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Research on Web Service Behavior Adaptation Based on Regular Flow Nets
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(School of Computer, National University of Defense Technology,Changsha 410073, China)

Abstract Web service adaptation is an important research focus in the field of service-oriented computing, Aiming at
problems of service behavior formalization and adaptation in cyclic service behavior,data flow modeling and state space
explosion, we proposed a new approach for service behavior formalization and adaptation. The whole process of how to
formalize service behavior based on regular flow nets, how to construct symbolic coverability tree of service behavior,
how to build data dependence and actions dependence relationships, how to generate symbolic execution trace adapters,
till accomplishing service behavior adaptation was illustrated through examples in the paper.
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input plac 1 coritrol task flow link/transition
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XOR-join/AND-split AND-join/XOR-split OR-join/OR-split  data place

1 e AENERERS

HETRABWM RER PSS, REA XS REH
MR R &% ekl 16 ],

EX 1 WM EN)R—ALLH N=(C, T, F,split,
join,i,o) i BT I &M

(a) CRAEBHERHARES;

(b) 7,0€ C 4B~ 4 A PR BT A o PR 5

(o) TEREFERAARES;

(d) FCUC\{oD XTUTX O\ FBRIEER

(o) B(CUT; HYWEAEREE : Blo WA MEER L

(D) split: T>{AND, OR, XOR} ##B{EH M 517 R ;

(g) join: T—>{AND,OR, XOR} 8 Bi{E & RS FHITH.

RS Cn,Tw, Fn,splity s joinn s in,on RERTF N
B aR, WA FVuECYUTv u» =uivl{u, v €
Fun}s » uv=utl{vl{v,u) €EFn ), BIAIBARERES A W,
RAlp| BrEREE p HKE.

EX 2 MEHEMEREN)A#IEEH .

() —ARIERLW | 18] B8 53 S-6 H ot ) o 1o B0 35 3k
B— R 5

(b) TR N1 F1 N2 ZBMER M, Ul N1 #1 N2 §9%#, B
NIGN2 BHTER M

() TR NIA N2 BMERM, H € TwWR| « tl=
fz+ =1, N2# N12XF ¢ 69 A, B N1@, N2 2M{ER
H

(d) HEBXHRMEAZRERM .

MR E—FBA RAFEH SRR, 2 TR
M IR FAT R R HI R R 43 3 JEH S EATHE %
B BN P RBEN . XSS R R M iE L SR
FUETT R RS X B AE AR R PR E R,

3 BRBITAHEEFZE

3.1 ETHERMNEREITHEEK

EX 3 BETHBERMNRSEST HEH (SRFND) E—A
TG S=(N,D, H,type,dom, predicate) , 3% J£. T 5| &4 :

(&) NR—AHERM, PN S EM,

) DEBEEFHES HPLERSTE DM
OD, iR EMABEE T EA BB BREFRES, IFE
IDNOD =9,

(¢) HEW(D\OD) X Tw) U (Ty X (D\ID)) B HE i %
F.,EWBEY(h,d) (dytn)€EH,t, EE(CVUTn, FN Y
BHEM in Bl HIBRPHRLSHIR.

(d type: D—~TYPE R8N 8UHE FE B (O B8 26 AL,
TYPE BB BIEBRNES .

(e) dom: TYPE—2"™ 7R /N B 48 28 B 7T LA 7R Y
fH. DOM B—A-# ks,

(D) predicate; Fyx—EXPpoo. 78 N F#) OR # XOR £
FHANEHR &Y. EXPooRIIAHRRELANES, XH
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Bl € EXPooo A wrs(e) €D, EWERH, V(00 €
Fn» Qi splitn (1) € {OR,XOR} 3£ H |1+ | >1,84 predi-
cate(t,c) € EXProor ; B W, predicate (¢, ) L EEH E X, B
predicate(t,o) ¥ FHR.

FARFS Ns,Ds, Hs,types ,doms , predicates TN R %
A S Ma a8, e SHEME N, HAA G,
Ts,Fs, splits, joins s isyos 158 Cny Ty Fny splitn » joinn s
INSONo

EX 4 RETHER S B—MRRE—N=nd M=
(Mc,Mp M),

(@ Mc:Cs—1{0, 1), M (o) =1 TR EN c BF —
AR, RZBH SR

(b) Mp:Ds—>DOMs ,d € Ds, iR d PAEE 4 Mp
() & doms (types(d)) i Mp () ¥ 7R, i B Mp () #AL
T YUFIEARERT d PEEMNME. MR, H Mp (D A R EHE
PEBR d A EUERE.

(¢) Mg:Cs XCs—>{0,1} s Mg (c1,02)=1 FRTE Ts FFF
TE— OR BEE M ta W R te 1) €EFs B, dual(ta ) €
Fs, B o) Ml c; BRIBAEN 20 B dual (2 )W A — 55 B842 L.
dual(te ) RANGY IEE B 1 WRHRLE .

EXNS RETHERE S W MFSARRE—N=00
#H SM={(SM_,SMp , SMz >, i :

(a) SM:<Cs;

(b) B8} SMp . Ds—~EXP, X8 EXP BFiAE RiERME
4. Vde€Ds, IR SMp (d) v, A X EBRA type (SMp
(d))=types(d) B vars(SMp(d))ED;

() SMRCCsXCs,

EhR B, A ERFIRRERT M EERRNES.
WEER UL, SM={{Mc,Mp ,Mz> | ¥ c€ Cs: (c€ SMc=>M(c)
=1), Vd€ Ds:SMp(d) ¥ =>SMp(D[F1=Mp(d), Y c1,¢: €
Cs:((e15¢2) ESMr=>M (c15c:0=D)}. XB 0 B—1E#k,
i Mp () FHERBHAE SMp (DO P HBHIFE o HP =€
Ds, i Me SM ZRFFS RN SM AT LIRREERIR M.
3.2 HSUWE=R

ENX 6 ST RHER SREN AT S0 0T 8 HH/ (SCT)
B—AMILH SCT=(SM,F,sm,OM) , % 2 :

(a) SM & SRFN MEiA T AR5 HARIRES

(0> sm RVFRFF SRR, BIRF S LT BRI ;

(c) OM B I-FF S LR iRE S , OMCSM;

(d F BEFRR F RAEXBRIER, B smi[[cond ]t >
smy s B sm; ,sm; € SM,t€ T, cond Be— P HIRFIXRK.

EE 1 SREN WMAS LT EERERRE.

I B ERELRNF ST TN SCT, KRS A
Hsmo. ATABRMPRESERREREY, Bt sm R
AW EYE B SCT ZIBN, A ZLEE sme H—1A
FHRENTRFHAR, BEX TR TR om .
AR, sy WLEFFE—NERETEAN TR FRTIE,
B EB R sme . BREWET 22, BRBI— K TRWNAF 1 B
smo s STy 5 S11 50+ o AY T I BIRMB LRI «

(DI SCT Xth AN N PR A1, i T4E
FHE R BEARE, Al i AL HRERETIEEA
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AT SO A R E S A S LT E EM N8R IIT
Bl (R 2-3 17 X ik traceGeneration) 5 (2) PABERK#
KRERE D7 A SRS S ER A RRBUR %5
T B i A% A R R O R (AURS SR 4-9 47 KT ac-
tionDependenceGeneration) ; (3) P4 548 4K 5 < 2 58 A AR 45 W
T HIRFS AT HGI A 3K BUR 5 AT 0 i B e AT 3
MPATELE (RS EE 10 F17 M ¥ getPossibleCoupleTraces) ;
DX BRI EBLMFFSLPATHIE, B3 EREN PR
& AR EF (RAS5E 11-12 13 X7 ik traceAdaptation) ; () R fG&
RSk B 3 T 2% LA 7 A PO A IR 55 1 B AT R it & (AUAS
5 13 47 X Ji ¥ adapterSynthesis)

FEA RO W, B SR ShER] P T B R O R ARG &R
SR — A LA N TR B T X R UK e R oML INA
M RN . TEMER b R B BB E A — TR 51k
MBEERS. AEE G=V,E) TR uEV,u -+ =u
{v[<u, ) €E}, * u=yi{v|{v,) EE}, u + | F] » ul| 53513
ATUS « B EMAE. WA FAENSE? AQ A,
P AT ADFRRERIXHESIE, FFILA dual(? A) (dual(t A)).

FF B AT 03 e 75 1 4 5 AR e — MR R A (ARG
374547 . FHRAME P AER O MTHE, EIFHREW
TR SRR 0 IR M B A 5 AL BT BB B AR I T — AT
50, FEHMERA B E PR LRl RIRA
TN TS EH B ENTSEC SRS, WEAFS
APAAT B3 3 B 28 4 2 52 1 AR R AR IR 3198 IAF S AL AT
0 3E WO 4% 5 5 T 36 ] TF 7638 AT I AF S AL AT BB A7 1 TR EE
BERETE (nFesh , R IR IR Rz 4.

/BB AR T B
1. adapterGeneration(SCT SCT; = (8M;, F1,sm; ,OM;1), SCT SCT: =
(SM;, Fz,smy ,OM; ), data dependence o¢)
traces; = traceGeneration(SCT1) ;
traces, = traceGeneration(SCT2) ;

forall transition such as smi[[cond]action>smj €F UF:do

2

3

4

5. if action is an input action do

6 inputActions=inputActions|J {action} ;

7 if action is an output action do

8 outputActions= outputActionsJ {action} ;

9 actionDependence = actionDependenceGeneration ( inputAc-

tions, outputActions,C) ;
10. possibleCoupleTraces= getPossibleCoupleTraces (traces, , traces, ,
actionDependence) ;
11. forall {trace, , trace, > € possibleCoupleTraces do
12. traceAdapters = traceAdapters U { traceAdaptation ( trace, ,
trace; , actionDependence)};
13. return adapterSynthesis(traceAdapters) ;
/RS BATROE T E B

14, traceGeneration(SCT SCT=(8M,F,sm,OM))

15, forall om& OM do

16. trace = {(action, , action, ), {action, , action, >, ***, {ac-
tion,_; saction, ) } » H # sm[[ cond, Jaction, >
sm, [[ cond, Jaction, > sm, [[ cond, Jaction, >
smy+++[[condn-1 Jaction__, >sm,__, [[cond, Jac-
tion, >>om;

17. traces=tracesJ {trace} ;

18. return traces;
/ BV R R P e O
19. actionDependenceGeneration(set inputActions, set outputActions,
data dependence o)
20. forall inputAction€ inputActions do
21. forall outputAction€ outputActions do
22. actionDependence = actionDependence U { (in-

putAction, outputAction) | 3 x € vars (in-
putAction) , y€ vars(outputAction) ; xCy};
23, return actionDependence;
/ /] BB B B L AT X 7= A O
24. getPossibleCoupleTraces (set traces,, set traces,, action depen-
dence actionDependence)
25. forall trace such as {{action,, action, ), +--, {action,_,, ac-
tion, ) } € traces, do
26. actions, = {action, ,action, ,***,action,_ ,action, } ;
27. forall trace such as {(action, , action, ), -**, (action__;,
action, ) } € traces, do
28. actions, = {action, ,action, ,***,action,_, ,action, };
29. if actionDependence(actions, ) “actions, A actionDe-

pendence(actions, Sactions, then

30. possibleCoupletraces = possibleCoupletraces |J
{{trace, ,trace,) } ;
31, return possibleCoupletraces;
/ /RS AR AT PG & Bl 4 T
32. traceAdaptation (trace trace, , trace trace, , action dependence ac-
tionDependence)
33, vectors=trace; U trace, U actionDependence ™! ;
34, actions= {action, ,action, , *** ,action,_, saction, } , H:H

action, (1<<is<n) 2 trace, U trace, FEIENE.

35. Plactions B TH &S 4, vectors i1 &, A B B TG= (ac-
tions, vectors) ;

36. preActions= @

37. while actions7#® do

38, tempActions = { action| action € actions A | + action| =
0}s

39, if tempActions===® then

40. return P;

41, if tempActions#%=® A preActions#® then

42, traceAdapter = traceAdapter U {{ preActions, dual
(tempActions)) } 5

43, actions=actions\ tempActions;

44, vectors==vectors{<action, , action]- > | actioni€ temp-

Actions A action; € action * ;} ;
45, preActions=dual(tempActions) ;
46, return traceAdapter;
/ /RS AP ATHOI T BO A% 52 S B 5 58 BC 48 T B
47, adapterSynthesis(set traceAdapters)

48, forall traceAdapter€ traceAdapters do
49, adapter=adapter | traceAdapter;
50. return adapter;
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HEEENFHARE HIAERE. RS PCETBM
BRER B RN RLEE XN TR S ER, &
FRRIOR R SR . RS R, PC ik PS £ R M
SO BEE, SRJE TR IK P A SR A S, RS PC 21K
RIEYRE. R4 PS L PC B RS E, B R BHLE,
BE PC RS B &8, RIS E WP K4
L BTSN R . IR SRS, &8 PC A B — A4 At
B SR S P K P B A T 10 Y S T R T 45
SIMER. RS PS A AT, AT LT 20 A, — kAt
SERR LA R [ B R A S S T S RO R A
T 45 b IR 47 26 A VG i B4 6, 40 PC 038 30 A & B A
SIABT 5 PS RyBOT R — 5 4R % 414K, PC F1 PS
AR TRk VTR

AR A SCHR AR IR 4547 3B BE 7ok, 3 650 IR 45 PC A1
PS BT T MR MBI 517 IR, EATRETHER
IR 4547 AR I 4 B, B STRINRBR AT, IR
% PCH 31t BEFR . AT 45 login % 2 FE /™ (0% 15
B ERE RSB E RS PSR4 sum W 24, 4E
% psw KM RIS SA SR, RS PCEH 4 MRA,
{£% payment B A B PS & I 10 AR D S5 B HOME B 4E
% fail WA PS RRERVRMIEE ;1% success FIHI AR
PS K% 32 4145 balance SO A SR FE P2 I A 9 A
R4 PS O AS H 5 PCHIXTRL.

Payment
Client

Payment
Server

||| |II'U|
gli ‘ fail ‘

sSuc==false;

B4 i PCHI PS AT AN M SRS T AER

25 PS5 PC M BABMRBIR R Ay oc, = ((durdu)d»(ds s
di) s {dssdi) s {drsdis?s(dsrdi)s{dysds)s{disdz’t. A
I, BN EEKEIE B oc, = {{? payment, | payment),{?
balance, ! balance), {? fail,! fail), {? success,! success’, (?
login, ! login), (? psw,! psw),{? sum, ! sum)},

R4 PS thu & 1B 35, B UG I 14 A% 33 ok A8 R A 1)
1 (B R BAR BT R EAR R, fnR Dy PS A gL I %
i A8 4B P B A TR R LS K. Bk, % PS 1 PC
H 2 FRLTE TR M B RS 47 B R A A ST &4, i
5 B, RS TR B 4 R B RFS AR IRE B FE EAR
i, XA R TR RAR T RS TR XBH S
R A . TEAE B S0 T S A i ot 7R b b PR 2R
AR AL TR AR T MRS AT A B R B, T 5 T 7258
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[isSuc==true]

[isSuc==false]
‘?payment, @

. ? t
[isSuc==true @ [isSuc==fatse] paymen

balance

!fail

5 MR PC I PS IRF SAL T a4

TR FEBD PS M PCIMASHIATHE. PSH
PC A PIRPATEIE , PS B R PATHIER -

(D traceps; = {(? login, 7 psw),(? psw, ? sum), (? sum,

! payment),{! payment, ! balance>,{! balance, ! success),
{1 success, ? logout) }

(2) traceps, ={ (7 login, ? psw> ,{? psw, ? sum>,{? sum,

! payment), (! payment, ! balance), (! balance, ! fail),
(! fail, ? logout) }

PC MBI FHATHIE N «

(1) tracepr; ={{! login, ! sum),{! sum, ! psw’,

(! psw, 7 payment), {7 payment, 7 success) , (? success, ? bal-
ance) , (? balance, ! logout)}

(2)tracep; = {{! login, ! sum),{! sum, ! psw),

{! psw,? payment), (? payment, ? fail), (? fail, ! logout)}

MR FERRIIRE 2 HE m Al ZFESAIST
Bk, BE AR P AT PR IT RS T E m * n WEL
AL, B, A SEE B ERITE  oR RS BT E
B PR AR DS EREOC R TR KRBT R & RA S
WX . BRI B3k 4 RAFSAPITHOE XN SESE «

(1) actionsps; = {? login,? psw,? sum,! payment,! balan-
ce, ! success, 7 logout}

(2) actionsps; {7 login,? psw,? sum, ! payment, ! balan-
ce, ! fail, 7 logout}

(3) actionspe; = {! login, ! psw,! sum,? payment,? balan-
ce, ? success, ! logout}

(4) actionspc; = {! login, ! psw,! sum,? payment,? fail,
! logout}

TREA R, XFF traceps; Fl tracepc: : O, (actionses ) Caction-
see1 FF B oc, (actionspe; ) Sactionses) ; X F traceps F1 tracepcs :
cc, (actionsps, ) & actionspe, 3 H o<, (actionspes ) & actionsps; ,
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