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Abstract  Microblogs contain lots of short text data with time and user information. It has
received widespread attention to achieve accurate search by mining the semantics of Microblogs.
When applying the traditional topic models to Microblog short text semantic modeling task, they
usually will face the following issues. First, traditional topic modeling methods cannot deal with
the problem of semantic sparsity that caused by the shortness of Microblogs. Second, since topic
models only acquire semantic at document-level, they cannot mine the local semantic existing in
contexts. Therefore, rough semantic representation will result in inaccurate search results. In
order to obtain high-quality semantic representation and realize precise search, we propose a
Microblog short text semantic modeling method for search (MSSMS), which contains three
components: a short text expansion algorithm based on embedding vector, a microblog topic model
based on expansion and Microblog search. The short text expansion algorithm aims to expand

short text into long text. To realize this purpose, it utilizes the embedding vectors to construct
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similar-word sets for each word in the short text. As the embedding vectors contain local
semantics, by using the expanded long text as the input of the topic model, the local semantics
contained in embedding vectors and the global semantics acquired through the topic model can be
combined. Besides, as short texts have turned into long texts, the semantic sparsity of short text
can be weakened. In the proposed Microblog topic model, to further alleviate the semantic sparsity of
short text, we introduce the bi-term pattern, which assigns word-word pairs to share the same
topic. In addition, the proposed Microblog topic model also models multiple characteristics (text,
time, user information) simultaneously. This operation could further improve the quality of the
generated semantic representation, for the reason that multiple characteristics can constrain the
generation of topics. After that, we can acquire the document-topic distributions, topic-word
distributions, topic-time Beta distributions, and topic-user distributions, as these multiple
characteristics (text, time, user information) are all mapped into the topic semantic space, they
can be seemed as the unified semantic representation. Based on the generated unified semantic
representation, we can calculate the similarities between short texts. Through sorting these
similarities, we can realize the precise Microblog search. Finally, to verify the effectiveness of the
proposed MSSMS, we conduct extensive experiments on real-world datasets of Sina Weibo, and
these experiments are divided into two categories. One is to evaluate the semantic modeling
ability of the MSSMS, and the other is to apply the MSSMS into Microblog search. In order to
comprehensively evaluate the semantic modeling ability of the MSSMS, we not only use objective
evaluation metric to measure the topic coherence but also use subjective evaluation methods to
access the quality of the generated semantic representation. The experimental results show that
compared with the comparison algorithm, the semantic representation generated by the proposed
MSSMS method has the highest quality, and the MSSMS method has the best semantic modeling
ability. In addition, the microblog search experiment results also verify that the proposed MSSMS
method can achieve accurate microblog search.

Keywords  social network; Microblogs; short text; semantic modeling; search

P A 25 B P G &, AN BE

2020 4

S BT UER

1 5]

T

AT AFE R Bl B — A AR R AT A9 AL 5L M 45
VB s AL A5 e i b R B o AT
F14 B UL e T LA B i 480 P A 3/F 22 = R o i T P B
A o 5 VPR S AR AR T R R S AT R R
3 A R R — R R A T S R v
AR B PR RS TR RO iR L
AR 2 — s R SCRRARO v R by A
T SCAS LR AN R AL 140 ASFAF OB H T B s
SO 62 T W i SR 8 78 1) TR L. R e 0 el 1
JELSCAS HEAT A 5 308 o H A A T SR S B
HEA R0 — A PR P AT 55

TSGR TR SCEBLECR 2T AL S
TR T EAT T Ot SR T B A A R B T 108
HABRBEEEAS SO 8 T R — S A 7 32 AR

PR b 3 A% G T VR B A BE A B 42 SRy 1 SCITTAS BB A
B Ja s S B AR L AN, L Word2vec®
PR M AR 2 55 — 2 ML R 3 SCHERE 7
2O ETEV SRl R ol a2 88 R SOfE B AT RS )
Bt 1 Jm B T SR B BUA AT 5 IR R WK Jy B 1 3
54 )i SCHATSS A 7T LU S50 32 i B SCAR i X
FORM B R G BT RO BR AL A SO
SO B iR R P AR R AR B R LAY
AU JRy A o S5 42 JR 1 SCAR 45 6 & AN B8 1YL B e] A
PR 22 b g P, 45 30 e o o 1) o SO AT Ry 52
TG 1% 2R e B IE A A7) 2 — 300 5 A R ) PR
B0 L AR U SCRR P 8 T 08 ik 2 D7 ik ml LA
Iy W s —RJE SO Y T 1% W o e SOA
P WA SR R SO i SR A B
Hb B A B AN ) e AR R L
K B ) i SCRH R BE S 45 X AT o o e SCAR HE AT R



54 R AEIESE ¢ T 0 18 R 0 R R SOAR T SRR 783

Y. SR LUR PR R (R s PR B BEAT
R 107 208 W B AT B U s UM AR R S
77 30 51K FEGE H R JE ST » A RERS 1 b 22 s 16
S5 L ia) He 0 32wl o B 1] o SOAE LT R 3 SR AT
PGl ATC R . AR AT ATE — 72 B b B AR TR
SCR B B R 28 5 VR AR A 1Y TR R Y TR AT)
AR,

J3— T R A O B A B i e A Bk
JOEXoF i SRR B . A Cheng S A i i AR IR X 2
[ e 22— A 35 8Ok 1Y 5 1 o ) AR, Wang 4§
N3 o B[R] Sl beta A, LA IR) R 24 B0
LI 7 AL Cal A8 NH @ T 0 B ) 32 5 b
SR OC AR L Tl FE AR 2 T RO A B A BN T Y
PR L — R A T R i v L S RIOCR L X R
PR B R A T ] DL B — 5 i AE AT AR T
T BETEAS BT A e Sl SO 1 1 SO i

K G RIS B 1 1E LR FITHERE %)
12K FAS SR TN BUAT W18 SRS AL R 4 5 T 4%
o SCA B AR I AT 2 1 15 RN B T i AR T
AR DAL PR HEAE 2R EEXT DL Bk A SR T —
T 1] 48 2 ) IR SCARTE SR 7 s (Mliceroblog
Short Text Semantic Modeling Method for Search,
MSSMS). %77 ¥ F 24 & =R 5 ] 1l 2 (19 4
SCARY R ITVE VBE T R 1) G T AR R R Gl R A
KT ) B R SCAR Y R T Bk LR R TR E X
A IR 1] O BE A L 4 A BRI A SOfE RS A
T R I AR R AT R 48 S SO T R O KSR BT
J FR TR AR A L DL R S A K SCAS S AL BTA
TR 3 Ao 25 A SR B R R AR 5Ok
it R SRR . T3 A o BT R T B 1R T A
T A A AR R) 3 R A1 [+) IR A 1 I )RR AiE 5 P Ry
fiE s LA Z2 FRFAIE 29 O T2 R R 1) AR e A L AT 45 31
o A (TS LIRSy SE B & e R 4
FE RO R AR Y T SCR AR R TR AT I F i R A
Hat 22 T {0 RE AR 3ok o AR R AT Y e 28 52 B
GER(IE T ST

ARSCHY FEETTHRAN T -

(1) $ 87— ol T [ 48 R A9 38 9 L SCAR o S At
B )5 s MSSMS 1] LA A4 A8 50 33 19 60 SCAR 3 S
S PR AR T R

(2) f 7 — P BE T 10) ] & 19 B SCAR Y e 5
2 AT RS IR SCAS RS B 4 R ol g o L T R
BALE 5 ] LR ik iy SCR i 1 0 BE A 7E 42 J/y i SC b |
A JRy BB v S DT 55 3 Jmy &8 7 5 4 Jay i SCI A B

#hFE.

) Beit T —Fp i T¥ R s £ A, 5
L4551 LDA (Latent Dirichlet Allocation) 3= 5 #& %Y
AR ZIERI DAY 5 B SCRE A 1A T WL
B [ I B T R 22 R AIE A S T R P
T 22 PR 2R AR HTAR T e B A SRR,

2 HXIE

VFZ2WF 5N 58000 F 8 SCAR TS SCHEERE , DT
SEPUROTEORG ME P R PR IR, XS THE R B N =
2 (D) X B SCAFEAT Y I B B SR i o K 3
AL LR TE R B s (2) R R ERIE X5 4R iE
SRS A W8 LR R J7 ikl 1 ¥ R iR E LS 4R
T SCAHES G 38 m th RN T L5 (3) J2 78 43 R A
TR B R AE S Can SCA (B[] LT P S R 2 R
R A B TR R AT o K R B SOAR 1 S
J5 vk AT [l Jot.

2.1 WXAYTRBAZE

il R AL A 1 SR i P Y — > B kR
SCAS AT & 3l b B 5 SR YT R K SUAS iR H
SRR PE. R SCARY SR 0 7 ik F A LA PR
Ty ¥k, — 203 3 A S M A SO AT R A A
FHVE & s 2 A Y A B A AR R
LSRRG WK UK. XKD kil BHA — o i
o BURE T 2R T B 4 b i U N SR B
b B, AN 3 M AF B ORI KL SR AN
T3 28 7 1 V) 2 Ao P A R P X e SCA Ay
P, Bl 4n, Chen % AW fili il WordNet [ 43 %1
P FIRNC A 3] 56 & 51 A5 B SCAS A 26 19 F1 &R
R DTS 6 SCAS AT J. SR R T e S A sl
AR R IR A TR X 28 T 5 LA B A BB A
RIS . BT LA IR RE RS B 0 R R AR BT
BRI 2 Ah 30 A5 2 3 0 ELAT ) 6 R B E R
SCARARL ) (1 B ) 38 45 AE — k2 52 B0 SCAR 1) K 3¢
AR B B A 3 A 5 o) A LA ke M —
TR b AT DA O v8 SR o 1 SR T A ) At
SO X 6 SO AT e, x5l A — S8 TE 56
B IR AN R K BRI, D] Ik 3k 28 O s B i S
BRI A e 2 v
2.2 EMENELEREBENHEANEBENRTHIE

W4 3 S A Ak, L Word2vec™ Sy 838 1y U8 B 2
IR 2 TR RN R BT AN 2R
FErp ge o A T B dR] ] 4 OC 2 o PR Ot 3 s A 21 Y



784 it =)

Hl

Y,
&

i 2020 4F

i) ) 5 AT LA AR R — R 1 L S A Ok L BF 5
R BB R R v 5 A R i LA T LA 3 R TR
Y FE/RFEE. I TWE(Topical Word Embeddings)
BRI T RO R Y 3 A 5 2 3l 2 A 1)
fa) 5 A Zhad B b g1 A F2 i) Ok S B 324 Ry i
SC5 AR ) 4 R # i L 45 A . GPU-DMM (GPU-
Dirichlet Multinomial Mixture) 2 57 I 5@ 33 %
Word2vec A5 i 3] ] 51 A 21 3208 19 2E il # v
SRR TR S5 4 Ry i SCRY A B 5E. DREx (Dis-
tributed Representation-Based Expansion) % %
M P BT 1 ) e 2 7 T S BB 1) Y 1 SR Rh 4
ok T SCARARATR] X 4 SCAS R AT 97 Ji L I 0 7 g I 1 3
ARy AR ) AL H T T RO R S S
R ) — A o R RS B 1 S — A Ry i
SZITEAE T A G R R I AT B R TR
SCEARARLTA] o [ A T BR A A% K S R SCRI B T

e Jey il O K T2 U 5 ] i A D7 ik A A AT L

SEIR R TRV X5 A SR v SCRAH BORb T 2 T AR T
S TE SCFRIR. BRI I 2 T s WA R A AE I 4 1Y
Z B ALORE Jmy BB 7 5 4 JRy i SO 456 7 )
() #1589 48 J1 SCAS TR SCR AN ATI AN e S A TS R
2.3 RWEEEEER

TR A0 % SCAS JiF ) P BR A S 2 R E
B AR 225350 38 3 X+ 28 W 4% B 1Y) SR R i 3 2 A

AR R 2 TR 1 A R AR L AT R AR A
R T . SRR IR N Yan A8 NP 4R A X
AT AR — AN W S P A A B )
EE TR DA T Y AR R R AT Y | AT R
A % ik v SR 1 L B T R T SO A
Wang 55 N7 AR 5 0B 3] 43 A 1) ] e A8 T 32
RO 8] 43 A 52 30 25 SR WM B )45 2 AT DA
B f 5 R RE F7. Zhou %5 A" [ i g 465 SO AR |
I 3t A R L 4R T —F LTT (Location-
Time Constrained Topic) & 5. Cai & A" | 7E
R B 4i) 43 A 1 (] I AR TR ] R A R
B E A R R {5 B4R e AT L AR I 3
T5 AN L G R ) A B AR O AN REAE A T b i ok
T AR .

3 HEEENMEEXRIELEER
7R HIR B

B ik 5 E X
R T AR B R J5 1 B e SOAR I SRR IR S
T THAS 48 2, A SCHR M T T ) 5 3R 1 B e S AR
T SCEE Ry 1 MSSMS, HHE 2 40 /& 1 ff . fr 42
MSSMS F= 240 = 43« 3k 18] o] 5 19 S SCA Y
JE TR A R T AR R A o A R

3.1

D B EX LB
} A ARIE AR ) B
& S 08
DHRIRTR R e [ A

L e

T AR CAY TR BTy R 3 A iR

163623

,_\:_; Tra. \© xbi o

i Score=p(Q/0,)
N K

i

SR

WRER

Retrieved |I
Documents

[ 1

SR IRl o A v % B ) 3] 1) L SR
T 1) [6] A4 R SCAR R T 2k R AR R SO AT A
JE. AR LT S B g 18] 1 SCRH ARh A R B AR AL
ARBCA AR SR G i TR R B
JRy v v SCHR i) 1] B TS A B ELAL R R
BT PR B O AR AT B L L R A A L) 4 45 X

AT 1 4 2R A B L SO AR 3 SCREARE 7 1 MISSMES AfE 42

AR SO AT 4 R I AT LAS I ASCAS Y 7T SCR
HAEE.

IR BT A SO IE — AR F I [ £ LA
PR S 9 2 T i 0 ol 18 S AR R ) g A
B« 38 5 AR 2 R OBUTA) R R 9] R
FURFE) AR IR SCERIR. BT T2 UL SR R S5 4



54 R AEIESE ¢ T 0 18 R 0 R R SOAR T SRR 785

SR VR i A AT DA 20 P03 SCR i 9 5%
PR R 5 4 i LRSS A TR T R
PR, L[] B A 2 A AR AR CRF ] R AR R0 P A
i) s AT DLk — 25 o Al i SOR g M 3 A= A 8 o o 1) 1
PETN

R AR T $18 3 RUASE AR AR AR SRR L AT DL AR
) T 55 B 2% o 4 2R SRS =2 8] A AE AL BE R AR AH AL
JESEATHEY e LRI R SR O T 3 T 434 o 2
MSSMS, B 545 H LAT & X.

EX L HEENE m. BRI ER B m ]
WCE—DZTCH Do st s w,) s TR w,,
TR 2 ¢, KAT T BA AR p, WELTH R m. p., EoR
SCAR o, B2 B TR, 2R TP

EX 2. HIE A A e XA S
B SCARHEATY R SR ] Word2vec i i il 25 .
RSO p, YA R w, i€ [T, N,
1 1 RN v, T AR p., T YT w, i BB X
AR 047 B AR AL A BRI R AR SR o, B S
Q42 ) AR A LA B AE PR B ] DL s B e g3 3R OR
B SCARRL ) AT AR RL 3R] (1 1) 1] B2 % w80 € JITA
KA EIREAA . DLor AV v 0 I A AE T A
T SCAR AL 7 AR A8 1 X A0 B 3 S EAT A e S
Ly, T AT DA £ 21 5 A AR LR 4R A

EX 3. P RIGRKICH d,. X 5% B
Bom RSO p, Y R d, R &Y RE R
3CHY.

EX 4. G LFR. FEERE N ZRE

ARIB E WS I ] Lt 22 0 8 A - SO 3
AT FE AR T Sy A L 3 AU ] g3 A A T Py
Aii. T OO 2 R R AR CCAS BB R ) 358 2o
U TR R ) 2 3 R S [ DR AT
K X B8 A B A 8 — 1 SRR
3.2 ETHEENEXRY REERDY
BEXF AR RE SC 1 BT 7 09 B39 9 S, AP A R SO
Do » SR FLAE SO i 1 5 A6 R T rp 5] A Jg
TSGR T — P2 T3] [ 0 RSO YT IR AA. %
7 ¥ B AE N SCAS HR 1 BT A g A DL 4R A
A 3 I AR AR TA) 4 J e ) 0 9 6 SCAR 3 Sy 1S,
LR EEDRTIE S RPN it S 3 e S T
RTINS FRATT TR IE 25 18 1 B ] ) T SCAR BL A A7
R . B 57 25 i 5 3 B 7E SCR R 3 S LR
AT T SORBLE AL AR R 9 53] I X 28 FL 3]
5 2 i A AL T BN S 2 BT A A A
IR 3 o 12 A e e A R AR A LA SR

Ry Y AR RG] ] 1 T SCAARLE | 7 22 3R R A
1A 4 [6] it 7 e e TR BRI ) R R 22 8] Y AR X BE
A B R 2 [A] Y o SOAEARLBE B 2 U Ak > T A
(0 18 SCAR AL 3R], 78 LA 45 FUR 28 [ 2% (Convolution
Neural Network, CNN) | ff ¥ #1 22 [ % (Recurrent
Neural Network, RNN) ., Word2vec ¢ 1% 3 IR
J& 27 2] 1Y o) i R 07 i, Word2vece J&ff HIJCH ™
2 BT ] R R 5 v AT DA S B R A 1 R 1Y ]
R I L eI Gl B vh 38 40 %5 R T R
A A R SCfF R 15 B0 ] 1) i B R TR AF
B I AEAR SC R ] Word2vee X SCAS i ) F
A7 YN 3R IBCH 3R] 1) 1] 2t 3RS

SR ER T8 1m) (1430 1) £ AN B BE & 18 B 0 72 Ak T
Ak s BRI B SR P 3 SCARARL P 18 13 A RLA] L 25 5 5
A K f TR AR Sk Jo O TR 1 51 L 78 R B HL ]
A FRAH oL i) 5 G B [ B 5 BT B 3 1) ) 67 R R
P T R SORY e AR 408 B Y B 1) A A1 EL A A [
18 T2 R, A SR X b B 3R] ] 18 AR 48 ¢ 2R E SR AL
AR A E SC 2 Fir 38 TR A SCHP 8 B A4~ B 19 I
S AR He R Sy A AR A M B3] ol 2ok 2 iR
T SRR ARL ] A7 R R0 3R] D 3] 1] i A SR N A5 )
FRAR I & DU AR 1] = o B A4 B 3] A 0 {1 0] £
B BRI B R IR SCAS v A BRG] A A B
i) o DA A 53] 1 R AL 3R] 46 G X T4 SO AT
Ji S I SCAS 1] K SCAS 1 B 78 T LN i€ X3 s
e Ja A SRS, FRATHE ST ik 1 il ik 1 B T3] ]
YUY R

BiE L BT ) A RSO A,

BN« 2 B0 AL B A B J SO

RS AR SR d,,

L. FOR # %K XA p,.mE[1.++.M] DO

2 IF N, =1, & BHj L A4

3 ELSE

4. FOR HA I w,i€[1,-+.N, ] DO

5 AR ECH R 1) v,

6 K AR T BE B TS AEAS S SCA T S R E
B SRR RLIA) R AR 1) 32 s

7. RIS ] wo; (9 )5 25 4B He 18 (1917 1] 2 ¢,

8. T Y FTE A R rer =0 =2 —A)

v tAisi T

9. KRB EITARR S r BB SR/ L
ASARAL 3.

10. END FOR

11. END IF

12. i Il 28 5 AR IR B2 G 4 R i I SRy d,

13. END FOR



786 it <A

Hl

i 2020 4F

Y,
&

3.3 ETYROBEETERIEMEY

e SC 1 PR Gl AR R AP 3 A SOAR i
[INGEDREEDSWE S i I E R & =F I Cq LS EA L K3
il 32 T — b B T R B BRI T R R TR
4 1o R R A 5] 2 i o P B A R A A

= 1 K.
SRS

G}
®

B2 BT R AY Rl 32 R T

®1 HSREMHER
5 fili ik
kyw,b A A LA

5 i A WU A0 H Y A B

biswip »w;s

Lisu; 55 ARG I R E R PR B
D BEEPEL
N 55 d A SCRY R R B AR
K.W.B AR BT RN LA R
a-fro ST
l F A - 2 S
17 i 1] O3 o3 A
S F - P A

BE TP ) fol o 32 AR T 5 DA i 9K S
AN i AR G SR R TR SC I A — 2 B b 5 iR
T RSO B T SORR g . H T 00T e 5 ) — A
OB VZ U AT US55 3 SOR gtk Do e
Y (3 A o AR o BB A L B ] — G A
TRUAREAL BEAb Sy Bk — A 3w T SRR B
B TR TR 50 73 425 I I 22 o A A 5 S T A A A
THFENE B 5 5 B P R ] LK Sy i
SRRy il SCARGS & » I A5 foc R R BE I o i i S A
G AT A4S 31 5 oA 1 T SRR
3.3.1  FrdR IR R Y A plad

BB K AT B0 R i RSO 3L
— A ERITAT 0. FEUR) — 4> N SCET A XA
bi s JFARBE AL TR/ — A~ TR k. A2 Bl I 22 45 Ak 3
PR, B A 0 & [R) IR ST A R O A
- A g3 A B A S =R 3 A
S 22 AR AIE A 3 (] A ASE T LA 2 B R A

T L 4 — SRR B ALY R S K
SCRYAE A SCA B A T s ACHC B TR L PR
S PR FE T A Bl P S A R (1 A R R AR

SN RETT R d=1,-, D RIS EL o, i
HRSCRY I BR800, ~ Dirichlet(a).

XHREA GG k=1, -+, K, 3l B2 R0 B ) 43 A
Beta (¢) 3 BIRYE S KL B o IR 320850 - 8] 73 A o ~
Dirchlet(8) Fl L M- ] J* 43413 s, ~ Dirchlet (¢).

X SR ) BN BLIR O;

() ARG L 0, R 2 8519 22 500X 53 A o 4l BB ER]
(4 32 55« b ~Multi (6,) ;

(2) 1RELL o Ry 80 2 0 X 53 A5 il R A
] s w, s w;, ~Multi(g,)

(3) MRAE LA ¢l 2 B0 VUG S A3 3l BRI 1)
sy 7] 38 5

() MR LA s 2800 22 3502 43 A il BORLA]
M P B
3.3.2 TR R Y ) o 3

FEAR SCHE 0 3 T4 e 10 B 1 3= R R o, B
X PUANSEL 0.0 . S Tl — AT AE AR & b 17 #fE
Wr. % F Collapsed Gibbs RA¥ J5 ¥k i ) 1 A 801k
PR o foff P HG Sl Al 3 2 5. B4R £ USRIy Gibbs 3%
PR AN TL 2 iR,

8% 2. Gibbs RHEHE .

WA SCA p, JH— AL R P ID, E B K

B a B0 BB N,
LI e 0 1) o NS £ A 7 o s o B 1
i EM- WP

1o X SCAR BERLA A6 1k 32 AR
2. FOR #ftk%=1 TO N,.. DO
3 FOR d=1 TO D DO

4 FOR %400 by i€ (1., N5 ] DO
S, R 48 =X (3) il 1R 3= A

6 S 0 o0l nfin  nfie

7 END FOR

8 END FOR

9 FOR £/@=1 TO K DO

10, WIFBRGTH ¢

11. END FOR

12. END FOR

13, MR 2 ) T3 2% 150 A 19 )5 56 3t

TE 5L T A fol 1o 32 AU 8w o 3208 451 L]
(0 3 AT RAE RAE A T
p(K,T,B,U|®

p(K_,,T_..B_,,;U_,,|®
D

p(k K ,,T,B,U)cxc



54 R AEIESE ¢ T 0 18 R 0 R R SOAR T SRR 787

Hrh,0 RRFTAMNSEES, —i Fonbri Z4hH

TS EIRSF R A TR AR T

p(K.B.U.T|® =p(K|a) p(B|K.p) X
pU|IK.o)p(T|IK.)

K

D
71 A o) Al )
7411 Aa) ,E AR

X

K

w\/
kHI Alo) IHlP(tflw,)(z)

Hrponf 2 —AK dimit, & 4o LRGN E
U B KB nf e — A B i L - n R K
IR R JE T kL 2 — A U 4E
WL RER PR T R R R
54RO A 2 v] LUHE A BEREER (3) -
pCki=k|K_,,T.B,U)cc

i T a (1—¢,)m 111%2 1
K Bl i)
2 1. —i+Ka ORI
k=1

(n,t, + R (2 4B

X
w w
(S W)+ (D) nr . +1+Wp)
w=1 w=1
Sn;'ﬁi+o’) (3)

U

(Zn’k‘ﬁ, +Us)

IS AU RAT o SR B 0 8 A R AL T A

ARAF AL AL B (E. 185 X O 05D #E47 2 A
A BN E SC 4 Frik g —18 LR

9, — nh 4 a . m B n; +o
dke — 7K L W Sk T T
D nitKa Doni+we > nitUs
k=1 w=1 —1
4)
= ?ﬁ(l_zk>_ o 7 ?p(l_;}c) o
,,l—fk< §2 1)7(/%2—(1 Zk)( §2 1)
3

SR JH A VR 0 7 U (1) Beta 23 A1 B 5 4> 2 40
G T @, BAT AR T S 0 BRI, 57 608 7 2.
3.4 WiEEER

R A 1 45 2% SCRY 1Y) SCRY 32 33043 A DA B 3= R P )
O3 A AT LA A ) A 148 2R SORY AR Rl A A 3R Y
MR ABE 23 TR 0 2 7R 5 28 1 i A 1 A LB ek v DA
Q= {wy ywy s+ w, | RN AEM 0,0 73 5 RIRGE
— T SR Y SCRY 3 A A3 A N R A3 A R
SRR AR SCRY 5 A 1) 2 ) 1 MR S A A B B T et
A6 HG .

N N K
Score,=p(Q/0) =[] pCw. /0= 1] D] (o 0.0
n=1 n=1Fk=1 "
(6)

R ANGE % 3 BT 10 5 T AE 2 A B A B0 B2 1) fk
AR P, AT LA B e 4 1) Sl R 45 R

BiR 3.0 FE TR AR URH AR Y GO R Bk

A R QF M R IR - F M4 A 0, 32 8- a4y

fi ¢
B ARG R
L 48 R I Q P45 A o, B H SRy A o A
45 1

2. FOR &8 R0 DO

3. HRBH SO 324 A 0,

4. RO 5 R I AR L

5. MR RIRLEE RN AT HE

6. IR [l4H L

7. END FOR
3.5 MSSMS & ZE S

AT o3 DB () 52 4% B RN 45 ) 52 2% B T A T
RAF MSSMS (15 AR5 A B HEAT 43 B« OF B 3
5 RlE R LDA MR AR T L. B
JerE SCINTR A8 5 D R SR B B i . MR IR SR
AP BE .V R R B R /N KSR s 1 R
N 22 758 Wl R0 5 2R I 1 2 AR B U ZRos P 8L
N, F2 7] 1) o 9 4k B PR UL, AR 96 SCik[23 ], LDA
) Bt 8] &2 2% B 0] LR 7R A . O(N,,,, DMK , Hzs [a] &
e BE AT DL 77 A7 A8 09 A8 5 B AT R OR IR0 AR
DK-+VK +DM.

T A3 5 3 MSSMS (18 SC A 2 i 2 T
[ S5t 19 6 SCAR ) R ARV AN I T 1 1l T A A
WA 58 B » DR I 5 75 56 5K P 0 119 A 2% B kA 7
53T

T ] ) ) R SCARYT R A3 IR I ) A2 4 B )
B an R . %1 — A~ Ban] , 4R BOH R A 1] 2 19 I [R] 52 4%
&2 OCMD 7 5 3 30080 AR ) 2 109 A0 0L 3] 4R &
B e 6 LR AT R L B R AE 2R BE Dy OV,
I 26 D 2R SCR iy M A R AT R T R,
i [E] &2 2% o O(DM* V).,

FE TR 0 O S A AL Sy L R T RN A
LY B 1R AR OB BRI XA 11 R R T
PAFIR R DIU—1) /2,3 JFy 7 A XL ia] (1) B (8] 52 2% B
S OCDE) . AEREHY 1) 4 YR AT B o, 5 20 B3
AT RAE S SR AR RN 15 AR 75 L) BT A U HE AT
S O — A E AR A8 O(DEK). Y
Xof T4 B Ak Pl S R AR R AT N, RGE AT L
B A &2 2= N O(N,,, D2 KD . A it MSSMS (7 B[]
ARBE N IR WA B M OCN,,, DI K+DM*V).

MSSMS ()25 [8] 5 2% & 43 B 40 R . A 2k T 3] [m)



788 it <A

Hl

It (0 SCARY R FR 43 75 AR B 1) 1 3] ) g
X R 28 (8] 52 4% B O VN 76 3 T3 2 1 3 R A Y
43 T BT 0 S K0E AR E B ORI RE L E
R BRI B | R P A B DA B 2 R[] A3 A Y 2
B o3 6k W A5 TR & 2k B DL(L— 1) /2, DK,
KV .KU.K. At MSSMS (1) %5 [6] & 22 £ VN ., +
DI(I—1)/2+DK+KV+KU+K.

¥ MSSMS 42 2% £ 5 LDA 52 2% & it 17 %
LAl A& B . MSSMS FE I 8] 52 4% BE Fil 25 [A) &2 2% JiE
A LDA . i 2 K o MSSMS R i st (7] A1 4
FETEFE A 3 20 6 S SCA AT 47 i I A5 B[]
FEAE 55 PR R U/ 18 SCRR 51 AT 412 1= 1
TN
4 ZTHRERSHH
4.1 EIWIFE
Shy 36y F T[] 49 2R 0 B R S AR o S T vk
MSSMS A R AR SCIRE T 086, — 8081k
SRR RV L 4 R PR B A, — 2R
SR A8 2R S BRSNS B I i
R LI Rk R A s SO RE ). B T T 4R
FEVE AL T DU G B R R SO R L 3] | B
] . B B T A B SO TE R A 2
A SE A Y BT AR O 1k 0 AR RO R S R
Fb J7 9 68 i 9 T 2k v AS T) R 380 A R AT B0
4.1.1 ¥

SR FFL I TR AR B30 A oy 52 36 B3 o0 4 B AR 1R
SR 2 R . B B b SORY K EE I 4 A 8] 3 BT
NS IELE 3 W LAE B IR R SO K B E A
FE 11~15 AN FZ a), B 2% SCA K B #5m, HA AR
5ER 1) T SURR B

R2 HEEHER
Bd Ak [DEEY s 17 J) 30 Fr g
LE 72053 2014.01.01~2014. 01. 31 6445
Bt 2 21437 2012.03.01~2012. 10. 31 6897

i 1 LIBEYL P ID D9 4 . R 46 P 7
— BRI 8] P9 A ) ol

Beidle 2. DISCHE T B M WA R A S,

SEBURCITE SIS E €I TE AR AT L DAk L R (S
IS ) 45 i 72 MSSMS Hh 7R . 2 #5810 74 g 5%
BT (R O 2 T R 2R S Rl R AR R
o N [ SRR 1 = 2 1)

N T A S AT S Ok R AR B B R AT

S 4 2020 4F
35 ;i —~
_ 1 Mgkl
30f ‘ I Hisk2
257
X
S 20f
& ol
HI[ )
101
5t
N | M
1~5 6~10 11~15 16~20 21~100 >100

[ SR & N S
B3 BRSO A K (B0 4T

T IRAL B < S SRR S I DR B A B 2 BR
T 10 ANFLL K E A 100 FR I 0 ) -
R AT BR R P Ot [ Jil 3 9 e e B R0 1 5 401
FHF 5 X8 R 500 3 R FH P A4 A 18R A7 B AL R R R 7R
20 Z5 AR 5 X GO SCAS 3R 47 43 1) o Bk 25 45 FH 1) R
A 1]
4.1.2 MR

UCT ' 5 2 A 4 52 199 45 1 P e AIE 3t S
SCAIE X

PTM™ 5l 3 15 i Bl SCRY 550 6 4 SO B 3
B Al SRS S DT 1 55 18 SO B Pk

BTM % g A i B L — A 2 A
AL T R e 5 ] — S T R L

WNTM A 4 3 90KE 4 SCA 3 i B K 3C
A AT 1 R

GPU-DMM"* . 751z 3 U Y 1 A Bl ad 72 o il
A T DA R i 5 4R i A AN FE.

J T i — 4 B T H: MSSMS 1945 w5t L T8 4]
Wit T MSSMS 1 i £k bt A< - MSSMS 1y ] 1k bt 4
WF . (1) MSSMS™ * %78 A6 4 SCAR #4797 88 9 LA
JE I 0 SCAS AR Ay i A B O 0 o 5 T R R SO AR
Jr SR B A SCAS A S JIr & S BB (4 A AT LA
SRR L5 A B 4 e il o, LR ERTE X5 4R
B A E AN FE. R L. 8 i MSSMS 5 MSSMS™*
Z (BT L o T A A7 Jm 8 0 X 4 R i SUAH B
0 FEAH L AAE T 4 JR 18 S P AP o DT 50 UF T
T ) ) R SCAR R L AT A5 s (2) MSSMISTP
TR AN FHER R e =2 W] — 3 R ] AR AR GRS B
PRI AL 2 A 1 AT AL B0k R G, G 22 MSSMIS 5
MSSMS™ " Z [a] f % b o 1] A3 51 ARG 5 5 ) 41
s (3) MSSMS™ Y 7R A B P RRAE 19 165 TE
$ MSSMS 5 MSSMS Y %t H , A] DL 56 TF 2 8
FRE 09 R0 5 (4) MSSMS ™" 32 7R AN 745 i i) 427 1iF
AT FF MSSMS 5 MSSMS ™" X b . BT L) 36 I



54 R AEIESE ¢ T 0 18 R 0 R R SOAR T SRR 789

LA [A]RRAE A R M. ek i 80 S =X FH P RRAE
FRITES (B ARRAIE 2 T B 35 T 7 o 190 o8 T RS 78 %) 4 ok [A)
=, i B MSSMS 5 MSSMS B, MSSMS ™V |
MSSMS™ " Fe , AT DA 28056 Tk BT i 32 8 £ 4 2
BRNE.
4.1.3  PEMHE AR

(1) i LR i

X T 7 1 A W SR T A, AR S48l K
FE B PR A B AT T IR, X T A KR
Ik T ILAS 8, HF T Rk 5 X Ak
B F R AIRT 10 A4 28 fe KA B ], B3] 5 32
A DG BB 6 v L 2% 785 i DU 8 WA SR ot B

XFF &Pt F S X B AE B (Pointwise
Mutual Information, PMD G845 /b 3= 151 i 18
— B S AR T i I R R Y B A
i % W PEANY 48 A5 TEAN . TR, AR SCE B PMIT 48 A
XF i SRR i AT % I PE X AR R
Bl N A~ Bqa] i) PMI{E, N Bt 5.10.20.

M F R XS EEET N AT RERY
B A p (o) FR7m B3] B R R L DL p (s w;)
FEoR A1) S A B A R, =R & 9 PMIT (B AT LA
W R (D H B

2 p(w;isw;)
NON=D, 24 [ 5o paoy P

(2) RLS

FEA RS R A0 SCRL25 1/ 7 ik 08 T
10 mE NAE B EE XN REG R 5B RI
Z B B A5G BE AT DR A i B SR A PR AN (R
BEARMERERDELN LS gnEEE.,
AT A AP = 0 2 B 1% 52w % ilr A 3 1 DA 4
FEHEAT 4 DT E — 253 5 A R 5 e SR
PRI R 08 T PE A 98 45 - F 2 UME A R 2 {5 (Mean
Average Precision, MAP)™™ F1 15 — 4k 4fr 151 2 FH 18 25
(Normalized Discounted Cumulative Gain, NDCG )"
XA R PERE AT PEAN 48 b U R R 1 R AR
Hhr. MAP i - 25085 B (AP) W] DLE i X (8O 1 H 5
(CEIp

PMI(k) =

R
AP :%Zprec(r)é‘(r) (8)
=1

7 (8) . R KR ir A 3R [ 0 18 2% 25 1 1 5k
LR R 5 A ) A 56 10 3R [ Y 48 R 45 R I B,
prec(r) Fme r AR B IE REE R 00 &
FEbm R A, Forp 1 SRR G5 R AT AH G, 0 RO AH G
PETCHA 1. NDCG 5 XUnF -

NG = 7,372 =1 /log(1+j) (9
ji=1

Hrp Z 2 H—ALH 7 .r GO R5 j MEREE R
PR
4.1.4 SBHEE

MSSMS FESHA MBS o M5 FHEL
K GERRE NG, 5 BOSCERCLS T 43 005 B S 48K o
MBI E N S50/K F0.01, R KKK EN
10,30.50, AR B B R 2000 K. 75 CA Y e
AR T AR A B A X SO LR S
O A AL 1] 15 A R) A TR R B O R 22 I A B
A R B0 Dy W i T RO R B TR AR
P28 A0 A ¥ E R 0.3, 8 T 3RBGE K
4 R Jo SCRY S MR AR SC i T B8 4R 1 SCRY P 3 K
JECHHRORESKE L &N 3.

4.2 WEENRTIRESW
4.2.1 MSSMS 5%} L3k PMI {H 5

K PMI i 2 S 18 3R m i it . ) MSSMS
00 b B 1A A () S AR, I R TR B 4 1A
ByRE 2 L. @i S0 me oy LA B A4S 32 80T Y B

G B A R ET 5 HT 10 FHT 20 A4S
1] (72 PMIAE #4715, DT X AN 1] 35 7% 1 1
FEm I 1EA T R 0L ) A ORI BL A BOUE AR 1 RN B
2 FRYSER A A3 3 . B AN N A A
ANFEEHEEE FFa s e, R S 1 SRR E 2 1Y
PMI {8 3K - 35, 6 30 LAk B T8 X 17 B o
SRR E 4 PR,

A 3 RIEL 4 W] LLAR BT A B (W) B A A
BOR B E. Y E R I, MSSMS 5 % L5
BRI R O E RN R BE TR
RIE AR B Y FBECE ) 30 BF, MSSMS 5 X}
PO 2 B R . Y 3 AU i #)) 50 B, UCT,
WNTM 5 GPU-DMM [ iif # 5 & #H L 32 28 50 R
30 B4 B35 R R 5. 16 % 4. 62 % F1 4. 46 % , 3% J&:
PR Sy 8 0 = RIESC 2 1 45 1 SR g M T i

M E R I E] 50 i, PTM 5 BTM Y 3% i
J R AR B BBUBC 30 BE g A T L 4 P 34 48 T
0.23% 1 2.07% 3k &y PTM i 2 8 37 Bk 304
W55 115 R B E - BTM 3 i 3 1 5 A8 R 4L 52 [
— A~ B I HL AR 5 ] — 3 U X, 4
S TR SO E) B Y BRI E] 50 B . MSSMS
AR L OB 30 AT R AR TR
BIEE Tt 4. 36 %0, X A2 B S MSSMS 7E Hil 55 45 SCA i
SRR B R S A, AR T 0] M 2 [R] — = Y
2, 3 g i X AT DA R 1 5RO LS ()4 R AT
A LA R B S Y T A



790 it # Bl 2 ik 2020 4¢
% 3 MSSMS 53tttk &L iy PMI ELL &
" . F 10 30 50
HER Bk Top5 Topl0 Top20 Top5 Topl0 Top20 Top5 Topl0o Top20
PTM 1. 91 L.87 L. 81 2.13 2.09 L.97 2. 14 2.10 197
BTM 2.31 2.28 2.22 2.39 2.32 2.26 2. 44 2.37 2.31
g 1 UCT 2.33 2.29 2.24 2. 41 2.33 2.28 2.31 2.24 2.19
WNTM 2.35 2.31 2.25 2.45 2.37 2.27 2.32 2.26 2.21
GPU-DMM 2.39 2.31 2.29 2.47 2. 44 2.39 2. 40 2.32 2.30
MSSMS 2.51 2. 46 2.41 2.51 2.48 2.42 2. 64 2.57 2.52
PTM 2.12 2.06 1.96 2. 27 2.23 2. 14 2. 27 2. 21 2. 14
BTM 2.39 2.34 2.23 2.42 2.38 2.26 2. 46 2.43 2.31
A 2 UCT 2. 41 2.36 2.25 2. 44 2.41 2.28 2.32 2.24 2.12
: WNTM 2.42 2.38 2.28 2. 46 2.43 2.31 2.34 2.27 2.23
GPU-DMM 2.43 2.39 2.29 2. 48 2.45 2.35 2.37 2.29 2.25
MSSMS 2.55 2.51 2. 46 2.53 2.51 2.45 2.63 2.61 2.58
3.0 C_IPTM Zl-‘jCTLE'FtHE’\J MSSMS iﬁ%ﬂﬁ%%‘%fm%ﬁ?9ﬁﬁﬁ
5al CIBTM R - .
8 0 B TR AL T B — R E X L MSSMS
261 o A N NN N
, e ik A A SCARY R v IR TR SRR B M, BT AR
At S - - . SN i P =)
g0l BN N [ — F A, IF BB T 2 FhRRAE , B KRR M
}5‘2_0, : & T O . PTM | T AR AR 8 5 R B 20 i o i
= N A\ FEpSCREC PR HG PMIL LB (% V5 ST B3 A 211
L6+ N A Uf o MTEG MSSMS 5 s P-4 41K 17. 48 6. BTM,
14} AN A UCT,WNTM A GPU-DMM H F& 1142 H: 1) MSSMS
1.2} N TETE BT E R 22, 4y B AR 7. 12%6.8.59% .
10 To‘pS Tol‘jiO To£)20 7. 58%*11 6.04% 9%?‘7 BTM 41@*%TXXiﬂ;j\:§ﬁ
(a) FEBHONL0M HIPMIE LA — BRI, UCT {CH A T P R AE , WNTM %)
3.0 |:|PTM %chzlgﬁﬁﬁ TTY‘% ’ GPU*DMM /fX)I%‘)%%BiEX%%
. BTM NN R
28} =l J5y 5 A4 45 1 MSSMS U] 7] i i 45 T 2 o [ 32
26r - MCPU-DVv CRLSCAS Y R RGP 45 F 5 P A
247 mlZ ZIN St 2
so0l n I 4.2.2 MSSMS 5H G ALRA 1) PMI {H 4K
Sool BR - AR S0 3 1o Ho e MSSMIS 5 ML Ak AR 19 1 X
sl AL S . ok R IE MSSMS R ] [ % (i SC A4
16} JE AR PRRIE 5 P ARRAE D X T S AR
L4r AE JI 3R THI A RO B VR E R 30, 43 il BEUR
L2y 714 2 7 W 3 45 /) Top5. Topl0 5 Top20 i PMI
L0 Top5 Topl0 Top20 {8, 3 3 PMI {5 %t MSSMS & H a7 4k bR A 1) 18 X 3
(b) FRHCH30MS FPMI{E A% e ST A AT S S 4 Rk 4 Frs.
3.0
2sl =M %4 REEZET MSSMS f PMI f b &
=W = Tom T T
2.6 MO PU-DMM Bk ‘ Top5 Topl0 Top20
oal = B . VSSMS MSSMS—E 2. 41 2.37 2.32
" N _ — MSSMS 5 2.51 2. 49 2. 41
s22- 7 NN N Bl ae 1 MSSMS U 2.47 2.41 2.37
Za0| N MSSMS T 2.55 2.51 2. 44
218l MSSMS 2. 59 2. 55 2. 49
6 MSSMS~—F 2.45 2. 44 2.27
T MSSMS— B 2. 49 2.48 2.33
L4} BUEAE 2 MSSMS U 2.53 2.51 2,47
1.2] MSSMS— T 2. 46 2.45 2.28
10 A MSSMS 2.58 2.56 2.52
Topd Topl0 Top20

(¢) FEBHCAS0 FIPMIE ik
¥4 MSSMS 5%t bb 3 s i 78 9 $od 45 B S ¥ PMIA i

i 4 Al IR S LU g (D) /8 s 5 1
Bl sk 2 p R B 25 10 7 153 9 MSSMS ., - 1



54 R AEIESE ¢ T 0 18 R 0 R R SOAR T SRR 791

Lt MSSMS F#Af% 6. 54 %, A] UL 7 DU Fh (K £ o SCAR
PR X T 1R SCBT AL 9 5 T ek G B X IR Dy 3l i
JESCARY™ J ] L AR R 0 S 4 R i UM HO AR
F0 A HEAA A 4 R 1 SO B P, e Ah, i T
SRS H AR T DATE — R R b v IR SCA 1 1
XA s (2) MSSMS ™ H] b MSSMS - ¥ [ ik
3..80 %% » i I AT LABHIE 51 A UL 25 44 BT LA S0
B 8 AR BE 75 (3) MSSMS ™V 5 MSSMS T
HHH MSSMS 43 5 - BIREAR T 3. 47 %1 3. 92% . 3F
HAERIRE 1 hRIUKZ M7k MSSMS™ Y, 1
B 2 R ILAL 22 W U7 o MSSMS™ T, 3 i3 W
FER ] P REAEAE 5 P B e R O 1 1 B v A
FH 3 AR B) R AE 7E 5 B ) EL A R R A O M Y
O VR S DR R AR i kB A B R T R
T e FF 35 EL R R B AE 5 () B TR A L
R AU TR B[] R 1 g T 8 5 T 7 A AR T A R 1Y
SR 2 PRl kAR = AR A s AT LA
A0 TIE T % T AR A TR [ A Ak
4.2.3 MSSMS 5%F F B i = PR 45 51 5 40t
T % MSSMS i SRR i 47 PE A FATT
Ay BB T BN R U = A F A i i B
H BT Topl0 A AT BE H B 14 B3] X6 R [ B9 11

B R PR AT EEOY. SRR NS 5 R,

T UM S T A R AT R BRATTR
BRG] 5 32 AU AR OG B K LR 2 O =28 5 A A
SR BT 5 s AH G L] L 5 T U AH G R AR
F P UKL SR AR RIZx) DL =280 56
4 BT BEAT BR g X A~ JERBUIN 5 A S JRE B vy )
i) B 22 L HE PR ORE U 5 ] 32 SR R AOR B T X
R TR R B T SRR T AR

M5 Fa] U 2 X Sk ey 7
— 5 WU HE P 5 AT AY 5 32 A8 AR O ) A5 3 U A
K. WAE“FE W7 EBR XA R T 2
K7 R BTV R AT KL A 55 AH K 4]
LI (SN S LN 2 S L 0 1 S T ]
TR W B BT KT HE K T K
BRI R R AR R A A N AR
KA. AR 32K F R X Ak i B T R
CLLET BBk LR 55 A S TE T T B R X
FER TGS IR, AR AE P $2 5 1 MSSMS A i) 32
HrtL L A 5 AR S (R AR R R DL L 4R
BEALAEAN ] TR AR Y 98 A OC BT B &2 . ELHE Y
B A AT I 508 PG IR A L TR SO R i

R

x5 MSSMS 5L HFIEXRTREENITM

ik IR ek £ "R

pry | BFLEELEA T DA KT BB B S ER L, BRORE R BT R B
MR TR BT A A IRt N

pry BB EEA R TR K B SR BB B BB K R B R (T
PR TN IR T RN T NIN

ver | BEORKBEM. LA KR BEOK.E RS BRLLER LB R, R RE R LT )
S O R F 12k Ak Rk R LR

wary EFLTLBEE K R K. RIS R BT RS R R BRRE RN B E LR
: Bk R B BB Ak RS A

cpU vy BB LTE BRI KT R AR R R Rk BRORE T KRB B R LA
’ R RS R R RS B Rk R

vssvs B FELOERM.EKCRKE RRDE S HRES ARk BRORE ET. kB BE. @R
; MRk KA 5O MR B % FR L UE R

4.3 RERREREHH
4.3.1 MSSMS 5%t t 3k iy 48 R RE th K

F2 R R AS 115 R A T AR R SCRY 4
F I R B U) 0 R R . G R R
SCG L Bk MSSMS 5 % b 53k 118 RN e 1 X
HAB R ERE. ¥ £ BB BN 30. HSHEH RIS
FHRL L SR I MAP {8 F1 NDCG {1 3k 4 1548 2 19 1 fig.
5 FIE 6 43 B R T A [ 50 4 MSSMS &5
Xf H 5 vk ) MAP i #il NDCG 4.

i 5 A 6. 7] LI | MSSMS Y MAP {4

I NDCG H ¥ b X b7 i X & FERA T
ZRHEE B B0 E LR M GPU-
DMM, MSSMS AU 51 A T Jay #8185 S, 1 H ok W
i | B[] 0 P R AR T 22 T b 1 59 1 SRR B L B
15 LR BE T 5 AH B PR SORY B0 A SCAR R AT
PR PTM FIIL F 15000 i SCA Y i) WNTM,
MSSMS B FI F 1 SCAHAL A 55 467 B AR DL 4 % J SCA
PRZAN ARG AT R e 5 R — F B I H [
BF A ARE T B I L SCAS L P RRAE 5 AH B LA % S
AT R G I HEBXUA Y UCT J5 ik, MSSMS A~



792 it 23 2% i 2020 4¢
0.90 090 =pT™
0.85F 0.85 |E1BIM
8 SzZzaUCT
0.801 0.80 gﬁﬂﬁMM
0.75F 0.75F :
— 7 7 n | 1
50.70F -~ gé 2070 g§ N
S oesl 0 S -~ N i\
7 i ; — PN
% 0.65 i 0.65 N N
- 0 2 N\ N
< 060t ég ;0.60 g§ g§
055} g% 0.55 §§ Z§
050F gé 0.50 §§ Z§
- i - N N
0.45] 0 0.45 N N
i N 0
0.40 i éé 0.40 : §§ é§
‘ MAPG@5 MAP@10 : NDCG@ ~ NDCG@l0  NDCG@20
(a) B4 EFIMAPE (a) BARAEL FARINDCGAY
0.90 090 =pt™
0.85} 0.85 %P\T/I
0.80 0.80 ?@\I{JT—%MM
. 7 IMISSMS ) §
5070 N Lo N - N N
5 e = N N ——
ﬁ 0.65 § 7065 §§ §§ g§
3 N\ < N N N
S os0 . o
\ z N N N
055F § 0.55 N N N
N N N
\ - N N N
050 \ 050 N N N
| N
045 \ 0.45 A N N
\ N N N
0.40 \ b 0.40 . , . \
MAP@20 MAP@30 NDCG@  NDCG@l0  NDCG@0  NDCG@30
(b) Fdhis2 L IIMAPHE (b) FdEE2 FHINDCGIE
0.90 0.90 =pr37
0.85 0.85 |E2BTM

I_O,O,OO,OOhhhy
V7777227222272

%

!

“MAP@I0
(¢) BN IR R FHIMAPE
Bl 5 MSSMS 5 %)t 5 vk e A R $ds 45 1 MAP {H

ASC I B R R RG] 5 P, 9 L3 0 ORI S 7
E AT X SCA HEAT TR AR A TR s AR T
B [A]RRAE 5 A6 b BTM ] 5219 35 i 48 A 1 4k 52 )
— NGy A MSSMS % 58 5 B A 5 I K S0k
B[] — A F A A i L) B A 22 Rl AE AT
R TR R AES.
4.3.2  MSSMS 5 H b RUA 1 3 48 22 P 8 EL g
A SR E L A MSSMS 5 1 Ak hR AR 148 2%
PEBE Sk B0 E MSSMS w25 [ R 1A R0 F BT 55

ZZUCT
EYWNTM
0.80  ImmGPU-DMM
I MISSMS

=
.
S

NDCG Values

77zz722222222272277722

()

I S8ty

%

I e

24 T .|

"G@s NDC( j @10 Nf)(? @20
(¢) TR EE FAI T HINDCGE
B 6 MSSMS 5% b3 76 A A B0 4k b it NDCG {5
) B E A 30, 8 H R BT SRR
F44 2, 5k MAP Hil NDCG %38 & M e 64T T 1
LR RN 6 s,
MEHE S 1 R BHE S 2 R al L
& il : MSSMS [ MAP {i Fl NDCG {i &/ o5 5 » 14
F AR AT 3 U [R) B L 2 R R B SR
J'& CRUENREAE L FH P RRAE B T REAE D) A8 R T 4 v
& M8 ; MSSMS * 1) MAP {f fl NDCG {H & J&
AR A8 RV BRI 25 X PR i SCAR Y e — g T AT

NDCG@30

v,
=



5 4

R AEIESE ¢ T 0 18 R 0 R R SOAR T SRR

793

A A5 J5 30 15 SR 4 SR 1 AH 45 A 5y — O 1 Af
AW 55 38 SRR B 1 B0 9T 2 3 T 1) 1) R 1 S
ATE AR % T MSSMS Ry 48 & P g i 32 T+
5 k. MSSMS B MSSMS V5 MSSMS™ "4
MSSMS F# 2R PERE A — B2 B I BEAR. B T X0
AR AE T AR 0 S [A] R AR R T 4R TR Y B
T T AR ) B B AL R AE DR GO S I 2 R A AR
MG GE T T 4 TR A T S AR AR Y 8 R
. MSSMS VI MSSMS "3 Bl 7E 50 HE 45 1 R B

4 2 PR R PERENS 5 T MSSMS ", X i WX 7
MSSMS (i) i 8 R PR RE M & . e 28 1 h
SRR O T RSO Y R I R BB ORI R L TR
BlR AR 2 rp i (] R Ak O T SCAS Y g IR 3R 9 5
TORHEIN R R th TR AR 1 MRS 2 0 o
JFH P AR 5% F K dh £ 0 IR [R] AH 5C B9 %o 56 . BAR
REAE 5 B[R] 4 k2 R T 280308 4R A AN ] 1 2R BAS [ /Y
AR S (HUR B AR T 22 Bl R Ak A A () 1) S8l 4R
AR T AR 1R .

& 6 MSSMS 5 HEREARARE RMERELL &

Bk 1 MAP{H

Bynsk 2 & MAP

R4 1 I NDCG 4 B 2 F NDCG {4

@5 @10 @20 @30 @5 @10 @20 @30 @5 @10 @20 @30 @5 @10 @20 @30
MSSMS™F 0.62 0.70 0.62 0.61 0.66 0.69 0.67 0.62 0.64 0.66 0.63 0.59 0.68 0.71 0.67 0.65
MSSMS™ B 0.76 0.77 0.76 0.73 0.75 0.77 0.75 0.73 0.76 0.79 0.77 0.71 0.79 0.8 0.76 0.74
MSSMS™V 0.73 0.75 0.72 0.69 0.74 0.75 0.73 0.72 0.70 0.74 0.71 0.69 0.72 0.75 0.73 0.71
MSSMS™T 0.74 0.76 0.74 0.71 0.73 0.74 0.72 0.71 0.72 0.76 0.74 0.7 0.70 0.73 0.71 0.69
MSSMS 0.78 0.79 0.78 0.75 0.77 0.79 0.77 0.74 0.78 0.81 0.79 0.72 0.81 0.83 0.78 0.76

AR SCHE T — Bl ) 48 2R 00 R SRR T
MSSMS. % J7 kA Rl & 1 R aliE 5 4 RiE X
I I R FE B M 2 M 1 U8 SCRR M. T 2o AR e Y
Z RRHAIE (CSCAS (B[RRI P AR BT e ot 1) 3 X
FR I TR B SRR LI TR ME R O R
MSSMS 7 Ji) [i] 52 [ e fily 1 [7] i ) FH 38 SCAR L A
AL EAHALPEXT B SCA AT L IR e W] DR B LA
B —BE A RUR 4 A BEAh, MSSMS LIY & J5
K SRS R A 5T U A 2 I ) B A T
T Z P REAE B UL, BT A A B S SR 1) 5 i
— 1 IR TE LS BT IR AR Hh g SE e R Y
JUT B8 B 0 T A A N R M AR i R
FXT H A k.

Hy T MSSMS H4 154 {8 19 22 B RR AiE il 5 21 7 24 3k
() 32 G LA [E) v A 3 T ZARE R 5 — 1 LRIR.
Rt 75 LA i AR s AT 0] RLiEAT 2 FhOR 2 48
F W R AR F R P A8 R R — 1 UL R
V) B2 PN A A0 R 45, AT S R T 1 2R 2 o 4 R

2 % X #

[1] Zhu C, Du J. Background feature clustering and its application
to social text. Information Processing Letters, 2018, 136;
44-48

[2]

Kou F, DuJ, He Y, et al. Social network search based on

semantic analysis and learning. CAAI Transactions on

Intelligence Technology, 2016, 1(4) . 293-302

[3] Wang Xiao-Yang, Zheng Xiao-Qing, Xiao Yang-Hua. Entity-

relation modeling and discovery for smart search. Journal on

Communications, 2015, 36(12): 17-27(in Chinese)

CEBERT, AR, H A, BB R PR SR 5 R

W58, A EaE4k. 2015, 36(12): 17-27)

[4] Zhou D, Wu X, Zhao W, et al. Query expansion with
enriched user profiles for personalized search utilizing
folksonomy data. IEEE Transactions on Knowledge & Data
Engineering, 2017, 29(7) . 1536-1548

[5] Chen T, Salaheldeen H M, He X, et al. VELDA: Relating

an image tweet’s text and images//Proceedings of the 29th

USA.

AAAI Conference on Artificial Intelligence. Austin,

2015; 30-36
[6] Zha H, Zha H, Zha H, et al. Cost-effective online trending
topic detection and popularity prediction in microblogging.
ACM Transactions on Information Systems, 2016, 35(3): 18
[7] LiuY, Liu Z, Chua T S, et al. Topical word embeddings//
Proceedings of the 29th AAAI Conference on Artificial
Intelligence. Austin, USA, 2015 2418-2424
[8] Mikolov T, Sutskever I, Chen K, et al. Distributed repre-
sentations of words and phrases and their compositionality//
Proceedings of the 27th Annual Conference on Neural
Information Processing Systems. Lake Tahoe, USA, 2013:
3111-3119
[9] LiC, Wang H, Zhang Z, et al. Topic modeling for short
texts with auxiliary word embeddings//Proceedings of the
39th International ACM SIGIR Conference on Research and
Development in Information Retrieval. Pisa, Italy, 2016.

165-174
[10]

Xun G, Li Y, Zhao W X, et al. A correlated topic model



794 it =)

2020 4

using word embeddings//Proceedings of the 26th Interna-
tional Joint Conference on Artificial Intelligence. Stockholm,
Sweden, 2017, 4207-4213

[11] Wang X, Mccallum A. Topics over time: A non-Markov
continuous-time model of topical trends//Proceedings of the
12th ACM SIGKDD International Conference on Knowledge
Discovery and Data Mining. Philadelphia, USA, 2006. 424-
433

[12] Zhao Y. Liang S, Ren Z, et al. Explainable user clustering
in short text streams//Proceedings of the 39th International
ACM SIGIR Conference on Research and Development in
Information Retrieval. Pisa, Italy, 2016: 155-164

[13] Cai H, Yang Y. Li X, et al. What are popular: Exploring
twitter features for event detection, tracking and visualization
//Proceedings of the 23rd ACM International Conference on
Multimedia. Brisbane, Australia, 2015: 89-98

[14] Chen Z, Mukherjee A, Liu B, et al. Discovering coherent
topics using general knowledge//Proceedings of the 22nd ACM
International Conference on Information and Knowledge
Management. San Francisco, USA, 2013: 209-218

[15] Zuo Y, Zhao J, Xu K. Word network topic model: A simple
but general solution for short and imbalanced texts. Knowledge
and Information Systems, 2016, 48(2). 379-398

[16] Bicalho P, Pita M, Pedrosa G, et al. A general framework to
expand short text for topic modeling. Information Sciences,
2017, 393: 66-81

[17] Cheng X, Yan X, Lan Y. et al. BTM: Topic modeling over
short texts. IEEE Transactions on Knowledge &. Data
Engineering, 2014, 26(12) . 2928-2941

[18] Wang Y, Li D, Liu H, et al. Generalized ensemble model
for document ranking. TEEE Transactions on Knowledge &
Data Engineering, 2017, 41(2): 367-395

[19] Tang Y K, Mao X L, Huang H, et al. Conceptualization

KOU Fei-Fei. Ph.D. Her major
research interests include social network
and machine

analysis, data mining

learning.

DU Jun-Ping, Ph. D., professor. Her major research
interests include artificial intelligence, machine learning, and
pattern recognition.

SHI Yan-Song, M.S. candidate. His major research

Background
This paper focus on the semantic analysis and precise

search of short text in social network. In recent years,

topic modeling. Multimedia Tools & Applications, 2018,
77(3): 3455-3471

[20] Xun G, Li Y, Gao J. et al. Collaboratively improving topic
discovery and word embeddings by coordinating global and
local contexts//Proceedings of the 23rd ACM SIGKDD
International Conference on Knowledge Discovery and Data
Mining. Halifax, Canada, 2017; 535-543

[21] Yan X, Guo J, Lan Y. et al. A biterm topic model for short
texts//Proceedings of the 22nd International Conference on
World Wide Web. Rio de Janeiro, Brazil, 2013: 1445-1456

[22] Zhou X, Chen L. Event detection over twitter social media
streams. The VLDB Journal, 2014, 23(3): 381-400

[23] KouF, Du]J, Lin Z, et al. A semantic modeling method for
social network short text based on spatial and temporal char-
acteristics. Journal of Computational Science, 2017, 28:
281-293

[24] Zuo Y. Wu J, Zhang H, et al. Topic modeling of short
texts: A pseudo-document view//Proceedings of the 22nd
ACM SIGKDD International Conference on Knowledge
Discovery and Data Mining. San Francisco, USA, 2016.
2105-2114

[25] Cui W, Du]J, Wang D, et al. Extended search method based
on a semantic hashtag graph combining social and conceptual
information. World Wide Web-Internet & Web Information
Systems, 2018: 1-22

[26] Wang Y, Lin X, Wu L, et al. Effective multi-query expansions:
Collaborative deep networks based feature learning for robust
landmark retrieval. TEEE Transactions on Image Processing,
2017, 26(3): 1393-1404

[27] Jiang Z, Dou Z, Wen ] R. Generating query facets using
knowledge bases. TEEE Transactions on Knowledge &. Data

Engineering, 2016, 29(2) . 315-329

interests include machine learning and information retrieval.

YANG Cong-Xian, M. S. candidate. His major research
interests include machine learning and semantic modeling.

CUI Wan-Qiu, Ph.D. candidate. Her major research
interests include data mining and machine learning.

LIANG Mei-Yu, Ph.D., associate professor. Her
major research interests include information search and data
mining.

SHI Lei, Ph. D. candidate. Her major research interests

include information search and data mining.

Microblog has become a prevalent social networking platform,

which is full of hot topics, therefore, searching on it has
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become a trend. However, as texts in the social network are
so short and sparse that will bring obstacles for precise text
search. To overcome this problem, many methods have been
proposed and they can be classified into two categories: short
text expansion methods and newly designed topic models.
However, the existing methods still cannot overcome the
semantic sparseness of microblog short texts well. For the
reason that the short text expansion methods usually will
introduce too many unrelated words and bring in noise, and
the newly designed topic models often cannot mine the
context and attribute information inside the short texts and
only capture the global semantics between texts.
Consequently, we propose a microblog short text
semantic modeling method for search (MSSMS). which is
implemented by combining a word vector based short text
extension method, an expansion based microblog topic model

and Microblog search. The proposed short text expansion

method can effectively expand the short text by fusing the

local semantic information and the position information.
Then, by using the expanded short text as the input of the
proposed topic model, the sparsity of short text can be allevia-
ted well, and the local semantic and global semantic can com-
plement each other. Moreover, in our proposed topic model,
we also simultaneously model multi-information of the short
text. In particular, we first construct a bi-term pattern by
mining the semantic of the word-word pairs, and then, we
introduce the time feature and the user feature in the process
of semantic modeling. Experimental results show that
MSSMS achieves better search results compared with the
baseline methods.
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