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Abstract: Service discovery is a critical stage of the development for Internet-scale software produced through
service composition. Presently, development efficiency of composite service is confined by a low degree of
automation and accuracy of service discovery. This paper propose the AutoDisc (automatic service discovery
framework based on business process similarity) schema to improve development efficiency through two aspects.
One is to improve the efficiency of discovery by automatic recommendation. The other is to improve the accuracy
of service discovery by combining the structural and behavioral factors of services. Through the proposed approach,
this paper automatically models the requirements of service discovery and recommends the most appropriate
composite services to developers. Finally, the paper illustrates the effectiveness of AutoDisc with a set of
experimental evaluations which show that AutoDisc can increase the development efficiency by 75.5% in the
evaluating context.
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Fig.1 Scenarios of automatic service discovery in the process-aware service composition
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Fig.4 Mappings from basic control patterns of BPMN to PSM
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Fig.5 Structural and behavioral similarity between processes
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22, JOVE L RE FL BT 3K 1 Ty REAH AL BEAT A ;1T 53— SR D R T 1) M 3% 75 v R A A ] 22 () ) T SRR B
A 3] g v 0 A R R A B DU T IE A 1 4 B SRR AR DL 405 1) 5 SR AR S A %32 SR Y Word Net M
Ji A A T IR B rp R AL R B BE G 45 HR L (a,b) IR B Ak e U R
[MING enay.c, csencoy 1€N(C1, ;)]

2d,y
rh,sen(a) ik [ AR i aft: il i BT A3 ] BERE SCRAR 5, dmax 22 7% i) 1K S0 B4 1) B VR B2, T len(, C.) W2 7o £ 1]
2 I RE Sy Bl e ] 114 J5 4 B AR K B I 3 AN 34 T 3 i Word Netd R A2% 1 T ez 11 Sk 3R
0] 32 B R B IR 4l R AH AU e Ol b, 5 5 T A B I R A I B ASAT A AR R AR SRR A R A

O R AT o 5 12 2 DA T 3k R UL PR AR G 3R 3% 05 0% 3 A S IR A WU 56 R 100 5 SR PPAE TR &
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PSMBEARY S B (1 0] 325 ] %8 T8 N4 THvy eV Vo e Vo, AU G R Qg (v, Vo) FEIR T v TR Lhvy [ 7 J82, L HRUA e
& T E AT AT B 1 AR AT 2 T PR AR ABL AR 8 DA B 285 2 A 3 i 8026 (1) 5 4% b TR 2 1) PR BEAEL G 3R R T, v e Ve
BV, e Vop, M4 Qs(V1,V2) =N (V1, V7).

R Qs 8 X, B4 th Hoak B i

N(s,t)=1

L(a,b) =—-log

,a,beX (2)

It
gt

N (v, V,), ifv, Ve OF Vv, €V,
QM) =10 gy N+ P T max, . (L(a,b)-Qq(¥,v3), otherwise )
vi[a)vf
b S5 pH T 8B AR IRAS Bt 2 305 kAR PO Qg i (RIAS ., BT ZR 48 10 38 AR AT A RS R AE X 24 1 A TR )
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QsH AR A . 5 & 6 I L, B 6(b) i ik I&] By 7 HOU A v Bt I 6(a) i) — MRS AL AT A FE v i B
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Fig.6 One-to-Many relationship between markings and transitions in two RGs
Kl 6 ik EIAR R B AT Z () 1) X 2 TERE K &

4.4 FLEEMRIR RITFGEZ
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AN TR B I 3k 3 RS B AT ) 3, S bR RN 2 T AR DG 2R A AL AR K T I Ak £ 3 A o 2
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RGSim(RG,,RG,) =

Z\/EVI maXy .y, Qs(v,v) .[1_ Vi =1V, ”j (8)

[V; | VL [+1V, |
XTI 5 v I ER AN ], AT I 2D B SRR [20] o 1 &5 R 4k 7 325 55 A S IR 2 v 5 R A A AL £ o
455k Structural_Sim(a,b)=0.91,Structural_Sim(a,c)=0.922, i 1% a 5 i RE ¢ S8 AR Iy 38 i ] a2k P 6] kR ARAR AL
PRIV B 45 A A 2 R 1 L Az, 28 X (8) X 147 45 L ol RGSim(a,b)=0.937,RGSim(a,c)=0.855, i FE a 15 ¥t 4 b T Af]
8L, 5 225653 M B 45 SRAB AT Al I LA L BURRRT R AR SO 455 5 K S AT D REAIE 1 B AT LA S o A 2 e R ) )
A E 2R 5 A DG SRR AR ACLE VAT 53k (9 E— 25 LU B0k A8 A S S 38 5 VAl 3 40 AT IR NI

Fig.7 Simulation evaluation between two RGs with loop path
Bl 7 AEACIRFR B DL N B OC R TR

2R DL 2D IR BAT 45 H W AT I AU O R VTAL 1 ProSim B0y (WLAVE: 1) %5098 1 T 6 NP IR

1) GE RS R AT B ATk B R B 05 A o (B 2 47°);

2) O ALIE B ANTEIR B S AR BB b I I HEAT O3 BT A A ) S EE AT R 1) AR SR T A A
Ji T AT IS P o R AN [ K G ST ik B R (BB 3 AT~ 8 47);

3)  EFRUEIRTZJE AR U K ATk B AT 30 40 HE R 45 B bR BB G R v S R AR OC R
dependStack, 1% /7 7148 H Mk A6 0 UG 9 17);

4) IR AT K 2 AU bR R AR, B AT 51 dependStack 1) 72 i 1) Sk #8385 1] AL B 5 BR AR, 4 iE
HH5 5 — s B A bR IR B R Qs B (B 10 4T~ 15 47);

5) KRR 2)rb I BRI EE AN I B vy Ik v e 52 R (bR IR Qe E HEAT I IE A& IE (R HE T2 x4
Z AN NI AT 1) ey, 2 FLUS AR 5 H Abr 1153 501 vy, [ 5€ vy 8 T 47 Qs EAN AL, HE35T T 51vi (K1 Qs
B I DA Dy BEAL 328 A5 1Y ) 3 B IR 30 40 FI 7 5 410 1 8 D 6 A b RO AR 5 st 4, T 37 o v (R O AT
HLSETT RO R AR RS o) — s B TG AR TR W Qs fE (3R 16 47 % 17 47 R4 20 47~28 34 17);

6) MRS A BRI e K Qs R, 24 2 (8) T A5 W AN I PR O A 110 7 B (5 18 47).

Bk 1 Nk BB & VEAG 5% ProSim.

BN SR AT L EIRG M H AR ol 75 EIRGy;

1 H IRG ARG IR FE BE 1 F (L RGSIM(RG1,RGy).

1 ProSim(RG,RG,){

2 dfsTree;:=DFS(RG,), dfsTree,:=DFS(RG,);

3 for each ecedgeSet(RG)AegedgeSet(dfsTree;) do

4 acyclicRG;:=RG;—e;

5 deletedEdges;:=deletedEdges;\e;

6 for each ecedgeSet(RGy)AegedgeSet(dfsTree,) do

7 acyclicRG,:=RG,—e;

8 deletedEdges,:=deletedEdges,se;

9 dependStack,:=toplogySort(acyclicRG;), dependStack,:=toplogySort(acyclicRG,);

10 tmpStack;:=dependStack,, tmpStack,:=dependStack,;
11 for (i:=|vertexSet(RG,)|-1; i=0; i——) do

12 vyi:=tmpStack;.pop();

13 for (j:=|vertexSet(RG,)|-1; j=0; j——) do
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14 Vo =tmpStack;.pop();

15 verSimvh,vZJ = Qs (Vi Vy;) 5

16 ReviseRGSim(acyclicRGy,acyclicRG,,deletedEdges;,dependStack;,dependStacks);
17 ReviseRGSim(acyclicRG,,acyclicRG,,deletedEdges,,dependStack,,dependStack;);
18 return RGSim(RG{,RG,);

19 }

20  ReviseRGSim(revRG,passiveRevRG,deletedEdges,depStack_RevRG,depStack_PassiveRevRG){
21 for each eedeletedEdges do

22 revRG:=revRG+e;

23 revStartVer:=e.sourceVertex(), revStarted:=false, tmpStack,:=depStack_RevRG;
24 for (i:=|vertexSet(revRG)|-1; i=0; i——) do

25 vi:=tmpStack;.pop();

26 if (vil=revStartVer & revStarted==false) then continue;

27 revStarted:=true;

28 if (vi==revStartVer||v;eancestorVers(revStartVer)) then

29 tmpStack,:=depStack_PassiveRevRG;

30 for (j:=|vertexSet(passiveRevRG)|-1; j=0; j—) do

31 vj:=tmpStack;.pop();

32 if (ecedgeSet(RG,)) then verSimvh,vZJ =Q(viv;)

33 else verSiva'vZI:: Qs (v;,vi);

34 }

EIE 1. SL9ProSimie il £ 5 1), i 7] 52 2% BE R OV |x|Vo| x|E 1| x|Eal).

E B VL ProSim i T D1 A 9 AN PSMASE 288 v A ] [l () 540 G ARk [ Ay o FE RS DU 25 1) B A (. 4 Bk
ProSim 2 ] LA &S5 16 1 5, S5 100 AT A 25 B8R 35 T3 i T8 AR IR B 58 48 R B0k el Sk A T Ik P ) Ab 1 T LA
55 5 7E O(IV4 |+ Eq[) FTO(IV o[+ Eof) S 1] Py £ & sty T #EAT T« 2 317 b 2, I8 3R 0T 3k ] 19 0 $0 HE 7 B w] 2 3l T
O(IV1|+|E ) FHO(V 2| +|E|) B 1¥] 58 B [ B, JE R 1] ik B mv (R A RURT (IS0 06 28 UF 85 CUAS A7 A0 918 BRA0H0, M B v 1)
F 4D AR AV S A R RS T A P B g R AR I £, T B S A T I T R R T AT A U 43 i)
TEAT A BRI 0) 52 2% BE A O(\Va|x|Vo); FTVE SR 5)25 Hh At Xk i J3 [P B 1 45 A7 1) 3 304718 1E AR B 18 1E SV 0 F 5545
W] AT B H0 A 2 (L, A 7 04T 038 VA U B, DR 20 TR T o1 22 005 ) P 5 ol AE B R 0, 77 256 | B x|
SINRAT I 1T A5 40 10 T5 BEGEA 25 FE |V 1|5 Vo | B TR R 46 I 175 300, K1 0k, 220 SR A B DR RS 400 1 R0 R I 52 2 FE A
O(IV1lx [Valx|Eq|x|Eal); B2 55 6) 25 I T A5 Ik A5 ] i BB 1) 52 2% B2 1N 58 . 2 B ok ProSim B3 & mJ ¢ 45 (1, 3
B 1) V1 RE g T35 5) 25 (KB 1) 52 2% B2 B O (V4 |x Vo x| E | x| E2l), BT £ 25 T 3 B 1] 52 2% 5 P9 AT 19 A AT 3k ] i) A5
PLK R M RAL VY.

5 KWHIEITM

AT 3 SR P S ORI A 1) 1 4 ST 56 6 Auto DilscHE Z2 (1 M BE RN RO HEAT VEAT . b 372 i SE AR 10 T 45 5, 3k
IR AN AE Do E SEF 5 4L X myexperiment(www.myexperiment.org) W 4E i 5k (1) 381 A~ A5 B 24 M FR 1 by S50
B AR 2L X2 A Bk AR ) T S S AT R A B =2 AR ) o S R R S 56 v R A A R — AN R R BE .
TSRS FTRTHE AN b 30— B0 BAT R SR WA B (0 A ) v SRR A BPMINGE 5 3F 47 3, A il 381 A
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AR SC T AR (A 50 0 P B8 R YR A M VP A S0 v AR ST 1000 0 i) 5 366 1 &5 M A 8 AT D 1 2 119 i R AH AL
) 5 5 g AT AR (0 T AR 2O AT b, 9 4t B IR VR A 45 SR 477 BURE R IDK 1.6 RilEclipse3.4 JT &
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TR SRR 8(a) T 7R). A8 % S K FRATREHLE B A5 M 554 0 JT & BRSO I AR R e
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Fig.8 Performance of AutoDisc
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