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JEHORZEARL A Bl i 3 Abstract

On Multi-Sense Word Embeddings
via Matrix Factorization and Transformation

Haoyue Shi (Department of Intelligence Science and Technology)

Directed by Prof. Junfeng Hu

Abstract

Multi-sense word embeddings, which learn a vector for each sense, represent the concept
of sense with vectors intuitively. However, such embeddings learned without supervision gen-
erate many pseudo multi-senses, as such methods are overly sensitive to contextual variations.

In this work, we introduce three different algorithms for pseudo multi-sense detection
from different perspectives of view, termed (1) external knowledge based pseudo multi-sense
detection, (2) neighborhood similarity based pseudo multi-sense detection, and (3) principal
component analysis based pseudo multi-sense detection. We test our algorithms with transfor-
mation matrix based elimination algorithms and downstream tasks. We show that eliminating
the effect of pseudo multi-sense could lead to better performance to represent senses, as well

as better performance of the embeddings on a lot of downstream tasks.

Key Words : word embeddings, multi-sense word embeddings, matrix factorization, matrix
transformation
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F—E e

iii [5] & (Word Embeddings, Word Vectors) /2 2 {CITRALRHE X L FR/R iR B2
TR L — o XA ST A1 3 SRS, RFTRR P AR RIS S — S K1) & B f
U] BT XS 14 ] T K Y ) 2 i) T AR AR S ot =i SCRALE (2, 6, 20, 27-29,
32,36, 411, —MBEOLT, BRASIA] AN LY. i B 8 B w52 e A R DA S ] A 1)
RERE: WA TAITE 1% 23 ] r e 2 B Nl A AR DR (O, AR (AR BB

IR, BT SRS — A B R T A E B . P 2 1E SRR
ol 22 SR . RYEHEBURDUE X — SR ISR, (A LR, wR3GE
PARSE S TR S P — A 2 R ARk o A1) Y Bt — ] 1) & Y 2 07 SR A
REAR IR ixX — . B, s SGRFoR (B2 SGnm &) RRFFER s 7—
A3 2 P A

it W AEEY

afouE 2 (DX EO NG "
HRBUE A& (D IEE, 2 Q) i Q) iR (4 HT

i bank (1) 447 (2) I}
P net ()M Q)% (&&)
e foot (1) I (2) R (3) fit

# L1 AREIES P RH L SCa2Ef4l.

EA R xR T 2 3G mER A S, 12, 13, 18, 22, 26, 33] KZ i@ id— My £ 3
PEAT IR ZERA E 1] o 1de— N ARH HARRIIT R, IR A -

* A bank account is considered indispensable by most businesses and individuals.

* In geography, the word bank generally refers to the land alongside a body of water.
BEETRKFA B —E AR A RENS 52 5 73 A6 bank 73R “HRAT” A < (3T)
B, I R AR [ BAT 3] ORI IR 2 BT AT ERY B 3. BRI OL T, —
A2 SRl ) BN EZR NV RERS F ShIZ TR SUF R, SEASEE 1] AR BEA B AN it
FAM AR (HRISEH, X G AMRMESEIL, A R W P

o Jo B Y 22 S]] B o 2D XE AN T — BB A A 3R 30 RS B SOR IRy i AR

H, BT TR SRR A, H TR SORME SRy — 2K
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o JoHE R 2 SCIA] ) g 2] ME AN B A M0 0] SC2E H— A BRI IR R« X
— A, R AN SO TR SCRTREAR Z RS Dl FLAHZEAR R, a2, 2T
PR 1331 1, bear(8) —Hlgey I T = AFRm &, HEA—Z S8R A
REAS MR 4 S sk v A 1) R i) SO ARIR Y, BDhH “RR™, IER =4~
[ B W2 1 3hin] BT . FEASCHR, FRATE AN “HE” AT SO E A B
Gt ARG . FEEFAEN S, h2 MR X X2~ Hi i S i)
R MTARFRIR A i &, /I, “bear(1) Fl bear(2) 2—Xf{h2 37 IFIA LA,
i “bear(1) EhZ L7 WIZERHT R MIEALHIFIE, JLFIrA g . BN
ERE R o] 1] RS BAT P A D 22 OISR
%'y L 4R

emerald, bears, three-toed, snake, periwinkle, ruffed, hoopoe, distinctive

1
2 bird, wolf, arrow, pelican, emerald, canyon, diamond, buck
3 pride, lady, hide, king, gift, crane, afflict, promise, reap

F 12 A=A IEE S BT 2R IR PAESCRE) “bear” (F8) hfl

ARTCH S RS TR IR o Rl A IR A HAE ) &S (A B
BARMm RS (M2 L), B—MARFEET AR R, vk,
ARSCZARM L FASTR] (14 £ J5E ) 0 1) OB T8 S B TR e 3, 0 fh 2 3Gty
RUANE R, MSEE EIER] T Dh2 SO — MR ARIA ) 2R RE T . MR i AZ
FMERIIS, T ER D2 SCREREHR A 1) & YA e

ARSI R O 22 SR Sk SR B0 =R, 2l :

o HTANRAREER D2 SCRl . MR ILE S, MRS A MR (031, 501) AT
PAAESS 5 fEbAG 2R — ARl BN 23 XL, AT —MRTE RA AR B AL
I AR BRI Z S, HAR R OU AR T A [ 3l g U s - Oh 22 30 X
T, FATRIERE SRR 0 BRI R B AL

o B RIAR U D22 SO I o X PR IR T DASE G 2R — PP R I Je B HROAR
ET 2SRRI S th2 G2 — M ARG R M AREA B . XPRIELA
A SO . TR i 5 B A SR T B A R R — A U 3, PRl R
HH ] AR PR JBE A P A S ] o) B oxe B O AEADARE 1507 B R e D 22 LR 38
Ho ORI, BIEREBUE —PFRMER) S, (ERRX AP EARO W, fEe E30H
SR IV ESE
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o BETIAl A IO 22 1) R PR R AR SRR . XA SRA R AR — M OC B AR
[FIAEEET D 22 SOR—Fh R GEIMR I B, FIHER AR > EA RYIA [ &, Dh2e 3G
ZTHZ SCIH o GRIERE A I A SCHT PO , R I S5 1]
AR 22 ) B[R IR A ZE o) B AR, IS 2 — T2 80 B0 P& X2, 1 i) B 4k
JE) HIFERE . RPN TR AE TR RN R Bl sl —A “h 2
)7 WIS, AEDh 2 ST IR B IR] SO BRI @ th 2 Lo S B, R
AT A0 b 2 AT 00 22 SO BRI B50E BI(H, RFEaeeE—Mh2 X
A YERE o X APITIREET AR AR AR RIE Rl g e U SR 1
WP, AE— AR B MUEE T BE 1 1 DRI
HR, AR T — M SRR T A A T ORI B th 2 3, FFABRE
EUERR 7K AN IR RE S S BLERAR A S A Dh 22 SRR, TR] IR PR B HG A 3R] 2 18] B AT 6
RKAANAL o XA FEAZH 7 YA AR ] AR, FH 3] i) R A i 2201 Bk LA

ARSCESHHLNT - 55 AR R, A R TR R B4R R
AL e SCiA] SCRIR I . 56 =R Jed il 7 = Fh 2 SR I STA L X B, 3%
HIEH T —MET AR D2 SGARARE . B ASKI T 1 h2 SRR
o BHTNBEMER.
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2.1 i)

ST 64 (backward propagation) JEYEHETFAIIA REFR 27 2] g TAR AT DL
D 1986 45 (381, AR FR Jy— ARG )y VB B2 BB i )
FINEOMIT ST 55 LRI (2.6, 10,39, 40,42, 44,45], BELNCH— BG4
SRR AL TR S T

HIRARHOT I, I RS DAAR A %

L EFG AR RAOR . RO R FR O ORR R AR (AR
AFE A RRRFIERAT R , 2 AR 7 5540 A AR LIRS0 T2
i it

2. TR LR o S B2 o BOR )y Wl e 26 OS5, AR
RS R R

BE RN 5 IR BRI R 7

211 PSR

HTFE a3 A & Fom BATHE i EAE B S . FAIEX B BN FEHEHE
AR T S X T R & X J Y, HASE (Mutual Information)[8] 1] DAE
H

K&m;zzpwwmqixﬁﬂ @.1)
yeY xeX

Hrf, xy 2 XY WA RERUE, p(x), p(y) 73-513s x Al y BEICEIRIIER, p(x, y) &
N ox My ILEIAER . BAE BB E P ANBEVLAS RO S PR, FE B ARE S AL B
WA, AT & SRR L3 Ry ARl F 0 A H P .

T X W RENEUE x Y RN BUE v, 2N QD SKATS Z e Rl x 5
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U TR AR E Sl S B IR
y 2 [A)f 5 545 B, (Pointwise Mutual Information, PMI), i fE
. ALW)
i(x;y) =log| ——— 2.2
() =log (p(x) () )

YT @ vERHAA vV, AT AT — K/ (VI X V] S EAR BHRE M7,
TERERE My, 55 x 4758 y DIOCE MY, = i(oy, v,) RATHIR B3R Z (B s BAR B . RS
RN, FRATRES AR P BB Pim] o BUAREL c(ue) I ZT08 (x, y) WAL c(vx, v,) SRAl
T p(x) Fl p(os, vy). BETRAT KSR
_c(vy)

N

c(vy, vy)
N

p(vx)
(2.3)

p(Ux, Uy) =

Hor, NOBERR R EIRE. ditl, SEAERAXAHE N

(2.4)

i(x: ) = log (C(x’ y) N )

c(x) c(y)

TESERR I, TR, FATREEN AT A P . SR, XA
PRI, M DATP TR FRINAE P AT A0 o FTDA, FERRETT ) — B IR 2 A T
Wbt . — AR BT B 1 S BAR B AR FFBCA IE SUEAR B, (Positive Pointwise
Mutual Information, PPMI) FiF5, RIRF 5 EAF S A FE h r g (s =ER000 0, [Rl i A
i dEfoTE . IRIEER, —MARSADREES IR, HOESEAE B
AR, ATDAR AR R R AR SR A TR 4E . AR [44] 52, BR4ES
15 3 B BARAE R ) 12t BTV i) SO 3 R, HOX R R RS 5 Ir s i) SURAARA
JE AT AR DA S8 HAR R AT 55 [43].

TAE 211 i@, EHE FUER] 7 & T skip-gram 117 R A (Negative Sampling,
NS) 45#5 (SGNS) fy il [a) Sl 25 [20] FEAR BT BSR4 T X s BAG B AR REHEST SVD B4,
] B} 1% TAEIER] 1T XS 5 0 1E A A5 B AR PR e TR AR BURE [4, 91 R Lk [28, 30]
SEE EIU T RN SGNS BRI A5 . BbAb, [23]1 NFRIR2:I I _FIER], SGNS
B E ST b S4B L IR (co-occurence matrix) 1) B 7 -

141, Pennington &5 AR LAE [36] i i —A> gl Ty AU AE o OB R TR
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S 1] ) BRSO AS 20F Z R AT, AR A3 TAER AN 7RI t6 1)
H; HT word2vec [29] BYREE TAE [15] $& th i 2 T8 a0 & 9 BAR BB B/ B
T TINZR ) FastText SBFEVF L2 N5 LHUS THER IR .

2.1.2 KT Phes B ISl 1] i ey 2]

FET PP 28 25 1) ] 1] 9 2 2 AR DA AT W2 . A 2,187, T i 0,
FATLA Mikolov & N1 1 fis LA [28, 291 M BIFEATHER o« JCAMASIZ B R BORT AR 1% 53
FKEHFAHF—2K.

1. #H4LR)4¥ T (Continuous Bag-of-Words, CBoW) A5 , 3% A 15 25 5 —MA —
€ T CE N R SORFINZ A, SR b YIZR BT S & i) ia) ) & ok 3K

B S

2. skip-gram 5 FORFEFHGE A B X AP I i fie KA ] 5 3 BT SR AR

Spe/ MR 55 45 45 723 4 A i SR B 1) SRR A 1 N AROR 58 GE SLFROR 24> o ARSI

2L H], XA LS A T B AR TON T R AR B AR MR TR 4

W 21 FR , BT MaMeninm e 55 T o mE—, A CSBEmHE e
PRI

WeAh, BT M 45 1 18] 1) AT DA VS A S IR N R A5 1] ) T R A
Mo FETAE [19] #, Omer Levy #1 Yoav Goldberg #2H, 7T FF 3¢5 BT PATEIIZ:
skip-gram H Rivia] ) & s 2 Ah, A1 BRI BARs Bk, BA A
AL ERTERERLE, AFRAEAORTERERT. [19] P, g 2.0, X%
VEMATAR B 8] ) B2 SEAS S A8 T . AR R AR I T A B — N8 /N <A

213 2 Sl

% P& B — AN R — A ) B B RAE TR SRR B RIR I, BFE AR T2 X
R (13, 37] G2 TAERZHUET A M AR skip-gram A7 : TAF [33] fidih
XFFEEANA, [A]paE ) =i R R

L &fRyimE. SRR, AR NAR R

2. Mg, AR A T (BB E ) «

3. BERICHLE . A X R AR BN SR O . RS N w i

R e AR TR SO A A BT SR ETR SCm R, HRRE BRSO, R w
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JERTRZEAB A SRk 3C BOE HHEE SR

2k x D 1xD V] x1

v | QOO

sum D - |V| MLP
Wi_
wi_

Wit1 .‘ “ / feature
0000

Wit2

v (@ O@@

look-up table prediction

dot product sigmoid

maximize

@ P(cilwy)

/

Ci

minimize

“[::::}///E] P%w

maximize
1 —=P(ci|wy)

/

=

B 2.1 TR OB TR (F) AT FORFERY skip-gram B8 (F) ER.



R FAARHE Sk SC BOE WPER
Target Word | Jil48 7458 2-gram [29] | 4% 1AL 5-gram [29] | ARAFAL [19]
nightwing superman superman
aquaman superboy superboy
batman catwoman aquaman supergirl
superman catwoman catwoman
manhunter batgirl aquaman
dumbledore evernight sunnydale
hallows sunnydale collinwood
hogwarts half-blood garderobe calarts
malfoy blandings greendale
snape collinwood millfield
nondeterministic non-deterministic pauling
non-deterministic finite-state hotelling
turing computability nondeterministic heting
deterministic buchi lessing
finite-state primality hamming
gainesville fla texas
fla alabama louisiana
florida jacksonville gainesville georgia
tampa tallahassee california
lauderdale texas carolina
aspect-oriented aspect-oriented event-driven
smalltalk event-driven domain-specific
object-oriented | event-driven objective-c rule-based
prolog dataflow data-driven
domain-specific 4gl human-centered
singing singing singing
dance dance rapping
dancing dances dances breakdancing
dancers breakdancing miming
tap-dancing clowning busking

F 2.0 N[E] AR R B T 2R R 45 g ] 1 R kSRR (k=5). BIHTA [19]. BHFEH,
FETAF KA AR E A S22 M KR, msea T B SOl s TN B 22 5o~
W (EREERY) MR KR

JIrAT SCIPT AR e 0T I SR O ) e B A HR Y TR ST e ) — > S

PR B ST

ON G PR IR skip-gram AR AREEEEAS A Y SO ] B AL TR

SO A R AU . AL, TR SCH O R R A D SIS . A S

UEH, UEAOEHRBE L, B SCh O EETRE.

K 2.20%7R 1 2 il ) &Y skip-gram B (HASERERTE, XA A 42 Ry 1)



JERTRZEAB A SRk 3C BB BRER

RSB —E T — 2. K2 SRS B AR B S O ik =
R RE, SO T RS B S BN i =200 R TE B2 Sl )
B

v | O @@
sum argmin dist

Wi—2 . . . . CIID

- 0000 go00 ©000

Wit1 . . . . / context sense vector

v [(000O® 0000 0000
context center vector

Witk . . . . Skip-Gram }

global vector

K22 AR [33] H4 i 592 3R] skip-gram F2,

FEASCH, FAll EEGHEE I HES B 5 T B AT 12, 18, 22, 33] Hhiy2 X
o] ) AR

2.2 TR R AETI L

XA E e A AP ELH R RPRERR, 2SR XX PR SRR T i
FATE M H N A EN SR

2.2.1 w5

Z F{H 4> fi# (Singular Value Decomposition, SVD) [117] & 24 A4 B B2 i) —Fh 4y
fRIEaX, HA R e A B R R — BT A e P R B BE DR B T D B M 2 L it
R TR GE . A A S R R {E 43 f# (Eigen Value Decomposition, EVD) X & 7

9
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FEREFNEAE TP R, AR n x m BT M A i = AN R #L
M = ULV* (2.5)

Horp, U n BriEAPAERE; 200 noxom X AR (A ET min(r, m) f7ROX AL EA
)5 Vo mxm GRS V ILEEEE, OISR . X 2 FRICEAKR
B/NHEFA {0, 0, ..y omin(n, m)}, HAALEL 03(1 < i < min(n, m)) R THIEE MTM
—MEHEEME AR, H oy <00 o PIRIERHRE M 1354 .

MR BEMIFER AT & KAFALAE,  BERF AT AT S —A> nox ke BORERE e, UZy HIFERP
M ORATRRER SR . RIS, PRER VO T Tk R S E RS (R S
AR AR 7 SRR A A4y AT AR e ), 1530 Ve BN RA UZe i A (F7)
KRR — 4 TE AT EL T .

— BT, W ANSEREE M OEFT SVD pfg, FREORIEE MM RFHIEE. 1
MRE MTM RAHIEER CERE2.1) , HPTARHMEE 4 BWWE 4 > 0, &M AL
or = VA € R, BISLHEIER) SVD 43 il DATE SEEUE P 58 i -

B 2.0 XPTARESER A, ATA IR SRR IR E R .

UEW AW A n AT m SWFERE, W AT S m 47 n SR . X TAER x e R™

xT AT Ax = (x" AT)(Ax) = (Ax)T (Ax) = Zm:(Ax)? >0 (2.6)
i=1
i AT A SR I B I AR R
k.

222 ERS P

BT S E R, £ 4T (Principal Component Analysis, PCA)[14, 46] [&]#f:

e — PP WA BN e Y . (B S I RREE o R Ak B i AT S RN IR, o

Fred iz O AR Z SR B e b T R R . HT XA EM, B —4E A
10
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BEAT AR 0 % A BRI, BUSPACREAT 3 LI 0 I9fE AL Bk

iT O Wt M T O WA G . e, 252 B MRS
(AT) B9FTARHAESS 2 7 2200 TC A vt BRh M H o 22080, 1CHE Meow. [EE
b, FAERE 2.0 T, Mooy AN IERBREE R, AR A/ NT 0. T4
ST Mooy SEATHHERLS R, B0 AHHAE (L EIIE He T M R o 1 A 50 s A
R A ) R 2, RSO [ i A B 1 “ B o BT Mooy 2R
FRORRE , 58840 B MR O R [F) 2 A I IE AT . 5 M T Ris. (F7) A5
K AL T WG LIRS ARG, BISER T M M2

R, TSR, AR B O, A TS B 45
52 A T4 R AR

s WL N AT B35 2, 4 M — MR TR L R4
PRI E 2, i, FESERRR RN, E ATl TR R L, SR 1
A h L ATZSIE—ALIE R, 1M L W — TR R M P —F74E S R4 2 )
ARGOERS

2.2.3 Bl ks s e B A S0 0 fi

F R AN A AL T B BEAS i s M e s Qe i, R, (R
BRFUCRFEER & IR BRI I 46 73 A5 A n—> 07 26 7] 2200 1) s iR 22 TR 80 . 2R
TESEPR M, R R 22 BV BGRME S T, R A ar e o3
XA R e B MBAUR: LA 2 HUA — M S A R AR LS i (R R AT, 9E
TS W) B AT OSSR . BTRA, A (4714 M, B 24Rf il BER SR MR PS5 G fr) RSt A e
M FERN=AGERE L. E RS Z 80, Ho, LA E @& 5 F o s irklfE , i s g
—NH G SR M R . X S TR R T 32 1843 43 A (Robust Principal Component
Analysis, RPCA),

FESR XA R ]I, [47] IR T — TSR 280 A Ao 75 5 -
B, AL F RO TR DAL H AR R DARIE K

min rank(L) + A44||E||r + A2]]S]lo

2.7)
subjectto L+E+S=M

11
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o, |1 - |l ZnHEFE ) Frobenius B4, ] - [lo F/nRE IR 0 YERL, A M A2 Sk
4. N, BT EARRRECIEY, XA AR, Joikad i fay s A AL T XA T
DAt (471 25 A7 SRR IS AR EA T I bl , - BF D 17 AR 5t

min ||L||, + 4]|E|lF + |IS]];
(2.8)

subjectto L+E+S=M

Horpr |- L FRE MR RN R M), R FERR — e, |- [l
SRR 1 YER. Xk, HAREREUICN T — MRS X 2.8), FIARMEA
A OCAL SR (1, 24, 341 BEATSRAE. TRy, [47] WA 1 — L8R oR M 32 1800
ST DR MR AL PROT IR 2528 . SER B, (BT 2 0 2 A 6 T ik Pl R e ) M
P R ER TS AT BRI R s B R R R FE B .

a2y SH 4 fi# (Robust Singular Value Decomposition, RSVD) [25, 48] 5 f#:f: 3= 4%
Gy BT BT RO R, RIS > 2B S 2L i M o0 A S (BT S s . 2 THE A ST
PHER R, E R AR AT A R e S, LA T2 A R IR B
i, PAZS SCDAEEL 32 73 o3 B ok s SCRRA A [ R

2.3 WS E

WordNet [31] 2 i B BRI 5E 2R X R IH ,, S CASMES
YRR, CARCh T4 T B AE S AU R B T IR R —.

WordNet ) JCE7 A Synset(synonym set), FE4~ Synset X W —~ X I, A4~ LIj
A PAS 2] (word) 5% . WordNet H774i# 1 454> Synset il P11 EAH ARRE AR FEAH
KKFR BEMIIME K KERN TR RFIREARAL 5> K FR . I Synset ARIEHE—F K
R —H$ME (54 Synset 7] fig 5 — D Z S HAD Synset HRIFPKEFR) o WK
WordNet (4" FEIRASIA 5 1 IR 5 B 5 o RIS, FRNTREEFR A LR A28
FESEASE

S WordNet, [ SURAM (LA EAR) et e b0 AR . 7S
R T e R G R SN 3 5 MG ST T4 R T .
WordNet —HF, [ SRR [ AT 2 AT, e Herb S A5 25 LB e S 0

12



JERCR AT Bl 18 5L

ARIERDRAST®
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JERCR AT Bl 18 5L o 2 SR R D 2 SO DA

=8 SWARESAS ENFHER

3.1 % Sy Ph % ORI

AT =AM 2 SO SR . Horb, AP NGRS st I o O 22 SOXF
156 =ANRIR R B 2 KRy i SCEI” . W2 R, H=ARIRE ARG,
B ESEN IS E

311 Bk FEFAMBRRER DY Z SUR

a2 SGA?T LA MR Z 3G E L. ASCAN, 2308, —E
o BG AR R — R A I, TS E AR TR SRR R % 2R B
A S, AR AGX A I AARK AT HE S BT (metaphon)[16] A&, TIEZ Y. L
a0, WRPEAT OB B2, “BGE” AT SRR Bl T el — R, WAy
TRy SO0 MR X, B — IR A [RIRE O R RPN L. — AR
BEXNN, XWAXIOFAE “2 X7 (multi-sense), T2l 1Y SCTUZ AR LI
e, FRAMZ LA Bl #235 (metaphorical expression), ELA Ik 5E 35 (literal
expression)[17, 43]. AR SCRINXMWL AL, A% X wl oA “Z SGA” /g, It
RENTENN “Dh2 7. SLHRN, XM 2 SCIERTA Dh 2 LRI B S AR A ) —f
g3, SEZAGI R A D 22 SO S22 T R [R) SCIR RS 31 1 A [m] (e 3] [ e, S A
SEBr EARFEAT 0 A ) A TR K.

X2 SOk, AT L FATE B AMER AR EERHE B - T3S, FATPA Word-
Net[31] o) _bAzin] (hypernym) ik 2 S5 [RIAEML, X 3C, FATRT AR [R] i1
AR IS01 HP Y EALRDR RIS . IEMTEAE K TAE—F R g 252, EAzie—diid T —
ANAIE Synset B E—ZHURHE, 0“7, C“WEFLET R <P K T 1L
fiidl. 7£ WordNet i, {7 kZ (A1) F Synset (55,5) FLFEIMAL T —IRFMAL
X2 3G, FATTE S AER— AR AN ] Synset BA R [F 1) EAZIAEE A, Fll]
WIRX A Synset BA AR & S, BIZiEH 2 i .

T4 E B3R w P I s, R H T B E] [a O vl 2 e X A 1] [ B
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JERCR AT Bl 18 5L o 2 SR R D 2 SO DA

WordNet B HABSMRFITRE , AT AFREZ A [a) 5 B I il REXT R Y7 0] 5o BAfeb
AT
1. 7£ WordNet s HABAMFRIGR 4R 210 w FrXf R pirfy Synset, F HAFEAN]IC
YE Syn?, Syny, - - -, Syns.
2. XTI REEIETT, 45/ Synset 5T AERTRL T 13 Synset, ¥FX 26 | (i
Synset il SynHY, SynHY, - -+, SynH? . X 8., FA1Z 0 EAAAAYAE Synset Xif
WAH IR AR AR AE OL, AT w 1) Synset 5 w FA Synset FYEE A A
— NS, Hog— e ) B
3. MRYE vy HITLBAY R BE AL Synset Xf &S ATRERY A2 Synset HATHT 73, FT0 07 %
H
score(vy,SynH") = Z cos(v*,v?)isPossibleHypernym(SynH", vy) (3.1)

S1° 7 Sk
’
Vs ENN(VE))

27 SR AT E — TR RS 7 1] 1) R AE. WordNet Hhfiz nl BEXT BZFY Synset, BJ
Xt RN ATHERY Synset, B (7 Synset, 2% A7 Synset thA{h T H TR Al HE
) EAL Synset, WIXANITEB4Z 107 Synset S 2 1A Synset TRR{ESF T A2 %A1
ARER) 73 B

FATTICEE AT [ £ e Xk LB i 20 B Synset 18 HERARY & 3C, AR — N RIA
[ ] oy B B2 T AR Synset, FATRRBUINH T —xF “Ph 7. ©

3.1.2 BRI JETARBURDEE R O 2 SUR: il
N 7 SR AN TR A, AR/ i A T 41
IR, Bt TR P SR A
g b NIRRT Synset 9078 52 4 i LT 4 1] 5t T R A1)
il SO o I, eTTRT DA w B — SO ST v v AR, AR R
S ey G R RAR B AT T 4o W St v A v 1 P U FREEREE X
H
Ppseudo(Vip Vi) o > D, cos(Vy, vy, (3.2)

Vso eNN(v‘;’O) Vs eNN(vg’l)

QO X#o TAE R FAE T HEIE S % 5155 24)% Workshop(COLING Workshop CL4LC 2016) |-,
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JERCR AT Bl 18 5L S 2 S IR R D 2 SO TR

K BB A ERA—AL RIS AN [ g ) SCa) B0 1 5 AR ) 5 SRR . i
AN TSR R EE, WasEEmng b2 3087,
IR, XA AL AN T WA ) -
o N TEAY B R BEFH A THERA o
o T NGRERIAEA A 2, SRR B2 A O 22 SCRY IR W] e A —
B PG, WREATELE AT DALY 4 R B RAG I O 22 S ikt @

3.1.3 Bk FE TR SO 2 ORI

“Dhze L7 @ —Pirl INERE SO Z R D Rk . A/ NIRRT X — i 8%, F=H
T A RE SO 22 SR a0 R — AN FEL R 7 fgp PE AT, A 0 R e 8 0 R ) 2 170 2 A
[P 2 HE KT IS A 3 ) o) B — S SR . X — SRR IRIAEE A O 22 SR A 7t

B, BATE R N R 2 HE R (intra-word sense-wise difference matrix), T
RV, 2 vy FoRiE w WE s A T E (BRIACHS gD, 101w
g d, AL w AR )R VO A B AR SO, WA YR SO R A

M = (Plew vy - Vi)l (3.3)

Horp, o Zonx 190 1 S e R EREA T ERYERE . XH, M2 — 1 d 17 Xy nw X (n, = 1)
SRR 18] 3. T EILHL RS 1 ] R SO R E S

cat t vgat — vgat

L

— pga
~
O

.. @
O
O

/::1::\

\

v(c)at __ acat

<

cat

cat _ V5

2 41

Pl 3.1 A P SO R R

@ X TAERRAE TR & 55 I 2 (LREC2018) E.
16



JERCR AT Bl 18 5L o 2 SR R D 2 SO DA

XLl T XA SRR ZE ) v R v RV - v 5 MRS T
PR, M og— TS B 0 AR Bt X M 3T s A R A
FEAERE_E %A 225

W T B A N AR LR, RSO G — A X T M B3 87 2k
FEA AR S A3 T

ETZHIngS, the XAes > hiny 2 G b T4k 2480 M4, &A1
RRFHIE M 1) — 5B DRI R T s A (RI— M SO M7 b7 3
BT, a3 B SR ) —EB A LA B 245K T —A Db AR ——RIER 24
thze SO ZE e S AR XA 25 8] FI SO ARG T AR B KB — R0

VA ESEMERE L, RATFIREIE S G2 54 M higfEfE. 33148, BZ
SRR X RN I B R R, AR, CRFE AT AR 32 B BT v
W R AN AT . T, ANSOR L 3 B 20 B R X A 7]

[l AR F2 B AT B s B RE M SO =AERE L. E. S ZH, o L
e M R, E SN 0 ¥E. /INIT M mBiers, S Msig s . X, Mg
Mg 7 4 W 1) J A3 2 A TR IR R RN . X HT A S M E MR A T4 M
H B2 SR L) s 22 R O .

ORI, A AT A St ) B = 8020 20 BT SR A S8 T AR ol 3] 1] 3] A PR A
SO i [ (2.8), HMBEGPRUBI T S8 4 fl 4 INB0E, T
JIE3 F 1 AR MR ) R S 2 i TR A st . L R B AR AR I L RN T
S IMEURR, BN S50 27 R rank (L) WBEER—— TR SE 19 B
Hr, SXAMEURS A ORI SE I, R A i 1 R AE ) e — R AERCIE R R (107 DA
L RGAERD . ARIE] B TR ) B Bk, X 107 BRI R, “PhZ L
)7 AEHOLT DA MEL, XA T8 S BRI rank(L) SR HTTHEHC “fh
Z LR FE, REEZ LAEN T h 2 SORULR— MM, HiE R X
PR FER PEBT g T B2 SR ZE R R AR AR e B R D, AR
TSI FEBIDA EILA, AR T AT 3R i ik AR
=R

FREMS AR M = L+ E, WARAEZEEDA D REREES, WHAE E ¢
WG RARARATI IR R IR i P o A SCERVA I il T 18 20 R AU T 25X S o M

17



JERCR AT Bl 18 5L o 2 SR R D 2 SO DA

FRER o RN, FRO AT EE X A T AR AR B R — R, AR SO
SR TR AR B E Rk

TEMEL R TSR INER ¢ 5, FRATE SN MY A ARRRAE I LY Fm i
P EY 2, 2, BAIN EY BRGNS SO, SRR i 3 - o 1
NIRRT —A 8. 10 AY Rz BRiduE EO iy, Hat iy

A0 0, —30gn < El(t]) < 300
i = ' (3.4)
1, otherwise

RS AV, R EY BRUERE ope IE ARG ISR RS g g ok, 30k S,
SO = A0 5 g© (3.3)

Bk, o FoRTHHIR A TER 2 AR BRI 192) SO 2JR, )
SO MO AR MO, TR
SEVE LREE T DA ARG RET L T B LA 5 TS

7 W S e 0 A T < O B N % M o1 A T = R
Require: {r] PR R M, $8% F 080 d
Ensure: {[GFAERE L, #bihe = AilE: S, w4514 E

1 AAMO =M1=0S=0%%

2. while 4 ¢4 do

3 FIH PCATE LY + EO = M®

4 AKX G4iTE A
s M 3.5)E SO
6: /7\ S=85+ S(t)

7. A MU = YO _ g0
8 Sr=r+1

9: end while

10: return LY, E® S

SEPR 3.1 B M AT IR AR T R BT SRR AT B P T SO MR
=Ll e/ GUR
18
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WEW 4 pr (M) FORIRBAERE L B i) M rp Bl S5 25 R . XFFAE8 e N,
BATH
proMV) < pro(MUY) < prea(MTD) (3.6)

EEW], {opo(MO)}, AR TS, BAEfE ER 1 (L= M pfii). s
AT P SOE B [49], 1imy 0 oo (M©) F77E , BIUHTAT 737 P 7 SOWF 2200 0 M, 5
PRI

s

FON—ch, AR O EGRAERE M, Bk L.

EAVERMR, S8k | SR 2 R, B3k 3 gt SUR IS YR AR 15 E 31
MR, Aayehmbeex@thZ L, HAEBLE & — B BUR I T RMEN “thZ%
ST, @

3.2 TR D2 SRR
3.2.1 ke KT Z SRR

257 3. 1153 1.2 R U Y P 22 SR Al E R { (Vs Ve ) (Vs Vi s = (Ve Ve )} o
S Ao A 3 ] B o 2 ) o (g B B R BRI , — R ED UL et I
Gr—NSEHERE T, TR — X S RS R T REHb R I S, BJ

(Vro + Vi) (Viro + Vi)
w; i, i, w; i, i,
(||TVsi,O - #Hz + ||TVS,A,1 I

I12) (3.7)

min L(T) = Z %

i
BT T HEE—Iesao S8, B EARREO N R, SO ECh — Ak i,
FESRE H AR R O A7 AEME—

(RRCRR T IRAFAE— MR A 1T ORhRE O 22 SO AR 3] i ) 75 58 2% 1 3
T I DhZ SCRY TR, T80 25 AT AT Aty i . SO0 R 81 O 22 SR 1 kA
MR, TR TR e TR SR TS X 4R AT 1) AR A T AR
e, WIRHERERVFYEESCRI. T2, ATFEL T TaE TR 2
SRR
@ EBA TAERRIE] T 8 8 S A B B2 5 My ¥ 221 (EMNLP2018).
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LR AR Bl it S B SRR O SRR
3.2.2 gy FaEmiOh % SCIHER

M3 L3P IR R, ARAEE > “Oh 2 A" 4RI, FRATRI AL
Gy —A Db SCasTa)” . BieA B O 22 SOT5 e B B9 Dh 22 3OS A)_E g b
b R R ) — AN . BTN SO, BATR AR — A AE T, i
TR AR

o DhZ SCaS IR R R A T AR T #5052 31 0 1) 6
o SRR D2 S Al B ) B T BOE R E B

e 3.2 K558 TR M2 XASE, XHERERE T 2W—r. HA,
@y, @, WY T2 SRR —4HIE R .

TREIASIERE T ), AT AT DA I 1 i) Oy 2R ATl [ 25 ) VA 31 23]

<t

V={F"=Tv'V eV} (3.8)

B 3.2 B HAMESS R R WIEACE a0, - -+, FIEEEL k(1 < k < n), fFAEME—
—ANERET, 5 Ta; =0,V <i<k HTo=a,k<i<n.

UEW] SR RE
a/lT a; a2 o Qn
T
@, Qy1 Q2 "' Qop
A= - 3.9
T
a, An1 Ap2 ° App

20
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Ta; =0 T =0

Ta, =0 Tl =0

Taop, =0 &9 Q]{T;.T =0 Vi,1<i<n (3.10)
Ty = ags “1€+1TiT = @ptli

Ta, =a, anTiT =,

X HL, T FORMME T A5 1 51 sRG10) B4 25570 Al AR R

Ci

AT; = (0,0, 0, @psr @) Vi, 1 < i < (3.11)
S————
kx0

HTHERE A BOFT A B M S ) R B — 2 IEAC R, i rank(A) = n, A™! fF7E. B
B, RGIDH, T, GME—R T = A e

LiLPrd, THESRE ar,ao, -, e Al k BB ME—f#

EER.

HO— e, THERTE o, -, ap IFRIATIME— R 3

HAF— 322, XA E T2 M O 2 SAHBRFES TAE (31 i i) “De-Biased
Word Embeddings™ HEAHML. A5 E W, WAFF [3] HH) “bias™ J5 1o LA1ERHE B
Z XJ71), H. “de-bias” KGN FTA 1A [0 B e eI, PIANRIREEMAY: PIsiL
VRT3 BUMAN T £ BE A AT 3] 1 SR 7 iR FIAR TR R RCR

3.3 JE T RUTAG BB S RN 2 S i i RS

FETARE 1210, VRl HE S UEI BT e W 452 2] g ] ) AR PRE ESSEM0 T
X S EAG BT . AT e — S SCE T IR I SRR FE 2 S ]
R,
21
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Al B L, AT IE— BRI IE SRR (PPMD iR Po A8, RiFf: P2 M
1. FATIE P IOSE i 478 P, SHFIRTE w; XTI HAm i S 5 G B, HE—
A2 SRS T (JEDhZ ), WEESCPiY bank (4347) F1 bank (JTf2). A
T BRI B T8 LR & i bank (F17) 5 money (k). check (XZE) “Flfysk
AR, T bank (JAT2) W5 river (), lake (1) S5iAlR7mHBSEG .

AT HZ G — M HEARe, HHIZIERSEN . B—1 X — A%
B2 dt—AUEN] ). it BATAPIRBE L SRR TS, BIAZHE
SCAAG . X, FATH G w B LI 51 A1 sy B AR R AR R, B
It PSR B SC g AUER

Vi = [PMI(sy, £1); PMI(sy, 1)]

_elsi,t) - N _c(si, 1) - N] (3.12)
T else(n) T els)et)

Vo = [PMI(s2, 1); PMI(s, 1)]
_ [C(Sz, 1) N c(syt) N (3.13)
| els)e(t) T c(s2) c(rn)

QRPN CIUMPAG I, A2 G AR B T R 2

Veur = [PMI(w, 11); PMI(w, 1)]
B [c(w, t)-N c(w,t)- N]
cw)e(t) ” c(w)c(ta)
_ [(C(Sl,fl) +c(s2,11)) - N; (c(s1,12) + c(52,12)) - N
(c(s1) + c(s2) c(t1) (c(s1) + c(s2)) c(t2)

WK, HA c(ty) = c(ty) W, Vi, B ve,,, ARRLRIERW vi,,,, T TEER
HoAH A A RN AT BB

TR Vi FVEy o0 BRSSO 5 i) ) B R s, BRI, ml AT R
P A TR, BARASTS, ZEAT RY SCEAE B A HE— N RN
MR DT AR 1.

St 51 s AR w 5, S2BR AR T w R 0 5 T 4% KA o B
“RBERE 51 F sy FTTERY AR M ELER D" MR (§7 R TR MR LR 25 50
I ZESK ) o TTARZR 51 F sy HOhZ 3L, HASD TR RS 21/ B ds T w4 in) 5,

22
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WRIPATA R c(s1) 55T c(s2), BUMRR A s1 R 52 0 by Mg A AR Y 2K o
ORI, 2T DA BT IRMERA B S AR OB IR 3L, AR SCETINATHE BRI A, i A
HAER—AN AR ] BE R TR 1) B PP I 7 2 PATE R

23



PUE  SKERER

&

JERCR AT Bl 18 5L

FOE ZBEESR

M (331 3 A BRI A T IR [22] SR KA e dRid AR (R IRdAR) o7
ARRAE, HArsE R E T, PATNAYSEES 32 2 TAF (331 BraJF ey ia ) & EdifT.
WARINEFE D, WA SRR A T H A1 300 48 NP-MSSG,  XI i 6000 =45l
LA zh=: ] i 2 S &

TR ZR R OO A R0, A SCrR Y AR PyTorch TR [35] #EATHLAL.

4.1 MSEPrh% XK

BOR [ 3 | 3l SURIATOLE | K5 (S PRI
[13] | caty catsgy, dogs,, mousegs, dogss, chickeny 0.764
0.265
catgy I dogga, catsg, catsg,, batg, mouseg, 0.758
[33] | caty 0.294 dogs,, catg, mryo, girlgy, mousey 0.703
catg —= doggs, batgg, caty, airgy, pangg 0.588
[22] | caty 0.928 cats2, catyy, dogso, dogs,, dogg 0.779
catgy ' catgy, catyy, dogs, dogs, dogg, 0.811
[18] | caty 0.876 catgy, catg, dogsg, dogs, dogy 0.831
catg; ' dogs,, catg,, catyy, dogsg, dogs, 0.784

41 g5k (18,22, 33] I thZ LA

(HAFHEER I, WA (18, 221 4] kA &, MR i) L B i) S
R T AR IS, XERM, R TR ORI B AT 55 B
WG T8 R, N “HSGR R W— AR, 1acA WL AE [33] —FERE
W H SR A S [RIAEH, [12] R 2R LIA B4 (duplication) B4, %3¢
AR AT i — 225 Dh 2 SR P SRA 07 S Dh 2 SCIEA T BR e 1525 B
B RS

P, FERE T RAYSEEH, FRATHRE 2% il A2 [13] OB [33] kil iy 2
Trig. XA ER i 7 KARERKIMAEE I —f “HAE—E” BES, X
PP R AR SO H IR ARTH BR SRR R 2 T R RS —— A ST U “Ph 2 0 i
flit i) FX RS [ S AN TR ] 1)
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4.2 T Oh 2 SUR: IS — B LU PP AL

STAR
princess, series, cast, serial, midway, sparkle, 1940s, leo, closet, co-star 01
silver, boy, cat, version, adventures, stars, emerald, destroyer, terrace, planet 02
energy, disk, wheel, disadvantage, block, puff, radius, diamond, chord 03
version, bronze, standard, colors, ring, emblem, silver, wear, shoulder, red 01
[13] workshop, shop, paper, merchandise, plain, corporation, stock, likeness 03
guard, baseball, starter, tennis, basketball, brazil, class, world, morocco, ncaa 01
appearance, entertainer, pat, alumnus, freelance, brother, session, receiver 01
fictional, ongoing, manga, super, japanese, silver, interactive, asian, fiction 01
die, express, ride, opera, spanish, musical, hour, disaster, sun, blue 01
galaxy, spiral, variable, guide, magnitude, companion, satellite, crater 02
blue, dragon, acbl, diamond, purple, legion, arrow, mercury, eagle, cross 01
[33] | fan, legend, show, moesha, heroes, guest-star, flicka, lassie, tv-movie 01
stars, sun, constellation, galaxy, eridani, pegasi, supergiant, ceti, starburst 02
01: person.n.01 02: celestial_body.n.01 03: whole.n.02
ROCK
blur, indulgence, pop, noise, bands, lacuna, reformed, wave, genre, taster 01
energy, silver, cat, song, cd, planet, dawn, hero, video, terrace 02
metal, classic, legendary, dubbed, american, hard, belgian, short-lived, debut, da | 01
soft, shifting, disappear, fill, crystalline, false, pitch, expanse, heat, pile 03
[13] vinyl, concert, limited, box, summer, double, dance, enhanced, gold, inch 04
hop, well-known, folk, occasional, jazz, music, concert, array, hard, pop 01
morris, miami, wood, ghost, silver, pearl, chase, corner, oak, thousand 03
hard, pop, cm, jazz, hip, hop, r&b, gutter, wave, subculture 01
hard, hip, short-lived, classic, jazz, raw, metal, ep 01
jazz, rally, star, roll, live, entertainer, appearance, session, pop, cover 01
metal, rippling, dense, swirling, chirping, blues, punk, psychedelia, bands, pop | 01
[33] | sand, rocks, butte, ash, sandy, little, cedar, rocky, sugarloaf, spring-fed 03
hip, alternative, indie, progressive, hop, reggae, roll, rock/metal, post-hardcore 01

01: popular_music.n.01 02: person.n.01 03: material.n.01 04: whole.n.02

42 S S star (W B AWK AR RE) M rock(FRIR IR N4 885 e A1) 1] ] AR
HCAE ) 23 [8] AR 2B ) XS WordNet[31] #r Synset FYBRST . 5581 FR i, 55 — SRR
SR RET 10 ZUT4E, 5 3 SR R TR DN Y i) S BB R R Synset #_Lf Synset i
5, A7 Synset (& FRPHFEEASTFA% T . whole.n.02 7 i Bt o 1] i) 58 P A J 408 1l A R _E A3z 17
(Synset). iy 123 V-3 LB, X HLR A T [33] H b T 3] SCECH 2 3 1 S0 222 SCin] )
(MSSG-50D). W MEAERE AR i RHERL_EVEFT 1Tl 5.

FA EHE T T RIS 167 0% ORISR . TDAE S, R4 (13144

A U BT SO Se S T 2 AR, R SRR TR —— i H

3 A S By MSSG iR A0S K ) BRI AR . TS PIIRALES, 57—
25
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WordNet |- £i7 Synset 5 AR FB iR LW &, W] DA — D 1 Bl D7 S8R0 T
M 22 SCAR] i i ) ) SCHEA TR o

4.3 T Oh % SUR: IS i DM PP AL

X2 SO NAEIR =, FATH G205 XA Xy fh 2 SRR, AN Tix
TEBE 1 T EZ XHE. EHENZ )5, FAHERTER R A D2 X
TR AR A (] — 5 Lo B [33] e ) 2 SCiv] skip-gram [a) S 2507 5, %7 T H
X EERR R A TR AR S bR SO TS SCe FEsR iR Db 22 SUhRie i I —& S0, &
AW 2P, ELECRFE R Ry 70 B 2a 45 1 1] LA T2 3] skip-gram (3)l12%

NORWAY

NP-MSSG [33] | Denmark, Troms, Sogn, Hedmark
Denmark, Sweden, Finland, Iceland
Denmark, Sweden, Finland, Netherlands
Denmark, Austria, Germany, Belgium

+ Tag Denmark, Norwegian, Sweden, Trondheim

STAR
NP-MSSG [33] | stars, movie, song, heart

stars, award, eagle, two-time
supergiant, constellation, aurigae
+ Tag stars, movie, superstar, MVP
supergiant, stars, g5v, white main

ALGORITHM
NP-MSSG [33] | hash, algorithms, quick sort, recursive
algorithms, optimization, public-key
+ Tag algorithms, computation, iteratively

F43  MAARICETR GiirOhZ SCRY) SRR S &R )i U a4l , AR AL IS B I 45
] 1 A A TR AT

F4.3J7R T 300 2 NP-MSSG BIUYEARCRIMARC E AR . nTARH, X s
EMTT RAMLAEE BA LG Z X, L REE IR B H 2 SUA Z [ XA, & —FP LA
R thz XRERFB
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R AR A Bl 2 3L BINE SRATER
4.4 P2 SURHIN SIS = EDW 5 B
1B 1 2 SR P = rhox TR MR SO 2E R M AT AR Iy

M=L+E+S 4.1)

Horb, LONARERARE, E s s i, S ol e e . B B, (RBRAERE L AR
K72 SR 0], TRGER M FSAERE S RS Y B2 SCRTRIAS I A28 T HE
B A/NTTRHEMRBEIAX — 5

AR
aftery ,, eventuallyy ;, whilsty ;, again; », finally ,
although, », well, 3, initially; ,, more; 4, bothg»
Brian, ,, February,, Daniel, ,, September, 7, Franky »

44 HEhZ CERFCR 3 AR 3 SR BUR AR —A T80 Jr 1) B8P SRR TR SO0 22
&, BAITI S AN EFRR .

W N = H

il U |1Spll2
primey, minister, cabinet, parliament
prime,, modulo, space, equivalently, real ~ 3.35

yard, touchdown, interception, kickoff
yard, lawn, backyard, garden, porch 2.75
engine,, jeep, truck, wheel, vehicle, car
engine,, camshaft, turbine, gearbox 0.61
caty dog, pet, wolf, bird, animal
caty dog, pets, puppy, cats, fox 0
Word 5] ¥ #0 ¢ #1
prime B 04

yard 15 (KJEHLL) BT
engine K4L/RENHL  HIAK
cat Zh¥) ik

45 b PRI TE SO E kAR, DASOM AR B RS AR R e B 2 JERG R AR AR
FIr i I E) ] SCRIR N A

RAAF IR TR BCGEAY 380 T 1) ERACERIERE, FATAER L, X

S Xk i 6 2 4 ] — 2T B A B R 44 1], HOR 22 IR 5 HE B A 2y B S

— X1 R AL MRS I, g 2 e —F v B A 48 B BT S R
27
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Z X =T 5

HeAh, FRATHEPLTERE 17— LB EEBHE DR R], HAERA. SRS 1 A1) Sy A
kTR, DA TR 28 3 <t 1 1] S 1) e 68 355 S, R AR L A i M 7 L B v
)& 2 YER. ATDAE I, 22 1] T Xk B A R i R s 114 5 R A e I E T A1)
NERE AR R, JOTER], yard M prime WA T 58 & AR
B, P DA I AR R 1) & 2 YRR T engine FITR A 1] SORVE A 0 A IX
B KU (GEFK ), HHRE ORI, I BT SO RAR RO, BT AR LY
ML 1) B B B AN QI RT A 3R] — AR K 1T car B -1a] S Ja) & 02 B SR i Ph 22 5,
HOR AR ) AR 00 4.6 /NTERFSE AN AR X RPCA 73] P SO 240 R )
ROR AT EACHITE .

PAE =AMl — R E ] T O 2 OIS 8 — Fh AR G AL i BLR 1M AR 1
IRo ERET RN, ASCRFE A B AL T Bt Al O 2 SO BRAVECR , FHIERIA
ZEd R h 2 RIAFAER T 25 R H i CRIR R 5k br B2 — M.

4.5 ) LM ML

TFRRLEE R — A B A PRA ] ) B o B ) 3 WL v . HRRAR AR AN TTARYESF 1)
TSR ALRE AR R AR HE (gold label), K] i) &2t X SEIR] G AR LRE (3 DL R s sXAHABAEE )
VERFHT TR . R BAEXS, FF N DA 40 e ) 3T 4553 3 AN, A&
Kof B [ —3R% T . X PN Spearman rank correlation(p € [—1, 1]) BI AT {E RPN FTAH
IFREER RS B, Hih 1 R5E B, -1 RSER TR, 0 AR K.

5 LA A 6] o) B PPA A BB e 4K 2547 WordSim353[9] #1 Stanford Contex-
tual Word Similarity(SCWS, [13]). WordSim-353 Z{#lg 4225 H 1T 353 Xifial %o A1 X644 %of
IR N AT 4, N TAT2r 0 PIER AR PR BRE s T SCWS $m S 7E 1
ZAk, EFE T AR IR BT SRR

PP ARG EF SR ERESE (WordSim-353, WS-353) , FRAITLA avgSim[37] ff:
FFEA AR RTEH T BT SO PRI, RATRA maxSimC[33] 1R PHAL RS .
X PR E AR -
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. 1 w, w,
avgSim(wg, wp) = m Z Z cos(Vy¥, Vg, ) (4.2)
sa €S(wq) speS(wp)

S, wo B wy, FTRRERIA OB, S(w) W1 S(wy) F A5 BRI 7 X 5
o

maxSimC(w,, wy,) = Cos(v“’“ ’””) (4.3)
Hrp

84 = argmax g, P(s4|C(w,))
8p = argmaxg, g, P(s,|C(wp))

FORAEL E PN BRI S rTRERCEI AR S, HA RO R 5 —FAR B TR 3C
O ) BT RARLRE , BRI A ] SRR 557138 BB BE I FE BT

TR YL, PR RTRA S SOl s RPN BIrAT ) S48t RO ARE LS G2
FI T WA ] B A 3] SO R ] — Al A 2w SCRY IR S BT R E TR
UEZ” . (EFRHERRR, W2 ERBCT —FInBCT-575 % avgSimCl12, 18, 22,

- B AR B A 1] SCAAR R X 4 — ] SRR (A BEEA T ISP 3 75 3 e 2% 1 ] S
X PFHUT“ g MR A G BB T &, R — AR, (HOA T
Al ol ) R — EAATA] SO R R, ARSOR R X AR EE T 5

By WS-353 SCWS
T BT URERSE [13] 642 261
% i skip-gram (MSSG, 300D)[33] 709 573
Toli B £ Y] skip-gram (NP-MSSG, 300D) [33] 69.1 59.8
NP-MSSG + & — 68.8 622
NP-MSSG + &3 — 69.2  63.7
NP-MSSG + &= (PCA) 69.2 653
NP-MSSG + &= (RPCA) 69.2  65.4
HE TR [22] 69.5  62.4
MUSE[18] 69.4 679

# 4.6 AFZ A R GR BT AL 55 BRI

RAOJER T AFBRAEA LI E N RN, AR, f£ WordSim-353 {155
b, B FRIER LA, (HAE SCWS {145 |, thZ SN REE LA RO
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TET R SRR R EAEERNE, K4 MUSE[S8] 7E SCWS R H 4T, H
3] [ i SE B 2R A [ — S N [R] 3R] S A B TR RS [ 2 ) C—/NE
PR AL bR BN B 2 SCR i JE A, A SR T 2 S ) X R 11
NP-MSSGI33] %4 1t

4.6 PCA #1 RPCA 1PEREN LE

TE44, FATH2E] RPCA Xof ] PN FEE SOGF 220 K 40k Pl 7 AR 1 55 M 7 o) 5 T DA
Ve —AEZ SR G R . SRT, AR, WERFA TR RPCA Fr il PCA fy3E, F
XX T PCA BTG 2 i th 2 SCAs R 485 52 i o I 1) 8 1) L 091 0 AR e ot 4] 1) B 22
W h 2 SCREBE I iAoy — AN 2 AN EoR T 3. JR1, X 2h 07 202 S iy 7
FATBET T2 H ) WordNet Synset 44 8] SL 555X X — b AT 704

FAIs 1 E 4> PCA F1 RPCA Fropfif i th2 S RIYERE d. X+ RPCA, &
AT o] PR IS 3t SOt IR 2 ey i e i ) A R B/ NI THE Y, BB T
RUBATA IR —REZ G R, X5 PCA, A 14 Bal Pyl SO ) A E R
B 1 O 22 SCS B RZHE BN, g HEABEE R RATA X2 12
SCARRAR B

TR X, FATRM42P 5B ARSI BAETE Synset B 77 ZEXH ] N &
SO A PRAS Tl T X REG Synset,  ASRAGSE AT SCHETA] - UAE — IR I
A WHC— R o WERAETT n AT PR SOR o, P T SRRy 1 BOm Y IR, )
O AT S5 Fr b AR

B4R THEA R D 22 SCASTRIAEREBCE T BTl R ERf R il e A>T, B
SRR R BTl ARYE B R B, RPCA F R 7 28 M 75 R P E AN [R] Y BE
T, X PCA B B i) O 22 SO TR — 2 B3

BAh, HATRERT PCA Al RPCA Bz i th i 32 i B 5K i) 23 18] 1l 454~ J7 T
. AIPAEE], RPCA Frizdith iy 3 Al Al PCA Frozdi i 155 2 A>3 77 1)
BAR . X 8N 1), RPCA B e T HAe ) S i el 5 1) - A3 5
11 PCA WL S 73y e BOWLEUF, A& BB Bl BRSO R, X —x
] AE VLR R RPCA FEin] Az A —E /).
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0.3 . . 03 . .
2000 3000 4000 5000 2000 3000 4000 5000

OSOOO 30‘00 4600 5000 0'23000 30‘00 40‘00 5000
K41 JAd-ERR L. FAe: d=1, Ff: d=2, FA: d=3, F4: d=5.
# I FHIE
1 | after, », eventually ;, whilsty ;, again, », finally, » Bl ]
RPCA | 2 althoughl,z, we112,3, initiallyl,z, moreq 4, bOth(),g EUiﬁj
3 | Briany,, Februaryy,, Daniel, ,, September, ;, Frank AL
1 | income, 4, campaigns; s, ageq 7, development, s, goals, s | B TH AL
PCA | 2 | Berlinge, Martin; 4, Greek 3, Jang /0,6, name; 3 AL
3 | quarterbacks o, playoff; 9, NBAg 1, Houston, 3, mayorges | {4 & i1

4.7 RPCA Fll PCA RN (TR ARF R X AN LR 5 ) -

4.7 Ay RSP

JG AR EIRRN RIS BRI TR RO . XA T i
WIRHAE 2 i) ) s X 2 T — A i, FATlE maxSimC Fg bRk b f v] BB —
Ao FRATR AN RIA% 1~ iRl K2 (BoW) By 2K i 4~ 0) TR

PAF 5555 2% ] Facebook Research 111 SentEval[7] HEZE A TP . % HELL ST 454
TAETA TR AL, AR T SUBT (E%MA)14r2K). TREC (144>
%) FIMSRP (BIE RSN =AMESVENITFINARE, TF7ER4.8 R T 523 [ AR
(253 thZ SHRT ) 20E) EX=AMES R . WAE |, 3598 500 2 X T 32 7147
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