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[dBa HanpaBneHus nccnenoBaHuii:

» Mopenn «melika cnoey»

» Latent Semantic Analysis [Deerwester et al., 1990],
Hyperspace Analogue to Language[Lund and Burgess, 1996]

» PLSA, LDA n gecatku gpyrux TeMaTUHecKux Mogenei
[Hoffman, 1999; Blei et al., 2003]

> MO/J,eﬂI/I «MELUKa CnoB»

» HeiipoceteBble Mogenn s3bika [Bengio et al., 2003; Collobert
and Weston, 2008; Mnih and Hinton, 2009]

» Word embeddings (BekTopHbie npeactasnerus cnos) [Mikolov
et al., 2013, Pennington et al. 2014; Levy and Goldberg 2014]



Vector Space Models of Semantics [Pantel and Turney, 2010]

» obyuatoTcs no kopnycy Tekctos (be3 yuntens)
> ynaenueatoT 61130CTb OB, hpas u JOKYMEHTOB

> OCHOBaHbl Ha AUCTpubyTMBHON runoTese [Harris, 1954]

MNpunoxxeHus:

» IR, Q&A, knaccndpukaums TeKCToB, KnacTepusauus u T.4.

Cxema 06paboTKN: KOPNyC CbIpbIX TEKCTOB — JINHIFBUCTUYECKAs
npeaobpaboTka — MaTpuLa CNOBa-AOKYMEHTHI UM CIOBa-COBa
— MaTemaTuyeckas npegobpabotka (4acTo noHmxeHme
pasmepHoCTW) — nogcyeT bansocTu



OOyueHune CKpbITbIX BEKTOPHbIX NpeaCcTaBfieHunii:

» PISA, LDA, etc.: BeposiTHOCTU C/IOB B TeMax ¢, U TEM B
OOKyMeHTax fy. KntouyeBoe CBOICTBO: MHTEPNPETUPYEMOCTL
KOMMOHEHT.

» Word embeddings: BewiecTeeHHble BeKTOpa A4S CNOB 1y, 1
KOHTEKCTOB 1) (0bbI4HO Takke cioB). KitoueBoe cBOWCTBO:
COXpaHeHne pacCTOsHNIA.

Ha ocHoBe npepackasaHus cTaTUCTMK NO KOpnycy:
PLSA, LDA, etc.: p(w|d)

CBOW: p(wj|Wj_p, ..., Wjin)

Skip-gram: p(wj_p, . .. Wjn|w))

Paragraph2vec: p(wj|wj_p, ..., Wjth, d)
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BeposTHOCTHbIE Moaenu:

» PLSA (BeposiTHOCTb c/ioBa W B AOKyMeHTe d):
p(w|d) = Zp w|t)p(t|d) = (dw, 04)

» Skip-gram (BeposiTHOCTb C/I0Ba W B KOHTEKCTE CJIOBA C):

exp (Yw, V¢
ZWEW exp <¢W7 ¢2>

p(wlc) =
p(Wipy - wiralw)) = [ P(wisklw)
— h<k<h,k#0

[Ba cnocoba mogennpoBaHusa BeposITHOCTEN: CMecChb
pacnpegeneHnii uam softmax oT BeLIECTBEHHOR OLEHKN.



Jlorapudcdm npasgonopobus:

> PLSA:
L= nuqlogp(w|d)

deD weW

» Skip-gram:

N

= log p(Wj_p, ... Wjnlwj) =
=1

N

= Z Z log p(Wjk|w;) = Z Z nwc log p(w|c)

j=1 —h<k<h,k£0 cEW wew

Kak onpeaenutb «A0KyMeHTbI» d Tak, 4Tobbl N,y = Nyc?



TemaTudeckas mogenb ANs KONNEKLUN NCEeBOO-A0KYMEHTOB

Onpepennm nceBao-aOKYMEHT d, MOPOXKAEHHBIV CIOBOM, Kak
MELLIOK BCEX CJI0B, KOTOPbIE BCTPEYAOTCA B JIOKAJIbHOM KOHTEKCTe
ntoboro BXoXKAeHUs 3TOro CNoBsa:

word word word word word word word word word word
word word word word word word word
word word word word word word word word word

word word word word word word word word word word

word word word word word word word word

ObyueHne TemaTuyeckoii mogenn Ha W nceego-aoKymeHTax — 3TO
TO )Ke CaMoe, YTO MpPeACcKa3biBaTb BEPOSTHOCTU CJIOB B KOHTEKCTaX.



HM3KOpaHI'OBbIe MaTpU4Hble pa3/1oXKeHNA:
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» PLSA:
Z Z Nwd log (P, 04) — max

0
deD weW Pwb
Metog ontumusauyuun: EM-anropntm.

Ontumym: p(w|d) = "#V:i.



Hl/l3K0paHl'OBble MaTpU4Hble pa3/1oXKeHNA:

» GloVe (Global Vectors):

ST N flnwe) (Vs L) + b + bl — log ) —

min
bw,b:
WEWCEW wwﬂ/ch wHy®c

MeTon ontumnsauyun: AdaGrad.

Ontumym: log nyc.

» SGNS (Skip-gram Negative Sampling):

> ) nuclogo ((thw, L)) +kEelogo (— (¢w,v})) — max

!
wEW ceW Yw e

Metog ontumusaumn: SGD (online).
Ontumym: sPMI = log 2« — |og k.

NwNe



PaCCManI/lBaeMble MEeTOAbl KaK BEKTOpPHblIe MOogesin CeMaHTUKun

» [lo kopnycy TekCTOB CTPOWTCS MaTpuLia CO-BCTpevaeMocTeli

(nHorga HesiBHO)

» [lponsBoguTCa MaTpU4HOE pasnoXeHue

» [lonyyeHble npeacTaBAeHUs NONE3HbI B psge 3a4ay

BeposaTHocTu BellecTBeHHble OLEeHKM

Cnosa-gokymentbl | PLSA, LDA, ... | Semantic Word Vectors
[Maas and Ng, 2010]
CnoBa-cnoBa ? word2vec, GloVe, ...

Cnosa-cnoBa + BepositHocTu

1. cnocobHbl pewaTth 3agaqn 6AM30CTU 1 aHaNorui

2. xOpoLo NoAXOAAT AN KOPOTKUX LOKYMEHTOB



TemaTtuyeckue mogenn ans 3agad 6aM30cTy U aHanoruim

CornacHo HawuM npegBapuTenibHbIM 3kcnepumernTam, PLSA Ha
MaTpuLe CIoBa-CJIOBa:

> faeT cpaBHUMOe kayecTso ¢ word2vec/GloVe Ha 3agaye
6aunsctu cnoe (gatacer WordSim353)

> CNpaBfiISeTCA C 3afayaeil aHaJornii, Hanpumep:

Camblie 6nuskue k log('alexander’) + log('girl’) - log('boy’):
tamara, anna, tatiana, natasha, nadia, olga,
georgina, alexandra, katherine, anastasia.

Camsbie 6nuskue k log('edward’) + log('girl’) - log('boy’):
katherine, georgina, susannah, louise, josephine,
marjorie, amelia, emily, emma, jane.



Ob6veguHeHve NpenMyLLECTB: MHTEPNPETMPYEeMOCTb U apudmMeTuka

Tembr gnsi log('alexander’) + log('girl’) - log('boy’):

>

topicl158: daughter mary mother actress sister elizabeth lady
marriage anne woman queen jane maria mrs miss husband anna
margaret marie ann sarah princess daughters alice child whom louise
girl helen catherine barbara charlotte couple female susan laura rose

topicl33: op orchestra minor symphony piano concerto sonata
violin flat beethoven bach mozart suite composed string quartet
movement pieces composer chamber cello theme variations opus
allegro piece orchestral trio symphonies key opera philharmonic

topic69: russian soviet russia moscow vladimir ukrainian ukraine
alexander ivan petersburg ussr romanian kiev bulgarian mikhail boris
bulgaria romania oblast sergei orthodox communist sofia saint
georgia nikolai georgian armenian azerbaijan stalin

topicb4: championships olympic olympics gold medal event grand
silver bronze nd cup race metres champion km athletics winter
marathon indoor rd cross competed relay junior medals slalom ski
individual jump skiing finished athlete prix sports athens



Ob6veguHeHve NpenMyLLECTB: MHTEPNPETMPYEeMOCTb U apudmMeTuka

TeMbl, B KOTOpPbIX NOMYyASAPHO MMs 'anna’:

> topicl58: daughter mary mother actress sister elizabeth lady
marriage anne woman queen jane maria mrs miss husband anna
margaret marie ann sarah princess daughters alice child whom louise
girl helen catherine barbara charlotte couple female susan laura rose

» topicl81: santa monastery lady philippines maria saint our san
philippine cathedral manila cruz fe parish abbey basilica mary santo
chapel shrine barbara del virgin province convent rosa clara barangay
monica sant municipality monks immaculate holy ana conception

» topic69: russian soviet russia moscow vladimir ukrainian ukraine
alexander ivan petersburg ussr romanian kiev bulgarian mikhail boris
bulgaria romania oblast sergei orthodox communist sofia saint
georgia nikolai georgian armenian azerbaijan stalin

» topic227: di italian italy del il milan san rome giovanni della carlo
maria francesco venice giuseppe antonio serie opera florence da
monte naples province roma italia dei bologna dell paolo pietro luigi
andrea marco turin palazzo palermo le villa comune mario



D,VIHaMM‘-IECKaSI TemMaTunydeckas

Richard Hamifion (..}
Type of cbject

artwork ()
- painting (5 438)

19641

et
‘smotions. concapts and ideas (14,335}
~emosions and human quakies (4.765)
ity (353)
- Sormal qualibes (10.738)
- pholograghic (3.969)

history (4515)

- poiiics nd society (2.183)
‘Geath: President John F. Kennedy,
assassnation, 22 Nov 1963 (2)

Interiors (4,05)
- domestic (1 56¢)
*lving room (255)

Ttsrature and fiction (2.963)
fim, missic and bailet (315)
im: Sirk, Douglas, 'Shockproof (1)

mMoaenb 6pVITaHCKOI'0 NCKYCCTBa

pecple (30,532)
acults (22,449)
+ woman (8.810)
- named individuals (.941)
* Knight, Palricia (1)

‘objects (20,550)

- slactrical sppkances (334
+tnlevision (36)

- furnishings (2.762)
* chair (65)

\768)
+arts and entertsinment (4,544)
+ achor (208)

Context
Tate collection highlights (195)



ﬂ'l/IHaMI/I‘-IECKaﬂ TemMmaTunydeckas Mmogenb 6pl/ITaHCKOI'O NCKYCCTBAa

Mpumepbl Tem B 1800-x:
» 'river’, 'river thames’, 'england’, 'bridge’, 'boat and sailing’,
'waterfront’, 'boat and barge’, 'figure’
» 'soldier’, 'army’, 'man’, 'horse’, 'sword’, 'battle’, 'woman’
Mpumepbl Tem B 2000-x:
» 'writing’, 'lamp’, 'reading’, 'desk’, "telephone’, 'photographic’,
"office’, 'man’
» 'dusk’, 'ukraine’, 'kharkov’, 'politics ussr and dissolution and
1990-91', 'documentary’, 'townscape’, 'man’
Mo pe3ynbTatamMm py4HOro oueHUBaHUA TeM:
» CnoBsa-cnosa: 22 xopowwux, 52 cpegHux n 6 naoxmux

» CnoBa-aokymeHTbl: 18 xopowux, 42 cpegHux u 20 nnoxux



O npowepgwem roge...

» 3aBeplueHne nccneaoBaHus no oTbopy Tem n goksiag Ha
MexayHapoaHoii koHdepeHuyun SLDS-2015 (Statistical
Learning and Data Sciences) B JloHgoHe.

» [purnawenHsiii goknag B Microsoft Research Cambridge no
aALVTVBHOI Perynspnsaunmy TeEMaTUYECKNX MOAENeN.

» JleTHsAs Wwkona No MalMHHOMY ODYYeHUIO N aHaNn3y TEKCTOB
Ha ecTecTBeHHOM si3bike LxMLS-2015 B Jluccabone.

> DKCMepUMEHTbI C peryisipu3aTopaMu JIOKaJbHOrO KOHTEKCTA 1
noctep Ha koHdepeHuun Machine Learning: Prospects and
Applications B Bepnnte B oktsbpe 2015 r.

. U 0 roge cneaytouiem

» [logroToBka cTaTby MO KOMBUHUPOBAHNIO TEMATUYECKIX
MOZEeli N HelipoceTeBbIX Moaeneii sisbika (word embeddings).

» WccneposaTenbckas ctaxuposka B Google Zurich no ananusy
TekcToB (C anpens no utons 2016).



