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investigated based on the SOA (Service-Oriented Architecture) framework. Traceability

services are commonly data-intensive systems, which need to combine multi-source web

services. In this paper, by extracting important QoS (Quality of Service) indexes from

the web and data services of the system, a multi-QoS based benefit ratio (MQBR) is

established, which is then used on the traceability platform for food security management.

Based on the MQBR model, the skyline and heuristic method of artificial intelligence is

proposed for optimizing the efficiency and quality of service selection . Experiments are

conducted to prove the validity of the algorithm. The methods of our study are designed

and applied to a food security management application, with multiple QoS constraints in

the traceability systems, to improve the overall performance and service quality.

Keywords: food safety traceability system; skyline algorithm; multi-QoS constraints;

data service composition; heuristic-based algorithm

0 Ú ó

�XÑÖO�Eâ (Service Oriented Computing, SOC) ÚA^�×�uÐ, Web ÑÖO

�¤�Cc5�ïÄ9:[1-4], ÑÖO�®¤��«­��ªÆ��O��ª, �è���

ÖJøEâÚe�| [4]. �c, �O�!�êâ!IoT �#A^�,å, ÑÖO��ng�

\�\<%[4-5], ¦� Web ÑÖ¤�¯��ïA^XÚ�Ä�[6]. Ó�, êâ���«Ø%]

�, êâÑÖUå¤�è��Ø%¿�å.

XÛ3�þ� Web ÑÖ¥u¢�÷v^rõ«I¦�å�ÑÖ´��ã��]

Ô[1,7-8]. ÑÖ�þ (Quality of Service, QoS) ¦^ÑÖ�?�Æ (Service-Level Agreement,

SLA) �IØ=lEâþ, 
�lÑÖ5Uþ5µ�!ïþÑÖ, ´­��ÑÖJ`å». Ä

u QoS �ÑÖ|Ü8�3ulÑÖ¥ÀJ÷v�å��`ÑÖ8Ü, Ù¥õ8I QoS�å

�|ÜÑÖÀJ¯K´ NP(Non-deterministic Polynomial)J¯K, J:3u
��)�m,

Ã{3õ�ª�mS�¤|¢[9-10]. 8cõ QoS�å�|ÜÑÖÀJ­:3u QoS�.ï

ÄÚ|¢�{ïÄþ, I��â�+��A:, �ïÑÖ� QoS�.[11-12]. ¡�êâÑÖ�

ÑÖ|Ü¯K, Ì��¯K�3�½��dm���SÀJÎÜ�¦�ÑÖ[13].

 ¬S��
´à�+� ¬S�+n���­�Ãã[14], XÚ(� ¬�þS�9

Ù�'&EU
�^�Jl ()�
Þ→�¤ªà)½ö_�£� (�¤ªà→)�
Þ), l


¦ ¬���)�²E¹Ä©ª?uk�i��¥.  ¬l�Ñ�¤¬�9«!��!

)��, �!�E,  ¬)�\ó§Sõ!��õ, ºX
)�!\ó!�C!;$!�È

�õ�!, z��ãþ��X°þêâ?nI¦. Ïd, T+�êâþÎÜ“4Vs”[15]��ê

â½Â, ºX
êâ)¤!êâ¼�!êâ�;Úêâ©Û����êâd�ó. Ød�	,

XÚ�­3êâÑÖ�!, =�ú¯Jøêâ�ÎÑÖ. ±êâ�¥%� Web ÑÖ|Üà�

êâ�ø�Ú�#, ¿��X�þ�êâö�Ú�p[16].

�©�ïÄu SOA(¡�ÑÖ�e)µee� ¬�
êâÑÖXÚ, ±yk WebÑ

Ö�Ä:, ~X GIS ÑÖ�
!��èO�ÑÖ��, ¢y
 ¬S��
 (Food Safety Trace-

ability, FST). FST XÚnÜA^Ôé�!øAó&E!£Äpé�!GIS �&EEâ, ½

þ£ã ¬)��L§, ¢y
)�P¹��;!�¬6��Jl!;$&E��Î!

� http://map.baidu.com/;https://lbs.amap.com/api/webservice/summary/

� http://apistore.baidu.com/apiworks/servicedetail/2773.html
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�¬�þk�y. êâÑÖ�¦^Ú��muÚêâ©ÛóägÄ/½ �;�É�ê

â, Õá/�ÎÚ©uA^�¦�êâ, XÚµeãXã 1¤«. FST XÚ�k��ïI�

8¤õ«�ÑÖ, ÑÖ�5U!�^59��5±9êâÑÖ��þ�I�éXÚ�­½

$1�'­�; d	�
(�ÑÖ��þÚ(¹5, ÑÖ�7L÷vM�åÚ^�å. Ï

dïÄ3õ�å^�e�ÑÖ|Üé¢y FSTXÚäk­��y¢¿Â. du Web ÑÖ

°þ5Úõ�5, XÛl¯õ�ÑÖ¥k�/u¢÷vXÚI¦�ÑÖ¤�XÚ¢y�

'�.

ã 1 Äu Web service � FST XÚµeã

Fig. 1 Framework of FST system based on web service

�éþã¯K, �©JÑ
FSTXÚÑÖ|Ü�., ¿éz«(�� QoSá5A:?

1
©Û. FST XÚÌ�æ^ 5« Web ÑÖ QoS�IÚ 3«êâÑÖ QoS�I, ¿éÙ?1


½þ©Û, JÑ
MQBR�.. ��, (Ü<ó�U�éuª|¢Eâ, 3õ QoSá5�

å� Web ÑÖ|ÜþÀJL§. ÏL¢��yÚ©Û, �©�{U
k�¢yÑÖ|Ü.

1 ÑÖ|Ü�.

1.1 Web ÑÖ|Ü(�

Web ÑÖ¢y
^��Ü©õU, õUE,�^��ÏL8¤
¯õ� WebÑÖ5�

E, ù�L§Ò´ WebÑÖ|Ü[1,17].

3 Web ÑÖ|ÜL§¥, Ø�©)�õU¡��fõU,÷v�fõU�ÑÖ, ¡��

fÑÖ. õUÚÑÖ�m�3õéõ�'X, ÑÖqäkØÓ� QoS á5. Ïd, �3õ�

äkØÓ QoSá5�ÑÖ|Ü�Y, �±÷vXÚõUI�. Äu QoS�ÑÖÀJ�{l¯

õÑÖ¥ÀÑ��, QÎÜ^r QoS�å, q´�`��Y. Ä�� Web ÑÖ�|Üd 4 «

Ä�|Üf(�, ©O�^S'X!¿1'X!©|'XÚÌ�'X. ÑÖ|Üf(�X
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ã 2 ¤«, �âù
f(��ØÓ, ¤À|ÜÑÖ8� QoSá5��ØÓ.

ã 2 ÑÖ|Üf(�

Fig. 2 Substructures of web service

1.2 QoS á59Ýþ

~^� QoSá5Ì��)¤�!�A�m!��5!�^5!S�5�[18-19]. �éê

âÑÖ� QoSØ
�¹��� WebÑÖ� QoS�I, ��)êâÑÖÕk��I, ~Xêâ

�¯¤õVÇ!XÚêâg��m�. �âA5�ØÓ, �©��\5Ýþ!�¦5Ýþ!

��5ÝþÚ��5Ýþù 4aÝþ.

3ÑÖµd� QoSá5¥, Ì�±�\5ÝþÚ�¦5Ýþ�Ì, �©Ì�±ùü«

Ýþ�ïÄé�. éu±þÝþ, q�©���'ÚK�'. ¤¢��'�¦5Ýþ, =�

���Ð; K�'�\5��, ����Ð. éu�\5Ýþ, 3ã 2 ¤«�ÑÖ|Üf(�

¥, � QoSá5��O��{�: �½ÑÖ S1 ÚÑÖS2, ,� QoSá5 j, ÑÖ S1 � j á5

�� wS1

j , ÑÖ S2 � j á5�� wS2

j , |ÜÑÖ� j á5�� wS
j . �\5��¦5�O�X

L 1 ¤«.
LLL 1 ���\\\555������¦¦¦555OOO���

Tab. 1 Evaluation of additivity and multiplicativity properties

^S ©| Ì� ¿1

�\5 wS
j =w

S1

j +w
S2

j wS
j =w

S1

j ½ wS
j =w

S2

j wS
j =k × w

S1

j , ÑÖ S1 Ì� k g wS
j =max(wS1

j , w
S2

j )

�¦5 wS
j =w

S1

j × w
S2

j wS
j =w

S1

j ½ wS
j =w

S2

j wS
j =(wS1

j )k, ÑÖ S1 Ì� k g wS
j =max(wS1

j , w
S2

j )

�âþã½Â, �±O�Ñ|ÜÑÖ� QoS á5o�. ^S'X��\½�¦; ©|'X�

,�©|��; Ì�'X, éu�\5éþ, ��Ì�gê�á5��¦, éu�¦5Ýþ, ��

á5��Ì�gê��ê; ¿1'X������©|�á5�.

2 FST XÚ¥� QoS á59|Ü�{

2.1 FST XÚ

FST XÚÌ�æ^ SOA. SOA ´�«�O�ª, �´�«½ÂÚJø IT Ä:���

�ª, ÏLÑÖ|Ü¢yõU8¤�XÚ, äkûÐ��¬z!ª²�!pö�Ú�*

ÐA5. FST XÚ�¹ 6 �ÑÖ�¬, =Ï^�ÖÑÖ (Comm Business Services)!>û

�pÑÖ (EBusiness Service)!£Ä²��
ÑÖ (Mobile Trace Service)!è�à�
Ñ

Ö (Enterprise Trace Service)!�
�ÖØ%ÑÖ (Core Trace Service)!XÚ^r+nÑ

Ö (User Admin Service) �, Ù¥�
�Î!^r]�!�¬&E�ÑI�XÚ|±�5

�!p¿u�êâ�¯. FST XÚ±ó�6��ªJøÔ¬��
ÚJl, XÚæ^ REST

API Ú SOAP API ü«ÑÖN^�ª.
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FST XÚ��¡�ú¯�êâ�ÎÑÖ, êâ÷+3��;�þ, æ^êâÑÖ (Data as

a Service, DaaS) ng, Ì�¦^ SQL Data Services. DaaS ��´ Web ÑÖ3êâ�¡�A^,

§Jø
XÚêâ�;�Ä�, JølØÓ²�ÚXÚ¥�¯êâ�?§��. T�ÄuÚ�

mu�êâ©Ûóä, gÄ½ Ú�¯�;�àêâ, Õá/�¤�ÎÚ©uA^�¦. Ì��

êâÑÖö��)�.ö�!¢Nö�!á5ö�!¯Ôö�!êâ�þö�!êâ�\�Ñ

ö�9êâS�5ö��.

FST XÚ¥éz�ÑÖI£Ä�á5, Xmu�ó!¤^�{!��(�!mu|�!

muFÏ�. d	, ��z�ÑÖ� QoS á5, �)�A�m!ÑÖ�^5!ÑÖ��5�.

FST XÚ)�P¹�¼�9�;!�
�Î��9õ«Web ÑÖ|Ü. ���«±êâÑÖ�

Ø%�XÚ, ÑÖ�óéþ!ÑÖ��A�m!ÑÖ���5±9ÑÖ|Ü��d�TXÚ�

­��I.

2.2 FST ¥� QoS á5

FST XÚ¥� Web ÑÖ'� QoS �IÚêâÑÖ'��IXe, Ù¥ (6) � (8) �XÚê

âÑÖ�'��I. e¡é FST XÚ¥­�� QoS á5?1©ÛÚþz.

(1) ÑÖ�A�m SRT (Service Response Time), P� ti, Tá5áu�\5Ýþ. o��

A�m SRT(C) =
∑N

i=1 ti, Ù¥, SRT(C) L«ÑÖ|Ü C ��A�m, ti L«ÑÖ|Üp¡

1 i �ÑÖ��A�m, N L«ÑÖ|Üp¡ÑÖ��ê.

(2) ÑÖ�^5 SA (Service Availability), Tá5áu��'�\5Ýþ. T�IJ±

��?1þz, ÏdÏLm��^rÚ^ªÇ5Ýþ, =^ræ^TÑÖ�gê�õ, L¡

TÑÖ��^5�Ò�p. �
3ØÓÑÖ�m?1á5���\?n, XÚæ^ÑÖÚ

^gê�÷vÓ�õU�¤kÑÖp¡Ú^�ÑÖ�pgê�m��é'Ç5�LÚ^

Ç, � SA(C) =
∑N

i=1 ui, Ù¥, SA L«ÑÖ|Ü C ��^5, ui = ci/max(ci1,··· ,cij,··· ,ciM ), i =

1, · · · , N, j = 1, · · · , M , L«ÑÖ|Üp¡1 i �ÑÖ��^5, ci L«ÑÖ|Üp¡1 i �

ÑÖ�^rÚ^�gê, N L«ÑÖ|Üp¡ÑÖ��ê, M L«ÑÖ ci éA�õU Fi!÷

v Fi �¤kÑÖ��ê.

~X, ÷v,�õU�¦�ÑÖk 10 �, Ù¥�p�^rÚ^gê� 10 g, @oÚ^gê

�p�ÑÖ�Ú^Ç� 10/10=1, e,ÑÖÚ^gê� 6, KÚ^Ç� 6/10=0.6.

(3) ÑÖ��5 SR(Service Reliability), Tá5áu�¦5Ýþ. XÚæ^^r�"��

æÇ5m�Ýþ. z�ÑÖ��æÇ�O��{�, ^r�"��ægê�^rÚ^TÑÖ�

gê�', Ïd�æÇ�$, KÑÖ���5�p. O�úª� SR(C) =
N
∏

i=1

ki, Ù¥, SR L«Ñ

Ö|Ü C ���5, ki = 1 − fi/ci, i = 1, · · · , N , ki L«ÑÖ|Üp¡1 i �ÑÖ���5, N L

«ÑÖ|Üp¡ÑÖ��ê, fi L«ÑÖ|Üp¡1 i �ÑÖ^r�"��ægê, ci L«ÑÖ

|Üp¡1 i �ÑÖ�^rÚ^�gê.

~X, XJ,�ÑÖ, ^rÚ^
 10 g, 
�"
 6 g�æ, KTÑÖ��æÇ� 6/10=0.6,

=��5� 0.4.

(4) ÑÖóéþ ST(Service Throughput) ´ÑÖ¤õ�1�²þgê. éuÑÖ|Ü C,

t(S) �ÑÖ S �óéþ, KÑÖ|Ü C �óéþ ST(C) = mins∈C t(S).

(5) ÑÖ�d SC(Service Cost) �L
^r¦^ÑÖI�|G�¤^, O�úª� SC(C) =
∑

S∈C

c(S).

(6) êâ¤õ�¯ÇDASR (Data Access Success Rate) ´¤õë��êâ¥�VÇ.

(7) êâg��m DSHT (Data Self Healing Time), =XÚ�ØuÿÚg·¡E��m.
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(8) êâóéþ DT (Data Throughput), =êâÑÖ3ü �mS�êâ²þDÑ�Ç.

d	, FST XÚ���«Ì�±êâÑÖ�Ä:�²�, ^réêâÑÖ��d'�'5,

�d�±ÏLO�]
�m�þz.

2.3 FST XÚ� Web ÑÖ�åÚ|ÜÀJ

Äu�å^�e�ÑÖ|Ü¯K£ãXe.

�½ 1 | QoS �å CQoS = {c1, c2, · · · , cM}, 3d�å^�e��|�1ÑÖ|Ü FS ½

Â�: �½ÑÖ|P = {S1, S2, · · · , Sn}, l P ¥ÀJ N �ÑÖa�?�ÑÖSi, i ∈ [1, N ], ÷

v CQos(Si) 6 ck, k ∈ [1, M ]. ¤k��1ÑÖ|Ü�¤ÿÀÑÖ|Ü8 (Candidate Service

Composition, CSC), CSC=
⋃

i=0 FS. �`�ÑÖ|Ü´3¤k��1ÑÖ|Ü¥ÀJ�d�

�� 1 |ÑÖ.

�
�y FST XÚ¥ÑÖ��þÚ(¹5, rXÚ¥ QoS á5�å� Web ÑÖ|ÜÀJ

¯KÄ��: lz�õU(:¥ÀJ��ÿÀÑÖ|¤ÿÀÑÖ8, TûÀÑÖ8�)±eüa

�å.

(1) M�å (Hard Constraint) L«ÿÀÑÖ8�|Üá5�7L÷vT�å. M�å�±

©�|ÜM�åÚ!:ÑÖM�å, Xéu�A�m, �±�½��|Ü��å�m, ùáu|

ÜM�å; 
éu��5, �±�½z�ÑÖ���5�å, ùáu!:ÑÖM�å.

(2) ^�å (Soft Constraint) q¡� Ð[20], L«XJÿÀÑÖ8÷vT�å��U5�

�, KÑÖ8� QoS o��`, ^r÷¿Ý�p. XÑÖ�^5�å, 3÷vM�å�^�e, é

�^5�å�üS, ÀJá5��p�ÿÀÑÖ8=��`|ÜÑÖÀJ.

e¡Þ~`²XÚõ QoS �å� Web ÑÖ|ÜÀJ¯K. ÑÖ|Ü�SÜ(�Xã 3 ¤

«. ± 4 « QoS �I�~, L 2 ¤«�ã 3 ¥�õU!:�U�ÿÀÑÖ.

ã 3 ÑÖ|ÜSÜ(�ã«~

Fig. 3 Structure of the service composition

LLL 2 ÿÿÿÀÀÀÑÑÑÖÖÖ888 QoS ëëëêêê

Tab. 2 QoS parameters of the candidate web service
õU!: ÿÀÑÖ �1�m/ms �^5(��') ��5(K�') �d(Cost)

N1

S11 70 0.6 0.7 1

S12 80 0.7 0.7 1

S13 60 1 0.9 1.2

N2
S21 50 1 0.9 0.8

S22 60 0.4 0.8 0.9

N3
S31 120 0.9 0.9 0.2

S32 100 1 0.7 0.5

N4

S41 201 0.8 0.8 1

S42 243 0.9 0.7 0.7

S43 234 1 0.6 0.4

N5

S51 30 1 1 1.5

S52 40 0.7 0.9 0.6

S53 60 0.6 0.7 1.2

L 2 �) 5 �õU:� 13 �ÿÀÑÖ, z�ÿÀÑÖ�¹ 4 � QoS á5: �1�m!�

^5!��5Ú�d. �d�p����� 3. T|ÜÑÖ(��©|., =ÑÖõU!
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: N3 Ú N4 áuü�©|, KT|ÜÑÖkü^�16§, Ïd|Ü�å�I��½ØÓ�6

§. b½^r�é N1 → N2 → N3 → N56§JÑ� QoS I¦��1�m�u 260 ms, �p�

^5Ú��5, 3dM�åe, ÿÀÑÖ8 {S11, S21, S31, S51}��15ÿÀÑÖ8, �÷v�

p�d��.

dþãÑÖÀJL§��, õ QoS á5�å�Web ÑÖ|ÜÀJ¯K�O�|¢�m�

�, ©z [21] �ÑÑÖO�¥ÑÖ�þ�õ8I`z�.äk NP E,55�, Ã{3õ�ª�

mS��)û, ÏdI�ïÄk��`z�{.

2.4 XÚ MQBR �.

�â�
XÚ�A:, FST XÚ� QoS �II��ÄWeb ÑÖÚêâÑÖ� QoS �I. �

éõ8I QoS `z¯K, ©z [21] ïÄ
ÑÖO�¥ÑÖ�þ�õ8I`z�.�¦). �©

JÑ
3õÑÖá5�åe`zÏf (MQBR) �.. MQBR �8Iúª�

max

(

w1SA(C) + w2SR(C) + w3ST(C) + w4DASR(C) + w5DT(C)

SC(C) + DSHT(C)

)

, (1)

�ÑÖ�A�m÷v SRT(C) 6 Γ , Γ �ÑÖ�A�m�åK�, Ù¥, wi �ÑÖ�I��­,
∑

i wi = 1.

úª (1) ¥���­����, = wi = 0.2, i = 1, · · · , 5. úª (1) ¥ SA �ÑÖ��^5

µd�, =^réTÑÖ�Ú^Ç; SR ´ÑÖ���5µd�, =^réTÑÖ��"�æÇ;

ST ´ÑÖ�óéþ; DASR ´ÑÖ�êâ¤õ�¯Ç; DT ´ÑÖ�êâóéþ; DSHT ´êâ

g��m.

3 ÑÖÀJ�{

3.1 �{�O

FST XÚ�õQoS á5�å� Web ÑÖ|ÜÑÖÀJ, ��þ´��ÑÖH{L§, �±

æ^�Ý`k, ½ö°Ý`k�_8|¢�{, ��Ç�$[22-23]. FST XÚæ^ QoS �å°Ä

�éuª�{. XÚ3÷v^rõQoS á5�å�Ó�, �y¤À|ÜÑÖ8´�`)½Cq

�`).

�
J,O���Ç, ÄkéÑÖ?1æ^Skyline �{ý?n, =�ØKØ�UÑy3ÿ

À(J¥� Web ÑÖ. ©z [26] �@ïÄ
Äu Skyline �ÑÖÀJ¯K.

Skyline �{´��;.�õ8I`z�¯K[24-25], q¡� Pareto �`¯K, ´�l�½

� N -��m�é�8Ü O ¥ÀJ 1 �f8, Tf8¥�:ÑØU� O ¥�?¿��Ù¦:¤�

� (Dominating).

�½ 2 �ÑÖ S1 Ú S2, XJ S2 `u S1, P� S1 ≺ S2, Skyline ÑÖ÷v^���=�

∀k ∈ [1, |CQoS|]: Ck
Qos(S1) 6 Ck

Qos(S2), ∃i ∈ [1, |CQoS|]: Ci
Qos(S1) < Ci

Qos(S2). FST XÚ¥

Skyline O�ÿÀÑÖ�¤é QoS ëê�þ, éÑÖ?1ÐÚ�ý?n.

3 FST XÚ¥, ��
 8 � QoS á5, X�1�m!�^5!�d!óéþ��. ÑÖ|

Ü��A�m´�\5�å, �´M�å; �^5´��'��\5�å, ��5´K�'��

¦5�å. �{�8�´3M�å|Ü�AÑÖ�m SRT(C) 6 Γ ��åe, ��zÑÖ|Ü�

d SC Ú��zêâg��m DSHT, =ÀJ÷vúª (1) �ÑÖÿÀ|Ü, äN��{ 1.

FST XÚ¥�^5Ú��5µdÑ´��', �����þ� [0–1] «m, �1�m´M�

å. �âù�+�A:, ü�ÑÖµd�éu5¼ê½Â�

H(n) = H(n)H + H(n)S, (2)
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Ù¥, H(n)H �M�å, d�1�m�¤, H(n)S �^�å. H(n)S ���N
ÑÖé!: n �

·AÝ, H(n)S ���, TÑÖ�ÎÜ^rÀJ.

�{ 1 FST XÚÑÖ|Ü�{

Ñ\: �å^� CQoS, ÑÖ8Ü S,!:8Ü N

ÑÑ: ÑÖ|Ü�L A(N)

1. Compute service Pair-wise skyline

2. Select the first node N ∈ N, sort service of N by H(N);

3. N ′ = N − N , j = 1, A(N) = ∅;

4. hj(N) = max H(N), T = t(N0, j).

5. if T > Γ , select the service secondly by H(N), go to 4;

6. T = t(N0, j) + T ;

7. if N ′ 6= ∅, select the next Ni ∈ N

8. j = 1

9. hj(Ni) = max H(Ni), T = t(Ni, j);

10. if T < Γ , store the N
j
i to A(i)//N

j
i �!: Ni �1 j �ÑÖ

11. else

select the service secondly by H(Ni), T = t(Ni, j + 1) + T , go to 6;

if service of Ni search complete, search back Ni−1.

12. if ∀ai ∈ A(N), ai 6= ∅, return A(N).

13. else return null.

�{oN©� 3 �Ú½, äNXe.

(1) O�z�aÑÖ� Skyline, /¤ÿÀÑÖ�¤é QoS ëê�þ (1 1).

(2) �â^r� QoS á5, =�1�m!�^5!��5Ú�d, O�z�!:¥z�ÑÖ

�éu5¼ê H �, ¿Uìúª (2) O� H ����, Uìd����^Sü� (1 2).

(3) �âéuª|¢�{?1|¢, TL§æ^ê| A(N) ��z�!:ÀJ�ÑÖ, XJ

T�`ÑÖ|Ü÷v^r��1�m�å, K�£TÑÖ|Ü, ÄKò�â£��{, rØ÷v

�m�¦�ÑÖ!:�K, ÀJg`ÑÖ, ��÷v�1�m�M�å (1 2∼11). XJ A(N) ¥

?¿��Ø�, K�£A(N), ÄK�£ null, =Ø�3÷v�å�ÑÖ|Ü (1 12∼13).

du3|¢L§¥, �I�÷v�1�m�M�å, ù�Ò�3Xp�^5Ú��5�Ñ

Ö|Ü, Ø÷v�1�m��å�U, Ïd, I�3�{¥, \\�m�å, XJ�L^r���

�m��, �{I�£�­#|¢.

3.2 ¢�

¢��{æ^ JDK1.8 ¢y, êâ8æ^ QWS� êâ8, Têâ8²Lý?n, � 2 382 �

ÑÖ, z�ÑÖ�) 8 �á5. $1�¸��� Win7!CPU � i5-3210M!JVMS� 512 MB.

·�ÿÁü«¢�(J: � ØÓ�ÑÖ!:, �{$1��Ç; � \\
 Skyline ý?n�

éuªÑÖÀJ���¦^éuª�{��Ç.

éuØÓ�ÑÖ!:�{$1�¢�(JXã4 ¤«. ÑÖ|Ü�!:©O�½�4∼7,

îp�IL«�A�mK�, �A�mK� Γ ��M�å, ©O�½� 1 200!1 100!1 050!

1 000 Ú 950, p¶��{$1�m, ü � ms. 3öåªO��ªe, ÑÖ|Ü�!:�ê

� 7 �, ÑÖ�O��m�� 1 220 ms.

l¢�(J�±�Ñ, ÑÖÀJ��ÇÉ�ü�Ì��¡�K�: � �XÑÖ!:�Oõ,

�{3ÑÖÀJ�$1��mm��Nª³O\. � �X�A�mK� Γ �ü$, �{$1�

m�Nª³O\, �Ï´�{�XM�åK��~�, ÷v^��ÑÖêþ3~�, £���Ý

Úgê�M�åK�Γ �~�
O\. �öåª|¢�{�', �©��{�±Ø |ÜÑÖ

�http://www.uoguelph.ca/∼qmahmoud/qws/
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|¢��m, 4�/Jp
ÑÖÀJ��Ç.

ã 4 ÑÖÀJ�{�Ç

Fig. 4 Effciency of algorithm for service selection

\\
Skyline ý?n�éuªÑÖÀJ$1¢�(JXã5 ¤«. ã 5 ¥�ÑÖ|

Ü�!:�ê� 5, �A�mK� Γ �½� 1 100. î¶L«ÑÖaO, ©O��� 10∼50.

Heuristic NoPruning �=¦^éuª�{ÑÖ|Ü5U, Skyline Heuristic �\\ Skyline ý?

n���éuª�{ÑÖ|Ü5U.

ã 5 ÑÖÀJ�{�Ç

Fig. 5 Effciency of algorithm for service selection

ã 5 �¢�(JL², \\
Äu Skyline ý?n�éuª�{, ÑÖÀJ�Çk��Jp,

cÙ´�XÑÖaO�O\, 5UJ,�`³�\²w.

4 ( Ø

�©ïÄ
Äu Web ÑÖ� FST XÚ�ÑÖ|Ü`z¯K, ïÄ
FST XÚ Web Ñ

Ö QoS �­��I, ©Û
XÚ¥êâÑÖ� Web ÑÖ�I, ¿3dÄ:þïá
õ QoS �å

�|ÜÑÖ�., æ^ Skyline ý?nÚéuª�{¦)
3^M�åeÑÖ`z|Ü¯K. �

5�ó�Ì�ü��¡: � ïÄØÓÑÖ!:�k��­���¹, =ØÓ�õU!:é|Ü

ÑÖ��zk�O, �UNyÑÖ|Ü�ÀJE,5; � Ú\^r�"Å�, �éXÚ�ÑÖk

�5?1þz�ïÄ.
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