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Pacnpenesenue /IlupuxJe

. K
Cuayvaiinas sesmuanna @ € RX | onpenenennas na cumiuiexce (0, > 0, ,_, 0 = 1), nmeer pacupe-
nesierne Iupuxiie, ecim ee IIOTHOCTD OIIpeIesIaeTcs KaK

— Dir Q_MK ap—l
MMM‘D(M)‘Hifmwgvk’ k> 0.

Baech I'(+) — ramma-dyskIimst, a — HAOOP TapaMeTpoB pacipe/ieienus. Pasimdable BUIbI pacipe/ie-
nenng dupuxie mra ciaydas K = 3 mokaszanbl Ha puc. 1. 3aMeTuM, 9TO B ¢aydae o = -+ = Qg = 1
pacupejienienue upuxiie mepexo/IuT B pAaBHOMEPHOE paclpejiesieHne Ha CUMILIEKCE.

Puc. 1: Paznuansie Bujbl pacipeenenns Jlupuxiie

MaremaTrdeckoe OxKuJIaHue ¥ KOBapHUAIUd JIjid pacipe/esienud Jlupuxie onpere/raiores Kak

a.

E,0; = —,

P o
Con(t 1 — 100l =3~

ad(ap + 1)

aog = E Q..
k

Pacnpenenenne Iupuxiie gBisgercsd MnpecTaBUTE/IEM SKCIIOHEHIMAJIBHOIO ceMeficTBa pacipejie-
JaeHuit ¢ HabopoM mapamerpoB [y — 1,...,ax — 1] u HabBopoM JocTATOUHBIX cTaTHCTHK U(0) =
log 6y, ...,logfk|. sBecTHO, uTO 15t pactipe/ie/ieHus 13 SKCIIOHEHITHAILHOTO CeMeNCTBa BCe MOMEH-
Thl JOCTATOYHBIX CTATHUK OIIPCAC/IAIOTCA COOTBETCTBYIOIIHMMU ITPOU3BOJHBIMUA HOpMI/IpOBO‘{HOﬁ KOH-
craHTbl. OTCIO/Ia TTOIyYaeM, UTO

1@mm:amiiﬂ%mgﬁg:wmg—m%}m. (1)




_d
Bnecy ¥(z) = =~ log'(z) — auramma dynxmus.

Pacnpenenenune /Ilupuxiie 9acTo UCIOIb3YETCd B KAYECTBE AIPUOPHOIO PACIIPEIe/ICHUS 1T HADO-
pa JUCKPETHBIX BEPOSTHOCTEH. PaccMOTpUM JIMCKPETHYIO CAYyYalHYIO BEJIUYUHY, IIPUHAMAIONTY0 K
3HAYCHU:

1 2 ... K
91 92 QK

Paccmorpum 3ajiaay orenku mapamerpos @ 5Toil cirydaitHON BeJIMYUHBI 110 BBIOOPKE u3 Hee o0bema
N ¢ TIOMOIIIBIO METO/Ia MAKCUMAaJIbLHOT'O IIPaBI0IIO0I00MSI:

N N
p(X10) = [[ p(z6) = [] . = max
n=1 n=1

Oekzo,zk 9k21

Jlannas 3aja4a YCJIOBHON ONTUMHU3AINA MOYKET OBITH PelieHa aHAJTUTUYECKH C IIOMOIILIO (DYHKITUH
Jlarpanxka L:

N
L(O,)) =logp(X|0) + A Y 6 —1) = logby, + A | D> 1] =
k n=1 k

K N K
:Zlogﬁk Z[xn:k] + A Zek—1
k=1 n=1 k=1
[IpupaBuuBas npousBojHbie MyHKIMN Jlarpanxka K HY/JII0 U CyMMHAPYs 10 k, IOy daeM:
0 SN, = K] 1 & L
— LN === D N=0 = O = —— n=Fk|, = A=— n =kl =—N.
a6, (6.2) o + k )\n:1[x B ;;[ﬂi ]

Takum obpazoMm, OleHKa MAaKCUMAJILHOIO MPaBJIONOI00U JIJIsi mapaMeTpoB @ olpeessgercs 4acTo-

0, — W (2)

Beenem pacripesienenue Jupuxiie Dir(@|a) B KauecTBe anpropHOro pactpe/ieseHus J1jisl apaMeTpOB
6 u paccMOTPHUM OIEHKY MaKCHMyMa alloCTEPHOPHOTO PaCIIPe Ie/IeHNsI:

p(0|X, o) — max < p(X|0)p(0|lar) — max .

JlelicTBysI aHAJIOTIYIHO CIy9ar0 MAKCUMyMa IIPABIONOI001S, ITOIyIaeM CIeAyIoee peleHne TaHHoi
38J1a91 OITUMUBAIIAN:
N
ap— 1+ v, =k
= )
Dk — K+ N

BamMeTuM, 9TO B CIydae PaBHOMEPHOIO AlPHOPHOrO pacupejesenus (a; = ...ax = 1) jgaHHOE pe-
[IeHNe TePEXOJUT B ONEHKY MaKcuMaJsbHOro mpaspononobus (2). IIpum Becex oy > 1 perenne (3)
SIBJISIETCST ME€Hee KOHTPACTHBIM, YeM pelienue (2), u, B 9aCTHOCTH, 3a/aeT HEHYJIEBYIO BEPOSITHOCTH
JIJISE ICXOJIOB, HU paldy He HaOJIoJABIIUXCs B oOydarorieil Bbioopke. B sToM cirydae mpoucxoauT criia-
Kupanue BeposTHocreil. Hanporus, npu «p < 1 pemenne (3) sijsiercss 6ojiee KOHTPACTHBIM 110
CpaBHEHUIO ¢ (2), T.K. B 9TOM CjIydae alpuOpHOE PACIpejie/ieHne uMeeT GOJIBIIO BeC y IPAHUI CUM-
mwiekca. Hampumep, B ciaydae o = ag = a3 = 0.1 1 BBIOOPKM U3 OJHON €IUMHUIIBI, IBYX JIBOEK U TPeX

0 =

(3)



TPOEK OICHKHN MaKCHUMaJIbHOT'O HpaB,ZLOHO,Z[‘O6I/IH 1 MaKCUMaJIbHOI'O allOCTEPHUOPHOI'O pacIIpe/e/IeHuA
COOTBETCTBEHHO pPaBHBLI:

1 1
ML 6’ ML,2 y YML,3 27

1 11 21
MP,1 337 MP,2 337 MP,3 33

Moaear LDA

Temarudeckune Mojesnn (dTeHne crarTeii MO JAHHON TeMe PEeKOMEH/yeTCsl HAadaTh ¢ BBOJHBIX 0030-
poB [1, 2|) npeHasHAaYEHB! JIJI ONUCAHUS TEKCTOB ¢ TOYKM 3peHHs uX TeMaTuk (pyopuk). [Tosromy
B TEMATHYECKIX MOJEIAX, KaK MPABUJIO, UCIIOJIb3yeTCS MOJEIbL MEIIKa CJIOB, T.e. KaxKJbli ITOKy-
MEHT PacCMATPHUBAETCS KaK HAOOpP TEPMUHOB (CJIOB, CJIOBOCOYETAHUiT), KOTOPbIE B HEM HUCIOJIb3Y-
forcst. [lpu aToM mopsiyiok ynorpebsieHust TEpMUHOB B JIOKyMeHTe uraopupyercs. CooTBeTCTBEHHO,
JIIsT IPUMEHEHUS TeMATHIECKUX MoJIeseii Habop TeKCTOB (KOPILyC) MojBepraeTcs npeaodpaboTke, Ko-
TOpasd BbIJC/IAdeT TePpMHUHBI (3HaqHMbIe CI[OB&) B KazKJI0M ZLOKyMeHTe. B JaCTHOCTHU, Ha 9TOM ITalle
0TOPaChIBAIOTCS CJIOBA, KOTOPBIE BCTPEYAIOTCA IPAKTUICCKH B KAzKJIOM TEKCTE, — COIO3bI, IIPEJIJIOTH,
BBOJIHBIE CJIOBA, U IIPOH.

OcHoBHoe mpe/osiokenre rtemarndeckoir mogiesnn Latent Dirichlet Allocation (cokpatiento
LDA) [3| cocrouTr B TOM, 9TO KazKJblil JTJOKYMEHT UMeET HECKOJIBKO TeMATHK, CMEIIAHHBIX B HEKOTO-
poit npornopiiuu. Hammpumep, B TekcTe Ha puc. 2 MOYXKHO BBIJICJIUTH TEMATUKY, CBA3AHHYIO C AaHAJIM30M
JAHHBIX (BBIJIEJIEHO CHHUM) CO cJIoBaMu «computers, «prediction» u T.J1., TeMATHKY, CBSI3aHHYIO C
[POIECCOM SBOJIIONUN (BBIIEJIEHO PO30BBIM, CoBa-npejicTasuresu «life», «organism»), TemMaruky,
CBSI3AHHYIO C T€HETHKOI (BBIJEIEHO JKEITHIM, CJIOBA-IPEJICTABUTEH «genes», «sequenced») u mpod.

Tabmuna 1: OcHoBHBIE 0003HAYCHUA

we{l,..., W} — HOMED CJIOBa B CJI0Bape

te{l,....,T} — HOMEpP TeMaTUKU

de{l,...,D} — HOMEP JIOKYMEHTa B KOPILyCe

Ny — YHCJIO0 CJIOB B JIOKyMeHTe d

Wy = [Wa1,- .., Wan, — cjoBa B jokymente d, wq, € {1,..., W}
Zg=[%d1,- -, 2a.N,] — TeMaTHKU CJIOB B JIOKyMeHTe d, zq4, € {1,...,T}
0,=1041,...,0a7] — BEPOSITHOCTU TEMATUK B JIOKyMeHTe d

&1 = P11, .-, drw] — BEpPOSITHOCTH CJIOB B TeMATHKE t

© =[0y,...,0p]" € RP*T  — pepoaTHOCTH TeMATHK BO BCEX JOKYyMEHTaX
S = [p1,...,07r]T € RI*W  — pepoarHocTH CIOB BO Beex TeMaTHKax
W=Aw,,...,wp} — Habop BCeX CJIOB B KOPITyCe
Z={zy,...,2p} — pasbueHue BCeX CJIOB IO TeMaTHKAM

LDA — 310 BeposiTHOCTHAs MOJIE/Ib IOPOXKIEHUS TEKCTa. 3/1eCh TeMaTHKa PacCMaTPUBAETCA KaK
HEKOTOPOE paclpejie/ieHne BeposiTHOCTEl B IPOCTPAHCTBE CJIOB U3 olIero cjioBapsi. Hampumep, re-
HeTHYecKasl TeMaThKa 3a/1aeT BBICOKHE BEPOATHOCTH JJIsl CJIOB «T'€H», «CEeKBEHUPOBaHWE» U T.JI., a
KOMITBIOTEpHAS TeMaTHKa 33/I1a€T BBICOKME BEPOATHOCTHU JIJIsI CJIOB <«BBIYUCIEHUS», «KOMIIBIOTEDY,
«IAMATB», «aJITOPUTM» u T.J1. [Iporecc mopoxaennst Tekcra B mojenun LDA cocrout m3 nByx 3Ta-
noB. Ha miepBom 3Tarie Jijisi JJAHHOTO TE€KCTa BBIOMPAETCs HEKOTOPOE PacIpeiesieHue BEpOATHOCTEN B
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Puc. 2: NumocTpaliust mopozK aafoIieil MoJAe/In TEKCTa ¢ IIOMOIIbI0 Habopa TeMaTHK

npocTpaHcTBe TeMaTuk. Ha BTopoM srare cHavasa Jijid KaxKJ0ro cjaoBa (TepMUHA) B TEKCTe MeHepH-
pyeTcd TeMaTHhKa U3 pacupeiesieHns BepOATHOCTel Ha TeMaTUKax, a 3aTeM CaMO CJIOBO MeHEpUPYyeTCd
U3 COOTBETCTBYIOIIETO PACIIPE/IE/IEHUS JIJisi BHIOPAHHOW TEeMaTUKH.

Brejsiem opmasibible 0003HaYEHUS JJId BCEX YIIOMSAHYTBHIX IMOHATHI, TAKMX KAaK JJOKYMEHTBI, Te-
MATHKH, CJIOBa B JIOKYMEHTe, TEMATHKH JIJIs KaXKJI0ro CJI0Ba B JIoKyMeHTe u T.71. (cM. Tabu. 1). Torma
BeposiTHoCcTHas Mojiestb LDA 3ajtaercs kak

D N
p(W> Z; @’q)y Oé) = Hp(ed’a) H p(wd,n’zd,nv q)>p<zd,n‘0d)7
d=1 n=1

p(B4la) = Dir(8q|c), (4)
p(wd,n|zd,n7 (I)) = ®zd’n,wd7n? p(zd,n|0d) = (_)d,zdm-

Pacemorpum tiogpobree mozens (4). Ecim MbicieHHO 0TOPOCHTD AlPUOPHBIE PACIIPE/IC/ICHUS Ha
napaMeTpbl O, a Tak:Ke IMPOCYMMUPOBATH 110 BCeM Z, TO MOJIyYUTCsI, 9TO MOJeb (4) mpencraBiisi-
eT KaXKJblil JOKYMEHT Wy KaK BBIOOPKY M3 CMeCH JUCKPETHBIX PacIpeeseHnii, COOTBETCTBYIOIIIX
remaTukaM. [losromy obydenune momesn LDA B mamsoM ciiydae SKBHBAJIEHTHO OJHOBPEMEHHON KJa-
CTepU3AINKE HECKOJIbKUX BBIGOPOK (0jiHA BBIOOPKA COOTBETCTBYET OJHOMY JIOKYMEHTY) € OOIIUME
KoMrioHeHTaMu. [Ipu mobaB/ieHNNM APUOPHBIX paclpejie/ieHnii Ha mapaMerpbl © K OOIUM KOMIIO-
HeHTaM J00aBJIAITCs 0bIue criazkuparoiye GhakTopbl (1, Hao60poT, (hakKTOPHI, CIOCOOCTBYIOIIIE
PaspesKeHHOCTH B MMPOCTPAHCTBE TEMATUK /I JIOKYMEHTOB). 3aMeTUM TaKKe, 9TO MOjeb (4) urHo-
pUpYyeT MOPSAJIOK JIOKYMEHTOB B KOPILYCe.

Hapsizry ¢ mogiesibio (4) paccMOTpUM pACIIUpEHre 3TOi MOJE/U MyTeM J00aBJICHUsT allpUOPHBIX
pactpeenenuit lupuxse na mapamerpsr P:

T D N
p(Wv Z,0, (I>|a7 ﬂ) = Hp(¢t|ﬂ) Hp(9d|05) Hp(wd,n|zd,m (I))p(zd,n|0d)’
t=1 d=1 n=1
p(¢:|B) = Dir(¢:|3), p(fala) = Dir(04|c), (5)

p(wd,n|zd,na (I)) = CDzd,n,wd,n: p(Zd,n|0d) = G)d,zd,n'



BBeienne anpuopHBIX pacupe/iesieHuii Ha napaMerpbl ® mo3B0JIseT, B 3aBUCUMOCTH OT 2KEJIaHUIT I0JIb-
30BaTeIsd, CIIAsKUBATH JIAHHBIC BeJIMYUHBI UK CIIOCOOCTBOBATEL PA3PEKEHHOCTH B IIPOCTPAHCTBE CJIOB
JUUTsT TEMATHUK. 3aMeTuM, 910 Mojiesb (5) mepexogut B Mojesb (4) npu f = 1. BameTnM TakzKe, 4TO
MOJIeJIb (5) 110 CBOEit CTPYKTYPE TOJHOCTBIO OBTOPsieT 6aileCOBCKYIO MOJIE/Ib CMEeCH HOPMAJIbHBIX Pac-
upeenenuii. B oboux ciaydagx mpejaraercs BBOAUTL allpUOPHOe paclpeseaenne Jupuxie Ha seca
KOMIIOHEHT CMECH, & Ha CaMU KOMIIOHEHTBI BBOJUTh CoNpsizkeHHOe pactpejesenue (Faycca-Yurmapra
JJIsl HOPMAJILHOTO pacipe/iesienust 1 Jlupuxiie st JUCKPETHOTO PACIIPE/Ie/IeHHs ).

Bapuanmonnsblii moaxona ajist BeIBoga B Mozen LDA

Pacemorpum pertierne 3asa4au o0y derust Mojien LDA (4) ¢ moMoImpio MeTojia MaKCUMAILHOTO TIPaB-
IONOL00NT:
pW|®, a) — max. (6)

P«
SamMmeTnM, 4TO 37€eCh 10JIb30BaTe/Ib 3apaHee 33J1aeT KoJM4ecTBO TeMaruk 1. Besmumna mpasjono-
nobust p(WW|P, o) He MOKeT ObITH BBIUUC/ICHA AHATUTUICCKU Jazke Jyuist HeOosbmux 1T u 00beMOB
JIOKYMEHTOB B KODIIyce, T.K. TpebyeT, B JaCTHOCTH, CyMMHUPOBAHHUA II0 BCeM Z, 9TO COOTBETCTBYET
cymmvuposanmio 1o T2dNa craraempiv. s permenms sagaun (6) BOCIOIB3yeMcst BapHAIHOHHBIM
EM-anropurmom:

E-mar: ¢(©, Z) ~ p(©, Z|W, P, a), (7)
M-mar: E;log p(W, Z,0|®,a) — max. (8)

AnocrepuopHoe pactpejesienune Ha E-1mrare #He MoxKeT OBITH BBIMUCICHO aHajuTHIecku. [losTomy
BOCIIOJIb3YEMCsl BAPUAIIMOHHBIM IOJIXOJ0M U OY/JIeM UCKATh aIlllPOKCUMUPYIOIIee pacipeje/ieHue q B
cemeiicTBe (paKTOPU30BAHHBIX PACIIPE/IE/IEHMIA:

90, 2) = [ [ 4(Balva) | [ a(zanlpran). 9)

Brech Ya = [Vai1, -+ Var) U Han = [fdn1s- - -5 Pdnr] — TAPAMETPHI pacupeiesenus ¢. Bapuarmon-
HBII TOJIX0/I COCTOUT B TIOKOOP/IMHATHOM onTruMu3almu GakTopoB B pacipe/iesieHnt ¢ (OnTHMU3AIN
oHOrO hakTopa npu GUKCUPOBAHUN BCEX OCTAILHBIX). [Ipn aroM onTuMasbHbIi (haKTOp HAXOIUTCS
nyreM yepeaaerns log p(W, Z, O], ) mo Bcem dbukcupoBaHubiM (bakTopam. PaceMorpum perenue
9TOM 3818491 OTIEIBHO /I BCeX (DaKTOPOB PACIPEICICHUs .

KommonenTa q(0.|v.)-

D N
log q(0c|v.) = /1OgP(W7 2.01®,a) [[ a(0ava)d0a [ I a(zan|ttan)dzam + Const =
dte i

N T Ne

: T
= log p(90|a)+z Eq(zonlpren) 108 (26n|0.) +Const = Z(oc—l) log Gc,t—i-z Z fent log B ++Const.

n=1 0 t=1 n=1 t=1

C,Ze,mn

D10 BbIpakeHue Kaxk pyHkus ot @, mnpejcrapiser coboit morapudm pacupeaenenus Jlupuxie. Cire-
JIOBaTEJILHO,

Nc
Q(00|7c) = Dir(06|7c)u Vet = & + Z Ment- (1())

n=1



Komnonenta q(2gn|ttan)-

D

log q(zem|tem) = /logp(W, Z, 0|9, a) H q(04)v4)d04 H q(Zan|Man)dzq, + Const =
d—=1 (dn)(cm)

= Eq0.1v.) 108 D(2e;m|0c) + 108 D(We 1| Ze;m, P) + Const =
0

C,Ze,m

T
=U(Yernn) — ¥ (Z %J) + log p(wWeim | 2e,m, ©) +Const.
—— —
t=1

Zc,m,We,m

Bnech npu Borauciaennn Eqg, |y 1og b, ... MbI Bocnonb3osasmces pesyipraroM (1). Takum obpazom,
q(Ze.m|Mem) TIPEaCTABISIET COOOM JUCKPETHOE PACIpe/ie/ieHne, IpuHnMaoree 1’ 3HaYeHnil ¢ BeposaT-

HOCTSIMU o .
S, We.m EX c,s
Hem,s = T — p( (’7, )) s S:L...,T. (11)
Zk=1 q)k:wc,m eXp(\I]<fyCyk))
Ureparusnbiii nepecder mo dopmyaam (10),(11) mpousBoauTest 10 CXOAUMOCTH O 3HAYECHUIO
dyHKIIMOHAIA

L =E,logp(W, Z,0|2,a) — E,logq(B|Z).

Jlerko IIOKa3aThb, 9YTO 3Ha4YeHue L MozKeT OBITHb BLIYUCJICHO aHAJIUTUYCCKU:

T
E,logp(W, Z,0|®,a) = DlogT'(aT) — DT logT'(a Z{ a—1)Y  U(ya)-
t=1

— (Ng—T(a—1)) Z’ydk —i—ZZlog@twdn—l-qf(’)/dt))ﬂdnt} (12)

n=1 t=1

D T T
E,logq(©]2) =) [logl“(zm) - Zlogf(’mt + 3 (e — D(¥(ya0) Z%zk }
d=1 t=1 t=1 =1
D Ny

+Zzzudntlogudnt

d=1 n=1 t=1

Bamernm, uro Beipazkenue (12) — sro dyHKImMs, KoTopas ontuMmusupyercsi Ha M-mrare (8) mo napa-
MerpaMm @, a. JIerko mokaszarh, UTO ONTUMAaJIbHOE 3HaUYeHNE P BBIUHUCIISIETCA KaK

2 (dm)efg =] Pt

q)t,w -
Zd,n Md7n7t

OnTuMabHOEe 3HAYEHUE (v MOYXKET OLITh HAMJICHO C IMOMOIILIO YUCJICHHOTO METOJa OJHOMEPHOIl OII-
TUMHU3AIUK. BO3HUKAIOMAA 37eCh 3a/a49a ONTHMU3AIUNA 110 (v ABJIACTCS BBILYKJIONH U PaBHOCHILHA
HOKMCKY MaKCHMyMa IJIOTHOCTH HEKOTOporo pacupeseserns lupuxie Dir(z|a).

Bamernm Takzke, 9ro GyHKIMOHAN L SBISETCS HUZKHEN oreHkoil mig suadenus logp(W|®, ).
Takum obpasoM, B pesyinbrare BapuanuonHoii onrumusanun (10),(11),(12) maxomurcs He TOIBKO
AINIPOKCUMAHT JJisl ariocrepuopuoro pacupeserenus p(Z, O|W, @, a), Ho u oneHKa 060CHOBAHHOCTH

p(W|®, ).



Haiinennble B pesy/ibTaTe BapHaIlMOHHOM ONTHMU3AIMKA HApPaMETPBl Yq U fbq, JId ONTHMAJIb-
HBIX 3HaYeHUi napamMeTpoB @, o UCTIOIB3YIOTCS JIJIA ONEHKH UCKOMBIX PACIIPEJIC/ICHHH 110 TeMaTHKaM
JUI KaXKJI0r0 JIOKYMEHTa U pa30MeHus CJIOB JIOKYMEHTOB 10 TeMaTUKaM IIyTeM B3ATHs CTATUCTHK

pacupenenenuit ¢(0q|va) 1 q(Zan|tan):

Vd,t
T b
Zk:l Yd.k

[Ipu mobaBiaeHur B KOJJIEKIUIO HOBOTO JOKYMEHTA Wpey €00 BEPOSITHOCTD P(Whew|P, ), & Taxkke
pacmpeesieHne 1Mo TeMaTuKaM U pa30heHre CJIOB 10 TeMaTHKaM MOYKeT ObITh HaifIeHO ¢ ITOMOIIBIO
BApPHUAIMOHHOTO TIPUOJINKEHUS JIJI allOCTEPHOPHOTO PACTIPEETCHUS P(Znews Onew| Whew, P, ).

B0O3MOXKHOCTH BBIUUC/IEHUs IPABIONOI00ust TecToBON BHIGOPKU P(Wiest| P, /) OTKpBIBAET MyTh K
aBTOMATHIECKOMY OIPEIEICHUIO KOJIMIeCTBA TeMaTuK 1 ¢ IMOMOIIbIO CKOJIb3AIIEro KOHTpoJid. Ila-
pamerp 1T’ gBJSETCS TUHMUYIHBIM CTPYKTYPHBIM HapaMETPOM, KOTOPBIH 00ecrednBaeT KOMIIPOMUCC
MezKJIy TOYHOCTBIO BOCCTAHOBJIEHHsT 0Oydatorux naHabx p(W|®, o) u uHTEpIpeTabebHOCTHIO BOC-
CTAHABJMBAEMbBIX TeMaTUK. B CKOJIb3sIIeM KOHTPOJIe Jiid rmoucka 1’ obydaroras BhIOOpKa pa3dbuBa-
€TCsl HeCKOJIBKO Pa3 Ha 00ydaroniyio Wirqin U TeCTOBYIO Wi.q. [lo oby4atomieit BbIOOPKE HAXOIATCH
ontumasibible 3HadeHus (P, o) = argmax p(Wipain|P, @) u orenuBaercs mpasiornomobue TecTo-
Boil BBIOODKU P(Wiest| Py, vy ). Besmumna npasionomnobust TecToBoii BBIGOPKH YCPEIHSIETCS 110 BCEM
pas3bueHnsIM UCXOHON BRIOOPKM Ha 0OyUeHue u TecT. JHadeHue ', MAaKCUMU3UPYIOIIee CPeIHee PaB-
JIOTIOI00Me TECTOBOI BBIOOPKM, MPU3HAETCS HAWIYIINM. AJTbTePHATUBHBIN CIIOCOO aBTOMATHIECKOTO
noabopa T', OCHOBaAHHBIN Ha HemapaMeTpPUIecKoM GalleCOBCKOM TOJIXojie, onucan B pabore [4].

B zak/ouennn jgaHHOrO pasjiesia OTMETHM, 9TO IIPeCTaBJIEHHbBIN 3/1eCh BAPUAIMOHHBIN IIOIXO/T
MOKeT ObITH HAIPSIMYIO 0000IIEeH J1jisi pacumperHoi remarndeckoit mojesnn LDA (5).

éd,t = Zan = arg mtaX Hd,n,t- (13)

Cxema I'mb6ca aJ1s BeIBOJIa B Mojesn LDA

Bapwuaruonubiit oaxo/1, mpejcTaBIeHHBIN B IPEIbLIYIIEM pa3jesie, OpUeHTHPOBaH, B IMEPBYIO OUe-
pesb, Ha onrTuMuzarmio mnpasiomnongodbus p(W|P, «). Ilpu smoM mpOMCXOIUT OHOBPEMEHHBIH T10-
HCK AIMIIPOKCUMAHTA JJIsl alocTepuopHoro pactpeenenus p(Z, O|\W, @, «) B cemeiictse dharTopu-
30BaHHBIX pactpeseiennii (9). OpHako, OUCK TOJOOHOTO ANMPOKCHMAHTA HE COOTBETCTBYET, BOOO-
Ie TOBODS, WHIMBUyaJIbHBIM Tpubskerusm p(zq, 04 W, @, «) ¢ nomommpio daktopos q(O0y|vyq) u
q(Zdn|tan). B pesymbrare, BeauanHbl 6, n Zd,n, BBIMHCIIsIEMBIE 110 bopMynam (13), MOryT okasaTbes
[JIOXVMHE TPUOTUZKEHUSIME J1JTsT HCTUHHBIX CTATHCTUK WHIUBUYAJIbHBIX allOCTEPUOPHBIX PacIpe/iee-
Huit p(z4, 04 W, @, ). BosmokHBIM pererneM 0603HAIE€HHON TPOOIEMBI SBJISETCS TOMOJTHATEIbHBIN
[IOUCK BapUAIMOHHOTO MPUOJIMIKEHNUS JIIST BCEX WHJIMBUJLyaJbHBIX AIIOCTEPUOPHBIX paclpeleseHuit
p(z4,04)W, @, ) mocsie onpenenenust Hamayqnmx napamerpos (@, ). OpHako, Takoil MHOMOKpAT-
HBIIl 3aIlyCK MOXKET TpebOBATH 3HAUUTE/IbHBIX BPEMEHHBIX PECYypPCOB. AJIbTePHATUBHO MIPOTIE Ly POit
3/1eCh ABJIgeTCa cxeMa ['ubOca, KoTopasi mojpobHO u3jiokeHa B padore [5].

Pacemorpum pactmpentyio moiens LDA (5). B sroit Momesn mMaprunaibHOE pacipejiesieHne



p(W, Z|a, 8) MoxKeT OBITH BBIUUCICHO aHATHUTUICCKH:

pW, Zl|a, B) = /p(W,Z7@,q)|oz,ﬁ)d@d<I> =

[/Hp onle)) ﬁﬁp (Wan|2an, @ dq)} [/ﬁp (84]) Hp Zan|04) d@]

d=1n=1

(R L5 () ) -

t=1 w=1 d=1t=1

L(5W) ot D8+ Xt [Fan =t wan = wl) ( T(aT) [T, D(a + o0 [2an = 1])
((F(ﬂ)) ) H T(BW + 30 (240 = t]) ((F(a)T)) g T(aT + N,) '

[Tpumenum cxemy ['mb6ca jist renepaiuu BeIGOPKU U3 pactpeieienus p(Z|W, «, ). s sroro
HailJIeM OJ[HOMEPHOE YCJIOBHOE PACIPEICICHUE P(Ze |2\ (e;m), YV, @, B) aa Beex nap (¢, m). Herpyamo
[0Ka3aTh, YTO JAHHOE PACIpe/leIeHue PaBHO

(Oé + Zn#m [Zc,n = ]])(6 + Z(d,n)#(c,m) [Zd,n =7, Wd,n = wc,m])
BW 43 amy(emy Zdn = J] '

Takum 0b6pa3oM, JIaHHOE paCIIPe/ie/IeHne 3aBUCUT OT TPEX MoKa3aTe ieil: KOJIMIeCTBa CJIOB, 3& UCKJIIO-
JeHHeM TEKYIIEro W,,,, OTHECEHHBIX K TeMaTUKe j B TEKyIIeM JOKyMeHTe ¢, OOIIero KOoJImdecTBa
CJIOB BO BCEX JOKYMEHTaX, 38 MCKJIIOYCHHEM TEKYIIErO W ,,, OTHECCHHbIX K TeMaTHKe j, U 0DIero
KOJIMYIECTBA CJIOB JIAHHOTO THIA W, ,, OTHECCHHBIX K TEMATHKE j BO BCEX JOKyMeHTaX (He cauras
TEKYIIEro CJI0BA W, ). Bee 9TH mokasaTesm Jerko HepecInThIBAIOTCS [IPU [IEPEX0/e MEK/IY HapaMu
(c,m) B OJJHOMEPHBIX YCJIOBHBIX PACIIPEJICTICHUIX.

B pesyibrare npumenenus cxembl ['nb0ca MbI o1y gaeM BHIOOPKY

Zi,...,2Zp ~p(ZIW,a, B).

p(zc,m = ]|Z\(c,m)a W, Q, B) X

DTa BBIOOpKA MOXKET OBITH HCIIOJIL30BaHa JJIsI OIEHKN HamboJiee BEPOSITHOrNO pas3bmeHns: cjioB WV
10 TeEMATUKaM, paclpejieJIeHnsT TEMATHK JJI KaXKJ0ro JJOKYMEHTa W BEPOSTHOCTEH CJI0B B KasK 10
TeMaTHKe:

2 = arg I%aXp(Z, W|Oé, ﬁ)7
P

é :lza—i_Zn 1[Zdn:]
dit ol + N,

5+Zd 1271 1[Zdn t, Wan = W]
b= b |
p=1

BW+Zd 12 20, =1

Hapsiy ¢ BapuamumonasiM 1moixoioM u Metogamu Monte Kapsio st npub/inzKeHHOIo BhIBOJIA B
mogiesin LDA MOXKHO HCIIOJIB30BATH TAK¥Ke MOJIX0JI PACIPOCTPAHeHUsl OxKutanus [6].

Criocobbl mpuMeHeHUs TeMaTndecKoii mozaem LDA

TemaTnueckast MOJEJIb LDA gasagerca BepOﬂTHOCTHOfI MOZEJIBIO U IIO3TOMY MO2KET OBITH HUCIIOJIb-
30BaHa KaK MeTOJ BOCCTaHOBJIEHHUA IIJIOTHOCTU B IIPOCTPaHCTBE TEKCTOBbLIX KOJ’[.HGKILHIZ. HpI/I 9TOM



dunbmsl
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Puc. 3: WunocTparus K 3ajiade KoJLIabOpaTUBHON (DUIIBTPAIUN.

BBICOKHE 3HAYUEHUS IIJIOTHOCTH OY/IyT COOTBETCTBOBATH KaK JOKYMEHTaM U3 00ydarolieil KOIIeKIINT,
TaK M JIOKyMEHTAM CO CXOXKMM TeMaTudecKuM HarojHerrneMm. OJIHOM 13 BO3MOXKHBIX obJacTeil mpu-
MEHEHHSI TaKOI'0 MeTOJIa BOCCTAHOBJICHUS ILIOTHOCTH $IBJIFETCA peIleHne 3aJaqu UJIeHTUPUKAINN
NIPUHAJJIEZKHOCTH JIOKYMEHTa, OIPeJIeJICHHOMY JIUCKypcy. B Tom ciiydae, eciim 3nHadeHue BOCCTAHOB-
JIGHHOH TJIOTHOCTH JIJIsi TECTOBOI'O JIOKYMEHTa MEHBINE OIPEJIe/IEHHOIO Iopora, TO TaKo# JTOKYMEHT
MIPU3HAETCS HE COOTBETCTBYIONIUM TEKCTOBOM KOJIJIEKITUH.

Mogens LDA moxkeT ObITH HCIIOIb30BaHa KAK METO/] YMEHbBIIICHIS PA3MEPHOCTH JIJIsl JIOKYMEHTOB.
NexomubiM BEKTOPOM MIPU3HAKOB I JJOKYMEHTA SBJII€TCS pa3peKeHHbI BeKTop umHbl W, rae B
MTO3UTIAN W CTOUT KOJTMIECTBO yrnorpebseHuii cyioBa w B JokyMenTe. C momortbio mojean LDA moxxHO
HOJIyYNTDb INpeJCTaB/IeHue JJIfg JOKyMEHTa JJINHBL ', COCTOAIIErO U3 BEpOATHOCTEH TeMaTHK 6.
SamMeTuM, UTO KOJan4decTBO ¢jioB W B ciioBape, Kak MpaBUjIO, COCTABJIAET JICCATKU WJIHM COTHU ThICS,
a KOJIMYeCTBO TeMaTuK 1 OOBIYHO BBIOMpPAETCs PaBHBIM HECKOJBbKUM JdecaTKaM. TakuMm oOpasoM,
¢ omoripio LDA MokHO mpousBecTr pajinKaJibHOE COKPAICHUE Pa3MEPHOCTH JIjIs IPEJICTAB/ICHUS
JIOKyMeHTOB. [IpuMep npumeHeHnsi TaKOro METO/[a YMEHBIIEHUsT Pa3MEPHOCTHU I KJIaCCUDUKAIH
JIOKYMEHTOB 13 6a3bl JanHbIX Reuters-21578 o TemaTnkaM MOXKHO HaifTn B [3].

Mogens LDA (4) ucnosbsyercss TakyKe Jjisd PeIlleHns 3aa4u KoJiabopaTuBHON (bubTparyn.
31ech BXoJHON nHMOpPMAIUEil ABsIeTCs pa3pekeHHas MaTpPHIa AeHCTBUTEIbHBIX YHCE, U 3a/a9a
COCTOUT B BOCCTAHOBJIEHUU 3HAYEHUI 3TOI MATPHUIILI B ITPOITYIIEHHBIX MO3UINAX. Hanpumep, Jannast
MaTPHUIA MOYKET OIUCHIBATEL IPEAINOYTEHHsI TT0JIb30BaTeeill i KOJUIeKIn huabMoB (cM. puc. 3),
U 3aJlada COCTOUT B BBIPAOOTKE PEKOMEHAIMH JIJI KaXKJIOTO II0JIH30BATE/Id 110 ITPOCMOTPY HOBBIX
Jutg Hero ¢duabMoB. [Ipu npumenennn temarmdeckoir mogenn LDA B aroit 3ajade KarxKIblil MOJIb-
30BaTE/Ib UHTEPIPETUPYETCA KaK TOKYMEHT, KayKJIblii (pUIbM — KaK CJIOBO U3 CJOBapsi, a PefHTUHT
[10JTh30BATE/Is 38 JAHHBIN (PUIBM — KaK KOJMYECTBO YHOTPeOJICHU C/I0Ba-(puIbMa B JIOKYyMEHTE-
nosib3oBaresie. Ha srame obyduenus: vaxoagarcs mapamerpbl LDA (P, o) 1o JaHHBIM TOJIB30BaTEIIEH],
OTPEATUHTOBABIIIX OOJIBIIIOE KOJUIECTBO (DUIBMOB. 3aTeM JIJIsi O9YepPETHOTO MOIh30BaTe s d, OTpeii-
TUHIOBABINEro Psiji (DUIBLMOB (JJIsi HETO M3BECTEH HAaOOp CJIOB Wy JuHBl N ), PDEHTHHI 3a HOBBIN
duIbM W BBIYHCIIAETCS KaK

k = arg m]?xp(wdwﬂ =W,...,Wantk = Wwg, P, ).



3,ZLer COOTBETCTBYIOIIasd BEPOATHOCTDL HAXOAUTCA KaK
p(dev_H =w,... 7wd,N+k = w|wd, CI), Oé) =

k
= / Z (Hp<wd,N+i|Zd,N+ia (I))> P(ZaN+15 - -+ Za Ny Odlwa, @, 0)dOq =

Zd,N+1s-2d,N+k \i=1

k kT
{P(Zd,NH, <o oy Zd,N+k Hdl'wd; D, 04) ~ Q(9d|’)’d) H Q(Zd,N+i|l~Ld,N+i)} ~ H Z (I)t,wud,zwi,t.

i=1 i=1 t=1

B janHOM BBIYHCIEHWE MBI BOCITOJIB30BAJINCH BAPUAIMOHHBIM TPUOINKEHUEM JIJIsT allOCTEPUOPHOTO
pacupeieaeHust P(Zg N1, - - -y Zd.N-+k, Oa|Wa, P, ).

Haxoner, moziesib LDA MoxkeT ObITH UCIIOJIB30BaHA JIJId PEIeHNs 33/ 1a91 HHOOPMAIIMOHHOTO 110~
UCKa JIOKYMEHTOB M3 KOJLICKINHU, Hanbosee Ou3kux K 3ajannomy. s sToro BBOmuTCH DyHKIUS
PACCTOSTHUST MEXKJTY JBYMSI JOKyMEHTaMu ¢ U d:

ple,d) = 3 (KL(8.]6.) + KL(68,]6.))

3nech uepe3 KL oboznavena quseprentus Kynbbaka-Jleiibiepa MexK 1y IByMs BEPOATHOCTHBIME Pac-
[IpeJIeJIEHUSIME, a depe3 O, — paciupegeeHne TeMaTuK B JOKyMeHTe d, moaydaemoe B momomibio LDA.
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