A 2#IR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2018,29(11):3388-3399 [doi: 10.13328/j.cnki.jos.005474] http://www.jos.org.cn
O [E Rk Bt F AT 58 T RSB A7 Tel: +86-10-62562563

HETF SOM HE ML RS RSN
BUXM W OEL B OEL EkaM o OB°

YOS RS AE S AL B T SR (L BOK ), 2  AIE 230039)

(BN HENR S SRR, Z# &0 230039)

%(School of Information Technology, Swinburne University of Technology, Melbourne VIC3122, Australia)
WWRAE#: 5k L3, E-mail: zhangyiwen@ahu.edu.cn

W E RSATTRERS T EAR T A —ANREMR AT L QOS AR F Y ST T — AN 2R
PASHEACE R GG IR 4R TN T ik R A — IR PR T MR X — R 9 4Rk —FP A T SOM A% 42 W %049 IR 5/
SN F % SOMQP. % 46, £ F 75 & QoS #4552 i SOM A% 42 W 2 Fik 4 A3t A P Felf 4ot AT IR K 1350 P % 4
FEME ARGk R 4B Bt Mo 220 B P AT AR G- A3 SRR —Fr 3169 Top-K 2 4FAUHE RAFARLUR P Feta R
S JE R AT A P A TR B 49 R A Fomk st b K 09 QoS A BHAT TN AL A 5 49 4848 & WS-Dream L #477 K&
TI s R KR, 5 % CF kA K-means kA, iZ 7 ik AR KAZE L3235 T QoS 49 Tl .

X8R 2 TR SOM; 4122 W 45 K-means

PEEN S TP31L

s g R S Tk BASC T 30 AL BT IR AL, T it B T SOM. #4845 18 ik 55 5 & Tl ). 4K f1F 2% 41, 2018,29(11):3388-3399.
http://www. jos.org.cn/1000-9825/5474.htm

J 5 % Zhang YW, Xiang T, Guo X, Jia ZH, He Q. Quality prediction for services based on som neural network. Ruan
Jian Xue Bao/Journal of Software, 2018,29(11):3388-3399 (in Chinese). http://www.jos.org.cn/1000-9825/5474.htm

Quality Prediction for Services Based on SOM Neural Network

ZHANG Yi-Wen'?, XIANG Tao?, GUO Xing? JIA Zhao-Hong*?, HE Qiang®

(Key Laboratory of Intelligent Computing and Signal Processing (Anhui University), Ministry of Education, Hefei 230039, China)
2(School of Computer Science and Technology, Anhui University, Hefei 230039, China)
3(school of Information Technology, Swinburne University of Technology, Melbourne VIC3122, Australia)

Abstract: Quality prediction for services is a hot research topic for service recommendation and composition. It’s a challenge to design
an accurate quality prediction approach to meet the user’s personalized needs due to the sparsity of QoS historical data. In order to solve
the challenging problem, this paper proposes a SOM neural network based service quality prediction approach (SOMQP). First, based on
historical QoS data, the new approach clusters on users and services respectively by applying SOM neural network algorithm, and then a
new top-k selection mechanism is adopted to obtain similar users and similar services based on the comprehensive consideration of user
reputation and service relevance. Finally, a hybrid user-based and item-based strategy is used to predict the missing QoS value. A set of
comprehensive experiments are conducted on the real Web service dataset WS-Dream, the results indicate that compared with the classical
CF and K-means methods, the presented approach achieves higher QoS prediction accuracy.
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Fig.1 Anexample of users invoking services in service-oriernted environment
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So S1 Sy S3 Sy S5 Sg S7 Sg Sg

up 48 42 40 39 4.6

u; 46 45 42 34 28 3.5
uz 4.9 41 26 3.0 3.8
Ug 3.3 47 42 45 3.0
us 3.2 44 47 28 4.3

Ug 34 43 40 3.6

Uz 1.1 39 42 39 45 2.8
ug 3.4 27 32 48 39

Ug 3.8 49 28 4.0 3.9

Fig.2 Arating matrix of users invoking services
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Fig.3 Quality prediction framework for services
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Fig.4 Two-Dimensional model of SOM
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Fig.5 Clustering process of users
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M55 k=2, 723 5N () B A=0.4, 53 Jl SRAFIX LR 7 120 i 2B () A4 e b ) MAE Al RMSE, 55 565 45 L LU &
WF 1L 2.

Table 1 Comparison between SOMQP and other methods on RT
&1 SOMQP 5 HiAthJr kAt RT FHILLAL

ik MAE/Hi B % & RMSE/J B % &
0.05 0.1 0.15 0.2 025 Py | 0.05 0.1 0.15 0.2 0.25
UPCC | 0637 0531 0.496 0472 0.451 0517 | 1.513 1.372 1.343 1295 1.272
IPCC 0.869 0.854 0.832 0.815 0.786 0.831 | 1.682 1.668 1.642 1583 1512
UIPCC | 0.663 0.595 0.541 0.496 0.465 0.552 | 1.459 1.415 1.377 1.356 1.328
KUPCC | 0538 0.466 0.435 0.415 0.403 0.451 | 1.579 1.446 1405 1.358 1.342
KIPCC | 0405 0.379 0.351 0.343 0.336 0.363 | 1.363 1.276 1.272 1.249 1.241
KUIPCC | 0418 0.393 0.365 0.353 0.345 0.375 | 1.297 1221 1210 1.174 1.168
TOSEM | 0.652 0.525 0.481 0.454 0435 0509 | 1.447 1302 1258 1211 1.196
SUPCC | 0491 0436 0411 0392 0381 0.422 | 1520 1.415 1374 1327 1.314
SIPCC | 0.406 0.371 0.362 0.352 0.346 0.367 | 1.370 1.285 1.286 1.259 1.254
SOMQP | 0.399 0.362 0.358 0.342 0.335 0.359 | 1.306 1.227 1.209 1.196 1.192

Table 2 Comparison between SOMQP and other methods on TP
%2 SOMQP 5 HAbJjiATE TP EILEER

MAE/Hi B % [ RMSE /i B % i

0.05 0.1 0.15 0.2 0.25 S 0.05 0.1 0.15 0.2 0.25
UPCC | 26.858 21.688 18.865 17.923 16.698 20.406 | 65.225 57.476 53.148 51.007 49.019

IPCC 37.341 36.862 35013 33.695 30.218 34.625 | 74.322 71.061 68.430 63.697 59.077
UIPCC | 27.642 25425 24768 23.242 21.571 24529 | 62.869 58.116 56.348 54.189 53.662
KUPCC | 17.211 15.287 14.239 13.777 13.254 14.754 | 55502 50.816 48.399 47.159  45.759
KIPCC | 15.837 14.285 13.199 12.734 12.247 13.660 | 55.208 51.401 48.727 47.315 45.749
KUIPCC | 14.847 13.373 12.162 11.719 11.285 12.677 | 50.337 46.572 41.618 40.351  39.141
TOSEM | 26.827 22.648 20.702 19.675 17.954 21561 | 62.116 55.222 51.218 50.713 50.055
SUPCC | 17.128 15.246 14.093 13.706 12.208 14.476 | 54.499 50.789 48.116 46.877 45.521
SIPCC | 15.775 14.191 13.055 12.635 12.110 13.553 | 54.029 49.853 46.977 45773 43.888
SOMQP | 14.420 13.044 11.980 11.618 11.154 12.443 | 46.869 43.328 41.108 39.943 38.514

NS B6 2 SR AT AR O BEAR [R5 0 AR ST VR ) QoS TN R 5 ;R I e 55 R B 8 8 () 86 K
SCOT VR IR TRRS FE — TR T At U vk, i ELR 5 S R DRI, AR S 7 v 5 At 5 R A TR B2 1) 22 BE KR 1 vh
JEZR A SCHRE B 1) SOMQP L Ath 25 L 5535 5 i J87 Fsf ) b 1 Ll A, DA SI2 56 465 SR vl A7 H ,.SOMQP 7 ¥4 #E
MAE |t UIPCC,KUIPCC, TOSEM i% 3 Fil' 28 $ 75 5 73 Sl £ 151 34.9%,4.3%,29.5%. [l % 2 @ 7 7t i 4L
P AE 0 LLER, AR SO VR L B 3d 3 AN RVELE MAE P39 {H 40 il 32 5 49.5%,1.8%H11 42.3%. 25 1] LLG ) fEAS
I (A B 4 AR SR ) SOMQP B3 1A TRUIINRS B Lo JLAh &8 LB VE 0 — 5 IO 3 5 % S 36 45 SRR WH AR S
530 AT DA e b 3 K R P (AR ARLITT P S AT i 2R AR IO, I B A IS A2 00 R VP P P Sk 0000 G 1 5

(1) A 0 THUI RS S5 1) 5 1)

TEARSC 7T, B4 A Vg SOMQP Jy vEMK S AH AL = AR 45 AR, 5 A=1 BF A A 56 1 P
[ 7 VAT TR A5 A=0 B A P - I 45 1) 7 0L AT TR R E 58 A o T &5 SR 1) 5% 1, A SCAE WS-Dream %
P4 b, U AR PR 2 B O 0.05, AL P BRI AHAM IR 25200k 2 FIME DL R, A FIMEL AN 0.1 21 0.9 I LA 0.1 1y 1) B 28
BEXE MAE A RMSE [ 820, 52 56 45 SR Wi B 6 P,

b 1 6(a). &1 6(b) S 78 M S I ) B S 45 5L I 6(c) [ 6(d) 2 7R A i bR SIS 45 L K] 6 eIt o R
FHH,ZH A AR SOMQP Jy v IF ToNRS B2 A AR F 2210 f2 . W 1] 6(a) & 6(c) & H,—JT4R, BEE A (13
K TRGIRS o — B AR B TR B IR B e KME 2 J5 B A (B IR TIOURS FE T 1A PR B 6()H 78 4=0.2
I, TR0 RS 5 9 B g O 1] 6(c) 1 7E A=0.4 15, T DU AE J88 ik ) s AR X R W, — ASA 38 1 A {H W] LUK 21 58 5 (1 7
TUKE B2 TR B, ] 6(a) 11 6(c) It 4h S 32 B 75 AN [ (R 25005 4 b3k 3] g DL TR0MRS B BF (%) A (AN —AE 1.

(2) Top-k X T f) 52 1

AT S5 Top-k YesE TR E H A F P BOARABUA 7 sl H A i 45 1 AR ARUIR 25 250 M WF T Top-k X T
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(b)

Impact of Top-k on prediction accuracy
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Fig.7
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o B 7(a) B 7(b) A2 1 e S ) £ S 56 25 5, 7(c)~ B 7(d) R AE i s et 25 N 7(a)- B 7(c)
T LA H B K L0500, TR 82 56 A8 K AR S5 A8 /N FEAE K by 2 B ik 81 g 3 10 WH ARARLIET 7 Bl AR A 45 50tk
2 JEAS s AT R T v OO 5 AR ABLH 7 BRI AR DR 25 250 /D Bk 22 9 2 AR TUINORS 25 -l S AR AU £
KD AN BE A TH 25 18 P 22 10 1 26 385 SR AHARUF 2 280K 22, I i I 08 2 56 ke 25 1B AT S5 T VR AN 1 FH i 1
WG RCVE A R P b SRUIIRS B A AR K (A0 5% i R b, AR AR 45 S0 22 B8 S gl F P RPN IR 4515 R A KK
AR AT 00 A

(3) A5 55 1) R i)

R 94 B8 P55 3R 7 WD P - M 25 60 B P Bt R R VI R 4 B B304 LE 91 ) 8 2 7E WS-Dream B4R £ 1, 43 53l % i
R ) 0 0 i A2 P A QoS i AT 7T A I 2 S 1) 56 M A2 B4 I % T2 A 0.05 3] 0.25, L 0.05 (¥ 11 B 3% Jin, 2=0.4, AH 8L
F P BCRIAR AR 25 55k 2.
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Fig.8 Impact of matrix density on prediction accuracy
P8 REIAE S JSE T FOUIHS FBE 1 5 i)
ML 8 T LU Bt A R 5 PR 335 1, SOMQP J7 v 14 ik 55 o 2 Tt kG JE2 138 AU 41 vy 3K s IR oy R I 22 82
R, U WY B 22 (¥ P U P O 2 160 i 55, B A R s 4 R A 5 B 22 K T 4 JEVRIR 555 6, T AN IX 24 6
R B2 A I SR B v TGRS 2

4 HERE

A SCHEH —FPIET SOM 128 X 2% 1 IR 45 o = Tl 7 72 SOMQP. 15 464 )7 5 QoS #iudis, H SOM 43+ il %t
FH PRI 45 BT 3R 26 A3 B 7 o6 R A PRI 45 2 R AP ARG, 2 T —FloBi i Top-k SEBEMLE] 3k H ks A0
B br R 25 0 AU P AR AR 25 4 30 05, 45 5 28 T ARALLH P 10 R0 3 T ARARUIR 45 14 77 46, 3 HE — AN VR 5 SR o)
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B QoS (HBEAT UM AE B s B4 ERseie aE R, 54l CF Bk, HE Tt PCC i &k
K-means RS S0VEAH B, BATT 7 ¥ 11 0 TIODORS 5 2 A3 = T 34.9%. 29.5% K1 4.3%. 158 55 Hiv 25 FUAR 1 388 K,
Jr- M55 A5 B R AR AR A5 Bk K 7R B TR ST K AE Spark 1 & 8 H FFAT B AR IR A ST VL M
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