£ T H0E R R RA R

VKR, HETEA, B, AR
CER RN R 515 850, TR T/ 510642)

WE: HiEmERIE (word vector representation) &% H4RiE = 4P (natural language processing,
NLP) R R 8 Atl . O BF 0 R A & AR 29 284 R AR AL AIR VAR LT, bt vB R 2545 3 (137
WP IE, S T R CRIBRE ). AR, N g B [ S A R IR 43 S A R A AE
ST FEEANAR E R A SCHE TR 2 2 R A i ) DA SRR AN 43 S A R T R 38 ELAfG
N, BFFUE A T ] kG T P SR RS AR vk . Hd b, TR A0 2k R AR AR [R] L
B, HET AR T RV S B R AT S . (EHLIERG b, SIS BRAS AT SR B LA SR L i 1
RN TEAE AN HE B P 1] 1B R AR RS IE 5 38 AN ARV 20 2844 R K58 ELAfA IR SE T 3B 20 R S Bk PO 8 S0
e 388 3 A% U 1) 24 A 3t AL 1) JBE S JER 4 ][] S 5 T S 1 O] 15 LE ] ) B AS E TR IR REE I . A SR A
NLPCC-ICCPOL 2016 Al & LU MNP L 28 ) PKU 500 BB EHEATINVE . 2180548 b, BASTIR K
D3 VEBR AR B AT SRR LA B AR RS A IR I Sk R i, A IE S B3R [ AR 3R A R AT 1 1A
BB T MR RE, HUAF T 0.6497 1) spearman S50 AH G R 4L, L NLPCC-ICCPOL 2016 il i AHALLEE I 97 L
P — 24 R R 25.4%.

KEgE: R ERISEIE, AR AR, B0
HETRS: SCHER B RS -

Refining Word Vector Representation with Reliable Lexical Semantic

Constraints

LIANG Yongshi, HUANG Peijie, HUANG Peisong, DU Zefeng
(College of Mathematic and Informatics, South China Agricultural University, Guangzhou 510642,
China)

Abstract: Word vector representation is the basic of multiply downstream applications in natural language
processing (NLP). Studies have shown that word vectors trained from large corpora gain improving representation
by refining with semantic constraints in various lexical taxonomies. However, the issue about the stability of
reliability is general in manual or auto-constructed lexical taxonomies. Based on lexicon-vectors interaction and
the heterogeneous taxonomies’ interaction, we present the method about extracting reliable lexical semantic
constraints which could be applied to refine word vectors representation. In this method, the word class knowledge
from lexical taxonomies will be assessed for reliability based on word vectors’ calculation. In detail, the deletion of
unreliable constraints can avoid the negative effect that the misclassification of word-class brought while the
lexical taxonomies interaction can recover the constraints deleted by mistake. Moreover, the conductive
mechanism of core words will avoid the negative effect the unreliable word vectors brought in word vectors
amendment. We adopt PKU 500 for evaluation, which was used as the dataset of the NLPCC-ICCPOL 2016
shared task on Chinese word similarity measurement. The word vectors refined in the way, incorporating reliable
semantic constraints extracted by our way and the two state of the art methods, outperform in the word similarity
calculation. The refined word vectors achieve a Spearman score 0.6497, which gains 25.4% improvement
comparing to the best result in the shared task.

Key words: word vector representation refinement, reliable lexical semantic constraints, conductive mechanism of

core words
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1 5|

115 A F 2Rk (word vector representation) &AL 2% % (Zou et al., 2013). A2 (Le
etal., 2014). 5E5#HT (Socher et al., 2013) %EHSREF ALEE (natural language processing,
NLP) "RV R i B R . AE iaiBp) AR, s BRI T 5 S RE e 4
BT R, DI A TS B NLP AR S5 JEAER, DA An i it——a (1)1 S
FRSCHRE (Harris,1954; Firth,1957) {ERNERIGIEAE, AP 2RI 2518 5 RN A
R A # o~ (Bengio et al., 2003; Mikolov et al., 2013), X AYia/f#z A (word embedding)
i &, EVFE NLP AFE5 L, BUSEBAL S 3L (BOW) FHERIEATVERIKE, X—
T T2 2185 5 AR T DU 46 7 3, DA S 2 BEXT ST 2410 n oG b R ST
B, Rk T A48 BOW FHIERIE T A mAEMBL I M . SR1M, BN SOANSE[AT H RS S,
W A R AELE R PR

AR, BT AT TR & Pl o R R AR BRIV LAY (i) 1 18] FR) [ SR FRER
TRKZFR), SFFEERRI SR B ) S T B, oG8 7 A & RS XRIERE T . 1]
) B (A IE R Z o N AP 715 — P50 BRI S 1) & 10k R Hpom 1] Y8 SLZ R

(Bian et al., 2014; Yu and Dredze, 2014; Xu et al, 2014 ; Bollegala et al., 2016; Niu et al., 2017),
55— 27V ) A o U G ) 1] e AR AR RV A R AT JE A3 (Faruqui et al., 2015;
Mrksi¢ et al., 2016; Mrksi¢ et al., 2017; Vulié et al., 2017). ML TA7#E, J&&HEH FALMAER
WA R R [ ERMEIE, H AR, WRAREHR GBI R, N Limilai
E BN R IR A ek R, i A7 7E — LRl E R oy B 1A T 1 SR A e B Iy, — 58
FEBE L5217 AR SR SCL AR ) IR o 11 11 0 0m] [ ) S AR I 1) 3B 2 5 2 AR AN AT
SEMJFEAG R A, R 1 RS A RAE R R BB R R o RS AR
(PR SEPE ), AR SCHR H — Fh BRI T SR 1AVAE LRI i . AR EE TS A AR
(] [l A IE T, A r) R B I AU A 5 AN FE o AN SO T DTk AL 45

(1) $&H AT EERVCAE LA R ISR TT 8. A SC H ATEEXT ()52 [R] SR SR n] SEPESR
Pro TELREIRNAE IR CAIARSCR A (R SGREMY B (Lietal., 2005)) FEAEF#E7ICE
BYEAY Y il o9 3 TN =l NP R T 1 = ol LTI D W 2.8 £ s e N ol | BV R 7 RIN
75, WE TR, S5 T ATEELR, AR PEE 78R 1E CAR LA R GA T
3 1) ) B A T S o )R] [ B A TR A A R

(2) 7E 9 ST TE AR BN LRI ) A FF A B2 PKU 500 b AT506 . KA SCH IR 42
PRI AT SERICAE SO RS BIPRAN 32 B R 5 8 TR R Tk FE 7772, A8 1E I 1) 1) [ B R IR A B
UFHREA LR TSRS, BUFS T 0.6497 (1) Spearman Z54%H15< 2%, t NLPCC-ICCPOL
2016 ] TE AR LS PRI LL 2828 — R M VA4 SRR & 1 25.4%.

(3) ARSI EFEAR I AT SRR LA, AMUH B 11018 ) SRR B 1R T3R5
P RIS XA SR ] () i, FAZ O 29 RAR S ALt BEL RS 1 S5 46 1] 1) B AN 8 A 58 1) 3R G 7
WA BB R E BRI, &5 B IEE T A B R IA )5 & .

KRICJGEAR o ZH T : F— A EMKTAE. 58 3 TAAARSRR B . 56 4 548
HIREE R T B)a, 58 5 s T AT TAE TR T i r R,

2 HHxTI1E

LT ) B R IA AR T TR SUE BSRIE, — R N LB N L7 VA8 2 il o) 244
%, WTEHE Y WordNet (Miller, 1995). PPDB (Paraphrase Database) (Ganitkevitch et al.,
2013), 132 E ) HowNet (Dong and Dong, 2006)- [ SCialia Ak FE R ) (Li et al., 2005) %%,

BTV TR LAY 3] (] B 1E 32 B 5 PR RR T i —Fh 78 B AE I ZRn] ) 2 i
FEAIIAARNCAE LR, AR Al AR5 ) B R SUE BRI R ORFHE XA B XKT7E

il



F I G O] ) 2 IR IR R 2 P 2 AT 1Y) AR R BB, G Xu SN (2014) FEH
RC-NET #7, @il piitk skip-gram %! (Mikolov et al., 2013)/ H b5 & BHEA 518 AR 5
I3 FFNRFENI = Zhid 2 Bollegala 55 A\ (2016) 7 Glove 5% (Pennington et al.,2014)
(Rl EAR IR SO ORI S SOt 3] ) AT 5

5 RIS YR GF 1] ) S AR 1RV AE A AT 5 AL EE (post-processing), J&
TR EHF1EIE ) )57 (Faruqui et al., 2015; Mrksi¢ et al., 2016; Mrksi¢ et al., 2017; Vuli¢ et al.,
2017). IXKITIEANTT ERE FHRFAT BN, R E I 2R 1) 5 G m 2 T2 R,
IE A TAEAE SRR iR M &, HIZRaR S . Faruqui 58\ (2015) 2 Retrofitting J&
BIEJT%, FIFH WordNet F1H BT 40 2644 F b B EH SR 14 [R] SCIl 249 JRO 3] [ & 64T f5 12
1E, fF3E SC AU E A B ST, Ak R R . Mrksié N (20160 R T
Counter-fitting ] J51&1E J732:, £ PPDB (Ganitkevitch et al., 2013) A1 WordNet ( Miller, 1995)
SRR R] LN e LA, AB TR Fh A LA [F) SO R Il ) il . B s OOk R ]
) B AH ELEATHEE, IR HER LI RIS A e U SRR 2. AR AEAL B, Mrksie fFA
(2017) 1 Vuli¢ 55N\ (2017) #E—BHFFE 7 HERALH] T A IR1IC A SR 7592 BA
W FCESE & i R AR R, SRS & P 1 1A ) &

R TR T AR R [ A L T, B e R R G T A A RS GRIA
BEJ7. BRI, FHF IS LR — R ok H T N Tl ol B sh @ il 5tk &, HnT
SEMEARRE . BEAh, TR XS IR RV E SR, A SR 2 AL RN AR I SR IR GG 1] )
IR B, ARIRZS 2 7 HE AN ] S ) SR A R ) B, At s iRV LAY AR AR IR ) B R A
TEA IR o BRIV SCLY R B TSV A R, AR SCHE H — B ] SR RIS LA R T
o MEAFER IR, BARASC UGS 00 77 RS B P SR L RN F7E AN )
JEAE TR T e 7 b, AR SO 7RIS F T &R R B [ 248 I T i

3 EFAEIMCEN SR TEDRREEE

3.1 BAFAREEN
K 1 BASCHE 7R RS AR AR 20 o ISR R A SO E B T AR

AR
sk | AR
'

| i sk o ﬁ
A B

nf SE R Il Ly L2

= <
BEYN1E
=7k

A

—
J2 3 LR
~——

M1 SRR

Qv B S]] i)




AFEPA FEH 57

(1) AIEE[R] SGE LA R EEE . & Je R TR SGE SR CanARSCRA T (1R S
M RERR)) $AF K ERTETE LA (RIS [F SGRIESS, BAR B2 (IR SRS i)
W JE PR B s SRS R A ) S RS A AT 2 BN, TE SRV 2R N RS R AT
FEVE, WA TE R IRE L — 8 LRI 43 % CoaA] (B T 5 00 18] ] S48 SRR R A7)
EAZ O AT EE T LR JE A6 18] ) S AN PTEE A8 AN ATEE ] (AR A 15 2 R o A i i
WIRAE s Bea, EF R B A] SEIR (0IR1E, A FRIC 2R IE R RS2 (R X
WY R 5 HowNet) FIAZ BN, KE T —iB it B 4EZ O nl S w g, D2 K
BT B4R I B (005 LT PR o PR S5 28 5 FAIAZ o i) RV AZ o AT S 1) [R)AG) T R PR sl {0
PEAY

(2) FERERIAEEN B RIETERRE SGE XAWR . R SGE LR CRICIR X
WOGERA T N ROGRIRI)), DL GG M &, RAREREEIETEREEIEE
SORGIRTEACTR 3 Vi
3.2 IEEERIENEERFEERE

TER AT e, A ) B R AR R S A8 IR T A AR ALFE Retrofitting (Faruqui et al., 2015)
F1 Counter-fitting (Mrksi¢ et al., 2016). PN IEMIX B AR T 7ETHE AN M = 1R
B Retrofitting K K& RGREE RS,  Counter-fitting i FH ()& 252 ¥ 85 . Counter-fitting Eb
Retrofitting 2 KA 7 R SGE LAH, REBRIEAH R,

TE A SC S5 & B Counter-fitting (1) 2 SR AL T Retrofitting, ' [ fij 22/t 44— F
Counter-fitting [ &% 515 1E /7%, Retrofitting J53% 7] WICHR (Faruqui et al., 2015).

I AR BV ={v,,v,,..,v, > A2 [ IR SCEN B4 m) 2= 1) 72
[, R — A F AR EEV ={ Vo, Vs TE N R ORI 5% 2 DA ) SR iR
sz SRR R 2N 2HL s R SCIRI 2T RAR S BA K S SR 20 R A AL H AR ek B B0 45 =AM

ﬁj\o

(1) FSGTHGE: 47 G G, j) € S SRR My, . v, R it
SAV) = Y r(d(v, V) - 7) (1)

(u,w)eS

Hdr, d(v,,v,) RETRZMELEE, d(v,v;)=1-cos(v,,v,); T (x) 2 max(0,x) =&Hk
BREL, € XY A SO e (R AR Y BE R, SCHR (MIrksic et al., 2016) HRE y=0, 15
SRR RRAGI HAs v, v, B9TA [ B AE A

(2) RSCHEHEZ: A5/ SGAAH G, j) e AFRIIFAX RSy, v, RATBEHHETT

ARV )= D (5 -d(v,V,)) (2)

(u,w)eA

Her, d(v,,v,) RETRZMELEE, d(v,v;)=1-cos(v,,v,); T (x) 2 max(0,x) =&Hk
BRI, S 8 ST s S]] e R (R ERAR R ER Y, SCHR (MIrksic et al., 2016) 1 E 5=10, ff
RRRMA ARy« v, A AR IR

(3 RFESEE: A mE— e R EW RIS M= RNE, —EfEE bl
A5 4 TR LB [ SCIRTE: SCA AR 3k 5 o A4«
SR(V,V") = ir(d v, V) — 2) (3)

HAr, 1 (x) 2 max(0,x) ZPURRE, MUIFFA R &5 i R B EEARER . R



IR E A=0, BHERIEINNTE SCL A [F] i GREF ] 1) B AR B BT LA 1045 B 5 i

Zi L, BB B IR SR H AR RO

C(V,V") =kSANV") + k, ARV ") + k,SR(V, V") (4)

Hrr, ko k Mk T HIANFE R Z A HIAE . kK, k>0 Hok +k, +k; =1
AILAE K~ k, Mk, LAEH] grid search, - FHBEHLELE FF%7% (stochastic gradient descent) ¥
H bR s BRI B AMELREAT KA, 3540 20 ¥R, 61X Spearman AH 2K R ¥E PKU 500 H i 5 73
BB EZ AL
3.3 AFEIALIEX AR

N4 s Bl A 2 AT 70 SR 2 0 A T S AROT S AR E 1 17 AL, e
BT AR ST LATREERERYR Y (7] A AR FERR) A R] SCRITESE, LR 23] 1 F) SR 6 1] 1)
B, KB EZORAPIANTTI: — 2 d T ELSAEE iR SCR AR MR 2 S MRS T
) R 1 2 T T SCFRRR, B AR T N A 3 1 [R) SR TE SR AR By 2 BRI 70V AE AN 1
BatiE CAmiis <o RIAET MR UL SERERTERIAESD . R E T
i) [ B ROTE R, AN R IR AR A AE 22 57, RDAIUMG I AT 25 50 7 AR AN W R 10 SR 1]
B, XSGR A SR R TR R A IR, TR SR A A VT S SR AT 2 A R 1 ] ) R4S
A 2 1 R AS R o

BT BRI, AR RN LA R AT SE PSR A LA B4 AR LA 2 25 1

(1) FETE ARG (R SR bR S R AR SRR SCHE AR GBS, T 1A
BRIV R Py A ) TR

(2) 38 I G BRAS T ST XL O 8 G 17 75 283 3V E N HE B 1) T R A B I

(3) BEARFFC AR (AR HowNet) 152 BAIAKE T #5555 bR K15
LR

(4) JEISAZ o1 L AR AL 6 S SR 46 1] 1) B AN AT S ARG A2 1] ) AR IR A R
AR
3.3.1 EANHIANCF X iE LR B

IR SRl BT A A2 BUAE 44 RO rh SCIRNE 70 2R &, e e i R Dol R (5 B R
S AR (FSGAIAA) (R 5, 1983) Hfifi LB IE 59 Feimik (Li et al., 2005). (/A
SCRTAMT AR Y W& 2 7 3ok iiE,  H i aiR MR BT gnfy, R — IR SRl 2
Bl np 2 fros. B — 47— AR TaRE, RALEA R SR LriEiE .

Aa01C01= A A AN AAT]

Aa01C02= A NHE Nifg A Al

Aa01C03= K% KAk JL KFAKIL KAk —HEN A &
Aa01C04= /] 3£ # %

Aa01C05@ Ar2E

Aa01CO6# 1Ak & s B/ By

K2 (FSGRENY ) 7~

CIF) SCRITMRST TRAR) HENEMPIR VS HE A AL, SR s A, i /. i
BERUE TR T2, KISt 12 40, thoAF 05 401, /NISA 1425 41, FREAT 4223 4, 574
BEAT 17807 41, 45— ANE TR M 2 TN, ) 5 T B A 1 SRR IR+
SY B AR S RARIOAR e e o 5 — (A 1 S TR OGS, 76 () SURR MRS TR AR



FE AR AR AT g 65 THEAR 2, it i )e — A =FhiE 5. “=" 4" @”,
FF U A A i AR P RS O R, i ERIE SIS 1 UK (JRAT I 2 [A)2K,
{EANBERNAHAE) . JS7. (FRoRAE IR i i % am TE BE VA /] SGR A HHOGRD « AL BLf e —
PFRCAF Sy “=7 B SOR A5 BT RS B Al 1 [) SCTE SCAR

3.3.2 FSCGAERAF BRI AT S

ARSCHE T 1A 1] B S RN E AR S BN, X (R SRl MR ) AR A 1 B4 )
SCIR TR AR TE R P AR TEREAT R A 1Al SRR 3 TR

B¥k: Synonym-evaluation. %€ — MR FRIHE, VPSS IRRE I TSR S A O
BN A =7 IR W, RIT(WWa, -+« We) S HR R 3R] )8V, BV, Va2, +4 Vi)
. —A =7 R RO F SCRSE C, BT EE R SR R
Wiki

(1) count=0;sum=0;

(2) for JE-F-ilHEHH )RR 1A [F) &V,

3) sum<€sum+V;

4 count<&count+1

(5) end for

(6) middle_Vec<sum/count

(7) BIE% all_measure

(8) for JE-r il H AR ] Wi 1] ] & V4

(9) &R A& V; 5 A A & middle_Vee FIRKERER S d

(10)  CKe(W;, d)fd A4 all_measure

(11) end for

(12) %+ all_measure H1 (7o 3 (W, di) iR di 64T M/ BRHE

(13) HHEF G % all_measure 1 a% 7T EIEA C

(14) KR G %4 all_measure BT Bo%AICEIHA R (o<B)

B3 A SRR PG A

R 3 LT, (L) - (6) R JE T b A i 11 ([ 2 15 AR AZ 1]
Bt A E. (8) - (12) B lvt B 1A HE A AN 1] [m) 25 0] )
EMEEE, /N BIRHE T o B O] [ 5 0 [ SR (19 ) 2R A B B S W SR T 1A 1
ST S, Iz B Hp O] ) B A TRDE U AT A A N AR R o B0ARNE (5B e A iE A
5 [F) SC0, B 0] B2 1A [A) B I GRS R B0 B 3 B Al R A AN . BHVEEE (13) A1 (14)
03 BIARE — & B BB IR E S T R o A O AR RN R 5837 . 2 R 3 (R SGAAMY R I) B
BEAFPE, REFEERMEE, AT a%M %73 Hli N 60%H1 85%.

MRIEFE N, o] DL — A AN SR TR R 0 1A 1 2 v (A 4% — s B il 40 i

— KOl PR ERRE SO BGL I a%iAE, — R E EATERIAE, ARIIZGRR
LRl L, R A PR A nT 5 )R] Al AR TR SRR RS

- B ATEER FEEIRER L a% 2 Ah, (BTE B%Z N HIEITE, IRECK AT RER IE
B TE R E , (BB TEAT IR SR AR 1 [ AN PSR ) . (RIk, TEAREE L A8 I 1] A
I, FRATTE A% 0 1R 29 AR I AL B ] AEAZ O ] S48 R 1] ) B2 A4S T R 52

— AATEEIE] PR EAE RO B% L AMIIAE, RS E TR A RE SRR A A i
BTRIE o IR RRNERE e AN AT SRR, AN A SGE LA R R 5B

N, FRATEL “Hg12A01="" & F1AHEABINHRER RISy, WK 4 Fis.



Hgl2A01=1 f#F: 2 ¥k 3 UilH 4 B4 51t 61 7lh 8 MUt 91k 10 7rfif 11 B

Kl 4  “Hgl2A01=" JgiFia B iEHET

P 4 g T R A R R AN TR 43 1 5 v ] ) R ) B AR O R R A
BHTERAER). MNE 4 TTUES, Bk, R iaitehfiaispEs 5 doe i m g r e
BHK, HARE 5iAEISE LSRR E IR SRk, HEFIIRT 5 44, iR CRRRR.
CYETL CUREET. CRREET. “ULY, HERIAE UL MIBAIRZOMES, HAE BB, H2
B O RO AR U T, B USRS S AR B SR, R BT
LRI RN i35 . SEBr b, #F PKU 500 B4, EXT C “ffe”, “om” ) WAL
PRERARBUEHE R A 1.7 GEEA 0-10, 10 AREHAALD o 28R, HHHSLAA/E— a5 R
FRIE I & L6, A2 B A I 3] 1 B A PRI T A -5 800 1 B AN A T 32 25 i
g, BT OB, X JE TR MEE, TR TR R R A SR E A LR <R
EATEHE XA,

3.3.3 ETFRMIAILH R ZRLZ BRI RBIBRITIERE

— AT LA, BAS R RITE 202k R R I R A2 [ S5 BRI R MR A AT S A ) LR
Al TR 2RA R (HowNet 5 (R SCRITARIMRY JEARD) A2 ELRfAIRE T #6317
R HE LR

HowNet (Dong and Dong, 2006) & —#BH— AN aE 24 “ R” 2R B 1
SCETEARIR R R RIIRE S REA AL, RFRM SURESRIRAF BE,
HowNet H [{JiRIE R — N ERZ NS (XIS, 2002; ZEIE%E, 2007). GNP 5, NS “ S FE”
7£ HowNet F1 ()RR .

NO.=041970
W_C=5fE

K5 HowNet FHialiE 5]

WE KB AR L DEF=community|Z1{A, family| K, B St 4 k& 10 SR .

HowNet H1 (¥ R 1600 £A4 (Z=I4% 2007), HowNet H )il 15 #E & drix g8 SR R4
HHATHIA . SUFZ 8] S URPREE MR Z R R R AT, @il URTEE AR R R B R
HH S P ARALRE , 30 TR 245 3R 1) 8 1D M (RO AR RE LA B ] B RO AR AL, AR St & R 2=
I (2007) 2T HowNet HialiEA UMK THE 77 1 HE H HowNet ()56 T8N 1S AT S
4,

22 1ok 5 U T (1 1) 15 2 A TR B TR PR PR, — MR IR EE R BRRER N =R DA
i GO, W,, . WD 3RO TR (RO W, W, WD EURHERFAE B %22 5 Y
HE 2 IR A P SR QW W, W, B o R TR G BRI W, W, -, W 3> A SCFIFH HowNet
5 (FE GRS AR 52 BN, S H 38 m HEAT K 5

(HHUH, U ..UH) N{Wy1, Wein, ..., Wy} (5)



Hob, H, ={w] HowNetlT ST FW, ({3 T} .

R TR R A, J 017 HowNet o (3 SRR S FH4 1 ] e
Wb B AEAZ O T SE T . QB 4 BRI “HgL12A01="" &5 Fia B i, fide s kil { < il
BT Y, OB WORE ARG AT EE], T AR RDYAE HowNet f BRI AL N R %
U1 1R SR T B 5 2

3.3.4 DAL RAZ BN

FER TR EE R R, AL T AR AR, AiA] — SR R IR R TR, SR
AUNGR R g i, DR SR A n] S A iA] 7] A2 LERIR A8 . B 6 JoR T %0
2 ARAL LR

1 MeXoXeX W/

S

B o e

Bt oot 5

K6 Axlinl 2 aALE L R R

FERZ L] 3 F B A I (1 53 A o 3] [P B PR A% o] A% 03] 7 TR AT T 1R e i Bt
AUAERZ O AT SRR, Sk AR ROV A R 51T AR [ RAB IE N 295 T ). A% ] A A
P HLBIEAT A% Co U] (R TR [ BB AR, S A% Ol BT SCATBR, 1 “BELIE ™ TR B AF RO
R AR A AR IA [ R ARR% L TSR RMZ IR, [RIAE RS2 Al iR ARG 5 TR B T
CaTa] FR 3R] [ BRI o XML R T FU RE (8 A5 3R1 A 1E )5 B3R [0, 3 A% 0o 1] i 4y ] 1)
(075 AR, I B A O R S 1A B A i) [ B, R AR e 3R] [ R

4 K

4.1 SLIOHIRE

AR R E A SCE B2 S AL R PR SMP2015 fil 1 £ 45 (SMP 2015
Weibo DataSet) ] 10G fult FEAE A Ji 46 1] () & BN ZRiE BLZE . 12 H word2vec [ CBOW 52
(Mikolov et al., 2013) 7EIERL EdE TR M ERIYIZE, R1T 400 4E (1) A & .
A SE [ SR 20 o 3 aE 2 DAR PN AT 0 84 &

(D (FGEFEARY RO : kH TS TREERRERMAER (R SGaERY R 5
KR SR B R — SR L, [F]— 115 8 2 )i A B 20 4 mT DASRAS 2256 () SCaa] il % 2038
HH IR BT o AL G —DARE A5 8 “ =" IR -1 B 2Rt 00 18] S S HRIE .

(2) HowNet: FH S AR 1C AN 8] 5 S I SCRR I . RS 2RIESE (2007) 6T
HowNet 1a] 18 LA 5577 V655 HY HowNet o 5 138 5 9 22 [a] AR AL:, 6f T4 — A
W, 52 AR B R TR AL AR, 45 B0 AN ANE B B s AR R TR AR, A AR TE
I SCRNAEE o 1AE SR AR LA B 0.75 il SRRl 4E2H A B HowNet [T SCia] i) 8, -+
Xof 5 G B ) (R R A



SRSCALFARYR: i TAEPSCIE F b, I B0A B P A4 0 5 S 1 SUAE B
il i, ASCAE Counter-fitting AHSS S0, 4 A /N 28 S SCIA ] ) vh i HUSe SR 203K
HH HowNet 53115 AHURE S Bos B ik 1.

# 1 HowNet MM TFR SR E

Z¥ Gl YRR

B 0.7 AT RS TR AR b AR
y 0.02 g Gl FI7E J6 3 Z (A AR AL EE

n 0.01 T FE R S5 22 A PR AR AL

h 5 B R IRIR

a 1.6 VR S AR ABE 1 5 25

8 0.01 ANTE ) —J5URS_E A SUE 2 8 AR AL EE

TESEI R VPN T T, SR T A SO i ARABLRE VI 45 45 PKU 500 5 4E (Wu et al,
2016) . PKU 500 345 500 Xfial i, fxfiaif#a AN AR AHLE (JE A 0-10). PKU 500
PR B2 Tm E bR B ARE 5 A S5 SO E B S 24 Jm E BRAR 58 5 THENUAL B 21
(NLPCC-ICCPOL 2016) i B A ALLRE +1- S 0700 Ll 28 v
42 XWRE

AR R B S 0k % 280 (Spearman rank correlation coefficient) 257 &1 i) &
THE A TE AU I RCR . @R THE PKU 500 H N T RRYE 192 2080 A ] [ & H 1] 18 AR AL
(%1 2 [6] (1) Spearman S AHIC REL 0, A LI & 52568 77 EAHANEARAME R THE AR . A
SCISEEG T7 ZE FEl Se )i ) R aA S IR R RE s B 0 T SRS LR ROR, DA O A 2
WAL BN E RN T T I, SEI 7 SRR

(1) WFFERERE I i AR SO E A A REXT e b T ASCHR D7 v S it g it
J& I AR AR v 5 M RE

(2) BRNTA]GFE AT SEYAE SCEY AR IR T M R SR, ROR AL T
AT SRR XA PR AR FERI AN AT SE IRV AE LR 1) 22 BB I o

(3) %I T AL IR ] Sk SR B s I8 I AR R S, AR A SR
FH A 0o 2 AR A S AL o ] Y v i R0 o B O B2
43 TWERSHH

4.3.1 BRSUHE RT3 ¥ T SCRIE AR _E RO RER EL

A Sz 86 rh L 2% 77325 Retrofitting &2 Counter-fitting 5% FH (1 [A] SGRNVCE XL Ak EH T (R
SCHEIERRY R Hhsic A “=" MR 1aEE, 5341 Counter-fitting H R FH 1 e SCia] RIS X
KBl T CNFAE R SCHE Y o BIFFUE R 5 VAR R SO B AR B REXT LR 2 FoR.

“Core” IRIEKH T Lia 2y AL B L] CARSCLASEE BN R 3 3 oo [) B T 60% 1) 1] 1
VE R i) s “DEL” ARFE R 7 5 B A P 5218 LA HRMLH], B 8 o 3] 1) B f it (1) 15%
PRI FINAN AT SETE], A0S R B3R IAMEIE; “REC” AERKE 1550 = 5 BRI E L2
HHLH . NLPCC-ICCPOL 2016 Wl V¥ LU 3858 — 44 (W 75 2 i 45 SR BLHER A T STk it 45 4L

M 2 AT LA B, FE28 575 Retrofitting & Counter-fitting 7E PKU 500 _F 4> $#RiEaid
60, LUJRURTE M) 41.8 miih 20, R TRERGIEETER RGEE: AW 7iERE
Fe 4 () PKU 500 434, tt NLPCC-ICCPOL 2016 M1 EL 3858 — 4 i 7 ik i 25.4%. KA
FEH BT EH ) “Core “, “DEL”, “REC” %45 v H 3] Retrofitting /& Counter-fitting -5



PKU 500 (173 #3252 T, Ritsrnlids 1 3.63 A1 0.84. MIRFHEUE BB AR KE
E, BRERFNARSNTTE B AR R H R85 SR, LU BRI ZRAS 78 45 14 1]
[ B 20 11 SCZ AR 1] ] B A I AR AN R R, IR 2 RS AR T A 1 AR A R
Lol 75 R sese A, FA TR — 0 R B AR i) el 8UR

2 WU AR T SCEREA I BRI PEREX LE

xf TR O *100
JE i 1] ) £ 418
NLPCC-ICCPOL 20163l ¥ L3825 — 4 11 518
Jii% (Guoetal., 2016)
Retrofitting (Faruqui et al.,2015) 61.20
Counter-fitting  (Mrksi¢ et al., 2016) 64.13
Retrofitting+Core 64.42
Retrofitting+Core+DEL 64.76
Retrofitting+Core+DEL+REC 64.83
KSR TT i Counter-fitting+Core 64.61
Counter-fitting+Core+DEL 64.74
Counter-fitting+Core+DEL+REC 64.97
Counter-fitting+Core+DEL+REC -Antonyms 64.91

UeAak, FRATIER T I SGE LA PIANE, “Counter-fitting+Core+DEL+REC -Antonyms”
A “Counter-fitting+Core+DEL+REC” f{J5&fli EERR T R LAWK . WERTLLER],
Wi A8 el s, HG 32 S R R AT A R 1 T 1 s S SRR i T /)y CREE TR BT (TR] SRl R
MR BIF LAHD . Sbr b, HEFESESCRYRNE M ERIABIERTT TS, [ LR
N RCRBAS K FEAE (Bollegala et al., 2016; Mrksi¢ et al., 2016). X bk ETE R E @& T
T, S AL A T A A S iR, U SR A T S ST LA B S St

4.3.2 $RIE S AN 3B XL R K

AT — 2P PKU 500 A B RGR] X ISR, R AS SCY 7 v Al SE TR T8 LR AR
FEAIARAISERCAE LA R ERIEN. £ 3 FE/RT PKUS500 H#) 17 a2 iRt (B4
V][] B 1A S AR ALLEE T L HE R E 300 222 )5, N TP BHEZAERT 100 42) HIMEIERE .

2% 3 PKU 500 A3 T J 4 1] [m) 5 1 55 1) v i 25 9] 6o
(& IE J5 1] ) &1 vE AL T B HE R 3R NHT 200 44, H “ V7 R

\E s _ Counter-fitting | Counter-fitting+ | Counter-fitting+
FIREFX  |Counter-fitting +Core Core+DEL | Core+DEL+REC
A, R v Vv v v
JUT, ZRL v N v v
i, FREAE v v v v
M, A v v v v
e, HEE J J J J
BB, T J J J
TE4T, R v v v v
i,
SR, BT v v v M
Mg, BEEEANE] v Vv v v




WA, R J J J J
B, M v v V V
AR, IR R J J J J
wal, Gl-B) J J J J
TAE, FidL N J

M5k, iR J J J J
. J J J J

7 “ Counter-fitting ” . “ Counter-fitting+Core ” . “ Counter-fitting+Core+DEL ” !l
“Counter-fitting+Core+DEL+REC” 7 %+, #AMIEIE (ACLAME 200 445t 2|FT 200
ZONARAED B R ZE G R & 15 . HBEETBAE Y, “ Counter-fitting+Core+DEL ” K&
“Counter-fitting+Core+DEL+REC” 77 ZA1EKH T A FEIA SR M 2 f5, WKIRREIRUER 22
R SEIL o

AR T PKU 500 H ) 11 Xof AH S 158 2 T ot 5 ] i 2 ) of ARMCLRE -5 4E 77 76 300
HZ )5, NTVFRaEdiaAs 300 #2J5) & REAREA ] FE LA 20 15 0L o

& 4 PKU 500 A3 Ji 46 1] [ & (4 A X ARG 15 22 1] 5%
(& IE J& il [a) Sl TE AR AURE TH S HE P 4 NRT 200 %4, F “ X7 /o)

_fitti Counter-fitting+ _fitti

{RIRZH%T  |Counter-fitting Courlté;:;ttlng Core+DEL +§§;Tg;tt:ggc
G, ¥5 X X X
BB, B
Ygikd, Mk X X
BERE, FET
e, RE X X X
Wk, TUKE= X X X X
FN, AR X X
WK, £ X X %
Aw], RS X X
fieRE, orf X X
®”, #

1E “Counter-fitting” 77 % N 7E “Counter-fitting+Core” 77/, 2 RIAE T 8% 1Al i %}
W EERIZIE, T#E “Counter-fitting+Core+DEL” il “Counter-fitting+Core+DEL+REC” 77 %
W, ACE 2 FARHAE R A RS IE . AT DAE B, Al SR B 51 BRI AT DU 280 A [F) S
LA B AR 73 A n] SE AR HL A

4.3.2 AR L RALBHHIR R MERIERERP W

5 i FRAT 14k S aE e S AR RS, N B AR TR SR FH A% 0o 1 24 S A s AL it T 3] 9 1)
ERIAFEM . RATEIERIT P “Counter-fitting”. “Counter-fitting +Core” 4™
7 A RAE IE R A TSR

FEASADS IRE R B T F— AN =" 5 17 v 7RI R BRI B IR &,

BANEBAR T R R BEAR 2 AN O R A AR AR . B B 7 BT A X
AR, CORRET) FTHERE AR “1c04B01=" ", WS AN OiaRE B h
“COHET, BJEAUNARZ R CRBI Y YR EBARRE ) A% OARZEE BE  Z 1A FT AE
JER TR T SO0 T AEAZ VAR R 1] B 2t 5 DR A B 3 SO O I T R, BT DA IA]
T ERIAE IR AL, 135 B ROZ AR I B A% i ST, 1T B AR O] (A
FsviE- SEIDR



X 18 A% 19 P54 L 20 Je ¥ At

1c04B01= 1 154E 2 1% 3 HIFE SR 4120 5% 6 15 4h 7 K15 8 ik D45 & 9t H 455 10
FIEIE 11 &K% 12 K18 13 W 14 H2)/A) 15 R 16 AR 17 REK

K7

“1c04B01="" Jii Fia #E 1A iEHE P

AL “ G2 AT IR AL ” o 5 A% O 1 SR 4R 1] ) AR ALRE , “ 5 AR

AR A AT

TR AR ORI IR 1A o) B AR RE . GBI DS R, R
FAAZ O IR 20 R AL 3L (Counter-fitting+Core) A5 1F [ 1] [ 5 AT A K FH AZ O i 29 AR S AL
il (Counter-fitting) ME1EH1A a5, 5 A% O Aa ARG A AZ O 1) AR ] 1 R 4 1] 171 2 ) 2
KER, SRWMFES5 PR,

®5  BIEJE AR R S RO ARG A AR SR [ A BE B O

PRI Counter-fitting Counter-fitting +Core
IR
Gks)

BOR | FEROR| XA | 5%O0RFE | SIEZOREK| "X | 5ZO0RR | 5EZORE

R xE | BUE | KMECUE | ARAECEE | CUE |ERAECUE | ERAECUE
HA, RS (L [J8YEACHE| 0.572 | 0.397,0.331 | 0.200,0.1371 | 0.539 |0.451,0.383| 0.114,0.046
JUF, ZRIL FE— i 0.552 | 0.388,0.541 | 0.234,0.146 | 0.581 |0.438,0.548 | 0.066,0.109
A, EaAEdE | HEF HH% | 0.655 | 0.593,0.432 | 0.341,0.212 | 0.572 |0.621,0.451| 0.215,0.184
HEWL, ESRE | B = 0.675 | 0.704,0.428 | 0.131,0.172 | 0.723 |0.706,0.455| 0.035,0.067
filere], Hed Wik W 0.594 | 0.589,,0.372 | 0.316,0.411 | 0.592 |0.626,0.375| 0.207,0.388
AT, AR afi 24 Fagk | 0.707 | 0.592,0.739 | 0.039,0.056 | 0.739 |0.611,0.750 | 0.004,0.022
X, BT Hp iz T | 0591 | 0.455,0545 | 0.131,0.168 | 0.599 |0.459,0.533 | 0.087,0.127
W, BEEEANET | BEEE | JMIRAHT| 0752 | 0.656,0.684 | 0.260,0.291 | 0.776 |0.670,0.695| 0.216,0.244
BRA, RiE Rk % | 0560 | 0.456,0.942 | 0.085,0.083 | 0.574 |0.482,0.941| 0.052,0.062
B, 5 e 7% % 0.697 | 0.549,0.542 | 0.115,0.152 | 0.715 |0.594,0.585| 0.035,0.073
MR, ORI | B N 0.795 | 0.548,0.607 | 0.121,0.155 | 0.844 |0.595,0.644 | -0.002,0.028
wEL, ALEKE | JeEL 4y 0.682 | 0.607,0.619 | 0.045,0.054 | 0.702 |0.631,0.635| 0.031,0.043
TAE, sl g M= | 0597 | 0.552,0.516 | 0.054,-0.078 | 0.618 |0.559,0.571 | 0.066,-0.064
WMo, W [WAINS | EF | 0.683 | 0.689,0.599 | 0.010,-0.001 | 0.719 |0.719,0.647 | -0.059,-0.079
. AR 4 0.644 | 0.518,0.501 | 0.108,0.131 | 0.664 |0.527,0.499 | 0.062,0.100

MFE 5 R LLEF], Counter-fitting+Core A1 Counter-fitting #f ] LLER A5 AT ] T 15
LB TERR . WM RS T IS IR ] F B4 3] [ B AHALLRE 35948 73 il i 3] 1 0.650 A1 0.664.
SR, %0l Ay SR AR I AL 0 D0 35 AE T RE B IR (1) 30] [ B A2 O R §E . AR 5

A[LLEH], Counter-fitting+Core & 1E 5 Fia Xt [ &, 42 Lk Counter-fitting &1 J5
it 3] [ e B SR A% OO QR R R GG Al T R (5RO RS B SR R ) R AR =), BA
Sz B AR ORARER R B SR AR A [ & (5 RO AR B S5 46 3] 1) 2 AR BRI

Bt —%ia, “HFH” 78 “Counter-fitting +Core” 1 5% .0 R I ARLE Jy 0.451, FA{BLE
b« Hi 7 75 “ Counter-fitting ” A 5 1% AR 18] AR ALLEE (0.397) K5 “ &A% 7 7E “ Counter-fitting
+Core” H1 5.0 AHAE 9 0.383, MLEEHLL “&4%” ££ “Counter-fitting” T 51%.0
R IFBUE (0.331) K. 1 “H##” £ “Counter-fitting +Core” 5 EAZ O 7 A AL



9 0.114, HRLEEL “Hidh” 78 “Counter-fitting” th 5 AER ORI HIAALE (0.200) /);
“CHRAE” 1E “Counter-fitting +Core” W 5 AR ORI ALUE N 0.046, FHBUEHLEL “ &85
1t “Counter-fitting” H 5E% OARFIFFIALE (0.137) 7).
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PATEA RUOORHE [F) ST AR AR IS, 3RAS I 5 B8 47 1) i) i ) s Rk

5 B4
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