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Abstract: Service interface description is one of the most important problems in service-oriented software
architecture, and formal description methods are considered to be a promising approach for service interfaces.
However, the existing interface models do not support transaction information description. By extending the model
of Web Service Interface, this paper presents an interface model that can capture transaction information by means
of fault handling and compensation. In this model, service interfaces can be specified at the signature, conversation
and protocol levels. At each level, the compatibility and substitutivity are described formally. Furthermore, the
interface specifications and corresponding verification methods are also presented at the conversation and protocol
levels. The model supports precise transaction information description as well as flexible and effective verification
for interface specifications.
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substitutivity; interface specification
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[1.2]

, o [3] ; (4]
, , o [5.6] , 3
[3-6]
b [7]3
, \ (long-running
transactions) ,
, [5] ; ,
3 b S b
1 El 3 b
2 3
4
1
1 s 6 : (shop) (store)
(bank) (transport) (supplier) (post-office). Sellltem
, Recede . >
> 5 ) ProcPay
s Compensate, ; >
Shipltem 3 WithDraw, R
, Apologize
SendLetter
M ,O )

M={Sellltem,Recede,ChkAvail,Apologize,SendLetter,ChkStore,RecoverStore,ProcPay,Compensate,ShipIltem,
WithDraw,GetOffer,Order},O={SOLD,NOTFOUND,OK,FAIL,REC}.
(Sellltem,SOLD)eMxO Sellltem s
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Client ChkStore

RecoverStore
Compensate et GetOffer
Withdraw

Fig.1 Supply chain management application with transactions

1
11

1( ,signature interface, ). P (ASS.S),
. AcMxO ;
e S A2A , ;
o SAM , ;
e S:A2M , :
o dom(S)udom(Sp)=dom(S),  dom(Sp)ndom(SH)=2.

aedom(S), a s a
; meM , m ; acdom(X), a
; aedom(&), a ; a ,
, & >

required(a’)=(Facdom(S).a’ e Sa))v(Ibedom(S).a’ € So(b))v(Fcedom(S:).a’ € S(©)).

, P 1)
;2) . :
VaeA,IbeA.a=(m,0,)Arequired(a)Abe dom(S)Ab=(m,0,)=aedom(S),
Va,bedom(Ss),cedom(S:).ag Se(b)rag ().
a s a , a
, a .
1: . (shop) ,
5PSnop:(AShop,SShop> SCS\op > SFS10p ),

Agnop={(Sellltem,SOLD),(Sellltem,FAIL),(Sellltem,NOTFOUND),(ChkAvail,OK),(ChkAvail , FAIL),

(Apologize,OK),(ChkStore,OK),{ChkStore,FAIL),(RecoverStore,OK),(ProcPay,OK),(ProcPay,FAIL),

(Compensate,0K),(Recede,OK),(Shipltem,OK),(Shipltem,FAIL),(WithDraw,0K),(SendLetter,0K)};
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Sanop={{Sellltem,SOLD)— {{ChkAvail,OK) (ProcPay,OK),{Shipltem,0K)},
(Sellltem,FAIL)— {(ChkAvail FAIL),(ChkAvail,OK),(ProcPay,FAIL),(ProcPay,OK),(Shipltem,FAIL)},
(ChkAvail,OK)— {{ChkStore,OK)} ,(ChkAvail , FAIL)— {(ChkStore,FAIL)},
(Recede,OK)— {{Compensate,OK),(WithDraw,0OK),(RecoverStore,OK)},
(Apologize,OK)— {(SendLetter,OK)} };
SCSmp ={(Sellltem,SOLD)— {(Recede,0OK)},(ChkAvail,OK)— {} ,{Apologize,OK)—{ } (Recede,OK)—>{} };
SFShop ={(Sellltem,FAIL)— {{Apologize,OK)},(ChkAvail,FAIL)—{} }.

(Sellltem,SOLD) (Sellltem,FAIL) s
{(Sellltem,FAIL}),(ChkAvail , FAIL),{ChkStore,FAIL),{Chk Avail,OK),{ChkStore,OK),(ProcPay,FAIL),
(ProcPay,OK),(ShipItem,FAIL),{Apologize,OK),(SendLetter,0K)} .Pgop

1.2
2 ). A
o:T|a|loUo| oMo,
T R ;aeA a s Uy o
HONRIO)) W . w(A) A
3 ,conver sation interface, Cl). | (A,E,Ec,Ep),
¢ AcMxO 5
o E: A>w(A) , 5
o Ec: A w(A) , ;
o Er: A a(A) R ;
e dom(E¢)wdom(Eg)=dom(E), dom(E¢c)ndom(Eg)=C.
I=(AE,Ec,Er) (csi(l)) €8l ()=(AuS &, ), A=A aedom(E),
Sa={ala E@) 15 aedom(Ec), S(a@)={ala Ec(a) b aedom(Er), S(a)={a'la
Ex(a) b S@.s@  S@ . csi( .o . I a
a csi(h)
4( ). I=(A,E,E¢,Ep),|
[k aA—>2" ol ([ o(A)—>2" ):

[o]r=[a], (a=T)v(w=aragdom(Eg)),
[alr={{a} uscus Isce 4(S), se[E(a)], s €[Er ()]}, aedom(Eg),
[oU = o]rV[ @]k, [0 Mo ]r={S1VUS)|S €[ @1 [rrS €[ @2]R} -

#(s) :{Su s US,[s, e{ Us. < [Ec(a)]}, s, e{ Us <[E- (b)]}},

aesnasdom(Eg) besabedom(Eg )
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[TI=45,

[a]={{a}}, agdom(E),

[al={{a}slse[E@)]}, aedom(E),
[oUo)=[o]u][], [oNo]={sUs)s e[o]rs,e[w]}.

i s i

2: . 1 , (shop)
: | shop=(Asrop-Esrop: Ecy, - Erg JAmop 1 ).
Esnop= {{Sellltem,SOLD)—>(ChkAvail,OK) M{ProcPay,OK) M(Shipltem,OK),
(Sellltem,FAIL)—(ChkAvail , FAIL)({ChkAvail,OK)M({ProcPay,FAIL)LI
((ProcPay,OK)M(Shipltem,FAIL}))),
(ChkAvail,OK)—(ChkStore,OK),(ChkAvail, FAIL)—(ChkStore,FAIL),
(Apologize,OK)—(SendLetter,0K),
(Recede,OK)—(Compensate, OK)r(WithDraw,OK)M(RecoverStore,OK) } ;
ECsmp ={(Sellltem,SOLD)—(Recede,0K),(ChkAvail,OK)—T,(Apologize,OK)—T,(Recede,OK)—>T};
EFShOp ={(Sellltem,FAIL)—(Apologize,0K),(ChkAvail FAIL)—>T}.
(Sellltem,SOLD) 1 3 (Sellltem,FAIL)
s : (ChkAvail,OK) (ProcPay,FAIL) ,
{(Sellltem,FAIL),(ChkAvail, OK),(ChkStore,OK),(ProcPay,FAIL),(Apologize,OK),(SendLetter,0K) }.cSi(I snop)

:PShop~ 1 I:)Shop s | Shop

1.3
5( ). A ;
term:: r|a|auUb|anb|amb| ab| (term).
:abeA;r ;a a;allb a b
;arb a b s ;amb a b
a b ;b a , b ;(term)
] . term , term
3 term L(termy term S s
(termy term . (term) s ,
((term))=(termy. Term(A) A
6( ,extended protocol automaton, EPA). G
(AL,9),
° AcMxO  EPA R
. L S lelL ,Rel ;

© PEBREBALTU bt/ www. jos. org. cn



1464 Journal of Software Vol.17, No.6, June 2006

o S(L\{L®})xTerm(A)xL

EPA 1 X®

7( ,protocoal interface, PI). T (G,RRc,Rp),
e G ;
. R: A>L ) G ;
. Re: A—>L\ {®} s G ;
. Re: AL\ {x=} R G ;
e dom(Rc)udom(Re)=dom(R), dom(Re)Ndom(Rg)=2.
T T G s
G T . T=(G,R,Rc,Rp) (psi(T))
P (M=(A,S S S).AA; aedom(R), S@=sigl(R@)); acdom(Re),  Sc(@)=sigl(Re(a);
acdomRe), SH@)=sig(Re(@);  ,S@).&(@) SH@) A joL2f :

Sgl(L):{}asgl(g):{}’g gl(q): U 3(qg,term,q')ed o(term)usgl(q’),
o(n)={},o(@={a},o(a b)={ab},  :Le{u,,&@, },o(term])=o(term).

T a a psi(T)
T , T :1) psi(T) , T
i2) ;
° T a a ,
; a )
, . EPA a
o g EPA term , ,
term, ,
b q 2 2 b
* q ) )
’ “r i
4 ; “E” s
4 2 2 2
, T
EPA a, q g- . PI , PI
(labelled transition system, LTS), LTYT,a)
T a LTS.
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3: . 1 s (shop)
> Tsnop=(Gsnop, Renop: RCsmp B Ranop )- , (Lterml") Genop
I’ term , s

{(Sellltem,SOLD) —R— (qy,(ChkAvail,0K),q,),(q;,(ProcPay,0K),d),(G,(ShipItem,0K), L);

(Sellltem,FAIL) —2— (g3,(ChkAvail, FAIL),®),(0s,{ChkAvail,0K),qy),(0s.(ProcPay,FAIL),K),
(g4,(ProcPay,0K),Qs),(gs,(Shipltem,FAIL),X);

{ChkAvail,0K) —*— (gs,(ChkStore,0K), 1);

(ChkAvail FAILY —R— (qg;,(ChkStore,FAIL),®),{Apologize,0K) —— (0s,(SendLetter,0K), 1);

(Recede,0OK) —2— (99,{ Compensate,0K),0;0),(q10,{ WithDraw,O0K),q;),(d:;,{RecoverStore,OK), L);

(Sellltem,SOLDY — 5 (q;»,(Recede,0K), L),(ChkAvail,OK) —¥— 1 (Recede,0K) —<— 1,

(Apologize,0K) —<—» 1

(Sellltem,FAILY —— (qy3,(Apologize,0K), 1) (ChkAvail FAIL) —R=— 1 }.
(Sellltem,FAIL) {(ChkAvail,OK)},{(ChkStore,OK)},...,{(ProcPay,OK)},...,

{(ShipIltem,FAIL)},...,{(Apologize,OK)},{(SendLetter,OK)},...( )-Tanop
1.4
X ). P=(ALS, S, » S ) Pr=(AnS, S, Se ),
, P P :1) dom(S)Ndom($)=;2) P1UP=(A1VA,LS VS, S U S, , S, VU S:)
P1||P2:P1UP2 .
A )- L=(A,E, EC[ > EF| ) L=(AE,, Ec2 > EF2 ),
, |1 |2 1) Cg(l 1) CS|(|2) ,2) |1U|2:(A1UA2,E1UE2, Ecl U ECZ . EF1 U EF2 )
L[l =101, .
3( )' le(GlaRla RC] 5 RF] ) T2:(G2aR2> RCZ B RF2 )a
, T T 1) psi(Ty)  psi(Ty) > LinL={L1,&};2) T)UT,=(GUG,,RUR,,
RC] v RCZ . RFI v RF?_ ) 5 GIUGZZ(AIUAz,L1UL2,51U52). T1HT2=T1UT2
1. SILCI  PI,
1( ) SI:Pl:(AbSla SCI 5 SF1 ) PZZ(A23Sb S(:2 5 SFZ )3 5
P, Pi(P<Py):1) P P, ;2) P P,
5 3) P P, ;4) a,a eAUA,, a P s P,
é’ze{SbSCZ?SFZ} a a’a P] P2 é’le{sb SCI’SH} a
a’ss) P, a, a P, , a P
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A )- CLI=(ALE B L Er ) L=(ABs, B, Ep)), ,
I, Li(12<1)):1) csi(ly)<csi(l});2) l a, a I t, a I
t :3) I, a, a a a ,
a  csi(ly) .

3( )- PLTi=(GLR, R, Ry ) To=(Go R, R, L Ry ),
, I Ti(ToxTy):1) psi(Ty)<psi(Ty);2) T aa T, LTS
a T LTS

(T P EY PR AR > Lh, L.

3 T, T,T T T T , Ty, TfTG<TTs.

21

1( ,conver sation specification, CS). | CS
CS:a—-¢D|a—~0OD|a+»D|a+»<D|a+0OD,
:aedom(E),DcA,a— oD a D ;a—0OD a
D;a+~D D a ;a+~»oD D a ;a-~0D a
D . :1) a— oD 3Se[algr.DcS\{a};2) a—0OD
VSe[a]g.DcS\{a};3) a~D VSe[alg.DE£S4) a+ oD VSe[alg. DNS=J; 5)
a-~0oD 3Se[alg.DNS=D.
4: . (store) | sore=(Asiore:Estores Ec,, » Erg,, )
Egore={({ChkStore,OK)—TLI({GetOffer,0K)M(Order,0K)),(ChkStore,FAIL)—T,(RecoverStore,OK)—>T};
Ec,, . ={(ChkStore,0K)—>(RecoverStore,0K) (RecoverStore,OK)—>T};

Ere. = {(ChkStore,FAIL)—(GetOffer,0K)M(Order,0K)}.
2 > I &op‘ | | Sore- I Shop| ‘ I Sore

3 (Sellltem,FAIL)~ ¢ {{(RecoverStore,0K) } ;

. (Sellltem,FAIL)+~ O {{GetOffer,0OK)} ;
(Sellltem,FAIL)— O {(Apologize,OK)} ;
(Sellltem,FAIL) + {{ChkStore,FAIL),({ProcPay,OK)}

2 ) . : s

2, L, b

1 3 (T C I E PR B Ja 13 , by, []l13 a~D
a+<oD( a Iyis ), bl .

5. I Il I, s I4]|1> a+~D a-+ oD( a 1]l

* [12], : [12] (A
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2( ,protocol specification,

1467

PS). T PS

PS::a—~Ay|a—Ey y:: 0P| oP|P,UP,,P:: D|-D.

:aedom(R),DcA. t T a t=aa...a,..
. t a;, anD=J, & D, 3 —-b; 3 P, &P, a#P;
. t 3 P, t oP; t = P, t oP;
t =Y P, a(i<j) P, t P,UP;;
. a n o oa=Ay a % ,
a—Ey  ;0rAy(gel) a- rarFEy - y
, , PI
s LTS
, [5]
, EPA s ,
PS-sa—Ay PS-a—Ey, a ,LTST,a) , ,
LTST,a) a TS 2(JudgeSpec ) ,
Ay, LTST.a) 7 Ex,
v Ay, ; Er
1% . % 1(JudgeTrace ) .JudgeTrace
O(n), n=|t| .JudgeSpec o(n-k), ‘N=MaX T4t
;k=19 JudgeSpec
1. JudgeTrace(t,y). 2. JudgeSpec(PSTS).
t=a,a,...a, Y. PSPS TS
:T( t 7),F( ). :T( TS PS),F( ).
: b, 1 for eacht of TSdo
1 b=F 2 if PS=a— Ay and not JudgeTrace(t,y) then
2  foreach g oft do 3 print t;
3 if y=oP and a;#P then return F; 4 return F;
4 if j=¢Pand aFP then return T; 5 end
5 if )=P,UP, and g;EP, then 6 if PS=a—Eyand JudgeTrace(t,) then
6 if not b, then return T; 7 print t;
7 if  »=P,UP, and a;#P; then 8 return T;
8 b,=T; 9 end
9 end 10 end
10 if =oP then return T; 11 if PS=a— Aythen return T;
11 return F; 12 return F;
5: 5
1 :1)
i2) :3) i4)
;5) ;6)
6 Tla Tl a'_’ADD a'_’AD—|D( a Tl ),

© PEEREBEAD
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T, T, T .
2. 3 T, T, T T o Ts ,  LOT, LNILE

a’—’ADD a’—’AD—|D ( a T1||T3 ), T2||T3 .
7. T T,,T, T R T[T, a—AOD a—AO-D( a T[T,
), T T
Table1l Protocol specifications and verification results
1
No. Protocol specification Result
1 (Sellltem,SOLD)~ A ¢ {(ChkAvail,OK)} True
2 (Sellltem,SOLD)— A ¢ {(Order,0K)} False
3 (Sellltem,SOLD)~ E—{(ChkStore,0K)} U {(ProcPay,0K)} False
4 (Sellltem,FAIL)~ E—{(ChkStore,OK)} U {(ProcPay,OK)} False
5 (Sellltem,FAIL)~A & {(SendLetter,0K)} True
6 (Sellltem,FAIL)~E—{(ProcPay,0K)}U{(Compensate,0K)}  False
3
[8] (finite state process, FSP) BPEL4WS(BPEL)™ ,
s BPEL . [10] Guarded
R Promela R SPIN R
s BPEL
> > BPEL , BPEL
[11] (compensating CSP, cCSP)
> [11]
[11] 5
[5] , 3 ,
b ( )' 9
(5] , , 4
[5] , ; u
4
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