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Improved Word Représentation Based on GloVe Model

CHEN Zhen-Rui, DING Zhi-Ming
(Faculty of Information Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: Word vector representation is a sound way to catch the grammatical and semantic information of words. In
order to improve the accuracy of the semantic information of the word, this study proposes an improved training method
model based on the GloVe by analyzing the characteristics of the co-occurrence matrix and using the distributed
hypothesis. This method summarizes the general rules of irrelevant words and noise words in the ¢o-gccurrence matrix
from analyzing the word frequency of Wikipedia statistics. Finally, we give the evaluation results of word vector in word
analogy dataset and word correlation dataset. Experiments show that the method presented in &ﬂs paper can effectively
shorten the training time and the accuracy of the word semantic analogy experimeht is improved in the same experimental
environment. ‘
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PEH T — PR AR LI 2R o) & (0 5V, AR R —
AMARSE AN A E T AT ISRz A R E AN
05 72, FA S E R N R 1R )R] ) & BT Word2Vece.
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% SUIA|, N T fEHIX AN 1], 2T ) 2R, Huang!™
I T 2 JE A m) B U SR, J e bR SR [ &
SRR W H b BIHERE X, S8 5 R 2 R A5 F R
AT 5y 8 AR A BRI 25 2 JiR 24 6] 7] & Facebook %
BERIF T F T fastText SCA /K as g A0 fei
AJ DR DR UE 73 2 53 = (1 (R, DR K 4 S8 S0 A 4y R 1l
SRS [A]. FastText #5244t 5 % H R Il Gk [a) &, a0 A
% Skip-gram *@@ﬂﬁﬁﬁéﬁﬁ%m%%ﬂﬂﬁﬁﬂE‘Jﬁ‘ﬁ.
{FLf fastText SN n-gram HHAF (5 7 115 01 7
= R I R R, [R5 )N R ] )
R % X0 A= R ARG A0 ] 1] 1) A R AT I R R AR, I HL
XF T 1] 4 DL AR ) B ], W] DL I B A R O Y
n-gram [ 5 3R 1512 1] S A1 BRI (1) 98] 7] 2

A SCHE PG GloVe #4125 1m) & 1 T
5. GloVe 158 72 — Foft Ik - 3 I B 40 fift A2 1l 1] 1) £
(I FE AR [F] Word2Vec. wordrank!' 25455 Y — kAT
DUMR A 1R 1 Se 1145 JE U 0] T & 47l 8 1135 1) 11
TEANE XAE B, A @ 78 GloVe B8 I B FE
3 ot R oA B e i PR RS AR 3R H bR i
Y6 2 )RR R 7 ], ek SR B PR AE R T R HH,

A T 45 7 R (1 55 . 850U P Miikoolovl' SR

B 7926 H 7 A AR TSI AT L SR A 5
B D5 R 2 VRO

2 WFuIEa
2.1 Global Vector f2%! (GloVe)

GloVe HEAY 2 —Ppox) “in]-ia] "L IUAE BE X 4 T
13 2 098] [ R R 7 vk, FEIUHRE X FRIEE i 4T5 ) 4
HIME X 8 H AR v, 5 BT 3O v fETE R 3R A
HILREL. GloVe B (T RAE &/ M AE T4 M TR
X BT ISR, FLUIZREE E Word2Vee SN2 %
RS FH B /N —SRIEAE 90 2 B, [ IR ) 3 A
X W AT RN T W . HoAii 2k ek 250

v
J= i FXipwTw;+bi+bj—logX;)” (1)
ij=1
ey, (VPR SR, wy D9 H bRl 3R] 1A &, wy o4 b
N OCIAE R [ by, by NALBUERE X AT NS 1 A2 1,
Sx) R —ANINBLEREL, FH T AAE L ZE A Gt (A A A
X BEAT ZEIRK, /IR Pt SR iR 22, HE SOA:
X/ Xmax)®  ifx < Xmax
fo= {(1 / othe)rwise &

[ GloVe #& BYAE # Pennf’ngz‘ton 25T Xmaxs
a NEHAG S5 4 100)3/4.

22 HHRBEL

GRATANE, GloVe BUM 3L A FE O X, 238
T B MR B R AT TECE B I B bR 5
NG RS HE MR A 2 SR A
wE B AL BT SO A BAITHE A, A T RE
% 35 T (1) 22 1 SR PR AL, FRATT A L 5 Rk b i B DA
=T

(1) Several species of pear are valued for their
edible fruit and juices.

(2) The peach is seen as the fruit of happiness,
riches, honours and longevity.

(3) One type of commonly known gas is steam.

X bt A 7RI =AM pear, peach AT gas, H
AT 56 7] A0 37 X (pear, peach) 5K & 2K T ia Xt
(pear, gas) Bk (peach, gas) ZIAIR &, PR 9 5 3 F] s
?‘7&%%%’], M0 J5 25 0 A e ) W S (R AH S A (R
% (pear, peach) FHRPEFRATH] LA F (1), 2) HFE
B 3L BRSO R fruit. of 5, An5E 15k}
JE JE 5 KIS 7E pear Al peach 1 b K SCHH 24 5 £ 0]
BERFEANTHIFLFE S B tree. leaf. delicious %%,
{2 gas [ B F3CH LA AT RE B tree, delicious %5
N SCEE, X 1 B R E fruit, tree, delicious BEUSAXFE
pear I peach 15 A5 B ABER R gas 15 fE E.
R AE b1 A) 7 A7 R 2 B BEAS BB KR pear
F peach HIE X, WA REARER gas 18 X A1IEH] W of,
and, is 5570 K 1] B A5 3], I HLAE O 1E R G T 1)
I R 2 AR R TJE O 1] B M 75 0], B AT AR A
AT A A R 1] 5 75 B AR R ], [] B T ) N g s X
[ 2 PR U 5 0T 0 o PRS2 ), B DI G ] 1 2
BHBEZS5 /A () KA.
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3 WHRITE
3.1 ISR

BILBLAERE X i — N IT R X, R b 3
JEBRRIA i B IR X = S0 X SR B
BiE X 58 AT, BUAE H AR @ & DR BTE B SR H
BUHEIREL. Pij = P{jli} = X/ X Zonia] j T BLER @ 4

FEl 2. IAEF =B Ari a, b, ¢, N T REE TN
WIS R TG 2 B R R, 5 B R ® a A
pear, b A peach Fl ¢ A gas, H a 5 b AREFMHZE—
PR, EATHRIARLE 258 KT a F1 e 80 b M e, EA
HIoCF AT DlE M LI e L RS . R 1 4
H 7 M ZERE E R Fh E R pear, peach, gas FI'EA] I
A A B R S8 HE B

# 1  pear, peach Fl gas 54T SO FLIMESE [ OC &

iR k=tree k=the k=fruit k=steam k=delicious \ k=of
P(k{pear) 8.9x107 7.8x107 2.0x107° 1x10° 1.2x10°" 3.8x107
P(klpeach) 2.6x107 7.5x107 5.3x107° 3%107 3x10° 3.1x107
P(kigas) 2.2x10°7° 7.4x10°° 20x10° | 5.5x10°* 1x10°° 3.5x10°

P(klpear)/P(kipeach) 3.42 1.04 1/2.65 1/3 4 1.22

P(kfpear)/P(kigas) 404.55 1.05 100" 1/55 120 1.09

M 1 AT LA H pear Ml peach ) 1 30 & i,
b k N tree, delicioys,g fruit I e AT MR L
P(k|pear)/P(k|peach) 451 T 1, {H2& X T P(k|pear)/
P(k|gas) HELAE 2D () KT 1 8/ 1, ol /2 8l
LR E AT bR SO LB S LU AR T 1,
ASFHACL R Gl BATT AR b SC ] B LB 2 LU AR R AN B
5 1. Y k 7 the, of TR IAR, P(k|pear)/P(k|gas) Lk
EWRRET T 1.k oA Ay DURESE H DS

1) % 18 )AL A] a,b FVEATH R S0 kA

{ Ph A1 Pac> Po
Ppy . 3)
o ~1 if Py < Py

2) T3] AL P AN A] a,c FIE TR ST &, 24
k ASRTESA], WA
{ E—cf»l if Py > Py W

m >1 if Py <P

o g R BT LA E 5 A 5 (3) AL
N

La 1 if Py =P,
{ Bl i e 5)

Pa 1 -
P_;k~1 if Pg < P

3.2 IR

M AT B4 BT AT LA 241 E a,c AU, %5 5E
R SCHE] kAT DUAABATT R 1 R B e LB 3R AR & 2
TR REE B, Bl R 1 R IRATEI2 E 3
k N tree, steam I}, P(tree|pear)/P(tree|gas)=404.55,
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P(steam|gas)/P(steam|pear)=55, & AT b AE AR B izt 76 K
F 1, FrbL B F 309 tree, steam AN NI, F H tree
Aef% FH oK 3R IR pear 1T X, T steam R~ gas 15 .
TR 3CIE R JE R the, of B, P(the|pear)/P(the|gas)=
1.05. P(of|gas)/P(oflpear)=1.09 ‘T ITHH: B 2 LU (8 B2
T 1L RIS av ¢ TEZ 2 T 30 ki, R0
MEZE LU A

Pk :
7=y 1if Pa> Py
{ ck (6)

ph=y if Py < Pu

H, y R E MBS ﬁzﬂ‘]quuazmmzm;

i a, ¢ AR BRIBE A, 445 BRSO k

1) BN HAE =1 B (A8 (5)), BB & N
S

2) HILBIME R LA y>>1 i (AR (4)), B & 7]
LR FARER a 8 c 8 i

RYE E S0 RATE B TIE RS o AL
] ¢ SRt PETE I I W E i E H pear FSCHIIER
A, W IE B S pear AAHBAI A E gas. X B H T LA
TARFIEFEE a AAHLRENE ¢

set(c) = {c|cos(wg,we) < 0,c € V} @)

H, a, cEV, wyy w, Y a, ¢ XRIRIA T B4 A
AR B FRATT 0038 G R N3] R SR, A B
AT SCBARARL, S AT 4R 7% B0 B 8RR, "B 1300 15 i
U TP AR 5% R Bk )N, IS4 0 S D Y
R SCEAARRL, EATTRE XA 2=, BT DA AN 1R
HIABALSE R AT DT R sz B ga . AR (7) 4h ik #5
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T 0 B S ¢ HRENLIESE N A AR 1A 5 I 98
a PTG KA, IXFEBE AT DAL IUAE R i AR R T R 8
&, DIPRUITZRET ], SORT DUfS A3 S 46 R0 A3 21 B0t 28
Ja 4 a3\ (6) 4 IS8 I 8 G ]

RO E 2, N T BB 8 L IR B mp 1 O 5% 1]
e 7 ], B ] [ i U 2RO A, SR b)) i gl
SRR, AT RT DS N DL = AP RR:

1) XT3 i i (AN IR @ B A 2 B R 3 5 3
RIZIEE/NT 0 REES set(c);

2) NEEE set(c) FRENLAYILESE N /MAIE, 4564
2 (6) B A5 10 ML L B b it JE O 4A] . M S
T, A BT R SR R

3) KB IR FEARN A 30 (1) YN0 B [ .

4 SEER ST g 9

P A i 7 RO 4R (wiki2010) Il i i
BAZHIRE A KL 10 124 $47, I NLTK T H A
o D7 VR R SR AT 4R, H R T E RS R
A5 R /NS T BOHT B R, SR8 30 000 AN H B
SR ARSI PR T -, R = R R 10 HTE 3)
T 1A E T PR T 2 A e B R

FEAE A (1) IIZRJE A 5 1a] 2 15 21 9 4 6] [7)
B0 H brial e & w AR R SCiE EE W, PO FRAT
R A0 10 B 3l B AR B ) 35 30 B R ) PR
B, BTCL W, WA LT A5, FOR il T e iIrvdsE
1B AS [R5 SRS TS [7), 53 4k Ciresan! 148 Hi X T34
PRI PR M 2%, BT 45 A Z M R i 2 A~ S50

LA B k2 ok 58 AU R 75 F) 520, T 5 1] i B

MO ZRas SR ASCAE T w+WAE b 4 i i) &, X
PR RT DATE A 15 15 2 bl SR v SEITHE R R . A
7o R 4 ﬁ;@ﬁf;#ﬁa‘%ﬁ%%%ﬂzﬁu Xmaxs 0 5
Pennington® /£ GloVe 7 5 & A [7].

E X6 18] i) B R R RAPAN |, AT A Mikolov!”
B 1 1 1 2 LU AR S AT SR G, R R AR
19 544 AN, 43 N8 R EERIEVE S LB EE 4. 7 oh,
KR T S EN, y 7EAS R EUAEL A X 3] [ 52 5 2 1
S, RIS TE LA s o 7 1) 58 AR AL RE HidiE 4 b Xl 45
(1] [ kR S AT DA
4.1 1EAERE

ATV 7 s 4 (10 1) 5 A DG P O S 1 5 3]
I B2 45 AT VR4, P 48 SimLex"”), WordSim-

353. WS-S (similarity). WS-R (relatedness)"'®, MC!"",
MENPY RGP, YPPIART RWP IX SR 42 5 — &
I (1) B AR R B 2, A A BT R R AR AL RS R N R P
g3, JATTE R ST 3 A0 G ] 5] B TR R
IR ZR HPS ] S AT A Z R AR G, R
IR ZR AU, TAH DBk, ] e B () U R R8CR R
LT
FK 2 AR A G R A 1] B AR A
Hn e LR B3

A SL WS WS-R WS-S MC'MEN RG RW YP

Skip-gram 37.56 68.6 61.76 79.08. 84.80 73.74 77.07 50.57 46.80
CBow  38.87 66.03 56.58 77.29 84.78 73.52 80.06 51.38 39.97
LG 32.23.65.49 5896 76.15 70.41 71.31 71.00 53.74 41.50
Gl(‘)ve 35.90 68.08 64:04 76.97 82.81 73.53 78.08 50.52 43.83
Glove-rl5 38.01 67.59 62.77 75.56 81.51 74.59 78.82 49.64 50.10

#2444 H 7T Skip-gram. CBow. LG (Gaussian
embedding)'”. Glove PL & GloVe-r15 £ i i AH 1Bl %
P51 R IR b Z B A I e AR A FH A 7] 1) 4 4
a4, 1A [ =4I 9 300 4, Hodr GloVe-r15 A T
N=3, y=15 [IZReE R Mtk FoRE, IX AN [m] A 1Y
TE P A 1) ] 15 A AL 090 S 15 21 Y B 7R adh 2R B AR
ek, IF HA AR AE AN [F] 1) s 4R B /R b R B
B KAH. Skip-gram /£ WS Al MC ¥4 45 [0 7 /R &R
B E. A SRR GloVe-rl5 ZE5di 4 MEN, YP X
BT I ROR, (2B A F R SRR - S It e i R
PR AR . WRIEH A, AT T LA A
B M R, IF L 5 S B 45 R A0
B /R b AR e B
42 JEERL

Mikolov™$ H 7 i i 17 15 2 bb S 30 AR 56 7] ) 82 )
W&, %y EF @ AR TR o 5 b M
L, 1B ¢ 5 d AR Y R] R, IX L8 ] R S 53 i TR
FEUFHVE V5 0] R 350 4. V8 S 1) R R 5 R 1 A R
AT RS, th“boy” 5 “girl”#HALL, 1E Wi“brother”
bj“sister” AHLL. TH V2 [a] B 3= BT B in] I A, FRAE AAE
T AT 36 E, Hein<dance” 5 “dancing” #HALL, 1E U
“decrease” 5 “decreasing” #H L. 76+ S AL FE A, Hrik
e BB S5 T AR A B R AN, B AR d AR,
R B BNE wy—w,tw, SO 2 oy,
R g d2 55 d — 3, B SO A IER.

3 TS AN AR B ALEAS [R] B 48 B2 T 1] 15 28
LU S 08 e R, o GloVe-r15 & A SCHE 2 5 v 4%
NWEN 3, y WEN 15 B R RIS 45 8. 1A1E
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XS T AT B AE 1A &=l k05 v Skip-gram, CBow,
GloVe A, [E]HF45H T fasttext 7E17] 7] & 300 ZER Y
YRGS SR X SR T wiki2010 o 82 11T 145,
I HAR LR/ BN R/ NS S B AT S v RE 1
TREFAEIF]L N 3 AT DU H DU 451t

® 3 AFEEREANE R B LR R G

IR (%)

A R EYEE WZEE () Sem  Syn  Tot
Skip-gram 100 15300 62.99 43.46 51.04
CBOW 100 6003 24.42 17.54 20.21
GloVe 100 6667 78.35 53.77 63.31
GloVe-rl5 100 5341 80.99 52.58 63.61
Fasttext-ngram 300 93 600 27.52 23.65 25.15
Skip-gram 300 18 720 68.70 48.45 56.31
CBOW 300 9060 34.37 28.98 31.07
GloVe 300 9360 83.00 56.91 67.04
GloVe-rl5 300 7440 84.77 55.50 67.86
CBOW 1000 24 843 68.90 5731 63.7
Skip-gram 1000 559200 7479 56.43 65.60
GloVe 1000 L 27360 86.10 59.26 69.68
GloVe-rl5 1000 21 960 87.85 58.90 70.14

1) Fifi 5 ] [ B 44 55 A 8 0, BT A AR 1) 3] R SR L
SIS HE R ZR A AE SR . R D 4 R R O] ) 0T S AR
BEAE S A B R AR, WO 1A 2R L SR I HE i Rt 2
fT=

2) fasttext Yl ZRA (A B K, BR fasttext 2 Ak, 78 HAth
AL A B A% Skip-gram 7EAH [ 1 4E B R I 2RI
). fasttext 3222 H T 3CA 52K, 1@ {8 FH 745 ]
(1) n-gram 15 252 = 70 R I HER V. BATIE LR [H) 5
I I 3R] ) n-gram $FAE, FAE ISR #2201 4%
BT B AR A T, I A 3] 1 R R R R R

K3 KA K'( KTEUE S n-gram [ n BUETE EGC),

H T fasttext S T 2R Softmax M40, 753891 217
it K KNI T IS4 RO (dlog, (K)) BT
AN, P RE B 2R TR SRR TR Ok B B SR R 1) 45 4R
Seb 5 ey B L) B 4 B
HE T 75 B 2 (1) Ak B A8 A P A7 AZ LT 52 AR M R
{H 2 G ATE fasttext I n-gram FRAE, 4
fasttext BB B U A Skip-gram T M 2% 2 L35
B . B NN n-gram 1535 AT DASR AR S 4h BRI 1)
A A, ¥R LA R R VE R, R Bojanowski 7E18 3
NI T n-gram 1EVELERIEE UM A1)
TR RAMEMESHT.

3) FEAH A PR i) ) B4 BT A ST ) 7V A A %
HEE IR e FH B 5 A, T SR L SR 4 SR A A AR (HL
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T 245 L S o MR AR A B GloVe BiITE
TR, 36 DR A P 43 A 1B 5 9 R P e
T R IRV UL R, B AR 7E VR (S R R
oA TAT LA L 51\ B 1] 1 T VA A VR S B
B, ASSCAE S LA T A B

T 9 16 i 0 Y0 25 2 B N,y (I B,
] 14 T 2 N=3 6, p [ A R 1 2 b S B v
R B 1 AT LR I, y T 16 5 £ 9 255
BN AR y UK N AR R R 1. 162 4
HT p=15, N A 7 HLE B 3552 6 v 22 1) B . 24
N BRI, i B S B O T A W T I, 9
W, 24 N BRELE[B 7] 1, y LE[10, 20]1X [ AT L
SR 0 1 95 3 25

100

[1Semantic [ Syntatic I Total

90
80
70

60

Accuracy (%)

50

40 |

30

=5 y=15 =30 =60 y=100
BT N=3, p AN R 2 L e

100

[ Semantic [ Syntatic I Total

90
80
70

60

Accuracy (%)

50

40 |

30

N=5 N=15 N=30 N=60 N=100

B2 =15, N /S [FJHUE IR ] 1 2 bl S ae e i 3

5 Zik5RE

AL 73 M GloVe BRI K5 5, $2H T
— et IR IRE R TSR] B TV, 1% 07 15T AR
SR ] [v RS PR B R, 4 LR 17 R P I R D,
I HLRE 0% 54 (R4 17 18 18] (101 SUA5 2. (HZ, A5y
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5 BORAE TR U SR 00 43 B 32 T+, [R] It 2538 Rl R
bl S50 45 I R B, ARk AT DU AN 7 )R R EAS
XS I0 28 AT ohdt: 1) PR R PR R S AL
] R A S vHE . RIE A NLTK 1] 848 2E 47 38 2 15
— Ak, FE BT A Re i 34T R 0 — R TS AR A 1A fR
B IX L iRl A g v A5 5, RO AR A AR A R 3 AT IR
FEE AR G T AL PE. 2) £5 % fasttext £ 171 2 I n-
gram JEE&. R A A 1R HEAT R T 3R BOUR iR T+
BERIER, HBfwi=w, +w A wy Aia i [ &, w8
i) ] ) B, I HR R M B RN T IEAE R HYIZR
T 1) B w; AR NI SR [ & wg B w

55, AR PR TR TR SOMABURE B 7%,
SR A, %7 VEAE TR SCHBLRE SEI6 o L A% 4 ] [ B
W TTEREE RIS T PS5 IR, oNIRE S I E A
SRIE T A EJZ BRI T S i B R,
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