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BBeneHne

@ BekTopusaums — npencTaBsieHne C0Ba B BUAe
BellecTBeHHOro BekTopa (word embedding).
@ Ba)kHble CBONCTBa BEKTOPOB:
@ PACCTOAHUA N yrnbl MeXxny npeanctaBiaeHNAMmM CyioB

e(KpacHbin) - e(XKenTbin) < e(KpacHbIN) - e(YMHbIN)
@ cJsioBecCHble aHanorum [1]

e(lLUBeuns) - e(Ctokronbm) =~ e(Hopserus) - e(Ocno)

[1] Tomas Mikolov, Wen-tau Yih, and Geoffrey Zweig. “Linguistic
Regularities in Continuous Space Word Representations.” In: 2013.
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[MpyuMeHeHne BeKTopu3aLmnmn

ObpaboTKa ecTecTBEHHOro A3blka. lNMprMepbl 3agau:
@ NHpekcmpoBaHue JOKyMeHTOB [2]
@ AHanu3 ToHaNbHOCTN TeKkcTa [3]
@ BonpocHo-oTBeTHasa cuctema [4]

BekTopu3saumsa TakXXe UCMoJsib3yeTCs B A3bIKOBOM
MOAENMPOBaHNN — OPYrOM NOAXOAE K PELUEHNIO 3a4au
06paboTKM eCTeCTBEHHOr 0 s3blKa.

[2] F. Sebastiani. “Machine learning in automated text
categorization”. In: 2002.

[3]1 William L. Hamilton et al. “Inducing Domain-Specific Sentiment
Lexicons from Unlabeled Corpora”. In: 2016.

[4] Yikang Shen et al. “Word Embedding Based Correlation Model
for Question/Answer Matching”. In: 2017.
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OcCHOBHble noaxoabl

ObLwas naea BeKkTopusayum:

@ Kopnyc oby4YyeHus CKaHNPYeTCst CKOJIb3SLLNM
OKHOM

@ CnoBa B OKHe: LUEHTpPaJIbHOE N KOHTEKCTHbIE

KOHTeKCTHbIe

BonwebHuk
HUKorpa
He

HeHTpalZlbHoe

ona3abliBaeT,

®pono
BarrnHc.
Kak

N HEe MPpUXoanT paHo.

@ CyuTaeTcsa BEpPOATHOCTb nosaBJiIeHNA CJ1I0B B
KOHTEKCTE

EcTb oBa nonynsapHbix nogxoaa: Word2Vec n GloVe.
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OcHoBHble noaxoabl: Word2Vec

Mikolov et al. (2013) [5]
@ [1se mogenun: CBOW wu Skip-gram

@ CnoBo NpeacTaBnsfeTCcs ABYMS BEKTOPAMM pa3HbIX
ponen

@ CoxpaHseTcs CBONCTBO C/IOBECHbIX aHaN0ornn

Bxon  [lMpoekuwusi Beixon Bxosn lMpoekuywusi Bbixon

w(t—2)|:| DW(H)

4

w(t-1 >D\ D w(t-1)
e B
| Y

X

w(t+2)|:| Dw(t+2)

CBOW Skip-gram

w(t+1 w(t+l)

[5] Tomas Mikolov et al. “Efficient Estimation of Word
Representations in Vector Space”. In: 2013.
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OcHoBHble noaxoabl: GloVe

Manning et al. (2014) [6]

@ OTHOLWeHMA Mexay C/loBaMu - MaTpuLa NonapHbIX
BCTpe4YaeMocCTen

@ CnoBo nNpencTaBisfeTcs ABYMS BEKTOpaMu
@ CoxpaHseTcsi CBONCTBO CJ/IOBECHbIX aHa0rnmn

[6] Jeffrey Pennington, Richard Socher, and
Christopher D. Manning. “GloVe: Global Vectors for Word
Representation”. In: 2014.
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AHanNn3 CyLecTBYIOLNX MOAXO40B

@ Y4yeT cBOWCTBA aCnMMeTpun OTHOLLUEHUN CNOB.

@ BbluyucneHune oByx BEKTOPOB pa3HbIX poJsien Ha
CJ/I0BO: LEHTpPaJibHbIA N KOHTEKCTHbIN.

@ MogennpoBaHMe OTHOLWLEHNSA CKaNssPHbIM
npou3BeaeHNEM.

@ licnonb3oBaHue LEesIeBOro N KOHTEKCTHOTO
BEKTOPOB PaBHOW AJINHbI.
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LLenb: NoCTPOUTb MOAESb, KOHTPOJIMPYIOLLYIO
BJINSIHME aCMMMETPUYECKO NHOoPMaLIUKL Ha
BEKTOpU3aLMIO.

3apaum:
@ lMpoaHanun3nposaTb Mmogesnb GloVe

@ MocTpouTb Ha ocHoBe GloVe cBoo Moaenb,
KOHTPOJIMPYIOLLYIO BAINAHNE aCUMMETPUN

@ CpaBHUTb MoAesib C CYLLECTBYOLWNMM Ha 3ada4e
CJIOBECHbIX aHasnorum

@ /13y4nTb BANSIHUE aCUMMETPUU CNOB Ha
pe3ynbTUPYIOLLYI0O BEKTOPU3ALINIO

KowieHko E.B. BekTopusaumsa cioB 6e3 acummeTpumn



AHanu3 GloVe

Mo>XHO NpoBecTun napasienb C POPMYy0ON B3aUMHOWN
UHgopmauunn.

p(x,y|F) p(x,yD) \°
p(x,y|D) - (10 — —log —n———— | ,
Z yb) - \leg impaIE) %9 bixID)p(yID)
roe F — mopenb, D — paHHbIe Kopnyca.

p(x, y|F) ulv
— = = e"X y
p(x|F)p(YIF)

p(x,y|D)
_PYIVIZ) L 1og Xy, — by — by,
9 p(xID)p(yID) Iy = Ox By

rOe Uy U Vy — KOHTEKCTHbIN 1 LieHTpasibHbIN BEKTOPA,
bx n by - NnepemMeHHble CMeLLEeHNS.
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[MocTpoeHne Mogenu

Jiobo NMHEeNHbI onepaTop MOXXHO Pa3/IoKNTb Ha
CYMMY CUMMETPUYHON N KOCOCMMMETPUYHOMN
MaTpuu. [7]

UITVJ' = W;j UTVWJ

L=U'Vv=S+K

PacknaZblBaeM CUMMETPUYHYIO Ha KBadpaT MaTpuLbl
MEeHbLLEro paHra. AHasIorMyHoO C KOCOCUMMETPUYHON.

T T
lij = s + kij = a; aj + &;; - ¢; ¢j,

roe &= —1, ecnn i > j, nHave &; =1

[7]1 ER. Gantmacher. “The theory of matrices”. In: 1960.
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[MocTpoeHne Mogenu

LleneBas pyHKLMSA:

4
Q=>_ p(w;,wj|D) - (afa; + & - ¢[cj + log p(w;|D)+
ij=1
+log p(wj|D) — log p(w;, w;j|D))?,
roe

@ D — kopnyc oby4yeHus,

@ V — cnoBapb, NOCTPOEHHLIN MO KOpNycy,

@ a; — CUMMETPUYHbIN BEKTOpP C/I0Ba W;,

@ C; — KOCOCMMMETPUYECKNI BEKTOP CJI0Ba Wi,

@ ¢ =—1,ecnni>j, nHave §; = 1.
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Pa3spaboTaHHas moaenb

SSDE — Symmetric Skew-symmetric Decomposition
Embedding

SSDE — mopnenb BEKTOpMU3aLMK CNOB, NO3BOAIOLLAN
0TAEe/IbHO KOHTPO/IMPOBATh KOJIMYECTBO NapaMeTpoB,
oTBeYalLWmMX 3a BINAHNE CUMMETPUYHON 1
aCMMMEeTPUYHON MHDOPMaLMn Ha pe3yJsbTaT.

3a ocHoBy SSDE 6bina B3aTa mogens GloVe, T.K.
@ MeHbllee Bpems obyvyeHuns

@ Nydwune pesynbTaTbl Ha 3a4a4e C/IOBECHbIX
aHanorun.
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JKCNEepUMEHTbI

MeTpukn cnoBecHbIX aHanoruin, cobpaHHble GloVe.
Mpumepsbl:
@ (Cem) "Father” - "Man” + "Woman” = "Mother”
@ (Cem) "Dollar” - "USA” + "Russia” = "Ruble”
@ (CuHT) "Calmly” - "Calm” + "Happy” = "Happily”
@ (CuHT) "Worst” - "Bad” + "Good” = "Best”

Kopnyc oby4yeHns — BblAesieHHbIN N3 gaTaceTa "2014
Wikipedia dump” kopnyc 100M6.
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Pe3ynbTaTbl CpaBHEeHUA

OanHakoBas OJIMHa BEKTOpPa npenctaBsneHns

Average | Average | Average | Sec
Model sem synt total per
score score score | iter
GloVe-80 25.3% 40.2% 31.3% 27
SSDE-80-5 24.3% 39.8% 30.6% 17
SSDE-80-20 25.5% 41.4% 31.9% 20
SSDE-80-50 24.2% 39.3% 29.6% 30
SSDE-80-80 25.1% 39.5% 30.9% 32
GloVe-120 27.6% 44.0% 34.2% 34
SSDE-120-10 | 25.3% 48.1% 34.5% 23
SSDE-120-20 | 26.3% 47.8% 35.1% 24
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Pe3ynbTaTbl CpaBHEeHUA

CpaBHMMOe KonyecTBo obyyaeMbix NapamMeTpos.

Average | Average | Average | Sec
Model sem synt total per
score score score iter
GloVe-25 12.9% 12.3% 12.5% 13
SSDE-25-20 16.5% 13.6% 14.6% 13
SSDE-40-5 19.1% 22.5% 20.4% 11
SSDE-40-10 | 21.6% 23.5% 22.8% 12
SSDE-50-5 22.5% 28.7% 24.0% 12
GloVe-50 20.3% 27.4% 23.9% 18
SSDE-50-40 | 21.5% 32.1% 25.1% 19
SSDE-80-5 24.3% 39.8% 30.6% 17
SSDE-80-20 | 25.5% 41.4% 31.9% 20
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AHann3 BANAHNA aCMMMEeTpUn

YBennyeHne KoCoCMMMEeTPUYECKON 4YacTun o
HEeKOTOPOro MOMeHTa ysy4ywaeT pe3ynbTaTbl. HO
KOCOCMMMeETpUYeckas 4aCTb AJINHbI, CPABHMMOW C
cuMMeTpuYeckon, paboTaeT He syylle, YeM NosIoBUHa
CMMMETPUYECKON.

Symmetric size — 25 Symmetric size — 50

14
13 24
12
22
11
10 i S 20 25 20—55 10 0 3 0

Skew-symmetric size Skew-symmetric size

Average total score
Average total score
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Pe3ynbTaThl

@ o utoram aHanm3a GloVe 6bbina NocTpoeHa
Moaenb BeKkTopusaumm SSDE, nossonsatoLwas
KOHTPOIMPOBaTb BANAHNE aCMMMETPU4ecKkon
MHpopMauunn.

@ CpaBHeHune SSDE n GloVe noka3zano:

o 1nnHa BekTopusaunm — 80.
Pe3synbTaThl GloVe Ha 10 cek/ntepaumns boicTpee.

e Konnyectso napameTpos — 50.
Pe3synbTaTbl Ha 12% ny4dwe GloVe 3a To ke Bpems.

@ Pe3ynbTaTbl OblNM NpeacTaBieHbl Ha
KoHepeHunn SEIM.
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OOMOJIHEHUE

KoweHko BekTopu3sauus cnos 6e3 acumMmeTpum



byayuwasa paboTa

@ MMpUMeHNTb ANs pa3HbIX 3a4a4 OKHa pa3HbIX TUMOB

@ lcnonb3oBaTb MHPOPMaLIMIO, NOJTYHYEHHYIO B
acMMMeTpPUYeCKNX BeKTopax

(] Hay‘-IVITbCFI pa3in4aTb MHOMO3HA4YHOCTb
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OcHoBHble noaxoabl: FastText

Bojanowski et al. (2017)
@ CnoBo NpeacTaBnseTcs ABYMSA BEKTOpPaMu

@ CoxpaHsieTcs UH(opMaLMa 0 CTPOEHUM CNOBaA
yepes n-rpamMm

T T
ufvi = > ugv,
geri
roe Gy, - C/IOBO w; 1 BCe €ro n-rpaMmsil.
@ licnonb3yeTca onga Kaaccugukaumm TeKCToB
@ OpnHa utepauus 3a O(|T]| - const)

KowieHko E.B. BekTopusaumsa cioB 6e3 acummeTpumn



AHanu3 GloVe

FNaBHas naea: OTHOLIEHNE CNOB W; U W BbipaXkaeTcs
yepes MX OTHOLWIEHUS C APYrMMK CoBaMn (wy):

P(w;, wy)

F((u; — uj)Tvy) = Plw;, W)

(1)

roe
@ F - TpeHunpyemMasa Moaesib
@ U - UEeHTpasbHbI BEKTOP
@ V - KOHTEKCTHbIN BEKTOP
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AHanu3 GloVe

C TOYKM 3peHnss MaTpULLbl BCTPEYAEMOCTEN, POJib
CJZloBa He UMeeT 3HayeHus. MNo3ToMy pyHKLNA Moaenu
[OJ/HKHA 6bITb FOMOMOP(U3MOM:

T
F((uj — uj)Tvy) = 1= (2)

Torpa F - aKCNOHeHUWMaNAbHA, B codeTaHuu ¢ (2):
U;-['Vk = IOgPik = IOgXik — IOgXl' (3)
Oanbuwe B (hopMysly BHOCATCHA CMELLEHUS:

ul vy + b¥ + b} = log Xjx (4)
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AHanu3 GloVe

UeneBas pyHKuUMA GloVe:

\4
J=>_ fiXy) - (ufv;+ Dbl + b} —logX;)
ij=1 (5)
fix) = (X/Xmax)®, 1t X < Xmax
1, otherwise

roe
@ X — mMaTpuua BCTpeyYaeMocTen,
@ |V| — pa3mep cnosaps,
@ u; 1 b} — BeKTOp-KOAEep N CMellleHNe CJlI0Ba w;,
ovn bj‘.’ — BEKTOp-AleKoAep 1 CMeLleHne C/ioBa w;,
@ f(x) — obpe3aeT YaCTOTHbIe BCTPEe4YaeMoCTu.
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OnTnMn3aums moaenm

GloVe ncnonb3oBan MeTOA CTOXaCTUYECKOW
ontumMmlaumnn AdaGrad [8] . Ha ogHOM ero ntepauum
3Ha4YeHNs Maslo MeHSINCb, 4TO NO3BOJINIIO
pacnapanniennTb npouecc.

loss

B gradient
B stochastic gradient

iters

[8] John Duchi, Elad Hazan, and Yoram Singer. “Adaptive
subgradient methods for online learning and stochastic
optimization”. In: 2011.
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