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are continuously changed with user demands. Aiming at complex execution behaviors of web services, this paper presents an evolution
model of dynamic behavior based on service interaction characteristics. Based on the WSDL documents of Web services, this model first
builds complex structural network for the development evaluation of service-oriented software system. Taking into consideration of the
optimal selection of Web services, characters of combination interaction and dynamic recombination, this work models the growth
evolution and dynamic behavior of service-based software systems. Experiments are performed on large-scale real Web service data sets,
such as Seekda and QWS. Different from hierarchical topological structure of traditional software system, the results show that the
software systems consisted of self-management Web service exhibit more modularity structure. Compared with the regulation of single
Web service evolution in the system, such as preferential attachments and dynamic recombination, the property of service structure
network has more significant influence to the final form of the system. This model is instructive and meaningful to the analysis and
management of service software.

Key words: service oriented software; complex network; behavior modeling; topological analysis
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Fig.1 Business process of Web services with coupling dependence and its coordination network
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Fig.3 Service behavior network and its collaboration sub-graph
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gponTypg name="CPostcodeSoap"> \ |
<operation name="GetPostCode"> .
<documentation>Find out the post code.</documentation> |
<input message="s0:GetPostCodeSoapIn"/> |
<output message="s0:GetPostCodeSoapOut"/>
</operation> |
<operation name="GetTotalRow">
<documentation>Get post code total rows number.</ |
|

GetPostCode Soap
Find out the post code

: |
|
! I
! i
i H
|
! | documentation> */T\ o H i
| <input message="s0:GetT otalRowSoapln"/> . 83 gﬁ} Sgdg §g$ Igr\ln I*E 'ﬂ;L ! ws, !
<output message="s0:GetTotalRowSoapOut"/> N B I
1 Get Total Row Jt EEA WS,
i </§o£¥$gn> Get postendetotal rows ! . i
| | <s:element name="GetPostCode"> ! | Get Total Row Soap In F— sl |
i <S:qc?s'3p&2¥£?> | | | Get Total Row Soap Out | ! .
| <s:element name="province" type="s:string"/> | | g&t)yv'lst:?iengmng WS | ! !
N <s:element name="city" type="s:string"/> | WS3 |
| </s:sequence> | | | . H
.| </scomplexType> i i B i | !
| (/s:elemmb WS,/ . . ! i |
1 | | |
! </s:complex Type> . . . |
| s:elemaED P WS, / | | | ! !
P\ ws, Ji Lo !
Lo @WSDLIHS _ 1 L _ GRS L@ MEH,

Fig.4 Label extraction and similarity matching based on the WSDL documents
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1 /* Main procedure */

2 Set the arrays adj matrix[i][j], for i=0,...,n—1, j=0,...,n—1;

3 for each w;,w;ewsdiset do

4. typeset=getparatype(w;);

5. typeseti=getparatype(w;);

6. nameset=getnametype(w,);
7
8

nameset;=getnametype(w;);
simname=computeSimilarity(nameset;,nameset;);

9. if typeset=typeset; and simname= 0 then
10. adj_matrix[i][j]=1;

11. end

12.  end

13.  return adj matrix

Fig.5 Construction algorithm of service structural network
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Fig.6 Illustration of optimal reselection in the service executive process
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A RE TR IR B AT R P R BB A R vy R IR BT

EF' FEUATY vy TR AR R BT sl EBAK S A, B RE B 2RIV A S K d.

DIMER 1—p PAT LTI 1L AEAT R 25, T*,\‘\WE%‘}EEJEK%XE@% E—
EAT AT 1 I 2L 5 7 e 1] PR 30 T 4 i R R S 38 A R A A

AAHE LIF AT v BT ORGSR T AR BEAT SRR PRI 1Y il v (10 57 BB I [ BEAT S
DAF el 1 30 P PR IR TR0 B Dy 1k SR DR ACRS I B 7 s 36 1 A B Tl 2 80k

1. /* Main procedure */

2. Set time, initnode, initedge, p, d;

3. Set the arrays adj_matrix[i][j], for i=0,...,n—1, j=0,...,n—1
4. Set the arrays Qosli], capacity[i], for i=0,...,n—1;
5. load[i]=0; for i=0,...,n—1;

6. for i<0,....,time—1 do

7. r=getRandom();

8. if 0<r<p then

9. v=selectIni();

10. c=generateComposite(v);

11. graph.add(c);

12. end

13. if p<r<I1 then

14. c=getComposite(graph)

15. for each c do

16. | executeComposite(c);

17. end

18. end

19. for each vegraph do

20. | load[v]=axload[v] /oy FEJlHE %
21. end

22. end

23.  return graph

24.

25.  /* Add composite service node */
26.  procedure generateCompositeNode(v)

27.  vi=v

28. foriel,...,d do

29. adjNodeSet=adjnode(v;_,);

30. vi=PreferSelectNode(adjNodeSet);
31. component.add(vi)

32. end

33.  return component

34.

35.  /* Execute composite node */

36.  procedure executeCompositeNode(component)

37.  v=getFirstNode(component),
38.  while v!=null do

39. load[v]=load[v]+1;

40. If load[v] = capacity[v] then
41. reselect(component,v);
42. end

43. v=getNextNode(component)
44. end

45.

46. /* Reselect composite node */
47.  procedure reselect(component,v)

48. vi=v;

49. foriel,....d do

50. adjNodeSet=adjnode(v;_,);

51. vi=PreferSelectNode(adjNodeSet);
52. evolve_matrix[vi][vi-1]=1;

53. end

Fig.7 Construction algorithm of web service behaviors network
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Table 1 List of parameters

x1 BHSHIIR

time X 485 J5 A I 1) I
initnode WIUE 1 48 45 i EL
initedge WUty W 25 11 5

p iR
d HE AR
adj_matrix[][] ke 55 45 ¥4 ) 4 S8 22 ¥
Qos[] R N S
graph I 244 3 44, P
capacity[] WA
load[] REPsNEY

4 ZRRERBIESH

4.1 KWHIFEER LR

N T 3T IRGSAT o I 2% (10 50 A5 A P AR SO X QWS % Seekdal> A 4 1 by JI 4547 o 190 448 i AL A5E 70
[ SE 56 $0 85 . Seekda A& — 1~ Web 4548 25| 55, 3 AT il 1 X 25 IC HU 45 Seekda #8251 % [¥) Web A4 WSDL
i 3 712 4, X8RS0 T 2 620 MRS FEAL R IR L. QWS S 1 WSCE crawler YA/ 2 507 4~ Web 45
HHE AR B4 MR Z5 11 QoS {5 B HH 11 NS H0M 1l B 46 P I 45 2 8 th Web service SEVERT B FLL 6 KA—4
JE 100 2 (4 B4 - 3445 3.
t LA F Web 45 ) WSDL $# b AN 7] % 1 g8, 3L SO I i AR Mk R AIF 47 /5 WSDL #% XA IEH - P9 25
S 5 S IR 0, 1 S M WSDIL MU 3HEAT 9 A% 5 EAT LR 91 Ak B 48 1
(1) ZHE BT SR £ 5 1 WSDL SCRYHEAT AR HT SR AR 55 40 B3 A A BV I g i N
ZH(SHA . RO S B R ).
(2) KAV EE AEHEAT S R UCHC I, 5 A0 ] 2 %5 4 A4l 8 R BEAT VS WSDL SCIF2 AN A (0 T )
B 0, B BE A B 2R AL AN IE B s S 28 53 2 56 2 AR e T B8 4 B 52 2 28 A8 2 i) (1) AR ABL
FE 9K 5 AT VT AL,
(3)  BHEUE. RAH 10%I1 % H S8 A8 6y 4 4 return,result,response &5, % T 1X 4642 Fx AE VL FC A £
A5 S I TR 3 il S s AN AR R A 2 B L FEAE T — 8. DR b X 2 S 5 2 R AR P WSDL 1
TR SCE T E AR A9 0 6 TR AVE 4l getAddress [RIERAE, — AN B 504k result, B R SC AT
K I S RSB bR Address, ISR i HY 250 4 FRE 50U Address.

42 ZREHMN
FEX BE AR BEAT AT 3 e A TOUA B2 5 SRR Tl G 15 77 V25 A S I 95 38 A8 TEL I T A R R B AT 4]
SRALTIEI. WAL IR P Rl O Y B IR A5 R 55 AT D AL, A FSOAR I () e 9547 DA I 4% D T 3
BB I3 8P 5 Wi, A ST B B s 3R 4T 100 AL B8, JL I 15 21 (-1 2 45 R LR 2.
Table 2 Topological characteristic of service network and software network

T2 WSS L A 2 30 AR S T

ek | g | P | wm | e | L | PERCT MBI | RS
mokitns | QU0 | Ses | asons | osas | is | o1 0007 P
mostnms | QN0 | 353 | sem | sise | 7 | oo 0.001 2758
st | Gn” | Sen | 101 | ss0e | a4 | oon 0.003 Y
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Fig.8 Topological structure of Seekda and QWS execution behaviors network
(the size of each node is proportion to the size of its degree)
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Fig.9 Distribution of clustering coefficient and betweenness of Seekda
and QWS execution behaviors network
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Fig.10 Degree distribution of execution behaviors network in different probabilities ¢
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