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Abstract. Choreography and orchestration languages deal with busi-
ness processes design and specification. Referring to Web Services tech-
nology, the most credited proposals are WS-CDL about choreography
and WS-BPEL about orchestration. A closer look to such a kind of lan-
guages highlights two distinct approaches for system representation and
management. Choreography describes the system in a top view manner
whereas orchestration focusses on single peers description. In this paper
we define a notion of conformance between choreography and orchestra-
tion which allows to state when an orchestrated system is conformant
to a given choreography. Choreography and orchestration are formal-
ized by using two process algebras and conformance takes the form of a
bisimulation-like relation.

1 Introduction

In the design and deployment of service oriented applications two different and
opposite features should be taken into account. On the one hand, it is important
to program single peers services, which could be involved in different systems
at different times, preserving their composionality, and on the other hand, it
is fundamental to guarantee overall systems functionalities. Orchestration and
choreography deal with such a kind of issues where the former focusses on single
peers description whereas the latter describes a system in a top view manner.

In this paper we present a notion of conformance between two simple formal
languages we have developed for representing choreography and orchestration.
They are inspired by Web Services technical specifications as WS-CDL [W3C]
and WS-BPEL [OAS]. Here we intend to give a mathematical liaison between
the two different approaches of choreography and orchestration in order to give a
powerful mechanism for designing systems where peers behaviours and systems
functionalities are developed together in a complementary fashion.

The choreography language has been presented in our previous works [BGG™]
[GGLO5] whereas the orchestration one is introduced in this work. They are based
both on basic Web Services interaction mechanisms, the so called operations,
defined in WSDL specifications. Briefly, we remind that an operation contains
the definition of an incoming message for a service and, when used, the definition
of the response one.



The orchestration language takes inspiration from WS-BPEL. More precisely
we have been inspired by the abstract non-executable fragment of WS-BPEL
used to specify the observable behaviour of services abstracting away from inter-
nal details. Abstract WS-BPEL exploits opaque variables (i.e. variables without
a specified content) to indicate which state variables could influence a choice
taken from a service, without specifying the internal decision procedure of the
service. In our language, all variables are opaque; this permit us to focus on
interaction mechanisms and data flow abstracting away from variable values.

The choreography language is named C'Lp and is used to describe the be-
haviour of a system by defining the involved roles and their interactions whereas
the orchestration language is called OL and it allows to program communicating
behaviours of the single peers which can be composed for obtaining an orches-
trated system. We define the semantics of such languages by using two different
labelled transition systems and we present a notion of conformance based on a
bisimulation between them with some similarities with branching bisimulation
[vGW96]. In particular, we define a so called joining function in order to associate
the orchestrators of the orchestrated system to the roles of the choreography and
we construct the definition of conformance on a bisimulation which exploits such
a function in order to compare the labels of the two different labelled transition
systems.

In section 2 we present the choreography language whereas in section 3 we
present the orchestration one. Then in section 4 we present the joining function
and we give the notion of conformance. Furthermore, in section 5, an example
is reported and in section 6 conclusions are presented.

2 A formal model for choreography

In this section we introduce the formal model for representing choreography
which is based on a declarative part and on a conversational one. The for-
mer deals with roles, operations and variables whereas the latter deals with
a language for describing the conversations (interactions composition) among
the roles.

Declarative part. Here we explain the declarative part of our choreography
formal model which is based on the concept of role. A role represents the behav-
iour that a participant has to exhibit in order to fulfill the activity defined by
the choreography. Each role can store variables and exhibit operations.

As far as variables are concerned, we associate to each role a set of variables
which represent the information managed by the role and which will be used in
the interactions between roles. In this model we abstract away from the values
and we consider variables as names which are exploited for representing the data
flow among the roles.

As far as operations are concerned, each role is equipped with a set of oper-
ations it has to exhibit which essentially represent the access points that will be
used by the other roles to interact with the owner one. Operations can have one



of the following interaction modalities: One-Way or Request-Response. Indeed,
in WSDL specifications, the most significant types of operations are the One-
Way, where only the incoming message is defined, and the Request-Response,
where both the incoming message and the response one are defined.

Let us now introduce the formalization of roles, variables and operations.

Let Var be the set of variables ranged over by x,y, z, k. We denote with
tuples of variables, for instance, we may have & = (x1, 22, ..., Tp)-

Let OpName be the set of operation names, ranged over by o, and OpType =
{ow,rr} be the set of operation types where ow denotes a One-Way operation
whereas rr denotes the Request-Response one. An operation is described by its
operation name and operation type. Namely, let Op be the set of operations
defined as follows where each operation is univocally identified by its name.

Op = {(o,t) | 0 € OpName, t € OpType}

A role is described by a role name, the set of operations it exhibits and by a set
of variables. Namely, let RIName be the set of the role names, ranged over by p.
The set Role, containing all the possible roles, is defined as follows:

Role = {(p,w,V) | p € RName, w C Op,V C Var}

Conversational part. The conversations among the roles are defined by using
the following grammar:

Cp =0 | 12 | CP;CP | CP‘CP | CP+CP

= (pa,pp,o0,T,y,dir)
In the following we use C'Lp, ranged over by Con, to denote the set of conver-
sations of such a language. C'p denotes a conversation which can be the null one
(0), the interaction u, the sequential composition (Cp; Cp), the parallel compo-
sition (Cp | Cp) or the choice one (Cp+Cp). (pa, pB, 0, T, Y, dir) means that an
interaction from role p4 to role pp is performed. In particular, o is the name of
the operation (0,t) € Op on which the message exchange is performed. Variables
Z and y are those used by the sender and the receiver, respectively. They rep-
resent that after the interaction the information stored in x are assigned to the
variables §. Finally, dir € {1, |} indicates whether the interaction is a request
(1) or a response () one. Choreography well-formedness rules can be found in
[BGGT].

Semantics of CLp. The semantics of CLp is defined in terms of a labelled
transition system [Kel76] which describes the evolution of a conversation. Let
Acte be a set of parameterized actions (pa, ps,o0,T,y, dir) ranged over by u.
Cp C'% means that the conversation C'p evolves in one step in a configuration
Cp performing the action p. We define —C CLp X Actc X CLp as the least
relation which satisfies the axioms and rules of Table 1 and closed w.r.t. =,
where = is the least congruence relation satisfying the axioms at the end of
Table 1. The structural congruence =, which equates the conversations whose
behavior cannot be distinguished, expresses that (Cp,+) and (Cp, | ) are abelian
monoids where 0 is the null element. Furthermore, the rule 0; Cp = Cp means
that when a conversation completes then the other one which follows in sequence
can be performed.



(SEQUENCE)

Cp & Ch
Cp;Dp £ C;;;Dp

(INTERACTION)

w0, p=(pa,ps,o0,z,7,dir)

(PARALLEL) (CHOICE) (STrRUCT)
Cpﬁ>C;: Cpﬂ>C;3 C;:ECP,CPiDp,DPED%
Cp|Dp 55 Cp | Dp Cp+ Dp 2 Cl ch Dl

(STRUCTURAL CONGRUENGE)
0;Cp=Cp Cp|0=Cp Cp+0=Cp
Cp+Dp=Dp+Cp CP|DPEDP|CP
(Cp+Dp)+Ep=Cp+ (Dp+ Ep) (Cp | Dp)| Ep=Cp | (Dp | Ep)

Table 1. Semantics of CLp conversations

The description of axioms and rules follows. The axiom INTERACTION de-
scribes that an interaction p, which is a request or a response one depending
on the value of dir, is performed. When a request is performed (dir =7) the
information contained in the variables  within the sender role p4 are passed
to the variables y within the receiver role pg exploiting the operation o of the
role pp. When a response is performed (dir =]) the information contained in
the variables y within the request receiver role pp are passed to the variables
Z within the request sender role p4 exploiting the operation o of the role pg.
Response must be performed always after a request interaction from p4 to pp.
The rules SEQUENCE, PARALLEL, CHOICE and STRUCT are standard.

Now we are ready to define a choreography. A choreography, denoted by C,
is defined by a pair (Con, X)) where Con € CLp and X C Role with X finite.

3 A formal model for orchestration

In this section we introduce a formal language for orchestration called OL. An
orchestrator can be seen as a process, associated to an identifier, that can ex-
change information, represented by variables, with other processes. Our model
takes inspiration from the abstract non-executable fragment of WS-BPEL and
abstracts away from variables values focussing on data-flow. Let Var be the set
of variables used for choreography ranged over by x,y, z, k and I D be the set of
possible identifiers ranged over by id. We denote with T tuples of variables. The
language syntax follows:

P=0]0|o|o(@) | o) |o.i.P) |o(#4) | P:P| P+ P| P| P
E:=[Pla|E|FE

An orchestrated system FE is a pool of named processes. An orchestrator
[Pliq is a process P identified by id. Informally the idea is that orchestrators



are executed on different locations, thus they can be composed by using only
the parallel operator (||). Processes can be composed in parallel (]), sequence (;)
and alternative composition (+). 0 represents the null process. Communication
mechanisms model Web Services One-Way and Request-Response operations.
In particular, we have three kinds of primitives for synchronization, one for
the internal synchronization and two for the external one. The former simply
consists of a channel o that different threads of the process running in parallel,
can use to coordinate their activities. In this case no message is exchanged; this
is because the orchestrator variables are shared by any processes running on
that orchestrator. The primitives for external synchronization, that is between
different orchestrators, are the following ones: o(Z) and o(y) represent the input
and the output of a single message whereas the primitives o(Z, Z, P) and o(g, k)
represent coupled messages exchanges. In particular we have that o(Z) represents
a One-Way operation whose name is o where the received information are stored
in the tuple of variable Z of the receiver. o(g) represents a One-Way invocation
whose name is o and the sent information are stored in the tuple § of the sender.
o(%, z, P) represents a Request-Response operation whose name is o. In this case
the process receives a message and stores the received information in z then it
executes the process P and, at the end, sends the information contained in Z as
a response message to the invoker. Finally, o(7, INc) represents the invocation of a
Request-Response operation whose name is 0. The process sends the information
contained in ¢ as a request message and stores the information of the response
message in k.

Semantics of OL. The semantics of OL is defined in terms of a labelled transi-
tion systems which describes the evolution of an orchestrated system. We define
— as the least relation which satisfies the axioms and rules of Table 2. Let
Actor, = {0,0,0(9),0(%),0(g, k)(n),o(Z, 2)(n), 0,(9),0n(Z),0,7 ¢ be the set of
actions ranged over by «. o is a parameterized action of the form (id, id’, o, &, g, dir)
where id, id’ are orchestrators ids, o is an operation name, Z, ¢ are tuples of vari-
ables and dir € {1, |}.

Table 2 is divided into two parts describing the rules and structural con-
gruence for processes and orchestrated systems respectively. IN, OuT, ONE-
WayOuT, ONE-WAY-IN, REQ-OuT, REQ-IN, RESP-OUT, RESP-IN are axioms
where it is important to note the behaviour of the REQ-IN one. It stands that
after the reception of a request on a Request-Response operation the process P
must be executed before sending the response. Rule INT-SYNC deals with inter-
nal synchronization whereas PAR-IN and CHOICE ones deal with internal parallel
and choice respectively. SEQ describes the behaviour of sequentially composed
processes. CONGRP deals with internal structural congruence denoted by =p.

Rule ONE-WAYSYNC deals with the synchronization on a One-Way opera-
tion between two orchestrators whereas the rules REQ-SYNC and RESP-SYNC
deal with that on a Request-Response one. Rule REQ-SYNC exploits a fresh la-
bel n which is generated in order to univocally link the response synchronization
defined in rule REQ-RESP. Considering the axiom REQ-OUT and REQ-IN in-
deed, the Request-Response primitives will be transformed into two ONE-WAY



(invocation and reception) identified by the label n which is unique and uni-
vocally determined during the synchronization. It is worth noting that all the
synchronizations which are performed between different orchestrators are la-
belled with an action ¢. This fact will be fundamental for the definition of the
conformance notion presented in the next section. PAR-EXT deals with external
parallel composition and CONGRE is for external structural congruence denoted
by =. INT-EXT expresses the fact that an orchestator behaves accordingly with
its internal processes.

4 Conformance between choreography and orchestration

Our proposal defines a conformance notion based on a bisimulation-like relation
between the labelled transition system of choreography and the labelled tran-
sition system of the orchestrated system where orchestrators are associated to
roles. Such a kind of machinery allows us to test if all the interactions performed
by the orchestrated system are coherent with the conversations expressed in the
choreography. Furthermore, it guarantees, by exploiting the fact that the name
of the variables must be the same, that the data flow of the orchestrated system
is conformant with that expressed by choreography conversations. In particular,
let C be a choreography where C'on represents the conversation rules and let F
be an orchestrated system. We define a joining function, named ¥, for associ-
ating the orchestrators of E to the roles of C' and we test the conformance, up
to ¥, of F and C by using a bisimulation-like relation where the o labels of the
former are compared with the p ones of the latter.

Definition 1 (joining function). A joining function is an element of the set
{#|¥:ID— RNameU{L}} containg functions which associate to each or-
chestrator identifier id a choreography role p or the L value.

Given a joining function ¥ and an action o = (id,id’, 0, Z, g, dir) of a given
orchestrated system where id and ¢d’ are orchestrator identifiers, o is an op-
eration, & and ¢ are tuples of variables and dir € {1,]}, we denote with
Ulo] = (W(id),¥(id’),0,%,7,dir) the renaming of the orchestrator identifiers
with the joined roles.

Now we introduce the conformance notion, namely conformability bisimula-
tion, between an OL system and a C'Lp one. It is based on a relation which
resembles branching bisimulation and it tests that, given a joining function ¥,
all the conversations ¢ produced by the OL system are equal to the pu produced
by the CLp one excluding 7 actions.

Definition 2 (Conformability bisimulation). Let ¥ be a joining function.
A relation Ry C (CLp x OL) is a conformability bisimulation if (C,E) € Ry
implies that for all p € Acte and for oll 0 € Actor:

1.CLCcEL EAE S E'AC,E") € Ry ANVlo] = p
2. ELE = (C,E') € Ry



(RULES OVER P)

(In) (OvuT) (ONE-WAYOUT) (ONE-WAYIN) (REQ-OuUT)
0%0  5%0 o) @o o@ o o@y) 2™ ou(h)
(REQ-IN) (RESsP-OUT) (RESsP-IN)

o.5.P) " Pion(@)  0a(@) "0 0n(@ "0

(INT-SYNC) (PAR-INT) (SEQ)
P3P, Q3¢Q pLp pLp
PIQ-P|Q PlQ=P[Q P;Q - PQ
(CHOICE) (CoNGRP)
pLp P=pP ,Q=pQ, P 5Q
P+QL P rPLQ

(STRUCTURAL CONGRUENGE OVER P)

P+0=pP P|0=pP O0;P=pP (P+Q)=p (Q+P)
Pl)=r,@IP) (P+Q+R=pP+(Q+R) (PIQ)|R=pP|(QIR)

(RULES OVER E)

(ONE-WAYSYNC)
o(%)

1Pl @ 1P Qo 2 (@ 0 = (id,id', 0,7, 1)
Pl | 1@ 2 [P 11 1@,

(REQ-SYNC)
[P}id E(Ziz(n) [Pl]id ’ [Q]id’ D(ZE(R) [Q/L‘d’ 1 fresh,o = (id7 idl707 Eva T)
[Plia I [@iar = [P | [Qir

(RESP-SYNC)
on (k) on(9) e
[P}zd - [P/]id ) [Q]id’ [Q/}id’ , 0 = (Zd7 Zd » 0, ka Y, l)

[Plig @i = [P | Qs

(PAR-EXT) (CONGRE) (INT-EXT)
E. 3 E, Ei1=FE,, E,=E,, E, L E, P p
Ei || B2 > B | Bz By % B, [Plig = [P'];4

(STRUCTURAL CONGRUENCE OVER E)

PEPQ

m Ei|| B2 = Eq || Ex E\|| (B2 || Es) = (Ev || E2) || B3

Table 2. OL operational semantics



3 ESFE =>CLCANC,E)eRy ANVU[o] =

We write C' >y E if there exists a conformability bisimulation Ry such that
(C,E) € Ry.

Such a kind of notion is not enough for defining conformance because it is pos-
sible that there exist synchronizations between orchestrators on operations which
are not considered in choreography. Furthermore, there could be orchestrators
which are not joined with the roles of the choreography (this case corresponds
to those identifiers that ¥ maps in 1) and which are used for coordinating the
others. To the end of conformance, only the interactions which are performed on
the operations within the choreography roles and which involve only orchestra-
tors joined with roles must be considered relevant (i.e. observable). The following
definition defines the notion of conformance between a choreography and an OL
system exploiting a hiding operator which makes observable those interactions
which contain operations included in the choreography and orchestrators joined
with roles.

Definition 3 (Conformance Notion). Given a choreography C = (Con, X),
an orchestrated system E € OL and a joining function ¥ such that Im(¥) =
X, U{L}! where X, is the set of role names contained in X, let we be the set of
the operations involved within the choreography C, let w, be the set of operations
exhibited by the processes of E and let Eop = w,\wc be the set of operations
ezhibited by E and which do not appear within the roles of C. Let E, be the
set of orchestrator identifiers id of E for which ¥(id) = L. We say that E is
conformant to C if the following condition holds:

CDQ/ E/EOP//EJ_

where [Eop is a hiding operator which hides (replaces with T moves) all the
transitions which contain operations contained in Eop and //E, is a hiding
operator which hides all the transitions which contain orchestrators not joined
with any role.

5 Example

Here we reason about the meaning of conformance by using an example. Let
us now consider a business scenario where a customer invokes a store service in
order to buy a good and where, depending on the customer’s credit card type,
the store service will invoke the respective payment service. In order to define
the choreography let us consider four roles: pc which represents the customer
behaviour, pg which represents the store service, py which represents the VISA
payment service and papr which represents the American Express payment ser-
vice. For each role we define the following operations:

Y Im(W) = {W(id) | id € ID}



wo = {(]E{E)(j]‘:‘]l})i[‘7 O’LU)}’ wg = {(BUY’ 7‘7’)}’
wy = {(PAY-VISA,rr)}, war = {(PAY-AE,rr)}.
Referring to the role definitions described in Section 2 the role pc exhibits a One-

Way operation named RECEIPT whereas the other roles exhibit a Request-
Response operations (respectively BUY, PAY-VISA, PAY-AE).

Let typec and types be the variables which hold the credit card type of role
pc and pg respectively, let cic, d~s, dy and dap be the tuples of variables repre-
senting the customer data respectively owned by each role and let ackc, ackg, acky
and ackag be the variables used for modelling the response information into the
Request-Response operations. We denote with o (e.g. d¢ o typec) the concate-
nation of tuples. We define the variable sets of each role in the following way:

Vo = {typec,Jc,aCkc} Vs = {fypesyci&w?ks},

VV = {Jv,ackv}, VAE = {CZAE,aCkAE
Let X' be the set of roles defined in the following way:

Y ={(pc,wc,Ve), (ps,ws, Vs), (pv,wv, W), (pag,wag, Var)}.
Let Con be the following conversation:

Con ::= CustBuyReg;

(VisaPay; Cust BuyResp ; VisaReceipt+AE Pay; Cust Buy Resp ; AE Receipt)
CustBuyReq ::= (pc, ps, BUY,d¢ o typec, ds o types, 1)
CustBuyResp ::= (pc, ps, BUY, ackc, ackg, |)
VisaPay ::=

(ps, pv, PAY-VISA, dg,dv, 1); (ps, pv, PAY-VISA, acks, acky, | )
VisaReceipt ::= (pv, pc, RECEIPT, dy,d¢c, 1)
AEPay = o

(ps, par, PAY-AE,ds,dag, 1); (ps, par, PAY-AE, acks, ackag, |)
AFEReceipt ::= (pag, pc, RECEIPT,dsg,dc, 1)

In Fig. 1 are graphically represented the interactions among the roles set by
Con without showing the order they are performed. The circles are the roles
with their own variables depicted inside, the bold segments are the operations
and the arrows are the interactions. Cust BuyReq is the request interaction from
the customer to the store service for purchasing a good. Depending on the in-
formation held by the variable typeg the Visa payment interaction VisaPay or
the American Express one AE Pay, will be enabled. After the payment is per-
formed the store service can send the response to the customer (CustBuyResp).
At the end the receipt from the credit card agency can be sent to the customer
(VisaReceipt or AE Receipt). We consider the choreography C' = (Con, X).

In the following we present two possible orchestrated systems where the for-
mer is not conformant with the choreography C and the latter satisfies the notion
given in the previous section.

1. We consider an orchestrated system FE; with four orchestrators: C, S, V
and AF whose definition follows:



RECEIPT

PAY-VISA

Fig. 1. Interactions among the roles

Ei:=C|S|VI|AE R

C :=[BUY(d¢ o typec, acke) | RECEIPT (d¢o)]e

S = [BUY (ds o types, acks, Payment)]s B

Payment ::= (PAY-VISA(ds, acks) + PAY-AE(ds, acks))

V = [PAY-VISA(dy,acky); RECEIPT (dv)]v

AE ::= [PAY-AE(dap, ackap); RECEIPT (dagp)]ar
We consider a joining function ¥ where C', S, V and AE embody roles p¢, ps, pv
and pag, that is:
U (C) = pc, ¥(S) = ps, ¥ (V) = pv,¥(AE) = pag,
U(id) = L forid ¢ {C,S,V,AE}.
Analysing system Fj is possible to note that it is not conformant with the chore-
ography C' because of the RECEIPT operation. Indeed, there exist some paths
where the interaction on the RECEIPT operation is performed before the re-
sponse interaction on the BUY operation. Such a kind of behaviour is in contrast
with that of choreography C where the receipt interaction must be performed
after the response interaction on the BUY operation. For this reason the con-
formance notion is not satisfied. 2. We consider a system FE5 where there is an
additional orchestrator whose identifier is B which is not joined with any role of
the choreography and which is a bank service. The store service invokes the bank
service when it has performed the credit card request (PAY-VISA or PAY-AE)
for charging its transactions. The bank service will invoke the respective credit
card service for charging the purchase order of the customer whose behaviour is
the same of previous case F as well as for the Payment process. At the end the
credit card service will send the receipt to the customer.

Ey:=C| S|V |AE| B ]

S = [BUY(dg o types, acks, Payment); CHARGE(ds)]s




V = [(PAY-VISA(dy, acky); CH-VISA(dy ); RECEIPT(dy )]y

AE = [PAY-AE(dap, ackap); CH-AE(dag); RECEIPT (dag)|ar

B ::= [CHARGE(dp); (CH-VISA(dg) + CH-AE(dg))]s
We consider the same joining function ¥ of the example above. E5 is conformant
to the choreography C'. Indeed, differently from Ej, the receipt interaction always
follows the response on the BUY operation. This condition is guaranteed by
the fact that the receipt interactions from the two credit card orchestrators are
blocked by the CH-VISA and the CH-AE operations which are performed after
the CHARGE operation in B. Indeed, the CHARGE operation in S is invoked
after the response on the BUY operation.

It is important to note that the operations CHARGE, CH-VISA and CH-
AE are not described in the choreography C. Considering the conformance no-
tion given at Section 4 all the interactions which involve such a kind of op-
erations are hidden in 7 actions by using the operator /Espp where Espp =
{CHARGE, CH-VISA,CH-AE}. In the same way, all the interactions which
involve the orchestrator B must be hidden by using the operator /Es; where
E5, = {B}. Thus we can write that: C >y Ey/Fs0p/Es] .

6 Conclusions

In this work we have formalized a notion of conformance between choreography
and orchestration. To this end we have exploited previous work where the chore-
ography language C'L p were defined, and we have introduced here a language for
orchestration equipped with a formal semantics. Choreography abstracts away
from some aspects (e.g., coordination activities that should be performed by
roles to preserve the conversation rules) while orchestrated systems can be seen
as a further development step of systems described by choreography which must
take into account also coordination activities between roles. We consider that
the usage of a bisimulation-like technique, of the hiding operators and of the
joining function between orchestrator identifiers and roles permits to capture
such a relationship.

To the best of our knowledge, this is the first attempt towards the definition

of a formal framework for comparing choreography and orchestration by using
bisimulation between the two languages while there are several works which sep-
arately deal with services orchestration or choreography.
Papers [BMMO05,BHF04,L.Z05,ML04] investigate mechanisms for supporting long
running transactions in orchestration languages and security issues have been
investigated in [BFG04]. Another aspect related with orchestration is the cor-
relation sets mechanism (used, e.g., by WS-BPEL) which provides a mean for
correlating some interactions between services; such a mechanism have been
formalized in an orchestration language in [Vir04]. Besides our work on choreog-
raphy we have mentioned in the paper, here we cite [BCPV04] where the Web
Service Choreography Interface (WSCI) language is modeled.
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