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Abstract: In order to accurately forecast quality of service (QoS) of different Web services with multi-step, and help users to choose the
most suitable Web service at hand, this study proposes a novel QoS forecasting approach called MulA-LMRBF (multiple-step forecasting
with advertisement by levenberg-marquardt improved radial basis function network) based on multivariate time series. Considering the
correlation among different QoS attributes series, phase-space reconstruction is used to map historical multivariate QoS data into a
dynamic system, where the multi-dimensional nonlinear relations of QoS attributes are completely restored. Average dimension (AD) is
used to estimate the embedding dimension and delay time of reconstructed phase space. The short-term QoS advertisement data of service
provider is also added to form a more comprehensive data set. Then, RBF (radial basis function) neural network improved by the
Levenberg-Marquardt (LM) algorithm is used to update the weight of the neural network dynamically, which improves the forecasting

accuracy and realizes the dynamic multiple-step forecasting. Experiments are conducted based on several public network data sets and
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self-collected data set. The experimental results demonstrate that MulA-LMRBF is better than previous approaches with high precise and
is more suitable for multi-step forecasting.

Key words: quality of service; multivariate time series; phase-space reconstruction; LM algorithm; RBF neural network; dynamic

multiple step forecasting
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J=| ow,  ow, ow, (14)

Asy) Asy) . Ay
L an a\NZ a\NL a
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&:[ﬂXhCLﬁﬂXhCﬂj-wﬂxhCQ] (18)
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JTS=FTS:§:gIsk (19)
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WAL TR a). IR b)Y g5 W I ZRid R0 75 25 3 B A U ZRAF A28 1l B0 Ay et 1047 82 2% (0 R B 1 4,070
JTS (I 1) 52 2% B 20 501l 4l O(n®) A O(n). A 24— ANFEAS 20 3o T5T 0 A58 254 st (A7 L 2 2 B LRI 00 328 2, 9 T 5
ex & M B BN EAEA 2] T3 R ITS,AF I A T A7 — ANFEA ) e B 25 VL IR FE 42 O(n), 28 3ek 2 2 3 ft
S5 T TR WA PR ) T B R WA 1

& 1 LM S0t () RBF 1148 9 45

HIHAALF(W)=0,8=0,5=0;db, L, 2 7] = W,S B HLIAAE;

it B S AL WL

1. f(W)=f(W); //f(W;)is f(W) in the last iteration
2. Calculate g and f;

3. When count=db do

4. Calculate f(W), W;

5. while f(W)>§do

6. f(W,)=f(W); //f(W,) is f(W) in the this iteration
7. Calculate AW;

8. if f(W,)>f(W))

9. p=a*u; //uisthe regularization coefficient
10.  else

11. p=u/a;

12. Update W, W=W-+4W;

13.  Calculate f(W);

14. end while

(2) FATM(QoS dynamic forecasting)
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r A= iy

H T AR B S KA T QoS P AL, VI A AT B B i TR, NG4S , M R AR 31— 4 70 2 a1,
ST Step 1 (D ERACEE, TE i QoS Z5-& i [T 51,401 Step 3 i HEAS R fay H (B A g TN 45 5K 49 SIS Y 5
BT T W BT O AL SR ARG B 1) Step 2, TS IZAE AT g RN B, V5 5 BT 1) dlo ANAE AR 152 22 BR R FW), 40 W7 3 1B
S A, AN T IS AR A R 22 BRI FOW) PR k17 00 T S i DA OB WL B A E 4 B 1) SIE ISR AR B AL S 504
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1.60GHz,4.00GB RAM,Windows 7,matlab 7.11.
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50%~70%.

—— Response time(ms) —— Throughput(bps) —— Response time(ms) —— Throughout(bps)
12000 T T T T T T
16000 — =~ — =~~~ ——~ -~ - == -
10000 — - — — - —————— —— - — - /- —— - —— il Throughout l
12000 - = =~ - - - l I I -1
T T500F -~ m o mm = 3
= s
g > ‘
Q =3
E 2 Wt LN, ]
€ so00f - £ 8000y i ulim
< <
2500 \ 181 7Y S R 0 S 4000~ - - - - - Rt il ettt l b
Response time
o ’ b P % v 4 N
0 ; ‘ ) 0 ‘ ‘ ‘
0 500 1000 1500 2000 0 500 1000 1500 2000
Sample Points Sample Points
(a) RMB J5L 4 Z4is (b) MobileCode J§ 4 % ¥

Fig.3 RMB original data and MobileCode original data
Kl 3 RMB J5t# 4t Al MobileCode J5t 46 #3hi
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Fig.4 Processed RMB data and processed MobileCode data
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Fig.5 m-zcurve for RMB data and m-7 curve for MobileCode data
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Fig.6 Forecasting results when step=1, m=4 and RMSE when step=1
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Fig.8 RMSE when m=4 for RMB data and RMSE when m=6 for RMB data
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Fig.11 Comparison of forecast results for RMB, when m=6, step=1
and Comparison of forecast results for RMB, when m=6, step=5
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Table 1 Comparison of RMSE for RMB data forecasting results
1 RMB Hdli il 45 8 RMSE fibrtb s

% RMB instant quotation

RS RBF ARMA  S-LMRBF  MulA-LMRBF
Step=1 0.082 7 0.1193 0.0115 0.0142
Step=3 0.095 5 0.1473 0.024 7 0.021 1
Step=5 0.1159 02062  0.0311 0.027 6

Table 2 Comparison of RMSE for MobileCode data forecasting results
% 2 MobileCode ¥4l Tl 4 SR RMSE i bx HLL

4% MobileCode

Jith RBF ARMA S-LMRBF  MulA-LMRBF
Step=1 0.100 4 0.143 1 0.023 6 0.020 3
Step=3 0.1592 0.1942 0.043 5 0.029 4

Step=5 0.127 4 0.225 1 0.037 8 0.028 0
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fH#% RT)FIFE L 5 (throughput, G R ) Web M55 248,38 3 b 10l 45 SR 1413 RMSE. i i 6f L S 46, 1F—2HiE
W17 MulA-LMRBF A1 S-LMRBF ] RMSE i % /45 5l 2 45 2 22 K WU I ,MulA-LMRBF - # 9] & {t T
S-LMRBF. K 3k — P HIE B T A SCH 1) MulA-LMRBF TR B2 AR T4 22 (¥) RBF Rl ARMA J5 i3, 0F HAE )4
A2 AL T I, BAT S 4 i TR

Table 3 Comparison of RMSE for 258 Web services data average forecasting results
#3224 Web TMI-15 RMSE f5#5 L AR

k55 258 41 Web k% (1)

J7ik RBF ARMA S-LMRBF MulA-LMRBF
Step=1 0.120 8 0.159 7 0.102 1 0.068 8
Step=3 0.173 5 0.160 5 0.1659 0.136 9
Step=>5 0.205 9 0.217 2 0.136 9 0.122 0

4 N5 3 A BIEE T ClientlP=128.83.122.179 11 73 RMSE &5 3,5 3 ¥  $0d5 % K 4 4> QoS B 1,
L F 3 RMSE 7 LA 124 Step=3 FI 5 i), MulA-LMRBF F 73 25 52 W G40 T+ 5 G 5 1A 71 S-LMRBF. 2% 44
Pl e, A S 57 MulA-LMRBF [ 7l RMSE bA% 48 777 KR4 AR T 50%, bl S-LMRBF B#AIK T 20% A 45

Table 4 Comparison of RMSE for the third data set average forecasting results
x4 B E AR RMSE $5 bR LEAL

M55 ClientIP=128.83.122.179(°F* 1)

J5i% RBF ARMA S-LMRBF MulA-LMRBF
Step=1 0.087 0 0.0855 0.0189 0.0175
Step=3 0.102 1 0.100 2 0.022 8 0.0192
Step=5 0.119 6 0.118 3 0.0316 0.023 3

4 HRE5RKRIE

BUATI¥) Web 55 QoS Tl Js i:A7 AE TR IR . BhaS R0 2« I Mk 1A AH EL 52 M 2 18 AN AL A% [l 1 X
LR R AR T R T 2 ST R RS QoS T A MulA-LMRBE. 1 45,127 A % B £ 4> QoS JE
IR G 2R, R FH AR 25 1) F L) 638 0 52 2 A J VAR AR I ) AR A0 A A (0 A e M . 2D R 4, 200 i 8 1k 1) A7 4
9 SR IR AR e M T I 55 1 s B A AR 70 s A 0 R AR 38 g g S0 il A0 o el S ) 2 R Tl 1) £ 55 Kt
JP 31, SEBL 2 S0 KA PN 2 T o5 J RBF At 28 ) 2 TR N kv S50 e O F S sl 2 P00, e J R ) LML SRR AR
16 RBF #1259 £ 45 2 B A 2 HE AR B B0 S 508

FEARRI TAF K T R 8 LA JLA il AL — i BUAT AV S A 205 1) T A4 % N\ 2 ORI S 38 I [R] 1) 7 i A
5835, H TS 01 24967 B 5 T LA et P00 £ vE 0 1 L 2 ORI SI s D0, AR 225 () B A — ELAR AEAROR T 70 Bk

DRUE N B &5 50, B AR AN S 46 162 15 05 A B0 5 10 R 25 18 AS SN [] P 51 e B R0 00000 77 i #)F 9
QoS T, BLSE M 2% Hh, 5 2 Web Ji 55 Bt SEIN AR < i 70 A AR B L ) 25 TOUI ASE 20 488 B 58 24 1) R 48 S, 5
Jri v A TR 5T = R 2% R i IS I TR P AS QoS M I Wi [ N [ J 30 a0k — b sk R AR )
[] IR T 22 4 QoS Ja& .
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