUEM sl YIyUIIeHHs HHTePIPETUPYEMOCTH TEM.

T'unomesa paspesicennocmu SIBJISIETCS OJHUM W3 €CTECTBEHHBIX HEOOXOUMBIX YCJIOBUIT
uHTeprpeTupyemMoctu. [Ipeamoaraercs, 9To KazxKaasd TeMa XapaKTepu3yeTcs HeOOTbITNM
YUCJIOM TEPMOB, U KaxKIBIH JTOKYMEHT OTHOCHUTCSI K HeDOJBIIOMY YHCIY TeM. B Takowm
cydae Cpeu BePOSITHOCTEH @, U Oyg JOJIKHO OBITH MHOTO HYJIEBBIX 3HAYEHUI.

MuorokpaTHbie TONBITKN pa3pekuBanus Mojenn LDA npuBoanin K 4pe3sMepHo CI0kK-
HbIM KOoHCTpyKuusaMm [115, 40, 139, 63, 32| u3-3a BHyTpeHHEr0 MPOTHBOPEUNS MEXKIY Tpe-
OOBAHUAME PA3PE:KEHHOCTH U OIPAHMYEHHUSMU CTPOrOil MOJOXKUTETHHOCTH ITapaMeTpOB
B pacupenenennn lupuxie. [Ipobiaema perraercs HEOXKUIAHHO TPOCTO, €CJH OCTABHTD
KPOCC-9HTPONMitHbIH peryasipusatop (19) u paspemurh runeprnapaMerpam o, 3, MpUHH-
MaTh J00ble 3HAYeHUs, BKJOYas OoTpuiarejbHbie. [1o Bceit BUAMMOCTH, BIEpBbIE OHA
ObLIA TpeJIozKeHa B JuHAMIUecKoil Mogenn PLSA mua o6paborku BuaeonoTokos [127],

20



rjie JOKYMEeHTaMH ABJISINCh KOPOTKHE BHIeo(dParMeHThl, TepMaMi — IPU3HAKHT Ha U300-
pParKeHHIX, TeMaMi — IOsIBJIEHHE OIIPeIeIEHHOrO 00beKTa B TeUeHUe OMpeIeTEHHOTO Bpe-
MeHHU, HanpuMmep, mpoes aBromooussi. CujJIbHO pa3perKeHHbIe PacIpejie/leHus moTpedo-
BAJINCH JIJISI ONMACAHWUS T€M C KPATKAM «BPEMEHEeM YKU3HU».

CrnaxuBaHue n paspexusanue. [lo anamoruu ¢ (19) BBegéM 0000UEHHBINH PeryIspu-
3aTOp CrlaKUBaHUA U Pa3peKUBaHUA:

R(®,0) = Z Z Bt In o + Z Z Qg In Oyq.

teT weW deD teT

[ToxcraBus sror perymsipuzarop B (12)—(13), noxyunm dopmysasr M-mara:

Pt = 10 (g + B (20)

O = ntoerTm(ntd + atd). (21)

[Too)kuTeIbHOE 3HAYEHNE TAPAMETPA (g WU [3,; COOTBETCTBYET CIVIAYKUBAHUIO, OT-
punatreabHOe — pa3pezKNBaHUIO.

YacTtunyHoe oby4eHue. B nponecce co3manus, HCIOIL30BAHNAA WM OLCHUBAHUA TEMa-
THYECKON MOJIe/IN SKCIEPTHI, MOJb30BATE/IM U aCeCCOPbl MOTYT OTMEYaTh B TeMax pe-
JIEBAaHTHBIE WJIU HepeJeBaHTHbIE TePpMbl B JTOKYMEHTHI. Pa3MeueHHbIe JaHHBIE TO3BOJISIIOT
¢duKCHpOBATH MHTEPIPETAIUA TEeM H IOBBIIIAIOT YCTONYIUBOCTH MoJe . Pa3zmerka Mo-
JKeT 3aTparuBaTh JUIIb YaCTh JOKYMEHTOB U TE€M, MO3TOMY €€ HCII0JIb30BaHHe OTHOCHTCS
K 33Jla9aM uacmuunozo obyuenus (semi-supervised learning).

[TycTs s kaxk1oit Tembl ¢ € T' 3aaHbl YeThIPe MOJMHOKECTBA:

W — «Gemblit CIIICOK» PeIeBAHTHBIX TepPMOB;

W, — «4€pHBIil CHUCOK» HepeJIeBAHTHBIX TEPMOB;

D;" — «Genplit CIMCOK» Pe/IeBAHTHBIX JOKYMEHTOB;

D, — «4€pHBI COIUCOK» HEPeJeBAHTHBIX JOKYMEHTOB.

Yacmuunoe obyueHue no pesesaHmMHOCMY ABISETCS YaCTHBIM CJIyYaeM pPerysspu3a-
TOpa CIVIAYKUBAHUSI U Pa3PEKUBAHUS ITPU

But = Brlw € W —B_[w e W],
g = ayld € D] —a_[d € D/,

rie B+ n oy — KOIDMUIUEHTHI Pery Isipu3aliiim.

MpeametHbie n chboHoBbIE TeMbl. YT0OBI MOJIE/Ib ObLIa HHTEPIPETUPYEMOIl, KasK1as Te-
Ma J0JIZKHA UMETh CEMAHMUYUECKOE A0PO — MHOKECTBO TEPMOB, XapaKTePU3YIOIUX OIpe-
JIEIEHHYIO TIPeJIMeTHYI0 00JIaCTh M PeIKO YIOTPeGIeMBbIX B APYruX Temax. Jl1sa 3Toro
mMarpunpl ® u O TOMKHBI UMETh CTPYKTYPY Pa3peKeHHOCTH, AHAJOTHIHYIO IIOKA3AHHOI
Ha puc. 4. MHOXKecTBO TeM pa3dbuBaeTcs Ha JBa moaMHOxKecTBa, ' = S U B.

IIpedmemmnvie memo, t € S comepKaT TepMUHBI IPEIMETHBIX obgacreil. VX pacipeme-
nerust p(w | t) pa3perKeHbl W CYIIECTBEHHO PA3JINIHBI (IeKOppeanpoBanbl). Pacpeenenst
p(d|t) TakKe pasperKeHbl, TaK Kak KayKjas HpPeJIMeTHasi TeMa MPUCYTCTBYeT B OTHOCH-
TeJILHO HEOOJIBIION 10J1e TOKYMEHTOB.
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Puc. 4: Crpykrypa paspexkennoctu Marpull ¢ u © ¢ npeaMerHbiMu 1 POHOBBIMU TEMAMU.

Donosvie memv, t € B comepKaT CI0Ba OOINEH JIEKCHKH, KOTOPBIX He JTOJKHO OBITH
B npeaMeTHBIX TeMax. VIx pacnpenesnennst p(w|t) u p(d|t) criaaxensl, Tak Kak 3TH CJI0Ba
IPUCYTCTBYIOT B OOJIBIMMHCTBE JOKYMEHTOB. TeMaTuIecKyio Moaeab ¢ (POHOBBLIME TeMaMu
MOYKHO paccMaTpuBaTh Kak 00001meHre pobacTabix Mozesneii |30, 103], B KoTopbIx HCmosib-
30BAJIOCH TOJBKO OJHO (POHOBOE pacIpe/Ie/leHue.

CdokycupoBaHHbIii TeMaTudeckuii nonck. Yactuanoe ob6yveHne TeM MOKHO PAcCMaT-
pUBaTh KaK Pa3HOBUIHOCTH TeMATHIeCKOro MHMOPMAIMOHHOTO MOWCKa. B KadecTBe 3a-
poca 3aIa6TCA ceManmuyeckoe A0po OTHOW WU HECKOTBKHUX TeM. DTO MOYKET ObITD JTI0-
boit dparmenT Tekcra, «Oesblii cnmcok» TepMoB (seed words) wiaM z-memku — TEMBI,
NIPUNIHCAHHBIE OTIEJNbHBIM cioBaM nin (dbparventam B pokymentax [15]. Temarwaeckast
MOWCKOBAs CHCTEMA JOJIZKHA, HE TOJBKO HANTH M PAHKHUPOBATH PeJIEBAHTHBIE JIOKYMEHTHI,
HO W PAa3JIOKUTh MOWCKOBYIO BBIJIAYY MO TeMaM. B TUOUYHBIX MPUIOXKEHUSIX DPeTeBAHT-
HBIfI KOHTEHT COCTABJISEeT HUYTOXKHO MAJYIO JTOJTIO KOJIeKIuu. Tem He MeHee, UMEHHO
9TOT KOHTEHT J0JIZKEeH ObIThH TIHIATEIbHO cucTeMaru3npoBan. OOpa3HO TOBOPs, TpedyeTcs
«kJaccuuIIpoBaTh UrOJKH B cTore ceHay [27|. Tembr craHoBsiTcst 37emeHTOM rpadu-
9ecKOro mHTepdeiica moIp30BaTe s, HHCTPYMEHTOM HABUTAIUU W TIOHUMAHUS TEKCTOBOI
KoueKIuu. OTCio/la BaXKHOCTH TPEOOBAHUS MHTEPIPETUPYEMOCTH KAaZKIONH TeMBbI.

Yacruunoe obydeHHe HCTIOIL30BAIOCH Jisl TIOMCKA U KJacTepu3anuu HoBocTel [53],
MOUCKA B COMUATBHBIX MeIna HH(MOPMAINH, CBI3AHHON ¢ DOIE3HIAME, CAMITOMAMHA W Me-
togamu Jjedenus [96, 97|, ¢ mpecrymHOoCcThIO U dKCTpemMusMoM 72, 114], ¢ HannoOHAIBLHO-
CTSIMU U MeXKHAIMOHAJIBHBIME OTHOIIeHuIME (27, 58, 94].

B mozgenn ATAM (ailment topic aspects model) B KauecTBe CryIazkKMBarOIIEro pacipe-
JeJIeHUsT [3,,; UCIOJIBb30BATACH OOJIbITAs KOJIJIEKIMsT MeUIHHCKIX craTeii [97].

B mozensx SSLDA (semi-supervised LDA) u ISLDA (interval semi-supervised LDA)
JIUTsT TIOUCKA, 9THO-PEJIEBAHTHBIX TeM B MOCTAaX COMUAJIBHBIX CeTeil MCIO0Jb30BaIOCh CT/Ia-
JKHBaHUE MO CJIOBAPIO W3 HECKOJIBKUX COTeH STHOHUMOB [27]|. B Momenun SSLDA s kax-
JIOff THO-pPEIeBAHTHONW TeMbI 3a/1aéTCs CBOU CI0BAPh STHOHUMOB, CBI3AHHBIX C OJHUM
onpeaenérabiM 3THOCOM. B Momenn ISLDA mHOXKecTBO Tem pa3duBaeTcss Ha WHTEPBAJIHI,
U JIJIST BCEX TeM KazKJI0r0 MHTePBAJIa 33,aéTCst 00IInil cioBaph 3STHOHUMOB. [IpenmytecTBo
TUX MOJeJIeil B TOM, 9TO WHTEPIpEeTalns KazKJ0il TeMbl m3BecTHa 3apaHee. Hempocrarku
B TOM, YTO TPY/JHO MPEIYTaIbIBATH TUCIO TeM I KazKJI0i STHUIHOCTU W CTPOUTH TOJIU-
STHUYHBIE TEMBI JI/IsI BBIABICHUST MEXKITHUIECKUX KOH(MDIUKTOB. ATbTepHATUBHBIN MOIXO.T
3aKJIIOYAETCI B TOM, YTOOBI 33/IaTh YUCIO ITHO-PEJTEBAHTHBIX TeM U MPUMEHUTb K HIUM 00-
Imee CrUIayKNBaHUe 10 CJI0BAPIO STHOHUMOB. Temarudeckasi MOJIEIb caMa OIPeJIE/INT, KaK
pazzjeanth ux mo sranaHocTsiM |16, 17]. HemocraTok 3Toro moaxoma B TOM, 9TO HHTED-
IPETUPYEMOCTDb HAiIEHHBIX TeM TPUXOIUTCS TPOBEPITH BPYUHYIO.
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HDekoppenunposanue. Temarnueckas MOAETL He JOMKHA COAEPKATL LYOJUPYIOMIMXCS
WM TIOXOKUX TeM. YeM pasaumdHee TeMbl, TeM nHpOPMATHBHee MOJeNb. /I/1d NOBBIIIeHnd
Pa3IMYIHOCTH TeM OyJeM MHHAMU3UPOBATL CyMMY IOHAPHBIX CKAJISAPHBIX MPOU3BEICHUI
(01, Ps) = D PutPuws MezIy croabnavn marpuipst . [Momyunm perysaspusarop:

R(@) - _% Z Z Z PuwtPws-

teT seT\t weW

®opwmyna M-mara, cormacho (12), umeer Buj

Ppur =m0l (nwt — TPuwt Z wws)- (22)

seT\t

DTOT Peryaspu3aTop KOHTPACTUPYET cTpoku MaTpuibl . B KaxKmoit cTpoke, He3aBU-
CHMO OT OCTAJBHBIX, BEDOSITHOCTH (p,,; HAMOOIee 3HAYUMBIX T€M TepMa W YBeTUINBAIOTCS,
BEPOSITHOCTH OCTAJILHBIX TeM YMEHBINMAIOTCS W MOTYT OOpaliarhcst B HyJb. PaspexuBa-
HEEe — 3TO comyTeTByonmii 3¢ dexT nekoppennpopanus. B [123] 61 3ameden emé oauH
noJ1e3HbI 3 deKT: c1oBa 00MIeil JeKCUKN TPYNIMUPYIOTCS B OTAETbHBIE TeMbI. DKCIEePHU-
MEHTBI ¢ KOMOMHUPOBAHUEM PEry/IsIpU3aTOPOB CIVIAYKUBAHUS, PA3PE:KUBAHUS U JTEKOppe-
muposarust B ARTM moareepzkiator 1o Habawogerue [6, 134, 133].

HexoppennpoBanue Brepsbie Obl10 npemaoxkeno B Mogean TWC-LDA (topic-weak-
correlated LDA) B pamkax GaitecoBckoro moaxoma [123|. CoorBercrBytomiee anpuopHoe
pacrpejieleHre He SIBJISIETCsI COMPSI)KEHHBIM K MYJIbTHHOMUAILHOMY, TOTOMY Oaiiecos-
CKHil BBIBOJI CTAJIKUBAETCA ¢ TexHudecKuMu Tpyanoctamu. B ARTM pacuérnbie (¢hopmyst
BBIBOJIATCS B OJTHY CTPOKY.

KombuHunpoBaHue perynsapu3atopoB criaazkubBauusg (POHOBBIX TEM, pa3perKUBAHUSI
IpeIMEeTHBIX TeM B MaTpurie O W JIeKOppeJUpOBAHUSA CTOIOIOB MATPUINLI P MCHOIB30-
BAJIOCh y7Ke BO MHOI'MX paboTax Jijisl yaydilieHns WHTepnperupyemoctu tem |6, 133, 134,
135, 12]. TTomobpas kKoabUIHEHTH peryIsipu3aliii, MOKHO OJHOBPEMEHHO 3HAYUTEIHHO
VJIYUIIUTH PAa3PeKeHHOCTh, KOHTPACTHOCTh, YUCTOTY U KOI'€PEHTHOCTh TeM IPU He3HAYH-
TeJIbHOIT moTepe npaBaonoaoous Moaeau [134]. Beuin BIpaboTaHbl OCHOBHBIE PEKOMEH A~
[UN: JeKOppeInpoBaHne U CTJIaKNBaHAe BKIIOYATH Cpa3y, pa3pexkuBanne — mociae 1020
UTepaImii, Koraa odpa3yercs TEHJEHIUS K CXOIUMOCTH TapaMeTPOB MOJIEJTH.

Ta ke KOMOWHAIMS PEryJIipU3aTOPOB ObLIa UCHOJIH30BAHA JJIsI TEMaTHIECKOTO Pa3-
BeJ0IHOrO noucka B [12]. Oka3anoch, 9T0 OHA CYIIECTBEHHO YJIydIiaeT KauecTBO IMOUCKA,
XOTs HUKaKWe KPUTEePUH KAadeCTBA MOUCKA HEMOCPEeJICTBEHHO He OMTUMU3UPOBAJINCH.

6 MopgenupoBaHue MyabTUMOAANbHbIX AAHHbIX

Myavmumodasvras memamuieckas modeasb OMUCHIBAET JOKYMEHTHI, COAEPIKAIINE Me-
TaJaHHbIe HAPSLY ¢ OCHOBHBIM TeKCTOM. MeTaJaHHbIe TOMOTralT DOIee TOUHO OIPeIe/IsTh
TeMaTHKY JOKYMEHTOB, M, HA00OPOT, TEMATHYIECKAS MOIELTH MOYKET HCIOJIb30BATHCS s
BBISIBJIGHHSI CEMAHTHKH METAIAHHBIX WM HPeACKA3aHUs IMPOMYIIEeHHBIX MeTaJaHHbIX.

Kazkapiit Tunm MeTagaHHBIX 00pa3yeT OTAEIbHYIO MOJAAbHOCMb CO CBOUM CIOBAPEM.
CiioBa ecTeCcTBEHHOIO s13bIKa, ciaoBocoderanusi [138, 147|, rern [60], mmeHoBaHHbIE CyIII-
HOCTH [88] — 3TO mpUMEpPHI TEKCTOBBIX MOJAJBHOCTEl. B MyJbTHSI3BIUHBIX TEMATHUECKUX
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Puc. 5: O6branas reMaTndeckas MOJIENb OMPEIENsieT PACTPE/IeIeHNe TeM B KasKI0oM JokyMeHTe p(t|d) u
pacipe/ieieHle TepMOB B KaxK1oil Teme p(w |t). MyabTuMojaibHast MOJIE/Ib PACIPOCTPAHSAET CEMAHTHKY
TeM Ha 3JeMEHTBI BCEX OCTATHHBIX MOJATLHOCTEH, B TOM UHCIIe HETeKCTOBBIE.

MOJIEJISIX MAPAJUIETbHBIX TEKCTOB MOJAIBHOCTAME SIBJISIIOTCS s3biKu [136]. Dist anasu-
32 KOPOTKHUX TEKCTOB C OMEYATKAMHU HCIOJIB3YIOT MOJAJIHHOCTh OYKBEHHBIX N-I'PAMM, UTO
I03BOJISET YIIy4IIaTh KadecTBO HHMOpMAuoHHOro moucka [51]. [IpuMepamMu HETEKCTOBBIX
MOJATBHOCTE saBsttoTCst (puc. 5): aBropst [110], MomenTsr Bpemenu [126, 159, 127|, kiac-
Cbl, KaHpbl wian Kareropun [111, 162], nurupyemble win murupyroomme JOKyMeHTH [39]
wIn aBToOphl [56], MoIb30BaTEN N FJEKTPOHHBIX OHOJIMOTEK, COIUAIBHBIX CeTell WJIH pe-
KOMeHJaTebHbIX cucrem (64, 118, 140, 155, 156|, rpadudeckne s1emeHTH H306parKe-
uuit |25, 50, 68|, pekaamubie 00bsiBIeHNsT Ha BeO-cTpanunax [100].

Bce nepednciiennbie ciaydan, HECMOTPsI Ha pa3HOOOpa3we WHTEPIPeTaInii, OnmrchiBa-
10Tca eauHbIM (bopmasmamMom MomanabHocTeil B ARTM. KaxKaplii JOKyMeHT paccMaTpH-
BaeTCd KaK YHABEPCAJIbHBII KOHTEHHep, cOlepzKallliii TOKeHbl PAa3JIMYHbIX MOJAJIBHOCTEI,
BKJTIOYAsI OOBIYHBIE CJTOBA.

[Iycts M — wmmOXKecTBO MopaabHOCTell. KaxKaas MoIaaIbHOCTh UMEET CBOM CJIOBaphb
tokeroB W,,,, m € M. 91tu MHOXKeCTBa TIOMAPHO He nepecekatorcs. VIx obbeannenune Oyaem
obozmadars 1epe3 W. Moganbuocts Tokena w € W Gyzem obosmadars depe3 m(w).

Temarndeckast MOJEJIb MOJAJIBHOCTH M AHAJOTHIHA MoJe I (2):

p(w|d) = pr|t (t|d) = ngwtﬁtd, weW,, deD. (23)

teT teT

Kaxkm0ii MOJAIHLHOCTH M COOTBETCTBYET CTOXAacTHYecKas Marpuna P, = ((pwt) S
CoBokynHocTh MaTpun P,,, ecim ux 3ammcarh B cTosoer, oopaszyer W xT-marpuiy &.
Pacnpeiesierne Tem B KayKI0M JOKYMEHTE SIBJISIETCS OOIIMM JIJIT BCEX MOJIAJILHOCTEH.

MYJIBTI/IMO,Z[HJIBH&H MOJEJIb CTPOUTCA HYTéM MaKCHUMHU3aIlUn B3BEIIEHHOI CYMMBI JIO-
rapudMoB MpaBIONOI00usST MOTAIBHOCTEN U perynaspu3atopoB. Beca 7, mo3Bo/sior cba-
JJAHCUPOBATh MOAAJIBHOCTHU 110 UX BazKHOCTH U C y‘{éTOM UX 9aCTOTHOCTU B JOKYMEHTAX:

Z Tmz Z N angpthtd + R($,0) — rg%x (24)

meM  deD weEW, teT
Z Ywt =1;  puwr 2 0; Zetd =1; 6,4=0. (25)
wEWm teT
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Teopema 2. Ilycre ¢pyukmus R(P, O) menpepoiro muchdepenmupyema. Toura (P, O)
JIOKAJIBHOTO dKCTpeMyMa 3ajgaqn (24)—(25) yaosmerBopsier cucTeMe ypaBHEHHI €O BCIO-
MOraTeJbHBIMH TePEMEHHBIMA Dy = P(t|d, w), eciim u3 perneHnst HCKJIIIATh HyJIeBble
crostorer marput P, O:

Praw = 0010 (Pu161a); (26)
OR
wt — w wt | wt — m(w wPtdw 27
Owt ggﬁ/rg nt+¢t8¢wt Nt deZDT()nd Ptd (27)
= g+ 022 DY 25)
=norm|( n — |; Ngg = TonNdwPtduw -
td orl td + Utd 90,5 td 2 2 dwDtd

JlokazaTe/ibcTBO aHAJIOTUYHO TeopeMe 1, KoTopast siBJISeTCs YaCTHBIM CJIy4aeM Teope-
MBI 2 JiJIsT catydast oHoi MogaabHoctn, | M| = 1, 7, = 1. [Tepexos oT oxHO# MOgATLHOCTH
K TTPOU3BOTLHOMY YHUCTY MOJATBHOCTEH CBOAUTCS K TPEM IMOMpPaBKAM:

1) MCXOmHBIE JAHHBIE 74y, JOMHOXKAIOTCS HA BECA MOJATBHOCTEIN Tpy(w);

2) marpuna ® pasbuBaercsa ua 6;10ku D,,, KOTOPbIE HOPMHUPYIOTCS TTO-OTIEJIbHOCTH;

3) ecam Tema BHIPOXK/IEHA JJI MOJAJIBHOCTH 11, TO COOTBETCTBYIONHI cTOJI0eI] OOHY-
JisieTcst TOJLKO B Oyioke @y, a He BO Bceit marpuie P.

B mpoekTe BigARTM peann3oBaHa BO3MOKHOCTh KOMOMHUPOBATH JIFO00€ THCJIO MOJIATh-
HOCTel ¢ JIIoObIME peryisipuzaropamu [16].

MynbTus3sbldHble Mogenun. MyabTHSI3bITHBIE TEKCTOBBIE KOJLIEKITUN HUCIOMb3YIOTCA s
KPOCC-I3bI9HOTO WH(MOPMAIMOHHOTO MTOUCKA, KOTJIA 110 3aIIPOCY Ha OJHOM si3bIKe TpedyeT-
CsI HAWiTH CEMaHTUYECKHN 6JII/13KI/IG JOKYMEHTBI Ha JIPYIOM A3bIKe. 'ZLJIH CBA3bIBaHUA A3BIKOB
HUCHOJIB3YIOTCA TapaJijieJIbHbIE€ TEeKCTbhl UJIN ABYA3bIYHBIE CJIOBAaPH. HepBbIe MYJIbTUA3BIY-
Hble TeMaTHIeCKUe MOJIETH MOSBUINCH TIOUTH OJHOBpeMeHHO [37, 83, 93| u npencrasisin
€000l MYJTBTHMOIATBHYIO MOJIE/Ib, B KOTOPO# MOJATBHOCTIMU ABISIIOTCA A3BIKH, W KarK-
Jasd CBA3Ka HapaJlJIeJIbHBIX TEKCTOB O6’be,Z[I/IH${eTC${ B OJWH JOKYMEHT. OKaBa.HOCb, qTO0
CBA3bIBaHUAd JOKYMEHTOB JOCTATOYHO JAJId CMHXPOHHU3AIUU TEM B ABYX 4A3bIKaX W KPOCC-
A3BIYHOI'O ITOHNCKAa. HOHbITKI/I 60.)'[66 TOYHOIO " pr,Z[OéMKOFO BbIpaBHUBaHUA II0 TIPEAJIo-
JKeHUSIM WM 110 CJIOBAM IIPAKTUYECKH He YIYUIIAT KadecTBO Mmoucka. OOCTOATe TbHbBIH
0030p MY/JIbTUA3BIYHBIX TEMATHICCKUX MOJeseii MOKHO Hajith B [136].

Ha puc. 6 nmokazanb HekoTopble n3 400 TeM, mocTpoeHHBIX 1Mo 216 175 mapam pycckux
u aHrniickux crareit Bukunemun [130]. [Iist cBsi3bIBaHUST SI3BIKOB HCITOJIB30BATINCH TOJIHKO
MO/Ia/ThHOCTH, BBIPABHUBAHUS W CJIOBApU HE HCIOJIb30BaNCh. Aceccop omenma 396 Tem
n3 400 KaK XOpOIITO WHTEPIpEeTUpYyeMbIe.

JI1s1 MCTIOIL30BAHNUS JIBYSI3BIYHOTO CJIOBAPS B [7] OBLT Ipe/iozkeH peryisipu3aTop Cria-
xuBauusg. OH dopMaIn3yeT MpPearnoaoKeHne, 9TO eCJau CJI0BO U B A3bIKe k SIBJIAETCS IIe-
PEBOJIOM CJI0Ba W U3 sA3bIKa ¢, To ux pacupegenenns tem p(t|u) u p(t|w) moyKmsl OLITH
oam3kn B cmbiciie KL-auBeprenmun:

R(®) = Z Znut In .

w,u teT

Cornacuo dopmyne M-mara, BepoSTHOCTH CJIOBa B TeMe yBEJIHIHBAECTCS, €CJIH OHO
nMeeT TIepeBOIbl, IMeIOIe BBICOKYI0 BEPOSITHOCTD B JIAHHON Teme:

Pt = NOrm (nwt + 7 E nut>.
weW?t "
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Tema Ne68 Tema Ne79
research 4.56 | nHCTUTYT 6.03 || goals 4.48 | maty 6.02
technology 3.14 | ynueepcuter  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 | TexHunyecknii  2.70 || scored 2.72 | npotue 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | kny6 3.14
education 1.44 | nay4HbIli 1.76 || goal 2.48 | dpytbonunct 2.67
campus 1.43 | nuccnepgosanne 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abueaTb 2.53
programs 1.36 | obpaszosaHne 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 | gnpunxep 2.82 || server 2.93 | Bepcus 1.86
wagner 0.97 | nesey 1.65 || software  1.38 | npunoxeHue 1.86
soprano 0.78 | neBmua 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 | nporpammHblii  1.08
sang 0.70 | conpaHo 0.97 || oracle 0.82 | nonb3oBaTtens 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. 6: [Ipumepsr Tem u3 ABysa3br9HON Temarwdeckoir mojenu Bukumneauu. [lokazansr nepsoe 10 cios
KaskJIOi TEMBbI M UX BEPOSTHOCTH p(w|t) B MPOIEHTAX.

DTOT peryIgapu3aTop He YUYHTBIBAJI, YTO TEePeBOJ, CI0BA MOYKET 3aBHCETHh OT TEMBI,
U 9YTO CPEeIH TEePEeBOJOB CIOBA MOTYT HAXOIUTLCA IMEePeBOALI ero OMOHUMOB. [losTomy
B TOI Ke paboTre ObLI MPEJJIOKEH BTOPOil pPeryJisipu3aTop, KOTOPBIHl BBOJWI B MOJE/b
HOBBIE MAPAMETPBI Ty = P(U|w,t) — BEPOSITHOCTH TOTO, YTO CJIOBO U SIBJISIETCS Iepe-
BOJIOM CJI0Ba w B TeMe t. [Ipeamonaraercs, uro TeMa t, Kak pacupejgenenne p(u|t) = ”n—“:

HaJ[ CIOBAMH A3bIKa K, TOMKHA OBITH 613Ka B cMbIcae KL-1uBepreHun K BepoaTHOCTHOM
MOJIE/TH TOIf 7Ke TeMBI p(u|t) = >, TuywtPuwt, TOCTPOSHHOM 110 IEPEBOAAM CJIOB U3 S3bIKA (:

R(®,II) =7 Z Znut IHZWuwt(pwt — max.

ueWk teT weW?*

Qopmyna M-mmara Tenepb YUYUTHIBAET BEPOATHOCTH TMEPEBOIOB Ty IKpOMe TOTO, J10-
OaBisieTcsl peKyppeHnTHast popMmyJia JJis ONEHWBAHUS TUX BEPOSITHOCTEI:

Puwt = nOII;I];I‘} <nwt +7 E qutnut>;
we "

Tuwt = NOTM (ﬁwutnut).
ueWk
Cesi3piBaHme NapaJsIelbHBIX TEKCTOB CUJIbHEE YJIydIlaeT KadeCTBO MOWCKA, 9eM 00a
criocoba y4éra cioBapeii |7|. Bropoit crocob wemuoro syunre nepsoro. Kpome Toro, on
MO3BOJISIET BRIONPATH BADUAHTHI MEPEBO/IA B 3ABUCUMOCTH OT KOHTEKCTA, YTO MOYKeT OBITh
MOJIE3HO IS CTATUCTUYECKOTO MAINTHHHOTO TepeBOJIa, PUC. 7.

MopanbHOCTK KaTeropuii n aBTopoB. /JlomycTuMm, 4TO pacupeaeneHus TeM B JJOKYMeH-
tax p(t|d) mopoxaaroTest OHOMN 3 MOJATBHOCTEIH, HATIPUMED, ABTOPAMHU, PYOPUKAME W
KaTeropusaMu. ByaeM cauTarh, 9TO ¢ KazKIbIM TEPMOM W B KarKJIOM JOKYMeHTe d CBsS3aHa
He TOJIbKO Tema t € T', HO m KaTeropusi ¢ U3 3aJaHHOrO MHOXKecTBa kKareropuit C'. Pac-
MTUPUM BEPOSITHOCTHOE MPOCTPaHCTBO j10 MHOXKecTBa D X W x T x C. Tlycts u3BecTHO
noaMHoKecTBo Kateropuit Cy C C) K KOTOPBIM MOXKET OTHOCUTBCA JTOKYMEHT d.
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Tembl, B kOTOpbIX p(«sum>»|«cymmas, t) > 0.9

Tema Neb6 Tema Nel2 Tema Ne20
MHOXeCTBO set MaTemaTmka triangle BEKTOP vector
NPOCTPaHCTBO | space TPeyrosisH1K square KOOpAMHATA coordinate
rpynna point Teopema number NPOCTPaHCTBO field
TOYKa left TOYKa point npeobpasosaHue | tensor
3neMeHT limit mMaTemaTu4yeckunii | theorem 6a3nc transform
dyHKLNS symmetry || yron angle TEH30p basis
npegen function KoopaunHaTa mathematics || cuna space
oTobparkeHne | open 3KOHOMUKA real BEKTOPHbI force
CMMETPUA property 4ucno theory TO4YKa rotation
OTKPbITbINA topology KBagpart geometry cncrema thermometer

Tembl, B KoTOpbIX p(«totaly |«cymmay, t) > 0.9

Tema Neb Tema Nel9 Tema Ne22
opbura space nporpamMMHblii software nrpa game
annapart nasum Bepcus version BUAEOCUTHAN character
KocMmmyecknii | orbit pabora news Nrpok video
3emns instrument || komnaHus company bunem player
noBepxHOCTb | earth AHOHUMHBII work ronoBoJIOMKA series
COJTHEYHBIN surface npumevaHmne note cepusi puzzle
cTaHuns solar TepMUHATOP release Ka4ecTBO movie
3anyck system XKypHan support LwaxmaTsl jason
cncrema landing peii terminator A>KeliCcoH world
aTMocdepa camera nepcoHax anonymous bykBa chess

Puc. 7: [Ipumepnbr TeM, B KOTOPHIX CJOBO «CYMMas MMEET PA3HbBIE MEePEBOIBI.

PaccMoTpuM MyIBTHMOIATBHYIO TEMATHIECKYIO MOJIeTh (23), B KOTOPO# pacrpe/ieie-
HUE BEPOSITHOCTH TeM JIOKYMEHTOB Oy = p(t|d) omuchIBACTCS CMEChIO PACIIpe e ieHuii Tem
Kareropuit 1. = p(t|c) u kareropuii 10KyMeHTOB 7.q = p(c|d):

p(w|d) = pr|t Zpﬂc (c|d) = ZZ‘Pwtwthcd (29)

teT ceCy teT ceCy

TO TaKKe 3a]a49a CTOXaCTHIECKOrO MaTPUIHOTO PA3JIOKEeHH, TOJBLKO Ternepb Tpedy-
ercst HafiTn Tpu Marpuipi: ¢ — marpuna tepmoB TeM, ¥ = (Ui )rxc — Mampuya mem
kamezoputl, Il = (Teq)oxp — Mampuya kamezoputll 0oKYMeEHMOB.

Mozeab 0CHOBaHa Ha JBYX THHOTE3aX YCJIOBHONW HE3aBHCUMOCTH:

p(t|c,d) = p(t]|c) — Temarnka goKyMeHTa d 3aBUCHT HE OT CAMOTO JOKYMEHTa, & TOJIb-
KO OT TOr0, KAKAM KATErOPHAM OH IPUHAIICKHT;

p(w|t,c,d) = p(w|t) — pacnpejiesieHre T€PMOB MOJHOCTHIO OMPEIEISIETCS TEMATHKOM
JMOKYMEHTA B He 3aBHCHT OT CaMOI0 JTOKYMEHTA H ero KaTeropuii.

Kpowme Toro, npeanonaraercs, 9to m.q = p(c|d) = 0 pis Beex ¢ ¢ Cy.

3aJa9a MAKCUMA3AIuU PeryIsapru30BaHHOIO MPaBIOIOI00Ns:

DY a0 puithieme + R(P, 0, IT) — max; (30)

deD wed teT ceCy
Z Puwt = 1, Pwt > O; Zwtc = ]-7 Qﬁtc 2 07 Z Ted = 1, Ted > 0. (31)
weW teT ceCy

Teopema 3. Ilycrs ¢pyrkmnus R(P, U, I1) menpepsiro augdepenmnmupyema. Touka Jio-
kasbHOro 9kcrpemyma (P, W, 1) zazaun (30), (31) yaosaerBopsier cucreMe ypaBHEHHIT cO
BCIIOMOTATETbHBIMH MEPEMEHHBIMH Pyeqy, = P(t, ¢|d, w), ecin u3 perenns: HCKJIIOYATD HY-
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jaesbre crosonsr Mmarpur ©, W, I1:

DPtedw = 1O WieTed);
T e eTxCy (Purthreed):
OR
Pwt = norm | 1, + Q= |; Nt = E E NdwPtedw;
weWw &pwt
deD ceCy
OR
Yy = norm | N + Ype—— |; Nie = g E NdwPtedw;
teT 8@/),50
deD wed
OR
Teq = NOTM | Neg + Tedg=— | ; Ned = g g NdwPtedw -
ceCy aﬂ'cd
wed teT

Jlannast MOJe/Th, OCHOBaHHAS HA, TPEXMATPUIHOM PA3/I0KEHUHU, HAMOOJ/ee W3BECTHA
Kak asmop-memamuseckas modeas ATM (author-topic model), B Koropoit mopozx patorieit
MOJIATTBHOCTBIO ABJISIOTCS aBTOPBI MoKyMeHTOB [110]. B memamuueckot modeau mezupo-
sanusa doxymenmos TWTM (tag weighted topic model) mopox garomieii MOIaTBHOCTHIO
SIBJISTIOTCST Teru JIOKyMeHTa [66]. AHasorndHasi MOJEIh MCIIOJIb30BAIACh JJisi 06paboTKI
BH1OTOTOKOB B [50]: MOKyMeHTHI d COOTBETCTBOBAIM TOCTIEAOBATEIHHBIM 1-CEKYHTHBIM
BU/ICOKJTMITAM, TEPMBI W — 3JEeMEHTAPHLIM BU3YAJTBHBLIM COOBITUSIM, T€MbI ¢ — MPOCTBIM
JIeHCTBUSAM, COCTOSTINM W3 COUYETAHUS COOBITHUIl, KATETOpUU ¢ — DOJIee CIOXKHBIM MOBeIe-
HUSIM, COCTOSITIIUM U3 COYETAHUS JIeHCTBUI, TPUIEM CTABUIACH 33/1a49a BBHIJIEJNTH B KayK-
JIOM KJIAIIEe OJIHO OCHOBHOE TIOBEJIeHUE.

Mogesib (29) MOXKHO YIPOCTUTH U CBECTH CHOBA K JIBYXMATPUIHOMY DPA3JIOKEHUIO, eC-
JIH OTOXKJIECTBUTH TeMbl ¢ Kareropuavu, C' = T', u B34Tb equan4dHy0 MaTpuiyy V. lanras
MoJIesTb u3BecTHa B sinreparype Kak Flat-LDA [111] u Labeled-LDA [107]. Eé Boipasures-
Hble Bo3MOkHOCTH Oesaee, vem y PLSA u LDA, tak kak 3HadnTe/ibHAsT J0JIsT 9JIEMEHTOB
matpuipl [I = © dukcupoBanbl U paBHBI HYJIIO.

TpéxmaTpuunble pa3moKeHns MOKa He peaJn30BaHbl B bubmoTexe BigARTM.

TemnopanbHblie Mogenu. Bpems co3nanns TOKYMEHTOB BazKHO IPH AHAJIN3e HOBOCTHBIX
IOTOKOB, HAYIHBIX MyOJUKAIMA, TATEHTHRIX 0a3, JAHHBIX COIMUATLHBIX cereil. Temarnde-
CKHUe MOJIe/IN, YIUTHIBAIOIINE BPEMSsI, HA3BIBAIOTCS MeMNOPaibHbMU. OHI NO3BOJISIOT Bbi-
JIEJISITH COOBITUITHBIE U IEDMAHEHTHBIE TEMbI, JIeTEKTHPOBATH HOBBIE TEMbI, IIPOC/IEKUBATH
pa3BHUTHE TEM BO BPEMEHH, BBIJE/STH TPEH/IBI.

[Tycts I — KOHEYHOE MHOYKECTBO MHTEPBAJIOB BPEMEHH, W KarKJbIii JOKYMEHT OTHO-
CUTCsI K OJJHOMY UJTM HECKOJbKUM WHTepBajaM, [J; — MOJMHOXKECTBO JIOKYMEHTOB, OTHO-
CAMUXCsT K WHTepBAJLY i. Byjem mojararh, 9ro TeMbl Kak pachpejeserns p(w |t) ve me-
HAIOTCS BO BpeMeHn. Tpebyercsa HaiiTu pacmpesenenne KaxKaoii TeMbl Bo BpeMeHu p(i|t).

TpuBHATBHBI TOAXO 3aK/II0YAETCI B TOM, YTOOBI MTOCTPOUTH TEMATHYIECKYIO MOJE/h
Ge3 yuéra BpeMeHH, 3aTeM HAfTH pacrpejejeHne TeM B KaxKJIoM uHTepBase p(t|i) kak
cpejnee Oy 110 BeeM JokyMmeHTam d € D; U 1I€pEHOPMHUPOBATH YCJIOBHBIE BEPOSITHOCTH:
p(i|t) = p(t|i)%. HemoctaTok maHHOrO mMOJAXOMA B TOM, 9TO HHMOPMANUS O BPEMEHH
HUKAK HE HCIOJIH3YeTCS MPH O0YYEHUN MO U He BauseT Ha (DOPMHUPOBAHKE TEM.

B ARTM »ta nmpobJtema perraercst BBeeHnemM Mopaabuoctn spemenn I. Vckomoe pac-
npenesnenne p(i|t) = @, nomydaercs B crosnbne mMarpuisl O. JomorHuresbube orpannte-
HES Ha MOBEJEHHE TeM BO BPEMEHH MOYKHO BBOJIUTH C TMOMOIIBIO PEryISpU3AIHH.
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B oxmHoii u3 mepBBIX TeMmmopasbHBIX TemaTuueckux Mogeneit TOT (topics over
time) [146] kaxaas TemMa MOJETMPOBATIACH HAPAMETPUICCKUM [3-PACIIPEIETIEHIEM BO BPe-
MEHHU. JTO CeMeHCTBO MOHOTOHHBIX M YHUMO/IAJTHHBIX HEMPEPBIBHBIX (DYHKIUH, C MTOMO-
IO KOTOPOTO MOYKHO OIMUCHIBATH Y3KHeE MUKW COOBITUIHHBIX T€M M OrpaHUYeHHbINH HabOP
TPpEeHI0B. TeMbI, UMenme CrnopajndecKkue BCIIJIECKH, JaHHad MO/EJ/Ib OIMUCHhIBAECT IIJIOXO.

Hemapamerpudeckue TeMIOpaJIbHBIE MOIEIN CIOCOOHBI OIMMCHLIBATH IPOU3BOILHLIC H3-
MEHEHHd TeM BO BPeMeHH. PacCMOTPHM JBa eCTeCTBEHHBIX IPEINOI0KeHHa U (hOpMAaIH-
3yeM X C TIOMOIILIO Pery/Ispu3alyi.

Bo-niepBbix, Mmpeimno/iozKuM, 9T0 MHOTHE TEMbI SBJISIOTCA COOBITHIHBIMU W UMEIOT OT-
HOCHTEILHO HeOOJIBIIOe «BPeMsl KU3HMH», MIOITOMY B KasKJIOM MHTEpBAJIE BPEMEHHU i IpH-
CYTCTBYIOT He Bce TeMbl. [loTpebyem paspe:keHHocTn pacmpeaenenuii p(t|i) ¢ mOMOMBIO
KPOCC-3HTPONUITHOTO peryaspu3aTopa;

Ry(® nmm ©) = —7y ZZlnp(ﬂi).

i€l teT

Bo-BTOpBIX, MPeANoIoKuM, 9T0 pactpeenenns p(i|t) kak GyHKIUH BpeMeHH MeHsi-
IOTCSl HE CJIMIIKOM OBICTPO M BBEAEM PEryJIspU3aTOP CIrUIasKNBAHUS:

Ry(® wmn ©) = =7 > Y [p(i|t) — p(i—1]1)].

i€l tel

Oba perysisipu3aTopa MOYXKHO 3amucaTh n Kak (GyHkuio or ¢, n kak pysrnuo ot O.
B cayuae peryngpuzatopa Ry(®) dbopmyna M-mara nveer Bui?

Vit = n?eflm(nit + Toi Sign(i—1,4 — Pit) + T2 SigN(Pir1s — Pit)), (32)

rjie pyHKIus sign Bo3ppaimaeT +1 Jjis MoJI0KUTEIHLHOrO apryMenTa u —1 Jjis oTpuiia-
TEJILHOTO. Peryisipu3arop CriaKuBaeT 3HAUEHUs B KazK/I0i TOUKe BpeMeHHOTo psiia p(i|t)
II0 OTHOIIEHUIO K COCETHUM TOYKAM CJIEBa U CIPaBa.

7 MopenupoBaHue TpaH3aKLNOHHbIX AAaHHbIX

OOBIYHBIE TEMATHYECKHE MOJIEJIM TeKCTOBBIX KOJIIEKIIHiT OMMCHIBAIOT BXOXKIEHUS CJIOB
B JOKYMeHTHI. MymabTUMOTATbHBIE MOJEJN OMUCHIBAIOT JTOKYMEHTHI, B KOTOPBHIX COJIEp-
JKaTCS TOKEHBI PA3/JUIYHBIX MOJAIbHOCTEl: CJI0Ba, OUTPAMMBI, TEI'd, KaTerOPUH, aBTOPHI,
MOJTH30BATEN, U T. 1. BO BCeX 3TUX c/Iydasgx MOJe b OMUCHIBAeT MapHble B3aNMOIeHCTBUS
MEXK/JIy JOKYMEHTaMu U TOoKeHamu. B DoJiee CIOKHBIX MPUIOKEHUSAX UCXOJHBIE JTAHHBIE
MOTYT OIUCBIBATH TPAH3AKIMHK (OTHOIIEHNUST, B3AaNMOCBSI3H, B3AMMOJIEiCTBIS) MKy Tpe-
Mg 1 OoJiee 00 beKTaMU Pa3InIHBIX MOJATbHOCTel. HanmpuMep, B ceTn mHTepHET-PeKIaMbI
«IIOJIb30BATENTb U KJAUKHYJT OObABIeHHE b HA CTPAHUIE S»; B COIUATBHON CETH «IOJIB30-
BaTe/Ib U HAIUCAJ CJIOBO w Ha CTPaHHIE 0J0ra d»; B CETH MPOJAYXK «IMOKYHATeTb b KYIIHT
y MPOJABIA § TOBAP ¢»; B PEKOMEHIATeIbHOIl CHCTeMe «KJIMEeHT U OneHu1 (puabMm f B cu-
TYATUBHOM KOHTEKCTE S».

2 Toitkos H. B. AjanTuBHasg peryiapu3anis BEPOATHOCTHBIX TeMaTHYeCKUX Mojeneil. BakanaBpckas
muccepramus, BMK MI'Y, 2015.
http://www.Machinelearning.ru/wiki/images/9/9f/2015_417_DoykovNV.pdf
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B stux mpumepax B3ammojeiicTBHE TpEX 00BHEKTOB HE CBOJUTCS K IMAPHBIM B3aMMO-
neiictBugaM. B cucreme peKoMeHIAINN MY3bIKA TPAH3aKINAA «TPEK 7 MCIOJTHUTES a4 Ha-
XOJUTCS B a/ibbOMe d, BBINIEINEM B T'OJLy 4» OIMMCHIBAETCS, Ka3aJ0Ch Obl, YeTBEPKOiIl 00b-
ektoB (1, a,d,y). OnHako OHa pacmagaercs Ha napubie B3anmocsssu (d,r), (d,a), (d,y),
KOTOPbBIE MOT'YT OBITH ONMKUCAHBI OOBIYHON MY/JIBTUMOJIAIBHON MOJEIBIO.

JInst TeMaTHIeCcKOr0 MOJAETUPOBAHUA TPAH3AKIIMOHHBIX JAHHBIX YIOOHO IOHATHE T'd-
neprpada. 'nneprpad obobmaer nmouarue rpada U OTIUIACTCI OT HEr0 TeM, 4TO PED-
pamu B HEM MOTYT OBITH HE TOJHKO Mapbl BEPIIUH, HO W MOJAMHOXKECTBA U3 TPEX U 0O-
Jiee BepiiuH. Bepmuabl runeprpada cooTBETCTBYIOT TOKEHAM Pa3/IMYHBIX MOJIAJILHOCTEIH,
pébpa — TpaH3aKIMsIM. 3aJa4a 3aKJII0YaeTCsd B TOM, 9TOOBI 110 HAO/I0I1aeMoil BHIOOPKe
TPaH3aKIWii BOCCTAHOBUTH HEM3BECTHBIE TeMaTuku Beprud p(t|v). [Ipexmonaraercs, aTo
BEPOSTHOCTb TPAH3AKIIMKA TeM BBHIIIE, YeM 00JIee CXOKH TeMATHKHU €€ BEepPIIIHH.

B mpoekre BigARTM peanunzoBana onncanHas HUzKe TuieprpadoBas TeMaTHIeCKas
MOJETIb TPAH3aKIIUOHHBIX JaHHbBIX.

Tematuyeckne mogenu Ha runeprpadax. [unepzpag T' = (V, E) onpenensercs MHO-
JKeCTBOM BepIuH (TOKeHoB) V' u MHOXKecTBOM pébep (rpamsakuuii) E. Kaxnoe pebpo e
u3 E obpazyercs nojmuozkecTBoM Bepru, e C V.

Kaxgas seprmmua v € V' umeer modasvrocms m = p(v) w3 KOHETHOIO MHOXKECTBA,
mMozaabHocTeil M. MHOKecTBO BeeX BepHIMH pa30MBaeTcs Ha HelepeceKaloumecs MoJI-
MHOZKECTBA, II0 MOJATLHOCTSIM:

V= || Vi, Vm={veV:uw)=m}

meM

Hampumep, B OOBIMHBIX TeMATHIECKUX MOJEISAX €CTh TOJBKO JBE MOJIAJIHHOCTH: JTOKY-
MeHTBI V] = D u TepMmbl Vo = W Kaxk1ass TpaH3aKIHs TPeJICTaBIIeTCS pedOPOM U3 JIBYX
BepiuH ¢ = (d, w) u ONMHUCHIBAET BXOXKIeHNE TepMa w B TOKyMeHT d. [Ipu srom rumeprpad
SIBJIIETCS IBYIOJTHHBIM Tpac oM.

B 6ostee c10KHBIX TPUIOKEHUSIX TPAH3AKIINN MOTYT UMETh pPa3andHbie Tunbl. Hampu-
Mep, B CETH MHTePHeT-PeKJAMbl, KpOMe JAHHBIX Thna (u,b, s) 0 KJIMKax MoJb30BaTeseil
0 O0OBSIBJIEHUSIM Ha CTPAHUIIAX, MOTYT UMEThCs JAHHBIE eIé HECKOJHKUX THIIOB: O TO-
CEIEHUsIX CTPAHUIL MOJB30BATENSIME (U, S), O BXOKJIEHUH TEPMOB B TEKCTHI 00bSABICHMUIT
(b, w), crpanurt (s, w) u 3aMpPOCOB MOTB30BaTEMeH (U, W).

[Tycth 3amarn0 MHOXKeCTBO THIOB Tpau3akmuii K. Tpanszakyuonnovie dannovie Tama k —
510 BHIGOPKA F), Hesasucumbix Habmonenuit (e,t) € 2¥ x T, nopoxkjjaemast pacipe/ieie-
HueM pg(e, t), ceoum st kaxkaoro tuna k € K. Kaxaoe pebpo e € Ej BXOAUT B BEIGOPKY
Nke Pa3, I € KaXKIBIM BXOXKIeHHEM pebpa CBsg3aHa CBOS JiaTeHTHas Tema t € T

Ha puc. 8 mokazan npumep rumeprpada ¢ BepIInHaAMU TPEX MoJaJbHOCTEl, pédpaMu-
TPAH3aKIUSAMHE IIATH THIIOB W MATHIO TEMaMHU.

Bynewm monarars, 9T0 B KaXK 101 TpaH3akuu e € E numMeercst ofHa BbIIeIeHHAS] BEPIITH-
Ha d, Ha3bIBaeMasl kKonmelnepom, u 0603HaYATh pebpo Yepe3 e = (d, x), e & — MHOMKe-
CTBO BCEX OCTAJbHBIX BEPIINH pedpa e, 33 HCKII0UYeHneM BepIIHHbI-KOHTeiHepa d. AHaI0-
TUYIHO JTOKYMEHTY, ¢ KOHTeiHepoM CBs3aHO pactpenesnerne TeM p(t|d). MuoxecTBO Beex
BEpPINH-KOHTeiiHepoB 0003Ha4YnM 4depes D.

Hasee npeanosiokuMm, 9to oA pacipejenennst teM p(t|d) B konreitnepe d, Hu pacrpe-
JleJieHus BepInH B TeMax p(v|t) He 3aBucar ot tuna pebpa k. Kaszamoch Obl, Ha IpAKTHKe
9TO TPeIIIOI0KeHe MOYKET He BLIIOJIHATHCA. Hampumep, pacnpeaeseHus 0B B TeKCTaX
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M — MHOXKeCTBO MOJAJILHOCTEIH:
oo A

K — MHOXKeCTBO THUIIOB pédEp:

0.5 0p 90 Op Ba

T' — MHOXKECTBO TE€M:
00 00O

Puc. 8: Ilpumep runeprpada ¢ BepimuHaMu TPEX MOAATBHOCTEH, pEOPaAMU-TPAH3AKIIUSIMU HSATH TUIIOB
U TSATHIO TEMAMU.

BeO-CTPaHMUI], B TMOJIH30BATEIBCKUX 3aIPOCAX U B PEKJAMHBIX OaHHEpPaxX MOTYT 3HAYHMO
pa3IMUaThCd JIA OMHOM M TOit yKe TeMbl. OJHAKO 3TO OTpaHUYEHWE HETPYIHO OOOUTH,
eCJIM MOCTPOUTh MOJIeNIb C TpeMs PAa3HBIMH MOJAIbHOCTIMH CJIOB JJId 3TUX TPEX TUIIOB
Tpan3akiuii. Bojiee TOro, MexaHu3M perysisipusaliy MO3BOJISIET CBIA3aTh 3TU PacIpe/ie/ie-
HUS W CIeTaTh WX MOXOKNMU.

Haxkomerr, BBeIEM rumoresy yCJIOBHOI HE3aBUCHMOCTH BepIuH B pédpax (d, x):

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

vex

[Tpu caemaHHbIX TOMYEHNAX TPOTECe Mook aeHus pebpa (d, z) € Ej cocTout u3 aByx
maros. CHavasa nopoxkmaercs tema t w3 pacnpefeienus: p(t|d). 3arem mopoxgaercs
MHOKeCTBO Bepinna x C V, mpu4ém KarkJasi BepIInHa v € T MOJAJBHOCTH M MOPOXKIa-
eTcst U3 CBOEro pactpejesenus p(v|t) Hag MHOKECTBOM V.

Temaruueckast MOJIETb BhIpazkaeT BePOSTHOCTH TOSIBIeHUs] pébep rumeprpada depes
pacrpeie/ennst, CBI3aHHbIe C UX BEPITUHAMMU:

p(z|d) = Zpt\d pru|t :Zetdﬂ%t.

teT VET teT vET

[TapamerpaMu 3TOH MOJEIN ABIAIOTCS YCIOBHBIE BEPOATHOCTH BEPIIMH B TeMaX
Yot = p(v|t), HOPMUPOBAHHBIE IO KAZKIOH MOIATBHOCTH ¥ € V), U YCJIOBHbBIE BEPOSITHOCTH
TeM B KoHTeiinepax 6y = p(t|d). B Marpudaubix 0003HAYCHHSIX TapAMETPAMH SIBJISTIOTCST
marpuibt $,,, m € M u ©, Kak u B caydae MyJbTHMOAAILHO TeMaTnaeckoii Moaenn (24).

JI/i onTEMU3anId TapaMeTpoB MOJETN IPUMEHUM IIPUHIUI MAKCHMYyMa IPaBIoIo-
JIOOUS I KazKJI0ro Tuna pédep k u 6yaeM MaKCUMH3UPOBATH B3BEIIEHHYIO CYMMY JIOTa-
pudMoB mpaBIonoIE6Us ¢ BecaMu Ty, U peryasipuzaropom R(P, O):

Z Tk Z Nkdx In Z th H Ot + R((I) @) — maX (33)

keK dxeE), teT vET
Z‘Pvtzla ot = 0; Zetd:L Oq = 0.
'UeVm teT

Teopema 4. Ilycrs dpynkmms R(P, ©) wenpepsisro augdepenmmpyema. Touka JoKaIb-
roro makcumyma (P, 0) zazaun (33) yaoiaersopsier cucreMe ypaBHEHHI OTHOCHTETIBHO
mapaMeTpoB MOJETH Py, Oig H BCIOMOTaTeIbHBIX MEPEMEHHBIX Py = p(t|d, x), ecom m3
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PeIIIeHHsT HCKJIIOYAThH HyJeBble cToa01bl MaTpui P,,, O:

Ptdz = Tl?el"Tm (etd H <Pvt> .

VET
oR
ot = norm (nm + ©ut 83%)’ Nyt = Z Z (v € ] TiNpdrDrd;
k€K dz€E),
OR
0 —normn + 6 Ngg = TN hedaDida -
td ( td tdaetd> td Z Z kN kdzPtd
k‘eK dJ?EEk

(34)

(35)

(36)

HoxkazarenabcTBo. Bocnosb3yemcs yeiaopusimu Kapymra-Kyna-Takkepa. 3amumem

JIArpaHzKUaH ONTUMU3ANNOHHON 3aga4n (33):

d @) :ZTk Z nkdzlnzeth@vt+R(q>,@)—

keK dx€E}, teT VET

DD RO FEFERIED D) 3) BLIE

meM teT vEV meM veEVy, teT

~ S (Z O1a — 1) =3 ttiabia-

deD teT deD teT

[IpupaBHsgeM HYTIO MPOW3BOIHLIE JarpaHKHaHa MO TapaMeTpaM MOJIen:

0% Osa Hu@:\v Put OR
= [’UE.’L’]Tknkdz + _)\v — A vUIO;
Pt kEZdeEZEk p(x\d) Pt p(v)t p(v)vt
0% ez Pot OR
= - v z — - =0.
0, kEZKd;E TiMkd ([d) + 90,7 Hd — Hid
AT

YMHOXKHUM JIEBYIO U TPABYIO YACTH MIEPBOTO PABEHCTBA HA (O, BTOPOTO — Ha Oiy:

S Y b€ o) rongg, Simea P OR

vt
keK decEy, N p(z|d) , Ot
ptdz_p(t | d 1‘)
Q d VET (PU aR
Z Z Tk Ned L + 0t = pabia-
(x]d) 00,4
keK dzeEy, N ,

Ptdx :p(t | d,l‘)

3amnumieM 3TH ypaBHEHUs] KOPOUe depe3 MepeMeHHbie N,y u3 (35) u ngyg u3 (36):

CotAmt = Nyt + @Ut%, m = ,u('U);

OR
Orafta = Mg + etdm-

Ecim A, > 0, To mbo jeBast u npasast 9acTu paBeHcTBa (37) 06e MOJIOKUTEIBHEL,

b0 @, = 0. O0beauHsist 3TH 1Ba CIydast B OAHY (OPMYITY, MOy THM

(pvt/\mt (nvt + Pot 8?0Rt )
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Ecmu g > 0, 1o 1160 JieBast u mpaBas 9acTi paBeHcTBa (38) 06e M0I0KUTETBHBL, THO0
0:q = 0. O0benunss 3TH ABa caydas B OJHY (OPMYITY, TOTYIHM

Orapta = (nea + etd%)Jr- (40)

[Tpocymmupyem pasercrsa (39) mo v € V,,, pasencrsa (40) mo ¢ € T, mpuMeHUM yCJI0-
BUd HOPDMUDOBKU U BbIPpa3UM ﬂBOﬁCTBeHHbIe InepeMeHHbIe:

Amt = Z(nvt =+ @vt%)Jr;

UGVm
_ § : OR
Ha = (ntd+8tdagtd)+~
teT

[ToncraBuB A, 1 pig B (39) u (40), moayuum (35) u (36).

Ecmu \,,; <0, T0 ny + wvt% < 0 gig Becex v € V,,. B aTom caydae Oyaem cuutaTh
TeMy ¢ BeIpoXKaeHHOM. [Tpu arom ¢, = 0 st Beex v € V,,, cormacHo (35).

Ecimm pg <0, 10 nyg + th% < 0 gns Becex t € T. B atom cirydae OyaeM cauTaTh
KoHTeitHep d BHIPOKAeHHBIM. [Ipu 31oMm 0y = 0 ms Beex t € T, cormacuo (36).

Teopema nokazana.

KoaddurumnenTtbl BansHusa. Ha npakTuke BO3MOXKHBI CHTYAIUM, KOTJA ONPEJIETEHHBIE
THUIBI TPAH3AKIMI MIPAIOT BCIOMOTATEJIbHYIO POJIb, W He JOJDKHBI BAUATH JHOO HA Te-
MaTHKy KOHTEeHHepOB, Jub0 Ha paclpeje/neHnst TEPMOB B Temax. Hanpumep, TeKCTOBbIH
KOMMEHTapuii B TOProBOi TPAH3aKIMA He JOJIZKEH BIUATH HA TEMATUKY MPOJIABIA U IO-
KyIaTesist, HO IPH 5TOM BasKHO MOJIYYATh DACIPEJIENeHHs CJI0B KOMMEHTADUEB B TeMax.
B My/JIbTUSA3BIYHON MOJIEIN TOJIBKO MOJAJLHOCTH TJIABHOTO SI3bIKA JIOJIZKHA BJIUATH HA T€-
MaTUKy MYJIBTUSA3BIYHOTO JOKYMeHTa. My3bIKaJbHbIE TPEKH JOJIZKHBI BJUSITH HA TEMBI,
ec/In OHU HAXOJWUTCS B ILUIeH-IMCTaX IMOJIb30BaTes e, HO He B aJb0OMaX HCIOJHUTEeH.

Jst permenust Takux 3a1a4d B popmynsr M-mara (35)—(36) BBogsTcsa koahduyuenmon
BAUANUA Tk, Ok, TPUHUMAIOIIHE 3HAUCHNS w3 oTpe3ka [0, 1]:

= w(v xPtdzxs
Nt Z Z [v € 2] 70 k() doPra

kEK dzcE)

Ntg = E E TLO kN kdxPtdx -

keK d$EEk

8 MopenupoBaHune 3aBncnmMmocTen

Knaccudmkayus. Temamuueckas modeasv xaaccugurayuu Dependency LDA [111] sB-
ngercs GaitecoBckuM anasorom mogenn (23) ¢ moganbHoctsaMu repmoB Wou kiaccos C.
Unmeercst obyqaromniasi BHIOOPKA JTOKYMEHTOB d, JI/IsT KarKJIOI0 W3 KOTOPHIX U3BECTHO TOJI-
mHO)KecTBO KjaaccoB Cy C C. Tpebyercs kiaccndunnpoBaTh HOBBIE JOKYMEHTHI C HEU3-
BecTHBIM Cy. [Iy1s1 9TOr0 O6y/1eM UCTOTB30BATh AUHETHYI) BEPOANHOCHYI MOOEADL KAAC-
cupurayuu, B KOTOPO 00BEKTAMHU SABJIAIOTCS JTOKYMEHTHI d, TPU3HAKH COOTBETCTBYIOT
TeMaM t U MpUHUMAIOT 3HadeHust Oy = p(t|d):

pleld) = abr.

teT
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Hokyment d otHOCHTCS K Kaccy ¢, ecan p(c|d) = 7.

Kosaddunnenrsr smueitnoit Mmogenn ¢, = p(c|t) u noporu -y, obyvarorcsi mo BHIGOPKe
nokymenToB ¢ m3BecTHbiMU Cy. [Ipu3HakoBoe ommcanme HOBOrO JOKYMeHTA (j BHIYUCIIS-
eTcs TeMaTUIeCKO MOJIeJIbI0 TOTBKO 10 €ero TepMaM.

Okcnepumentsl B [111] mokasasm, 910 TeMaTHYeCKHe MOJEIN TPEBOCXOAAT OObIY-
HbIE METOJbl MHOT'OKJIACCOBOW KJIacCU(pUKAIUKA HA OOJIBIINX TEKCTOBBIX KOJLICKIIHSX
¢ 6OJIBIITUM YUCJIOM HecOATaHCUPOBAHHBIX, TEPECEKAIONINXCS, B3AaNMO3aBUCUMBbIX KJIACCOB.
B [131] Te ke BbIBO/IBI HA TEX YK€ KOJIEKIUX OBLIH BOCIPOU3BEIEHBI JIJIsi MYILTHMOIATb-
uoit ARTM. Hecbararncuposarrocms 03HATAET, 9TO KJIACCHI MOTYT COIEPKATH KaK MAJIOe,
TaK U OYeHb OOJIBIIIOE YUCJIO IOKYMEHTOB. B ciaydae nepecexarowsuxrca KaaccoB TOKYMEHT
MOZKET OTHOCUTHCS KaK K OJIHOMY KJIACCy, TaK U K OOJIBIIOMY YHCIY KJaccoB. Baaumosa-
BUCUMDLE KJTACCHI UMEIOT ODIIHMe TePMbI U TEMbI, [I09TOMY MPHU KJIACCU(PUKAIIUU JIOKYMEHTa
MOTYT BCTYIIaTh B KOHKYPEHIIHIO.

Pezyaapusayua no ompuyamesvHvim npumepam NCHOJB3YeT JTaHHBIE O TOM, 9TO JI0-
KyMeHT d n3 obydarouieit BBIGODKH He NPHHAJIEKUT moiaMHOXKecTBYy Kiaccos C C C.
JList 3TOTO Cilydas 3aluIeM MpaBIoNo00ne BePOSITHOCTHON MO/ OMHAPHBIX JIAHHBIX:

L(®,0) = Z Z lnz Oetbra + TZ Z ln(l — Z goctﬁtd> — max.

deD ceCy teT deD ceC, teT

[Teproe ciaraemoe ecth log-mpaBiononobue MOJATBHOCTH KJIACCOB (23), ecju moJio-
KUTh ng. = [c€Cy|. Bropoe ciaraemMoe MOXKHO pacCMaTPUBATH KAK DPETYJISIPU3ATOD OT-
PHUIATEHHBIX TPUMEPOB, MMOCTPOECHHBIN 110 JAHHBIM O He-IPUHAIICKHOCTH JTOKYMEHTOB
knaccaMm. KoadduiumenT peryigpu3anun 7 MOXKHO [TOJaraTh PABHBIM €IUHUIE.

Yacmomnas peeyaapusayus (label regularization) xoporo 3apekomengoBaia cebst
B 3ajlauax ¢ HecOamancupoBanubiMu Kiaaccamu [73, 111]. TTorpebyem, aTobbl onerka 6e3-
YCTIOBHOTO paCIpejie/ieHnsT KIacCoB 10 Ko/uteKnun p(c) = Y, ¢qp(t) Obl1a 6Iu3ka K Ha-
OJIIOIAEMBIM YACTOTAM KJIACCOB p(c) = |17||Dc|, rie D. ={d € D: ¢ € Cy} — MHO)KeCTBO
JIOKYMEHTOB, OTHOCAIINXCS K KJaccy ¢. Beipasum ganHOe TpebOBaHWE C MOMOIIHIO CT/Ia-
JKUBAIOIIETO PEry/Isipu3aTopa KPOCC-9HTPOINH, KOTOPBIT MOYKHO HHTEPIPETHPOBATEH U KAK

MAKCHUMU3AIUIO PABIOIOI00US MOIETH KJIACCOB p(C):

R(®) =1 Z |D.|In Z NyPer — Max,

ceC teT

e ny =y, Mg — TUCT0 TOKeHOB MopaibHocTH C, OTHOCAINNXCS K TeMe ¢ BO BCeil KoJI-
nekuuu. [loacraBigs 5TotT peryaspusarop B (12), momyunm dopmyss M-mmara:

n C
o = 0L | Ny + T|DC|L ) (41)

25 NsPes

YacToTHas peryasipu3aliys HCIoIb30BaJach B TeMaTndeckoii mogenn Prior-LDA, koropast
obL1a npeyiokena B [111] kak yayanienwe mogesnn Flat-LDA.

Perpeccusa. 3amaun npejcka3anug IUCIOBON BETUUNHBI KaK (DYHKIIUU OT TEKCTa BO3HU-
KalOT BO MHOTHUX MPHUJIOZKEHUAX SHGKTpOHHOﬁ KOMMepHOuu: npeacka3danue peﬁTI/IHFa TOBa~
pa, dpuabMa UM KHUTU 10 TEKCTY OT3bIBA; MPEJICKA3aHue YUCIA KJIMKOB MO TEKCTY pe-
KJIAMHOTIO OObABIEHNS; IPEICKA3aHue 3aPILIATH 0 ONUCAHUIO BAKAHCUU; HpeICKa3aHue
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0JIE3HOCTH (Yuc/ia JANKOB) OT3bIBA HA OTENb, PECTOpaH, cepBUc. [l BOCCTAHOBIICHMUSI
YUCTOBBIX (DYHKIHI 110 KOHEUHOH oOydatomieil BEHIOOpKe map «00beKT—OTBET» HCIOIb3Y-
IOTCSI PEIPECCHOHHBIE MOJIEJIN, OJTHAKO BCe OHU MPUHUMAIOT Ha BXO/€ BEKTOPHbBIE OIMMCAHUS
00bexkToB. Temarudeckast MOe/Ib MO3BOJISIET 3aMEHUTh TEKCT JOKyMeHTa d ero BeKTOpP-
HBIM TpejcTaBienueM ;. C apyroit cTOpoHBI, KPUTEPUit ONTUMUBAIME PErpPecCHOHHOM
MOJIE/TH MOZKHO HMCIIOJIb30BATh B KAUECTBE PEry/aspu3aTopa, YTOObI HAUTH TeMbl, HauboIee
uHGOPMATUBHBIE ¢ TOUKH 3DEHHUs TOYHOCTH mpejckazanuii |77, 120].

[Tycts mast Kaxka0ro JoKyMeHTa d obyd4aromieir BHIOOPKN [ 3aaHO IejIeBoe 3HAYeHNe
yq € R. Pacemorpum aunetinyo modeav pezpeccui, KOTOpast MPeCcKa3biBaeT MaTeMaTh-
q9eCKOe OYKUIAHWe MMeJIeBOI BeJINYNHBI:

E(y | d) = Z vtetda

teT

rie v € RT — sexTop kosdpdunuentos. [IpuMennM MeTon HAMMEHBLIINX KBaJIPaTOB JIs
0o0ydeHnsI BEKTOpa v MO BBIOOPKE JTOKYMEHTOB:

R(O,v) = —7 Z(yd — Z vtetd)Q.

deD teT

[Toxcraisist sror peryasipusarop B (13) u npupaBHUBAs HYJIIO €10 TPOU3BOIHYIO 110 U,
nostyauM (opmyas M-mara:

etd = HOEIH (ntd + Tvtetd <yd - Z U505d> ) ;

seT

v = (007)"'oy.

Bamernm, aTo dopMysIa JJIs BEKTOPA U SBISIETCS CTAHJIAPTHBIM PeleHneM 3a/1a9i Hau-
MEHBINX KBaIpaToB npu (PUKCHpoBaHHON Marpune O. BekTop v M0KHO OOHOBIATH 110
OKOHYAHHUH KaKJI0TO IIPOXOIa KOJIEKIHH, JTHOO0 mocae 00paboTKH KazKJI0ro makera, JJOKY-
MeHTOB B oHJaitHoBoM EM-airopurme.

B [120] moka3ano, 4T0 KAYECTBO PErPECCHU MOYXKET 3aBHCETh OT MHUIHATN3AIMH TeMa-
THYECKON MOJIeJIH, W MPEJJIOKEHO HECKOJIBKO METO0B MHUIMATAZAINN.

Koppensauuu tem. Modeav koppeauposanmnvx mem CTM (correlated topic model) mpe-
Ha3HadeHa JJIsl BhIsIBIeHUsT CBsA3eil Mexxay temamu [21]. Hanpuwmep, cratebs mo reosoruun
OoJ1ee BEpOSITHO CBA3aHA C apXeoJIOrnueil, YeM ¢ TeHeTHKO. 3HaHue 0 TOM, KaKHe TeMbI da-
Il COBMECTHO BCTPEUYAIOTCA B JOKYMEHTAX KOJLIEKIINH, TO3BOJISET TOUHEee MOIETHPOBATH
TEMATHKY OTIEIbHBIX JOKYMEHTOB B MYJbLTHINCIMILTHHAPHLIX KOJLIEKIHIX.

JLnst onmcaHust KOppesstiuii yao0HO HCIMOIR30BaTh MHOTOMEPHOE HOPMaJIbHOE pacipe-
nesqenre. OHO He MOAXOAWT JJIsi ONMMCAHWUS HEOTPUIATEJIHHBIX HOPMHUPOBAHHBIX BEKTOP-
CTOJIONOB 04, HO HEILJIOXO OMHICHIBAET BEKTOPHI UX J0rapudmoB 1y = In 6;4. [TosToMy B MO-
JIeJTb BBOJUTCS. MHOTOMEPHOE JIOP-HOpMasibHoe pacupeenenne (logistic normal) ¢ asyms
mapaMeTpaMu: BEKTOPOM MAaTeMaTHIECKOTO OXKUIAHUS [ B KOBAPHAIMOHHON MaTpureii 3:

pOnal i, 2) = (2m) 32|72 exp(—L(na — )" (na — ).

Nszraganpao momens CTM Oblira paspaborana B pamMkax 0aiieCOBCKOTO MOAXO01a, T
BO3HHMKAJTH JIOMOJHUTETbHbIE TeXHHYECKHe TPYJAHOCTH H3-33 TOrO, UTO JIOT-HOPMAJBHOEe
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pacipejieleHne He sBJISeTCS CONPSKEHHBIM K MyIbTHHOMHaabHOMY. B pamkax ARTM
uaess CTM dbopmaausyercsa u peaju3yeTcs HAMHOTO IIPOIIIE.

OnpeneuM peryaspu3aTop Kak Jorapudm IpaBaonoao0us JToT-HOPpMaIbHOR MOIETN
JIJTST BHIOOPKU BEKTOPOB JIOKYMEHTOB 1)

RO, u, %) = TZ Inp(ng|p, ) = —% Z(ln Oq — p)™= " (In 04 — p1) + const — max .

deD deD Ot
Cornacuo (13), dopmyna M-mara jis 0,y IpUHAMAET BU/
_ -1
Orq = norm (ntd -7 ZT ¥, (ln O.q — us)), (42)
se€

rie Et_sl — 3JIEeMEHTBI 0OPATHOIT KOBAPUAIMOHHON MAaTpuIlel. [TapaMerps X, 1 HOpMAJIBHO-
ro paciupeae/ieHis OOHOBJISIOTCS IOCJIe KayKIO0r0 IPOX0/1a KOJJIEKIUN, JU00 MOCTe KarK-
JIOTO TIaKeTa JIOKYMeHTOB B oHjaiinoBom EM-aiaropurwme:

1
= — In 0,;
H |D|d€ZD d
1 T
Y= HZ(lned—u)(lnﬁd—u) .
Pl

Takum obpa3oM, TpymoéMKas omepalust oOpalleHnsl KOBAPHAIMOHHON MaTPUIBI BBIIOJI-
HETCsT OTHOCUTETBHO penko. B [21] ucnonbioBanack LASSO-perpeccust, 4T00bI MOy IaTh
Pa3peKeHHy0 KOBAPUAIMOHHYIO MATPHILY.
9 OnpepeneHne 4nucna Tem

Pezyaapuzamop ombopa mem npegoxken B [133] 1yst yaaneHusi He3HAYNMBIX TeM W3

TeMaTu4IecKoit Mojenn. OH OCHOBAH Ha Hee KPOCC-SHTPOIMURHOIO pa3peKuBaHuSg pacipe-
nemennst p(t), KOTOpOe JIETKO BBIPAYKAETCS Uepe3 MapaMeTpPhl TeMATHIECKONR MOIeH:

R(©)=—mn) = Inp(t),  pt) = p(d)u.

[ToxcraBum stor peryiasipusarop B dopmyry M-mara (13):

_ __np(d)
Oy = né)er%n (ntd T T p() Otd).

BamennM 6;; B mpaBoil YacTH paBeHCTBA HECMEIIEHHON OIeHKO ’;—ij:

O = n?erTm (ntd<1 — TntTT| )) (43)

DTOT PEryasipu3aTop pa3perkKnuBaeT MeJUKOM CTPOKU MaTpuilbl ©. Ecin 3Hadenne cuér-
YUK N; B 3HAMEHATeJIe JOCTATOYHO MaJIo, TO BCE JIEMEHTHI t-if CTPOKN OKA3bIBAIOTCS PaB-
HBIMH HYJTIO, U TeMa, ¢ TTOJTHOCTHIO UCKII0YaeTcsd w3 Moaenu. [Ipn ucnorb30BaHun TaHHOTO
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peryaspu3aTopa CHaua/Ia yCTAaHABIUBACTCS 3aBeIOMO H36bITouHOe uncyio Tem |T|. B xoe
UTEPAINii YUCTO HYJIEBBIX CTPOK MATPHUILI O MOCTENEeHHOe YBeTHIHBACTCS.

Ot6op Tem B ARTM mHamHOro mpoime HemapaMeTpHiecKuX 0aiieCOBCKUX Momeneil —
nepapxuuaeckoro mporecca Tupuxiie (hierarchical Dirichlet process, HDP) [124]| uiu npo-
necca knraiickoro pecropana (Chinese restaurant process, CRP) [24].

B ob6oux nogaxomax, ARTM u HDP, umeercss ynpasisitonuii mapamerp, BoiOUpast KO-
TOPBIi, MOJKHO MOJIy9aTh MOJEIH ¢ YHCIOM TeM, pasandatoimumcs Ha nopsaku (B ARTM
s10 Kodbdunment peryasipusannu 7, B HDP — kosddurument konnenrparyn 7).

B [135] 6blin poBeieHbl SKCIePUMEHThI Ha, MOJIYCHHTeTHIECKUX JTAHHBIX, PeICTaB-
JFI0MmuX coboit cMech IBYX pacipeaenennii p(w|d) — peanbHON KOLIEKIHHA, TSI KOTOPOit
YUCTO T€M HEM3BECTHO, W CHHTETHYECKON KOJIEKIUU C 3aJaHHBIM IucaoM TeM. CuHTe-
THYeCKas KOJUIEKIHS CTPOWJIACH IMYTEM MmepeMHOKeHusd MaTpur $O, moJyueHHBIX B pe-
3y/JIbTATe TEMATHIECKOTO MOJETUPOBAHUS TOM Ke peabHO# Koyutekinn. OKa3ajaoch, 9T0
HDP u ARTM criocobHbI ompeie/isiTh HCTHHHOE YHCJIO TeM Ha CHHTeTHYEeCKUX W MOJIY-
cuaTeTHYecKnX jaHHbX. [Ipn atom ARTM onpenensier ero 6ojiee TOYHO U yCTONIUBO.
Oamnako 4yem OJMKe TOJYCHHTETHYECKHe TAHHBIE K PEaJbHBIM, TeM MeHee YETKO pas-
JUYUM JTHANA30H 3HAUYEHUI THIeprapaMeTpoB 7 WA 7y, Ha KOTOPOM BOCCTAHABIHBAETCS
paBUIbHOE YUC/I0 TeM. Ha peasibHBIX JJaHHBIX OH HEPA3JIMINM BOBCE, IPUIEM JIJIsT 000X
mo1x0M0B. TakuM obOpa3om, po oba MOAX0/1a HeJb3s CKa3aTh, YTO OHU ONPEIesIsIIOT OIl-
TUMAJIbHOE YUCJI0 TeM. B peabHbIX TeKCTOBBIX KOJLUIEKIUSIX HUKAKOTO «UCTUHHOTO YHCIIA,
TeM» TPOCTO He cymecTByeT. YeM HOIbINE KOMIEKIUS, TeM HoJee MeJTKIe CeMaHTHIeCKUe
pazaunuus, u i OOTBINEro Yucjaa TeM, BO3MOXKHO YIOBUTD.

DT coobpazkeHus MOATBEPKIAIOTCI OMBITOM MOCTPOEHUS MePAPXUIECKUX TeMATHIe-
ckux Mojesneil. TeMbl MOXKHO IpobUTH Ha HoJiee MeJTKHUe MOATeMbl BILIOTH JI0 MOPOTa CTa-
THCTHIECKON 3HAYNMOCTH. BHIOOP 9TOTO mopora Takrke siBISIETCs] 9BPUCTUKOMN, W OT HETO
3aBUCHT UTOTOBOE YUCJIO TEM.

B xoze sxcnepumvenTos [135] Takzke BBISCHUIOCH, 9TO PETy/IsSpH3aTOp 0TO0pA TeM HMe-
eT T0JIe3HbII conyTCTBYIONU 3(pdeKT: OH yaajasier u3 MOJean JIyOIupyIonue, paciern-
JMEHHbIe U JTUHEHHO 3aBUCUMBIE TeMBbI.

ITo ckopoctn BhIUMcaenuit BigARTM ¢ peryaspuzatopoMm otbopa Tem okazascs B 100
pa3 ObIcTpee cBOOOIHO JOCTYIHON peanu3amnun HDP.

10 TllocTpoeHue TemaTudecKux nepapxuii

Hepapxuyeckne TeMaTHIeCKHE MOJETN PEKYPCUBHO JEISIT TeMbl Ha moaTeMbl. Tema-
THYECKHE MEePAPXUH CIAYKAT /s MOCTPOEHHS PYOPHKATOPOB, CHCTEMATU3AINN OOTBITHX
00bEMOB TEeKCTOBOI mHMOPMaInK, HHHOPMAIIMOHHOTO TTOUCKA W HABUTAIUN 110 OOJIHITAM
MYJIBTHIUCIUTLIMHAPHBIM  KOJITEKITUSIM. 33/1a9a aBTOMATHYIECKOl PyOpPUKAIMU TEeKCTOB
CJIOYKHA CBOEil HeOTHO3ZHATHOCTHIO U CyOheKTUBHOCTHIO. Pa3indns BO MHEHUSIX IKCIIEPTOB
OTHOCHTEBHO pyOpuKanuu JOKyMeHToB MoryT gocrurath 40% [1]. Heemorpst na obune
paboT 110 HepapXuUecKuM TeMaTHIecKuM Mojiesisim |23, 67,82, 158, 105, 141, 142, 143, 144,
ONTUMU3AIIS Pa3Mepa U CTPYKTYPhI HEPAPXUU OCTAETCsT OTKPHITOI TPOdIeMoit; 6osiee To-
ro, OlleHNBAHNe KavdeCcTBa Hepapxuii — Takke OTKpbiTasi mpobiema [158].

Crparernn mOCTPOEHWST TEMATHIECKUX HePAPXUl BEChMa PA3HOOOPA3HBI: HUCXOISIIIE
(muBU3MMHEbIE) W BOCXOAsIIHE (ArJIOMepATHBHBIE), MPEJACTABISIONINE HePAPXUIO JEPEBOM
A MHOTOJIOJBHBIM IpadoM, HapaluBaome rpad Mo YpoBHSIM WUJIH 110 BepIIHHAM, OC-
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HOBaHHBIE Ha KJIACTEPU3AIUN JOKYMEHTOB WU TepMOB. Henb3sg Ha3BaTh KaKylo-TO U3
CTpaTeruii MpeanoYTUTE/THHON; Y KayK/I0i eCTh CBOW JOCTOMHCTBA M HEJTOCTATKH.

B [33] mpeioxkena nucxonsmas crparerus Ha ocaoBe ARTM. Mepapxust npeacras-
JII€TCST MHOTOJIONTBHBIM IpadoM ¢ (PUKCHPOBAHHBIM YHCJIOM YPOBHEH U 3aJaHHBIM YHUCIOM
TeM Ha KayKJIOM YPOBHE, BO3PACTAIONIUM 110 yPOBHIM CBepXy BHU3. KaxK/blil ypoBeHb
HPEJICTAB/IACT COOON OOBIYHYIO «IIJIOCKYIO» TEMaTHYEeCKYIO MOJIE/Ib, TIO9TOMY BpeMs I0-
CTPOEHUS MOJIEJIM OCTAETCS JIMTHEHHBIM TI0 00bEMY KOJIJIEKIIHH.

Jlns mojenupoBaHusi CBsa3efl MeXKJy YPOBHSMH B MOJETb BBOJATCS TapaMeTpPhb
sy = p(s|t) — ycIOBHBIE BEPOATHOCTH MOATEM B TeMaX. B MyJbTHIUCIUILIHHAPHBIX KOJI-
JIEKTIUS TTOATEMBI MOTYT UMETH MO HECKOJIBKO POTUTETHCKAX TEM.

Perynsipuzatop mexxyposHeBbix cBsideii. Ha BepxHeM ypOBHE HEpApXUH CTPOUTCSI
OOBbIYHAS [JIOCKAS TEMATHIeCKas MO/eNb. [IycTh MOJIe/b (-r0 yPOBHS ¢ MHOZKECTBOM TeM T’
yKe [OoCTpoeHa, u TpeGyercs MOCTPOUTh MOjedb YPOBHs £+ 1 ¢ MHOXKECTBOM JI0UepHUX
tem S (subtopics) u 66abimEM wnciom Tem, |S| > |T'|. Tlorpebyem, 9To0BI poanTEIbCKTE
TEMBI ¢ XOPOIIO MPUOIHKAIICH BEPOSTHOCTHBIME CMECSIMHA JIOUEPHAX TEM S:

Znt KLw< (w]t) H pr\s) s\t) Znt KL, (nwt

teT

Z@wswst) — %11\11;17

)

rae U = (Yg)sxr — Mampuya ceésaseli, KOTopasi CTAHOBHTCS JOTMOJHUTEILHON MaTpuIeil
napamMerpoB JJIsI TEMATUIECKO MO JI09ePHEero yYpOBHSI.

D70 33a9a MATPUIHOTO PA3IOKEHHS IS MATPUIIL POJAUTEIHCKOro yposHs & = U,
OOBIYHO MATPUYHBIE PA3JIOKEHUST UCIOIB3YIOTCs, YTOOBI TPUOJIM3UTH MATPHILY BHICOKOTO
paHra mpousBeeHneM MaTpuil 6oee HU3KOro panra. OHaKo B JaHHOM Caydae, Ha000pOT,
marpuia O HE3KOro pamra |T'| npubnuzxkaercs npousseaenuem marput, W, B KOTOpOM
marpuna ¢ qoKHA UMeTh TOJHBI paHr |S|, 9To0bI 104YepHsis MOJeb OMUChIBATA KOJI-
JIEKIIMIO TOYHEe, YeM POJUTEe/IhCKas. Peryasipu3aTop CBsS3bIBaeT TeMaTHIECKHe MOJIEIN
cocesanx yposreit £ u {+1 Tax, 9TOOB POJANTETHCKHE TEMbl () alMPOKCHMIPOBAJICEH
JUHEHHBIMA KOMOMHAIIUSIMHI TOUYEPHUX TeM ¢ ¢ Ko durmenramn g,

R((I)7 \I]) =T Z Z Nt In Z prswst- (44)

teT weW ses

Bamaua makcumuzamuu R(P, W) ¢ TOIHOCTBIO 10 0OO3HAYEHUIT COBMATALT ¢ OCHOB-
HOM 3ajadeil TeMaTHIeCKOrO MOJEIHPOBaHUs (8), €C/oM CYUTATh POAUTETHCKHE TEMBI ¢
nce6dodOKYMEHMAMY C FACTOTAMEH TEPMOB TNy = TNyPyi. DTO O3HATAET, UTO BMECTO
JobaBJieHuns caaraeMoro B ¢gopwmysibl M-1ara JaHHBI PEryjasgpu3aTop MOXKHO Peain30-
BaTh emé mpoire. [TocTponB poruTeTbcKuil YpoOBeHb, HAI0 T00ABUTH B KOJLIEKITUIO POBHO
|T| nceBIOIOKYMEHTOB, 33/1aB UM B KAYECTBE YACTOT TEPMOB 3HAUCHUST TN,;. Marpuna W
MOJIYYUTCST B CTOJIONAX MATPHUIBI O, COOTBETCTBYIOIINX MCEBIOAOKYyMeHTam [33].

B 6ubmmoTexe BigARTM 3TOT MOIXOM peaan30BaH B BUIE OTAEIbHOTO Kaacca hARTM.

Perynsapusatop pa3pexunBaHus Me>xXypoBHEBbIX CBA3el (HOpMalIn3yeT eCTeCTBeHHOe
IPeNOI0KeHNe, 9TO KazK1ad TeMa, ToUYepHero YpoBHs s € S uMeer HeOOJIbIoe THCIO CBSI-
3eif ¢ TemaMu pouTebeKOro yposHst t € T'. B wactHocTH, ecain Bee pacnpesesnenust p(t|s)
BLIPOZKJICHBI, TO €CTh KaKJasd TeMa S MMeeT TOJLKO OJHY POAUTENLCKYIO TeMy t, TO BC
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nepapxus npuobperaer BU AepeBa. [IpIMeHIM KpOoCC-3HTPONUIHBIA peryaspu3aTop I
paspekuBaHus pacupeaenenuii p(t|s), Boipas3us ux depes 1y mo dhopmyre Baiteca:

RV = = 33 crp(t]s) = 7 33 sz)”tn

seS teT teT seS

[Tockosbky Marpuna W gBIgeTcs 4acThio MaTpuibl O, K Heil mpuMennma dopmyta (13),
u3 KOoTopoit ciemayer dopmysaa M-mara s MOIe/N H09epPHEro YPOBHS:

= o (na + 7 (04019) = 177)) ()

1

77]> CTAHOBATCH eIIé

Cormacuo 310ii dhopMmye, ycaoBHBIE BepoaTHOCTH p(t]|s), MeHbImHe
MEHbIIIe, ¥ TPH JOCTATOYHO GOJIBITOM T OOHYIAIOTCS [33].

11 MopenunpoBaHue cBsi3en MeXxay AOKYMeHTamMu

Ccbinkn n umtupoBaHue. lVlHorma mmeercst JOMOJHUTEIbHAs WH(MOPMAIUS O CBSI3SIX
MEKIY JJOKYMEHTAMU U MPeAI0JaraeTcsd, YTO CBA3aHAbIE JOKYMEHTHI UMEIOT CXOXKYIO Te-
MaTuKy. CBs3b MOXKET O3HAYaTh, U4TO JIBA JOKYMEHTa OTHOCSITCS K OJHONW pyOpuKe, COB-
MECTHO YIOMUHAIOTCS WU CCHLIAIOTCA APYT Ha Apyra. PopMaan3yeM 3TO MPeanoToKeHne
C TIOMOTIIHIO PEryasapu3aTopa:

=T Z Ure Z O1abse,

teT

7€ Nge — BEC CBSI3U MEXKJIy JOKYMEHTAMH, HAPUMED, YHCJI0 CChLIOK u3 d Ha c¢. B [39]
npeoxkena moxoxkas momenb LDA-JS, B koTopoit BMecTo MakCHMU3ANMUKE KOBAPHUAIUT
MUHIME3HpyeTcst auBeprennns Vencena-Illennona Mexkay pacrupenenennsvu Oy u 6,.
®opwmyaa M-mara mist 644, cormacuo (13), nmeer Buj

Ora = H%"Tm (ntd + 704 Z ndcetc> .

ceD

910 eImié oJHa Pa3HOBUIHOCTEL CLIaKuBaHus. Bepogrnoctu 6, B Xo1e uTepanuii mpu-
OJIMKAIOTCA K BEPOSITHOCTIM ;. TOKYMEHTOB, CBI3aHHBIX C d.

Perynsipusarop marpunbt © cranoButTcs Hed(DMEKTUBHBIM TPU MAKETHONH 00paboTke
OOJIBINKUX KOJLIEKIMi, KOT1a JOKYMEHTHI ¢, Ha KOTOPbIE CCHLIAETCS JTAHHBIA JTOKYMEHT d,
HAXOIATCA B IPYrux makerax. [Ipobiema permaercss BBeIeHNEM MOJAJIHLHOCTH JOKYMEHTOB,
HA KOTOpbIE €CTh CCBLIKHA U3 JAPYTUX JOKYMEHTOB. DTOT CIIOCOD MOPOXKIAET HOBYIO IPO-
OJIeMY: eCJTU MOIITHOCTD 3TO# MOJTAJTBHOCTH OKAXKeTCs PaBHON YHC/TY JOKYMEHTOB, TO MaT-
puna ¢ MoxKeT He MOMECTUTHCS B ONEPATHBHYIO MaMsTh. MOKHO COKPATUTH 3Ty MOIAIh-
HOCTh, OCTABUB TOJILKO HanboJIee BIMSTEIbHBIE TOKYMEHTHI €, YNCJIO CCHLJIOK Ha KOTOPHIE

¢ = Y4 MNdec TPEBBIIITAET BEIOPAHHBIN TOPOT.

JlanHast wjes TPHILIA W3 MOJENN BIMSHUA HaydIHbIX myoaukanuit LDA-post [39)].
B meit ucnonp3yiorea aBe MomanbHOCTH: c1oBa Wi m mutupyemble mokyMeHTH Wy C D.
Mogenb BeIBIgeT HAubOJEe BIUATE/IbHbIE JOKYMEHTH BHYTpH KazkKaoi TeMbl. Henyie-
BbIE€ 3JIEMEHTHI B CTPOKe ¢ MaTpuibl Py MOKA3HIBAIOT, HA KaKWe TEMbI TOBJIUSI JIOKY-
MeHT ¢ € Ws. Tak:ke Moje/b 1M03BOJISIET Pa3/indaTh, KAKHE W3 CChLJIOK CYIIECTBEHHO T10-
BJIMSLTH HA HAYUHYIO CTATHIO, & KAKHe ABISIIOTCA BTOPOCTEIIEHHBIMHU, YHCTO (DOPMATbHBIME
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W «JAaHBIO BEeXKJIHBOCTH». CUNTAaeTCsA, 9TO JOKYMEHT ¢ TMOBIUAI Ha JOKYMEHT d, ec/iu
d cchlmaeTcd Ha ¢ 1 OHH UMEIOT 3HAYUTETbHYIO OO O0INeil TeMaTUKHU.

Meonokauyun. Mudopmanus o reorpadudeckoM MOTOKEHUH YACTO HCIOIb3YETCS IIPH
aHa/M3e JAHHBIX COIHUAJBHBIX ceTeil. ['eorpadudieckas mpuBg3ka JOKyMeHTa d WA €ro
aBTOpa 3a1aéTcst b0 2eomezamu (HA3BAHUSME CTPAHBI, DEIMOHA, HACEJEHHOTO MYHKTA),
b0 2eonokayuet, — mapoii reorpadudeckux koopamHar lg = (x4,y4). B mepBom ciry-
Jae BBOJIUTCSA MOJAJTHHOCTH T'€OTEroB, BO BTOPOM CJyYae HCHOIb3YETCS Peryaspu3aTop.
ARTM mno3BossieT coBMemaTh B Mojaean oba Tuna reorpadudecKux JTaHHBIX.

[Henpio MomeTMpPOBaHUS MOXKET OBITh BBIJEIEHHE PErHOHAIbHBIX TeM, OIpeeaeHne
«apeaJjia OOWTAHMs> KarKJI0H TeMbl, MOWCK IOXOXKMUX TeM B JAPyrux permoHax. Hampwm-
Mep, B KadecTBe OJHOI n3 miutocTpanuii B [157] onpeaessiorcst pernoHbl MOy JIsipHOCTH
HAIMOHAJILHOM KyXHH 1O mocraMm moJb3oBareseiil Flickr. Ipyras wutocrparmust u3 [78]
IOKA3BIBALT, UTO TeMAaTHIeCKas MOJIeNb, yInThIBatomast, n3 kakoro mrarta CIITA mpumwto
cooDIIenne, TOUHee MPOCIeKUBaeT MyTh yparana «Karpuuas.

Kpagparuansiii peryasipuzarop Marpuibl O, npemioxenusiii B [157|, dopmannsyer
MPEe/IIOJIOKEHWEe, 9TO JOKYMEHTHI CO CXOKUMHU IeOJOKAIUSIMA UMEIOT CXOXKYI0 TeMATHKY:

R( :__ZdeZ etd_etc )

teT

TJIe Weq — BEC Maphbl ,ILOKyMeHTOB (¢, d), Beipazkaromuii 6.;1u30cTh reosokanuii. Hampuwmep,
Weqg = exp(—772y), tae 12, = (v. — 24)* + (Yo — Ya)* — KBaApAT EBKJINI0BA PACCTOSHUI.

DTOT peryaspusarop TpedyeT npu 06paboTKe KarxKI0ro JOKYMeHTa d T0CTyIa K BEKTO-
pam . Ipyrux JOKyMEHTOB, 9TO 3aTPYIHSET MaKeTHYI 00pabOTKy OOIBITNX KOJIEKITHIA.
AnbTepHATUBHBIN CIIOCOD CIIAsKUBAHUS OCHOBAH HA PETYJISIPU3AINN MATPUIBT P.

IIycts G — MOZAIBHOCTH reoTeroB, ¢g, = p(g|t). Temarnxa reorera g BeIpazKaeTcs
o dhopmyse Baiteca: p(t]|g) = wth—;, e n, — YacToTa reoTera ¢ B MCXOAHBIX TAHHBIX,
ng =), Mgt — UACTOTA TeMbI ¢ B MOJATLHOCTH T€OTEroB, BhivucIsgeMas EM-anropurmon.

KBasparuuuslii peryispu3aTop MaTpuibl @ 1m0 MOJATLHOCTH re0TeroB (hopMaTu3yeT
IPEAOI0KEHNE, 9TO reorpadudeckn OJIM3KUE TeOTern NUMEIOT CXOXKYI0 TeMATHKY:

R(P) =3 nggz <%t %)2,

g g'eG teT 9

IJle W,y — BeC IMapbl TeoTeros (g, ¢'), BeIpazKkaloluii ux reorpaduieckyio 6au3octs. Huxke
MBI PACCMOTPHUM 00OOIIEHIEe STOTO pPeryaspu3aTopa Ha 6ojee MIUPOKUil Kaace 3a1ad.

Mpadbl 1 couymanbHbie cetn. B [78| mpeaiokena Gosee obIas TeMaTHIeCKas MOJIENb
NetPLSA, yuursiBaomast pon3BoJibHbIe TpadoBbie (CeTeBble) CTPYKTYPhl HA MHOYKECTBE
nokymenToB. [Tycrs 3anan rpad (V, E) ¢ MHOKecTBOM Bepiin V' i MHOZKecTBOM pEbep E.
Kaz 10it ero Bepimmae v € V' coorBeTCTBYET MOAMHOXKECTBO JoKyMmenToB D, C D. Hanpun-
Mep, B pojin [, MOXKEeT BBICTYIIATh OTJE/JbHBIN JJOKYMEHT, BCE CTAThU OJIHOTO aBTOpa v,
BCE TOCTHI U3 OJTHOTO reorpaduaecKoro peruoHa v, u T. 1.

Tematuka KaxKa0it BepImHbL v € V' BbIpazKaeTcsd depe3 mapaMeTpbl Mojean O:

p(t|v) = plt|d) p(d|v) = Zetd

deD, deD
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B monenmn NetPLSA ucnosb3yercss KBaIpaTHUIHBI peryispu3aTop:

R(©) =3 N wa > (p(t]o) = pltu)?,

(u,v)EE teT

TIe Beca Wy, péoep rpada (u,v) 33Jal0TCs eCTECTBEHHBIM 00pa30M, KOI/Ia B 3aa9e eCTh
COOTBETCTBYIOIIAs JIONOJTHUTE/IbHAs nndopmanus. Hanpumep, eciu D, — Bce ctaTbu aB-
TOpa v, TO B Ka4ecTBe Beca pedpa wW,, €CTECTBEHHO B3STh YNCJO CTaTell, HAMUCAHHBIX
aBTOpaMi 1 W ¥ B coaBTOpcTBe. Ecam momobHO wHMOpMaIun HeT, TO BeC IMOJaraeTcs
PABHBIM €INHHTIE.

DTOT peryasipusarop TpedyeT npu 00padboTKe KarxKI0ro J0KYMeHTa d JT0CTyIa K BEKTO-
pam 0, Apyrux JOKYMEHTOB, 9TO 3aTpy/aHseT 3PHEKTUBHYIO MAKETHYI0 00pabOTKY 0O0/Ib-
MUX KOJLIEKINA. AJIbTepHATHBHBIN MyTh COCTOUT B TOM, YTOOBI MHOYKECTBO BEPIINH TPa-
da V 06bIBUTH MOJATBHOCTHIO U TMEePeiiTh K peryasapu3anud MaTpuibl O.

B kaxk bt jokyment d € D, mobaBuM TOKeH v MoJaJbHOCTH V. BprHBI/IM TEMATHUKY
BepINMUHBI U Yepe3 mapamerpbl ® 10 dopmyrne Baiteca: p(t|v) = (’U|t)p(v) = govtwt‘, rie

;= Zv Ny — YacToTa TeMbl ¢ B MojaabHocTn V, Beruncisgemast EM-aaropurmom.

Perynapusarop NetPLSA coxpansier mpe;KHHil B, HO CTAaHOBUTCH (byHKIME oT P:

R(®) = —3 TS wn Y on ("0”’* - |%“:|)2. (46)

(u v)eEE teT

Bo MHOrMX NPHJIOKEHUSAX BazKHbI HAIPABICHHOCTH CBsi3eil, KOTOpble KBaJAPATHIHBII
peryaspusaTop He yuuThiBaer. Hanpuwmep, ¢Bs3b (u,v) MOXKeT 03HAYATH CCBLIKY W3 JO-
KyMeHTa u Ha JoKymeHT v. B mogenu iTopicModel [122] mpeamonaraercsi, uto ecin
(u,v) € E, 1o Temarnka p(t|u) mupe Temaruku p(t|v). IloaToOMy MUHHUMH3HPYETCS CyM-
ma mueeprenmuit KL(p(¢|v) || p(t|u)), npuuém yenosnsie pacnpenenennst p(t|v) mMoxHO
BBIPA3UTH Kak depe3 O, tak u depe3 P:

R(© nmn @) = Z wuvaﬂv YInp(t|u).

(u v)EE teT

Kak mokaszajm 3KCHepHMEHTHI®, peryasapu3aiid MaTpulbl @ IpHBOIUT NpaKTUIeCKH
K TeM »Ke pe3ysabTaraM, 4To u peryiagapusanus O mas mogeneir NetPLSA u iTopicModels.

12 MopagennpoBaHne coBCTpe4aemMoCcTu CJ/I0B

['urioresa «merka CJI0B» SBISETCA OJHUM W3 CAMBIX KPUTHKYEMBIX I[TOCTY/JIATOB Te-
MaTHIeCKOTO MoAeanpoBanusd. [loaToMmy MHOTHE HCcaeI0BaHUS HApaBIeHb HA CO3TAHUE
OoJee aJIeKBATHBIX MOJIeNIel, YIUThIBAIOMINX MOPSI0K CJI0B. 113 HUX Hambosee BayKHBIMH
[IPEeICTABIIIOTCSI TPH HAIPaBJICHUSI.

[TepBoe HampaBjeHUWe CBsSI3aHO C BBIJIEJIEHUEM KOAAOKAUUT — CTATUCTUYECKH YCTOI-
YUBBIX N-2pamm (TOCTEIOBATETHHOCTEN TOAPSA UIAYIIUX 7 CJIOB). TeMbl, MOCTPOCHHBIE
Ha N-TpaMMaX, HAMHOTO JIy4Ille WHTEPIPEeTUPYIOTCS, YeM MOCTPOeHHBbIe Ha YHUTpaMMaX

3Bynaros B.T. Ucnonb3oBanue rpadoBoil CIPYKTYPbl B TeMaTHYECKOM MOJIe/IMpOBaHuu. Marucrep-
ckas nuccepranus, MOTU, 2016.
http://www.Machinelearning.ru/wiki/images/4/4d/Bulatov-2016-ms.pdf
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(ormenbHBIX coBax). IIpoGaeMa B TOM, YTO YHCJIO N-2pamM KATacTpoduuecKu GBICTPO
pacTér ¢ pocToM 00bEMA KOJIIEKIIH.

Bropoe namnpanjienue cBsSI3aHO C aHAJM30M COBMECTHOH BcTpedaeMocTu c¢JioB. [losis-
JIeHWe mporpaMMbl word2vec 79| cTuMynInpoBaio pa3BuTHE GEKMOPHHIT NPedcmasierudl
cao6 (word embedding). OHn HaxoAAT Maccy HpUMeHeHHit Grarogapsi TOMY, 9TO CeMaH-
THYECKH OJIM3KUM CJI0OBAM COOTBETCTBYIOT OJIM3KHE BEKTOPHI. TeMaTudecKue MOJETH Tak-
JK€ CIIOCOOHBI CTPOMTH BEKTOPHBIE MpeACTaBICHUs CJOB, 00aIal0Nie STUM CBOHCTBOM,
U B TO K€ BpeMd COXPAaHAIOIAEe CBONCTBA UHTEPIPETUPYEMOCTA U PA3PE’KEHHOCTU.

Tpernbe HampaBjeHue CBI3aHO C MEMAMUYECKOT ceeMenmayuet W THIOTe30i, 4YTo
TEKCT Ha eCTECTBEHHOM A3bIKE COCTOUT HU3 ITOCJICI0BATCIHBHOCTH MOHOTEMATUYIHDBIX COO6—
mennii. B qacTHOCTH, KazK10€ MpeTozKeHne Jalie BCero OTHOCUTCS TOTBKO K OJTHOI Teme.
Bagaun cerMeHTaIil pacCMaTpPUBAIOTCA B pas3aene 13.

Konnokayun. UVcnoab3oBanue C/I0OBOCOYETAHUI 3aMETHO Y/IyUIIaeT HHTEPIpeTupye-
MOCTB TeM, 9TO JEMOHCTPHPYETCA MPAKTUICCKH B KarKIOH IMyOJUKAIMA 110 N-IPAMMHBIM
TEMATHIECKUM MOJIEJISIM, CM. HampumMep [54].

[Teprasi 6Gurpammuasi Temarndeckas mojgenb BTM (bigram topic model) [138| mpes-
CTaBJIsAIa COOOM 110 CYyTH MYJILTHMOJAJBLHYIO MOJIe/b, B KOTOPOil KayKJ0MY CJIOBY U COOT-
BETCTBOBAJIA OTACAbHAS MOJAJILHOCTE CO caoBapém W, C W, cocTaBIeHHBIM U3 BCeX CJIOB,
BCTPEYAOIINXCSA HEITOCPEICTBEHHO TOCIe ¢IoBa v. 3amnuiiem log-mpaBaomnoaobue 3Toil Mo-
JIeIH B BUJIE PETYIspH3ATOPA:

R®0)=>"3"> npuln > @%b,

deD ved weW, teT

rae @b, = p(w|v,t) — ycaoBHAsE BEPOSTHOCTH CJIOB W IMOCJE CJIOBA U B TeMe b Mgy, —
qacToTa OurpaMMbl «vw» B JlokyMenTte d. [raBubiit negocrarok mozgen BTM B Tom, dTo
OHA YYHMTBHIBAET TOJILKO Ourpammbl. Bropasi mpob/ieMa B TOM, 4TO YHCJIO0 BCeX OUTpaMM
OBICTPO YBEIUUUBACTCA C POCTOM KOJIJIEKIMH, U UCIOIH30BaTh Moaeab BTM Ha 6obImmx
KOJIJTIEKIIHSX 3aTPYTHUTETHHO.

Mogens TNG (topical n-grams) [147] ycrpamsier 3T HemocTaTKu. YCJIOBHOE Pacipe-
JieJIeHHE CJIOB OMMCHIBAETCST BEPOSITHOCTHON CMeChIo P(w|v, 1) = &yl + (1 — Epwt) Puots TIE
&owt — TIEPEMeHHasl, paBHAS BEPOSTHOCTH TOTO, UTO Mapa CJAOB «VW» SBJSIETCS OUrpam-
Moit B TeMe t. B padore C. C. Ctenmaa® mokasaHo, 9T0 IpH HEKOTOPHIX He 0000 JKECTKIX
IPEeIIoI0KeHuIX log-rpaBaonoaobue 3Toi MOIe/H OIeHUBAETCS CHU3Y B3BEIIEeHHON CyM-
moit log-tipaBaonomobuit MmogabHOCTEH yHUTpaMM u durpamm B Mozen ARTM. JIpyruvu
ciaoBamu, myabrumogaabias ARTM MoxkeT ObITH UCIIOIB30BAHA, JIJIT TTOMCKA, TPUOINKEH-
Horo pemrenust B mogean TNG.

B Toit ke pabore ObLIH TPOBEIEHBI SKCIEPUMEHTHI ¢ OUIPAMMHON MYTHTUMOIATBHOMI
mozenbio ARTM na me6osbmioii (Menee 1000 JTOKYMEHTOB) KOJIJIEKIUA PYCCKOSI3BIUHBIX
crareil HayuHoit koudepenuu MMPO (MaTeMaTHuecKue METO/bI PACIO3HABAHUS 0Opa-
30B). Corocrap/ieHre TeM YHUIDAMMHON 1 GUTPaAMMHOI MoJieseil MoKa3aso, 9To Mo TeMaM
OUTPAMMHOI MOJIEIN OMPOITEHHBIE TOCTOSTHHBIE YIACTHUKN KOH(DEPEHIINN MOTJIH OTIPe/Ie-
JINTH HAYYIHYIO IPYIIIY 1 JarKe aBTOPOB CTaTell, TOrIa KaK 1Mo TeMaM YHUTPAMMHONR MOIEeTN
¢/ieslaTh 9TO OBLIO MPOOJIEMATHYIHO, CM. pHUC. 9.

4C. C. Crennn. MymbTHTpaMMHBIE 3 TATHBHO PEryISpH30BAHHBIE TeMaTHIecKue Moaenu. Marucrep-
ckas muccepranusi, DUBT M®TH, 2015.
http://www.Machinelearning.ru/wiki/images/4/4a/Stenin2015MasterThesis.pdf
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pacno3sHaBaHue obpa3os B 6uonHdgopmaTmke TEOPUS BbIHNCANTENBHOW CAOXKHOCTM
unigrams bigrams unigrams bigrams
0b6beKT 3aja4a pacnosHaBaHuUs 3ajaya pasfensiTb MHOXECTBA
3agaya MHO>XXeCTBO MOTVBOB MHO>X€eCTBO KOHEYHOE MHOXECTBO
MHO>XeCTBO cmcTemMa Macok NOAMHOXECTBO  YCNOBME 3aAaun
MOTNB BTOPVYHAsI CTPYKTYpa ycnosmne 3afa4a O MOKpPbLITN
paspeLmmMocTb CTpyKTypa benka Knacc NOKPbITNE MHOXECTBA
BbIbOpKa pacnosHaBaHme BTOPUYHOW | pelueHne CUNBbHBIA CMbICT
Macka cocTosiHne obbekTa KOHEeYHblIi paspensiownii KomnuTeT
pacno3HaBaHme obyuatowas BbIbopka 4ncno MUHUManNbHbI acpdUHHBIA
NHOPMATUBHOCTL  OuUEeHKa MHAOPMATUBHOCTM | adppuHHbIN acpdpuHHbI KOMUTET
COCTOAAHNE MHO>XXeCTBO 06beKkTOB cny4aii adbprHHBIA pasgensiownii
3aKOHOMEPHOCTb paspewnmMocTs 3agaqn noKpbITNE obliee nonoxxeHmne
cucrema KpUTepuii paspeLnmocTm obwynii MHOXECTBO TOYeK
CTpyKTYypa NH(OPMATNBHOCTL MOTIBA | MPOCTPAHCTBO cny4yaii 3agaqn
3Ha4eHne nepBnYHas CTPyKTypa cxema obwuii cnyyai
perynspHocTb TYNNKOBOE MHOXECTBO KOMUTET 3agada MASC

Puc. 9: TIpuMepbl TeM yHUIDAMMHO MOJEIN U COOTBETCTBYIOIIUX UM TeM OUrPAMMHON Mozeaun (Mo KO-
JekIuu crareil nayunoit koudepenruu MMPO).

B ARTM n-rpamMMHast MOJETb €CTECTBEHHBIM 00Pa30M OIIPEIe/TSIeTCs KaK MYJIbTHMO-
JAnbHAg, B KOTOPOil JI KazKJI0rO N BBIAEIAETCS OTAeabHAasg MOJAJIbHOCTL. JIis mpes-
BAPUTEIHLHOTO COKPAIIEHMs CJIOBapeil m-rpaMM MOAXOAUT METOJ ITOMCKA KOJLUIOKALMIA
TopMine [41]. On smHeitno Macrrrabupyercst Ha GOJIbIIHE KOJUIEKIME U MO3BOJIsieT (op-
MHPOBaTh CJIOBAPh, B KOTOPOM KazKJIad n-rpaMma 00/1aJ1aeT TPeMs CBOHCTBAMMU:

(a) nmMeeT BBICOKYIO 9aCTOTY B KOJIJIEKIIUU,

(6) cocTouT W3 CJIOB, HECIYIAHHO 4ACTO 0OPA3YIOIINX N-TPAMMY;

(B) me comepxkurces B (n+1)-rpammax, obmagaromux coiicrBamu (a) u (6).

Merosipl, peIoKeHHbIe B ocaeayonmx paborax, SegPhrase [69] u AutoPhrase [113],
JIEMOHCTPUPYIOIINE €MIE JIy e Pe3yJIbTaThI.

Burtepmbl. Kopomxumu mexcmamu (short text) Ha3BIBAIOT JOKYMEHTBI, JJIMHA KOTO-
PBEIX He JOCTaTOYHa [ HaJEKHOIO olpefesleHUs UX TeMaTuku. [IpuMepaMu KopoTKHX
TEeKCTOB SIBJISIOTCS cO00IeHNsT TBUTTepa, 3aroJJOBKI HOBOCTHBIX COOOIIEHNH, peKJIaMHbIe
O0bABJIEHNS, PENINKH B 3aIUCSAX IUAJOTOB KOHTAaKT-IEeHTpa, U T. 1. lI3BecTHBI mpocThIe
IOXOMBI K IIpo0JIeMe, HO OHU He BCerJa MPHMEHHMBI: 00beIUHATh COOOIIeHns IO KaKo-
My-7u60 TPHU3HAKY (ABTOPY, BPEMEHH, DETHOHY U T.JI.); CYNTATh KayKJI0€ COOOIIeHNe OT-
JeTBHBIM JTOKYMEHTOM, pa3pekuBas p(t|d) BOIOTH A0 €MHCTBEHHOI TeMBI; TOMOJHATD
KOJUIEKIIMIO JUIMHHBIME TeKCTaMu (Hanpumep, crarbsivu Buknneaun). Oganm n3 Hanbo-
Jlee YCIENIHBIX U YHUBEPCAJBHBIX MOJXOJ0B K MPOOEMe KOPOTKHX TEKCTOB CYUTAETCS
memamuueckas modeav bumepmos (biterm topic model, BTM) [151].

Bumepmom Ha3BIBaeTCs mapa CI0B, BCTPEYAIONINXC PAIOM — B OJHOM KOPOTKOM CO-
OOIIeHNN WU B OJHOM IPEeIJIOKeHNU HIN B OKHe £/ cioB. B ornmume or GmrpaMMsl,
MeXKIy JBYMs CJIOBaMHU OHTepMa MOTYT HaXOAUThCS Apyrue ciaosa. KoHKpeTnm3amus mo-
HATHS «PSIOM» 3aBHCUT OT IOCTAHOBKH 3aJa9d W OCOOEHHOCTE KOJITeKITHH.

Mogens BTM onmcsiBaeT BEpOSTHOCTH COBMECTHOTO MOsBJIeHUs cioB (u,v). Wexom-
HBIMU JTAHHBIMA SBJISIOTCS 9aCTOTHI 1, OUTEPMOB (U, V) B KOJUIEKIHH, W MATPUIA Be-

positHOCTell P = (Duy ) wxwy TIE Dup = norm (1,).
(u,v)EW?2

[Tpumem rumoresy yciaoroit wezaBucumoctu p(u,v|t) = p(u|t) p(v|t), To ecth momy-
CTHM, UTO CJIOBA GUTEPMOB MOPOZKIAIOTCS HE3ABUCUMO JPYT OT APYTra U3 OXHON U TOii JKe
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tembl. Torma, mo pbopmysie MoOIHOI BEPOITHOCTH,

= " p(ult)p(v]t) p(t) = Y upum,

teT teT

re @ur = p(w|t) u m = p(t) — mapamerpsl TEMaTHIECKONH MOJEIH. DTO TPEXMATPUIHOE
paznoxkenne P = ®IIOT, rue II = diag(my,...,np) — amaronasbHas marpuna. Moean
OMTEPMOB He OIpeJesseT TeMATUKY JOKYMEHTOB © U M03TOMY He MOABEpKeHa BIUSHUIO
3} eKTOB, BHI3BAHHLIX KOPOTKUMH TEKCTAMH.

ARTM mnosBosger o0beIUHATL MOJEIbL OUTEPMOB ¢ OOBIYHON TeMATHICCKONR MOJIEIBIO,
9100bI BCE-Taku moyanTh Marpuity O. /s sroro Bo3bméM log-ipaBionoobue mMoiean
OUTEPMOB B KauecTBe perysipusaropa ¢ K03 UIIMeHTOM T:

R(®,II) =7 Z Ny 1N Z Out Pt T
u,v t

[Tpumenenne ypasuenwuit (12)—(13) k sromy peryasipusaropy gaér dbopmynbr M-nrara:

Pur = norm (nwt +7 ) nuwpmw); (47)
ueW
Ptuw = nz%l;“m(ntCPWtCPUt) : (48)

O1tn GOpMYIbl HHTEPIPETUPYIOTCA Kak JgobaBieHue ncesdo-dokymenmos. Kaxkmpomy
cioBy u € W cTaBUTCS B COOTBETCTBUE ICEBIO-TOKYMEHT d,, OObLEIUHAIONNi BCe KOH-
TEKCTHI CJIOBA U, TO €CTh 3TO MENIOK CJIOB, BCTPETHUBIIHUXCS PSIIOM CO CJOBOM U IO BCei
KOJLIEKIIWHU. UMCJI0 BXOXKIEHWI CJI0Ba W B ICEBIO-A0KYMEHT d, PaBHO T7N,,. Bcromo-
ratesibHble TIePeMeHHbIE Py, = P(t|u, w) coorBercTByior dopmyiae E-mmara nis nceso-
JIOKYMeHTa d,,, eCJIH JOOIpee/IUThL ero TeMATHKY Kak Oy, = notrm(ntgput). Jpyrumu cito-

BaMH, B MOJIeJIH OUTEPMOB CTOJIOIBI MATPHUIIBI ©, COOTBETCTBYIOIINE TCEBI0-T0OKYMEHTaM,
00pa3yIoTcst MyTéM epeHOPMHUPOBKHU CTPpOoK MaTpuikl ® mo dpopmyse Baiieca.

VeemmunBas K03pdOUIUEHT T, MOKHO J00UTHCS TOTrO, uT0oObl Marpuna ¢ dopmupo-
BaJIaCh MPAKTHIECKH TOJBKO 1m0 butepmam. B takom ciaydae momenb ARTM mepexomnt
B MOJI&/Ib OUTEPMOB, KOTOPas CTPOUTCS MO KOJIJIEKIHH ICeBI0-T0KYMEHTOB, 0€3 UCIO/Thb-
30BaHUS MCXOIHBIX TOKYMEHTOB.

CeTtb cnoB. Uaes moaempoBaTh He JOKYMEHTHI, & CBI3U MEKLy CJIOBAMHE, OBLIA TOJTOKE-
Ha B OCHOBY TeMaTH4decKux Mogesteii coerpedaemoctu cioB WTM (word topic model) [31]
1 WNTM (word network topic model) [163]. JTroGombITHO, 9TO GOsIee paHHsIsI My OJIHKAIHST
mogenn WTM ocranach He3aMedeHHOIT (BHANMO, KaK He-0allecoBCKas), U BO BTOPOi CTa-
The Jazke Her ccbliky Ha Heé. Momenmm WTM u WNTM cBoggarca Kk npumenennio PLSA
1 LDA cooTBeTCTBEHHO K KOJLIEKITHH MCEBI0-T0KYMEHTOB d,:

p(w|d,) pr\t (t|dy) Z%tetu

teT teT

Banurmem log-ipapaononobue mogenu p(w|d,) B BUge peryaspusaropa:

R(@’ @) =T Z Ny In Z (pwtetuy

u,weW teT
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TJI€ Ny — COBCTPEUAEMOCTH CJIOB U, W (KCTATH, Ny = Ny )-

OcHOBHOE OTIHYHE STUX MOJEIel OT MOJEeAd OUTEePMOB B TOM, UTO 31€Ch B $B-
HOM BHJE CTPOUTCS MaTpuia O I MCeBI0-KOIEKINN, TOTIa KaK B MOJIEJIH OMTEePMOB
© = diag(m, ..., m)PT n KOIMYECTBO TApAMETPOB BIIBOE MeHbIe. Kak nmokasasm sKkcnepu-
MEHTHI Ha KOJLIEKINAX KOPOTKUX TeKCTOB, Moje/ib WNTM HeMHOr0 mMpeBoCXouT MOIE/b
OUTEPMOB U CYIIECTBEHHO MPEBOCXOIUT OOBIYHBIE TeMarudeckue Mmogenu [163]. Ha kos-
JIEKNUAX JJIMHHBIX JOKYMEHTOB TeMaTHYeCKHe MOJIETN COBCTPEYAEMOCTH CJOB HE JIAI0T
3HAYUMbBIX ITPEUMYIIECTB Tepe/l OOBITHBIMU TeMATHIECKUMUA MOJIEISIMH.

KorepeHTHocTb. Tewma HasbiBaercsi kozepenmiuot (COriacoBaHHOIM), ecan Hanbosee da-
CThIe TEPMbI JAHHOI TeMbl YACTO BCTPEYAIOTCS PsIOM B JIOKyMeHTaxX KoJjutekuuu [90).
CoBCTpeuaeMoCTh TEPMOB MOYKET OIEHUBATBCA 10 caMoii Koutekiuu D [84], wiu mo cro-
pOHHeil KoJuIeKIuu, Hanpumep, mo Bukunemnn [87]. CpeHsisi KOPepeHTHOCTh TeM CYHTa-
eTcsi XOpOoITeli Mepoii HHTePIPeTHPYeMOCTH TeMaTHdecKoil mozgesn [91].

[Tycts 3amanbl oneHKH coBMecTHOI Berpedaemoctn Cly,, = p(w|v) ayist map TepMoB
(w,v) € W2. O6pran0 C,yy, ONEHUBAIOT KAK JOJIIO JOKYMEHTOB, COJAEPKAIIUX TEPM ¥, B KO-
TOPBIX TEPM W BCTpeYaercda He gajee deM depe3 10 ¢10B oT v.

Samumem dopmyity nosnoit BepostHOCTH p(Ww |t) = Y Clyypyr 1 3aMEHNM B HEIl yCI0B-
HYIO BEPOSITHOCTD (0, 9aCTOTHOI omenkoii: p(w |t) = Y Cyy "L, Beeaéu peryasipusarop,
TPeOYIONIHiA, YTOOBI HAPAMETPHI (0y; TEMATHYIECKONH MOJE/NN ObLIN COTJIACOBAHBI C OIEHKA-
mu p(w |t) B CMBICIE KPOCC-IHTPOITHH:

R(®) = TZnt Z p(w | t) In @y

teT weWw

®opwmyaa M-mara, cormacho (12), mpuHUMaeT BU

pur =m0l (nwt +7 Z vanvt>- (49)
veW\w

1o cryraxkuparormii perysipu3atop. OH yBeJHndnBaeT BEPOSATHOCTH TEPMA B TE€MeE, eCJIn
TEPMBI, ¢ KOTOPBIMHI OH YaCTO COBMECTHO BCTPEUYAETCs, OTHOCATCI K JAHHON Teme. TouHO
Takast e dopmyaa noayunnach B (84| mag mogenun LDA u aaroputMma COMILTHPOBAHUS
['u66ca, HO ¢ OoJsiee CJIOKHBIM ODOCHOBAHHEM UYepe3 0DODIEHHYI0 YpHOBYIO cxemy Iloiis,
u ¢ OoJiee CIA0XKHON IBPUCTUIECKONH OMEeHKOH C'yyy.

B paGore 87| npemiozxkeH Apyroil peryisipu3aTop KOrepeHTHOCTH:

R®) =73 Y Cuputu,

teT u,veW

B KOTOPOM OIEHKa COBMecTHOI BerpedaeMoctn Cl, = Ny, [PMI(u, v) > 0] ONpee/IAeTCa
qepes nomoueunyto e3aumnyto ungopmayuto (pointwise mutual information)

DIN,,
1 PN

PMI(u,v) = NN

(50)
rjie Ny, — YHCJIO JJOKYMEHTOB, B KOTOPBIX TE€PMbI U,V XOTsS Obl OJUH Pa3 BCTPEYAIOTCS
psiom (He nmasiee, dem dvepe3 10 cios), N, — 9YHCJIO JOKYMEHTOB, B KOTODBIX TE€PM U

BCTPeYaeTcs XOTd Obl OJUH pas.
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Taxum obpa3oM, eIMHBIH MOAX0/ K ONTUMHU3AINNE KOTEPEHTHOCTH TOKA He BBIPaDOTAH.
[IpennaraeMble KpUTEPUU MOXOXKHM Ha MOJENN OUTEPMOB M ceTH cJIoB. Bce onm dpopma-
JIU3YIOT ODIIYIO MJICI0, YTO €CJAU CJIOBA YaCTO COBMECTHO BCTPEYAIOTCS, TO OHH WUMEIOT
CXOXKYIO TeMaTHUKY.

Mopenn BeKTOpHbIX NPeACcTaB/IeHU CNOB CTaBAT B COOTBETCTBHE KarKIOMY CJIOBY W
BEKTOP V,,, (puKCupoBaHHO# pazmepHocTH. OCHOBHOE TPeDOBAHNE K 3TOMY OTOOPAKEHUTO —
YTOOBI OJIM3KHM IO CMBICTY CJIOBAM COOTBETCTBOBaJIM OJIM3KHE BeKTOphI. CormacHo duc-
mpubymuenot zunomese (distributional hypothesis) cmbica ciioBa onpesessiercss pacmpe-
JIeJIEHUeM CJIOB, B OKPY2KEHHH KOTOPBIX OHO BeTpeuaercs [47]. CioBa, BeTpedaromuecs
B CXOXKUX KOHTEKCTaX, UMEIOT CXO2KYIO CEeMaHTUKY U, COOTBETCTBEHHO, JO0JI2KHbI UMETbH
6amskue BekTopbl. st bopmammzanuu sroro npunimna B |79, 80| npemmaraercst HeCKOIb-
KO BEPOSITHOCTHBIX MOJIeJIeil, BCe OHU pean30BaHbl B iporpamme word2vec. B wactHocTn,
MojieNTb skip-gram mpejcKa3biBaeT MOABICHUE CJI0BA W B KOHTEKCTE CJIOBA U, TO €CTh MPH
YCJIOBHH, UTO CJIOBO U HAXOIUTCH PSIIOM:

exp (Vw, Vu)
>0 OXD (U, )

plw|u) = Soitel\v/I[/aX (V, V) = rqluoerlg/n(exp (Vs ) =

re (Vy, Vy) = ), VwtVur — CKAJISIPHOE HPOM3BEIeHNe BeKTOPOB. B omimune or Temarmde-
CKHUX MOJeseii, HOpMHPOBKa BEPOSITHOCTEH TPOU3BOIUTCS HEJTMHEHHBIM IIPeodpa3oBaHueM
SoftMax, a caMu BEeKTOpHBIE IIPeICTaBIEHUs CJI0B HE HOPMHPYIOTCSI.

JLnst obydeHns MOIe/IA pelaeTcd 33 a4ua MaKCUMHI3aIun log-npaBaomnono0us, Kak mpa-
BIJIO, TPAJIMEHTHBIME METOTAMMU:

Z Nyw I p(w|u) — max.
u,weW v

ITocTanoBKa 3a/1aun o4YeHb IoX0Ka Ha TeMaTndeckue Moaean BTM u WNTM. Monenn
ceMelicTBa word2vec n Apyrue MoJeJiIn BEKTOPHbIX Hpe,[[CTaB.HeHPIfI CJIOB TaKKe€ ABJIAKOT-
csl MATPUIHBIMHU passioxkenusivMu [65, 99, 70|. TraBroe ormvme 3aK/I09aeTCst B TOM, 9TO
B 3TUX BEKTOPHBIX IIPE/CTABJICHUAX KOOPAUHATHI HE UHTEPIPETUPYEMbl, HE HOPMUPOBAHLI
1 He pa3pekeHbl, TOTIa KaK B TEeMAaTHIECKUX MOJIETISIX CJIOBAM COOTBETCTBYIOT pa3perKeH-
Hble IUCKPeTHBbIE pactupeenenus em p(t|w). C apyroii cTOPOHbI, TEMATHYECKHIE MOJIEIN
M3HAYAJIBHO HE MpeaHa3HAYAINChH JJIsi ONpPeaeeHns CeMaHTHIeCKOi OJIM30CTH CJI0B, TO-
9TOMY JIeJIAI0T OHH TO ILJIOXO.

B [102] mpesyioxken crmocob MOCTPOCHUST MEMAMUNECKUT 6EKMOPHULEL NPeICasAerull
caose (probabilistic word embedding, PWE) 1o mceBao-KoIIeKIun J0OKyMEHTOB, aHATO-
ruunblii Mmogensm BTM u WNTM. B 3amauax ceMaHTHYeCKO# OJU30CTH CJIOB OHU KOH-
KypPUPYIOT ¢ MOJeIsiMi word2vec W CYIIECTBEHHO MPEBOCXOJAAT OOBIYHBIE TeMaTUYEeCKUe
Mmojiesin. [Ipu 9TOM TemaTnyeckne BEKTOPHBIE MPEJICTABICHUS SIBISIOTCS UHTEPHPETHPY-
eMBIMU W pa3peykeHHbIMHU. VICIo/Ib3yst KpOCC-9HTPONUTHBIE PEryIsipu3aTophl, pa3pesKeH-
HOCTb BEKTOPOB yaaérca mosomuTh 10 93% 6Ges morepn kauectsa. Ha puc. 10 mokasaHbl
IPUMepPHl PeIleHus 33Ia4l aCCOIUAINI CJIOB ¢ IMOMOIIBI0 MOAEeH, MIOCTPOEHHLIX 10 aH-
LI0A3LIYHON Bukumemuu.

KosmmuectBennbie omenkn nokaswiBaioT, uro PWE pemnraer 3agadn acconmanuu CJaoB
HAMHOTO JTydIie 00bIaHO# TeMaTudeckoit mogen LDA, Ho He cTO/Ih yCmenno KOHKypupyer
C JIVUIIUM MOJIe/IIM ceMeiicTBa word2vec, KaK B 33Ja4YaX CeMaHTHIECKOil OJIM30CTH.
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Accoumnayus Pe3synbratr ARTM Pe3ynbrar word2vec
king — boy + girl queen, princess, lord, prince queen, princess, regnant, kings
moscow — russia + spain madrid, barcelona, aires, buenos madrid, barcelona, valladolid, malaga
india — russia + ruble rupee, birbhum, pradesh, madhaya rupee, rupiah, devalued, debased
better — good + bad really, something, thing, nothing worse, easier, prettier, funnier
cars — car + computer computers, software, servers, implementations | computers, software, hardware, microcomputers

Puc. 10: Ilpumepsl perienus 3aja4d accormanuii cmos mias Mozeneir ARTM u word2vec. Ilpusogsarcsa
qeThipe Hanbosee OJU3KHIE ACCOITHAINMT.

B 3agaue cemanTuueckoit 6;1m3octu 1okyMenToB PWE yBepeHHO omepekaioT BeKTOp-
ayto momesnb DBOW [35], cienmasbro paspaboTaHHYIO sl TTOUCKA CEMAHTHIECKN OJIn3-
KHUX JOKYMEHTOB.

Kpome Toro, APTM mo3Bossier 0000IUTL TeMATHIECKHe MOMENH TUCTPUOYTHBHON
CeMAHTUKHU JIJIsT MYJTbTUMOIATBHBIX Kojutekiuit [102|. Vcnonab3yst JaHHBIE O COBCTpeva-
eMOCTH TOKEHOB Pa3/JIMIHBIX MOJAJIHHOCTEl, BO3MOYKHO CTPOUTH HHTEPIIPETHpPYEMbIe Te-
MaTU4YeCKue BEKTOPHbIE IMpeACTaBJIeHUud dJId BCEX MO,Z[aJ[bHOCTefI. B TO K€ BpeMd, Ipu-
BJIEYECHUE ,ZLOHOI[HI/ITeIIbHOI‘/'I HH(bOpMaL[HH O JApyrux MOIaJIbHOCTAX MOBBIIIAECT KadeCTBO
perrrenust 3312491 OJIU30CTH CJIOB.

13 TemaTunyeckasi cerMmeHTauuns TEKCTOB

['umore3a «MemIka CJIOB» W MPEINOJIOKEHNe O CTATUCTHIECKOW HEe3aBUCHMOCTH COCE/T-
HUX CJIOB TPUBOJAT K CJAUNIKOM YAaCTOW XaOTUIHON CMeHe TeMATHKU MeKJy COCEeTHUMU
caoBamu. Ecim npocieanTh, K KAKHM TeMaM OTHOCSITCs TTOC/Ie/I0BaTe/IbHbIE CJIOBA B TEK-
cTe, TO TeMaTudecKas MOJe]b B IEJIOM TTOKaYKeTCd He HAaCTOJBKO XOPOIITO WHTEPIPETAPY-
eMOif, KaK paHKWPOBAHHbBIE CIIUCKU HaubOJIee 9acTOTHBIX CJIOB B TeMaX.

TemaTudeckne MOJE/NTH CEeIMEHTAIIMH OCHOBAHBI HA 0OJiee PEeATUCTUIHBIX THIOTE3aX
0 CBI3HOM TekcTe. Karkmoe mpeiioKenne, Kak MPaBUI0, OTHOCUTCS K OTHOW—TBYM TeMaM.
Crenyrolree mpeToKeHne, Kak IPaBUIO, MPOJ0IKAET TeMATUKY Tpeabayiiero. Cvena
TeMBbI PEJIKO TMPOUCXOIUT MEXKIY MPEIOKEHUsIMHU, 9acTO MexKIy ab3alaMu, emg Jaiie —
MeXKy CeKIHUIMHU JIOKyMeHTa. Karkoe npejioykeHne MOYKHO CUUTATh «MEIMIKOM CJIOB»
WA «MEITKOM TepMOB». /IOKYMEHT MOXKHO CUHTAThL «MEITKOM ITPeTOKEeHU.

TemaTuyeckass mogenb npeasioXXeHuni. JlomycTum, 9To KaxKablit TOKYMEHT d pa3OuT
HA MHOKECTBO CEI'MEHTOB Sy. DTO MOTYT OBITH MpEe/IIOKeHHsT, ab3aIbl WIH (hpasv, — CUH-
TaKCHYECKH KOPPEKTHBIE YaCTH mpeiokernit. Obo3HaunM depe3 n, JINHY CEerMeHTa, S,
9epes Ny, — YUCI0 BXOYKIEHUIl CJI0BA W B CETMEHT S.

[Ipeamo10KuM, 9T0O BCe CI0BA CEIMEHTa OTHOCATCS K OJHOI TeMe 1 3anuiineM yHKIHIO
BEDOSITHOCTU CerMeHTa s € Sy 4epe3 mapaMeTpPbl TeMATHIECKOH MOJETH Oy, Oig:

p(sld) =Y p(t|d) [T pewlty =" 6 ] el
teT wES teT wES

Bynem cuutaTh KaxKaplii JOKYMEHT «MEIIKOM CeIrMEHTOB». Toria (pyHKIUsS BEPOIATHO-
CTH BBIOOpPKH Oy/IeT paBHA MpPOU3BeIeHUIO (DYHKIUH BEpPOITHOCTH cermMeHTOB. [locTtaBum
3a/[a9y MaKCUMU3aIlUU CyMMbI log-mipaBomnonodus u peryJisipusaropa [

D> ) bu]]eur + R(®,0) - mas, (51)

deD seSy teT wWES
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npu OOBIYHBIX orpanmdenusax (9). B wacTHOM ciydae, KOrma KasKJIblii CETMEHT COCTOHT
TOJIBKO M3 OJHOTO CJIOBA, JdaHHas 3amada mepexoxnT B (10). Samernm rakixke, aro (51)
SIBJISIETCST YACTHBIM CJIy9aeM runeprpadoBoit Mojesn (33), B KOTOPOii BEPITHHBI SIBJISTFOTCST
CJI0BaMHU, a peédpa — MPeJIOKeHNSIMU.

Teopema 5. Ilycre ¢pyukmus R(P, ©) menpepoiro mucdepenmupyema. Toura (P, O)
JIOKaJIBHOTO KcTpeMyMa 3agaqn (51), (9) yaosmerBopsier crcreme ypaBHEHHIE CO BCIO-
MOraTeJbHBIMH MEPEMEHHBIMI Digs = p(t|d, s), ecom w3 pernreHnst HCKIIOYHTH HYJIEBbIe
crostorer marpui P, O:

Dtds = norm(@td 11 @nsw)'

wES
OR
Pt = DT Nyt + Put o —— | Nt = Y Y [w € 8] pras;
€W Opur deD ses,
d
OR
Oy = norm{ n 0 : Ngg = o
td s td T Utd 7, 90, ) td SEZSdptd

AHaJOrHYHBIM 00pA30M 3ajada CTaBUTCS JUIs MoJean mpejgoxkennii senLDA [19] u
JUst MoJiesin KopoTrkux coobmennit Twitter-LDA [160]. B oboux ciaydasx peryssipusa-
TOPOM SIBJISIIOTCsI anpuopHbie pacnpegenenus: Iupuxie. B mogenn Twitter-LDA B posn
JIOKYMEHTOB BBICTYIIAIOT aBTOPBI, B POJIE CEIMEHTOB — COODIIEHHS JTAHHOTO aBTOPA.

Tematnyeckas mogenb cermeHtaumun. Temepb paccMOTpuM OoJee CIOXKHBIH Caydail,
KOI/Ia, TEeKCT COCTOWT W3 TPeJIOXKeHuil, n Tpebyercs OObeTUHUTh UX B OOJee KPYMHbIE
TeMaTUIecKue CerMeHTHI, TPAHUILI KOTOPBIX 3apaHee He OIpeJieeHbI.

Memod TopicTiling [108] ocuoBan nHa mocr-o6paborke pacupenenennii p(t|d, w;),
1=1,...,n, MOJIy9aeMbIX KaKOH-Tn00 TeMaTHIeCKoi MoIesbio, Hanpumep, LDA. Onpeme-
JIMM TEeMATHKY TIPEJJIOKEHNst § KakK CpeHion remMatnky p(t|d, w) Beex ero cios’. [Tocun-
TaeM KOCHHYCHYIO OJIM30CTh TEMATUKU J7IS BCeX Tap COCeTHUX mpeaokennii. Yem ryOzke
JIOKATBHBIE MUHAMYM OJIM30CTH, TEM BBIIIIEe YBEPEHHOCTD, YTO MEK/Ty JTAaHHOH Mapoil mpei-
JIozKeHuit npoxoauT rpanuia cermenToB. Meroy TopicTiling ucroib3yer Hadbop IBpUCTHK
JUTS TTOI0OpA YHC/Ia TIPeJIOKEHUI ceBa W CIpaBa OT JOKAJIHLHOTO MUHUMYMa OJIM30CTH,
OIIpeJIe/IeHHsT YUC/Ia CETMEHTOB, MOAO0pa YHUC/Ia TeM U YHUC/Ia UTepalluii, NTHOPUPOBAHUS
CTOII-CJIOB, (DOHOBBIX TeM U KOPOTKUX Mpe/ToyKeHnil. AKKypaTHas HACTPOIKA MapaMeTpoB
9TUX IBPUCTHUK MO3BOJISET JTOCTUYb BBICOKOIO KavecTBa cermentanuu [108].

TopicTiling He sBjIsSIeTCST TMOJHONEHHOI TEMAaTHYECKON MOJIE/IHLIO CErMEHTAIUN TeKCTa,
MIOCKOJIbKY TIOCT-00pabOTKa HUKAK He BJIMSET Ha caMé TeMbl. TOObI HAWTH TeMbl, HANOO-
Jiee BBITOJIHBIE JIJIsI CEIMEeHTAInN, TPeOYeTCsT CIeUabHBI Pery/Isipu3arop.

PerynapusaTtop E-wara. Hekoropsie TpeboBanusi K TeMaTudecKoit Mojesn yaobHee Bbi-
pazKaTh Yepe3 pacHpesenenns Py, = p(t|d, w), a e aepes p,; u 0y Hampumep, Tpebo-
BaHM CXOJCTBA TEMATUKU TEPMOB BHYTPH HPeIJIOKEHUHA HIN MEKY COCEIHIUME IPeII0-
KeHugaMu. OHH IO3BOJILIOT YUUTHLIBATE IOPAI0K CJIOB BHYTPH JOKYMEHTOB B 00XOJ, MUIIO-
TEe3bl «MeIKa CJI0B». B 0biem ciyvae oHM BhIpakaloTcs B Buje peryiasipuzaropa R(I1),
re 11 = (Praw)Tx Dxw — TPEXMepHAsi MATPHUIA BCIOMOTATEIbHBIX TEPEMEHHBIX.

STounee, B [108] mpeIaransoch A1 KazI0ro caoBa BeOMpaTh Haubomee epoaThyto Temy. Oba Bapu-
aHTa UMEIOT MPaBo Ha cyiecTBoBanue. Kakoit u3 HuX Jydine, OKa He HCCIETOBAHO.
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Byaewm npeamnonararh, 9ro R SBISIETCS TOCTATOYHO TIAIKONH (DYHKIUEH BeeX mepeMeH-
HBIX Pyg- KPOME TOTO, CJIe/TaeM BIIOJTHE eCTECTBEHHOE JIOMYIIEHNe, YTO €CJIM CJIOBA W HET
B JIoKyMeHTe d, To MyHKIHsS [ He 3aBUCUT OT IMePEMEHHON Pigy, -

Cornacho ypastaennio (11), marpuna I1 seasiercs dynknueit or ® u ©. [Tosromy K pe-
ryaspuzaropy R(II(®,©)) B momHoit mepe npumenuma teopema 1. Ilpn stom cucremy
ypaBHeHHi y100Hee 3alicaTh Yepe3 YacTHBIE TPOU3BOIHBIE PEryIsIpH3aTOPa MO BCIIOMO-
raTeJbHBIM MepeMeHHbIM 11

Paccmorpum 33189y MaKCUMU3AIUU PEryIPA30BAHHOTO 10g-TIpaBaononodus ¢ aByMs
peryJasipu3aTopaMu, OJMH U3 KOTOPHIX 3aBUCHT OT I1:

Z Z N 1N Z Puwibia + R(II(P,0)) + R'($,0) — max, (52)

deD wed teT ’

U OrPAHWYEHHUSIX HEOTPUIATETHLHOCTH W HOPMUPOBKH (9).

Teopema 6. Ilycrs ¢pyakmun R(II(P,0)) u R (P, ©) menpeprisraO mMuchheperimpyembl
u pynkmst R(I1) He 3aBucuT OT MepeMeHHBIX Py B Caydae ng, = 0. Toraa rouka (P, O)
JIOKaJIbHOTO 9KcTpeMyma 3ajaqdn (52), (9) yaoBiaerBopsier cucreme ypaBHeHHI cO BCIIOMO-
raTebHBIMA MePEMEHHBIMHE Py, = P(t|d, W) U Diayy, €CTH H3 pEIeHnsT HCKIIOIHTH HyIeBbIe
cros1omer MaTpui ¢, O:

Pdw = 1OTI (Puwtbra); (53)

Dtdw = Drdw (1 + i (%SZ) - ZEZszdw %];g) )) ; (54)

Pur = norm ( > NawPraw + Pur ;Zt) : (55)
deD

0ia = norm ( wzed NwPtdw + Otd g;j;) (56)

Jloka3aTebcTBO TeopeMbl yI00HO 0DOPMUTH B BHIE CJAEAYIOMINX TPEX JIEMM.

Jlemmva 1. s pyukmmm pyg, (P, 0) = % u jiroboro z € T

apzdw apzdw ptdw(l - ptdw>7 = Z;
Pw _ed = Ptdw z=t — Pzdw ) =
"0pu " 00 o ([ =1 ) —PtdwPzdw t# 2.

HoxkazarenscrBo. Bocnosnbayemest popmynavu (11) a1t mepeMeHHbBIX Pygy:

© apzdw _ 0 ( (pwzezd ) _ [Z:t] etd Zu (pwueud - etdgpwzezd _
v a(;Dwt ! a()Owt Zu (pwueud ! (Zu (pwu‘gud)2
= Ptdw [Z:t] — PtdwPzdw = ptdw([Z:t] - pzdw);
apzalw o 0 (pwzezd o [Z :t] Puwt Zu (pwu‘gud - (pwtcpwzezd o
Ora——— = bha = Ota 5 =
a Pid a‘9td Zu (pwueud (Zu (Pwueud)

= Ptdw [Z:t] — PtdwPzdw = ptdw([z:t] - pzdw)-

JlemMa, 1oKazaHa.
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Beeném dyHKIMIO OT BemoMoraTe/IbHbIX HepeMeHHbIX 11

OR(IT) OR(IT)
w II) = - zdw .
Qtd ( ) apz&dw Zp I apzalw

zeT

Jlemma 2. Ilycre R(I1) He 3aBHCHT OT mMepeMeHHBIX Pyg,, Ipu w ¢ d. Torma Bce qacTHBIE
npomzsogubie peryisipusaropa R(I1) Beipazkarorcest wepe3 Qi :

OR(IT
Zptdetdw Ora 6(9( ) = Zptdetdw(H)
deD wed
HoxkazareabcTBo. Bocrionb3yemcest (hopmyiioit quddepennupoBanms CJI0KHOM (DyHK-
pzdv apzdv aR(H)
I U T€M, 9TO =0npn w #v; —— =0 mnpu t # z; =0 opu w € d:
a‘Pwt 00ta OPtaw
aR apzdv H apzdw
wt™ . — Pw 3 57
Pt Pwt ! % apzdv a()Owt deZDzGZT apzdw (pwt ( )
aR apzalv H apzdw
0 =0 9 . 58
“ aetd " Z apzdv ia wzd Z; O " Wi (58)
B cuny nemwmbr 1 cripaBeJinBO TOXK/1ECTBO
OR P dw R(II) . Opdw
Za() e Za etdged:
2T 'Pzdw Pwt e Pzdw td
OR OR(I1 OR(II
- Z apidw) Ptdw ([Z t] pzdw) = Ptdw ( apt(dw) _Z Pzdw apidw)> = ptdetdw (H)

zeT

[Toacranoska mosyennoro Boipakenus B (57) u (58) 3aBeprraer J0Ka3aTEIbCTBO.

Jlemma 3. Pemrenne ;0 3agaun (52) yaosierBopsier cieiyroiieii cucreMe ypaBHEHHH
OTHOCHTE/IBHO MEPEMEHHBIX Oy, 0iq H BCIIOMOTraTeIbHBIX TTEPEMEHHBIX Digy,

Praw = 00T (Purbra); (59)
OR' '\
Gwt = HOI"IH ( Z NdwPtdw + Z Qtdwptdw + Pwt aﬁpwt) (60)
deD deD
7 = norm Zn —|—ZQ +6 OF (61)
td 2 dwPtdw 2 tdwPtdw td Ay 90,y

DTa JeMMa SIBJISeTCS HEelOCPEICTBEHHBIM CJIEJICTBHEM TeopeMbl 1 U JIeMMBI 2.

OcTasoch TOJBKO 3aMETUTh, YTO BBIJEJIEHNe BCIOMOTATEJbHOU MEePEeMEHHON Dy, CO-
rnacHo (54) mosBossier nepenucarh ypasuenusi (60) u (61) B Tpebyemom Bue (55)—(56).

Teopema nokazana.

Takuwm odbpazom, B EM-airopurme j1j1s1 Kayk10ro JOKyMeHTa d CHAYAJI BHITUCISIIOTCS
BCIIOMOTATETbHBIE IEPEMEHHBIE Dy gy, , 3ATEM OHU TPe0OPA3YIOTCS B HOBBIE TEPEMEHHBIE Pygy,
KOTOpbIe TMOACTABAAIOTC B hopmysnbl M-mara (12)—(13) BMeCTO pigy,. Taxoii coco BbI-
YUCTeHUi OyIeM Ha3bIBATh pezyadpusayuet F-waea win nocm-obpabomroti E-waza.

3amernm, 9TO MepeMeHHbIe Pig,, MOTYT HIPUHAMATH OTPHUIATETHHbIE 3HATEHUST, TOITOMY
B 00IIeM ciiydae OHM He 00pa3yioT BEPOSITHOCTHBIX pacipejesennit. Tem ne Menee, jijist
HUX BBITIOJTHEHO YCJIOBUE HOPMUPOBKH Zt Dtaw = 1.
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PaspexuBaHune pacnpegenenuii p(t|d, w). Tlorpebyem, 4TOOBI KazKblii TEPM B JJOKY-
MeHTe OTHOCHJICA K HeOOJBIIOMY YHCIy TeM. [[asg 9Toro OymeM paspeKuBaTh PACIpee-
nenust p(t|d, w), makcumusnpyst ux KL-quBepreHiun ¢ paBHOMEPHBIM PacIpeieIeHIeM:

KL(%‘ | p(t|d, w)) — max.

CyMMupys 1o BceM TepMaM BCeX JOKYMEHTOB, MOJYIHM Peryaspu3aTop:

R(IT) = Z Z N Z In pig, — mMax.

dGD wed teT

[TogcraBuM MPON3BOIHYIO

OR(Il) 7 ngy

apzdw B |T|pzdw
B bopmyny (54):
ﬁtdw = Ptdw — T(ﬁ - ptdw)-

TakuM 06pa30M, eIl I HEKOTOPOIl TeMBI Pigy < ﬁ, TO Ha CJCAYIOIEH uTepanun
BEPOSITHOCTD Pigyy JJIsT JTAHHOTO TepMa, w CTaHeT emié MeHblre. TemaTnka Tepma Oyaer
IMOCTENEHHO KOHIEHTPUPOBATHCA B He6OJIleOM HUCJI€e TEM.

Emgé onna uHTepnpeTanysa 3TOro peryIdapu3aropa CaeayeT U3 BO3MOKHOCTH 3alllCaTh
peryasgpuzanuio E-mara 5KBUBaIeHTHBIM 06pa3oM depe3 dopmyiast M-mara (60)—(61):

1 Tt i 8R’
wt = NOTIM | Nyt — TN | =7 — — wt T~ |
Pt weW ¢ |T| Ny v t&pwt

. 1 Ntd OR’
Ora = nl%%m (ntd Tnd<|T‘ n_d) + Qtdﬁtd .

Ecnm neperynsgpusoBaHHBIe YaCTOTHBIE OLEHKH YCIOBHBIX BepOATHOCTeil ﬁ(t|w) ="l g
w

p(t]d) = ”td CTAHOBSTCSI MEHBIIIE BEPOSITHOCTH PABHOMEPHOTO PACIIPE/IeIeHU ST TO TPO-

IT\
HACXOIUT pa3pe}KI/IBaHI/Ie pacIpesieIeHuil O, U Oyg; ¢ UTEPATUSIMA X 3HAYCHUS YMEHbIIIa-
I0TCS U MOT'YT 00pallaThca B HY/Ib. TakKuM 00pa30oM, TPOUCXOIUT COIIAaCOBAHHOE pa3perKi-

Banue Matpurl ¢ u O, mo ynpasieHneM OHOTO 001Iero Ko3MUIneHTa Peryaspu3aiim 7.

Pa3pexuBatownii perynspusatop E-wara gns cermentaunu. Baxkwueiimas ocoben-
HOCTh peryJisipuzaropa E-mara 3ak/aiodaercs B TOM, YTO OH IMO3BOJSIET YYUTHIBATH CO-
CEeJICTBO CJIOB BHYTPU JOKYMEHTa B 00XOJ I'MIOTE3bI «MeIlKa cJIOB». [IpuMenum pery-
JIAPU3alnIO E-mara JJId IIOCTPOEHNA TeMaTU4deCKoi MOJe/In CerMEeHTHUPOBAHHOT'O TEKCTa.
OnpenenM TeMaTHKY CerMeHTa s € S; KaK CPeIHIOI TeMATHKY BCEeX ero TepMOB:

Ptds = p(t|da 3) = Zp(t|daw (w|8 Znswptdw

S

wes wes

YT00bI KazK/Iplii CEFMEHT OTHOCHJICS K HEOOJIBIIIOMY YHCJIY TeM, OyJaeM MUHUMHU3UPOBATD
KPOCC-9HTPOIHIO MKy pacupeienenusyvu p(t|d,s) U paBHOMEPHBIM DPACIIpE/IeTeHIeM,
YTO MPUBEIET HAC K PA3PEKUBAIONIEMY peryasgpu3aTopy E-mara:

R(H> =7 Z Z Z In Z N swPtdw- (62)

deD seSy teT wWES
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Omyckasi pyTHHHBIE BBIKJIQKI, IPUBEIEM Pe3yIbTar MojcTaHoBKu (62) B (54):

~ o T Nsw 1 Pzdw
Ptdw = Ptdw 1— n E n - E
dw seS, s DPtds 2T DPzds

Xots popmyJ/ia BBITVISLIAT TPOMO3IKOM, 3(DMEKT MpUMeHeHUs Pery/isipu3aTopa NOHATh
He TpyAHO. Ecam BepoaTHOCTD pigs TEMBI B CETMEHTEe OKayKeTcs MeHbBITe HEKOTOPOTO T0-
pora, TO BEPOATHOCTH Pigy, OYAYT YMEHBIIATHCS JIIS BCEX TEPMOB W JAHHOTO CErMeHTA.
B uTore Temarumka KazKI0ro cerMeHTa CKOHIEHTPUPYETCA B HEOOJBIIOM UUCJIE TEM.

B pesyibraTe paspekuBaHus TeMaTHKa COCEJIHUX CEIMEHTOB MOYKET OKa3aThCs OJIM3-
KO, 1 WX MOYKHO Oyaer oObeJIWHNUTh B OAWH TeMmaTudeckuii cerment. Hazopém Temy ¢
¢ MakCUMAJbHBIM 3Hadenuem p(t|d, s) domunupyrowed memoti cermenta s JOKyMeHTa d.
Ecnu Ttema mOMHHHpYET B COCETHHX CerMeHTaX, TO OHa OyAeT JTOMHUHHPYIOIIEeH W B UX
oobeauHeHnu. Ecimn o0be IuHUTH MOCTIeI0BaTe/IbHbIE CEIMEHTRI ¢ OJJMHAKOBOW JTOMUHUDPY-
foleit TemMoit B oJnH OoJiee KPYIHBIN CEIMEHT, TO JlaHHAs TeMa TaKyKe OCTaHeTCs B HEM
JIOMHHUPYIOIIE. DTO MPOCTast ariOMEePATHBHAS CTPATErUsI TEMATHIECKOW CerMeHTAIIMH.
B ormmane ot TopicTiling, y Heé HeT 9BpUCTUYECKHUX TapaMeTPOB, KOTOPBIE HAJI0 HACTpa-
UBaTh, U OHA IOYTH HE YBEJTHINBAET BpeMs HMOCT-00paboTKu E-1mara.

14 Kputepnun kadectBa TeMaTuUdeCKnx mMoaese

KpI/ITepI/II/I KadeCTBa TeMaTUu4YeCKUX MO,Z[eJIeﬁ MpUHATO J€JUTh Ha BHYTPEHHHE
(intrinsic) u BHemHue (extrinsic). Buympennue Kpumepuy, XapakTepu3yoT KadecTBO MO-
JIeIM 110 UCXOMHON TeKCTOBOW KOJLIEKINU. Buewmue xpumeput ONeHHBAIOT HOJIe3HOCTh
MOJEIN C TOYKH 3peHHs IPUJIOKEHUS U KOHEYHBIX IMOJb3oBareneil. Horma ama sToro
MPUXOUTCST COOMPATH JOTOJHUTEIbHBIE JaHHbIe, HAIIPUMED, OIIEHKN acecCOPOB.

BHewHne kputepun kpaiine pa3zHooOpa3Hbl U 3aBUCIT OT PENIaeMoil MPUKJIAIHON 3a/1a-
qn. [[pakTudeckn B KaxKJI0i MyOJTUKAIIIN 110 TEMATHIECKOMY MOJIETUPOBAHUIO UCTIOJIb3Y-
ercsi KaKOH-Tiu00 BHEIIHUI KpuTepuii: KauecTBo Kaaccudukanuu 0KyMenTos [111], Tou-
HOCTb M MOJIHOTA MHMOPMAIMOHHOTO ToucKa [154, 14, 7, 12|, 4ucsio HaiiIeHHBIX XOPOIIO
wHTEpHpeTupyeMbix Tem [17], kadecTBo cermentarun TekctoB [108]. B [34]| mpepraraercs
METOJIUKa JUATHOCTHKY MOJIejieil, OCHOBaHHAs Ha COMOCTABJICHUU HAWJIEHHBIX TEM C 3apa-
Hee U3BECTHBIMU KOHIIEMITAMH.

Mepnnekcus. HaubGosee pacnpocTpaHEHHBIM BHYTPEHHUM KPHTEPHEM SBJSIETCA nep-
naexcus (perplexity), ncrosnb3yemast Jisi OIEHUBAHUs MOJIEJIEH A3bIKa B KOMIBIOTEPHOI
JIMHTBUCTHKE. DTO Mepa HeCOOTBETCTBUS N «YAUBIEHHOCTH» Mojesn p(w |d) TokeHam w,
HAOTI0TaeMbIM B JIOKyMeHTax d kojtekiuun D. Ona omnpejessiercss gepe3 log-mrpaBmaomno-
nobue (8), mubo vepes log-npasonogobue (24) KazxK a0 MOJATBHOCTH M:

1
perp, (Dip) = exp( —— | > naymnp(w|d) ), (63)
™ deD wewm™
THE Ny = D, Y. Mgy — JJIMHA KOJJIEKIAH [0 M- MOJATbHOCTH. UeM MeHbIe mep-
deD weWm

IIEKCHUdA, TeM Jiy4dlie MOJe/b p IIPedCKa3blBaeT MOABJIE€HHNE TOKEHOB W B JOKYMEHTaX d.
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[Tepmiekcusa uMeeT CAeIyIONY0 HHTePHpeTalnio. ECIm TepMbBl w IIOPOZXKIAIOTCS
13 paBHOMepHOTO pacmpenenenns p(w) = 1/V wa ciaoBape momuoctu V', TO meprmiek-
cust Mozesin p(w) HAa TaKOM TeKCTe CXOAUTCS K V' ¢ pocToM ero JIuHbL. HeMm cuibHee
pacrpeesnenne p(w) OTIMYALTCS OT PABHOMEDHOTO, T€M MeHbIIe TepIieKcust. B ciydae
YCJIOBHBIX BeposiTHOCTel p(w | d) WHTepHpeTanysi HeMHOTO JApyrasi: eCau KazKIbli JOKY-
MEHT TeHepupyeTcs u3 V' pPABHOBEPOSITHBIX TEPMOB (BO3MOMKHO, PA3JIUYHBIX B PA3HBIX
JOKYMEHTaX ), TO MepILIeKCUs CXOAUTCs K V.

HemocraTkom mepriiekcun siBisieTcst HeOYeBHIHOCTH €€ YNCJIeHHBIX 3HAYeHN i, a TaKyKe
e€ 3aBUCUMOCTh He TOJBKO OT KadecTBa MOJIE/IH, HO U OT PsiJa MOCTOPOHHHUX (haKTOPOB —
JITAHBI TOKYMEHTOB, MOIIHOCTH W Pa3peKeHHOCTH CJ0oBaps. B dacTHOCTH, ¢ MOMOIIBIO
MepIIeKCUN HEKOPPEKTHO CPABHUBATH TeMAaTUIECKAe MOJIeTN OTHON U TOH »Ke KOJIIeKITNH,
MOCTPOEHHBIE HA, PA3HBIX CJIOBAPIAX.

O603uaunM uepe3 pp(w |d) MOJeTb, TTOCTPOSHHYO MO 00YYAIONIel KOJLIEKINH JTOKY-
mentoB D. Ileprmiekcust obydaroreii BBIGOpKH perp,,(D;pp) ABISETCS ONTHUMUCTHTHO
CMEIIEHHON (3aHNKEeHHOI) XapaKTepUCTHKON KadecTBa Mojesn u3-3a 3bdekra mepeody-
gernst. ODODIIAIONIYIO CIIOCOOHOCTh TEMATHIECKUX MOJEJeil TPUHITO OIEHUBATH NEePNALK-
cuet Koumpoavhol ewbopku (hold-out perplexity) perp,,(D’;pp). OBbIYHO KOJIEKITHIO
pa3IeIgoT Ha 00Y9AILY0 U KOHTPOJBHYIO CaydaiiHbiM 06pa3oM B mponoprun 9 : 1 [26].

HemocrarkoMm KOHTPOJIBHBI TEPILIEKCHT STBJISIETCS BHICOKAST IYBCTBUTEIHHOCTH K PEJI-
KAM U HOBBIM CJIOBaM, KOTOPbIE MPAKTHYIECKH OECIOJIe3HBI I TeMATHIeCKUX MOJIe-
meii. B paHHHX 3KcmepuMeHTax OBLIO MoKaszaHo, uro LDA cymecTBeHHO HTpeBOCXOIUT
PLSA 1o neprmiekcun, oTKy1a ObLI ¢eal BeiBoj, uTo LDA MenbIe nepeobyuaercs [26].
B [4, 103, 5| 6blu mpeyiozKeHbl pobacmmvie MeMamuieckue Model, OTTHCHIBAIOIIHE PeJi-
KHe CJI0OBa ClienuaabHbiM «(POHOBBIM» pactpejenenueM. [leprekcusi podacTHbIX BapuaH-
toB PLSA n LDA oka3zajach CyImecTBeHHO MeHbINeil 1 MPAKTUIECKH OJIMHAKOBOIA.

KorepeHTHOCTb. VHTEpHnpeTupyeMoCcTh TeMaTHIeCKONH MOJEN SBJISeTCs MJI0X0 (hopMa-
nu3yeMbiM TpeboBanumeM. ComepzKaTelbHO OHO O3HAYAEeT, UYTO IO CIUCKaM HamboJee da-
CTOTHBIX CJIOB U JIOKYMEHTOB TeMBI SKCIEPT MOXKET MOHSATb, O UYéM 3Ta TeMa, U JaThb ei
aziekBaTHOe HasBaHue [29]. CBOHCTBO MHTEPHPETHPYEMOCTH BayKHO B HHMDOPMAIMOHHO-
IMOUCKOBBIX CHUCTEMaX OJId CUCTEMATU3AIUN U BU3YaAJIU3AIUN PE3YJIbTaTOB TEMaTUIECKOI'O
IMOUCKa HUJIN KaTeropudanuun JOKYMEHTOB.

BosbmuHCTBO CYMIECTBYIONUX METOIO0B ONEeHUBAHUSI WHTEPIPETHPYEMOCTH OCHOBAHO
Ha [PUBJIEYEHUN SKCIepTOB-aceccopoB. B [89] sxcnepram mpesrarasoch HemocpeacTBEHHO
OIEHUBATH TOJE3HOCTh TeM M0 TPEXOAILHOI TTKaxe. B Merome nuTpy3uii [29] mis kaxk-
JIO HaliJIeHHOW TeMbl cocTaB/sieTcss ciucok u3 10 HanboJiee YaCTOTHBIX CJIOB, B KOTOPBIi
BHe/IpsIeTCS OJIHO caydvaitHoe coBo. Tema cumraeTcs WHTEPHPETHPYEMOM, ecau TOIaB-
JIoTee  DOJTBITIHCTBO IKCIEPTOB MPABUIBHO YKA3BIBAIOT JIMIIHEE CI0BO. DKCHEPTHLIE
MOJIXO/JIbI HEOOXOAUMBI Ha CTAUU KMCCJIE/IOBAHUNA, HO OHU 3aTPYIHSIOT aBTOMATHYECKOE
OCTPOEHNe TeMaTHIecKuX Mojeseil. B cepun pabor [89, 90, 90, 84| mokazaHo, 4To cpe-
J7 BEJINYWH, BBIYUCJISAEMBIX IT0 KOJJIEKIIMA aBTOMATHUYECKH, JIYYIe BCEro KOPPeJaupyer
C 9KCIIEPTHBIMU ONEHKAMHI HHTEPIPETHPYEMOCTH Kozepenmmocms (coherence).

Tema HasbIBaeTcst Kozepenmuol (COrIACOBAHHON), eC/ou TepMbl, HauboJee YacThbie
B ,ZLaHHOI'?'I TeMe, HeCquaﬁHO TaCTO COBMECTHO BCTPEYIAIOTCA PAJOM B JOKYMEHTaX KOJIJIEK-
nun [90, 91]. HucaeHHoi Mepoit KOPePEHTHOCTH TeMBI § SIBJISIETCS TOTOYeYHAs B3aUMHAs
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undopmaius (50), Berauciasemas 1mo k Hanbosee BEPOATHBIM CJIOBAM TEMBbI:

1 k

coher; = ﬁ Z Z PMI(w;, w;), (64)

i=1 j=i
rjie w; — i-ii TepM B TOPsiJIKE YOBIBAHUS (D, YUCJIO Kk OOBIYHO TOJIaraercss paBubiM 10.

KorepeHTHOCTh MOJEN ONpeIesdaeTcs KaK CpeIHAsd KONepeHTHOCTh coher; Bcex TeM.
KorepeHTHOCTh MOXKET OIEHUBATHCS MO CTOPOHHEIT KO/UIeKIUH (HAIpUMep, 10 Bukure-
mun) [87], 6O 1O TOM Ke KOJUIEKIUH, TT0 KOTOPOIi CTPOUTCS MOJeb [84].

Pa3pexxeHHOCTb 1 pa3IMYHOCTb TeM. Pa3perkeHHOCTb MOJeIn U3MepsieTcst 0TIl Hy-
JIeBBIX dmeMeHToB B Marpunax ¢ uw ©. B momenax, pazgensomux MHOKecTBO TeM T’ Ha
npeamMerabie S u GoHOBBIE B, pa3speKeHHOCTh OINEHUBAETCS TOJBKO M0 YacTsIM MaTPHII
®, ©, cOOTBETCTBYIONINM TTPEAMETHBIM TEMAaM.

B [133]| BBoasiTCA KOCBeHHBIE MepHl HHTEPIPETHPYEMOCTH TeM, He Tpebylolue mpHu-
BJICYEHHsI aceccopoB. IIpenonaraeTcs, 4To HHTEPIPETHPYeMas TeMa JIOJIZKHA COIePKATh
NEKCUMECKOE A0PO — MHOZKECTBO CJIOB, KOTOPBIE ¢ GOJIBIION BEPOSTHOCTBIO YIOTPEBISIOT-
cs B JJAHHON TeMe ¥ PeJIKO yHnoTpebIdaioTes B Ipyrux Temax. B rakom ciaydae marpuibl P
1 © JOJKHBI 00J1a1aTh CTPYKTYPORl pa3peKeHHOCTH, aHAJIOIMYHON puc. 4.

slapo Wy = {w € W | p(t|w) > 0.25} Tempbi ¢ onpesensieTcst Kak MHOKECTBO TEPMOB,
KOTOpPBIe MMEIOT BBICOKYIO YCIOBHYIO BEPOATHOCTD P(t|w) = @yryt A7 TAHHOM TeMBbl.
3areM IO APy OMpeIessieTcss TP MOKA3aTe sl HHTEPIPETHPYEMOCTH TeMBI ¢

pur, = > p(w|t) — wucmoma memwv, (deM BBIIe, TEM JIY9IIIE);
weWy

cony = Wltl EZ p(t|w) — Kowmpacmmocmv memov, (9eM BBIIIE, TEM JIYUIIIe);
w
(W]

ker; = |W;| — pasmep adpa (OpHEeHTHPOBOUHBIN OMTHMYM I_T\)

t

[TokazaTenun paszMepa gapa, YUCTOTHI U KOHTPACTHOCTHU IS MOJETN B IEJIOM OTpe/Ie-
JISIOTCST KaK CPEJIHUE 110 BCeM MpPeIMeTHBIM Temam ¢ € S.
Loasn poroevix ca06 BO Beeil KOJLIEKIMN TpUHUMAaeT 3HadeHust ot 0 1o 1:

BackRatio = % Z Z Z Nawp(t|d, w).

deD wed teB

Ecin eé 3nadenune 6/m3ko K 0, TO MO/ie/ib He CIIOCOOHA BBIAEIATH CJIOBA OOIEll JIEKCUKH,
eCJIM K€ OHO OJIM3KO K 1, TO 3TO CBHAETEIBCTBYET O BHIPOKICHUN TEMATHIECKON MOIE/IN.

Takue KpuTepuu, Kak pasMep sapa Win J07s (POHOBBIX CJIOB, MOI'YT HCIIOJIH30BATHCS
JIJIST KOHTPOJIA aJeKBATHOCTH MOJeH. Upe3MepHas peryaspu3alus MOKeT TPUBOIUTH
K JIerpaJaiii TeM W BBIPOKIEHUIO MOIEIN /IS CJAUIIKOM OOJIBIION H0JIH JOKYMEHTOB.
OBGpa3HO TOBOPSI, PETYASPU3ATOPHI B MAJIBIX J03aX SBIAIOTCS JIEKAPCTBAMH, HO B CIydae
nepe03NPOBKI MOTYT MPeBpAIIaAThCA B s, [[03TOMY HY>KHBI KPUTEPUHU, IyBCTBATETHHBI
K Pa3IUIHLIM TUIIAM BBIPOXKIECHHS MOJIEIN.

Ha mpakTnke K TeMaTHIeCKHM MOJIEISIM IPeIbIBISIOTCI COUeTAHUS Pa3HOOOpa3HBIX
TpebOBAHUIA, /I IIOCTPOEHUST MOJEIN MIPUMEHSIeTCI MHOTOKPUATEpUAIbHAS ONTUMI3AIINSI,
MO3TOMY M KAaueCTBO MOJEIN JOJKHO OIEHUBATHCS 110 MHOTHM KPUTEPHSIM.

B mpoekte BigARTM mnojaep:kuBaercss OHOTMOTEKa CTAHIAPTHBIX METPUK KadecTBa
1 MeXaHU3MbBI J00aBJIeHUs HOBBIX II0JIHL30BATEILCKIX METPHK.
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15 [MpoekT BigARTM

BigARTM — 310 OuOGIHOTEKAa C OTKPBITBIM KOJOM, ocHoBaHHasg Ha Teopun ARTM.
Ona mMmeer pacimpsieMblit BCTPOCHHBIN HAOOP peryispu3aTopoB U METPHK KadecTBa, pPea-
Ji3yeT oHJIaitHOBbIN U odduraiinoBbIi MHOTONOTOYHBIH TakeTHbIE EM-ajiropurm, obecrie-
YUBAIOIINI BHICOKYIO 3P DEKTHBHOCTH 00padOTKU OOJIBITUX KOJIJIEKIIHI Ha OJJHOM KOMITHIO-
tepe. bubyimoreka siBsercss KpocciaaTrgOpMeHHOit: COOPKY U MCIIOJTHEHUE MOYKHO MTPOU3-
soguth nox Windows 7/8/10, Mac OS u pasmuunbivu auctpubyrusamu Linux. TTommep-
JKHUBAIOTCS porpaMMubie naTepdeiicst mox Python 2.7.% /3% C++ a takke 3amyck B Bujie
ncroaHsgemoro onHaproro daiira. Mexognwrit kox BigARTM manucan Ha C++11. [lognepxn-
BaETCs HECKOJIBKO TOMYJISPHBIX (POPMATOB TEKCTOBBIX JIAaHHBIX. VcuepbiBaONLy 0 HHGOP-
MaINIo 10 OMOINOTeKe MOYKHO HAilTH B JTOKYMeHTAIlnN Ha caiite http://bigartm.org.

Huke npejcraBied MUHUMAIbHBIH Ko B Python, BeIMOMHSIIONHIIT 3arpy3Ky U mpeod-
pa3oBaHue JAHHBIX BO BHYTPEHHWIH (DOPMAT IMAKeTOB JOKYMEHTOB (b6amuell), CO3IAHEE
n ODydYeHue MOJIEIN, BIYUCICHUE W BBIBOJ, MEPILICKCUH.

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

s 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))
1s model.fit_offline(bv, num_collection_passes=20)

10 # Print perplexity values by iterations

20 print(model.score_tracker[’perp’].value)

MoaroTtoBka AaHHbIX. YHUBEPCATBHBIM O0OBLEKTOM, MPUHAMAEMBIM HA BXOJ, BCEMHU OIle-
panuaMu BigARTM, gaBiseTca BekTopu3aTop artm.BatchVectorizer. B mpumepe Bblme
(maru 10-13) oH GBI CO3/IAH TI0 MATPHIIE «MEIIKa CJI0B» n_wd U CJIOBAPS, 33IAI0IIET0 CO-
OTBETCTBUE ME2K/Yy CTPOKaMU MAaTPUIbl U CJIOBaMU KOJIJIEKIIUA. B 9TOM CJIy4ae IMMaKeThbl CO-
3/1aI0TCS B OIMEPATHBHOM MaMSITH U MOJTHOCTHIO YIAJISIOTCS U3 HEeE 110 3aBEPIIeHNN PADOThI
OuOIMOTEeKH. DTOT CIOCOO XPAHEHUs JAHHBIX IMOIXOIUT TOJIBKO I HEOOJIBIINX KOJLIEK-
Ui, MEeJUKOM MOMEIAMOININXCS B MaMATH. Bo BCeX OCTAJTbHBIX CAYYaAX HCIOIb3YIOTCS
dopMaThl JTaHHBIX, HTpeImoaraolle IYTeHne UCXOJHBIX JTOKYMEHTOB C JIMCKA U 3aIuCh
UTOTOBBIX IIAKeTOB Ha AucK. Hambosiee monysasipen ¢popmar TekcToBbix (haiisioB Vowpal
Wabbit, B koTopoM Kazkjast CTPOKa COOTBETCTBYET OJIHOMY JOKYMEHTY ¥ UMEET BU]L

doc_title token 1:value 1 token 2:value 2 ...
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Jauubrii ¢popMaT mo3BOJISIET TPEICTABIATH JTOKYMEHTHI KAK «MEITKOM CJIOB», TaK W
OC/IEIOBATETLHBIM TEKCTOM, & TaKyKe 3alUChIBATH B JIOKYMEHTHI TOKEHbBI PA3THIHBIX MO-
nasgbHocTeii. [Ipumep co3panust BeKTopusaTopa 1o JanubiM B popmare Vowpal Wabbit:

1 bv = artm.BatchVectorizer(data_path=’docword.vw.txt’,
2 data_format=’vowpal_wabbit’,
3 target_folder=’my_collection_batches?)

3ech data_path — nyTh K daitay ¢ jgokymentamu, nmapamerp target_folder yka-
3BIBaET HA HECYIIECTBYIOIIYIO JIAUPEKTOPHUIO JII COXPAHEHU TOTOBBIX MaKeTOB.

IIapCHHF60HbﬂnﬁiKOHHQKHHHA*OTHOCHTeﬂbHO;UHHEHbeHiHpOHﬁCC(ﬂ&H«BHeCMOTpH
Ha TO, 4TO BigARTM yMeeT BBIIOJHSATH €r0 B MHOTOIMOTOYHOM DEYKHME), OITOMY YI00HO
COXPAHWUTDh MAKeThl Ha JUCK W MCHOJIH30BATh UX MHOTOKpaTHO. [IpuMep cozpanms BekTo-
pHU3aTOpa, 3arpyzKaloIero maKeThl ¢ JIUCKA:

1 bv = artm.BatchVectorizer(data_path=’my_collection_batches?’,
2 data_format=’batches’)

CnoBapu BigARTM mupeaHa3HadeHbl /i XPAHEHUS JIAHHBIX O CJIOBaX M HCIOJIb3Y-
IOTCSI B HEKOTOPBIX PEeryasipu3aropax W MeTpukax kadectsa. (CJI0Bapi COOTBETCTBYET
o0beKkT artm.Dictionary, KOTOPBII MOXKHO JHOO cHOPMUPOBATH ABTOMATHYECKH BO
BpeMsl pas30OuMeHns KOJLIEKIMH Ha TMakeThl (3a7aB B artm.BatchVectorizer mapamerp
gather_dictionary, mo ymosuanuio paBublii True), 00 CO3JATh BPYUYHYIO HA OCHOBE
cBouX JIaHHBIX. OOBEKT CJIOBapsi MOYKHO COXPAHWTH B OMHAPHBIN WJIM TEKCTOBBIN hail,
3aTeM 3arpyzKarh ero u3 3roro Qaiiia:

1 bv = artm.BatchVectorizer(data_path=’docword.vw.txt’,

2 data_format=’vowpal_wabbit’,

3 target_folder=’my_collection_batches?)
1 bv.dictionary.save(’my_collection_batches/dictionary?)

s # Load dictionary back during next BigARTM launch:

6 dictionary = artm.Dictionary()

7 dictionary.load(’my_collection_batches/dictionary.dict?)

[oToBBIit cTOBapbh MOXKHO M3MEHATh. J[71s1 3TOr0 JOCTATOYHO COXPAHUTH €ro Ha JUCK
B TEKCTOBOM BHJIE, 3aTeM MOANMUIIUPOBATH MOJIYUYeHHBIH (hailyl 1 3arpy3uTh €ro 00paTHO:

1 dictionary.save_text (’my_collection_batches/dictionary.txt?)
> # Change file according to your needs

3 # Then, load it back

1 dictionary.load_text(’my_collection_batches/dictionary.txt?)

CrnoBapb, COXpaHEHHBIH B TEKCTOBOM aiijie, COCTOUT U3 CTPOK CJIeIYIONEro BUIA:
token class id value tf df

e token — cTpokoBoOe npejcTaBenne ¢ioBa, class id — mopanbHOCTh, tf — abcosorHast
JACTOTA BCTPEUACMOCTH CJIOBA B KOoJLteKnuu, df — 4meio 10KyMeHTOB KOJLIEKIUHU, B KO-
TOPLIX CJIOBO BCTPETUJIOCH XOTa ObI pas. ITose value o yMoT9anmio 3amoiHsaeTcs HopMu-
POBAHHBIM 3HaueHUeM tf, HO MOXKeT OBITH W3MEHEHO (3Ta BO3MOYKHOCTH HCIIOIb3YETCs KAk
MeXaHW3M Tepeadn JaHHBIX B HEKOTOPHIX PEryJsipu3aTopax W MeTPHKaX KadecTBa).
CioBapu MOKHO (DUJIBTPOBATH BCTPOEHHBIME cpejacTBamu 1o 3uadenusam tf n df, na-
IpHUMep, MOXKHO OTOPACHLIBATEL CJIMIIKOM YACThIE MM CAUIIKOM PEIKHE CI0Ba. YKa3aHUe
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coBaps B KOHCTpyKTOope artm.ARTM mnm B MeTome artm.ARTM.initialize 3amaér mo-
POk cTpoK B mMarpunax ® u (n,;) COIACHO MOPSAIKY CJIOB B CJOBAape. DTO BarKHO,
Hanpumep, AJJId MOJAJIbHOCTH METOK BPEMEHU.

Perynsapunsatopbl moryT Bo3jeiictBoBarh Ha Marpuinbl P, O wian (ptdw). Peryns-
puzaTtopsl & MOTyT BO3AEiiCTBOBATHL Ha OTAEJbHBIE MOJaJ bHOCTH. Hanmume mapamert-
pa class_id yKa3bIBaeT, UTO peryasgpu3arop paboTaeT ¢ OIHOI MOIAJTBHOCTHIO, IIO-
yMmoganmnio ¢ @default_class. Hannume mapamerpa class_ids yKa3bIBaeT, UTO pery-
JIIpU3aToOp padoTaeT coO CHUCKOM MOJAJIbHOCTEil, Mmo-ymodanuio co Bcemu. [lodutnm Bee
IMapaMeTpPbl BCEX PEeryjadpu3aTopoOB MOXKHO MEHATH MEXKAYy UuTepanudMn O6y‘{eHI/IH.

SmoothSparsePhiRegularizer — pe2yaapu3amop c2aaincusaHuA—paspercusanul Mam-
puyw, ¢, peasmmzosan o dopmyie (20) ¢ HeGOIBITIM 0000IIEHIEM:

Put = rivoervg/n(nwt + 78w f (Pur))-

Ecaun B ompenenenun KL-muBeprennuu 3amenutsb jorapudm Inz wa dbysrmmo A(x),
to f(x) = xN(z). Ilo ymomuanuo f(x) =1, aro u coorBercTByer Jorapudmy. B 6ub-
JMOTeKe MOXKHO 3ajaBarh f(x) Kak cremennyio dynknuio. Bekrop (f,,) 3arpyxaercs u3
cJIOBapst M 331a8TCs 3HAUYEHUSIMHE 110151 value Kazk10ro cyioBa. JIjis KaxK 101 TeMbl t MOYKeT
OBITH 3a/1aH CBOI TaKoil BeKTOP. TakuM criocoboM MOYKHO 33/[aBaTh «OeJ/ibiey U «IEpHbBIE»
CIIUCKHU CJIOB JIJIsI YaCTHIHOTO OOy IeHUsI.

SpecifiedSparsePhiRegularizer — pez2yaapusamop paspescennocmu P, peannso-
BaH 10 TOif ke (bopmyste, HO T3, SABISETCA KOHCTAHTON M MOJOUPAETCS TAKHM 0Opa30M,
YTOOBI JIOJIsI HYJEBBIX 3JeMEeHTOB B Marpuile ¢ okazajgach He HHKe 3aJaHHOTO MOPOTA.
[Tpu srom dbyuknus f we ucmonablyercsd, o ectb f(z) = 1.

SmoothSparseThetaRegularizer — pe2yaapusamop C2AQHCUBGHUA—DPA3PEAHCUCAHUA
mampuys, O, peamuzoBan o dopmyie (21), ¢ aHATOrHIHBIM 0000TIEHIEM:

Ora = ntoel"Tm (ntd + Taiatdf(etd))-

OyHKIU f UTpaeT Ty Ke POJib, YTO U B PEryasapu3aTope CriaKuBaHUsI—pa3pe:kuBaHus P.
MaccuB MHOXKHUTE e (;; TO3BOSIET YIIPABIATH BO3AEHCTBAEM PeryaIapu3aTopa Ha KazxKI0i
i-if BHyTpeHHeil urepamun oO6paboOTKN JOKyMeHTa. BekTop mim matpuma (yg) mO3BOIIET
YIPABISATH BO3AEHCTBHEM PEryIsipu3aTopa Ha 3JeMEeHThl MaTPUIbl O.

DecorrelatorPhiRegularizer — pezyaapusamop dekoppesuposarus mem 6 Mampu-
ye P, peammzoBan cormacHo (22). Ot moab3oBaress Tpebyercst ykaszarTh Kodbbuipent
peryJsipu3alu T U CIIUCOK MOJIAJIbHOCTEH, Ha KOTOpble HYKHO BO3/IefiCTBOBATS.

TopicSelectionThetaRegularizer — pezyaapuzamop ombopa mem 6 mampuye O,
peasmzoBan 10 dbopmyse (43). EanHcTBeHHOE OTIIMYNe 3aKII0YAETCsT B HATUIHNA MACCHBA,
MHOYKHUTEJIEH (v;, KAK B PEeryaspu3aTope CriaKuBaHUs—pa3pe:kuBanus O.

SmoothTimeInTopicsPhiRegularizer — pe2yaapusamop c2AaiHCu6aHUL MeM N0 MO-
daavrocmu epemeny, 6 mampuye P, peammzosan o dopmysie (32). st KOppeKTHO# pa-
00THI peryjsipu3aropa TpedyeTcss yKas3aTh UMs MOJAJHLHOCTH BPEMEHU W PACIOJIOKHTH
TOKEHBI BpeMeHHU B cJIoBape u B MaTpuie ¢ B XpOHOJTOTHIECKOM TOPSIIKE.
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NetPlsaPhiRegularizer — peeyaapuzamop NetPLSA daa modarvrocmu eepuiur 2pa-
da 6 mampuue @, onpenensercs mo dopmye (46). B mokyMeHTax J0JKHBI OBITH 3apaHee
3amnmcaHbl TOKeHbI BepinH rpada v. B mapamerpax peryisgpuszaropa 3aIai0Tcss UMeHa
BEPINUH v, UX Beca (MomHOCTH MHOKeCTB |D,|) 1 Beca pébep rpada wy,.

ImproveCoherencePhiRegularizer — pe2yaapusdamop Ko2epernmmocmu, Peaan30Ban
o dopmyse (49) u B KadecTBe mapamerpa TpebyeT caoBapb cOBCTpedaeMocTH 0B Cyy,
(cobparh ero MOXKHO € TIOMOIIBIO BCTPOEHHOTO Mapcepa).

BitermsPhiRegularizer — peeyaapusamop 6Gumepmos, peann3oBaH 10 HOPMY-
aam (47)—(48) u B KadecTBe mapaMeTpa TakKKe TPeOyeT CJIOBApb IaCTOT OHTEPMOB Ty,
(3a1a4a ero cOOPKU JOKUTCA HA TMOJB30BATEN).

LabelRegularizationPhiRegularizer — wacmomnuwili peeyaapuzamop mampuiovs
JUTs KyTaccuuKanum ¢ HecOaIaHCHpOBaHHBIME Kaaccamu. Peann3oBan no dgpopmyie (41).
B kauecTBe mapamerpa Tpebyer CIoBapb KJIACCOB CO 3HAYEHUSME UX MOITHOCTEH |D.|.

HierarchySparsingThetaRegularizer — pe2yAapu3amop Uepapruveckoz0 paspescu-
saruA ©, NCIOTB3YeTCd T pa3pe:KUBAHUS MATPHUIIBI CBA3EH MKy POIUTETHCKAMU Te-
MaMHI U UX JOYEPHUMHE TIOJTeMAME B HePAPXUIECKUX MOJEIAX, cormacHo dhopmye (45).

TopicSegmentationPtdwRegularizer — pezyaapuszamop E-waza ora pazpescusanus
ceemenmos 6 Mampuyar (P, ), ONpeaeasemblii o dopmye (62).

SmoothPtdwRegularizer — pezyaausamop E-waea das cenasncusarua mampuyy (Pray )
0 JOKAJTBHOMY KOHTeKCTy. lIpumbmmxaer Temarndeckuil mIpoduIb KazKI0T0 BXOXK/ICHHAI
TepMa K ycpeaHeHHOMY mpoduiio ero coceseil (1o okHy (hUKCHPOBAHHOI ITUPHHDI ).

PeryngapusaTopbl MOTYT BKJIIOYATHCS, OTKIIOUATHCS WU MOIUMDUITTPOBATHCS B JTIO00i
MOMeHT Mezkay BbizoBamu fit_offline wyim fit_online, 4To mO3BOJIgET, B COBOKYIIHO-
CTH C KOHTPOJIEM METPHK KadecTBa, I'MOKO IMepecTpanBaTh CTPATEIHIO Pery/sipu3aliu
B COOTBETCTBUU C TEKYIIUM COCTOAHHUEM MOJEJIN. HpI/IMepi

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)
6 print model.score_tracker(’sparse’).last_value

s # Printing result: 0.15 - too small. Let’s increase tau
o model.regularizer[’decor’].tau = 3e+b
10 model.fit_offline(batch_vectorizer=bv, num_collection_passes=15)

MeTpukn kadectBa 100aBIAIOTCA 4depe3 Mo scores oObekra ARTM. B sror momenT
Yy MHOTHX METPHK MOXKHO 33JaBaTh MapaMeTpbl. BeluncIeHHbIe 3HAYEeHUsS MeTPUK H3BJe-
KAIOTCsI dYepe3 1oJist score_tracker.

PerplexityScore — nepnaekcus, Boranciasgemas 1o dpopmyie (63). Ins eé KOppekr-
HOIT PabOTHI HYKEeH CJ0BapPh, COAEP:KAIINI HOPMUPOBAHHBIE YACTOTHI CJIOB B KOJIICKIIHH
(He MomudunmpoBanHbie 3HadeHust value auist Kazkaoro ciosa). OHI HCHOTB3YIOTCS B Ka-
decTBe AMMPOKCHMAINH HYJIEBBIX 3HadeHuii p(w|d) w MO3BOJISIIOT KOPPEKTHO ONEHNBATH
MOJIESTA Ha OJTHOM CJI0OBape, HO C pa3HOil CTEMeHbI0 Pa3perkKeHHOCTH.
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[Tpumep MOAKIIOYEHHs] MEPILIEKCUH s MoJaibuocTu @default_class (crangapTHast
MOJIATTBHOCTH CJIOB):

. # m = artm.ARTM(...)

> m.scores.add(artm.PerplexityScore (name=’perp’,

3 class_ids=[’@default_class’],
4 dictionary=dictionary))

3HavdeHus MePIIEKCHI MOYKHO BBIBECTH CJIeIyIommM obpasom (Bmecto value MoxHO
BBIBECTH, HATIPUMED, YUCTUTEb U 3HAMEHATE b MePILUIeKCHI M0 KayKI0# MOIAIbHOCTH):

1 print(model.score_tracker[’perp’].value)

[Toste value comepKuUT BCIO HCTOPUIO 3HAYEHWH METPUKH 110 OOHOBICHUSAM MATPUILI .
Y moboro moJist 1000 METPUKH MMeeTcs BapuaHT ¢ npedukcoM last_, KOTOPBIA BO3-
BpalllaeT 3HAaYeHWe METPUKN HAa MOMEHT TOC/eIHell CHHXPOHW3AIUH. JDTO MOYKeT ObITh
MMOJIE3HO JJIA TOJIyYeHUsd MAaCCUBHBIX MeTpuk Thmna TopTokensScore.

SparsityPhiScore/SparsityThetaScore — paspescernrnocmu mampuy © u O. Orne-
HUBAIOTCS JT0JIeil 97IeMEeHTOB MATPHUIIBI, MEHBITHX 33/IAHHOTO TT0JIH30BATEIeM MOPOra.

TopTokensScore — mon-ca068a 6 memax, CIUCOK W3 3aJaHHOTO YHUCJIA CJIOB C HaW-
OOJIbIIIell BEPOSITHOCTBIO IO KaxkKjaoi Teme. Eciu B mapaMerpax 3TOil METPHKH yKa3aTb
CJIOBapbh, COJEpIKAINM JTaHHBIE O MOMAPHONH BCTPEYAEMOCTH CJIOB, TO OYJIET BBIYUCICHA
KOTepPEHTHOCTH coher; Mo CIHCKaM TOM-CJIOB B TeMax, cornacHo ¢dopmyie (64).

TopicKernelScore — Adposvie Tapakmepucmuky mem: 9UCTOTa PUr,, KOHTPACTHOCTh
cong, pa3Mep sjipa ker; oneHuBaolire pa3audHOCTb M, KOCBEHHO, HHTEPIPETUPYEMOCTH
KazKJ10ii TeMBbI t, cM. ¢Tp. H4. AHAJIOTMYHO TOI-CJIOBAM, YKa3aHHE CJIOBAPSI COBCTPEIAEMO-
CTeil 3aImycKaeT MOJACYET KOTePpEeHTHOCTH, HO Telmeph yiKe IO sSIpaM TeM.

BackgroundTokensRatioScore — dossa horosux 06, ONEHUBAET JIOJIO CJIOB, JIJIst KO-
topbix KL-nuBepreniust Mexx 1y pacnpenesennsmu p(t) u p(w|t) Bbile 3a1aHHONO MOPOTA.

TopicMassPhiScore — wacmomu, mem ny u pacupejaenenus p(t) = % JJ1d BCEX TeM T,
BBIUUC/ISIEMBIE TT0 MATPHIIE (Thyy)-

ItemsProcessedScore — wucao 06pabomanHvls JoKyMeHMO8, TEXHUIECKAsT METPUKA,
MTOKa3bIBAIOIIAsT [0 UTEPANNSM KOJNYECTBO JIOKYMEHTOB (C TOBTOpaMH), 00pabOTaHHBIX
EM-anropurMoM ¢ MOMEHTa BKJIIOUEHUS METPUKH.

PeakMemoryUsage — nukogoe nompebienue namamu, TeXHuIecKas MeTpUKa (JO0CTyII-
Hast To1bKO B C++ nHTepdeiice), npegocrapsionias nHOOPMAIHIO O MAKCHMAIBHOM T10-
TpebJIeHNN ONePATUBHON MaMSITH 33 BpeMs KaykJI0W WTepalun aJropuTMa.

[Tonb30oBaTe b MOXKET He TOJTBKO CO3/aBAaTh COOCTBEHHBIE METPHUKHU, HO U BBIYUCSTH
X HAIPIMYIO, CJeIaB BBITPY3KY HapaMeTpoB mozaenn ¢ u ©.

Boirpyska napamertpos mogenu. B cienyoonmem Kojie HOKa3aHO, KaK MOJYyUYATHL MATPH-
1y ® (tounee, nepsoie 10 Tem 1edoaTHON MOJATLHOCTH):

1 model.get_phi(topic_names=model.topic_names[: 10],
2 class_ids=[’@default_class’],
3 model_name=model.model_pwt)
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Ykazanue napaMmerpa model_name=model.model_nwt mo3BOJISIET aHAJOTHIHBIM OOpa-
30M MOJTYYHUTH 3HAYEHUS Nyyr BMECTO (Dyt.

C matpurneit © MoxKHO paboTaTh Mo-pasHoMy. Bo-mepBeIX, eé MOKHO BOODIIE HE Xpa-
HUTH, €CJIM OHA He HyKHAa. BO-BTOPBHIX, MOKHO XPAaHUTH €€ B K3IIe, 3aJaB Iepej Hada-
JioMm obydvenust mapamerp cache_theta=True. B Tperbux, MOXKHO BKJIOYNTH XpaHenune O
B $-mo00HOIT MaTpuIle, 3a1aB napaMerp theta_name. 9To JacT CBOOOIHBIN JOCTYII K MAT-
puIle Ha YTeHHe U 3aIuch B JTI000if MOMEHT. B mepBoM ciiydae BHITPY3UTh MATPHUILy HEBO3-
MOYKHO, B OCTaJIbHBIX ITPUMEHHUM CJIeIYIOIIHi KO

1 # case 2

> model.get_theta()

3 # case 3
 model.get_phi(model_name=model.theta_name)

Bce onucannbie Bbiliie BHI30BBI BO3BpAINAOT 00beKThl pandas .DataFrame.

[Tomumo onucannoro muarepdeiica BHIIPY3KH MaTPHIl, €CTh BO3MOXKHOCTDH IMOJIYyYUTH
yKa3arejb Ha MATPUIy U HANPAMYIO MOIU(PHUIMPOBATH MaMSTh, UCIOJIB3YEMYIO SPOM
OuOIMOTEKH, YTO CYIIECTBEHHO YMEHBIIAET PACcXo/l MaMsITH ¥ BPEMsi BbIYHC/ICHHUII.

MHoronoTto4Hbii naketTHbln EM-anroputm. Bubtamoreka BigARTM mo3Bosser obpada-
TBIBATh KOJLIEKITUU JOKYMEHTOB, He TIOMEIIAONINecs B OMePaTUBHYIO MaMATh. [ 3Toro
koJuteknust D ¢ nomombio BatchVectorizer pasbuBaercs na nakersl Dy, b=1,... B,
KazKJIpIl U3 KOTOPBIX XpaHUTCcsA B oT/ebHoM (haitie. [TlakeTsr obOpabaThiBaloTcst MO Ode-
pean. Kakaplit makeT 3arpyzkaercs B MaMdaTh, OOHOBJIgeT Marpuily ¢ m BBITpyKaeTcd.
OOBIYHO UCHOTB3YIOTCS TTAKETHl Pa3MepoM OT COTEH KHJIODAHWT [0 JeCATKOB MerabaiirT.
KosddbunuenTsr peryigpuszanun 33/ a0TCA B MOMEHT CO3/IaHUS MOJIE/H, HO TOTOM MOTYT
OBITH B JITOOOI MOMEHT U3MEHEHbI, B TOM 4ducje B xojue EM-ureparmii.

Oyukmust ProcessBatches obpabareiBaer 3a oxmn pa3 MuoxkectBo makeros {D,},
cm. Anropurm 3. Jlst KaxKa0ro JoKyMeHTa d KayKJI0ro u3 makeToB [, MTPOU3BOIATCS WTe-
parun BekTopa 0y co BcTpoeHubiM E-mmarom npu dukcuposannoit marpurne $. Ha mocme-
Heil uTepanun JOKyMeHTa OOHOBISIOTCI CUETUUKH 7,y TEKYIIEro IMaKeTa.

B 6ubmmoreke peann3oBaHO HECKOJIBKO CTpATErdil arperupoBaHUs CUETUUKOB, MOJIY-
YEeHHBIX OT PAa3HBIX ITAKETOB, B HTOTOBBIX CUETUMKAX Tyy¢.

Odgpratinoswtd anreopumm FitOffline cosepmaer MHOro mpoxXomoB 1O KOJIEKIHN.
Ha ka»k10M 1poxo/ie CHETIYUKH N,y POPMUPYIOTCS TP (puKcHpoBaHHO# MaTpuie ¢ u cym-
MUPYIOTCsS 10 BceM jgokyMenTaM. QoHoBIeHHE O ¢ yIETOM BCEX PETYISPU3ATOPOB MPOU3-
BOJUTCSI B KOHIIE KayK/IOT0 MMPOXO/1a KOJIEKIIUU B OJHOOTOUYHOM pexkume. OddaaiiHOBBIH
peKUM OPHEHTHPOBAH Ha 0OPADOTKY OTHOCHUTETHHO HEOOJTBIINX KOJLIEKITHI.

Onaatinosviti anzopumm FitOnline 611 peniozken st momenn LDA B [48], mo3xe
qtst moziesn PLSA B [20]. On peanuzoBan B 6ubinorekax ManmHHOrO obydennst Vowpal
Wabbit, Gensim u apyrux, m cumrtaercs Haunbosaee 3PQMEKTUBHBIM METOIOM 00yJIeHUsI
TeMaTuaeckux mozeseii. Ero ocHoBHas miest 3aK/IF09AETCA B CHEIUAJIBHON OpraHu3aun
I0CJIeIOBATETLHOCTH BhIUKCIeHMi 10 popmyaam E-mara n M-mara. Ona He 3aTparuBaer
MeXaHI3MbI peryasgpusanui u onuHakoBo npumvennya K PLSA, LDA u ARTM. Onnaiimo-
BBl &JITOPUTM JIeJTaeT OJMH MPOXO/I O KOJIIEKIUH, OOHOBIASI MaTpuIly P mocse KarxKaIbx
7) MakeToB: Ha mare 21 CYETIYUKH 7N, HAKOIJIEHHBIE TIO 7) TOCJEeTHUM MaKeTaM, CYyMMU-
PYIOTCA CO CUETINKAMU 71,1, HAKOIJICHHBIME MO BCEM TTAKETaM, € BECAMA Kgecay W Kapply-
Ha miare 22 marpuma ¢ nepecauTbiBaeTcs M0 OOHOBJEHHBIM CUYETUMKAM C YIETOM pery-
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Anropurm 3. Oddnaiinoswiii n omnaiinoserit EM-anxropurm ais ARTM

1 cpyHKLNA (71,:) := ProcessBatches (muozxkecrBo makeros { Dy}, marpuia D);
2 Ny =0 gt Becex w € W, t €T
3 0N Bcex maketos [y, BCeX JOKyMeHTOB d € D,
4 HHUIAATA3APOBATE Oy 1= ﬁ s Beex t € T
5 NnoBTOPSITb
6 Didw = norTm(cpthtd) s Beex w € d, t €T
te
7 Opg := noerm( > NawPrdw + Qtdaae—il) ansg Beex t € T
wed
noka 6, me coiiaércs;
Nawt = Nt + NawPtdw I Beex w € d, t € T

10 cbyHkuums FitOffline (komnexiua D = {D,: b € B});
11 MHUIHAJU3UPOBATD (O Jisd Bcex w € W, t € T

12 NOBTOPSITb

13 (nwt) == 3., ProcessBatches(Dj, ®);

— OR .
14 Dwt = rqluoervrvn(nwt + @wtm) st Beex w € W, t €T,

15 noka P me coitnéres;

16 cpyHkums FitOnline (komnexims D = {Dy,: b € B}, mapamMeTpsl Kgecay; Kappiy, 1)
17 WHUIHATI3UPOBATD (O, I Bcex w € W, t € T}

18 Ny := 0 gt Bcex w € W, t € T

1w anai:=1,...,|B/n]

20 (Mwt) := ProcessBatches({Dyi—1)+1,- .-, Dpi}, ®);

21 Nt = KaecayMuwt + KappryTwe A1 Becex w € W, t € T
22 Pwt = norm(nwt + @wta‘?—R) st Beex w € W, t €T,
weW Pwt

Jnsipu3aTopoB. OHIANHOBBII aaIrOpUTM OPHEHTHPOBAH HA 0O0PAOOTKY OOJIBIINX KOJLIEKIIHIT
WJIM TIOTOKOB JIAHHBIX.

Becosble K09 PuuueHTsl Kgecay U Kapp1y MO3BOJISIOT YHPAB/IAThL TEMIIOM 3a0bIBAHUS
HpeIbIAYIINX MakeToB. IMeeTcst BO3MOXKHOCTD 33,/1aTh 3TH KO3MOUIUEHTHI 110 (DOpMYyIaM,
pexoMeHTOBAaHHBIM B [48|: Kaecay = 1 — pi, Kappiy = pi, Ta€ p; = (79 + )", 3HaUenue 7,
3aJ1al0Tcd B auama3one oT 64 mo 1024, snavenug x — ot 0.5 g0 0.7.

KonTpons ycnosuii cxogumoctn EM-anropurma Bo3maraercsa Ha mosb3oBaTend. [Ipo-
e BCEro 3a/IaBaTh UUCI0 UTEPAIHil O KOJJIEKIINT U 10 KayKJIOMY JOKYMEHTY.

B omnaitmoBoMm anropurme pazOmeHHe KOJIEKIMH Ha IMAaKeThl U HMOPAI0K 00pabOTKU
MAKeTOB MOTYT BJIHMATH Ha Pe3y/abTaT, B oTimdue oT oddraiiHOBOro aaropurma. ITodnI
YMEHBIIUTH 3TO BJAUSHUE, KOJJICKIIMIO Pa30MBAIOT HA MAKETHI CIydYaiiHbIM 0Opa30M.

B ommaiinoBom asropurMe, Kak u B 0@ IaiHOBOM, BHEIIHANA MUK IO MAKETAM BbI-
MOJTHSIETCST TapaJIJIeJIbHO B HECKOJILKO TIOTOKOB. [Ipu 3TroMm obpaboTka cjieyiomneit mopnun
aKeToB He HAaYMHAEeTCs, IMOKa He 3aBeplieHo oOHoByeHue marpuilbl ¢ Ha marax 21-22.
B pesynbrare BBIUHCIHTENbHBIE PECYPCHI HCIOAB3YIOTCA HeIMDMEKTHBHO. DTa mMpodaemMa
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perraeTcss demepMuHuUpOSEHHBLM ACUHTPOHHDLM OHAATIHOBIM AA20DUMMOM, B KOTOPOM
IIPUMEHSIOTCST OOHOBJIEHUS ¢ 3ama3jbiBanueM [44].

B BigARTM odduraitnoBrerii asroputm 3amyckaercss ¢ynknmeit ARTM.fit_offline,
onnaiHOBBIE — dyHKimeii ARTM.fit_online. /lig BKIIOUEHHs JIeTePMUHHPOBAHHOTO
ACHHXPOHHOTr'O aJTOPATMAa MOCTIEIHEel HANO NepeaTh napaMeTp async=True.

HOCTpOGHHyIO TeMaTU4YeCKYIO MOJEJIb MO2KHO UCITOJIB30BaTh AJId TeMAaTU3alluN OTAE/Ib-
HBIX JOKYMEHTOB Ipu (pUKCHpoBaHHOi MaTpuie $. 9Ta BO3MOKHOCTH peann3yercsa (pyHK-
mueii ARTM. transform, KoTopas IPOIycKaeT JOKyMeHTHI depe3 ProcessBatches.

Mepapxuyeckasa TemaTnyeckas mogesnb peann3oBana B BigARTM oTaebHBIM KIaCCOM
hARTM. YpoBHE nepapxuu co3garorcsa (pyuknueir add_level, g KazKJI0ro YPOBHS 3aJ1a-
érca gncao Tem num_topics. Oyuknusa add_level BoszspamaeT 06beKT ARTM, ¢ KOTOPBIM
MOKHO paboTaTh KaK C OOBIYHON <«ILIOCKOI» MOIE/IbI0, B YaCTHOCTH, J00aBILAThL K Heil
peryssipu3atopsl. [Ipumep co3ganust AByXypPOBHEBOI MOJIeIN:

it hier = artm.hARTM()
> levelO = hier.add_level(num_topics=5)
3 levell = hier.add_level(num_topics=25, parent_level_weight=1)

Oyukmnust hier.fit_offline obyvaer TemMaTnyecKyo nepapxuio Mo 3aaHHOI KOJLIeK-
UK, UCTIOJIB3Ys peryaspu3arop (44) 17is CBI3bIBAHUSA KAaZKIOTO YPOBHSI HEPAPXUU C POJTH-
tebekuM. Marpurbl ¢ u © Bcex ypoBHeit MOTYT OBITH MOJYYEHBI C HOMOMNIBIO (DYHKITHI
hier.get_phi u hier.get_theta.

16 Pa3Beao4Hbli MHPOPMALMOHHbI NONCK

BarkubIM npuIoyKeHHEM TEMATHIECKOTO MOJETUPOBAHUSI SIBISIETCS UHPOPMAUUOHH LT
nouck (information retrieval) [154, 14]. CoBpeMeHHBI® TIOUCKOBbIE CHCTEMBI MTpeIHAZHAYE-
HBI, TJIABHBIM 00OpPA30M, JJIs1 MIOMCKA KOHKPETHBIX OTBETOB HA KOPOTKHE TEKCTOBBIE 3AIPO-
cbl. /Ipyrue mouckoBbie TOTPEOHOCTH BOSHUKAIOT Y TMOIB30BATE e, KOTOPBIM HEOOXOIIMO
pa3obparhCs B HOBOil MpeaMeTHON 00JIacTH WJIM TONOJHUTH CBOi Oaraxk 3nanmii. [Tosn-
30BaTeIh MOYKET He BJIaJIeTh TEPMUHOJIOTHEH, ¢J1a00 MOHUMATH CTPYKTYPY IPEIMETHOM
00J1acTH, HE UMETh TOYHBIX (POPMYJMPOBOK 3alpoca W He MoJpa3yMeBaTh eMHCTBEHHbII
MPaBUJIbHBII OTBET. B TaKMX caydasx Hy»KeH MOUCK He MO KJII0YEBBIM CJI0BAM, & MO CMbIC-
JIy. 3ampocoM MOKeT OBITh JJIMHHBIN (parMeHT TeKCTa, JOKYMEHT WU MOAOOPKa JIOKY-
MeHTOB. Pe3ybraToM moucka J0/12KHa ObITh YI00HO CHCTeMATU3UpOBaHHAsT NH(MOPMAIIHSI,
«JIOpO’KHAsT KapTay MPeIMETHON 00JIacTH.

Jnsg 3TuxX caydaeB MOAXOMUT MAPAIUTMa paseedouroz0o UHGOPMAYUOHHOZ0 NOUCKA
(exploratory search) |74, 148]. Ero nesbio siBiisieTcst ojiydenne OTBETOB Ha CJOXKHbBIE BO-
POCHI: «KaKKMe TeMbI MPEJICTABIEHBl B TEKCTE 3alIPOCay, «9TO YUTATH B MEPBYIO OYepPe/lh
[0 9TUM TeMaM», «4TO HAXOJUTCS Ha CTHIKE 3THX TeM CO CMEYKHBIMU ODJIACTAME», «Ka-
KOBA TeMATHUIECKasd CTPYKTypa JAHHON MpeaMeTHON 001acTy, «Kak OHa PAa3BUBAIACH BO
BPEMEHW», «KAKOBBI TOCTIETHIE TOCTUKEHUI», «TJIe HAXOISITCS OCHOBHBIE IMEHTPBI KOMIIe-
TEHTHOCTH», «KTO SIBJISIETCS KCIIEPTOM TI0 JTaHHOiT Teme» u T. 1. Ilosb3oBarens oOBIIHOMN
[OUCKOBOW CHCTEMbI BBIHYKJIEH UTEPATUBHO mepepOpMyInpoBaTh CBOM KOPOTKUE 3AIPO-
ChI, PACITUPsisi 30HY TOUCKA MO Mepe YCBOEHUsI TEPMUHOJIOTUU MPEIMETHOI 0b1acTu, me-
PHOIMYECKH TIePeCMATPUBAS U CHCTEMATH3IUPYS PE3YIbTATHI MOUCKA. JTO TpedyeT 3aTpaT
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BpeMeHN ¥ BLICOKON KBasudukanuu. [Ipn oTcyTcTBUN HHCTPpYMEHTA I MOJTyYeHus «00-
et KAPTUHBI» OCTAETCS COMHEHUE, YTO KaKNe-TO BayKHbIE ACEKTH N3yIaeMOii MpohIeMbl
TaK U He Oblin Haiijenbl. Ecim oOpa3Ho npejacTaBuTh UTEPATUBHBIN TMOMCK Kak OJIyZK ia-
HUEe 10 JJAOUPUHTY 3HAHWIl, TO Pa3BEJOYHBIN MOUCK — 3TO CPEJACTBO aBTOMATUYECKOTO
MOCTPOEHUST KAPThI JIJIsA JIFOOOH 9acTh TOro JTabupUHTA.

TemaTtuyeckunii nouck. [loaHOTEKCTOBBIE MOMCKOBBIE CHCTEMBI OCHOBAHBI HAa MHBEPTH-
POBAHHBIX HWHIEKCAX, B KOTOPBHIX /T KayK/IOTO CJIOBA XPAHUTCS CIUCOK COJIEPXKAIIAX er0
nokymenTos [9]. TTouckoBast cucrema WIreT JTOKYMEHTHI, COIEprKAIlie Bee CJI0Ba 3a1mpoca,
MO3TOMY T10 JJIMHHOMY 3aITpoCy, CKOpee BCero, Hm4ero He Oyjer Haii1eHo.

CucremMa TeMaTHYECKOr0 Pa3BeIOYHOrO MOMCKA CHAaYaJa CTPOUT TEMATHYECKYI0 MO-
JIeJIb 3aIpoca U ONpeiesieT KOPOTKHIl CIIMCOK TeM 3ampoca. 3aTeM JJIs MOUCKA, JTOKYMEeH-
TOB CXOXKeil TeMaTHKN MTPUMEHSIOTCSA Te YK€ MeXaHU3Mbl NHAEKCUPOBAHUS U IMMOUCKA, TOTb-
KO B POJIN CJIOB BBICTYHAIOT TeMbI. [[0CKOBKY YHMCI0 TeM Ha HECKOJIBLKO MTOPSTKOB MEHBITIE
0o0béMa cIoBaps, TEMATHIECKUl MONCK TpeOYyeT HAMHOI'O MEHbIIe MaMATH 10 CPABHEHUIO
C TIOJIHOTEKCTOBBIM IMOMCKOM W MOYKeT ObITh peajin30BaH Ha BeChMa CKPOMHOI TEeXHHKE.
Texnomorun nHMGOPMAIMOHHOTO MONCKA HA OCHOBE TEMATHYECKOr0 MOJIEINPOBAHUS B Ha-
crosIee BpeMst HAXOIATCS B CTINN UCCIeI0BaHuil U pa3paborok [121, 21, 98, 28, 13, 140).

B aureparype 1o pa3BegoaHOMY MOUCKY TEMATHIECKOe MOJIEJTNPOBAHNE CTATNA HCIIOIb-
30BaTh OTHOCUTEJILHO HegaBHo (112, 46, 109, 129], a MHOTHE 0630PBI O HEM BOOOIIE HE YIIO-
vuHaror [42, 106, 119, 55, 75, 52|. B uemapueii crarbe [129| BaxKHBIME TPEUMYIIECTBAME
TeMaTHIeCKUX MoJiesieil Ha3hIBAIOTCS T'MOKOCTh, BO3MOYKHOCTH BU3YAJIM3AIUN W HABUTA-
. B To ke Bpemsi, B Ka4ecTBe HEJOCTATKOB OTMEYAITCS MTPODJIEeMbl ¢ HHTEPIPeTUpye-
MOCTBIO Te€M, TPYIHOCTHU C MoaupuKameit TeMaTuaeckoit MO PH MOCTYILJIEHUH HOBBIX
JIOKYMEHTOB M BBICOKASI BBIUUCIUTETbHAS CJI0KHOCTH. DTU MPOOJIeMbl OTHOCATCA K yCTa-
PEBIINM MeTOJaM M YCHENTHO pPelleHbl B TMOCTeIHUe TOBI: TeCATKH HOBBIX MOJETel pas-
paboTaHbl /s VAYUIIeHHS HHTEPIPETHPYEMOCTH; OHJIARHOBBIE aITOPUTMbBI CIIOCOOHBI 00-
pabaThiBaTh GOJIBIIIE KOJJIEKIHH U MOTOKK JOKYMEHTOB 3a JnHeitnoe Bpems (81, 20, 131].
C apyroit ¢cTOpoHbI, B paboTax MO TEMATHIECKOMY MOJIEJIUPOBAHUIO PA3BEIOTHBIN TMOMCK
JaCTO HA3BIBAIOT OJHUM U3 BayKHEUTITHX MPUIOKEHUI, & OMEHKN Ka9ecTBa MONCKA HCIOTb-
3ytoT Jist Bamuganun Mogeseit [154, 14|, Oguako 9T uccaeI0BaHus MOKA HE MPUBEN
K CO3JIaHUIO OOIIEOCTYIIHBIX CHCTEM pa3BeJIOYHOTO MmoucKa. Bcé 31o rosopur o pas3ob-
MIEHHOCTU HAYYHBIX COODIIECTB, pa3padaThIBAIONINX 3TU JBa HanpaBjaeHus. TeHIeHInsT
K UX COJIMYKEHWIO HAMEeTHUJIACH JIMITh B TOCJIEeIHNAE TOJIbI.

Temarudeckast Mojesb IS Pa3BeIOYHOIO IMONCKA JIOJIXKHA YAOBIETBOPSITH MHOTHM
TpeboBaHUAM OZHOBpeMeHHO. OHA JOJIKHA COCTOSIThH W3 XOPOIITO HHTEPIPETHPYEMBIX TEM,
OCKOJIbKY TeMbl MHTEHCUBHO HUCIOJIB3YIOTCS B IOJH30BATENILCKOM HHTepdeiice 11 Ha-
BHUTAIMHU 10 KOJIJIEKITMU U BU3YATU3AIUN Pe3yabTaToB noncka. OHa J0KHA OBITH pa3pe-
JKEHHOM, 9TO0BI KazKAbIil JIOKYMEHT COCTOsIJI 13 HeOOJIBIIIOTO YHUC/Ia TeM — 3TO HEOOXOIUMO
115t 9 PEKTUBHOrO XpaHeHusT HHBEPTHPOBAHHOTO wHAeKca. OHa M0JKHA OBITH HepapXu-
9ecKoif, 9TOOBI 1MOJIL30BATEIb MOT' TOJIYINUTh MPEACTaABICHNE O TEMATHIECKON CTPYKTYype
IpeaIMeTHO 001acTH Ha JTI0O00M ypoBHE jJeTanu3anun. OHa T0M:KHA aBTOMATHIECKH OIpe-
JIeAITh 9UCT0 TeM Ha KayK/IOM YPOBHE MepapXud W aBTOMATHYECKHU CO3/aBATh W UMEHO-
BaTh HOBBIE TeMbl. OHA JOKHA ObITh MYJIHTUTPAMMHOMN, TaK KaK BBIJETEHHE KJIIOUEBBIX
dpa3 1 TEPMUHOB CYIIECTBEHHO Y1y YIIaeT HHTEPIPETHPYEMOCTh TeMbl. OHa J0/IKHA OBITH
MYJIbTUSI3BIYHONW B TeX IMPUJIOKEHUX, TJie TPedyeTcst KPOCC-3bIIHbIN TOUCK, HAIPUMep,
IpU aHAJIU3e MATeHTHBIX 6a3. OHa J0MKHA OBITH MYJTBTUMOIATBHON, YTOOBI YINTHIBATDH
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MeTaJaHHble JOKYMEHTOB, BK/IOYas aBTOPOB H IuTHpoBaHue. OHa J01KHA OBITH TEM-
OPAJIbHOM, ITOOBI BBISIBIATH AUHAMHUKY pas3BuTusa TeMm. OHa J0KHA OBITH CErMEHTH-
pyIOH.[eﬁ, LITO6I)I HE TOJIbKO HaXOJUTH peJIeBaHTHbIC HJOKYMEHTBI, HO U YKa3bIBaTh B HHUX
KOHKpeTHbIe cerMeHThl. OHa I0KHA OBITH 00yYaeMoil 1Mo OIeHKaM acecCOpPOB WU JIOTaM
noJib30BaTe1eif, YToObl TMOCTOSHHO YJIydIlaTh KadecTBO moucka. Hakower, peasn3aiius
JIOJI2KHA OBITH OHJIARHOBOI, MapasIe/JbHOR U pacupeneaeéHHoi, 9To0bl 3 deKTHBHO 00pa-
OaTBHIBATH OOJIBINNE KOJJIEKIIMH TeKCTOB. TakuM 00pa3oM, MHOTHE BO3MOYKHOCTHU JTOJIZKHBI
OBITH OO'bEINHEHBI JJIsi CO3IaHUsI CEPBUCOB Pa3BeI0THOTO MONCKA.

KayectBo pa3Bego4Horo noucka. Mogenr ARTM g pasBeiodHoro momcka ObLia,
npenokena B [12] u yiayunena B [152]. s n3mepenus: kadecTBa pa3BeodHOTO TeMa-
TUYIECKOI'0 NOHCKa HUCIIOJIb30BaJIUCh KPUTEPUU TOYHOCTU MW IMOJIHOTHBI Ha OCHOBE OIEHOK
aceccoposB. st onennBanus Obljla cOCTaBJIeHa BBIOOPKA 3aIIPOCOB — 3aJIaHU pa3Be/104-
HOrO moncka. Kazk IpIii 3ampoc mpeacTaB/isa co00il TeKCT 00bEMOM OKOJIO OTHON CTpaHUIILI
dopmara A4, onuceiBaoOIIit TEMATHKY TONCKa. KazK10e 3a/1aHme CHada1a BBITOTHSIIOCH
HE3aBUCUMO HECKOJIbKUMH aCeCcCOpaMM, 3aTeM CHCTEMOW TeMaTHYeCKOTO IOUCKA, 3aTeM
eé pe3yJibTaT CHOBa OIlEHUBAJICA aceccopamu. /[aHHash METOJIMKA MO3BOJISET, €INHOKIbI
c/ieJiaB Pa3MeTKy pe3y/ibTaToB MOMCKA, MHOTOKPATHO OIEHUBATH KAYeCTBO PA3JIMIHBIX Te-
MATHYECKUX MOJiesIeil 1 MeXaHU3MOB TOUCKA. DKCIEePUMEHTHI Ha KOJIEKIUAX 175 Thicad
cTaTeil PyCCKOSI3BITHOTO KOJLIEKTUBHOTO Os1ora habrahabr.ru u 760 Thicad cTareii aHmIO-
s3bIYHOTO OJ0ra techcrunch.com mokasajn, 9TO TEMATUYECKUN TTOUCK HAXOJIUT OOJIbINE
peJIeBAHTHBIX JIOKYMEHTOB, YeM acecCcopbl, COKpallas cpejHee BpeMs MOHMCKa C TOJIyda-
ca JIo ceKyH/ibl. KoMOMHUpOBaHUE PEry/Isipu3aToOpOB JIEKOPPEJIUPOBAHUS, PA3PEKUBAHUS
U CIVIa’KUBAHUS BMECTe C MOJIATbHOCTSIMHE N-T'PAMM, aBTOPOB U KaTerOpwil 3HAYNMO YTy d-
IIaeT KauYeCcTBO MOMCKA U IO3BOJILeT JOCTHYL TOYHOCTH BhImre 80% u momnoTrs! Boime 90%.

Busyanusauunsa. Cucremarusaius pe3yIbTaTOB TEMATHIECKOTO TTOUCKA HEBO3ZMOZXKHA 6e3
MHTEPAKTUBHOrO rpaduveckoro mpejacrabienus. B o63ope [2] onucwiBaiores u cpaBHu-
BaioTcs 16 cpejcTB BU3ya/JM3allud TeMaTHYeCKUX MOje/eil Ha OCHOBe BeO-uHTepdeiicoB.
Emié 60/bIme neit MOYKHO MOUEPIHYThL U3 HHTEPAKTUBHOrO 0630pa’, KOTOpHIil HACUNTHIBA-
et 6osiee 400 cpeacTB Bu3yaJsm3anun TeKcToB. HecmoTpst Ha Takoe 60TaTCTBO TEXHUYECKUX
pereHuii, OCHOBHBIX H/Iell BU3yaJM3aIllid TeMaTHIeCKUX MOjesell He TaK MHOTO: 3TO JIHO0
JIByMEpHOe OTOOpazkeHne CeMaHTUUIECKOH OJM30CTH TeM B BHje rpada WIH «I0POXKHON
KapThI», THOO TeMaTudecKas uepapxus, JTHO0 JUHAMHUKA PAa3BUTHUS TeM BO BpeMeHH, JTHO0
rpadoBasi CTPyKTypa B3aUMOCBsI3eil MeK/y TeMaMu, JOKYMEeHTaMU, aBTOPAMW WJIU WHbI-
MU MOJaJIbHOCTAMU, JII/I6O CerMeHTHad CTPYKTYpa OTAE/JIbHbIX JOKYMEHTOB.
['pacduyeckas Buzyaan3anmsa OOJTBITIX JAHHBIX TPAKTUUECKH OECIIOIe3HA B CTATHIHOM
HCIIOTHEHUHU, HO MOYKET OKa3aThCA MOIIHBIM KOTHUTUBHBIM CPEJICTBOM B CJIydae HHTEPAK-
THBHOI peanu3anuu. DTo ObLIO moudaTo 6osee 20 jmer Hazam u chopmyaupoBano benom
[[TaeitepManoM B BHIE MAGHMPYL BU3YAALHO20 NOUCKE UHPOPMAUUL: «CHATATA KPYTHBII
1J1aH, 3aTeM Maciuiabuposanne u pUILTpaIUs, JeTajiu 1o Tpebosanuio» [117).
['pacbuueckoe orobparkenne pe3yabTaToB TEMATHYECKOTO MOJICTUPOBAHUS U Pa3Be 04-
HOTO MOMCKA COTJIACYeTCsl ¢ KoHMenueii daavrezo umenus (distant reading), npeioxken-
HOIi corrosiorom smureparypsl @panko Moperru [85]. Ou nporuBomnocTasisier ST0T Cocos

Shttp://textvis.lnu.se — HHTEPAKTUBHBIH 0030D CPECTB BU3YAJM3AINHA TEKCTOB.
"Visual Information Seeking Mantra: «Overview first, zoom and filter, details on demand» [117].
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M3y4YeHus] TEKCTOB HarmeMy oObraHOMy urenuio (close reading). HeBo3MoOxKHO mpounTaTh
MIJITHOHBI KHUT WJIA CTaTei, HO BIIOJTHE BO3MOYKHO MNPUMEHUTH CTATHCTHIECKNE METOIbI
1 rpauyuecKkyio BU3yaIU3aIMIo, 9TOObI MOHATH B OOIUX YepTax, O 4YéM BCs dTa JuTepa-
Typa, U HAYIUThCS OBICTPee OTHICKMBATH HYzKHOE. «/la/jibHee dTeHne — 3TO CHermuaibHast
dopma mpejcTaBieHust 3HAHUIT, B KOTOPOWl MEHBINE 3JIeMEHTOB, Tpybee CMBIC WX B3au-

MOCBS3eii, 0CTaIOTC UL (POPMBI, OTHONIEHNS, CTPYKTYPHI, MOJEIN»S.

g onbsmorekn BigARTM B HacTosIIee BpeMsl Pa3BUBAETCS WHCTPYMEHT BU3YaJn3a-
nuu ¢ seb-uaTepdeiicom VisSARTM?, nopgep:kupatonuit Baskueiimme (GopMBI TIpeICTaB-
JIeHUsI TeMaTHIecKuXx mozeneii. aTepecnoii Bo3moxkuoCTHI0 ViSARTM gBisercs mocTpo-
eHre cnexkmpa mem — PAHKAPOBAHHOTO CITHCKA TeM, B KOTOPOM CeMAaHTHUYECKH OJTU3KUe
TeMBI HaXOIATCS pAgoM. ['pynmupoBanue TeM mo CMBICTY TOMOTaeT MOJIb30BaTeIIM OBICT-
pee HaXOJUTh TeMbl, aKIEHTUPYs BHUMaHUE Ha PA3JTUIUSIX MKy OJIM3KUMU T€MaMU.

17 3akawyeHune

Temarudeckoe MOIAEIUPOBAHUE SIBIASIETCS OAHUM W3 WHCTPYMEHTOB CTATHCTUYECKOTO
aHaIM3a TEKCTOB. 3a MOJTOPa JeCATUIeTHsS HHTEeHCUBHBIX HCCAETOBAHUI CO3IaHBI COTHH
TeMaTuIecKux Mojeseit. OCHOBHBIE WX BUIbI BKIIOUEHBI B JAHHBIH 0030p.

HecmoTpst Ha ycrexn tTeMaTndecKnx MoJe/iei, 0 KOTOPhIX COOOIIAI0T HayIHbIE My0/I1-
Kallii, Ha TTPAKTHKE MCI0JIb3YeTCsl B OCHOBHOM YCTapEeBIast MOJIE/Ib JIATEHTHOTO pa3Mele-
uus Tupuxie (LDA). Bobinoe paznoodbpasue Mojeseil, CJI0KHOCTh UX MATEMATHIECKOTO
OIMCAHUA HA sI3bIKe 0aiieCOBCKOTO 0OYUeHHsI, HECOBMECTUMOCTD peaTn3aluii co3aaoT Oa-
pPbephI IS MPAKTUIECKOro puMeHeHnst 60J1ee THPOKOTO CIIeKTPa MOIEIeit.

Teopust addumuenoti pezyaapusayuu memamuueckur modeaetc (ARTM) u mpoekr
C OTKPBITHIM KOJIOM BigARTM Hamesensl Ha mpeojosenue 3Tux 6apbepoB. B ARTM rema-
THUYECKAd MOJIENIb ONPEAENAATCd IMPOCTON BEPOATHOCTHON ITOPOXKAAIOMEH MOAETbIO, OMHU-
CHIBAIOIIEil CTPYKTYPY NMPOCTPAHCTBA MapaMeTPOB, U «MEITKOM Peryjspu3aTopoB», 3a/1a-
IOIIAX JOTIOJTHUTEIbHBIE TpeboBaHus. Peryispn3aTtopbl aJINTUBHBI, B3aNMO3aMeHIeMbl
U JIETKO OTTOPraloTcs OT Mojeneit. X MOKHO KOMOMHHPOBATH HPAKTUUECKHA B JTIOOBIX
CcOYeTaHUsIX, UTO U MPUBOIUT K MOIYIbHON TEXHOJIOIUN MojeaupoBanus. Co3manue Mo/e-
JI ¢ TpeOYEeMBIMH CBOICTBAMHE TI0]] KOHKPETHOE MPHUIOKeHNe He TpedyeT HU TPYI0EMKUX
MaTeMaTHIeCKUX BBHIKJIAI0K, HA CO3JaHNs aJrOPUTMUYECKH CI0KHOTO KOJIA.

['nmaBHoe ormume GaiiecoOBCKOro ob6ydeHHs B TOM, UTO TaM JIOIOJTHHUTEIbHBIE Tpebo-
BaHUs BCTPAMBAIOTCS B IMOPOXKIAIOILYIO MOJE/b, CAIbHO YCJIOXKHSS BBIBOJ M HE OCTaB-
JIIST BO3MOYKHOCTEH JIJIsT MOJLY/IbHO# peaJsim3amnun. baitecoBckuit BRIBOJ /17151 OOJIBITUHCTBA,
MoJieJielf, ONMMCAaHHbIX B JaHHOM 0030pe, TpeOyeT HEeCKOJILKUX CTPAHWIL BHIKJIAI0K. SI3BIK
KJIACCUYIECKOI pery/sipu3alini OKa3blBaeTCsl He MeHee BhIPa3uTeIbHbIM, HO HAMHOIO D0JIee
npocteiM. ARTM cokparmaer BeIBOJ OYKBAJILHO J0 HECKOJIBKUX CTPOK. EauHCTBEHHOE, YTO
MBI IIPH 9TOM TepsgeM — BO3MOXKHOCTH OIEHUTH He TOJTHKO 3HAUEHHUs TapaMeTpPOB MO/IE/H,
HO W WX pacrpejeienns. B mpakTuke TeMaTHdecKOro MOJAEINPOBAHUS 3Ta BO3MOXKHOCTH
HUKOTI/Ia TOJKOM HE MCIHOJIb3YeTCs, TaK 9TO MOTEPsi HE BeJInKa.

8 « Distant reading is not an obstacle but a specific form of knowledge: fewer elements, hence a sharper
sense of their overall interconnection. Shapes, relations, structures. Forms. Models.» [85].

Y®enopaxa . C. Texmomornsa HHTepaKTHBHON BU3YATH3AINN TeMATHIeCKIX Mofeneii. Bakamappekas
nuccepranust, MOTU, 2017 (www.MachineLearning.ru/wiki/images/d/d8/Fedoriakal7bsc.pdf).
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JlomunupoBanue 6aiieCOBCKOro moIXo1a B TEeMATHIECKOM MOJIETUPOBAHUN U PA300IIEH-
HOCTb aKaJeMUYEeCKOTO W HHJIYCTPHAJILHOTO COOOIECTBa MPUBOIUT K PACIPOCTPAHEHUIO
HEKOTOPBIX 3a0J/I1yK/JIeHU, JIOCTONHBIX YIIOMUHAHUS U KPUTUKH.

e «Temarnueckoe MoaenupoBanue — 310 B ocHoBHOM LDA». Het, ecTb coTHE MOIe1€id,
peIramInX pa3sHooOpa3Hble 3a1a9M, ¢ KOTOPBIME IJIOX0O cipaigercs LDA.

o «TemaTmueckoe MOIETMPOBAHEE TOIXOIUT TOJTBKO /T aHAJIN3a TeKCTOB». Her, ecTh
MOJIe/TH /TSI aHAJIN3a N300pazkKeHuii, Buieo, rpadoB, CHTHAIOB, TPaH3aKIIHI.

o «Temarnueckoe MojeTHPOBaHIEe — 3TO pa3/en daiiecoBckoro obyuenuss. Her, 60.1b-
IIIHCTBO MoJeseil ropasao mnpoire crpoarca B ARTM, 6e3 6aiiecoBCKOro moaxosa.

o «Temarnmueckne MoZeJIn MpeACKa3bIBalOT YaCTOTHI CJIOB B JOKYMEHTaX>». (DOpMa.HbHO
Jda, HO UX IeJb B APYI'OM — BbIABJICHHE KJIaCTepHOﬁ CTPYKTYPbI KOJIJIEKIIUH.

o «Tembl 9acTO OKA3BIBAIOTCS AyOMUPYIOMIMME WM IJIOXO HHTEPIPETHPYEMBIMUT .
9to tak B LDA. TTpobaema perraercst ¢ OMOIIBIO JIPYTUX PEry/IsiPU3ATOPOB.

o «Temarudeckue MOjie/ I OCHOBaHBI Ha THIIOTE3€ MeIIKa ¢J10B». MHOTHe, HO He Bce.
Temarudeckne mojean n-rpamm, OUTEPMOB, TPEIJIOKEHNH, CerMeHTAIlN, PeryJis-
puzaTopbl E-1mara mo3BosgioT YIUTHIBATH MOPSIOK CJIOB B JOKYMEHTAaX.

o «Temarudeckue BEKTOPBI HE OTPaAXKAIOT CMBIC] CJI0B, KaK word2vecy. Temaruueckue
MOJIe/I OUTEPMOB M CETH CJIOB, KOTOPBIE CTPOSITCS 0 YacTOTaM COBMECTHOIl BCTpe-
JaeMOCTH CJIOB, KaK 1 word2vec, He TOJIBKO ONpPEIETI0T CeMaHTUIECKYI0 OJTH30CTh
CJIOB, HO U 00JIaJAI0T CBOIICTBAME MHTEPIPETHPYEMOCTH U PA3pPe:KeHHOCTH.

o «Temarmueckast momenr LDA mnepeobydaercst ropa3ao menbire, dem PLSAs. Her,
X Ka4ecTBO IMPHUMEPHO OJIMHAKOBO, OCOOEHHO Ha 0OJbIHX Kosutekmusax. LDA ocro-
pOXKHee OIEHUBAET BEPOSITHOCTH Peakux caoB. OIHAKO OHM HauMeHee BarKHBI JI/Ts
obpazoBanus TeM, X0Ts (pOpMaJJILHO TO YJIyUIaeT MPaBIONOI001e MOIEIH.

o «Temarmueckass momenb LDA mmeer HaMHOroO MeHbIme mapameTpoB, deM PLSA».
Hetr, maTpunsr ® u © oneHuBaOTCI B 00€HX MOJELISIX, TOCKOJIBKY OHU HYKHBI JI/TsT
npusgokennit. Ha camom mese B LDA Gosbite mapaMerpoB, 100aBIsSOTCS 5 1 .

Hekoropsie mpobsiembl moka octatorcss oTKpbeITeiMuE B ARTM. Kak yckopuTh cxoau-
MocTh peryasipuzoBannoro EM-aiaropurva? Kak nogdoupars xk03huIumenTs peryisipu-
3alUy AJANTUBHO W MOJTHOCTHIO aBTOMATHIECKH B Xoje urepanuii! Kak obecrednTtsh mo-
CTPOEHUe TOJIHOTO HADOPa XOPOIIO HWHTEPIPETHPYEMBIX TeM?!

B nanmbiit 0030p He BOILIN HEKOTOPBIE BayKHbIE TUIBI MOjeseil, HalpuMep, /i aHa-
JIN3a W300pazKeHnit 1 BUJIEOIOTOKOB, aHHOTHPOBAHUS H300PazKeHnii, peKOMEHIATeTHHBIX
CUCTEM, CYMMAapH3alliid TeKCTOB, aHAJIN3a TOHAJbHOCTH WM BBISIBJICHHA MHEHHUI, UCIIO/Tb-
30BaHUS U IMOCTPOEHUsT OHTOJIOTHI, OOHAPYKEHUsT HOBBIX T€M U HMPOCTeKUBAHUSI HOBOCT-
HBIX CIOKeTOB. Takyke He ObLIM 3aTPOHYTHI BOIIPOCHI HHUITUAJU3AIUA U aBTOMATHIECKOTO
nMeHnoBanus teM. He naria orpazkenusi B 0630pe HOBas TEHJICHIINS CO3IaHUs THOPUTHBIX
MOJIeJIel HA OCHOBE TEeMATUYECKOTO MOJETUPOBAHNAS M HEMPOHHBIX CETEN.
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