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Online Comment Clustering Based on an Improved Semantic Distance
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Abstract: An improved semantic distance for short text is proposed. The new method calculates the semantic distance between two
word strings as balance of the extent of word sequence alignment and the meaning matching between word strings. First, after linguistic
preprocessing, the extent of word sequence alignment is computed by the structural distance which measures the maximum matching
based on the HIT-CIR Tongyici Cilin (extended edition). Then the meaning matching between word strings is computed by an improved
edit distance which allocates each word a weight according to its word type. Finally, the semantic distance between the word strings is
measured as a balance of structural distance and word meaning matching distance. In addition, in order to eliminate the influence of the
sentence length, the proposed semantic distance is adjusted using the distinct word count estimated by the Heap’s law and Zipf law.
Experimental results show that the presented methods are more efficient than the classical edit distance models.
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;24 Zipf 158>l B, SCARK BRI SR T 5 AR 1 00 R 58 TR R B I BE 3 B vE B R T 56 T 30R K
B IMBL ) 7 2.

WAL 2. MK Zipf fafia<l B, SCRK R R ACBE B4R 1 O 2R B T 1) R A R A T 11 v S I

j,ﬂ‘iﬁijﬂ:
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NDIS &M 45 5 2 F A K A& 5 (1018 SR 2 M BE LDIS; 304 Zipf $5 a1 B, SCAK B Flia) SR K B AR 2k 1
KR EET AT T 18 SCHR BB LDIS AN P45t 15 5 T 1] 2 4K B 48 111 (1 15 PR 25 0 B2 NDIS.
I ¥
1) 746, M4 Heaps 42t (19 Heaps & AP JI7E [ 4R35 35 v, S0 (4 % K 2 (distinet words count, 32 i
A AN AR [R] BRG] B ) HEAS B A SORY AR 1) 1 K B 20 4 3 T I 28 P KOG R M
N(t)~t*, A<1 (19)
oA AFR A Heap $845,t 2 SO EE, N(E) 2 SRS i) K 2
2) U Zipf $2 0 Zipfrs s P R ARG IR 20 A0 2 B AN 0 SE I B R, AR R L
AT FARVE T b, T SR A B A A A 8 A, A BRI AR Z S AR v TR AL e A 2, e AT R
RGO ER:
2(r)=zmaxr ¢ (20)
o, o}y Zipf FE%L,r b B3R w e AR P A HEAS z(r) ok B w AR A A5 TP R AL Zipf 2 R Heaps & 46
TSI A T A B e A8 7R BRI 2 AR R HAETE Zipf 2 A Heaps j& 4, AR MR EE T A2 EA
EHbERE
3) Zhou %5 NPSHIEWI, % Heap 46515 Zipf $5 5047 46 LL P K R

{1/0{, a>1
A= (21)
1 a<l
A4 385 2 (21), 4% 2 (19) 7 N(1) 5 Heap Fa 88 R0 N(Y) 5 Zipf a0k &R
B (a_l)llo(tllot7 a>l

N = {(1— at, a<l (22)
A Zipf FEEL o<l B, SCAK HE R A 3R BE 52 e M O R X FE— oK

NDIS_I(R,S):LLDIS (23)

l-«a
NDIS_II(R,S)=(1-)-LDIS (24)

FE T ) AE S A 78 SCRE 29I 5 LDIS £ M 55 20 T2 T 17 3R K P 78 50 1K 75 SCHE 20l & NDIS. 4 SCA Zipf 18
B o1 I, SCAK B AN A K BE AR LR 5 &R L T A KA 5 (03 CEE B I BE LDIS AN M5 1 2k Fial R KT
T 18 XCHE S I NDIS. O

2 b IR R SCAR K BE St ST B B AT AR SN &k T WF 5T AT R LU B BRATTIA A R X 43 3 A )
TR 73 A5 i A ) 7 v A5 B PR A 2 AN RO I DR A 75 o BT T4 T R R R K B A
S3E SCERBSINEE NDIS, FEER T 24304 Zipf $550a<1,NIDS £ VE4540 5 LDIS, Wi HUAR 2 — ANt il R 3 X
FE 10 22 50 T DI 3 2Bl A — AR AR BEBEAT 3 B3 1 24 ST Zipf #5350 a>1 1 ,NIDS A& 5 LDIS, 5 45256t R
T T A I B R A g 1k B A T T SR L) g v TR AT A B E Ak SO SR 2 R A
T KT R 5 R, A B SE SC AR K 2 Zipf F5 8 a<d, T 26 30 4 R ST A K32 i L 451l 56 &R

SR B ARA)~A R (24)IE %5 H Zipf IR E abt 5 NDIS 8 SCIHH B 1 ) 8 7 725, B4R #5 Zipf’s Law AT Heap’s
Law [0 06 T8I A BERE AR SR 1K) Zipf 4880 ol SCAR IR B A K B8 1 55 SCAR IR 3] A B X BE — 3R T LA 08
F— ARG AR TAE.

3 KWERSHH
31 FELTFRBESMARLIER
(ERVFIE RIS RICHESE th 4 T LA Il 2 ) AL LR WP IR SR IUBE . 00 BUA BB . SCA BB U4

BEHe . AR VPR IR & B A AR e DRGSR IUBSHRN Internet SRIXHE 2k VF 16 30 1 HCHs 7 b BB PO 7 46 1 18 1E
AT AR S5 R SCAS AL B SCA B 8 T AROABEER F S 20 e R P Ak B ) SCA 2 T FRD 8 A5 38 SCOAR B o I R I AE
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LR VFIR IS BTHONS SCAS B B AR PR REAT S 5 20 M7 A3 2R 5 20 M7 e R A 2 VP 1 I R A T S g T

FLABEgeh e an

(1) AEZAF IR HUBIEL FIAT push A1 pull w7y 2058 1 AE 2 VF 18 AR HI (3] IRt J L 20 dls 1L 1 A B4 1

(2) B Hn AL BB AL 2 VPR FRIA L A B, 75 B 58— 7 45 G X I 4 S AT T AR B,
s AN [5] G355 110 -4 0 o SCIR R T S 45 R K52 i

() SUAHIES VI B AL VP I8 IR 15 AR T 10 O B [ 7Lt R SCAC W) 2 16 82 R 0 e £ 4 20 SCAS T 1
T 2 BE B 0 BT T U

(4) AELVFIR TR A B I SO B SRR AT 21 S B A AR R A SR SR SR ) AT JRR A
GEIRNCIES ¥4

¢
[]
§ 9 Blog
§ |l oA iR Internet
: il
Rl T
/L SCAH B bR
v
i S : S
| Pt [ SOARAUE L
I W 4 PR ‘
% K 7 A B A B L
= !
" Ez3 ek
> REEH2 < ik
K LA 3 A ALl

(

Fig.2 Diagram of online comment clustering framework
Kl 2 R4 RE RFHELRKE

3.2 gt

S SR H TR A AL E

(1) ELIEEFEE Comment: i i 1 71 2k VP18 S BT A 21 ) 7 20 R SCAS VPR Hicdls, Hovh,— SN B IR ik
# (http://weibo.com) 1 5 T 9 5y HIS AR 1) 1 18 71845 JEL (IR TB) 25 J5 2011 48 6 J 14 H~15 H); 55— 30 ik Mk it
7 B S LR Bk (http://www. battlenet.com.cn/wow/zh/forum/) = 3¢ 1 JBE -1t ROV E (1 TR B FF 2011 £ 6 H 14
H~15 H). 328 4, 3 A B HLE B P28 220 4307, I 440 4550 SCAAE s 36 v kLl 115, 15 3 S0 A Zipf
¥ a=0.716<1.

(2) Jfes B & SMSPRS AN bR IE A5 TSR A (O 4 486 4K 4N bR i J 17 $cHhs, HcHhs 5 v 10 i 4 AR A S
[ 1 2 BB 43 0 5 ASZR0). 526 v, 23 T BETLIE £8 100619 T 440 SRR 1 b SIL86 FE A BE A oh 5 AN S A
BT SY5 AT ARUE T 5256 ORI A 8t Al v 549 B H SO Zipf $540=0.861<1.

(3) 863 LA VT K 42004 :~2006 4 863 SCA S K VIS AL ) b vE 73 SR B 4R i B Ak e b
Ir ISR R AT R 43 B P K SCRS B AR L SR A A v Bt AT I PIAL AR A AK ADKLH T AK 4
P 5 A 23 I AE A K PSSO Th 25 BE AL 100 4% SCAIL 200 4% S0 A 4 1k AK Bt 45, Zipf $5 4 0=1.07>1;,ADK
HHE AR 73 5 AE AD, KX 32 SCA & B A LAl X 100 4% S0 AL 300 4% S A1 1 ADK 4 42, Zipf 4 £ 2=1.05>1.
Hp AGRFRGEEN. FITEN. BEREE, X/NFEE D S RFRBER. 8K 0 BRRTT L
Ho B,
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(4) TanCorp60-Raw %k £ (http://www.searchforum.org.cn/tansongbo/software.htm): JLIS SE T I 25, sk
ANA S ERE 12 4 —H 5. 60 2285, 3Tt 14 150 4 SCAR. Gk e ik /0 8 RE i 20 A A il
PR E P AEA I GV 1 0=1.05>1, 5] G K 9 2R FE A Dy S2 30 1R U A AR P9 28 vh 23 I BE AL #% 200 4%
FEASL 400 £ FEAAE 2 M.

EAN TSR RS BER R Affinity Propagation ST7EPSIX SCACHERT S AP SLIEA T 22 1 P WS4 4
B AT IR IS I 8 v 3 i v SRS P A S g S ) % R 1 2 R AT 18 Bl 2 e

BHNE VAR b5 R E 05200 33 2 1 SR MO bR 2 R A0 IR 0 R DR SR I R ) ik g v A
TS Sy LA FEREAKL ny, WG AR IR R 7R Ky

1 &np, oy
E(S,) =f@§n—rlogr‘-r (25)
FLop E(Sy) M AR 98,0 4 R HE (0 SRR 2R E, ny AR S, RS | R MR AR B U SR 2 4 SR 1 E R SOk BT AT R
Y8 1 5 AR A BOINABLT 2:

k

Entropy = Z% E(S,) (26)

r=1

For E(Se) A RR S0 A A B R AR S BN, S RRAE Ak R SR IR AE R B — AN I SRR R AR
rh R B B 2R AS IR (R OLJRAE AN, 1 B 2R S R
33 KWHERAH

SEE HLIR T AR SR B ek e PR 25 1SD(improved semantic distance) 4% FH 25 Edit(edit distance) T
AN A )R A T SR G (R PR B ST 10 RREE BT ALAE 5 AR AR 0 RISk B St 25 B LR 2,3+ Edit,Edit/
LDIS,Edit/NDIS_I F1 Edit/NDIS_I1 43 5l &/ 6 S gm B iE & LT RKET MmEE s . LTI KE NDIS_I
A LA NDIS_I A& T M 4B R 85 B T ISD £R-G 25 S8 A) 7 2 1A)JE X 544 A1 50T o8 S b (1% 22 T R 2 e o 1A
AL 1R /N SR 7 T 2K 45 R R B0 G 5 SCHE SCAS P 25 (B ) 7 T WA L. ISD L ¥ B B G 1 UK JE DT ik &
KT A5 B R, 50 70 18 SO RV ERUEL R T TR A S5 M I B VE R 45 B 50 1 1 AR I 43 D DU R S 3 v )
206 A8, AU 40 R :4=0.04, ,=0.27, 9,=0.05,7,=0.54,7,=0.09,0=0.01.1SD_ 11 &2 ¥t % & 1) — P st 15 vt , 2 H0 i
B A=0,1=0,,=0,1=0,7,=0, 6=1,3X P 1 L. K % 5& SCA b () 3l SCAR], 2006 T SC A 2 T8] 22 531 1SD_I(1)/LDIS,
ISD_I(11)/NDIS_I F1 ISD_I(I1)/NDIS_I 43 5l & 7~ 55 T~ A K A8 §17 1) e v SCRE B, e T3] R AC B2 NDIS_I Fial &
K5 NDIS_IH 7851 ) ok v XHE 2.

Table 2  Clustering entropy comparison
F 2 TILHRERIRTERE LR

Data Edit Edit/ Edit/ Edit/ ISD_I/ | ISD_l/ | ISD_I/ | ISD_1/ | I1SD_Il/ | 1SD_II/
LDIS |NDIS_I [NDIS II| LDIS | NDIS_| [NDIS Il | LDIS | NDIS_ | | NDIS_II
Comment 339713 | .322022 .249995 .258674
a=0.71,<1 + + / / + / / + / /
P R)K=24 | .0234455 | .0244534 .0218901 .0225912
SMS .565637 | .556349 441248 442597
«=0.86,<1 + + / / + / / + / /
-3 H)K:=27.7 |.0145590 | .0123944 .0136696 .0124655
AK .810145 | .756264 | .71417 | .727619 | .619925 | .620711 | .604157 | .627691 | .625863 | .611244
a=1.07,>1 + + + + + + + + + +
¥ H)K:=6.38 | .032444 | .029680 | .03767 | .036779 |.0423806 |.0424544 | .0445348 | .0431302 | .0457003 | .0423936
ADK 707030 | .650199 | .61964 | .626530 | .569507 | .555950 | .556869 | .565615 | .556180 | .555222
a=1.05,>1 + + + + + + + + + +
¥ R)K=7.32 |.0263162 | .026593 | .02956 | .030322 |.0283713 |.0284528 |.0294188 | .0353589 | .0293197 | .0296977
TanCorp60-Raw | .885703 | .715268 |.756296 | .657141 | .411847 | .459219 | .407863 | .406041 | .452665 | .403785
a=1.05,>1 + + + + + + + + + +
¥R K=45.6 | .018970 | .024734 |.025581 | .033997 | .032498 | .027552 | .032698 | .027629 | .027511 | .030853
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PSR BG &5 BLAT 4

T AR SCHE H A et T SRR B R L g e R L, R I T AR — A B, L A T AR R IR T AR
TIPERENSD | LG ISD_ I S0vEVE R SEAR, B2 Al 1SD_ | MY [ I 2% 8 7 i) DA B 5 Mg A L, T 1SD I 28 g
o2 s R .

FLUR Xt T AR SCHRE ) A AL R 0, T ) 3 I B AT B B A TR T L T SR K B AE T X Fa<l 11
SCAR, AR PE R0 KA BE 2R OC R B UM 25 — AN L9 R B0 28 A — Ak b FE L) F ,NDIS_ILNDIS_II
RUE PR B REAYRT LDIS BEALAGAY, mf DA B2 R SCAS 1R DU K P8 AR 1) 3 K 0k SO AR P g iR A7 468 51 IR b ot
I % T LDIS,NDIS_I #1 NDIS_Il 4 §i PERe— B e & h RIEE T LDIS PERE, AP F1 AR LA IH. M o>l
I, S AR K S 4] A B 2 1 OC &R NDIS_II>NDIS_I>LDIS, B, i FH ] 2 4 8 %o B 2 1k AT A 2 48 TR H 3¢
KNGS

[ AR L3R T SRR M B 24 B, i 3 Fios b 7 10 AhBE e 5 AN LS. T
Edit/NDIS_I F1 Edit/NDIS_II,1SD_I/NDIS_I F1 1SD_I/NDIS_II,1ISD_II/NDIS_I 1 1SD_II/NDIS_Il F & )3 —4b i)
T Bk LA B 43 BEAS[R] T v S ) TR) B AT — B0rk, o 771 44 m ]  R), R AT 22 1) T Edit,Edit/LDIS, Edit/NDIS_I,
ISD_I/LDIS,ISD_I/NDIS_I,ISD_II/LDIS,ISD_II/NDIS_I {1k g W H o] LAE Y, b S A i R B2 v T4
SHL PR 2 B R 3K L T T A BT ) AR % B 0 M 50 DR b B AR ) L 2 SR e ) N 3
% A 20 o g B B B & Lk, in Edit, Edit/NDIS_| R Edit/NDIS_ 48, LU 56 19 A S I 35k AH 7E s
42 S SR AR AT 1 I FH 32 35 f80) a9 28 DF 18 40 AT 2, BT LB AL A B K 0 1 8 AR w] LS R ISD_I/NDIS_|
F1 1SD_I/NDIS_I1,ISD_II/NDIS_I 1 ISD_H/NDIS_I &5 ek R SCoF 5 7 v 2% 18 380 oS0 adb 50925305 SR 16 1 A ) 42
T A XA IR R 3 56 6 VR T (0 W B o — e R LR T2 1.

TRV T YR HT T3 5005 R 1k B 3k — D S0 8 P SO A R B I B HEAT T BO A1) oo R g 4
2 f145 Damerau-Levenshtein #1528, A 4w 4R 25 9)2) JL T Bag-of-word S R A Y ik B 2 5RO Ep
FH 1 2 25 R ASE 20 9 o R SCAS F S 3a A FH S 4D S8 2 D00 2 #87 F: Jod SC AR [ AFBLBE, £ 4% Canberra i 29 Minkowski
P %9 (p=0.5). Chi square . Manhattan i %5, cosine 5. WKCHE B9 5058 45 B 4 Bk, AP el LLE
S REAE SRR B ARRE —B0rE, A, SOl SR T BE AR T TR LA

1200000 HEComment BSMS HAK BADK HETanCorp60 4 HEComment BSMS EAK BADK HETanCorp60
2
400000 T 1
0% 0

= 2 - e - o gSgeceszsEO T T2 =
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Fig.3 Comparison of CPU computation time (ms)  Fig.4 Clustering entropy comparison of performance
K3 83k CPU tHEIN H) EL A (= 4) K4 S RE SR RME LLEL

A, % 3 WANFRE R B A BT T Sk PERE. AR 5230 FH VR B AR SRVR AN (W] AH A T A 2 A [ o8 SCPE
(19 A5 00 SR B VB SC PN 5 (1 B U 52 B0 10 P R H%F A 808 B o A A6k 52 1 3 T 9 BB, DAL TG 5% SEE I 2 P AT i 5
DAL, T A1 223 T XA B T T A 4L 5236 43 4. 4% 3 o1 Beitzel BHYE X 2 139% 35 [ A -+ I 4% 76 4 A 1) [ 2 13 /)
BF 23 AT 5 R IR, P 285 L e 52 T P 300 ) A T T P % B A8 43 ) A2 W4 (shopping) 13%. 4% 5 (entertainment) 13% .
{448 (porn)10%- T4 A (computing)9%.  #F 572 > (research & learn)9%. fi& F(health)5%. &1 5%-. ik
(games)5%. %K JiE(home)5%. 1K & (sports)3%. A~ A £ it &l (personal finance)3%. fi [ (holidays)1% LA & HAlh.
23 43 B S 50 T VR 1 RHIE R Y SE IR VE R A 7 5 T R I 4 P B B Al L T — B R b
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VEHIA SO TT iR A T REIE T 19 4% 05 W 3 35t

Table 3 Semantic analysis of corpus
F 3 BRMETE SURF AT

i X F 45 LB (%) i EHE
Shopping 13 Comment
Entertainment 13 Comment, TanCorp60-Raw
Porn 10 -
Computing 9 RAE5E SMS
Research & learn 9 863 ik}
Health 5 Jif5 4 SMS
Travel 5 FE5E SMS
Games 5 Comment
Home 5 Fifs 4k SMS
Sports 3 FifE4E SMS
Personal finance 3 %15 4 SMS, TanCorp60-Raw
Holidays 1 Fif5 4 SMS
US sites 3 -
Other 16 -
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