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Web Service QoS Prediction Based on Auxiliary Features
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Abstract: With the rapid growth of Internet and Web service technology, the number of Web services having the same
function is getting more and more. When constructing service-oriented applications, Quality of Service(QoS) as the
non-functional properties of services is attracting more and more attention from users. To recommend high quality
services to users, first we need to predict the quality of services. Now there are many research works on Web service
QoS prediction, but most of these works focus on the optimization of modeling methods, which ignore the impact of
auxiliary features. This paper emphatically analyzes auxiliary features’ impact on QoS prediction such as service
category and user location. To achieve this goal, in this paper designs and builds"up a unified QoS prediction framework
based on Factorization Machines, which can incorporate multiple auxiliary-features easily and conveniently. Combined
with service category and user location, this paper develops a QoS prediction method, which is proved to be
advantageous via experiments on real-life data sets.

Key words: Web services; QoS prediption; auxiliary feature; factorization machines

1 515 BErk 4R, AR5 N B Web RS54 % 5 |4

Web I} 452 AR A IO RE BB AR PN AR BV T RE T R IR 25 BEAT S, DALk My 2 4
K FF R R B 2 W EARE R R, 5 LSRR, PR R T TR W H A T %K.
BT A S L T4 R A, Web RSB RIAN N SR, 24 TF R T R B LA A [ B A ARl A
FER )2 TR RS TR, IR Web RS, e P BLE (1) Web %45 F T-# 2 Web
TS T 45 S U B 5, ARG MR sk SO A T — A

O H4E00H:FE K B AT A HE4(91218302,91318301)
Wi I} 18]:2016-01-26; Y #IME ke 17):2016-03-08  [doi:10.15888/j.cnki.csa.005364]

154 pAHA « 53 Software Technique * Algorithm

@ TEREERREMETT huip://www.c-s-a.org.cn



2016 4F 525 % 4 10

http://www.c-s-a.org.cn

i H LR g N

JIk 4% 5t (Quality of service, QoS)J&—F 41"
AT BRI B PE A 2, LI R ) TT R, 7k
A T TR R Web JRZ AR B vE.
LFTE L QoS J IV 1% b i BT i R 45 £ R T
R R I I S e IR 2 2 — P AR Y2 T
QOS 197 AN BEF ST 2 A1 T th 9 ELRTh L T Web
TRA R RIL. o, M. Bl A5
81 33l 5y ) 1 1 P IS A 36 [ 40 5
iz L, EVEATER ST QoS IRk (1 SR,
BRI, B S Hp 3 N A2 3 2 Bk

1) 0SB 46 B 35 b L 40 T PR R T (1
Web JIR 45 B A3 RET 1, I U REZR T Web JIR4HRt
T 1 A

2) k% B Web Ij 45 S 08 7 40 2 7 L A il T
PV T Web JIR45 K 25 QoS AR 2 iy Il iy
SR £ 3 FE 7 S 2 e R e ARG

3) 1 T 2O M 46 B 358 £ 4 2 S B 10 9 HL
Web 4% 0% 45 I o P FE NI 5 DR 6, PR e A
— P QoS JB M T AL S BRI,

DR, o 7 36 2 R TI 160 IR 45 T 5 FUSR (10 3 A 75
S, BT AR HO T QOS {2 N T R e 1y i K

7] 3 € (Collaborative Filtering, CF)3A & HEHE
RGP T — Bl 27 0, Hok o AR i 5
FE P2 0 173 S8 0 7 3 3 R4 R PR A e P 2 52 4 s (40
JiE), SRS AL AT PO i 458 43 s I BT ¥ 4 S
B PO VR4, BRSCE A CAAE T 2R i
SRRV, — AROK R TT LI B ] o 05 53 T

gl FET N AF IR Vb IR BRI S TR R R i ) o . B

T 1A A 10 2 S R O 4R 70
S o AR 14— 3 30 T ol 0K
PR 1, 2 ST RAZ 53 o B P 16 I A T
0 IR 77V T T P R 3 B
FERAAT U P SR, T3 T4 i 7 22
o SR PP PO A AR A S A . T
FEEIRL 4 D I 0 05— SRR L3827 ) s i 428
D5 R ) — AR, 485 A& A T Bk
TR AP0 b G, 9 P00 0 82 10
3k S LT DU SRR | SR PR A
1%

SEAE R ARG R0 W o B 10
TR 2B SRR By )k W 7 oK AT QoS IR YA

(T, JF LA T A f s 3 sk, 2 i
Ky MR AR — AR AR
7R SIS EHE R T QoS T 2 21 1) Vi .
336 [ 2 20 ) B P 7 PR 9 B 4
R P L, ol AT PR S G, — RS AE
B User, —FlHIE S Service, FEANREALBE Z 4R 1E 115
W, T3 A £ L (L R 9 £ 1 LA
Web 45 (KK T QoS [T Ak ke 5 Wy 4F
PR AR — S X 7 0 g 5 L I £
S HEAT A FE 5 5 T80 (1 5 s TR 4 5 e 5
15 0 160 IS T TR 1, 0T S 42488 30 (0 B 0 9 A g
SR b, T 2

‘Eactorization Machines(FM )P 2 4k 75 2 4 Ak 3
S LA L2 52 0D ) — Pl FH OB, e Bt 75 )
R FE A O R T TUAT 45 (10 46 B0, O HL AT 1R 4 1
FRAEAR R, fEASCh, RA1E) FM ORAR Y QoS T
W0, S ELE S5 HPOE o A A A B (T
BT M F 0 B Weeb IR 26 F2K ) o g 36 P00 L.

MR, ATk

1) ACHET Factorization Machines 57 ¥ 1 -5
LT —AN4i— ) Web % QoS Tillll R 440K, T Akt
Rl JiEH % EHE % NEIE, 754 MR Tl B G
7 QoS Tl >4 v e e 21 ¥4 H .

2) 30 ik LS A S Mt A ML P e A
E L) RS (1250 (C) & S WS Web IR 45 i, 3]
XA BE R SR A YR AE I M B s
PUNT FM-L,FM-C,FM-LC 751, REfbikss QoS Jm itk
TR,

2 AHKITAE

B QoS Ja MEAE Ky Web AR 25 (1) 4E Th R M ok ek
FENE, ITLAE, VFZARHIEET QoS Tl 1) Web
TR 55 47 7 A AR T B, L 3 T ST,
SETHREB TN, FIIET P R R, JLrb iR R gE
FR i T HE ARG T H 2 MG, Shao 5548
HH T (R P R Bk gE SR AE v QoS T i)
A9 Zheng Z5AE LA BRI T TR ORIE T
Yy IR A ) 9 05 0 253G T QoS Tl
IHERAEE. Bt )5, Zheng SN k4 HE Rz ZR b AH O R 0ot
SEARLEE FEA R — P A IG5 1%, ROy R RHEME G R
HOIEASRE DX 43 FEHA A [ AR AL, EE AR 2 ) it A R AN HOA

Software Technique « Algorithm #FEAR « 73 155

© TEREEBIK AT

http:/fwww.c-s-a.org.cn



i H LR g N H

http://www.c-s-a.org.cn

2016 4E 5525 % 45 10 3

AN B0, AR T bty A AU (0 B AR AT 2K 3R
B, 5 L BT AR B AL 5 AR, Wi
SEAE P TR A PRI BE R ) SVD ARRE R U5 i
KHEAT QoS FHIE, F EAAN T H F IR ALk J i
55 (RARACLAIS J A DA TE UL, 30 3ol A ABA &S Jos 70 I 20 it
TR ZTARAE I SCE TRBOR. Btia, Zheng S84 H T 53
Al A B A0 AR R A 24 rh i VR, LR
IRBGE AR RS R 5538 B 1K) QoS Al s B 23 o

JHHEAE DR PR AIR 55 8 A DX A SR B [ Bk ik E,

0 _E FH P RRARLAS e ot I () R B A3 AL, IR R S
B o7 0K A, AR, 2RI L Ty v A AR
Fr— AN R T A7 10 0 el i 0 2 3 T4
FESM @b R vE, e sEaE R A 21 User £ Service
XPMREAE, X T HAR R R FEAS R AN By
SRAT N T — U 1) 4 52 N AR B ket 2223,
Al 1) 2 AL AR GEORHE B QoS T, (R AL i
5 PRI i AN, R T 045040 B (0 A I A
FH, S ) 52 4 A U T S 3 B T
NGNS

Factorization Machines #5754 v 4 [7] i I . KDD
CUP 2012 1 5g BHER A s i R A AT 5%, H A A
TARE RS, AR B R IR R
(10123 S TR ABE U T4 21 iy — s L A il o f At B ] i
JESLELL I MF,SVD++,PITFFPMC, 33X o5 4 453k 5
B AT ABHOE FM (174524, FM BERY B s 7 15 & 4
RS, 02 VAR [ BER L 1IN T HE 2 ) (L 58
HRAR, JFHXTHRIE Z T8 024528 B F K F A FE

OI RN T IORSR AR, XA B A T RFAEAE 2 I I, |

R S, SO R AR 7 VT 30T AR
LA (BRI B, T2 T PR3, A TR ) M
FURUK AR vk Web JI45 QoS Jll il 4, i 3o i Ay
HESK 3 QoS T .

3 HHBVRRIEXTWeb R 45 5 & 11320

Web fil 45 it AN & B — PR 32 e 10, el
B2 2 N EZ R, LM 4eRa . W8Iz
Fi Web IR $2 bR P /et 247 B . Web k%5
Ak, AT RE R B O Web R4S I R S5
Fis, EARSCH, BT FRATT SRR 1 Hah ol
TE A Web 252800 AH P BT (e s EE A7 B, PRt 3k
AT17% & Web JIR 25 288 R0 FH P B b BT 68 T P A4 82

156 #pHHA « 5 Software Technique * Algorithm

ROV AEX T QoS JEPEMILm. fld 1 iR, R
ST 9 2052 9 QOS A8 3ak S 7] 28 5 0 FIR 45 (13 °F
YAJ U5 8 1), T LA 38R [ 2 50 0 I 22 - 24 e o
1) 22 5 (O 25) A U R (1. 11 2 s, e AR S
FSCHEAE QS et 53 AR [ B o 5 LAk 113 )
FH P ) Web JIR25 i I 07 340 6 S B i), ] LA 36
IR R M 0 B 0 306 TR 45 s BN 2 £ 449
INF ) 25 5 (7 2 ) A A, XS 5 v M0 T 4 b 3
THBYRFE SRR Web FRSS T, (BRI, SR A
T N AR . T G FE el B 1
Web %5 QoS Tl 4. ‘

\

0 1 2 3 4 5 6

L AN (1 2 i Sz 1) (A7 £

0 50 100 150 200 250 300 350

2 ANIFITIS (0 1R 55 375 SRV B0 e N ) (B )

4 FETHERAE I Web ik 45 QoS Tl

FEAR S BRAT TR P YRR AEZE QoS Tl > fir e
FWHBEH, IF4iE 5 QoS il k4T QoS Tiill.
¥ n A LU Uy, Us, .. UM 420 U, m A
Web 255{s1,52,83,....Smy LRI RS54y S, NI R T
—A nxm B P -IRS QoS 4 b R(UNZE 1 7 71), 4HFE
oG E Ry FoRIZE Web H% § B i AT
QoS JEMEME. R EIFEH M R hAH ML HRM QoS
JEVEAE (R LR A 4Y), TN B b h 2 3 ok g 2t i
— NG, oo R B R AE AR T, B
iy b o T G G5l K PR S PR HEAT T b5 SCHR[16]— FE,

© TEREEBIK AT

http:/fwww.c-s-a.org.cn



2016 4F 525 % 4 10

http://www.c-s-a.org.cn

i H LR g N

FRATTEL Web Iz 45 e 87 I [ 4 2 AR TR QoS & P44+,
EZ FRATT BT ) Web il 55 QoS Tl 2 4 [t vy AT
MFEAb QoS &Pk, thlnsrnt &, w4

#1 M-S QoS AikE

S1 S2 s Sm

Ui 100 200 300

Uz 400 500 150
420

Un 30 85 600

4.1 RGLEH

L PER QoS Tl F 4t W oGk g s ik FH - ik 55
QoS KA, A RGN H A G LS Web JIz45AH
I A e VA DA A B RS AR5 FEEOK, BEAR (I R e
W 3 B,

Bt
i)

| BTN Y
BT g&g?ﬁﬁ A

BN

.

| — I

| Qo STl |

3 35 THRBIMAERD Web 1115 QoS Tl R4 Ho

e, RSSO SR R P R
W —A Web R4S B %N 1K) QoS i P AEL (Eb Gt . i
F), FEnka, AT PESEAE) O, RSSO A
TP A 55 P P AH DG I S P 5 A R 5 M 25 AF DG 1) J
et 0T RS JE SR, BATTRT LU Al R
AR QoS TR R EJE 4, AR 35 AR H4r 11E
(R 250 T kg JEE b el RN 52 2R AE . Sty
FERMEL 32 BB — e LR A B . AN et R As a2

AR FHK P QoS Tl (RIREAE, LU an iR 55 1 2 )
LB AR MR AT . S 2% RE ik i EDUE X 1 02 — 265
NEEEFEA ] LR, XL e B 3T 3 — 22 1
FRIEACPEA REARAEAE R, LLan ) IP 58, HEAE
RFFAEXS T QoS Tl H-AS fe ke 23 B AEH, AH & AT fg
SE BN RIME, (F2 W Ak 2 0 1P A5 S i e P
() B BT R SR ECE T B A 4 1] 2K e 3 vl gk e
i B3 EhAE R, DR A X 2% IR 45 1) 5 i S AR A 2 22 3
WF%Eﬁﬁ%%W%.ZE,%ﬁFW%EHY#
5 IR 5 P ST 2 R, e SR A T
&W%ﬁﬁ%,ﬁﬁﬁ%%ﬁﬂﬁﬁW%%m?Q%
Tﬁi}ﬂq, 1EARZ B H, K T Factorization Machines 1578
M BIMRLTY, 56T FM HEELIA 2044 7 4.2 45 b i
M1 QoS JEMEAE I se ke 2 5, R LA T Web
& i
4.2 FMFEEY

Factorization Machines 2 ™3 FH [ Tt g 710 (24,
B RN AL AT RS E AR v i, JF HRERE . RIE
A AHBVRFAE. FM 1 53 40— AN s B 2 A 50
W FEM G (IS 0T, 0 BE 8 L2k i ) 27 2] 21 25
AiE 2 1) P 9 20 45 B0 B IR A HOOR &R, XA & AT 4
FM  7E AR i P 20 b A AR R R B HE €00 1) Ji ).
52 IR P ) s AR o 7 R i A8 O R Tl
ek VPSR F R A LA PN o PR
Z IR PRI AZ R R 3l I — ANMREGE Aok 3R R 11, H
ﬁ%%%ﬁﬁﬁ%%ﬁ%%ﬁ@ﬁﬁ&%%ﬁ.ﬁw
His k- Web i 25 QoS T Il B (R0 504, 7T LA H
T () LR IISE S S, Hit x=(Xy,..., %) ER & n
YRR L ), y SERRAE ) B X 6 R [ QoS @A, AR
Z e BV RFIERT, RRAE I R x wie— N - T,
HAxT7 L

x=(0,....1,..,0,0,...,1...,0)
U1 11

b, HAS A TTEMN jATTEN 1, KRR
P T IRSS §. AT SR A R E S IE R N, TT
PLRE FIRRFAIE 7] 18 x (R TE AT #1 J

x=(0,...,1,...,0,0,...,1...,0,Z(u), Z(1))

U1 1

Horr z(u)2 P A G B M, Z(s) 72 Mk 25 AH S 1P JE
FEASCH, BATME I 20 P A0 O 8 p 2l ok FH - i
IP {5 ERECRN W H 7 M BEAL S B Gkl ), 1

Software Technique « Algorithm #FRAR « 53 157

© TEREEBIK AT

http:/fwww.c-s-a.org.cn



i EONL R g

http://www.c-s-a.org.cn

2016 4E 5525 % 45 10 3

FI 1 M 25 AH 5% J8 2 I 45 10 2 A B (R g 5). @
TEIION A 38 (% B ARRAE, EM AN RS8R R4 10 T
QoS T (IfEH, T HLAEGSHli 3k 2% MNMRFAE 2 (A1 (1 41
HARHKAR.

AR FM B SRR E SRR d=2, B
HE G PIRHIE 2 [ AR AS B R R, IR, FM B
Rk AT AR LA R A

;(X) = W0+iwjx_i+i i W XXy @

j=lj'=j+l

Heh, woWER I, wo R RN, Wy For
FEAE x5 FRBCEE, i p ER JEAHEFTE X 5 X Z WA H X RS
B, 5 SLW =<V =Rt st g, Vi SERRAE X (1 K 4E
I ) B, KRR 2 R AZ HORR wy it i R X4y
fiE 1) 77 S S R RE AR, XA 7S FM B e 20 E
R I DL KSR Be 8% 2% ) BUFFAE 2 (] IRIZ8 1K &
SR M T AR 0 REFDF LR R Kk 4
fOFM ok BN R B B 3 K R
B={Wo, Wi, .. W V11, Vi, o Vi oo Vi FM (KT 25 8
S TTE B = BEALELEE R B (SGD) A e/
P75 (ALS) RIS v R B KA (MCMC).

TECHR[24] C & AE W, FM(JTFE (L)) Re s £E 2k
BFE] O(k*n) P 58 BCRFAIE 2 ) 4165 B (9 A8 G R4
DR R 7 R (L) T LAAR A R AR S5 T X (ko2 0 40):

n k n n
Y= w, + 2 +%2((2 V)2
J=l f=L = J=l

6 bE—irh, FeAT 1L LS QoS BRI St 4

AT JIE 7 1 b 2R R T 55 1100 28 Sl 2 53 T 1) ) 1

FHIRSS S TR e S Bf 8], 1) FM BERS Beg f i 6 B b e )

5 SE R E 2 R H A R B R 1 S,
R FH 8 R HE T POIAT 5 0 75 Bl B2 b e, AT
SET FM BURH TBA T QoS Tl 7 ik:

FM-L: 5 b 3007 (5 B % e ik ok
(1) FM B

FM-C: K 25 28 55 B 2% kR (1 FM
BAL,

FM-LC: [ i 18 FH = 1 b BE A 7545 S5
FR 25 28005 JE ) FM B3,
HARH, XFF FM-L J732:, J27E FM SR RREAE Ein
TR PO S B A IR AE Z(u), Z (u) 238 g P 1P
MR IEAT 23 AT 4 3 (0 P M PR A R, X U
FrAEHB I3 T 4 5. FM-C J5 i 2 4E FM BEAY [1) 3k T

158 #pHA « 5 Software Technique * Algorithm

O T FIHR S5 AR O I BhRFAE Z(i), Z()3m e iR 55 1 28
Mew 5 KR, FM-LC J7iEN &R 2% e T H P ) 2
{78 Z(u) A RSS2 Z(i) ) FM B,

5 seEh
5.1 ¥#Ei% AR

LA H W kAT E
ApiStore(apistore.baidu.com), TR ApiStore j&—h
FERAE AL AP ﬂ&%*ﬁ‘/‘)ﬁﬂ‘]ﬂ&%@iﬂi. BAT IR R
KRR A T 5 5110 143 4> APHIRS:, 10363 /4
A (BAIP iR, o2t 4391770 2 IR 451 il ic s, 3 T
[ — 1 R AP RS 12 VR A, ATV SR
YA AP B [P 20 7 ) 1], B 28495 T 11239 407
FUIRSS V-S4 S IS TR 3. 6 TR 1P BRI L 3k
IR B LBS JFHUIRSS“IP 52 7 API™ K IP {5 B 4
FSCH B A SRS BT AE 3 T 4 5, 10363 4
HPH P oy oA e 310 AR 3T, HARPSEE
e an s =k 2 s,

2 SR AN RA

% 10363
M g5 5 143
FH - 55135 i S ) 11239
IS e
S W B ] 20"4,72\'ms
B < oms
%J&nggj I i 10248ms
VLo FAPR A 310
' 55 5
B Mg 99.24%

5.2 {H&E7E

A AT (00 - g 4 3o 5 22 (MAE) R34 7 R i
ZE(RMSE) A Ay P v Aff 1k 1) 47 B A HAE. MAE 138 X
TR

A FHIRAT IR P2 40 152 22 (MAE) RS 75 fid i3
ZE(RMSE) A Ay P Aff 1k 1) 7 FE AR HE. MAE 138 X
FE R

1 ~
MAE:NZMIRU ~ Ry

e, Ry P R AP R4 j I PS80 R i, R
ij A2 TOUIU o S ], NS FRUMMEL PRS0 MAE X T
A I i 25 #6451 ) (AL T, RMSE. (15 SUB %

© TEREEBIK AT

http:/fwww.c-s-a.org.cn



2016 4F 525 % 4 10

http://www.c-s-a.org.cn

i H LR g N

R

1 ~
RMSE = \/—2 (R,—Ry)’

RMSE 43 SR A K 1 i 22 IO TR, IR b e it
TR 1 A 27 L UK
5.3 &RATLE

N T UE W BRAT 7 i R, B DR B AT 00 T v
FILLF ARFT R R0 5 25847 T ek, (s

UPCCEY: 3 ™ 1 Wy 7 3o 9 05,

IPCCHO: JEF-1 it 1y by [l ik B V.

Funk-S\VD): JEA (1) SVD S B /0 fift ) 1.

Bias-SVD@: [ i} £y T fii B I Funk-SVD [
Tk

LA A SCHE A 1) T 1%

FM-C: 4055 IR 55 S5 7 B MUk,

FM-L: 5 F i g 1% ELK FM 5.

FM-LC: [m] I ik 55 28 0 ML 7 o B0 245 IR
1 FM v,

TR IS FM B RS I B RRAE I A2 5
Funk-SVD # Biased-SVD &4/ 1.

SR 5 A SCIRAIE, K HE £ 809 1 Kt 1
IR, TR 200050 11 h R 4P, s i) o

AR IR 3 ik
R 3 B
LR MAE RMSE
uPCC 97.25 330.23
IPCC 99.24 343.30
Funk-SVD 80.52 275.49
Biased-SVD 79.04 27155
FM-C 72.66, b asear
FM-L | 688 240.03
FM-LC 65.43 229.21

M 3 HRSEI R R L, ATLAUR IR, LA
(140 i ) ok 908 7 v e i S L R P A7 1 0 ) 98 703k
U, RT3 T 5E o> A 1 0 (R 98 772 Funk-SVD
I Biased-SVD, ‘EAIIHISEI MM ZEAZ, XA E
SRR I SE B0 BOHE AR M BR, AN RE A8 2 ) BRI 1)
T B IS I SR AT DUR IR, e i Web ik
25 1K) 28 S A5 LI 2 Y P 1) M BT A AR A M0 i 3
QoS [T AL AL, JEHIE H - i BE AT 5 B, it

TN R M A A5 B FM-L 7 V540 L TR 2
fi# )7 1%:(Funk-SVD. Biased-SVD)BEWS (1S MAE FA{
14%7 47, {4 RMSE [#AK 12% 440, 4In) i) 2% ik
FHP (1 b ERA A5 R A IR SS 285045 B, FM-LC J7ik
MW FH DR ITVLGESE MAE LK 18% /A 47,
7 RMSE P& 16% A 47, XA T FM Bl aehs
TR S B AREIEZ AL G R R, KPR 12
TH 2 fe 0% fiA R 4530 11, DR g B0 S 2635 oF 1 P R 0 A
TEAS A B ), S amg%%%zrm (1) P 2 e
ST, 4RI 21 5 I I D R AR AT 10 R
R AT X 33 S R ST R P R Weeb IR 45 22 ]
GENIES £ e &N G PN ES6] 2
(91 6 8 5 TP U0 77 7 5K 22 5, 1% OCR X el 1%
P R 45 A B sl 75 LR R 9 T S A BN ), RS A
VIR IR S5 T e B2 0D B T P O 2/ AT A7 T 45
Wi 7 I TR . Tl Bk S Bn bl, FRATT 78 2 i ] T
AT LAE I 5N TG Il BhRFAE SR 20 QoS TR AR

6 ALk TAE

FEARCH, BATE SEHE T A —4% Web %5
QoS T 5L JR R, RIEATIAS BEAE AR & 1 R FH 2
BFRFAEEAT QoS i, RS A7 — 6] F 4 B 5 B
Tk, AR I e Ty AR X R s R R 0 N T R
%,E%@ﬁﬁ%ﬂﬁ%%ﬂ%ﬁﬁﬁ%%%ﬁ.%
PA, ASCBUEF S TN G0 ¥ Web fili 45 QoS il
%%%W,ﬁ%%%%ﬁ%%ﬁﬁ\ﬁ@ﬂ%%ﬁ%
IEIMCLR . OF FLm SR got 40, AT R B
(I 07 52 01 IR 55 FR 2K 33 W i B 0 % QoS g
(SR, DAL 3 P i B R 1E % EE ok, 7E L
A TR ) SR A, SR T R % SRR B B R AR 1K)
Factorization Machines {24 TR B AL, g 1T 5 (1) 4 2R
A7 IR S5 IS A A A B RR A A gk ok, St TR
(KT J7 72 FM-L,FM-C,FM-LC, 7 F1% FI f¥) QoS il
J5HEAT T S RN b, B TR AT ) A
TR, MR, RAMBEER, AR
INATART 4 Bl AR AE 0B e 086 21 24055 QoS Tl &k A4
JH, 336 T B e i e 388 110 7 YR PRk th A A P
Eb i A S R FRAT 12 B QoS Wi [ I 8] 76 Al 4% 24 59 A T )
by EE A I AN YRR BT ZEAROR, XA YERE
TIE 2 RERG S B0 25 VE A . R, A SCRT 4 )
T3 BRATTR A B R AEHEAT QoS Ja 1tk T gt 1 T

Software Technique « Algorithm #FEAR « 573 159

© TEREEBIK AT

http:/fwww.c-s-a.org.cn



i EONL R g

http://www.c-s-a.org.cn

2016 4F #5253 & 10 1

BERIE R, AR SCHT BT I R G810 E 5 2% P BRI
T FM B TR HE S 50 UL S AL R RE 2 501 2% S,
LT R IR ) 52 2 B Sy O (k)4 K 2 PR A 1) ) 4
FECHEE), n 25N RFRE R4 A IR B ) 2 2%
FE SRR MR R, HAT RGN AR
Kok, BATESRRETEZRT QoS Tl #5 W iy B
FFAE, Ll o6t F Web AR 25 1VE I8 S0 B DL i
SV R A OGS B, BRI S, nT LUB X F P 6t R
45 (10 W JS7 R 5] 9 1 1 R 67 1) DR 45— AN ERE VT A
HVFR RABRFAE, X R 45 $ A 7 mT LLRE A E (1 2%
AN A M) E SR, BRIEZ Ah, BATTIE
ARG 50T HoAh QoS T T 1) S5 56 2%
U AN T T D EE e

P ,

1 Zhang LJ, Zhang J, Hong C. Services Computing. Springer &
Tsinghua University Press, 2007: 32—35.

2 Moser O, Rosenberg F Dustdar S. Non-intrusive monitoring
and service adaptation for WS-BPEL. Proc. of the 17th
International Conference on World Wide Web(WWW’08).
ACM. 2008. 815-824.

3 Papazoglou MP, Georgakopoulos D. Introduction: Service-
oriented computing. Communications of the ACM, 2003,
46(46): 24-28.

4 Sun SX, Zhao J. A decomposition-based approach for service
composition with global QoS guarantees. Information
Sciences, 2012, 199(15): 138-153.

5 Zheng Z, Ma H, Lyu MR, et al. QoS-aware web service
recommendation by collaborative filtering. IEEE Trans. on
Services Computing, 2011, 4(2): 140-152,

6 Xiong P, Fan Y, Zhou MC. A petri net approach to analysis
and composition of web services. IEEE Trans. on Systems
Man & Cybernetics Part A Systems & Humans, 2010, 40(2):
376-387.

7 Lu Y, Wang W, Bhargava B, et al. Trust-based privacy
preservation for peer-to-peer data sharing. IEEE Trans. on
Systems Man & Cybernetics Part A Systems & Humans,
2006, 36(3): 498-502.

8 Skogsrud H, Benatallah B, Casati F. Model-driven trust
negotiation for Web services. IEEE Internet Computing, 2003,
7(6): 45-52.

160 #pHA « 5 Software Technique * Algorithm

9 Breese JS, Heckerman D, Kadie C. Empirical analysis of
predictive algorithms for collaborative filtering. Fourteenth
Conference on Uncertainty in Artificial Intelligence. 1998.
43-52.

10 Resnick P, lacovou N, Suchak M, et al. GroupLens: An open
architecture for collaborative filtering of netnews. Proc. of
the 1994 ACM Conference on Computer Supported
Cooperative Work. ACM. 1994, 175-186.

11 Zheng Z, Lyu MR. Collaborative reliability prediction of
service-oriented systems. Proc. of the 32nd ACM/IEEE
International Conference on:Software Engineering. ACM.
2010, 1. 35-44.

12 Jiang Y, Liu J, Tang M, et al. An effective web service
recommendation  method based on  personalized
collaborative filtering. 2013 IEEE 20th International
Conference on Web Services. IEEE. 2011. 211-218.

13 Wei L, Yin J, Deng S, et al. An extended matrix factorization
approach for QoS prediction in service selection. 2012
IEEE Ninth International
Computing (SCC). IEEE. 2012. 162-169.

14 Zhang Y, Zheng Z, Lyu MR. WSPred: A time-aware

Conference on Services

personalized QoS prediction framework for Web services.
2011 IEEE 22nd International Symposium on Software
Reliability Engineering (ISSRE). IEEE. 2011. 210-219.

15 Chen X, Zheng Z, Yu Q, et al. Web service recommendation via
exploiting Iocation and QoS information. IEEE Trans. on
Parallel & Distributed Systems, 2014, 25(7): 1913-1924.

16 Chen X, Zheng Z, Liu X, et al. Personalized QoS-aware web
service recommendation and visualization. IEEE Trans. on
Services Computing, 2013, 6(1): 35-47.

17 Liu J, Tang M, Zheng Z, et al. Location-aware and
personalized collaborative filtering for web service
recommendation. IEEE Trans. on Services Computing, 2015:
1-1.

18 Chen X, Liu X, Huang Z, et al. RegionKNN: A scalable
hybrid collaborative filtering algorithm for personalized
web service recommendation. 2010 IEEE International
Conference on Web Services (ICWS). IEEE. 2010. 9-16.

19 Shao L, Zhang J, Wei Y, et al. Personalized QoS prediction
for web services via collaborative filtering. IEEE Computer
Society, 2007: 439-446.

© TEREEBIK AT

http://www.c-s-a.org.cn



2016 4F 525 % 4 10

http://www.c-s-a.org.cn

i EOHL R g N H

20 Zheng Z, Ma H, Lyu MR, et al. WSRec: A collaborative
filtering based web service recommender system. IEEE
International Conference on Web Services, 2009. ICWS
2009. IEEE. 2009. 437-444.

21 Zheng Z, Ma H, Lyu MR, et al. Collaborative web service
QoS prediction via neighborhood integrated matrix
factorization. IEEE Trans. on Services Computing, 2013,
6(3): 289-299.

22 Chen X, Zheng Z, Yu Q, et al. Web service recommendation via
exploiting location and QoS information. IEEE Trans. on
Parallel & Distributed Systems, 2014, 25(7): 1913-1924.

23 Zhang Y, Zheng Z, Lyu MR. WSPred: A time-aware
personalized QoS prediction framework for Web services.

2011 IEEE 22nd International Symposium on Software

Reliability Engineering (ISSRE). IEEE. 2011. 210-219.

24 Rendle S. Factorization machines. 2010 IEEE 10th
International Conference on Data Mining (ICDM). IEEE.
2010. 995-1000.

25 Koren Y. Factorization meets the neighborhood: A multifaceted
collaborative filtering model. Proc. of the 14th ACM
SIGKDD Knowledge
Discovery and Data Mining. ACM. 2008. 426-434.

International  Conference on

26 Ricci F, Rokach L, Shapira B, et al. Recommender systems
handbook. Springer, 2011.

27 Guyon |, André E. An introduction to variable and feature
selection. Journal of Machine Learning Research, 2002, 3:
1157-1182.

Software Technique « Algorithm #FRAR « 73 161

© TEREEBIK AT

http://www.c-s-a.org.cn





