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Abstract  Web service discovery is a significant and nontrivial task in the domain of Web service
computing. With the rapid growth in the number of Web services on the Internet, e. g., an
increasing number of enterprises tend to make public their software and other resources in the
form of services within and outside the organizations, locating exactly the desired Web services is
becoming increasingly hard for users. It has been shown that clustering Web services according to
their functionalities is an efficient way to facilitate Web services discovery as well as services
management. The clustering results can help us better understanding the more fine-granted
categorically functional features of Web services, and meanwhile significantly reduce the searching
space and retrieval time with respect to a given user query. Existing methods on this topic mainly
focus on mining the semantic functional information of Web services, etc., adopting LDA to
firstly elicit the functional semantics of Web services and then clustering Web services according
to their topic distributions based on some clustering methods such as K-means. However, the
natural description documents of Web services generally contain limit number of words. It is hard

for most existing LDA-based methods to model short text documents, which may seriously degrade
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the Web service clustering accuracy. To narrow such negative effect, this paper aims to mitigate
the data sparse issue by mining and leveraging some types of auxiliary information that is helpful
to the service clustering problem. After a careful exploration of the Web service multi-relational
network that is naturally established from users’ frequent behaviors (e. g. , invoking and annotating)
of using Web services, we found that the composition relationships between Web services and the
annotation relationships between Web services sharing identical tags could be used to improve the
semantics extraction and service clustering processes, 1. e. , services with annotation relationships
tend to share similar functional semantics, whereas services with composition relationships should
follow dissimilar latent topic distributions. Based on these observations, we first propose a
multi-relational probabilistic topic model, MR-LDA, to simultaneously model the composition
relationships as well as the annotation relationships, where services with either composition or
annotation relationship will exert an impact on each other during the topic sampling process for
each word. Based on the topic model, we further propose an efficient Web service clustering
algorithm, MR-LDA +, to firstly revise the obtained topic distribution probabilities of Web
services such that above two kinds of relationships information can be explicitly encoded, and
then based on it performs the Web services clustering. We extensively evaluate the proposed topic
model and clustering approach on a real world dataset crawled from ProgrammableWeb. The
experimental comparisons demonstrate that our approach significantly outperforms other state-
of-the-art Web services clustering methods. In addition, we also design experiments to verify if
the used auxiliary information can help to extract more accurate semantics by conducting service
classification and vector visualization tasks based on the Support Vector Machine and t-SNE

algorithms, respectively, and both the classification performance and vector visualization results

demonstrate the positive impact of the introduced auxiliary relationships information.
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|API: MasterCourses ai ]

‘Food Grocery  French Advertising  Products +/]</~Q_,\ ‘

The MasterCourses REST API is designed for developers who want to access hyper-localized
grocery & recipes data. The MasterCourses API currently supports the French grocery
retailers Auchan, Leclerc, Carrefour, Monoprix, and Casino. Some example API methods
include retrieving product information, listing products by location, and listing stores by
location. MasterCourses provides product and store information for hyper-local advertising
and shopping for retailers and brands. IR SCRY

[Category: Grocery ¥
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BREAM Web IR 55 B & 3288073 A AU RE &E/0s o i H.
A ILTARTE R R Web IR 55 B & 58000 A A8 0L 32
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FEW THEAMERNA. TR E. R LR
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4.1 MR-LDA EX?I{@EE{ _ ‘ S[;(MRI)* Ez( e 5)
MR-LDA #7411 [ 4 B 7%, {8 58 0 25 1 & Gl /=
BABC N T Web IR 5 48 3R SCH% 9 B 4 1730 50H C(MR2)— ) )
N @ B—AKBEN T W, %5 Web Bz % # \A/\pu
RS D, IR T 8 — AR . @
CMREH N b R I A@ ’@

) — DRI, v, T 00, 43 B Z0 T bR T AR O
RAEN G B b X SO D, 865 ¢ M IRE A 5 A &
T AR A b 0 Y 52 e AR T AT ORI R
IR & MR R

PW,z,0,0laB:A,p) =

T
(0 )

H(F(Nﬁ)]—[ p14n ) (3

@Y
D
anljl
h=1

n,,. E Npjis N

n,;; :#{ :D)=w vz =7)
Hrp Iy Gamma BR80T R 5kS5 0 BA
A KR MG 5 (C) ML AR 56 R A IR 55 46
CAD IR S 15 21045 A F R (01, ) it
TR 5 . K T A O8I R AR T WA D A
MR-LDA #2533 R 513 B 5 R S50 0.9 L)
Koz, FVEAN M AR BT FE NG 1 BT R . o ¢ Fil ¢
R Web IR HG KR E Web IR 55 M= bR 11
I Z 0 224 AR SCRY Y TR o, i N R R TR oL B A
il & MR-LDA SR 55 56 2 50, T F i B .
il Web JIR 55 il i SCRY DL KA g 4 1) Web IR 55
ZELZMGE RN, 0.0 DL K z SFR&
AR AT DL 3E i Gibbs £ 7 35 Al 3T ORDT L H
o Web 245 22 5 56 28 W 2% 35 T AR SC B {6 P A 500
e A SRR B IR 55 A 2 A U X
W2k e 2 2530 RN BT Z B bR E R R, T34, Bt
A~ Mashup B & H £ 4 Web IR % T4 — P IR 55
22 [FH X 7 P 4 i — 2k il ROR BN Z I B A
HHREFR. Web IR 55 £ &£ & H%ﬁ%%ﬁ?&ﬁﬂﬂ
2 PR, BRI G B b s T — SR HURBER B
SRV AN W b 2% T T i IR S ,Eiﬁl{liﬁﬁ ) &
2 A AR AR A . R R Web ik
55 4t 32 SCRY rh IR I A SR 0] G = (4D B
P(zi=j1ALChrasBrpsdsz )<
g o +a

nj':,JrN,B vmﬁ? +Ta

Hrp

Xexp(z(MR2) —¢(MR1))
4

1Dl

D

o

B 4 MR-LDA T 15im

Bk 1. MR-LDA 8 A4E ad Fe.

HA s Web [l 55 4 ik SCRI £ & D, Web IR 55 241 & At
EARTER R M2

itk 0.9 LKz SRS S8

procedure begin:

1. for each j=1:T do

2. H 4 Dirichlet 434 Dirichlet (8) i 158 %] i 3= Ml
Ly — A Z TR S5 1 B @l 8~ Dirichler(@)

3. end for

4, for each D, €D do

5. # 4% Dirichlet 437 Dirichlet(B) fh #1583 i 3=
i —AZ2ui 5 A6 & 0| a~ Dirichlet(a) ;

6. for each w; € D, do

7. P TR 53 A5 AR e i @ T R i R T AR — A

FEBZ, | 0~Multinomial () ;

8. WE Z, = j e s 28— s
w; | Z; ~Multinomial(Z,)
9. HT Web IR 55 2 H & R M %, K 2 53X D,
HFHERRZWIH Web It 55 C,
10. for each cdz cC, do
FRAH (5 ZI T — A 8, ~¢(Z; .0
11. end for

12. HT Web IR 55 2 B % R M 4. K3 5 XA
AR R RMITE Web k55 A,

13. for each ad/,', €A, do

14, AR =X (6O 2 — A~ 7. ~o(Zi )
15. end for

16.  end for

17. end for

end procedure
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R824 TOT 0 40 17412
[TE-SUPEE 3 65307
Web iz 55 0 4 16013
w2 T ASEL 1399
PRk KRB 52894
Web IR %5 4 & % 2 5L 12413
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5404 LDA H Lt . MR-LDA 52 R (%) 55 357 il
MEIAT Web Il 55 B INER 1 B 2N (D P FRoR
M exp(r(MR2) — ¢(MR1)), Hitp ¢ (MR2) &AL T
5 MR ZRISs D, BA AR R IR 55 % D,
() 7 AR 2 5 A 32 8 0 4l R A 3R n 19 R
M, (MR FRAE T 5 Y4705k 55 D, BA 45K
RS Dy ¢ AT RS 5 A 35 R il R A
R it i 5 . B X B 0] LLUE T Web i 55
ZiRfE R B E R B R AL SRR D
Web fii 45 32 A2 LA #2000 . T LA 4 A R R IR
55 A M 22K X TR — IR Web IR %
$Hi3R SCR Dy € Doy Rl o) 43 BIHE 5 T 1 i w0, 4
A TR G BUBCR SCRS D AR A A A R
BOH 0 2 Fom AN T8 i3RI R o FoR
B4 D rh A WHE B s = SRR R Y AT LAY
F R i G b AR Y AR R R S AR S (D)
AT Web AR 55 18R SRS Y a2 32 R
v, +a
(=7 FRCH DR FH 5 A BB SR
(18 = R 43 A 1] 2 R0 Rk 22 11 3 R0 RE 236 43 A 4 4 ) T
R H O X (O HHFAGH

p(zi=j)ocC D

Dy =13 8

Z(Dy) 1;‘0(.1)'1)+Taf (8)
D T vjl’h>+a LL

iRy @

BT BRI R n] 153 2] Web ik 55 il id SCHS
(9 2R 23 A ) B FAR SE R LDA JE URE BUAH L
MR-LDA Rl Zrad #2 . Web iR 55 30K 2 6] A
HARA ST B A Web i 55 4 b SCR ¥ B AT WU B
1o B Web I 55 il i SCHS 9 A B LA & Web iz 55
Z I T2 A SR AR SR O AT B S 1k R 45
HHRR T A 23 3 L SR A TR R )= A S
TS, T A J2 RS L 4 B 2 LA AT L ST
S o S AN Ty A AR R R L B A Web IR
5 B DI BE TR SCAR ERT LU A2 T i 47 4
(4 SCAS i 3R 45 31 L L m] AR U A T BT 7E 1 Web
e 55 190 245 41 4 b 46 ¥ ik B He 2 AN (LT bR i 56 2 5
¥ CHG KRR M o5 1 D RETE SCA5 B HED 15 2. 2%
T MR-LDA #81, B A 4 556 & Web it 55 B &
WL A AR ABLBE 5/ T 3 2 AR 25 1) Web il 55 e &
RO A B I ARV @ A Web IR 55 il i SCRY ) 32

AR Z =k ke B b JE T J2 A Y
1) Web Ik 55 B HE D B IRSJE TR &K
A HEAS L B 5 H R T R — A 8 Web iz 55 9%
BH—2 AFE A Web RS IIAES B, T
¥R Z R0 48 b - DA 6] £ BE LG A8 40 A 2 T 4
SCHTHRE 9 MR-LDA 3= 85 B 5 % 4 3= 0 7Y 1)
Web 55 AHOR.

BRIk 3 A MR-LDA Il 25 2+ 2 vp a2
MWHET Web IR Z MM EZEXRAHT Web
IR 55 4t 3% ST 1 o 3 3 A o AR X AR SR SR
19 16013 4~ Web 55 4740 1H 5 Web iz 55 434 3¢
AL 42 AN, T B2 58 5 w0 I gk
A% K 43 3 AR 7Y TG 3 AR G b X SCA HE AT A
BT AT RE S R Web IR 45 B2 B9 BCR. X 2 H
s 8% MR-LDA B8 I 25 i 72 v E [ B XF Web
1R 55 Dy 58 SCAAE B R H6 FM S50 05 B HEAT T G b 5
MR R I BE T SCA L I A A 5 Al A7 I 25 7T g <5 A
Sk YR A B 5 1) L ) SR R TR L L AR SOk
REK Web i 55 M 2% 4 b 2540 15 B B X b /E T T
S NS N TB7 e 2/ -l e S i N ] s
5RO BRI R ROR . AR SO MU i 4
MR-LDA . T ¥ 3410 410 2 RS Web ik
%5 W4 25K 15 B (I Web IR 55416 % R L= hR i
RFOMFE BB RERE.

4.2 Web fREEEE L MR- LDA+

it Web i 516 KL FER R A D= {d . d.,
dyssdip by | DI IR Web 55 iR XY %0H . £
BB GAF RN FBEGRR N Z=(K, Ky,
Ko} o BSOS 2 R Z L — R0 1
Z' =k ky skl WA ASTE R ) Web fil 55 3¢
B4 = 43 A ) AT R OR R 4R TR L G =
(D, Z)={Z",7",7% ., Z'"" V. & 5 i NEA

Web iR 4543k SRS 3= R 43 A ) TR

K, K, K, K,

d, 0.21 0.45 0.10 0.05
d, 0.15 0.20 0.008 0.23
d, 0.13 0.04 0.16 0.14
d, 0.35 0.05 0.34 0.24
0.12 0.35 0.26 0.01

dpy 0.48 0.14 0.14 0.08

5 TR Web iz 55 1 34 SCRY (4 32 Ao A rw) AR [
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HRHE Web Il 55 SCHS 3 8043 1 ) it (B 26) 4H B
G B N ] LR i R4S Web il 55 2 15
J& TR 3 B R 32 A L b B S S e 0 D LG AN 4
WICH dJ& T R K, /2. 36 32 R AL Y
Web 45 I, Jg T A — A~ 8 Web ik 55 )&
TR -2 BEFHERTTLUERRA ESC={EC,,
EC, .+ ECy), Horpr T 3278 32 BB AL 5 1y 32 A~
B BT B3O Web iR 55 2 0] 2 5 56 R 1430, W0
REBEFKLBP R RMEBAAELAS KRN Web i
55 15 R BN [FI 20 i A7 AE L2 hR 1T 2 R A Web IR
55 AR —2 A R A T35 Web s R2EM
HERR R, JE T AR SO Web IRSF 404 % R ML= hR 1
KAMIHT N Web Il 55 W 25 31 Fh 254 1) £ B2 10 &
TR AT R 0 R A

Q=Max(Sup(MRD) +Sup(MR2))  (10)

Hrp
Comp (C;,C; )
Sup(MR1) = — (1D
“p (;I_EZEDSF ¢ ;5(; count(MR1)
Anno (C;)
Sup(MR2)= > 02 ()

¢ ersc count(MR2)

Q RECK Web IR 55 #Fh 45 i 5 B AE R KGR b
BIFE AT T R4k, Sup (MR1) & B 45 5 h Web
k55 Z EHERRB LR KRR BRGIRPAA
HEKRMN Web Iz 55 8 & 2 A 18] 28 51 19 e 4]
count (MRD) 7R Bdl b Web IR 55 Z [A] 41 & 19 &
WH Comp(C . C; HFRREER CHig Web Ik 555
RIEC GADPTH Web 55 FE7E 414G 5 R0 M
. Sup(MR2) JE R4 R b Web JIlr 55 Z [a] 3L 2 45
R R S HF AR count (MR2) FRos Fidls & b Web
i 55 Z 18] M AR 2 1Y SR B Anno (C) R B2 C
o Web Iz 55 2Z 18] 4t 22 bR 25 19 S 8L i ek %0
B R U] Web IR 55 Z R 2 H X RER KL B
R R AE T BOR . A SO X T SRk TR
DI R B Web REHR S Q HZ B W&
PO FR . G T A SO AR B B i S e e W] R
TAHEGE N LDA 32 A R 3 47 5 28 HoA 4k ok %08
Q(LDA)=1.4273,3:F MR-LDA I A 35 47 B
FHAAL R EE Q(MR-LDA) =1.5953. J T ffi Q
KB I AEAL o [F] i TR — R Web ik 55
IRetE SUE B AT REAH LI — 25 F i HLAR ) — il
FIH Web iz 45 Z [ ) 2 5 5¢ R X Web flz 45 &8
Gy A RESEHEAT B T 1Y J7 ik s B S it i AR Nk 2
Fi 7.

EE 2019 4
Bk 2. AEA IR SORE 32 R
IR .

B Web Hiz 45 SCRY 32 88 43 A 1t & (B %O [ G=
(D,Z) Web It 55 Z T 5 R M % I 5 56 B GO
WG R G

B < B TE 5 R 3 A i i (RO B G= (D, 2)

start:

repeat:
1. for K.€Z, i=1,2,-,T do
2 for djGDﬂfluster(d]):K,,j:1,2,--',‘D‘ do
3. Collection(K;) <—d;
4 end for
5 Count(K;) < Size(Collection(K;))
6 for d; €Collection(K;) s j=1,2,++,Count(K;) do
) Xa—MC X
7. b exp< TCount(d, )Cm::n (1[\;1’()()unt(d, ) /)> >
Gld, . K,
8. G'{d; . K;)<p;,
9. end for
10, Xt G4 — 47 HuATIH— L4 1E
11. G=<G’
12. end for
until

G= (D, Z) WS kARG

end

SR 2 TR MR B 258 i Web filk
55 SCRY F U A 0 A AR I HEAT G = (D, 2) s {UE
1E. SR TE FE A AR M s T A B0 e
WG 4E . 5 2 47 cluster(d,)) =K, £ R X d, T &
i R (RO K5 KoL 5 2 31 4 478 R T 25
K. i) Web IRE A BIZEHEE S Collection(K,) H.
%5 1715 Collection (K;) Hf B Web AR % %t H
Count (K;). %5 6 3| 8 {7 % & T Web 55 & K&K
HILRERRE R R R R d B T K R
D AT HER R AR AF AL G R B G e A
H TCount (d;) 3z Collection(KH) W5 d;, B
AR R R Web It 55 B i . MCount (d;) 7R
Collection(K)W Y d, B HHEG R EZK Web IR 55 %
LS H a b o3 TR L AR O R A S
KA MIRE R I B A7 0 AR g AT SR iy = S AL
NG HEA RS 5 R AR b 2 A ik ss A L
T 56 28 I DU [ 4 5 LR T 3% 28 0l i A AL A
B AR S5 5 T AE 9 28 50 vh 24> ik 55 oA 41
A G ZR I, DU e 1) 355 HC R T 2R 0 A L 2R 10
10T T RO 58 I AT H — AL 48 A L 0 AR B> Web
MR 45 1 R R 22 F o 1. 9% S BB IE R A
RS B Tter X T D|* Jort Trer RoRGE
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A KL SE I Web IR 95 ERMERMIEIEZ )G .
BT X SR K Web iR 55 F AT 25 T, A X
Bt T 2 S R 2 A 5 AR R R IR T 4R
MRl 2 HRX RS EBERN Web it g5 BRI H %
A .

5 LRI

5.1 HIE&ERER

Ik ZE 2016 4£ 10 H , F {1 Programmable-
Web 4 FRELUT 6208 4~ Mashup IR%5,12920 4~
API iR % ,13613 ¥k Mashup 1A API IR &R, LI KX
HE M B E B bR 4. 1ah, i Tz 8 4 1R
Z 4% Mashup ¥ 1 (#9 APT JC k48 APT %4 1 o 4%
B, B IHR e R B s 4R 5 0 b — 1> Web IR 55 % is
HEGZEE R 2013 M\ ProgrammableWeb | €
W, 5 T2 N F M 55 i 7201 R0 A 25 4 7 5 AT
SO MAT T A AR TR AR SR TS R
e 3 s, TEHC Bods b 240 2 384 > Ty R 4 ek
K- A S B 33, 73 A APTs, [A] I 4 A
FH A B APT s il AN 1 57 A SCHE LA %
APT il 55 f: 22 W1 20 A0 52 00 54 45 e
6916 > APT IR S5, 3 4 Fron i 20 2850 DL & H
5 1) APT .

£33 Web REHEFEEEXKITER

ELiedt iGs
APT 16012
Mashup B 51 7816
Mashup i F APT ) SR 16449
SE- #4145 Mashup ¥ 7] API (9% H 2.1
A APT AL bR 25 5L 3.6
RS APT H 3R SO AL i) IE 4 H 44
APT I g S50 2 7 %4 384
T 35 B A GO AL E Y APT 8 33.73

F 4 Top-20 %5 % API R M4 fiE R

e APT % & B3l APT $ it
Tools 961 Telephone 368
Financial 713 Science 366
Social 604 Search 319
Enterprise 539 Video 300
Messaging 483 Internet 292
Mapping 446 Advertising 288
eCommerce 435 Travel 286
Government 401 Email 285
Reference 384 Security 271
Payments 374 Photos 270

5.2 REFMIER
B RISCHRL 2 1B X 2R 2 1] RUR BORY A 5 12
AL AR SCR T DU b B s o X T 4 H 1) 07 12 kAT

PEAL 4 B 2 UE B 2R (Precision) 43 1] &R (Recall) .
A FE (Purity) FIE (Entropy) . % Top-M 4~ IR %
P bR Web ik 55 73 28 78 3 RSC={RC, .
RC, -+ RCy |+ AT LA LS B4 4 b 4R . 55 36 1
BRGRF RN ESC ={EC,,EC,, -, EC,}.
Precision Fll Recall W5 AN (13) f=(14) ff 7 .

Recall(EC,) = | EC.ORC,| (13)
eca : 'RC,|
o | EC. N RC; |
Precision(EC,) =———7—"— (14)
| EC, |

o, | EC, | #73 EC, i Web I 5 H . | RC,|
FORFEIRC ) Web IR%5 % H. | EC,NRC | R
ER RIS Web 55 %0H .
% i N ECHY Purity FIR K55 L)Y Purity
() RE AN (15) 1z (16) fIF R
max | EC, ) RC, |
Purity(EC,) =—

1< <M (15)
|EC, | /

TK ‘EC, ‘
s

Hrfr,S 378 RSC h Web IR % 11 3%k, TK Rk
JEM) Top k(1=k="V) S5 T FKEHM. KL, EC,
1) Entropy PRI G LM Entropy 1% X 40
KA A) PR -

Entropy(EC;) =

M |EC,NRC, |
2 e

j=1

Purity(ESC) =

X Purity(EC;) (16)

| EC;N RC, |
| EC, |

X log, (17)

Entroj)y(ESC):Z‘ |

X} 5 5500 1 A — A~ Web B 55 J8 5 R A5 5L #04r
Wit8 Recall. Precision, Purity 1 Entropy , 3R )5
Xof i A 2 ) SR A5 AR IR PE 48 bR 17 44

HW L FSCHERL 20 26 0L, 2 T M 45 AR 4 1) 2
7 s FATTR FH — B a8 0 3 28 B Cn it FH R SRR
HHFI ML A VAN A SCHE IR AR
I & M Micro-F1 #l Macro-F1 137075 i & 45 45,
HEAMARR A e Xl

X Entropy(EC;) (18)

M
>2TP!
Micro-F1 = — — (19)
D2 TP +FP'+FN")
i=1

1 < 2TP"
Macro-F1= o : : _ (20)
e M Z (2TP'+FP' +FN")
et TP FP I FN' 43 5 32 7% 5 26 45 3 b %4 1
550 ARG 20 Rk BB A 0E 19 1 BE AR B True

Positive) , Tl by 1F ) 11 £ A< £ (False Positive) fll
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0 A B 1 B kR 2S¢ (False Negative). Micro-F1
M Macro-F 1 1543 55 22 W IR 55 43 S 850 R i dig-
5.3 HiER®

AR 6 P iR AE R SR R GE kAT DA A0 X
Fer#r s e A 4 an r

(1) TFIDF-K"". % J5 ¥ % I K-mean 5. 3% X}
HZ 45 EAT I 2. o Web I 45 1R SCRS 26 R il K
BES N — 4 ) it ) S o 9 B 0 2 BUE R X N
)Y P D) A 35 SO RS A (TF-IDF). 2R 5 56 F Web
R 55 By 1) 45 e 7Rl K-means B35 647K 26 5

(2) LDASY, JEF LDA £ R AT R B
ST LDA $EL Web Al 55 1 D 6815 U5 B IF
TRHE K B Sy T g 32 ) it 64T 2. R G X ) it
() 2 RRE R HEAT HE )y B AR 55 B T 3 R R e R
(2 ). AR TR 32 8 Web iR 45 9 R — 2K, 5 A&
SCHEH Y MR-LDA Jy ik 4 e - LDA U4 Web iz 55
(1 SCAS i B HEAT B R 1R Web IR S # 4D 4514 2
[AIiREER

(3) WT-LDA"™, 3t F —Fh 3 3% (1) Caugmented)
LDA F AT Web IR 55 5. 5§ LDA F i
TR A 2 A R A G ao 8 o (] 2% 1 T i 3R S
YRR 55 b5 2 4505 B HO 5 Web IR 55 348 SOk
—FE IR S5 BIARZE 5 B nT DU T o s IR 45 i Th ik £
B A 2T RIS Y LDA 5, 5 A IR 55 R
i MR 25 dp R ) 2 A ) — R A R S5 o — 2%

(4) LDA-K™, % 7 B: 2R ] K-mean 575 %} IR
S AT RIS BRI LDA B8 IRk 55 s iUk 4E
M, 2K )5 35T K-means XX e mE 78K 5
IR AR Je K 32 R AR AT SR 2R LDA Jr ik AH
Ll » 32 7730 B 3 T 43 A [ e A PR AR R 5

(5) MR-LDA. ZASCHr i 19 75 2. 5T MR-LDA
F2 RIS I S AN 45 45 7 A J2 TR I Web IR
S5 T RE T SUE B B IS5 TR T R S B R
. MR BB Web R B3 — 42,

(6) MR-LDA+. ASCHr#& 0 5 . B e 5T
MR-LDA /8 5 7 32 Bt Web JI? 45 (9 2 RE 18 X {5
HLOREET Web IR ZMIMA G KRR HILZARTE
K FONF SCAY 2 R ME O BE E AT 8 IE. 5 MR-LDA
FL, i 5 B A AR S SR M R B R 28, A )
B Web il 55 85 —25. 5 MR-LDA 77 A0 1
MR-LDA+ 6 Web I 45 s 45 5 45 ¥ 15 B AE
T Web M55 R0t .

ALY 1) 8 2 B0 AR ME A T 6 AS [R] Y )

AT REBE B AR A SOR BN R iy B i 7 Ok B R
KBRS S h T 900 R I & Web IR 55
R Z HYHT 20 2850 T PPA6 B 4 i i, S B
FRBEE R FRA L 20(T=20), {158 — &
R AL 1 X6F 07— Al 55 035 28 ) Can B4 IR 55 T T
FRAME R BRI R . X T B EAE, e 2
oo 1R AT BEE N 2.0 A1 0. 191 MR-LDA ##
BRI B S5 e MU 23 BB 3. 0. B8k 2 h &
T 30 MR AE T 10 3 AR IR B B 8 2 50 (Trer =50).
WA AR SC EIE R S8 o F10 #1717 2R
SR LA RO 5 S 4 SR A A Y UL

WA B BE T B 1 IR 55 4 28 0T R FRATT R
FHZAE R (Linear) 3Z4F ] & HL (SVMD 1Ry 73 2K 4
T sklearn.svm.SVC T Bz ¥, 286 &, FATH IR
55 WA ZE ) 2t VE by i AR AIE (Feature) F13) fE 28 S
Vi by ok B RFAE AR 25 (LabeD I 45— N IR 5543 25 4%
SR J5 T 43 A W0 560 TE A A v iR 55 1 D) R
SIE 5 B B LR AT AL L p 00 B AL R B
(4 B 55 A J I 25 5 (Training set) , 3 43 B4 4 2 T
IREE (Test set) , p B BUAS [RME LAPE AL AN [7] F i 45 408
BN & R T R PR fE.
5.4 LWHR

3 F ProgrammableWeb 45 45, A 95 &5 &4
AT SR IEVE (5. 3 WA 4 M RCR. B X & Fh
BABE B, 4 3 K H Recall, Precision, Purity F
Entropy PR I8 b5 XF 25 R #1479 Al . Hoh Recall,
Precision, Purity # K L & Entropy # /N ) & B
REHOR BT K5 5007 T Web IR 55 Z A1 Y 2 8 3¢
FR LR SEOT R GEIR M. He G A4k 2k
M SVM 3T Web [l 55 ] & Il 2k — > 26 e RS
X Web fIik 55 #E47 DI 68 73 K AVEAl L LU B 32 A A
23 2 b Web IR 55 A 6] {5 8 Cln SCAS £ 8L
Web IR 55 44 $b 25 ¥ 15 & 55O 9 17 2 159 Fr 77 2R 1Y
5.4.1 Web IR 55 REL R

5 s AR J7 B R R IPAL S5 R N
AT LAS a0 T 458

R S5 Web RS Top 20 £FREREER

Methods Recall ~ Precision Purity Entropy Q1H
TFIDF-K 0.0735  0.2692  0.1446  2.8582  0.8424
LDA 0.5206  0.4806  0.5351 1.5755 1.4273
WT-LDA 0.5420  0.4978  0.5368 1.5944  1.4312
LDA-K 0.4695 0.4700 0. 5289 1. 6236 1. 4159
MR-LDA 0.5982  0.5357  0.5864 1.4491 1.5953
MR-LDA+  0.6678  0.6220  0.6357 1.2525 1.7686
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In the past, majority of clustering approaches have been
proposed. Most of these methods focus on the functional-
based clustering techniques by mining the Web service

descriptions only. While the results are somehow unsatisfactory
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due to the quite limit number of words contained in
descriptions, which poses a challenge on traditional machine
learning methods like LDA and its extensions. More efficient
clustering methods are required in today’s big service data
environment.

However, apart from the textual information that is
already being used, we can perform the service clustering
with the aid of Web service network structure, since services
are not independent but frequently linked with other services
by composition relationships and annotation sharing relation-
ships. Sometimes, topological structure information provides
equally important knowledge as the functional textual
information in service clustering task. For example, services
sharing identical tags are most probably coming from the

same or similar functional groups, and composited services

are highly likely to belong to different clusters. Based on
these assumptions, we propose to perform service clustering
by leveraging both service textual and structure information
and propose a novel probabilistic topic model to incorporate
these two types of knowledge.
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