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7N f RN 2 Fﬁﬂ?gﬂ‘ , 2 HAC K f= GrowthRate-

Ma e 8 J1 A i 55 S O ZRBs 48, 20 8 BT Ar 7 7Y
S R SRR AR
2 f=0
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4
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%
end
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Pi:Pixf(lti_tpre|> (12)
AUt 1) H I 2R R, HIE 2
J(QTRRI) pu—— (13)
e Lopre
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END
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Pizpixg(lti_lpml) (16)
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(v) IF 78 ¢, W20, H G K 38 3R GrowthRate, = f =
GrowthRateMax H. grs=0 B}
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THEN N P, JF)a P, FiFa] 36 8 R %5, ) (ii) 207 B RBRTL RS S, A& HL

PPt )=t (19) WP, A m AR 38 TP i 4R
e FT 22 5/ NI B R AR A 5, R

% .
Return P, Sn= 21551 (21)

AN Hil opofE, for (1=1;i<n;i++)
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S TAEGE 00 Web 55 1 5, 7 th ok 24 T2 IlF << ]>
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FH P BT SR i 45 1 2 IEﬂuﬁﬁrM%Jﬁt*T%ﬁﬁ R R LA s,
TR 2 X FIRSS S, B R HEAT KR 43, % Retumn s
TR55 S, B IR | B0 K w2 IR 45 5 o for 5 4 v '

i ’ iii) XA MLos, Al m A RS L
HISHEAIIBC IR, TR S, %00 6 001 itk i) XTIREERDAR o, BT m A HIBER LD
sl T o INE A THE

B RE R PR AT SRS AL LA i ok 6 B A )
AURI R S5 S, BB L BT U, 5 [= Zsort (5,~s;) (22)

2 M 5 B o A R B A A L R AL A B S DA
i fF FH A S F A 5, 5 AT R FH 2 B 2 1Ak 500 R
U, 57 A TIE p, £dli

M S5 R X AR M = (e, s, pi, )T
10k TIHRSS S, 0 P 23 (Rl 5 JEF T HT&
P RO BB s, o BRI IR T A
67 B AR R SR B 2 A e/ N 67 AR AR A B AN IR 55 S,
IR A8 H, P u, B R A B S PGSR H
AIEE RS EN g w, XFF S, AOITALIEES , i BRIl w,
W) 7 B BN P i oK 2 BE PR SRR AR I R

Hi A HEE P,

WAL B A A AR S e R [ lon, lat, ], [ lon, ,

lat, ] , Z ) A E B R G — RT3
L=arcsin
J l:sin[latl;latzj j|2+cos( lat, ) xcos(lat, ) x |:sin[l0nl ;l"”zj } 2
I

|5,-s,1 =2RxL (20)
o R S HERAR

(i) 8 PrIf R P, dE B R m T B T N R 2 ¢
S
A Tel (m=-1)xt,,mxt,] ,m=1,2,--+ n
EX—NEE P,
Jor (i=1;i<m;i++)
IF((m=1)xt,)<t, <(mxt,)
P, =P, +coop,

R 1 FRBEBALE S A S P N B
Bk 1, R BE BB AR 1, WP u, 7614
20 T B SR A  s, 5 s, BOBERS 5 s, ~ s, BEESHY
) B LR PO BB (R w0, IR HL )

prop, = Sj__:Al (23)
I¥ prop >1
u,, = 0
ELSE

u, ;= (1=prop,)x10
Return u, ;
i 55 S, FAEEH L s, BUE IR u, 1RHERIEL
Wi, .o

P,

3 QoS HEEHARIP—LIF-HTE

AR A ORI, SCr A 3 42— o IR 55 R
PN IEAE A M BAE UL PR AT R
U B8 3 ASEE IR LA S T SEE v, (RPRSCTE o) IS5t
¥ o, EARNE s, JENE ad, RATYE p, 6 NIRRT K
2 HE IR 2 R PR QoS B A TEAFLAL , T ZEXT
QoS JEME ML L  Fem R T 4% — 5 Y LG AL T vk
PP ARE S IEE ST, S SR MR 2E AT
i B2 TR AR BE AL AL B AR PR A7 FH 30 B A7 220k
JFER A AN IR AR, ARG QoS 4% J& P i 44 A [A] , iF
FrIA—Ak , a8 i Bk R 25 sh A AT 10 Bt 2t 47
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AR 3.2 HEE—%

3.1 BEMRETM

FHEAER RN 7 2 i 45 A e A ) AR, PRI s A
MRS N BEALR R B se . A IRSS S, wH P IE R A
— PR SS I5 , (%R 55 S, 1 QoS HI0i @ P «,
LPRGEREE RS X, E(X) D(X) MRS
S, WK IA FHRTA IR AT 22, 8¢ E(X) D(X) EBIFAE,
I 220 0, WRIE A YR A FFEDR 22, B i D)
HS R E 3 ( chebyshev’ s theorem) 2 A %1 XV £>0,

AP{IX-E(X) | zs%SDg) JRAST, U HAHE 3 A i B RS
X B R =P Ry (60 -
D(X) D(X)
y,ﬂm+ y 1o
(i) Ny g—E N — I EGEEREE B, W
m?:&m Dg%

(ii) 3 P iZ R 55 S, D s B lise JI W AR A5 7
EAEVEEZN v e list, 2 T LEAR SBE R t,n N
CSRAE EA5 DCTR] N Y B s 8

for(i=03i<t;i++)

|
IF “qumefkmxwszH,
n++

|
WHILE %<g i}

THEN £k PEaa 3 8 WME, JFHBFITH ¢ =
D(X)
B

UNTIL %zg i SE ST Y & 18
(i) FIWHZ IR BB «, SR BAETRZE TR

W%dEu%w@%%mxw ﬂ%ﬁﬁwﬁ

WIZBE L ZZ e X AR R 220 N, AN B8 E (X)) |
D(X)

Return «;,

ELSE EA YK 1 At 3 50 Bt lise , ARG B it
n RGP E(X) D(X) #ATH8, % E(X)ER
ZBEGR x,=E(X)

Return «;,

T 3 N EHEIR TSR AERY QoS & R Ml ik A7 1 22
S, HAP SN R, Z 2 5 3 MRS S
B, 5 PV — A ot A7 A 3, e T KA
)R 223 AR A A S T e A R Rl S A
FN[0,1 XA N, SR 5 UL 2R z-score 1H—
Tk BESS S, BRI QoS Ja PE7E [A]— s 22 i fEL 4
BH x={x,,0,,%,00 x5, 1,2 S, TEIZI ZI 0T 5 BUE

— _ixi
H X, W — ey X, = S =

n ,0-(1 =

gmﬁmﬂﬁwﬁﬁ$mﬁg
3.3 BEIRBFERHEIEMNE K

Syt i 55 P ST U 3 R R 52 e
IR 55 5Tk () 2 W VEAT 78 3 AN IR A B 1 7
il — A J R 25 VAl B A AR Bk
7 3 ASEICHE I AT — > 5 H AR T A 85 £ B 25 5 K
I B HAE S C , 75 WU S A 53T, DT s £ M
PRI, B, eq, M fi=(promyu, )" K
JEYE £, AL Bc
D(f)= @, Xp i+, xXmy i +¢,Xu, (24)
o g o, B P MU MR, VOSCRIR 2 55
PHIAEL L N 0, vayvay R ip, mp; u,, |
BEDLMTCH) 3 D EEE, ¢, .0, .0 Hie, @, ¢, | THE
HLAFEC AR, T AR ] A B8 S5 A —— X i
LN
IR @, =¢, 0, =¢,, 0y =¢; Hoe\+e,4e= 1,
PECRSEES€/R S C R Ay B R R
¢=(a,~a,,)/a,, (25)
AR A B TR S R 1 R AR A R/ NV D
RCE A 5 Rl S AR PR IE AT OG
St FALERAEE o, i e 11,2,3} 5HABBI A B
(ERSSHP=
=1

>5,5e[;—,1>

IF ( a,+a, )

a,—

THEN ¢, =min{c,,c,,c; |
max%gol »Ps ,§D3} =max ;Cl »Co ,03}

(a,+ay)

ELSE IF

<e(e<8) H ¢, .0, .03 Xf

a,—
@E"J*ﬂﬁﬂiﬁﬁ,ﬁﬂﬂ? ¢’1 7éCl ,§02 ;écz ’403 7éc3
THEN ¢, =c,,¢,=c,,0;=¢;

Return [ng NG ] Xf,
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X ¥ F K % 36 %

3.4 % QoS BHMEM

T £, € g, 0 6 AR HE G A 5 590 0« 7 e
D(r,) R D(t) A8 D(c,) Z41E D(s,) 38R
&g D(ad,) AT D(p,) SR SCER[12 ] T 4R B
IS G E L QoS J@ B b S5 25 5 F
S e P RS e P,
180 integr(S,) , M QoS ZEBIFM AN
D(r,)xD(ad,)xD(p,)
D(t;)xD(¢;)xD(s;)

integr(.S,)= (26)

[(ETRFERTH ERBHQSEE]
[(ZEERZRIRREEOE
| T3 B R R TR I 0 B B9
| Webﬂﬁ%Q;SE‘[*iﬁﬁk |

| Web 3 tb.QoS ik 4 |

h 2
| Web BB % AT ¥ 4t P4 |
I

| T 58 T A8 B A 4 B |
T

| el 45 7 S IS LR |

L 2 [ 2
ETRSVERGERK| (BRTHERNETE
ﬁ%?:‘é{ti%ﬁ ZEEEEL
T
I

!
[QostmsHir 5 H] [Qostkistr 5715 |

&R IR 2 BIHAT T B G
KB H T AR
Bt — AL 3R

ZHR B IAE RAE
QoSEEA THHE
4 Web IlR55 QoS HEBI A HELE

g5 Lk, 5T H P e AT AL I B Web ik
%5 QoS Hu ki B It [A] sh A el A8, /2 T Web N F IR 55
QoS BHATEAGHER WK 4 Frs, HHRRHA T —FZ£
BRI AR M B AR O PPA T 2 T 3 AN
TR 6 A~ QoS JEPEMIIARZR | FF A 57 T %% & 1) it 1Y)
TR BRI XTA TR AR AR T SR T T BRI L
SPPA Hodh g SCRY AT T T8 B A IR 20 B R R
FURERAT M AL RLEE, IR d T IR 55 AT I (A P
FEBAASERY 3 BB ] N Web R S5B I8 R Eiat 1)
R R AR A A T X 45 W R R B AL A T A
B 5 388 3 PR B (R P FH P i SR A B 2 B AR A, A 2 ]
FAF AR PEA F P B TR A A i S A T 1 R
T RE 5 3 1 P S [l st ) 525 [ FE R AT R X Web
MR 55 AT PEHEAT VAL . RIS XT QoS J& M Bde A 1& B
FIA—AAb B X ER IR AL G B, T R 21 QoS
CEATHANE,

4 HEXBSHH

A (5 ELSEER A B Bh A IR T SO B AP
TR TSR | Sh AR EE B9 5 = 0 56 T P O A
AT BRI A WA AL | SEI R T B9 B s 0k A T IE
HH IR A3 Web 55 odl, BT Horp 5 100
%5 Web R 558030 FHVE SE 300 LU S0k, Hidis S 42 At i %k
P2 M55 7 P B I 248 G ) LR e | e
TELAT B R IR AE P 5 R 55 52 B B, f 4%
JHRE R 8] O B AR, I BT TSR R A P
TR R SER R T IR 1

WS round, round, round, round, rounds roundy round, rounds round, round,
WS, 5.0 2.46 1.1627 1.2264 1.3777 2.5593 1.6369 0.6467 1.2933 1.5918
WS, 5.0 2.45 1.1882 1.1954 1.0912 2.1037 1.3306 0.5302 1.0605 1.3022
WS, 5.0 2.43 1.1644 1.2812 1.1138 2.1351 1.4554 0.5681 1.1361 1.4626
WS, 5.0 2.48 1.1973 1.1228 1.0449 2.0134 1.3389 0.5313 1. 0605 1.3208
WS; 5.0 2.47 1.1807 1.2613 1.2351 2.3321 1.5874 0.6178 1.2355 1.5308

AR I e A e 18 B 55 3 A T R DAL TR A A
AR N BN 5 TR S5 WS, ~ WSS HEAT T VAL S5, 5
KRR AR AT R T 45 BLAL IR [] P9 2% 33 i 55 1) FH P AR AT
DB SR T e 10 ROPE Al BHE, SE g 45 R
RPN, WS, ~ WS, BIIRSS FATVEAL T— 3 21k
AR, TR 55 AT 4 P2 (B RE A8 Bl AS [R] ) 220 1 P
1R B S TR

UNSEIG R BT 7 |, round , BUHEEB A B 5.0, Bl
IR SS A TR I AT, R 2 SEER B AT A B
Sk round, F AT BB AN T round, KKKEET, 18
KR MBE 2 AR K (HA5 IR 55 I A 7 30 1 o 30
SEELT R S T R BRI 55 ¥ 0 BN S AT
FREE A L SE PRSP 85 v, AT AT (0130 28 AR A5 3 Y
BUE, EFXF WS, F1 WS, BPEASELHE EA T LU 3L, round
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H WS, B P AT AR R 563, TE A Ik 55 K
AR, WSy BT A7 8 ds & o des Y 710, H
Ja # IR 55 S B TR, R AT A
1.5918, Jii 2 AR HAR AR A 1. 5308, IERH 1% B kA
FRUFEAS S DA s R 55 s DA R A R IR 55 i SR i 1%
B[] N R 55 (AT P BE T 2% e ) 2 B i ] 22 i)
FH P AEZA T B , S BUIRSS S AR LR A 3 8, a0

round, W ZI, WS, 5 WS, WATHARAE4L R T1. 0605, H
£ round B Bt I IR 45 34K A AR (BIRAT I P>P,,
A WS, B3GR (AR T B BE VT Ah A 386 4R
T WS, , B UE T A 7L BR A% 1 8 04 LA 55 14 4 5 11
AL AR TR BEAT B AR PRI T AT VAN
SRR, i T AL GE AT EE DAL B T i A
BRI LA T G A7 LA K 45 SR g — e P 1) R

F# 2 Web oK (K

WS round, round, round, round, rounds roundy round, roundg round, round,
WS, 445 1250 302 319 361 1065 589 42 446 563
WS, 430 1193 327 329 299 1085 588 47 440 570
WS, 458 1157 306 338 291 1015 626 37 472 632
WS, 429 1211 327 306 284 1027 608 46 430 570
WSs 509 1409 373 400 391 1248 768 44 558 710
- Ja &, 0 user 558, BB L [ -95.6890185,
e o 39.0558235 | A4 #E B "M 5709.497, 5 S, By
<4 , [84.2677515,39. 6155668 ] {125 H8175. 428, H. user
;! 5 S, BIMATYE S HATAR (48, 5207, 5 S, HyiT4k fE
5. 5107 , BRI 3 AR A P A2 2R AT O FR) 6 ¢
A% A oy e R IE AR R AR D IR AR FH 7 SR
HRLC G S HEA T A S TR AR AT AT
X T 4 5 B P BT R B I R 2 DA Bk
R WS, 1 round, BrBXEEHL2 AR YER 4 5 DPA (W01 3

HRAE R SCHTHl AR 14 FH P 35 5K 5% B2 25 (] d Ak 7 VA A
R Sy Mrround, K BE WS, 5 WS, B FH i R o7 B 3% B F
MR35 By aniEl 5 P 3 SR A B RIS AL, b
AEAR TN I B2 B AR AR R R A R T IR
55 B P AE R AL B A0, TR R T S T IR 45 B
O, SRR T AT, T wser 5 0S, BB N
3684.367 , 58, HIH B "~950. 103, B & v F0HG & KT

Fim , 2o evaluate iR 25174l 5 B8R , 280 1R 2217
RS T 0 o 1A, AT SEVE SR 4 8PP A5 B0
FEARYCEAR X TR R P, 151 £ B JUE09R0. 3343, T Up-
opularity JBPERY 2 4 #&PEALBUE 5 AT =58 Lo A XA
N B AT D s B [ A AR UVE A (B A 8. 7081,
g Bon-& B GE ] TR RR AR 8 A 1 Kk IR 22
W P R I AT B R

*3 RV

Attribute evaluate round, round, round round,
Reliability 0.3384 0.3461 0.3344 0.3343 0.3343
UPopularity 8.8442 8. 8409 8.8782 8.2689 8.7081

X T 3C R TR IR Y 3 R TR 0 B AL G A
5, WS, 7 round, By Bt 55/ P M INEHE M DL R
FUBUIE U 23 1F 5 BT Ak 09 B 43 i o 0. 6672
0.6672.0.3633 , LT round, HrBL, Horp P A0 M Y35
K AR, HAT B E 8 U %) 5 s 5 H b o 50l 2
EARARLL 8, [ P AN M AL A 43 B 2R X K i
AAUE, U WA ECE) T8 /NAUE , UEI T AL

AR, AR IR 2% 8 1 B — DR P A Edis =k
4 Jr7R , B 2R SE R W RT3 1 22 8000 IR 2 Al 4
PRI QoS WFANSIE LR REWS AT HOTAl & Jm 4, IF
A BT IR 22 A — AL VA LB S S IALE 1, Tl 4R
Frikieims, BB M 45 Ik 55 4R 11 QoS £ & PEAG{E, FRIIE
TR S AT SR
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F4PAEIRER
reliability timeLiness servlcePrice security popularity adaptive Qoslntegration
WS, 0.3144 0.5605 0.5 0.5 0.5760 0.3328 0.430
WS, 0.4564 0.3196 0.5 0.5 0.4791 0.6169 1.696
WS, 0.7716 0.6551 0.5 0.5 0.4804 0.5265 1.192
WS, 0.4584 0.5646 0.5 0.5 0.3846 0.6172 0.771
WSs 0.4992 0.4001 0.5 0.5 0.5799 0.4039 1.169
[6] ¥tk A TEXRANGA P XABEA L AN HA

5 HEFRIE

i 3 A P R AE LR AT S i I Web iz 55 I
A DA B AT AR 1 DX el A Ak 5 350 55 o PP A
= ERRPE AN S, FA T 2B R 2 s P4
MBS QoS PEAG KLY, BEIRILEAL SE QoS J& P Y L il
b EHUE ST B AEARRTT IR RN T X e
A7 ] i R s A AT A D A B AR AR
PR 0 8 o P 12 A 250 IR 55 A7 4R 1
W TE T IS5 AT I VA SRk i T | eSS R B
DX st ] AR 5537 2R RS 4 1 3 e P i B P A T 4
JE BB  [R]p T SRSREAR B T IR S5 R A AL
B R (A 1 R P AR AT O S B ]
55238 (R B S A R B m B IR T QoS s i
A — RS AR AR AN AE SR, S T 1 3t )R B AR
IR R BT P 55 e 55 S8 L 7 A g e e ST
SRR IEAT A S B B R R T
YRR T4 LT AR R G R R Sk A it — A0
NN A SRS il 8
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A Dynamic QoS Evaluation Method for Web Services
based on Online Behavior Analysis of Users

WANG Ruixiang, WEI Le, CHANG Yu, DUAN Yanfei
(College of Software Engineering,Chengdu University of Information Technology , Chengdu 610225, China)

Abstract; As the computer-centric web service provision method is changing to the user-centric web service provision
method , considering that the previous dynamic QoS model fails to fully consider the online behavior of users and other
factors, which leads to the lack of real-time accuracy of service quality assessment. For this reason, this article considers
factors such as the imbalance in the popularity of web services and the regional changes in popularity caused by user on-
line behaviors, establish an algorithm model for the evaluation of service popularity, the idea of Logistic growth curve
and population growth rate curve was used to describe the changes of users” online behaviors. And based on the forget-
ting algorithm, the service popularity heat value evaluation algorithm is proposed, which can adaptively adjust the popu-
larity value according to the change trend of the growth rate of the number of service requests per unit time, the cluste-
ring algorithm is used to divide the hotspot location density of service requests, which solves the problem of regional
changes in popularity. Then the popularity is regarded as an important indicator of the dynamic QoS model, and the
model is reconstructed and adjusted, through the establishment of data error evaluation, normalization and dynamic
weighting, the dynamic synthesis of QoS attributes is realized. Finally, experiments verify that the model is feasible and
effective.

Keywords : Web services ;service quality ; popularity ;online behavior; QoS modeling



