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Abstract—One of the main challenges in the area of Service involved. Each message exchange is a new message exchange
Oriented Computing, in general, and of Web services technology, completely separated from the previous one. Therefore, in
in particular, is the definition of languages and models for the order to correlate multiple messages exchanged by parties
description of choreographiesA choreography defines the collab- . - . . .
orations between interacting services: more precisely, it specifiesaIn complex mter.actlons, messag_es must 9°”ta'” Informatlpn
contract containing a “global” definition of the common ordering about conversation context. For instance, in the conversation
conditions and constraints under which messages are exchangedbetween a traveller and an airplane booking service, the
in a services conversation. _ _ reservation number is inserted into each exchanged message
In this paper, starting from the analysis of the main aspects (g g for booking confirmation or cancellation) as an indication
of Web services technology, we propose a simple choreography . .
language, equipped with a formal semantics, which is intended of the context under Whlch the message should.b_e consu_jered.
as the starting point for the development of a framework for Open endednesgeals with the fact that, exploiting service

the design and analysis of choreographies in Service Oriented discovery mechanisms, it is possible to find at run-time a

Computing. service which can be invoked in order to achieve a specific
Index Terms_choreography |anguagesl Web services, Service aCtIVIty In this sense it is not important which service is
Oriented Computing invoked but the fact that a particular request can be satisfied

by an available service.
Another relevant feature for Web services is the mechanism
for their reuse when complex tasks are carried out. It is
Service-oriented computing is a new emerging paradigoften the case, to define new processes out of finer-grained
for distributed computing that is strongly influencing the wagubtasks that are likely available as Web services. To this
software applications are designed and developed. Servicesaine, extensions of the Web service technology are considered
computational entities that are autonomous and heterogeneahich support the definition of complex services out of simpler
(e.g. running on different platforms or owned by different ofrenes. Two possible approaches are currently investigated.
ganizations). Services are described using appropriate serviee first approach, referred to as Web serviosshestration
description languages, published and discovered according:t®nbines available services adding a central coordinator (the
predefined protocols, and combined using orchestrator engineshestrator) which is responsible for invoking and combining
that coordinate the interaction among collaborating servicese single sub-activities. The second approach, referred to as
In this way, applications are built up as networks of collaboA/leb servicesshoreographydoes not assume the exploitation
rating applications distributed within and across organizational a central coordinator but it defines complex tasks via the
boundaries. definition of the conversation that should be undertaken by
Web services are the current most promising technologgch participant. Following this approach, the overall activity
based on the idea of Service Oriented Computing. Web s@-achieved as the composition of peer-to-peer interactions
vices provide the basis for the development and executionahong the collaborating services.
processes that are distributed over the Internet and availabl&everal proposals already exist for orchestration languages,
via standard interfaces and protocols. Web services are clate e.g. BPML [4] by BPMI.org, XLANG [15] and BizTalk [6]
acterized by three main featurdeose couplingstatelessness (a visual specification environment for XLANG) by Microsoft,
and open endedness WSFL [10] by IBM, and the more recent proposal WS-
Loose couplingrefers to the design approach aiming aBPEL4 [8] supported by a consortium comprising BEA,
the reduction of the interdependencies across collaborati®M, Microsoft, and others. On the contrary, choreography
services. In particular, Web services applications tend kanguages are still at a preliminary stage of definition. A first
reduce the risk that changes or unexpected behaviours witpimposal, named WS-CDL [18], has been issued from W3C
one service will create unanticipated changes within othier December 2004.
services. This approach specifically seeks to increase flexibilityin this paper, starting from the analysis of Web services
in adding and replacing services, and changing operatiaeshnology and the main concepts at the basis of WS-CDL,
within individual services. we design a simple choreography language na@kedThis
Statelessnesss concerned with the fact that a servicdanguage represents a first step towards the definition of a
does not maintain the state of a conversation in which it fermal framework for the design, analysis and development of

I. INTRODUCTION



choreographies. Following the approach of WS-CDLCina « Request-Response: both the incoming message and the
choreography contains a “global” definition of the common response one are defined. In the WSDL specifications it
ordering conditions and constraints under which messages is represented by the XML schema:

are exchanged within a conversation among collaborating
services. More precisely, a choreography specification contains
a declarativeand aconversationalpart. The former includes
the definition of the roles embodied by the participants in
the conversation. Each role has an associated identifier, a
set of operations that can be invoked by other roles, and
a set of variables indicating the actual state of the role
within the conversation. The latter describes the ordering inwhen a Web service is invoked by using @Gne-Way

the interactions among the roles required to complete tBgeration, it receives the incoming message and starts its
conversation. We follow a process algebraic approach for thetivities. On the other hand, when a Web service is invoked
definition of the conversational part: the basic activities amg using a Request-Response operation, the service receives

the role interactions; basic activities can be combined usifige message, starts its activities and, at the end, replies to the
parallel, choice and sequence operators. A formal semanfigfoker with a response message.

describing the possible evolutions of a conversation is definec\Neb services composition deals with the management of
in terms of a transition tem. . .
Tehe sao earl isastsru;ur?(/jsaes follows. In Section 2 we reccl mplex systems composed by several services which collab-
Pap ' Btate within a so calledusiness activityIn this sense the

the main aspects of Web SEIvices techno!ogy and in Sectio efms choreography and orchestration are often considered as
we present the forma! definition of our simple Choreograph:%g/nonymous even if there are essential differences as shown
Lanegclij;g;i% h olfnaizztéogtu‘(lj V\; dsihnO\ASCeI(;ti(a)l; \g?,c; cli?a\t/c'esoin [7]. Choreography aims at constricting the behaviours of
cgnclusive remarks y e services involved in the system ruling the exchange of
: their messages. On the other hand, orchestration allows the
design of a central entity which carries out a business activity

II. WEB SERVICES TECHNOLOGY invoking other services.

Web services are characterized by two fundamental specifi—Here’ we list some discriminat_ing features between orches-
cations: WSDL [19] and SOAP [17]. The former defines thifation and Choreography referring to WS-BPEL [13] as an
interface a Web service exhibits in order to be invoked by Oth@gample of orchestration language and WS-CDL [18] as an

services. The defines the application protocol the services h%gmple of choreography language.

to follow in order to exchange messages. In the following we I :
will use the terms Web services and services as synonymous. Executable proces . oreogre}phy descnbgs the systgm
and does not provide specifications for its execution.

a \?V?a irine%iaere ;Eeooglréﬁrgﬁcsc?:t';r:; tfr?; 'géiiﬁ;g';go‘?"me On the contrary orchestration assumes the existence of
' P engines able to animate specific orchestration code.

exchanged messages and the order in which they have tg Interactions designchoreography provides a top view

be performed, that is the incoming and outcoming messages. ; .
: . .2~=" of the system focused on the interactions between the
More precisely, WSDL supports four kinds of operation: - . . X
. A . participants. It is a definition of the rules which govern
i) Notification ii) One-Way iii) Request-Responsand iv) o .
Solicit-Response One-Way and Request-Response have a o ooo0do> exchange among the parties involved in the
more relevgnt role i cri/oreo a hq Wt th% other ones business activity. There is no notion of a central entity
. grapny w.r.L. .-~ (e.g. a coordinator) which carries out the activity. On
Indeed, in choreography we are interested in describing in- o
) - ; the contrary orchestration is always centered on the
teractions between two participants which are known by the ; . . . :
. e . orchestrator engine which drives all the interactions. For
system, while usually notification mechanisms are used, at . . : : .
instance, if there are two services which require to be

the implementation level, to describe cases where the partner synchronized, the first has to send the synchronization

is not knowna priori. Finally, the Solicit-Response is the message to the orchestrator engine which will forward it
dual of Request-Response and, at the choreography level, to the latter

they are combined in a single interaction which describes the . -
o Activity state In choreography the state of the activity
exchanged messages between the two partners. The One-Way. .. ~. 7. .
is distributed among the entities. Indeed some internal

and Request-Response definition in WSDL follows: : N
_ _ _ _ variables of the entities involved are fundamental for the
« One-Way: only the incoming message is defined. In  progression of the choreography. After a message ex-
the WSDL specifications it is represented by the XML  change, the choreography may require that two variables

<wsdl:operation name="nmtoken">*
<wsdl:input name="nmtoken"?
message="gname"/>?
<wsdl:output name="nmtoken"?
message="gname"/>?
</wsdl:operation>

schema: which are located on the sender site and on the receiver
<wsdl:operation name="nmtoken">* site must be aligned. On the contrary, orchestration —
<wsdl:iinput name="nmtoken"? as said before— is centered on the orchestrator which is
message="gname"/>? the entity which manages the communications and which

</wsdl:operation> stores all the state of the activity it is carrying out.



1. A FORMAL MODEL FOR CHOREOGRAPHY compose interactions exploiting sequence, parallel and choice

Here we introduce a choreography formal model which RP€rators. _ _

based on the concepts obles and interactions The former Formally, letCL be the set of conversations defined by the

represents the behaviour that a participant has to exhibit in &llowing grammar:

der to fulfill the activity defined by the choreography whereas c = 0

the latter focuses on the information exchanges among the "| oW ( %7

roles. In particular all the interactions will be peer-to-peer PAPB 0T Y)

interactions as depicted in WS-CDL specifications. I RR(pa, pp,0,%,4, %k, C)
|
|

We will present a language for choreography and its se- g;cc
mantics which will allow to express the evolution of a system p |+ o

exploiting the interactions among its roles. The cornerstone

of this language is the operation that allows roles to interact. o conversation can be a terminated conversation the
Furthermore, we also introduce an auxiliary language, basgémitive denoting the interaction with one-way operations
on single message exchange between two roles, that we us J0/) or with request-response one®&K). The primitive

express the ser_nantics of the ghoreography language. To W (pa,pp,0,7,7) is an invocation of the operation of
end, the encoding rules mapping the choreography languagg: 5, performed by roleps; Z (resp.y) are sequences

in the auxiliary one will be presented. of variables ofp4 (resp.pp). As an effect of the execu-
tion of the operation, the contents of the variablesof
A. Variables, operations and roles pa are assigned to_the variablgg of pp. The primitive

Each role can store variables and exhibit operations. As @fﬁ(m,ps, 0,,7,%k,C) is used tol describe the myocaﬂfonh
as variables are concerned, we associate to each role a s& of rtgques]ct—r(isponse ?peratéog. tl IS aRt ;rr]]vogatlpn 0 the
variables, representing the internal state of the role, that will ggera oMo OTTOI€ p 3, Performed by roig . € beginning

used in the interactions between roles. As far as operations 9 é.he Interaction, the c~ontents of the variablef o, are
sasslgned to the variablesof pg; after, the rolepp executes

the conversatioit’ (the last paramenter of the R operation);
féally, the contents of the variabldsof pp are assigned to

concerned, the operations of a rplare essentially the acces
points that will be used by the other roles to interact witfflo .
this end each role is equipped with a set of operations the r(fJ'

exhibits. Operations can have one of the following interacti&ne var|able§z of pa. , i i
modalities: One-Way or Request-Response. Note that in the Request-Response operation the interactions

Let Var be the set of variables ranged over byy, z, k. denoted by the Ia_st_parametérocc_ur betweerj the request and
We denote withi tuples of variables, for instance, we mayn€ résponse. This is a relevant difference with WS-CDL where
the Request-Response interaction cannot be split avoiding the

haveZ = (x1, 22, ..., Zn). o . X
Let OpName be the set of operation names, ranged ngpssmmty to perform some interactions after the request and
' efore the response message.

by o, and OpType = {ow,rr} be the set of operation types~" " i ) ) .
Finally, conversations can be: i) the sequential composition

whereow denotes a One-Way operation whereasdenotes _ ) A ,
the Request-Response one. An operation is described byOkgWo conversations”; " whose meaning is that” can

operation name and operation type. Namely(gtbe the set be performed wheiw completes, ii) the parallel composition
of operations defined as follows: of two conversation&” | C’ which represents the concurrent

execution of conversations' and C’, and iii) the alternative
Op ={(o,t) | 0 € OpName, t € OpT'ype} composition of two conversation§ + C’ whose meaning is

A role is described by a role name, the set of operationsﬂi}at the conversation to be performed is non-deterministically

/!
exhibits and by a set of variables. Namely, &V ame be the Se:ﬁg&?%vzegysegazndg aefine a choreoaraphy. A choreod-
set of the role names, ranged overthe setRole containing y grapny. 9

: ; : . raphy, denoted bySC, is defined by a pai(C,X) where
all the possible roles is defined as follows: C € CL andX C Role. We defineCL as the set containing
Role = {(p,w, V) | p € RName, w € P(Op),V € P(Var)} all the choreographies.
We are interested in choreographies satisfying the well-
formedness conditions listed in the following definitions.

. . .. A set of rolesX is well-formed if it is finite and the set of
A choreography is a pair formed by a set of roles, descrlbupgle names are all distinct

the entities involved in the interaction, and by a conversation, b gi-iion 3.1: Well-formed set of roles — Let 3. C Role.

modeling the ordering of mteractpns among the roI.es. The set of roles is well-formed if the following conditions
The choreography languagéL is used to describe the .

conversational part of a choreography. The basic building =~ =

blocks are two different primitives, one for expressing an L) > IS finite;

interaction with a one-way operation and one for an interaction2) if (pi,wi,0i) € ¥ and (pj,w;,05) € % and p; = p;

with a request-response operation. The language allows us to thenz =]
Definition 3.2: Well-formed choreography —

1Given a setS, with P(S) we denote the powerset &f. Let (C,X) be a choreography' is well-formed if:

B. The choreography language



1) for any operationOW (p4, pp,0,%,y) it contains the by the mapping of the conversatiati specified in theRR

following conditions hold: primitive, followed by the response interaction.
a) (pa,wa,Va), (ps,wn,Vp) € X for somewy, Va Definition 3.3: The function||—|| : CL — CLp is defined
andwg, Va; inductively as follows:
b) (0,0w) € wp; 0] =0
c) = andy have the same arity;
d zCVyandy C Vg ”OW(IOAv PB;0, T, @H = (pAa PB;0,T,Y, T)

2) for any operatiolRR(pa, p5,0,%,9, Z, 75, O):

250 -
a) (pa,wa,Va),(pp,ws,Ve) € X for somewy, Vu HRR('DA”OB’O’I’%Z’ C)

ande, Va; (pAa PB; 0, ia ga T)? ||CH ; (pBa PA, O, kv ga l)
b) (o,rr) € wp;
c) 7 andy have the same arity; [C;C = NICf5 1]
d) z andk have the same arity;
e) TC Va, § C Vg, 2C Vy, andk C Vi [crer=iel e
The first condition requires that the roles involved are con-
tained in the system. The second guarantees that the role whichC + C’ll = [[C] + ||

receives the interaction exhibits the operation used to interact. . ] . . ' :
The third condition (and the fourth condition for request- ) Semantics o€Lp: The semantics o€L is defined in
response) ensure that the sender and the receiver use the 4§H&S Of @ transition system which describes the evolution of

number of variables. Finally, the last condition ensure that tReconversation expressed in the auxiliary language. —

3 ) : .
specified variables belong to the corresponding role. Cp means that the conversatidfir evolves in one step in
a configurationC’». We define— as the least relation which

satisfies the axioms and rules of Table | and closed wr.t.

C. Semantics . ) S :
) ) ) ) where= is the least congruence relation satisfying the axioms
The semantics of the conversations is presented in terms,ptha end of Table |.

the semantics of an auxiliary langua@é p; more precisely,

we defineCLp and we show how to translate a conversation (INTERACTION)
C € CL into CLp, then we present the semantics ©kp. (P4, P, 0,7, dir) = 0
1) Syntax ofCLp: The auxiliary language is defined by the (SEQUENCB
following grammar: Cp—Cp
Cp;Dp — Cp; Dp
c =0 (PARALLEL)
| m Cp — C,
AT 1o =y 1o
p|Cp
| CP + CP (CHoOICE)
Cp—Chp

CP+DPA>C},

m (PAaPB»O’ Ea g» d’”')

In the following we useCLp, ranged over byCp, to de-
(STRUCTURAL CONGRUENGE)

note the _set_ of Conver:;atlons _of sun_:h a language. Wg limit 0.Cp=C  CplO=Cp Cp+0=Cp
the description to the interactiom since the composition Cp+Dp=Dp+Cp Cp|Dp=Dp|Cp
operators are the same and with same meaning of those of (Cp+Dp)+ Ep =Cp + (Dp + Ep)

CL. (pa, pB,o0,7,9,dir) means that an interaction from role (Cp | Dp)| Ep = Cp | (Dp | Ep)

pa to role pp is performed. In particularp is the name of

the operation(o,t) € Op on which the message exchange is TABLE |

performed. Variableg and y are those used by the sender SEMANTICS OF CL p CONVERSATIONS

and the receiver, respectively. After the interaction the values

stored inz are assigned to the variablgsFinally, dir € {1, |}

indicates whether the interaction is a requé$taf a response  The structural congruences, which equates the conver-

(1) of o. Thus thedir parameter is needed for allowing ussations whose behavior cannot be distinguished, expresses
to reason on simple interaction and at the same time fitvat: i) when a conversation completes then the other one
preserving information about the type of the operation omhich follows in sequence can be performed, ii) a terminated

which the message exchange is performed. conversation running in parallel does not alterate the behavior
2) Mapping ofCL on CLp: We define a mapping frol@L  of the entire conversation, iii) a conversatiGhcomposed in
conversations into terms of the auxiliary languagje-. alternative to a terminated one behaves(jsiv) the order

We map a one-way operation on a single interaction, whitd conversations composed in parallel or in alternative way
a request-response is mapped on the following sequence of igmaot significant, and v) the associativity property on parallel
erations: a first interaction, representing the request, followadd alternative composition holds.



airline Tedata = (namey, fromy, to,, depdate,, retdate,)
Tfen = (deptimes, retimeg, frcodes, hrcodey)
Ucdata = (name,, fromy, to,, depdate,, retdate,)
R yr = (deptime,, retime,, frcode,)
travel agency 1 1 gh = <hrcodey>

Zs = (deptime,, retime,, frcode)
hotel Zedata = (name, from., to., depdate, retdate.)
kf= (deptimey, retimey, frcodey)

customer

4

Fig. 1. Service network for flight and hotel reservation kp, = <h7"00d€k>

The formalization of the choreograp$C'r 11 s describ-

The description of axioms and rules follows. The axioffhg the flight and hotel reservation process follows.
INTERACTION describes the behavior of an interactign. is

the name of the sender role whergas is the name of the SCryH—res = (Creen, X)
receiver one, while is the operation name used to interact a hereX contains the four roles, defined in such a way that
x, y are the variables used by the sender and the recewertﬁgy contain the variables defined above for the interactions,

exchange data, respectively. The ruBEQUENCE PARALLEL while Cpe s is defined as follows:
and CHOICE are standard.

Cren =
IV. EXAMPLE ~ ~ ~ ~ ~
. . . . RR(pm Ptas f&h—res, Tcdatas Yedatar T f&hs Yf © Yh, Cta);
Let us consider the following simple example which de- (~ ‘ C
( f&h—con firm + f&hﬂancel)

s_crlbes a typical scenario Where_ a travel agency_prowdes Qljrte = RR(ptas s Ib, Vedata: Zedatas U+ 21 0):
flight and hotel reservation service. The system is compose RR(ptas pr, hr, s Ef n . 0)
as ) ) ) ) ) )

of four roles whose names apg, p.q, py andp,, representing C OW .
' Ptas o irm = con firm, frcode,, frcode
the customer, the travel agency, the airline and the hotgl/ <" <"/ (pes py, conf / 2 f )
! : i Crgeh—cancel = OW (pe, py, freancel, freodey, freode,) |
respectively. Customers interact with the travel agency sendlnéOW(p on, hrcancel, hreode,, hrcodey,)
data about the travel (e.g., the name of the customer, the o ’ "
departure and the destination of the travel, and the period in.l.he first interaction which is performed is the request to
which the customer intend to perform the travel). The trav

. . . . - % travel agency’s operatiofch—res wherez .4q:, CONtains
agency Interacts .W'th the airline and, once haV|r_19 obtain ormation about the name, the departure and arrival locality
the flight reservation, performs the hotel reservation as wel|

. nd the travel period which populate variablgs,;, that
When %0”: retiervatl(:ns havehbezn ggmplethecirt]he ;[ravel agffhcé' travel agency uses to request the flight reservation. The
responds fo the customer who decides whether 1o acCept iy, s returned by thér operation, containing the ticket code
this case it confirms the flight while we assume that the hotg d information about the departure and return time of the
does not need such a natification) or to cancel the flight a

the hotel " in thi it notifies to both airli hts, are now used by the travel agency to perform the
€ hotel reservations (in this case it notifies 0 both ar Ir]%quest to thér operation which supplies the hotel reservation
and hotel that he intends to cancel the reservation).

o o .and returns a reservation code. At this stage the conversation
We proceed by describing the roles defining the operatlogs performed by the travel agency is completed and then
they exhibit. The travel agency, the airline and the hotel eXhit?fttraesponds to the customer by passiigo g (We Useo to
operations while the customer does not. denote the concatenation of tuples) which contains information
Wia = {(f&h_res’rr.)} about both flight and hotel reservations. Finally, when the the
wr = {(fr,rr), (confirm, ow), (freancel, ow)} f&h—res operation completes, the customer can confirm or
wh_l_ie{i(rl]ltgrggt’iézrggﬁecreé;g);e' T cancel the reservations; such a behavior is modeled by using
. . picted in Figure 1. The reque e choice operator. In the case it confirms the reservations,
response operatiofilch—res is used by customers to requesy . ., e rsation consists of a one-way performedearfirm
the flight and hotel reservatiorfb (resp./ir) is the request- operation of the airline; in the opposite case the conversation

response operation used to book a flight (resp. reserve a m@r%omposed of two one-way requests running in parallel, one

1o communieate he reaul of the ighunote! reservaton (g J"cc and the other one orcancel to cancel the
. . ﬁlght and the hotel reservation, respectively (in both cases the
is propagated to the customer. At this stage the custorq/e liable containing the reservation code is passed)

can decide whether confirm or cancel the flight and hote‘rf)l '
reservations.

We define separately the variables used in the interactions
by using the conventions that variables denoted:lare used  We have presente@L, choreography language, presenting
by the customery by the travel agency; by the airline and its syntax, its formal semantics, and a case study to show its
finally £ by the hotel. The definition of the tuples used in thexpressivity. We consider this work as the first step towards
interactions follows: the definition of a formal framework for designing applica-

tions based on the Service Oriented Computing paradigm. In

V. CONCLUSIONS



particular, we intend to show the interdependencies amorijg] F. Curbera, Y. Goland, J. Klein, F. Leymann, D. Roller,

Choreography and orchestration Ianguages in the design of S Thatte, and S. Weerawarana. Business Process Execution
Language for Web Services (BPEL4AWS 1.0). [http:/Aww-

applications by ConSidering the second one a complemen_tary 106.ibm.com/developerworks/webservices/library/ws-bpel/], 2002.
approach to the choreography. In other words, we considgd] C. Laneve and G. Zavattaro. Foundations of Web Transactionsn In

the orchestration as a further development step of the system Proc. of International Conference on Foundations of Software Science
and Computation Structures (FOSSACS!QS)CS. To appear.

described by the choreography. _As future work we plan E?O] F. Leymann. Web Services Flow Language (WSFL 1.0). [http://www-
formally define such a relationship that could be used, e.g., 4.ibm.com/software/solutions/webservices/pdf/WSFL.pdfl, =~ Member

to check the correctness of an orchestration w.r.t. a given !BM Academy of Technology, IBM Software Group, 2001. ,
[11] R. Lucchi and G. Zavattaro. WSSecSpaces: a Secure Data-Driven

choreography. o ) Coordination Service for Web Services Applications.Froc. of ACM
To the best of our knowledge, this is the first attempt towards Symposium on Applied Computing (SAC,0ppges 487-491. ACM

the definition of a formal framework for choreography while, _ Press, 2004.
9 .p y 2] M. Mazzara and R. Lucchi. A Framework for Generic Error Handling
on the other hand, there are several works which formalfy in Business Processes. In M. Bravetti and G. Zavattaro, editvos,.

deal with services orchestration that we outline below. The of 1st International Workshop on Web Services and Formal Methods

nlv work which Is with another chor raphv lan (WS-FM 2004) volume 105 ofENTCS Elsevier, 2004.
.0 y Wo ch deals wit .a other choreography langua e3] Microsoft,IBM, Siebel Systems, BEA. Business Process Exe-
is [3] where the Web Service Choreography Interface [2 cution Language for Web Services Version 1.1.[http:/Avww-

(WSCI) language is modeled. WSCI allows to specify the 106.ibm.com/developerworks/library/ws-bpel/].

service composition from a different point of view w.r.t. thdt4] OASIS.  Web Services Security (WS-Security) [http://www-
. 106.ibm.com/developerworks/webservices/library/ws-secure/].
one of WS-CDL and our propos&L. In particular, WSCI [15] S. Thatte. XLANG: Web Services for Business Process Design.

specifications describe the behavior of a single participant [http:/iwww.gotdotnet.com/team/xmsspecs/xlang-c/default.ntm], Mi-

when it plays a role within a complex conversation; in other  crosoft Corporation, 2001. . .
.p y f p. . f th . 16] M. Viroli. Towards a Formal Foundation to Orchestration Languages.
words, it represents a sort of projection of the entire Con-" ;"\ Bravetti and G. Zavattaro, editor®roc. of 1st International

versation to the considered participant. In our case, instead, Workshop on Web Services and Formal Methods (WS-FM 2004)me

the choreography describes all interdependencies amon 105 of ENTCS Elsevier, 2004.
. . grap .y P 9 [E.I;? W3C. SOAP Version 1.2 Part 1: Messaging Framework
different interactions between roles. [http://www.w3.0rg/TR/soap12-partl/].

As previously mentioned, here we list some of the work$8] W3C. Web Services Choreography Description Language Version 1.0.

related with Web services orchestration available in the litera- ‘1"6‘3_%8%37‘/]27 April 2004 [http://www.w3.0rg/TR/2004/WD-ws-cdl-

ture. The works [2], [5], [9], [12] formally reason on long run-i9; wac. Web Services Description Language (WSDL) . 1.1
ning transactions mechanisms used in orchestration languages [http://www.w3.org/TR/wsdI].

which, essentially, allow to program both the basic activity arfg®] World Wide Web Consortium (W3C). Web service choreography
those to be performed in the case the transaction fails. Security Interface (wscl) 1.0. [nttp:/ww.w3.org/TRwscl], 2002.
issues have been investigated in [1] where WS-Security [14]

has been used as a case study. Another aspect is concerned

with correlation sets (used, e.g., by WS-BPEL) which provide

a mean for correlating several interactions between services;

such a mechanism have been formalized in an orchestration

language in [16]. Finally, WSSecSpaces [11] is a data-driven

coordination service, equipped with an operational semantics,

supporting some mechanisms for a secure collaboration among

services.
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