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HanomuHanue. MynbTumogansHaa ARTM: noctaHoBka 3agayn

Oano: W™ — cnosapb TepMoB m-ii MoganbHocTun, m € M,
—_ m
D — konnekuusi Tekctosbix gokymentos d C W = | W™,
Ngyw — CKOJMBKO pa3 TEPM W BCTPETUACA B AOKYMeHTE d.
Haiitu: wmogens p(w|d) = > duibig c napamerpamun &7 n O:
teT wmxT D
dwt =p(W|t) — BEpOATHOCTM TepMa W B KaXKJOiA Teme t,
0+ =p(t|d) — BeposTHOCTN TeMm t B KaXKAOM fOKymeHTe d.

KpuTtepuii makcumyma perynsipusoBaHHOro npaegonogobusi:

S D D nawInd Gl + R(®,0) - max

meM deD weWwm teT
Dor 20 ) Ge=1 Org =2 0; > by = 1.
wewWwm teT

Vorontsov K.V., Frei O.l., Apishev M.A., Romov P.A., Suvorova M.A., Yanina A.O.
Non-Bayesian Additive Regularization for Multimodal Topic Modeling of Large
Collections // CIKM. Workshop on Topic Models, 2015.



HanomuHanue. MynbTumogansHaa ARTM: EM-anroputm

Makcumusauus log npasgonogobus ¢ perynsipusatopom R:

Z Z ﬁdw In Z ¢Wt0td -+ R((D e) - n;?gX;

deD wed teT

rae figw = Tm(w)Ndw, M(W) — mMoganbHOCTL Tepma w.
EM-anropntm: mMeTon npocToii utepauun ANS CUCTEMbI ypaBHEHW
E-war: [ praw = p(t|d, w) = norm (Pwbid);

oR & .
M-war: $wt = norm <nwt (bwta@‘ )7 Nwt = § : Ndw Ptdw
weWwm s deD

OR = .
Otg = nOFm(”td + Ota g >, Mg = Y fcwPrdw:
teT td wed
I maX{vao} —
rae norm(x;) = S~ max{x0] — OMEPaLUNs HOPMUPOBKY BEKTOPA.
teT seT ’




MynbTussbi4HbIe TeMaTuYeckne Moaenu
Tpéx-maTpudHbie TemaTu4eckme mMogenu

TemaTu4eckan Mopens TPaH3aKLMOHHbIX AAaHHbIX

MHorosiabl4HbIe Mogenn napansesibHbiX KOJ1J19KLI‘I/II7I

MapannensHble N cpaBHUMbIE TEKCTbI
[Bysisbi4Hble cnoBapn
Kpocc-asbitHbiil nonck
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[ns nocTpoeHns MynbTUSA3bIYHBIX TEM JOCTAaTOYHO UMETH NapHbie
OOKYMEHTbI, be3 BbipaBHMBaHUA, 6e3 ABYA3bIYHLIX CaoBapei!

1. Vuli¢, W. De Smet, J. Tang, M.-F. Moens. Probabilistic topic modeling in
multilingual settings: an overview of its methodology and applications. 2015

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIE TemaTu4eckmne Mopenu 5/48




MynbTussbei4Hble TeMaTuYecke Mopenn MNapannenbHble n cpaBHUMbIE TeKCTbI
Tpéx-maTpudHbie TemaTu4eckme mMogenu [ByasbivuHble cnosapn
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX Kpocc-asbiuHbili nonck

MapannenbHble U CpaBHUMbIE KOPNYCa TEKCTOB

Parallel — Tounblii nepesog (C BblpaBHMBaHNEM MPEANOXKEHNA),
npumep: EuroParl, npotokonsl eeponapnamenTa, 21 s3bik.

Comparable — He nepesog, a nepeckas Ha Lpyrom si3blike,
npumep: Buknnegus.

W*¢ — cnosapb si3bika £ N3 MHOXECTBA 513bIKOB L.

Mogens ML-P (MultiLingual Parallel)
@ KaXAblll A3bIK — OTAENbHAS MOAANBHOCTD

@ Oy = p(t|d) obuiee ans Bcex cassHbIX gokymenTos d = | | d*
lel

.ELOFIOHHVITeJ’IbeIe AaHHble — OBYA3bI4YHbIE CNOBapU:

@ My (w) C Wk — sce nepesoasl cnosa w € W' 8 szbike k

1. Vuli¢, W. De Smet, J. Tang, M.-F. Moens. Probabilistic topic modeling in
multilingual settings: an overview of its methodology and applications. 2015
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MynbTussbei4Hble TeMaTuYecke Mopenn MNapannenbHble n cpaBHUMbIE TeKCTbI
Tpéx-maTpudHbie TemaTu4eckme mMogenu [ByasbivuHble cnosapn
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX Kpocc-asbiuHbili nonck

Mpumep Tem. MynbTuassiyHaa mogens Bukuneguu

216 175 pyccko-aHrAMACKMX nap cTaTeil. A3blku — MOLANbHOCTU.
Mepebie 10 cnos n ux sepositHoctn p(w(t) B %:

Tema Ne68 Tema Ne79
research 4.56 | nucTuTyT 6.03 || goals  4.48 | mary 6.02
technology  3.14 | yHusepcuter  3.35 || league 3.99 | urpok 5.56
engineering  2.63 | nporpamma 3.17 || club 3.76 | cbophras 451
institute 2.37 | y4ebHbiin 2.75 || season 3.49 | dk 3.25
science 1.97 | TexHnyeckunii  2.70 || scored 2.72 | npoTus 3.20
program 1.60 | TexHonorus 2.30 || cup 2.57 | knyb 3.14
education 1.44 | Hay4HBbIii 1.76 || goal 2.48 | dytbonuct 2.67
campus 1.43 | nccneposanue 1.67 || apps 1.74 | ron 2.65
management 1.38 | Hayka 1.64 || debut 1.69 | 3abusatb  2.53
programs 1.36 | obpasosaHue 1.47 || match 1.67 | komaHga 2.14

Aceccop oueHun 396 Tem n3 400 kak XOpOLLO UHTEPNPETUPYEMbIE.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Source Library for
Regularized Multimodal Topic Modeling of Large Collections. AIST-2015.
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MynbTussbei4Hble TeMaTuYecke Mopenn MNapannenbHble n cpaBHUMbIE TeKCTbI
Tpéx-maTpudHbie TemaTu4eckme mMogenu [ByasbivuHble cnosapn
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX Kpocc-asbiuHbili nonck

Mpumep Tem. MynbTuassiyHaa mogens Bukuneguu

216 175 pyccko-aHrAMACKMX nap cTaTeil. A3blku — MOLANbHOCTU.
Mepebie 10 cnos n ux sepositHoctn p(w(t) B %:

Tema Ne88 Tema Ne251
opera 7.36 | onepa 7.82 || windows  8.00 | windows 6.05
conductor 1.69 | onephbiii  3.13 || microsoft 4.03 | microsoft 3.76
orchestra 1.14 | pupuxep 2.82 || server 2.93 | Bepcus 1.86
wagner 0.97 | neBey, 1.65 || software  1.38 | npunoxernne  1.86
soprano 0.78 | neBnua 1.51 || user 1.03 | cepsep 1.63
performance 0.78 | TeaTp 1.14 || security 0.92 | server 1.54
mozart 0.74 | naptus 1.05 || mitchell ~ 0.82 | nporpammubii  1.08
sang 0.70 | conpavo  0.97 || oracle 0.82 | nonb3oeatens 1.04
singing 0.69 | BarHep 0.90 || enterprise 0.78 | obecnevernne  1.02
operas 0.68 | opkectp  0.82 || users 0.78 | cncrema 0.96

Aceccop oueHun 396 Tem n3 400 kak XOpOLLO UHTEPNPETUPYEMbIE.

Vorontsov, Frei, Apishev, Romov, Suvorova. BigARTM: Open Source Library for
Regularized Multimodal Topic Modeling of Large Collections. AIST-2015.
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MynbTussbei4Hble TeMaTuYecke Mopenn MapannenbHble n cpaBHUMBbIE TeKCTbI
Tpéx-maTpudHbie TemaTu4eckme mMogenu [ABysasbiuHble cnosapu
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX Kpocc-asbiuHbili nonck

Perynsapusayusa no gsya3sbidyHbiM cnoBapam. Mogens ML-TD

Mnotesa. Ecm v € I'Ik(w), TO TemaTuKa CIOB W 1 u banska:

KL(p(t ” p(tiw)) — min,

rae B(tlu) = 22, p(tlw)—p<w|t>,f<‘52 Pt

Mogens ML-TD (MultiLingual Translation Dictionary)

(D):TZ Z Z Znutlngbwtﬁmgx.

Lkel wewt uelly(w) teT

HepocTtatku. Mogens ML-TD He yuuTbiBaeT gBa obcroaTenscrea:

@ TeMaTUKy OMOHUMOB cbnamxkaTb He HY>XHO,

@ C/NI0BO MOXET MMETb pa3Hble NEPEBOAbl B Pa3HbIX TEMAX.

Aynapenko M. A. Perynsipn3annst MHOrOsi3bI4HbIX TEMATUYECKUX Mogeneii [/
BbluncnntensHole metoabl n nporpammuposanmne. 2015, T.16. C. 26-36.
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MynbTussbei4Hble TeMaTuYecke Mopenn MapannenbHble n cpaBHUMBbIE TeKCTbI
Tpéx-maTpudHbie TemaTu4eckme mMogenu [ABysasbiuHble cnosapu
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX Kpocc-asbiuHbili nonck

MaTtpuua BepositTHocTei nepeBogoB. Moagens ML-TDP

MnoTesa. Mepesogp! cnoe 3aeucaT ot Tem: mis, = p(u|w, t),
TEeMbl COFNACYIOTCS B Pa3HbIX S3blKaxX YEpe3 NepeBofbl CJIOB:

KL(p(ult) || p(ult)) — min;

(u[t) = 7 — yacToTHas oueHka no MojansHocTn (s3bIky) K,

p(ult) — mogenb Tembl t B si3bike k No A3bIKy £:
plulty= > plulw,t)p(wlt) = D miidue
weM,(u) wey(u)
Mopgens ML-TDP (MultiLingual Translation Dictionary Probability)

R(o, M) =71 Z Z Znutln Z 7Tu.,.,t¢wt — max.

lkel yecWkteT WEH[ )

=

Aynapenko M. A. Perynsipn3annst MHOrOsi3bI4HbIX TEMATUYECKUX Mogeneii [/
BbluncnntensHole metoabl n nporpammuposanmne. 2015, T.16. C. 26-36.
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MynbTussbei4Hble TeMaTuYecke Mopenn MapannenbHble n cpaBHUMBbIE TeKCTbI
Tpéx-maTpudHbie TemaTu4eckme mMogenu [BysasbiyHble cnoBapn
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX Kpocc-asbiunbili nonck

®opmynbl M-wara gna mogenein ML-TD u ML-TDP

ML-TD (MultiLingual Translation Dictionary):

¢Wt = now (nwt +7 Z Z nut)

kEL\E ueM,(w)

ML-TDP (MultiLingual Translation Dictionary Probability):

dwe = norm (nwt +7 > > ﬂffutnut)

weW kel\£ u€ly(w)
ke tk
Tt = NOrM (771,11
uwt uEWk( wut “f)
Cwmbicn perynspu3auyuu:
YCOBHbIE BEPOSITHOCTU ¢y = p(w|t) cornacytoTes
C X HaCTOTHbIMWN OLEHKaMW NO C/OBaM APYrnXx A3blKOB
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MynbTussbei4Hble TeMaTuYecke Mopenn MapannenbHble n cpaBHUMBbIE TeKCTbI
Tpéx-maTpudHbie TemaTu4eckme mMogenu [ABysasbiuHble cnosapu
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX Kpocc-asbiuHbili nonck

TemaTuueckue nepesoapl cnos 7kt = p(u|w, t)

Tembl, B koTOpbIX p(«sumy|«cymmay,t) > 0.9

Tema Ne6 Tema Nel12 Tema Ne20
MHOXeCTBO set MaTemMmaTuka triangle BeKTOp vector
npocTpaHcTBo | space TpeyronbHuK square KoopauHaTa coordinate
rpynna point Teopema number npocTpaHcTBO field
Touka left Touka point npeobpasosaHue | tensor
3nemMeHT limit maTemaTudeckuii | theorem 6asuc transform
dbyHkuMA symmetry yron angle TeH3O0p basis
npeaen function KoopaunHaTa mathematics cuna space
oTobpaxkeHne | open 3KOHOMUKa real BEKTOPHbINA force
cumMmMeTpus property 4uncno theory TO4Ka rotation
OTKPbITbIA topology KBagpaT geometry cucrema thermometer

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

Tema Ne5 Tema Ne19 Tema Ne22
opbuTa space nporpamMmHbIii software urpa game
annapaT nasum Bepcus version BMAeocurHan character
KOCMUNHeCcKMNin orbit paboTta news nrpok video
semna instrument KoMnaHunsa company burnsem player
NoBepxHOCTb earth aHOHUMMHBIIA work ronoBonomKa series
ConHeuHbI surface npumMmeqaHue note cepus puzzle
cTaHuuna solar TepMmuHaTOp release Ka4ecTBo movie
3anyck system KypHan support LWaxmaTbl jason
cnctema landing pen terminator AxKelicoH world
aTmocdepa camera nepcoHax anonymous 6ykBa chess
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MynbTussbei4Hble TeMaTuYecke Mopenn MapannenbHble n cpaBHUMBbIE TeKCTbI
Tpéx-maTpudHbie TemaTu4eckme mMogenu [Bysisbi4Hble cnoBapn
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX Kpocc-asbiuHbili nonck

Kpocc-a3bl4HbIi MOUCK: ULLEM OOKYMEHT No ero nepesofy

Wiki: |D| = 586, kateropusi « MaTtematuka», | T| = 100,
|WPYE| = 19305, |We"g| = 23413, nepesogoe 82642 nap.

KayecTBo nomcka — cpegHsisi no3uuns nNepesofa B Bblgaye:

Average position

85
8,0 A
75 A
7,0 A

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 [reration
- MLP -0 ML-TD -~ MLTDP  -@ MLTDP - ML-TDP-P
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MynbTussbei4Hble TeMaTuYecke Mopenn MapannenbHble n cpaBHUMBbIE TeKCTbI
Tpéx-maTpudHbie TemaTu4eckme mMogenu [Bysisbi4Hble cnoBapn
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX Kpocc-asbiuHbili nonck

Kpocc-a3bl4HbIi MOUCK: ULLEM OOKYMEHT No ero nepesofy

Wiki: |D| = 586, kateropusi « MaTemaTtnkay,
|WPYe| = 19305,

T| = 25,50, 100,
Wene| = 23413, nepesogos 82642 nap.

3aBMCUMOCTb CpeaHEll No3nunn Nepesosa B Bblgade
oT yncna Tem | T| u fonmn g napanienbHbix TEKCTOB B KOJUIEKLMAK:

Average position

0 10 20 30 0 50 60 70 80 0 100 ¢ %
-o—[T=25 -0~ [T] =50 -o— [T] = 100
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MynbTussbei4Hble TeMaTuYecke Mopenn MapannenbHble n cpaBHUMBbIE TeKCTbI
Tpéx-maTpudHbie TemaTu4eckme mMogenu [ByasbivuHble cnosapn
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX Kpocc-asbiuHbili nonck

Pe3tome no MyNbTUA3bIYHBIM MOAenam

@ [nasHoe 4yno: Anda NOoCTPOEHNA MYAbTUA3bIYHbLIX TEM
AOCTAaTOYHO NMETb CPaBHUMbIE KOpNyCa

@ CpaBHuMas konnekuus sBnseTca bonee CUALHLIM UCTOYHUKOM
MHOrOsi3bI4HOM MHpopMaumn, Hem cnosapb nepesogos (!)

MO,D,Eﬂb C BEPOATHOCTAMMNU NeEpeEBOAOB — CaMaA CUNbHaA
@ He 06ﬂ3aTe.ﬂbHO, 4yTObBI BCE AOKYMEHTbI UMENN napanneibHble

@ [naBHOe MpuMeHeHNe — NO 3anpocy Ha OLHOM SA3blKe ULLEM:
— TEKCTbl HA APYroM si3blKe — KPOCC-513bIYHbI MONCK
— TEKCTbl Ha BCeX S3blKax — MYJIbTU-S3bIYHbIA MOUCK

@ [lpumeHeHne B CTaTUCTUYECKOM MALUMHHOM MEPEBOAE:
BbIOOp BapmaHTa MepeBofa COrNacHO TEMATMKE AOKYMEHTa

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIE TemaTu4eckmne Mopenu 15 /48



MynbTussbi4Hble TeMaTuYecke Mopenn TemaTuyeckas Mofens ¢ NOPOXKAAIOLEA MOAANBHOCTBLIO
Tpéx-maTpuyHble TemaTu4eckme mMogenu ABTop-TemaTuyeckas mopgens
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX TemaTu4eckan mopgens ANs aHanM3a BUAEOMNOTOKOB

TemaTuyeckasa mogenb C NoOpoXKaatoLieid MoAaNbHOCTbIO

OcHoBHble MpeanooXKeHns:
@ MogansHocts C (kaTeropuu, aBTOpbl) NOPOXAAET TEMBbI
@ DX W x T x C — AUCKpeTHOe BEPOSATHOCTHOE NPOCTPAHCTEO
@ kosnekumsi — i.i.d. Beibopka (dj, w;, tj, ¢;)7_; ~ p(d,w,t,c)
@ d;, w; — nabniogaemble, Tembl tj — CKpbITble
@ [Ba NpeanonoxeHust ob yCNOBHOW HE3aBUCUMOCTN:

p(wld,t) = p(w[t), p(t|c,d) = p(t|c)

BeposaTHoCcTHas mopenb NoOpoXKaeHUs foKymeHTa d:

p(wld) = p(wlt) Y p(tlc) plcld) =D bue Y tecTea

teT ceC teT ceC
® ¢yt = p(w|t) — pacnpegenesne TepmMoB B TeMax
@ Y. = p(t|c) — pacnpegenerune Tem B KaTeropumsix
@ .y = p(c|d) — pacnpepenenmne kateropuii B JOKyMeHTax
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TpeX—ManVI'-!HbIe TemMaTn4eckue mopgenun

TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX

ARTM pna Tpéx-matpuyHbix pasnoxeHuin PVII

TemaTuyeckas Mofens ¢ NOPOXKAAIOLEA MOAANBHOCTBLIO
ABTop-TemaTuyeckas mopgens
TemaTu4eckan mopgens ANs aHanM3a BUAEOMNOTOKOB

Makcumusauus log npasgonogobus ¢ perynsipusatopom R:

Z Z Ngw IN Z Z GuttcTeg + R(O, W, M) — qgn\ﬁ\)lgl

deD wed

teT ceC

EM-anroputm: mMeTtog npocToii utepauumu gasi CUCTEMbI YPaBHEH M

E-war:

M-war:

( Ptcdw

Dwt
Q;[)t“c

Ted

p(t,cld,w) = norm

(t,c)eTxC

OR .

o, (nee + G )
OR .
0D (ntc + Yic 5,0 ) ;

OR ).
o (e + e )

((ﬁwtd)tcﬂ-cd);

Nwt = Z Ndw Ptcdw
d,c

Nic = Z Ndw Ptedw
d,w

Ned = Z Ndw Ptcdw
w,t
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TemaTudeckas Mofens ¢ NOPOXKAAIOLEA MOAANBHOCTBLIO
ABTop-TemaTudeckas mopgens
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHbIX TemaTu4eckan mopgens ANs aHanM3a BUAEOMNOTOKOB

AsTop-TemaTtuydeckas mogens (Author-topic model)

Cy C C — MHOXeCTBO MOpOXJatoLnx KaTteropuii gokymeHTa d
@ Ecnm 7oy = \Tld| [c € Cd], BKJIafbl aBTOPOB paBHbl,
To maTtpuya I dpukcuposana, EM-anroputm Ha N otabixaer :)
@ Ecnm mog =0, ¢ ¢ Cy, BKNAAbl aBTOPOB ONPeAensieT MOAEsb,
ukcnposaHa CTpyKTypa paspexeHHocTu maTpuusi [1,
EM-anropntm onpenensieT TONbKO HEHYNEBLIE 3IEMEHTHI.
@ Ecnmn mHoxecteo Cy 334aHO HETOYHO WM YaCTUYHO:

R(M) = E Z InTeg — max
deD ceCy
@ Ecamn muoxectea Cy HemssecTHbl, HO [1 paspexxeHa:

R(M) = — Z Zmncd — max

deD ceC

M. Rosen-Zvi, T. Griffiths, M. Steyvers, P. Smyth. The author-topic model for authors
and documents. 2004.
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eMaTu4eckne Mop TemaTn4yeckana Mofens ¢ NOpoXKaawlileli MoAanbHOCTbIO
Tpéx-maTpuyHble TemaTuyeckne mogenu ABTop-TemaTu4eckasi mopaens
1oaen 13 OHH iH TemaTnyeckan mMopgens ANsi aHanMsa BUAEONOTOKOB

Tematuueckas Moaesib A1 aHa/in3a BUgeonoTokoB

@ JlokymeHT d — 1-CeKyHAHbI BUAEOKAMUN
@ Karteropusi ¢ — nosegenne (behaviour), coueranmne peiictsnii
o Tema t — geiicteue (action), couetaHne cobbITuii

@ Tepm w — anemeHTapHoe Bu3yanbHoe cobeiTue (event)

3apaya: BblAeNNTh B KAUME OJHO OCHOBHOE MOBEAEHME,

T. Hospedales, Shaogang Gong, Tao Xiang. Video behaviour mining using a dynamic
topic model. 2011.
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AyneTn iH T n M n Mpumepsl TpaH3aKUNOHHBIX AaHHBIX
Tpéx-maTpudHbie TemaTu4eckme mMogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Mogenein Ha runeprpadax

TpaH3akyMoHHbIE AaHHbIe

Bribopka MoxeT copepxaTb He Tonbko napbl (d, w), HO Takxe
TPOWAKUN, YETBEPKHU, ..., N-KN TEPMOB pa3HbIX MOAANbHOCTEIA.
Mpumepsbi:
@ [laHHble coumnanbHoli ceTu:
(d,u,w) — nonb3oBatens u 3anucan cnoso w B bnore d

@ [laHHble CeTU UHTepHeT-peKaMbl:

(u,d, b) — nonb3zosatens u knukHyn banHep b Ha cTpaHuue d
@ [aHHble (puHAHCOBbLIX OpraHu3auunii:

(b,s,g) — nokynaTenb u Kynua y npogasua S Toeap g
@ [laHHble 0 Macca>kupckux asuanepesnérax:

(u,a, b,c) — nepenét knneHTa u u3 a B b aBMakomnaHmeii ¢

3apaua: no Habntogaemoli Bribopke pébep runeprpada BhISIBUTH
NATEHTHbIE TEMbI €ro BEPLUUH.
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MynbTussbi4Hble TeMaTuYecke Mopenn MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
Tpéx-maTpudHbie TemaTu4eckme mMogenu [nneprpadrosasn TemaTu4eckas moaens c perynsipusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Mogenein Ha runeprpadax

Tematunueckas mogens runeprpada: onpegeneHns n 0b603HaveHUs

= (V,E) — opneHTupoBaHHblii runeprpad.
V =VIU.. .U VM — pasbuenne BeplinH no MogansHOCTSM

M — MHOXXecTBO MOAaNbHOCTER:
o o A

K — MHoXecTBO Tunoe pébep:
0o Ba %0 Cp g

T — MHOXEeCTBO TeMm:

O 0 O OO0

NcxopgHble paHHble:

E, — nabniopaemas sbibopka TpaH3akuuii — pébep Tuna k
pebpo (d, x): BeplmnHa-koHTelinep d € V' un BepwuHbl x C V/,
Nkdx — Yncno BxoxaeHnuii pebpa (d, x) B Bbibopky Ej
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MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
PE€x-MaTpU4Hble TeMaTu4eckne moaenn [nneprpadrosasn TemaTu4eckas moaens c perynsipusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Mogenein Ha runeprpadax

Tematunueckas mogens runeprpadya: OCHOBHbIE MPEANOsIOKEHUS

@ B pebpe (d, x) nogmHoxecTBo x C V MOXeT bbITh tobbIM,
HE3aBUCMMO OT Tuna pebpa k

@ nepsas runoTesa yCNOBHON HE3aBUCUMOCTU:
TemaTuka koHTeliHepa p(t|d) He 3aBucnT oT Tuna pebpa k

@ BTOpasi rMMoTe3a yCNOBHON HE3aBUCUMOCTU:
pacnpegenenune p(v|t) Tepmos v mogansHoctn V'™ B Teme t
HE 3aBUCUT HW OT KOHTeliHepa d, HM OT Tuna pebpa k

@ TPeTbA rMnoTesa YCNOBHONM HE3aBUCUMOCTU:
TepMbl v € x B pebpe (d, x) He 3aBuCAT gpyr oT gpyra

@ rMnoTe3a «MELIKA TPaH3akyuii»: BbIbDOPKa TpaH3aKuuii
Tnna k nopoXxzaercs CAyyaiiHO W HE3ABUCMMO U3

pi(d,x) = p(d) > p(tld) [ ] p(vlt)

teT VEX
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MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
PE€x-MaTpU4Hble TeMaTu4eckne moaenn [nneprpadrosasn TemaTu4eckas moaens c perynsipusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Mogenein Ha runeprpadax

Tematunueckasa mogens runeprpada

BeposTHocTHas TemaTuuyeckas mogaens pébep Tuna k

pr(x|d) = Z Otd H ol

teT VEX

3apaya mMakcuMu3auum B3BeLeHHON cymMmbl log-npasgonogobuii
no Bcem Tunam pébep:

Yo Y MY 0 [[ ot — -
keK  (d,x)€E teT  vex ’

Npu OrpaHNYEHNAX HEOTPUNLATENBHOCTUN U HOPDMUPOBKA:

¢vt >0, Z ¢vt =1 Org = 0, Z Org = 1;
vevm teT

roe 7x > 0 — Beca Tunos pébep.
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MyneTusizbidHble TeMaTnYecKne Mofenu Mpumepsl TpaH3aKLUMOHHBIX AaHHBIX
Tpéx-maTpuyHble TemaTu4eckne mogenu MuneprpadoBas TemaTnyeckas mogens c perynsipusaymein
TemaTnyeckas moaenb TPaH3aKLMOHHBIX AaHHbIX Mpumepbl TpaH3aKUMOHHBIX Mopaeneld Ha runeprpadax

EM-anroputm gna runeprpacosoii ARTM

3agaya MakCUMu3aLuun perynsipusoBaHHoOro npasgonogobus:

ZTk Z nkdXInZthquvt + R(o, @)Hr&aé(.

keK (dx c€E, teT VEX

EM-anropntm: meTog npocToii ntepauum ans CUCTEMbI yPaBHEH NI
CO BCMOMOTaTENbHbIMN NepeMeHHbIMU Prgy = p(t|d, x):

E-war: Ptdx = nor7r_n <9td I1 ¢vt>

vVEX

M-wwar: Ovt = norrpn< z Tk Z [VGX] Nkdx Ptdx + ¢vt%>
VEVT N keK  (d,x)eEk

OR
Org = norm( D Tk DL NidxPedx + 9tdm>
t€T Nk (dx)eE
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bTUA3bIYHbIE vaTu4eckune moaenu MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
AaTpuYHble TeMaTU4Yeckne Mogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

AKCnepMMeHTbl Ha MOAENbHbIX AAaHHbIX

13M TpaHsakuuii, 3 mogansHocTun, 5 knaccos, 9 TUNoe pebep

Pe3ynbTaThl Klaccudpukaumm npu |T|=50

1.0

0.9

.
©

TO4YHOCTb
e
~

S
o

o
n

— TransARTM
MultimodalARTM
— PLSA

e
'S

0 20 40 60 80 100
Homep ntepaunn

BoiBog: obbluHbIE MOAENM HE MOTYT BOCCTaHOBMTH runeprpad.

Unbsi XKapukos. mneprpacdoBble TeMaT4eCKne MOAENN TPAH3AKLNOHHBIX AAHHbIX.
Marucrtepckas gucceptauyuns, M®TU, 2018.
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MynbTussbi4Hble TeMaTuYecke Mopenn MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
Tpéx-maTpudHbie TemaTu4eckme mMogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

Mopgenu npegnoxenunii n kKopotkux tekctoB TwitterLDA, senLDA

Sq — MHOXeCTBO NpeanoXeHnin gokymeHTa d
Ngy, — CKOJMbKO pa3 TEPM W BCTPEYAETCS B NPEAJsIOKEHUN S

TEMaTVI‘-IeCKaFI Mogesib npegsioxkeHusa s:
p(sld) =" p(tld) [T p(wlt)™ =" 0w [ ] our
teT wEs teT wes
Makcumunsauyus perynapun3oBaHHOro |og—npa3p,onop,o6vm
>3 Y bu [T ot + R(2.0) -
deDseS; teT wes

3TO 4YaCTHbIN cnyyaii runeprpadpoBoOii MOAENN, NPEaIOKEHUS
ABNSAOTCA runep-pébpamu.

Wayne Xin Zhao, Jing Jiang, Jianshu Weng, Jing He, Ee Peng Lim et al. Comparing
Twitter and traditional media using topic models. ECIR 2011.

G.Balikas, M.-R.Amini, M.Clausel. On a topic model for sentences. SIGIR 2016.
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BTUSI3bIYHbIE Yeckue mMopenun Mpumepsl TpaH3aKLUMOHHBIX AaHHBIX
Tpéx-maTpuyHble Temar| re mogenu MuneprpadoBas TemaTnyeckas mogens c perynsipusaymein

TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

MneprpadoBble TeMaTuyeckme Moaenun s3bika

YT0 ewé moxeT bbITh pebpom runeprpada?

JTioboe NoAMHOXECTBO TEPMOB, CBSI3aHHbLIX APYr C APYroM
Mo CMbICAY, U NOPOXAAEMbIX OA4HOI obLueli TeMOIA.

o
o
o
]
]

npeanoxeHmne
CUHTarMa, BeTKa CUHTAKCU4eCKOro Aepesa
MMEHHas rpynna

dakT «0bbekT, cybbekT, aelicTene»

napbl TEPMOB B COCEAHUX NMPEAJSIOKEHUSIX:
[Ba CMHOHMMA, TMMOHUM—TUNEPOHUM, MEPOHUM—XOJIOHNM

@ JIeKCM4eckas Leno4ka

@ TEeKCT coobuieHns n ero aBTop

(]

prHaHCOBasH TpaH3aKLMs C TEKCTOM MJIAaTEXHOIO MOpPyHeHus
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Mpumepsl TpaH3aKLUMOHHBIX AaHHBIX
péx-MaTpu4Hblie TemaT ne v MuneprpadoBas TemaTnyeckas mogens c perynsipusaymein
TemaTnyeckas moaenb TPaH3aKLMOHHBIX AaHHbIX Mpumepbl TpaH3aKLMOHHBIX Moaeneid Ha runeprpadax

AHanu3 TpaH3aKuuii PO3HUYHbIX KINEHTOB DaHka

Oaxo (Sberbank Data Science Contest):

D — muoxecTBo knnentos (15000)

W — kateropun = MCC-koabl (Merchant Category Code) (328)
Ngyw — CyMMa TpaH3akuuii knueHTa d no Kateropum w

Haiitu: Tembl — Tunbl 3KoHOMUYeCKOro noseaeHust (noTpebneqns)
dwt = p(w|t) — cTpykTypa notpebnexus gns Tembl t
0:g = p(t|d) — Tunbl noTpebnerns knaneHta d
Perynspusatopbl:
@ MOBbILIEHNE PA3JNYHOCTN TEM
@ paspexusarue p(t|d)

@ YYET MOAaNbHOCTEll BpeMeHW, TUNa TPaH3aKLMmM, TepMuHana

Egorov E., Nikitin F., Goncharov A., Alekseev V., Vorontsov K. Topic Modelling for
Extracting Behavioral Patterns from Transactions Data // IC-AlAl 2019.
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bTUA3bIYHbIE vaTu4eckune moaenu MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
AaTpuYHble TeMaTU4Yeckne Mogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

MoctpoeHue mogenn ARTM, 25 tem

@ 30 utepauuii PLSA — 6e3 perynsapusatopos
@ 10 uTepauunii — NOBbILIEHNE PA3ANYHOCTU TEM

@ 10 nTepaunii — paspexusatue p(t|d)

Number of topics for each user 16000 Number of users for each topic

6000

]

23 — 14000

22

%é 12000

18
8 4
: %é g 10000 — PLSA
S 5 s000 — SDecor.re\atlon
5 12 g —
3 H parsing
el 5
3 2

4000

2000

ornwaUo~®S)

o

2000 4000 6000 8000 10000 12000 14000
Users Topics

Hexoppenuposanne ® n paspexusanne © onpegenstor
MUHMMANbHOE YNC/IO TUMOB SKOHOMUYECKOTO MOBEAEHUSI KAXKA0ro
KJNEHTa, JOCTAaTOYHOE ANl ONUCAHUS €ro PacXOAoB.
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MyneTusizbidHble TeMaTnYecKne Mofenu Mpumepsl TpaH3aKLUMOHHBIX AaHHBIX
Tpéx-maTpuyHble TemaTu4eckne mogenu MuneprpadoBas TemaTnyeckas mogens c perynsipusaymein
TemaTnyeckas moaenb TPaH3aKLMOHHBIX AaHHbIX Mpumepbl TpaH3aKLMOHHBIX Moaeneid Ha runeprpadax

nO.ﬂb3yl'0Cb KapTOI7I TO/IbKO 4YTODbI CHATb HaNMU4YHbIE

dwt,% MCC-kop (kaTeropusi pacxopos)

72 ®PunHaHCOBbIE MHCTUTYTHl — CHATWUE HAIMYHOCTN BPYYHYIO
27 ®unHaHCOBbIE MHCTUTYTbl — CHATWNE HASIMYHOCTI AaBTOMATNYECKM
0.23 [eHexHbie nepesoabl MasterCard MoneySend
0.1 [enexHbie nepeBoabl
0.012 ®uHaHCOBbIE MHCTUTYThI — CHATUE HAJIMHHOCTU BPYYHYHO
0.0055 Jlerkogoii n rpy30BOVi TPaHCMOPT: NPOAAXKa, CEPBUC, PEMOHT, JIUSNHT
0.0027 MarasuHbl urpytek
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MynbTussbi4Hble TeMaTuYecke Mopenn MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
Tpéx-maTpudHbie TemaTu4eckme mMogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii

TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

Hanun4Hble 4+ aBTO, CNOPT, KOMMbIOTEPDI

¢wty%

55

44
0.111
0.105
0.094
0.043
0.024
0.020
0.018
0.015
0.015
0.013
0.012
0.011
0.011
0.010

MCC-kop (kaTeropusi pacxonos)

DUHAHCOBbLIE UHCTUTYTbl — CHSITUE HAJIMYHOCTU AaBTOMATUHECKM
[eHexxHble nepesogbl

Cranuun TexobcnyxunsaHus

ABTO3an4acTu u akceccyapbl

KomnbtoTepHas ceTb/nHdOpMaLMOHHbIE YCayrN

CnopTusHas ogexpa, oaexaa Ans BEPXOBOU e34bl U €34bl HAa MOTOLMKIE
DUHAHCOBbLIE UHCTUTYTbI — CHSITME HAJIMHHOCTU BPY4HYHO

CTO obuero HazHaveHus

loptodee TONMBO — yrosib, HeTb, Pa3KMKEHHbIA BeH3UH, apoBa
MarasuHbl My>XCKO U YKEHCKOI ofexXabl

DUHAHCOBbLIE UHCTUTYTbI — CHSITME HAJIMHHOCTU BPY4HYHO

MarasuHbl cnoptroBapos

Caposble nprHagnexHocTn (B TOM HUCIE ANl yXOAa 3a rasoHaMu) B pO3HULY
MapkuHru u rapaku

Bakaneiinbie marasmHbl, cynepmapkersbl

Paznu4Hble MarasuHbl ogexasbl 1 akceccyapos
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MynbTussbi4Hble TeMaTuYecke Mopenn MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
Tpéx-maTpudHbie TemaTu4eckme mMogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii

TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

LinBnnusoBaHHbIi NoTpeOUTENb: pa3Hbie MarasuHbl, CBA3b, aBTO

¢wty%

27
20
15
12
47
4.1
3.4
1.4
1.2
1.1
0.57
0.37
0.35
0.33
0.32
0.21

Bcero

MCC-kop (kaTeropusi pacxonos)

Cranuumn Texobcny>xxneaHus

Paznu4Hbie NpofoBOALCTBEHHBIE Mara3uHbl, pbiHKMA, nonydabpukaTts
3BOHKI/I C nCnonb30BaHNEM TeJ’IerOHOB, CHATbIBAOWMNX MArHNTHYHKO NEHTY
DUHAHCOBbLIE UHCTUTYTbl — CHSITUE HAJIMYHOCTU AaBTOMATUHECKM
loptouee TONNNBO — yronb, HePTb, Pa3XKNMKEHHbIA DEH3WH, fpoBa
vHVIBepCaJ'IbeIe Mara3nHbl

ABTO3an4acTu u akceccyapbl

AnTekn

Mal'a3|/leI C npop,a)Keﬁ CNNPTHbIX HAMNTKOB Ha BblIHOC

BakaneiiHble MarasuHbl, CynepmapkeThbl

ABTOLNHBI

Mpsimoli mapkeTnHr — TOproens 4epes katasor

Tosapbl gnsa goma

YHusepmarn

MnaBaTenbHble bacceliHbl — pacnpopaxa

MecTta obweCTBEHHOrO NUTaHUS, PECTOPaHbI

24 xateropun ¢ ¢ur > 0.1%; 61 kaTeropus ¢ ¢u: > 0.01%
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MynbTussbi4Hble TeMaTuYecke Mopenn MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
Tpéx-maTpudHbie TemaTu4eckme mMogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

npO,D‘BI/IHyTbIe MaMKun

dwt,% MCC-kop (kaTeropusi pacxopos)

56 bBakaneiiHble MarasuHbl, CynepMapKeThbl

8.6 PUHAHCOBBIE UHCTUTYTbl — CHATME HANIMYHOCTM AaBTOMATUYECKM

5.4 Antekn

4.0 3BOHKM C UCNONb30BaHNEM TeNePOHOB, CHUTLIBAOLNX MATHUTHYHO NEHTY
2.2 PecTopaHbl, 3aKyco4Hble

1.8 ObysHble MarasuHbi

1.5 Pasnu4Hble NpofoBOALCTBEHHBIE Mara3uHbl — PbliHKKM, nonydabpukaTs
1.4 MarasuHbl cnopTTOBapoB

1.4 [etckas opexaa, BKIOHAsH OAEXAY At CAMbIX MasleHbKUX

1.3 MarasuHsl nrpyluek

1.3 Mecra obuwecTBeHHOro NUTaHUsl, PeCTOpaHsbl

1.1 MarasuHbl MY>CKOl 1 XEHCKOW 0f4eXzbl

1.1 Mara3suHbl ¢ Npoga<eii CNMPTHBIX HAMUTKOB Ha BbIHOC

1.1 MarasuHbl KOCMETUKM

1.0 CapoBsbie NPUHAANEXHOCTN B PO3HULY
0.73 Opexpa ansi BCei cembu

Bcero 41 kateropusi ¢ ¢u: > 0.1%; 95 kateropuii ¢ ¢ue > 0.01%
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MynbTussbi4Hble TeMaTuYecke Mopenn MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
Tpéx-maTpudHbie TemaTu4eckme mMogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

BusHec-negu: 3abbina Npo HanM4Ky — BCE MO KapTe

dwt,% MCC-kop (kaTeropusi pacxopos)

12 MarasnHbl MY>CKOIA 1 XKEHCKOW ofex bl

7.3 ObopygosaHune, mebenb n HbITOBbIE MPUHAANIEXHOCTN

7.0 Mecta 0bLEeCTBEHHOrO NUTaHNS, PECTOPaHbI

5.6 MarasuHbl N0 Npofa>ke HacoB, OBENUPHBLIX N3AENUA U n3genunii us cepebpa
5.3 O6yBHble marasuHbl

4.7 MarasnHbl KOCMETUKN

4.6 Opexpa ansi BCei cembu

3.8 VHueepmarm

3.2 loToBas xeHckas ogexja

2.8 T[pakTukytowme Bpayin, MEAULMHCKIAE YCAyri

1.8 [lpamoii MapkeTWHr — TOProBAsl Yepes KaTasor

1.5 CanoHbl KPacoTbl U NapUKMaxepckue

1.3 [etckas oaexaa, BKIOYAs OASXAY ANl CAMbIX MaseHbKUX
1.3 AnTekn

1.0 WsrotosneHue n npoga>ka MexoBbIX U3aenuii

1.0 LeHTpbl 300p0oBbA

Bcero 70 kateropuii ¢ ¢we > 0.1%; 134 kaTteropum ¢ ¢u: > 0.01%
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MynbTussbi4Hble TeMaTuYecke Mopenn MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
Tpéx-maTpudHbie TemaTu4eckme mMogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

MpoaBuHYTHLI aKTUBHbLI NOTpebuTens BCEro, U No Kapre

dwt,% MCC-kop (kaTeropusi pacxopos)

20 ®uHaHCOBbIe UHCTUTYTbI — CHSATWUE HANIMYHOCTU BPYYHYIO

15 VHuBepcanbHble MarasuHsl

13 TypucTtudeckue areHTCTBa 1M OPraHM3aTOPbl SKCKYpPCUii

11 ABTO3anyacTu u akceccyapsl

8.8 KommyHanbHble ycnyru — snekTpuU4ecTso, ras, CaHUTapusi, Boga
4.2 BenomarasuHbl — npogaxa u obcnyxmsaHue

3.7 CTO obuwero HasHa4yeHUst

0.9 VYecnyrn kypbepa — no BO3AyXy U Ha 3emJie, areHTCTBO MO OTMPaBKe rpysoBs
0.8 Peknamubie ycnyrn

0.7 KowmnbtoTepsl, nepudpepusi, nporpammHoe obecneyeHune

0.5 ObpasoBaTensHbie ycayru

0.4 Bakaneiinbie marasuHbl, Cynepmapkersbl

0.4 TpakTukytowme Bpayin, MEAULMHCKIAE YCIyri

0.3 Tlpoparka MOTOLMKNOB

0.3 Obopygosatune, mebens n HbITOBLIE NPUHAANEXHOCTN

0.2 AsTowuHbI

Bcero 35 kateropuii ¢ ¢ue > 0.1%; 93 kaTeropuu ¢ ¢ue > 0.01%
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MynbTussbi4Hble TeMaTuYecke Mopenn MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
Tpéx-maTpudHbie TemaTu4eckme mMogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

BusHec-knacc: aBna, otenu, Ka3nHO, PecTopaHbl, LieHHble bymaru

dwt,% MCC-kop (kaTeropusi pacxopos)

28 ABnanuHum, aBnakoMnaHumn

19 ®uHaHcoBbIE MHCTUTYTBI — TOProBASA W YCAYru

9.5 Ortenun, motenn, 6asbl oTAbIXa, CEPBUCHI BPOHNMpPOBaHUS
8.6 TpaHsakuum no asapTHbiM urpam (nnroc)

5.2 ®uHaHCOBbIE UHCTUTYTLI — TOProBAS W YCAYrM

3.2 Mecra obuiecTBEHHOrO NUTaHMUS, PECTOPaH bl

3.1 He-cbuHaHCOBbIE UHCTUTYTHI: UH.BAJIKOTA, NMEPEBOAbI, JOPOXH.HEKN, KBA3M-K3LL
2.2 Tlaccakmpckune xenesHogopoXKHbIe NEPEBO3KN

1.7 BwnsHec-cepsuc

1.4 >Xunbe — oTenu, MoTenu, KypopThl

1.3 Tanepeun/yupexpaerus sugeonrp

1.3 Tpausakuuu no asapTtHeim urpam (MuHyC)

0.6 LleHHbie bymaru: Bpokepbl/aunepsl

0.5 TypucTuyeckne areHTCTBA M OPraHM3aToOPbl SKCKYPCUii
0.3 Jlumy3sunbl n Takcu

0.3 BecnownuHuble marasuHel Duty Free

Bcero 50 kateropuii ¢ ¢we > 0.1%; 103 kaTteropum ¢ ¢u: > 0.01%
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MynbTussbi4Hble TeMaTuYecke Mopenn MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
Tpéx-maTpudHbie TemaTu4eckme mMogenu [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

MpoBuHUMaNbHLIT Manblii GBusHec

dwt,% MCC-kop (kaTeropusi pacxopos)

27 ®uUHaHCOBbIE UHCTUTYTbl — CHSITUE HAZIMYHOCTW AaBTOMATUYECKN

8.5 Jleco- u cTponTenbHbli MaTepuan

8.4 BuiTooe obopygnosaHue

6.6 lNnaBaTenbHble bacceiiHbl — pacnpogaxa

5.5 Tpopaxa anekTpoHHOro obopynosaHusi

4.1 BakaneiiHble MarasnHbl, CynepMapKeTsl

3.3 VHunBepcanbHble MarasuHel

3.0 CapoBble NpMHAANEXHOCTN B PO3HULY

2.6 TenekoMMyHUKaLMOHHOE 0BOPYAOBaHME, BKIOYAsi NPOAaxy TenedoHOB
2.4 JlerkoBoii n rpy3oBoii TPaHCMNOPT: NPOAA>Ka, CEPBUC, PEMOHT, JIN3UHT
2.2 Toapbl ans goma

2.1 TMaccaknpckme >ene3HoZOPOXKHbIE NMEPEBO3KU

1.5 ObopynosaHue, mebenb 1 ObITOBbIE NPUHAANEKHOCTM

1.3 CkobsiHble TOBapbl B pO3HULY

1.2 MarasunHbl cnopTToBapos

1.1 AnTekn

Bcero 54 kateropuu ¢ ¢u > 0.1%; 104 kateropun ¢ ¢ue > 0.01%
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T n M n MNpumepbl TpaH3aKLMOHHBIX AaHHbIX
PE€x-MaTpU4Hble TeMaTu4eckne moaenn [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX Mpumepsl TpaH3akuMOHHBIX Moaenein Ha runeprpadax

AHanu3 TpaH3aKuuii KOpPNopaTUBHbLIX KJMEHTOB baHKa

OaHHbie:
necHas oTpacnb, 2016 r., 10.7M Tpansakuuii, 1M komnaHuii.
Tpansakuyus — 370 Tpoiika (MokynaTenb, NPOfABEL, TEKCT).

HekoTopble TekcTsl nnaTéxHbIX nopydeuii (ganeko He sce!)
COAep>KaT Ha3BaHWS TOBAPOB W YCAYT.

JloKyMeHT — 3TO ucTopusi TpaH3aKuuii OfHOW KOMMNaHUK

Cemb MopganbHocTel:
@ KOMMaHWU: NOCTaBL4MKN / nokynaTenn
@ C/10Ba B MAATEXHbIX NOPYyYEHNsIX: MOCTaBLMKM / nokynaTenu
@ OKB3[bl gaHHO KOMNaHUK

@ OKB3/lbl KOHTpareHToB: NOCTaBLWMKN / NokynaTenm
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NbTUA3E TemaTn S MpuMepb! TpaH3aKLMOHHBIX AaHHBIX
Tpéx-maTpL le TemaTu4eckue mogen [nneprpadrosasn TemaTu4eckas moaens c perynspusauueii
Mpumepb! TpaHsakLMOHHBIX Mogeneii Ha runeprpadax

TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX

Mpumepbl TeM — BUAOB AeATebHOCTU KOMMAHWUA

MOKynKa npopaa NOKYNKa npoaaxa

0.11: ycnyra 0.12: nacn 0.19: npaso 0.16: apeHaHbIiA
0.07: Knaccuk 0.08: acn 0.17: cbuc 0.10: vactb

0.05: apoBa 0.03: mad 0.16: ucnonbsosaHue  0.08: nnata

0.05: nnnoBOYHMK 0.03: nocraBka 0.03: akKayHT 0.04: MUHMMaJTbHBIN
0.05: maTtepuan 0.02: ycnyra 0.02: 3neKTpOHHbIN 0.04: yyacTtok

0.03: nopoga 0.02: oxpaHHbIi 0.02: nuuesoi 0.04: ucnonbsosaHue
0.03: necomatepnan 0.02: nammHMpoBaTb 0.02: ycTHbIN 0.02: semna

0.03: ceptym 0.02: xa¢ 0.01: ycrpouctso 0.02: necHnyecTso
0.02: xBoiiHbii 0.02: matepuan 0.01: reHepaums 0.02: semenbHbIit
0.01: pepeso 0.01: Hakn 0.01: xpaHeHue 0.01: doHga

0.01: TpatcnoptHbii  0.01: Tosap 0.01: kntoyesoit 0.01: depepanbHbIl
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TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX

Mpumepbl TeM — BUAOB AeATebHOCTU KOMMAHWUA

Mpumepsl TpaH3aKUNOHHBLIX AaHHbBIX
MuneprpadoBas TemaTnyeckas mogens c perynsipusaymein
Mpumepbl TpaH3aKLMOHHBIX Moaeneid Ha runeprpadax

NOKynKa

0.09:
0.09:
0.02:
: lepeBAHHbBIN
0.02:
0.02:
0.02:
0.01:
0.01:
0.01:

0.02
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TKaHb
nocraeka
mebenbHbIi

TPaHCMOPTHbIH
daHepa
MopooH
MexaHWU3M
nnara
YaCTUYHbIN

npo,
0.16

0.05:
0.04:

0.03

0.03:
0.02:
0.02:
0.01:

0.01

0.01:

0.01

0.01:

LEVIE]
: mebenb

nnéHka

cryn

: Kpecno
usgenve
Kpacka

daHepa

JIKM

: IaKOKPaCcoYHbIi
nak

: MaTtepuan
KNeuTb

NOKYynKa

0.06:
0.05:
0.02:
0.02:
0.02:
0.02:
0.02:
0.02:
0.01:
0.01:
0.01:
0.01:

nacn
$ypHuTypa
NNEHKa
matepuvan
MebenbHbIN
CTeKso

mad

KpOMKa
TPaHCMOPTHbIN
KNeutb
npodunb

nex

npogaxa
0.37: ToBap

0.15: mebenb
0.04: noctaBKa
0.04: HakKnagHbIN
0.03: Hakn

0.03: pybnb
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ynib Mpumepsl TpaH3aKUNOHHBLIX AaHHbBIX
T MaTpi le TemaTuyeckne mogen MuneprpadoBas TemaTnyeckas mogens c perynsipusaymein
Mpumepbl TpaH3aKLMOHHBIX Moaeneid Ha runeprpadax

TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX

Mpumepbl TeM — BUAOB AeATebHOCTU KOMMAHWUA

NOKynNKa npogaxa
0.19: Hanor 0.11: bymara
0.06: ycnyra 0.08: ropposALmk
0.04: makynatypa 0.04: rodppokapToH
0.03: nocraBka 0.03: roppokopob
0.03: TpaHCnopTHbIM 0.03: nocTtaska
NOKyMnKa npojaxa 0.02: neconpoaykums 0.03: dakTypa
0.52: rcm 0.14: BbiBO3 0.02: aBToycnyra 0.02: ropponpoayKums
0.43: panee 0.09: 760 0.01: nepeBo3Ka 0.02: roppoTapy
0.04: mycop 0.01: nnata 0.02: roppuposaHue
0.03: oTxop, 0.02: ropponotok
0.02: ytununsauma 0.02: ToBap
0.01: Tko 0.01: notok

K. B. BopoHuos (vokov@forecsys.ru) BeposiTHOCTHbIE TemaTu4eckmne Mopenu 41 /48



TemaTu4eckan Mopenb TPaH3aKLMOHHBIX AaHHBIX

Mpumepbl TeM — BUAOB AeATebHOCTU KOMMAHWUA

Mpumepsl TpaH3aKUNOHHBLIX AaHHbBIX
MuneprpadoBas TemaTnyeckas mogens c perynsipusaymein
Mpumepbl TpaH3aKLMOHHBIX Moaeneid Ha runeprpadax

NOKYyMNKa
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Mpumepsl TpaH3aKUNOHHBLIX AaHHbBIX
MuneprpadoBas TemaTnyeckas mogens c perynsipusaymein
TemaTnyeckas moaenb TPaH3aKLMOHHBIX AaHHbIX Mpumepbl TpaH3aKLMOHHBIX Moaeneid Ha runeprpadax

KoHeuHble uennm mMmoaennposaHnUAa TpPaH3aKLUWOHHBIX OAHHbIX

@ [lony4yeHune BEKTOPHBIX NPeaACcTaBAEHWU KOMMAHMIA
@ [lonck cxoxmx n KOHKYpUpYOLWUX KOMMaHWi

@ BoccTaHoBneHne CTpyKTypbl TOBapHBIX NOTOKOB OTpaciu
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BmecTo pestome: obOuwinii B3rasa Ha TeMaTUuYecKme Mogenmn

WHTepnpetupyemble TemaTuyeckne aMbeAnHIA CNOB N AOKYMEHTOB
o Konnekuns TeKCTOB — ABYAONbHbIA rpad ¢ pébpamn (d, w)
o TemaTuyeckune ambepguuru: p(t|d), p(t|w), p(t|d, w)

@ HTepnpetupyemocTb Tem Hepe3 4acToTbl TepmoB p(w/|t)

@ CnoBo w BCTpeuaeTcs B d, KOrga y HUX €CTb 0bLiME TEMBbI
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BmecTo pestome: obOuwinii B3rasa Ha TeMaTUuYecKme Mogenmn

NuTtepnpeTupyembie ambeanHru co4eTaeMocTu Cnos

@ [lloctynat gucTpubyTUBHON CEMAHTUKM: «CMbICA CNOBa
onpefensieTcs pacrnpefesieHneM CJ0B BCEX Ero KOHTEKCTOB»

@ CnoBo U NopoXxAaeT NCEBAO-AOKYMEHT BCEX €0 KOHTEKCTOB

@ Cnosa w, u co4eTatoTCsl, KOrga y HUX ecTb obLine Tembl
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BmecTo pestome: obOuwinii B3rasa Ha TeMaTUuYecKme Mogenmn

NuTepnpeTupyembie ambeanHr MynbTUMOAANbHBIX JOKYMEHTOB
@ JlokymMeHTbI coaepXaT TepMbl Pa3aNYHbIX MOZA/bHOCTEN
@ [lpumepsbl: cnoBa, n-rpammel, Teru, KaTeropuu, aBTopbI,
@ Yepes TeMbl CMbIC/IbI C/IOB NEPEAAOTCA APYrUM MOZAJIbHOCTSAM

@ Tepm w BCTpevaetcs B d, KOrga y HUX ecTb obuime Temsl
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BmecTo pestome: obOuwinii B3rasa Ha TeMaTUuYecKme Mogenmn

HTepnpeTupyembie amMbeanHrin TpPaH3aKLMOHHbBIX AaHHbBIX
@ TpaHsakuus — B3aumopelicTene agyx mam bosee TepMoB
o [Mpumepsr: (buyer, seller, item), (user, site, banner)
@ TpaH3aKuMOHHbIE JaHHble — 3TO Bbibopka pebep runeprpada

@ TpaH3akuuMs NponucxoaunT, Koraa eé TepMbl UMEOT obLne TeMbl
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BmecTo pestome: obOuwinii B3rasa Ha TeMaTUuYecKme Mogenmn

NuTepnpetupyemble ambeguurn npegnoxeruii
@ Pebpo runeprpacha — ceMaHTMYECKN CBSI3aHHbIE CAOBA

o [lpumepbl: npeasoxeHne, CMHTarMa, NEKCUYECKas LENO4Ka,
MMeHHasi rpynna, dpakT «obbekT, cybbekT, aelicTene»

@ CnoBa cBA3bIBAOTCA, KOrga OHW UMEOT obline Tembl
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