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QoS-Skyline Based Dynamic Service Selection
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Abstract  With the blossom of Web services, there are many function-equivalent services with
different QoS (quality of service). It has become a challenge to select services with high-quality
from a set of function-equivalent services. Traditional approaches to service selection, with either
partial or global optimizing strategy, process selection on all candidate services. These approa-
ches are not suitable for selection oriented to large-scale services, as the efficiency is drastically
limited by the number of services. This paper introduces the skyline approaches to improve the
efficiency of selection by using the dominance relationship of skyline to prune services. It also
proposes a novel skyline maintain algorithm which is suitable for dynamic service environment.

An extensive performance study using synthetic data is reported to verify its efficiency.
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Hrk+0.5(1~219) s 4Rk R <<C, . i fflg 2 B 1, a1
Z R4 R skyline b A9 AR 55 . UL AH 7 A6 22 4F A M
B skyline b 987 38 Ik 55 i S C 09 1R 55« 94 87 34
IR 55 A skyline Hpv, [ i 558 P 4% 4871 (3 ~5 47D 5
WA R, =C, AR 2 AT B AR 55 5 7 skyline
W R S5 EOR S A R R A VR kR BT B AR 55 4 A
FOAR R AL 1Y skyline H, [6] B 58T 4841 (7~ 9 7)) 5
WER R, >C, M B 3 W %0 L B 44 i 55 9 skyline
AR 55 T SIS o PR A X AR AR Al 2 (10~ 11 47).
5.2 MREEMEIFE L

TE 52 AR 55 R RO HE 4P R0 220 1 e 9 A
— S X R ME . IRl 6 BT, 47 T R oK 046 T
IR 55 R skyline Wiy s, I 55 BT S 1T S 8
skyline H iy g il 45 S BE , FRATTAR X A IX 80 il 55
s A M — S C DX . 7 U0 B R R K
Wk RIS AR T s, B ME— S X I, R
XA B R 55 53 ik s A ss SR,

A
10 Q@
5@
8 ; @ Q
R o’
& 6 ; 4
= .0 0% @
1 - @
s®
2 @
Sy ®s; .
O 1 1 1 :I
0 2 6 8 10

4
W) J3; 15 [ /s
K6 nE— S E X 3 4

EX T, ME—SZR B A X RS s 1Y
WE — S TC D3 00 X8 - P T T A I 55 L B Ik
% s T BL.

MR RANR TS s R SCELAR 55 - WX skyline TG
SN R R SR % s KR skyline |9 R 45 . 0 3%
T i B MR 5 s B9 ME — I X 88 /9 local-
skyline 38 HAf A Ji skyline J1JE il 87 B skyline.
PR Ry i 55 s M — S TC DX 3 9 IR 55 4 EL A8 IR 55 s
I SHE Y R4S s KRG R skyline b9 ILE R 5%



2142 iH+o;

Bl

e 2010 4E

L
&

TC ¥k SCBC X 26 il 55 o DA Ok A — SCC IX 8 Y Local-
skyline, RI A B 19 skyline ) — &85 B & 110 ik
J& skyline A B4 387 19 skyline. LA 6 A 4], local-
skyline fiHE BT DL s, (A48 R A2 T 1L DA
sy IR ARBR AN 50 B9 AL AR & A AL b A BB
JG— A HE I B P — S DX 8, AT A NN B BNL 4%
T A S T O X I 55 19 skyline Rk R 55
s, 1 local-skyline. 7 2 4 i 1§ D0 1 , o wl LA L[] R
(77 53157 local-skyline., 5 & 6 75 B (1 X Bl JE £ 2
AEIEOHLT - ME— SCC X A A8 B 1 20 4 25 (). SRR
55 () S AE R A L AT LK 5 A skyline Iz
%51 local-skyline fF 25 — A~ ¥ 4b B A9 3 B2, B0 2
SRy I e R O A S B

&% 2. DSCA_DeleteService.

Input: R-Tape, C-Tape, s5,(q,.q.)

Output: R-Tape, C-Tape

1. R,<-Compare g, with values in R-Tape

2. C,<-Compare q. with values in C-Tape

3. if R, = C,

4 o < Compute the local skyline of s5,7s only

dominate region

Delete s, (g, »q.) and insert ¢ into skyline
Update R-Tape, C-Tape

. if R,#C,
. end if

IR 55 9 S50 4 4P B3 1% 1 S AR AT SR e N I E] Y R
U FIC R C 400 h AR Ll E 5. BRI
KRS AEACH AL B B R AN C, G 1 47) s a2
R, =C, . BNRB M55 9 i skyline by i 55, ) 3K 3
2 M 95 ME — SCIC DX S8 9 19 Bl 55 o O ek 3 5832 DX I
1 R 55 $E Bz X 88 1Y skyline Bl local-skyline, Jf
$4iZ local-skyline 3 A Jit skyline A7 R 5 3 09 4 )5
skyline (2 2~5 47) W2k CAET R, BIR AU 55
SR D R 8 B S TE AR 55 o D G AR AR X skyline TG 5 Wi
AMEAL .

5
6.
7. end if
8
9

6 £ I§
6.1 FWILE

AR 10 55 0 O 425 T WS-Ben - £ i
{1 9 SR, WS- Ben J&— 4 Web I £
85 AT UL I 56 S WSDL SO BERUR 55 O
T R 950 17— S ] 09 B . 35 WSDL SCff
o L7 90 A B
TR RERE 0 28 A SR WS- Ben £ B —

F G I REAH [F] Y M 55, 75 — 5 79 BUETE BN IR 5 iRk
S5 HEALIY QoS A, I H 3 26 Iz 5 M8 hy S 56 K 4. i
T DR S B I 6 B 2 A T 22 L R R
A S 56 BN 1 B e 7E A SE 3R Z A 4 TS TE
BEAL 41 R, 9258 HE Intel Core Duo E7400 2. 8GHz
AhFEEE FI 2GB NAF I EHL BB AT BIER SN
Windows 7. 525543 K 3 &3 1 56 Lo AL AS SCH $2 11
iz 55 W 5 07 v 5 e vE RLR AN S e URE A IR 55 e 4%
AR I8 ) g3 B DSCA BE TE4E 9 skyline IR
%5 B RCE Fa i DSCA 5378 IR 55 1k 4 52
P i iy K

6.2 LIWHER

K 1. XHET DSCA B9k 89 IR 55 16 £ 07 1%
ST LM SR K AUEE TR TR AT R T
QoS Y IR 55 & £ I 9 R R HEAT 70 B b 8. O 17 sk
AN R 55 e 607 6 B0 AR S5 1 P B TR
5t Rl A RS 10 4> 7 T RB 240 & T . 41
T ReA A IR B 9 B A A QoS iy T Ak 4 1y
Rk 55 46 A a5 F 2 T QoS 1 ik 55 18 4 U 12 ik
38 1 IR 55 K AR AL 415 Mk 55 1) QoS H 31 2% #e %L
RAOENIE. RIS 1 rp R ATH T WS-Ben - 5. %)
10 >R A file 55 4T 1 Sh RE A ik AR 2 e ) 1k
AU RS REVE IR PR ECH S 2. 43531 Sy v 7 6 (6] 0 2%
FMED I8 34 7 SRR DL A= il 500 AN [A) QoS
55, FF T 3 A A [R] A 3% T QoS MY IR 55 i 4% 07
TR AT LS

Sy 1 P A SE T QoS iR 55 ik U5 ik
W

(1) St BL R I 125 36 2 ol 4 e 40 /) O 12
XFHET QoS MYk 55 e FEHEAT 2 Ry Ao A A B L e 5 1
RPCH G S BNEAR QoS R e B (i i =

(2) Ja kG, DABCRE S 2 4F o gk U i
AR KL T QoS 19k 55 e 5 2H & [m) RIUFe Ak ohy Bk
T 1 B U I A3 0B 45 ) AL G o X B AR AR B R
ARV 53 A Rt e U0 B A, B R 5 1 B R R K
QoS Ak i — Z B R 55

(3) DSCA J5 k. 84T R M55 R &
H) skyline i 55 . SR )5 R JE T skyline JIR 55 FH £k
YRR 1Y J7 75 BEAT IR 55 .

BT QoS WMk 55 k£ B AE il 43 B K 1) QoS fiE
235 2 F P R Sk B AT RE s . R ZE A B
i HEAT B T QoS W Ik 55 ik FE I L i JH K QoS
ROTE U SRAE R PFFHE R Y ik H— R 9 7 IRk 55 1)
HERMEBHS RS U B R, 45 IR 55 1
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% . JEF Skyline By QoS 1B ) 2h 5 I 45 s 4 2143

SRR e I 1 g R 5 2 4% 7 9 AR 1 3T
fr bR, HOTE U BT R A R F

Qovmax (B) — Qi (k)

UOVSi (k ) - Qovmax (k) - Qovmin (k) ’

Uovsl :iUovsi (k) ka.
HoF Qoo (RO AT A W BERI A & P TE £ B YE B 1Y

B RAE » Qoo (B N T A AT RERY 2 & 1E & J& 1E L
4 e /ML » Qovs (RO Ry 25 T 1Y 26 5 45 AL LAY 20 & iR

FAE ke JEVE LB BOHAE > we N b J8 TR BB £ A
S R B E AN R PR RCE AR [R] L T U B 24 R 8
PR IR B AR U

UnTEL 7 BT o o AR b O RS 5 D fE RY AT R 55
5 T IR 55 B H - A A B Oy 0 5 H 0 eR B A
19 ) — R B Wi 55 20 4 I i 2 3 SR T 5 M
LeME I 7 1 508 K SURE HE AT 25 T QoS W IR 55
BEPEATLL . 3 T DSCA 53k (19 IR 55 1 45 Jr 3 A5 2k 4%
AR AR PE#. 1X 5 i SCH 9 BLE 0 M — 2K
P il i DSCA F3k » 28 G 16 IRk 55 3k 4% I A% & il
% PEH Y skyline Ik 55 . 107 skyline il 55 ) % it G i
INT IR G5 PR I i 55 M0 K A5 2k T DSCA ik
19 i 55 36 % LA A e O 200

1000
sool| 7 ZePE R '
) + i R A%
800r| a DsCA
700} .
= 600}
= 500}
T 400}
B
300}
200
100 l-—/‘k/_é—_’A’—/‘*
900 150 200 250 300 350 400 450 500
FEA R 555
B 7 RSP R R O
K 2. i DSCA Bk R SHET

(1 skyline il 55 A9 8% . 78 B0 S50 L 52 50 B 475
T WS-Ben B A A9 D) BE A [F] 1T QoS A [A] 1y
M55 . T e se g & e M5 1k T H 58 skyline B2
RGP B AT A WS-Ben 7 B — A i 55 1) WSDL
SCPE I X2 AN AR T RE & 1k S i B s 1) A0 2 A [
I BEHL A L 10000 fy & EaR 2 J P B B E 0T . A
T RAE Y 10000 4> REAA AT QoS 4% 57 i Ak 55 . 1k
TR LR K DSCA 5T Rk AT L -

(1) Repeat 53k, 15 & UK AR MR 55 728 46 1 It
fig s BT — K skyline 55

(2) LookOut 2 3. B Morset™ 25 A 45 11, 5]
AHERR AL 4l 445k X skyline B8 A 9EAT 44 %)
B 55 A2 AL kAT TsSkline F1 Mini o8 £ ] .

TE AR B R b, 280 2 F i T anE 3 A
AR IR 552245 5. © RABIRS s © 2
[F IR 55 2% 5805 O Mk 557 1 IR 55 2% 38044 A ml e & A=

P8 A9 gt VCEI A IR 45 A 11
OUF .3 R S B A skyline IR 55 M RCR. & 8
f 52 90 7 S M AE IR 55 B B — € W B0 T B R
TASHIR 55 S L0 hn i i 55 B0 o 10, BRA 3 FlA
[ )82 skyline 315377 ¥ AR, b &L 8 (e A
b 0y FE RO 55 108 H AR AR TR SIS skyline IR
55 P s (B E). H 18] 8 W] LA . Repeat 581 850 %
AR PR g OB 38— A IR 55 i SR B R
B —k skyline Ik 55, LookOut B 34 T Repeat &
2 PR A Bk i SRR R TE R ) Y I B — IR
skyline IR 5% . 75 Z J& 19 IR 55 722 4k 3 A% b AR 48 728 4k
Mk 55 5 skyline (9 & R #E 4T skyline J8 %, {H 2
HA A DSCA B4, B o 78 € A 28 4 ik 55 5
skyline ¢ & i i #2 H, LookOut J& I MU 19 J5 125
1M DSCA | F J& P 407 . v] LA s 280 i 47 6 & E
B S 1 RARRR.

1

v Repeat
o Lookout
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5000 6000 7000 8000 9000 10000
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o //
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10 10 50 100 1000
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PO T ) 5 0 AR 55 S B 6 &
9 By SE N FE [ € 10000 A FE AR 55 1O i 42
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T ARt 10,50, 1001000 /37 14 R 4 (95 50 F - I R
W 3 3 R 78 B Repeat 5135 B 25 37 44 M o o paent
950 9 BT 528 i) S5 8 P R #5 LookOut L
K R B/ BRI Sl S AR IR 45 1 5 AL =0
HEAT skyline (¥ J5 6 88 s DSCA B3 (154 ff 1] 14 S
K BE £/ R HE S B LookOut — K L H.4€ =
AR B S 37 B A skyline 19 4 47 B 1 1::111;:1221::
LookOut . o0 6000 7000 8000 9000 10000
10 0 11 et 2 (R RA TH R 45 26 460 19 ERREH
TR .3 MR 7 83 4 skyline IR 45 1% Pl 12 BUE LIRSS 210 OB A R
SPHT L. S 8B O Al kA Bl DSCA 513% e —
T 1 J2 75 26 2800 45 i — a2 107 3 K0 IR 25 2 Al 1 |7 Lok
T 32 18 O 55 Kb — 2 1T 46 280 45 K0 5 A 20l
(R 0 o 1 T 2 5 W R 206 5 A TR 1 L S = ’
R I skyline 1922 H L% I T Repeat & *
Figk FFHEAE T LookOut Fik. =10
10
9 :Eggizlut 10’ 10 5.0 160 1000
3 8il + DSCA CERiINI &
=, 13 I Bl A B X R
gj U 3. WS 13k O A b I B
= 3 DSCA F535: 75 20 246 1T 47 g 4 7 11 10 22 B 76 10 50 36
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9000 10000
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000 6000 7000 8000
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= 107}
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10 50 100 1000
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He bR R iR E A skyline R 55 BT &5 B H). 5250 3 5 4n
FSC50 2 R 3 S35t R 7 18 Mk 55 A TH
55 W R A2 AR S5 v AR AR IR 5 0 B [ E Dy 10
AN AT DLE 25 R IR 55 JE I B 53
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TN 6 mF A PR RCH S 2 B OO . TSR L
4006 72 47 I KB R AR IR U K. 7T E AT
80 A B RO 5518 O T 5 B i R BRI 3R
it I (] 3 OB SR BOM R, X e iy T 40 B AE &2
4 EAKSR ATy e (73 DSCA Rk A 314 skyline
H 55 BA 3 58 F ) 35 o e B2 A5 /N TR DSCA 33 78
ZHEJE b A B Y A

7 2 %

ne»

R TR R AR 3 R R P A ) AR T SR IR
55 AR SCHE T skyline J5 A 200 X M 38 1R 55 3k
A3 R A 3. A% LS v 1 B A AR 55 R B AR SCER
— A R E AL A IR 55 5 i skyline iR 55 0% &R
(4G BT T A R B T — B 3 & skyline
440 51k DSCAL G i — R B L 5, k] T
DSCA LA ST QoS Wy Mk 45 ik B b 1 v &tk &
R 24§ k.

B A 55 K05 Y 15 0, 25 T80 AR 55 ) 1k 1S
skyline - /) iR 55 55 o K AH I 3G n. 48 SC0Y )5 22 T
VENS B 2 1 2% [ ] A3 2 1) skyline iz 55 Hh 42 B
A AR R 55
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Background

With the development of services, more and more serv-
ices which have the same function but have different non-
functional attribute values appear. Users’ attention is fo-
cused on the quality of services (QoS) in the process of selec-
tion. The dynamic Web service environment, including ap-
pearance of new services, disappearance of old services and
change of QoS, makes the selection more difficult. How to
satisfy users’ requirements for QoS in dynamic service selec-

tion becomes a hot issue.
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This paper introduces the notion of “skyline”, use the
dominance relationship, effectively filter the dominance serv-
ices, and improve the efficiency of service selection largely.
In order to be suit for dynamic environment, this paper pro-
poses a paper-tape model which could judge the relation be-
tween the changed service and skyline services quickly, and
proposes an efficient skyline maintain algorithm “DSCA”

based on the paper-tape model.



