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What are word senses?

Single sense view: core representation + variations
Separate sense view: a list of senses

— lexeme — a word in one of its lexical meanings
(Moscow Semantic School)



Ayoumopus in two dictionaries

1

a large room in some institution:
rnomoyYHas ayoumopusi, y4ebHas
ayoumopusi

people in this room: monodexHasi
ayoumopus, 3aeoegamb ayoumopuro

a large group of people for which
some information is prepared:
YyumamersibcKkas ayoumopus,
pacwupeHue ayoumopuu

A great number of consumers with
some particular characteristics:
uerneesasi ayoumopusi

1

a large room in some institution:
yumame crieykypc e ayoumopuu

people in this room: omeemume Ha
80r1pPOChkI aydumopuu

/ a group of readers or spectators:
3agoesamsb cuMnamuu WupoKou
YyumamersnbckoU aydumopuu



WSI method

Input: raw text without annotations.
Output:

e Discovers senses and describes them.
e Groups contexts into senses.



Practical applications of WSI

e Part of NLP pipeline
e A tool for lexicographers

Works for:;

® new words, new senses
e domain-specific senses
e resource-constrained languages



WSI evaluation

Qualitative: compare WSI sense descriptions with
dictionaries and intuition.

Quantitative: compare WSI method clustering with “gold
standard” clustering for contexts.



Quantitative WSI evaluation

How similar are two clusterings?

VS.




V-measure

Harmonic mean of homogeneity and completeness.

Homogeneity: one cluster has contexts of only one sense.
Completeness: all contexts of one sense lie in one cluster.

V-measure favors large number of clusters.



Adjusted Rand Index (ARI)

Rand Index: R a-+b B a-+b
- @+bietd (%)

a = # pairs that are in one cluster bothin Xand in Y
b = # pairs that are in different cluster both in Xand in Y

Adjusted Rand Index is adjusted for randomness:
ARl of a random clustering is O.



Evaluated WSI methods

LDA
Word2Vec neighbours

Context clustering
AdaGram



Latent Dirichlet allocation (LDA)

Topic modelling: discovering topics in documents.
Topic = word sense.

Document = word context.

Topic modelling doesn’'t work great with short documents.



Word2Vec neighbours

Approach: take top 100 most similar words, cluster with
k-means, merge close clusters.

Assume:

e word vector will capture properties of all senses
e ecach sense has several monosemous neighbours



Context clustering

Vector representation of context that captures its meaning:
PMI-weighted average of Word2Vec word vectors.

Cluster vectors of a large number of contexts of one word:
spherical k-means, merge close clusters.



Context representation

Bag of words, large window: + 10 words.

Some words are more important (depending on the
target).

Word2Vec captures word usage from the whole corpus.



Context representation




AdaGram (Bartunov et al. 2015)

Non-parametric extension of Word2Vec skip-gram.
A vector for each sense of a word.
Different words have different number of senses.

Like in Word2Vec, sense vectors are built for all words in
the corpus at once.



AdaGram (Bartunov et al. 2015)

Word2Vec skip-gram: exp(inlout,)

p(v|lw,d) =
(Wi, f) Z:":l exp(tnlout,)

AdaGram — a vector per sense (only for central word):

exp(inl , out,)

Zf;:l exp(inl out,)

p(vlz =k, w,0) =



AdaGram vs. Context clustering

Very similar context representation.
AdaGram:

e mMmore principled induction method
e more computationally efficient.

Context clustering:

e casier to implement and tweak.



Quantitative evaluation: setup

8 polysemous nouns, 10 polysemous verbs.
100 - 500 annotated contexts from RuTenTen11 and RNC.
Senses from the Active Dictionary of Russian.

Measure V-measure and ARI.



Quantitative evaluation: results

Nouns |Verbs | average

LDA 0.12 0.02 0.0/
Context clustering 0.34 0.14 0.24
AdaGram 0.25 0.13 0.18

Adjusted Rand Index for the word sense induction task



Qualitative evaluation: setup

15 nouNs:

e 7 polysemous with 3to 9 AD senses
e 8 monosemous, 5 have new/slang senses (e.qg. 6asH)

Divide induced senses into groups:

e quality senses (good)

e hard to interpret: unclear or mixed (very bad)



Qualitative evaluation: results

Quality Duplicate
senses senses
Wordavec neighbours 2.4 11
Context clustering 2.8 1.0
LDA 1.8 2.1
AdaGram 3.6 3.7

Average number of quality, duplicate and unclear senses.

Hard to
interpret

0.5
0.9
13
2.5



adagram.ll-cl.org

Libraries: training with AdaGram.|l, inference with python-adagram

AdaGram



http://adagram.ll-cl.org
http://adagram.ll-cl.org
https://github.com/sbos/AdaGram.jl/
https://github.com/lopuhin/python-adagram

Qualitative evaluation for AdaGram

Fpud

Word ipm: 5.96, occurrences: 12062,

#0 0.31
#1 0.69

Contexts: ...
Contexts: ...
Neighbours: cexperHo, JOKyMeHT,
MNeighbours: ames, nTuya, kpeing, CHHOQAbHBIH, MHPODMaUHNOHHBIH,
nopxare, KOrTHETBIH naTrpHapxma
Similar senses: Similar senses:
AcTpet 0.58 CeKperHo 0.63
open 0.57 nomMeTka 0.44
anct 0.57 MuKpognIeM 0.37
KOPLUIYH 0.57 CeKpeTHLIA 0.36

nycrensra 0.53 rnasmnT 0.36



AdaGram vs. Russian Dictionaries

Apresjan, Kuznetsov, Evgenyeva, Shvedova, Average

2014 2014,  1981-1084 2007
adjectives 0.44 0.72 0.68 0.66 0.62
nouns 0.50 0.70 0.72 0.74 0.69
verbs 0.35 0.61 0.68 0.71 0.61
Average 0.43 0.08 0.70 0.71 0.04

Average number of senses discovered by AdaGram (recall).



Different “senses” in AdaGram

rOpLLOK

Word ipm: 16.89, occurrences: 34188.

#0 033 #2 0.29  #1 0.26 #4 0.10 #3 0.03

Contexts: ... Contexts: ... Contexts: ... Contexts: ... Contexts: ...
Neighbours: Neighbours: npuyuyats, Neighbours: rmmHsHbIj, Neighbours: Neighbours: agmupan,
LBETOYHbIV, LIBETOK, 6or, oTy4atb, PE6EHOK, HOYHOM, LM, 3BOH, rnepepaboTka, ¢noT, kpeicep,
pacTeHue, rpyHT, XoanTb Kotesn Aepopmayus, 1071y3aLNTHNK, BM@
Kiymba MEXKOMHATHbIH,
Tearpasin3oBarb,
SJIIMHCKWUI
Similar senses: Similar senses: Similar senses: Similar senses: Similar senses:
BasoH 0.77 namrepc 0.52 mucka 0.75 cocyn 0.60 ropLiKoB 0.67
Kagka 0.66 cagnk 0.49 KacTprosis 0.74 mgoc 0.58 ro/s10BKo 0.64
Basa 0.66 pebeHok 0.49 Kortes 0.71 ameopa 0.55 Ky3HeLoB 0.61
KaLurno 0.65 pebeHo4ek 0.49 [TINHAHbIV 0.70 KyBLLNH 0.54 KacaTtoHOB 0.60

Kymba 0.63 Aoya 0.49 riowKa 0.69 JierHou 0.52 Makapos 0.58




Homonyms

fronute

Word ipm: 6.38, occurrences: 12913.

#0 0.56 #1 0.44

Contexts: ... Contexts: ...
Neighbours: neys, nevka, kamuH, Neighbours: xopa6nb, npoTHeHIK,
ApoBsa, Tyayn KopBeT, kapghareHaHnH, KpyLeHne
Similar senses: Similar senses:
TOMKTLCA 0.79 yrannusears 0.66
ApoTananears 0.73 TOHYTH 0.56
HCTaMIMBaTL 0.68 noTonnAaTE 0.55
neys 0.64 noTonAAaTs 0.54

neyka 0.63 yTonars 0.47



Metaphorical senses

HPYMKWA

Word ipm: 16.29, occurrences: 32967,

-~ aall I P 007 || #3 024  #2 0.15

Contexts: ...
Contexts: Contexts: ... Contexts: ...
Neighbours: Tenocnoxenue, AEBYLIKE, i i
MOAORON, XEHLMHE, Neighbours: nievo, crebens, ybinouxy, Neighbours: pas+osecue, Neighbours: mMarepuan, nokpeiue,
BOCEMHEAUATHASTHHI IOBaNNTECS. CNHE CTabMALHOC T, EQMHCTEO, MUP, BaaHC cBapka, 06paboTka, OKCHI
Similar senses: Similar senses: Similar senses: Similar senses:
XYAeHbKMH 0.73 HEeBecoMbii 0.63 HEMPOYHbIA 0.56 APOYHBIF 0.70
MHAOBHAHbIA 0.72 rH6KuiE 0.62 MPOYHLIH 0.52 HenpoYHbIF 0.69
MYyXAeHBKMA 0.66 XYOeHbKHIH 0.61 HEYCTORYNBLIH 0.51 nAaCTHYHbLIK 0.63
CYGTHIbHBIA 0.65 TensLUe 0.59 3bIGKMI 0.48 anacTuaHbii 0.61

XOPOLUIEeHbKHI 0.65 OBHUMETE 0.57 Hapywarb 0.47 MATKHI 0.61



Metonymic senses

aynuTopus

Word ipm: 35.99, occurrences: 72836.

#0

Contexts: ...

Neighbours: yenesod, Boibop,

0.44

NoNbI0BATENL, MEPKETHHFDHb!Mvr cnpoc

Similar senses:

Lenesoi

peKnaMogaresib

yHTaTeNbCKMM

noTpebuTe b

oxBar

0.64

0.56

0.55

0.54

0.54

#2

Contexts: ...

Neighbours: nepes, npes,

0.33

HanbILEHHBIA, KOHYEDTHBIH, TEPEqO

Similar senses:

ny6nuka
3an
caywarens
CAywarenk

3puTENL

0.57

0.56

0.55

0.54

0.53

#3

Contexts: ...

0.14

Neighbours: kopnyc, yuebHb!#H, MIH,

2013, m2

Similar senses:

JTEKLMOHHEIA

NeKTopHi

KHHOzan

ayaAUTODHbIA

KOH@epeHy-3as

0.51

0.49

0.48

0.48

0.47

#4 0.10

Contexts: ...

Neighbours: sawenrars, ry6a,
HarnBaTeCs, yCTaBaATLCS, 0BXBaTHTE

Similar senses:

TpanesHas 0.59
KabuHka 0.58
rocTuHas 0.58
Aexypka 0.58

PH3HKLE 0.58



Novel senses

a2opsa4uu 8UHM 8blWKa

#1 0.10 #2 036 #2 0.27 41 0.70

Contexts: ... Contexts: ... Contexts: ...
Contexts: ...
Neighbours: muHus, Touka, creg, Neighbours: ogHoknaccHuk, ura, MHET, Neighbours: mary, yemmowHar, . .
3 Neighbours: 6r1or, cadr, crates,
TE.-’TE‘Q.'J'DH KOHCYNbTaLUMA SE$ﬂEHﬂMTb, @EH)’.‘ '-JETBEprIfJHH&'ﬂ, COL, BEIHIpLIBaATL
DacKpyTKE, BUED
imi : Similar senses: Similar senses:
Similar senses: Similar senses:
485 0.34 KOMIT 0.64 fpeMeepKa 0.48 — 0.66
onepaTuBHbIA 0.33 BHHA 0.62 npeMeep-nira 0.43 sanoujars 0.64
creq 0.23 thnewka 0.61 a4 0.41 porra 0.60
MYHKTHPHBINA 0.33 MaTepHHKa 0.60 eBpoKy6oK 0.40 T 0.60

Heso3spar 0.33 npoveccop 0.59 nned-ogip 0.40 OnY6IMKOBBLIBaT 0.60



Less “senses’” than in dictionaries

pesaTb

Word ipm: 20.76, occurrences: 42017,

#2

Contexts: ...

0.51

Neighbours: ciyx, HaUHOHANEHOCTE,

TFEHOUMI, HATO, MPHMIHOAHO

Similar senses:

KOQmoTb

BUTE

Jape3arke

npasaa-mMarka

TDaBHTE

0.53

0.51

0.51

0.51

0.49

#1

Contexts: ...

Neighbours: kpoMka, BETED, OKYTbLIBATE,

MENbKaKKHE, yHOBEHHE

Similar senses:

KpoMCare

nonocoBarsk

B3pe3blBaTe

PexyLyHA

NoNoOCHYTL

0.25

0.63

0.61

0.60

0.59

0.58

#0 0.24

Contexts: ...

Neighbours: otxapusats, orypey,
COMOMKE, WITMHAT, 0BOLY

Similar senses:

HapesaTh 0.81
rnopesarthb 0.77
paspesare 0.74
Kpyx¥oYeKk 0.74
CONOMKa 0.72



Limitations

AdaGram does not distinguish senses which differ in
argument structure (usually with causative component):

[Napukmaxep 6peem KnueHma / 5 6pero 205108y y 00HO20 U
moao e macmepa

A nozacusn kocmep eoodou / [Jox0b rno2acus Kocmep



Usages? Senses?

BOCK

Word ipm: 7.15, occurrences: 14468.

#1 0.49 #2 0.21 #0 0.18 #3 0.12

Contexts: ... Contexts: ... Contexts: ... Contexts: ...
Neighbours: ozapare, caeva, Neighbours: 3nuaaumna, GUKMHM, TEXHUK, Neighbours: nuesmHbn, napagus, mr, Neighbours: cesepckis, 4eprmros,
CKOMB3HYTH, HEBHAALMHA, CBET KynanbHAK, cOopyxeHne MaTOYHBIH, T CKOT, YEPKECOKHI, HENerabHbIA
Similar senses: Similar senses: Similar senses: Similar senses:
OM/IbIBaTh 0.64 nacrta 0.65 N8HONMH 0.77 neHbKa 0.61
BOCKOBOH 0.62 nak 0.64 nponoanc 0.73 BOpBaHb 0.57
creapiH 0.61 HaHOCHTLCA 0.64 KaHHPOSb 0.72 mex 0.53
cMona 0.59 akpun 0.63 napagux 0.71 Men 0.53

on0BO 0.58 = 0.63 ckunugap 0.70 MyLWHHHE 0.52



Kypuua

S
Kypuua: 2 < 0

2 «» 0 similarity: 0.33
Word ipm: 24.72, occurrences: 50023,

#2 0.46

rypbﬁa, CKBO3b, OXaTb, 30aH,
HalWenTbiBaTb

UbINNeHoK 0.75
neTyx 0.69
MHAKOK 0.69
WHAOWKa 0.69

KYpouKa 0.68

#0

0.26

canart, OTBapHOK, XapeHbld, CBMHWHA,

noxyneTb

MACO

WapeHbli

OTBapHON

TYLEHbIA

UbIiNNeHOoK

0.91

0.90

0.87

0.87

0.86



Similar pairs

Word Sense 1 Sense 2 Closeness
UbINNeHoK 1 )] 0.75
NopoCceHoK 0 1 0.59
ANLD 2 )] 0.59
AlLD 2 4 0.59
nTyua 4 )] 0.58
UbInneHoK 2 0 0.56
¥TKa 1 0 0.56

Kypou4Ka 1 0 0.54



Word ipm: 58.70, occurrences: 118783.

#3 0.28

6nacrep, NyNLCUPYIOLWKIK, happenn,

#0 0.22

nakc, thap 1, B36MBaTL, MyKa, Macno, r
KIOB 0.61 CMeTaHa 0.88
AWYKO 0.60 MENTOK 0.85
Kypuua 0.59 caxap 0.84
UbINNEeHoK 0.58 MONOKOD 0.83

OpaxkoH 0.51 TBOpOr 0.83



adagram.ll-cl.org

Libraries: training with AdaGram.|l, inference with python-adagram

AdaGram



http://adagram.ll-cl.org
http://adagram.ll-cl.org
https://github.com/sbos/AdaGram.jl/
https://github.com/lopuhin/python-adagram

