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Mura Anteo Zamboni 7, I-40127 Bologna, Italy.

e-mail:{gorrieri,cguidi,lucchi}@cs.unibo.it

Abstract. Choreography languages provide a top-view design way for
describing complex systems composed of services distributed over the
network. The basic building block of such languages is the interaction
between two peers which are of two kinds: request and request-respond.
WS-CDL, which is the most representative choreography language, sup-
ports a pattern for programming the request interaction and two patterns
for the request-respond one. Furthermore, it allows to specify if an in-
teraction is aligned or not whose meaning is related to the possibility to
control when the interaction completes. In this paper we reason about
interaction patterns by analyzing their adequacy when considering the
fact that they have to support the alignment property. We show the in-
adequacy of the two patterns supporting the request-respond interaction;
one of them because it does not permit to reason on alignment at the
right granularity level and the other one for some expressiveness lacks.

1 Introduction

Service Oriented Computing (SOC) paradigm provides a mean to design complex
systems by exploiting and composing services available over the network. Web
services technology, which is one of the most prominent technologies for SOC,
provides several languages for composing services, the so-called orchestration
(e.g., WSFL [4], XLANG [6], WS-BPEL [5]) and choreography (e.g. WS-CDL
[7], WSCI [10]) languages. Althought there is not a common agreement on the
meaning of orchestration and choreography, in [1] we have shown how orchestra-
tion and choreography work at different levels. On the one hand orchestration
describes how to compose services from the point of view of a single entity, the
so-called orchestrator, which coordinates the entire system, while on the other
hand, choreography describes all the interdependencies among the different in-
teractions between participants in a top-view way.

The most interesting proposal for choreography is Web Services Choreogra-
phy Description Language (WS-CDL) which is an XML-based language. In a
few words, choreography is composed of a static part describing the system (i.e.
participants, variables and channels) and another one describing the behavior,
that is the conversation rules of the system. The basic building block of WS-CDL
for describing the conversational part is the interaction that can be composed



by using sequential, parallel and alternative operators. An interaction describes
a messages exchange between two participants and can be of two kinds: request
and request-respond. A request interaction consists of a message exchanged by
a participant to another one, while a request-respond is composed of a message
transmitted by a participant to another one followed by a response message in
the opposite direction.

Since the request-respond is a complex interaction containing two message
exchanges, it is possible to define it in different ways. Indeed, it is possible to
program separately the request and the response or programming them with a
construct dealing with the entire request-respond interaction in an atomic way.
Here we talk about interaction patterns referring to the language mechanisms
which allow to express the request and the request-respond interaction types.

WS-CDL supports three different interaction patterns: the request, the atomic

request-respond and the splitted request-respond. The request pattern simply
maps the request interactions type. The splitted request-respond pattern allows
to manage separately the request and the respond message exchanges, thus al-
lowing for example to describe that a certain activity have to be performed after
the request and before the respond. The atomic request-respond pattern allows
to express the entire request-respond interaction as an atomic construct; in this
case it is not possible to associate an activity that is to be performed “within”
that interaction. An interesting property which can be associated to interactions
is the alignment, that is the possibility to control when an interaction completes.
WS-CDL permits to set alignment property at the level of both single message
exchange (request and respond), by using the splitted request-respond pattern,
and at the level of entire request-respond interaction by using the atomic one.

In this paper we reason about the interaction patterns analyzing their ad-
equacy considering the fact that they have to support the alignment property.
To this end we present a core sublanguage of WS-CDL, equipped with a formal
semantics, supporting the three interaction patterns above. We show that for the
request-respond interaction the splitted pattern does not capture the essence of
the alignment property and it allows to program not valid conversations, while
the atomic one allows to reason at the right granularity level but it lacks in
expressiveness w.r.t. the splitted one. Furthermore, by using some examples we
show that the atomic request-respond pattern has less expressive power than the
splitted one. The investigation described above have one meaningful implication:
the formal semantics of a significant fragment of WS-CDL has been defined. In-
deed, to the best of our knowledge, this work represents the first attempt towards
the formalization of WS-CDL semantics.

Finally, in light of the results obtained in this paper we show how our formal
language CL presented in [3] deals with the right granularity level for the request-
respond interaction, concluding that it can be considered a good starting point
towards the definition of a formal framework for choreography.

The paper is structured as follows. Section 2 presents a core language of
WS-CDL and its semantics. Section 3 is devoted to formally reason on the



request-respond interaction patterns provided by WS-CDL. Section 4 concludes
the paper with some final remarks.

2 The WSCDLcore language

As previously mentioned WS-CDL is composed of a static part describing the
system (i.e. participants, variables and channels) and another one describing the
conversation rules the participants have to follow.

In [3] we have presented a formal language proposal for representing chore-
ography where we have extracted its essence following the same description ap-
proach of WS-CDL. Our proposal indeed, is composed by two parts: a declarative

part and a conversational one. The former deals with the formalization of the
participants involved in the choreography whereas the latter deals with the con-
versation rules they have to follow in order to interact each other.

In this paper choreographies are defined by exploiting the declarative part
of our formal model, while the conversation rules are expressed by introducing
a formal language which accounts for a significant fragment of WS-CDL. It is
worth noting that the declarative part is not a faithful representation of the WS-
CDL contructs which deal with participants, variables and channels but it just
addresses their basic concepts. However, since we are interested on reasoning
about interaction patterns, we can abstract from these details.

As far as the conversational part is concerned, here we present the language
WSCDLcore which formally represents the WS-CDL patterns we are interested
in. The semantics of this language will be presented in terms of another language
CLP . Although that there are few differences between them, this choice is due
to the fact that it simplifies the comparison with our conversation language CL

whose semantics is defined in terms of the same language CLP . In the following
indeed, we are interested to test and verify the suitability of CL considering the
issues raised by this paper.

In the following we explain the declarative part and we present WSCDLcore

syntax and semantics.

2.1 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 behaviour 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 our proposal variables are only names without
any values and they are exploited in order to represent 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.

In particular we remind that operations are defined in WSDL specifications
[9] and they are the only mechanism for interacting with a Web Service. Briefly,
an operation contains the definition of an incoming message for a service and,
when used, the definition of the response message. Two different kinds of oper-
ation exist:

– One-Way : only the incoming message is defined.
– Request-Response: both the incoming message and the response one are

defined.

When a Web service is invoked by using a One-Way operation, it receives the
incoming message and starts its activities. On the other hand, when a Web
Service is invoked by using a Request-Response operation, the service receives
the message, starts its activities and, at the end, replies to the invoker with a
response message.

Let us now introduce the formalization of roles, variables and operations.
Let V ar be the set of variables ranged over by x, y, z, k. We denote with x̃

tuples of variables, for instance, we may have x̃ = 〈x1, x2, ..., xn〉.
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:

Op = {(o, t) | o ∈ 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 RName be the set of the role names, ranged over
by ρ. The set Role, containing all the possible roles, is defined as follows:1

Role = {(ρ, ω, V ) | ρ ∈ RName, ω ∈ ℘(Op), V ∈ P(V ar)}

Exploiting this formalization, in the following we present the WSCDLcore

language.

2.2 Conversational part

Before presenting the syntax of the WSCDLcore language, we intend to spend
some words in order to highlight some WS-CDL basics. In particular we focus
on the basic building block <interaction> which can be composed exploiting
the tags <sequence>, <parallel> and <choice> representing, respectively, the
sequential, parallel and alternative composition. Now, we remind some basics of
the WS-CDL <interaction> tag in order to explain its functioning.

1 Given a set S, with ℘(S) we denote the powerset of S.



The tag <interaction> is used for defining interactions and it has some
enclosed elements and attributes. For the sake of this paper we are interested
in discussing the inner tags <participate> and <exchange> and the attributes
channelVariables, operation and align. We refer to WS-CDL specifications
for more details.
The description of the inner tags follows:

– <participate>: this tag defines the participants involved in the interactions
exploiting the attributes relationshipType, fromRole and toRole. In WS-
CDL specification the participants involved in a choreography are described
exploiting a complex hierarchical structure. Briefly, the roles express the
observable behaviours of a participant and the relationships express the peer-
to-peer links between participants.

– <exchange>: this tag defines the variables exchanged by the sender and
the receiver. It contains two elements <send> and <receive> where the
former defines the information sent by the sender whereas the latter defines
the information received by the receiver. The attribute action defines the
direction of the interaction and has two possible values: request or respond.
In the first case the interaction is performed from the role fromRole, which
is the sender, to the role toRole which is the receiver. In the second case the
toRole is the sender and the fromRole is the receiver.
One or two exchange tags can be defined within the tag interaction. If there
are two exchange elements one must have action equal to request and the
other must assume the value respond. The former defines the information
exchange during the request interaction and the latter during the response
one.

The description of the main attributes of the <interaction> tag follows:

– The attributes channelVariable and operation define the WS-CDL chan-
nel and the WSDL operation on which the interaction is performed and
which has to belong to the interaction target.

– The attribute align defines if the interaction must be aligned or not. In
the following we quote from the specification[7] the definition of the align
attribute:

If the align attribute is set to “false” for the Interaction, then it means that the:
• Request exchange completes successfully for the requesting Role once it has suc-

cessfully sent the information of the Variable specified within the send element
and the Request exchange completes successfully for the accepting Role once
it has successfully received the information of the Variable specified within the
receive element

• Response exchange completes successfully for the accepting Role once it has
successfully sent the information of the Variable specified within the send element
and the Response exchange completes successfully for the requesting Role once
it has successfully received the information of the Variable specified within the
receive element

If the align attribute is set to “true” for the Interaction, then it means that the
Interaction completes successfully if its Request and Response exchanges complete
successfully[...]:

• A Request exchange completes successfully once both the requesting Role has
successfully sent the information of the Variable specified within the send element
and the accepting Role has successfully received the information of the Variable
specified within the receive element



• A Response exchange completes successfully once both the accepting Role has
successfully sent the information of the Variable specified within the send element
and the requesting Role has successfully received the information of the Variable
specified within the receive element

This definition is far to be formal and deserves to be commented. An inter-
action is aligned when both the roles are aware of its state. On the contrary,
it must be considered not aligned when the sender and the receiver act with-
out a common knowledge about the interaction state. From the choreography
point of view, that is a system top view, a common knowlegde about the
interaction state is linked to the fact that it is possible to verify its termina-
tion or not. For this reason here we discriminate between aligned interaction
and the not aligned one considering the fact that it is possible to control
their termination or not.

Considering the meaning of the WS-CDL <interaction> tag, we extract
three kinds of interaction patterns:

– request

– splitted request-respond

– atomic request-respond

The three type of interactions patterns request, splitted request-respond and
atomic request-respond directly follow from the <exchange> elements within the
<interaction> tag.

The request pattern is characterized by an interaction defined with only one
exchange element and the action set to request. The operation through which
the interaction is performed must be a One-Way operation.

In the following we present the WS-CDL code for a request interaction pat-
tern where opAB is a One-Way operation:

<interaction name="interactionAB" channelVariable="tns:ABchan"
operation="tns:opAB" align="true" >
<participate relationshipType="tns:relationshipAB"
fromRole="tns:roleA" toRole="tns:roleB"/>
<exchange name="requestAB" action="request">

<send variable="cdl:getVariable("tns:x", "", "")" />
<receive variable="cdl:getVariable("tns:y", "", "")"/>

</exchange>
</interaction>

The splitted request-respond pattern is characterized by two different inter-
actions defined on the same Request-Response operation: one for expressing the
request interaction and the other one for expressing the respond one. This pat-
tern allows to program the request-response interaction in a low level manner
where the two single interactions can be managed separately. In the following
we present the WS-CDL code for a splitted request-respond pattern where a
choreography C is performed between the request and the respond interactions:

<sequence>
<interaction name="interactionCD" channelVariable="tns:CDchan"

operation="tns:opCD" align="true" >



<participate relationshipType="tns:relationshipCD"
fromRole="tns:roleC" toRole="tns:roleD"/>

<exchange name="requestCD" action="request">
<send variable="cdl:getVariable("tns:z", "", "")" />
<receive variable="cdl:getVariable("tns:k", "", "")"/>

</exchange>
</interaction>
<perform>
<!-- Choreography C -->
</perform>
<interaction name="interactionCD2" channelVariable="tns:CDchan"

operation="tns:opCD" align="true" >
<participate relationshipType="tns:relationshipCD"

fromRole="tns:roleC" toRole="tns:roleD"/>
<exchange name="responseCD" action="respond">

<send variable="cdl:getVariable("tns:w", "", "")" />
<receive variable="cdl:getVariable("tns:q", "", "")"/>

</exchange>
</interaction>

</sequence>

The atomic request-respond pattern is characterized by two exchange ele-
ments defined within the interaction tag. One represents the request exchange
and the other represents the respond. The operation through which the in-
teraction is performed must be a Request-Response one. In the following we
present the WS-CDL code for an atomic request-respond pattern where opCD is
a Request-Response operation:

<interaction name="interactionCD" channelVariable="tns:CDchan"
operation="tns:opCD" align="true" >
<participate relationshipType="tns:relationshipCD"

fromRole="tns:roleC" toRole="tns:roleD"/>
<exchange name="requestCD" action="request">

<send variable="cdl:getVariable("tns:z", "", "")" />
<receive variable="cdl:getVariable("tns:k", "", "")"/>

</exchange>
<exchange name="responseCD" action="respond">

<send variable="cdl:getVariable("tns:w", "", "")" />
<receive variable="cdl:getVariable("tns:q", "", "")"/>

</exchange>
</interaction>

Moreover, each interaction can be enriched with the alignment property set-
ting the align attribute of the tag interaction. In the examples above we have
considered all aligned interactions.

Now we are ready to present the syntax of WSCDLcore which deals with
such a kind of patterns. We start by modeling only the request and splitted
request-respond patterns without considering the atomic request-respond one.
Such a kind of pattern will be separately discussed in section 3 where we show
that it is a special case of the splitted request-respond pattern.

Let us now present the syntax of WSCDLcore:

Ccore ::= 0 | µ | µA | Ccore;Ccore | Ccore ‖ Ccore | Ccore + Ccore

µ ::= request(ρA, ρB , o, x̃, ỹ) | respond(ρA, ρB , o, x̃, ỹ)



A conversation can be a terminated conversation 0, a not aligned interac-
tion µ, an aligned interaction 2 µA or the sequential, parallel and alternative
composition of conversations.

The interactions can be a request interaction or a respond one. Considering
their arguments we have that:

– ρA and ρB represent the invoker role and the invoked one, respectively.

– o is the operation through which the interaction is performed and which has
to be exhibited by the invoked role ρB .

– x̃ and ỹ are respectively the variables of ρA and ρB .

When a request interaction completes, the direction of the interaction is from
role ρA to role ρB and x̃ will populate3 ỹ whereas when a respond interaction
completes the direction is from role ρB to role ρA and ỹ will populate x̃. Depend-
ing on the type of the operation o the respond interaction is allowed or not. If o

is a One-Way operation only a request interaction is allowed on that operation
whereas if o is a Request-Response operation the two interactions are allowed
and the respond one must logically follow the request. When an interaction is
not aligned it is not possible to control when it completes whereas for the aligned
one this is possible.

Finally, conversations can be: i) the sequential composition of two conver-
sations Ccore;C

′

core whose meaning is that C ′

core can be performed after Ccore

completes, ii) the parallel composition of two conversations Ccore ‖ C ′

core which
represents the concurrent execution of conversations Ccore and C ′

core, and iii)
the alternative composition of two conversations Ccore +C ′

core whose meaning is
that the conversation to be performed is non-deterministically selected between
Ccore and C ′

core.

Now we define a choreography. A choreography, denoted by CHCDL, is de-
fined by a pair (Ccore, Σ) where Ccore ∈ WSCDLcore and Σ ⊆ Role. Here we
consider only well-formed choreographies whose definition follows:

Definition 1 (Well-formed set of roles). Let Σ ⊆ Role. The set of roles Σ

is well-formed if the following conditions hold:

1. Σ is finite;

2. if (ρi, ωi, σi) ∈ Σ and (ρj , ωj , σj) ∈ Σ and ρi = ρj then i = j.

Definition 2 (Well-formed choreography). Let (Ccore, Σ) be a choreogra-
phy; Ccore is well-formed if:

2 Even if the correct notation is request(ρA, ρB , o, ex, ey)A and
respond(ρA, ρB , o, ex, ey)A, for the sake of clarity, we will use the notation
request

A(ρA, ρB , o, ex, ey) and respond
A(ρA, ρB , o, ex, ey).

3 In WS-CDL slang the term populate means that the values instantiated by the
variables ex will be stored within the variables ey. Since we use variables as names, in
the following we will exploit the term populate in order to express the fact that an
interaction represents an information flow from variables ex to variables ey



1. for any operation request(ρA, ρB , o, x̃, ỹ) and requestA(ρA, ρB , o, x̃, ỹ) it
contains, the following conditions hold:
(a) (ρA, ωA, VA), (ρB , ωB , VB) ∈ Σ for some ωA, VA and ωB , VB;
(b) (o, ow) ∈ ωB ∨ (o, rr) ∈ ωB;
(c) x̃ and ỹ have the same arity;
(d) x̃ ⊆ VA and ỹ ⊆ VB

2. for any operation respond(ρA, ρB , o, x̃, ỹ) and respondA(ρA, ρB , o, x̃, ỹ):
(a) (ρA, ωA, VA), (ρB , ωB , VB) ∈ Σ for some ωA, VA and ωB , VB;
(b) (o, rr) ∈ ωB;
(c) x̃ and ỹ have the same arity;
(d) x̃ ⊆ VA, ỹ ⊆ VB

Definition 1 states that a set of roles Σ is well-formed if it is finite and the
set of role names are all distinct.

Definition 2 states constraints for the interactions. Conditions (a) require
that the roles involved are contained in the system, conditions (b) guarantee that
the role which receives the interaction exhibits the operation used to interact (in
the case of a respond interaction the type of the operation must be Request-
Response), conditions (c) ensure that the sender and the receiver use the same
number of variables and, finally, conditions (d) ensure that the specified variables
belong to the corresponding role.

2.3 The semantics

The semantics of WSCDLcore is presented in terms of the semantics of an
auxiliary language CLP which has been already used to define the semantics of
our conversation language CL.

Syntax of CLP The auxiliary language is defined by the following grammar:

CP ::= 0 | µ | CP ;CP | CP ‖ CP | CP + CP

µ ::= (ρA, ρB , o, x̃, ỹ, dir)

In the following we use CLP , ranged over by CP , to denote the set of conversa-
tions of such a language. We limit the description to the interaction µ since the
composition operators ;,+,‖ have the same meaning of those of WSCDLcore.

(ρA, ρB , o, x̃, ỹ, dir) means that an interaction from role ρA to role ρB is
performed. In particular, o is the name of the operation (o, t) ∈ Operation on
which the message exchange is performed. Variables x̃ and ỹ are those used by
the sender and the receiver, respectively. When the interaction completes, it is
assumed that the information represented by the variables x̃ will populate the
variables ỹ. Finally, dir ∈ {↑, ↓} indicates whether the interaction is a request
(↑) or a response (↓) of o. Thus the dir parameter is needed for allowing us to
reason on simple interaction and at the same time for preserving information
about the type of the operation on which the message exchange is performed.



Semantics of CLP CP → C ′

P means that the conversation CP evolves in one
step in a conversation C ′

P . We define → as the least relation which satisfies the
axioms and rules of Table 1 and closed w.r.t. ≡.

(Interaction)

(ρA, ρB , o, ex, ey, dir) → 0

(Sequence)

CP → C′

P

CP ; DP → C′

P ; DP

(Parallel)

CP → C′

P

CP | DP → C′

P | DP

(Choice)

CP → C′

P

CP + DP → C′

P

(Structural Congruenge)

0; CP ≡ CP CP | 0 ≡ CP CP + 0 = CP

CP + DP ≡ DP + CP CP | DP ≡ DP | CP

(CP + DP ) + EP ≡ CP + (DP + EP )
(CP | DP ) | EP ≡ CP | (DP | EP )

Table 1. Semantics of CLP conversations

The structural congruence ≡ is the least congruence closed w.r.t. the axioms
of Table 1 which express the fact that abelian monoid laws for parallel and choice
operators hold (associativity, commutativity and 0 as identity) and the sequence
operator CP ;DP enables DP only when CP completes.

The description of axioms and rules follows. The axiom Interaction de-
scribes the behavior of an interaction. ρA is the name of the sender role whereas
ρB is the name of the receiver one, while o is the operation name used to interact
and x̃, ỹ are the variables used by the sender and the receiver to exchange data,
respectively. The rules Sequence, Parallel and Choice are standard.

Mapping of WSCDLcore We define a mapping from WSCDLcore conver-
sations into terms of CLP . Definition 3 defines the mapping function. Request
and respond interactions are mapped in an interaction of CLP where in the first
case the direction parameter is ↑ and in the second is ↓. The rule 4 stands that
either the aligned and the not aligned interactions are implemented in the same
way. Their different behaviour is strictly related to the fact that it is not possible
to control when the not aligned one completes. Such a difference is expressed in
rules 5 and 6 where the sequence is preserved only in the case of the aligned in-
teraction. In the opposite case, the sequence operator is replaced by the parallel
one. Indeed, the sequence of a not aligned interaction with another conversation
is implicitly a parallel composition of them because, since it is not possible to
control when the not aligned interaction completes, it is impossible to express



the fact that a certain conversation have to be performed after its completion.
Thus, it is impossible to support sequencing of not aligned interaction.

For example, let C = request(ρA, ρB , o, x̃, ỹ); requestA(ρC , ρD, o′, z̃, k̃) be a
conversation. The fact that the first request is not aligned implies that it is not
possible to control when it completes. On the other hand, the sequence operator
guarantees that the conversation which follows can be executed only when the
previous one has completed. However, in this case such a condition cannot be
tested. This means that it is not possible to control the sequential execution of
not aligned interactions, therefore we map not aligned interactions composed in
sequence by replacing the operator with the parallel one. Consequently, exploit-
ing the rule 6 of the mapping function, the conversation C behaves as:

[[[C]]] = [[[request(ρA, ρB , o, x̃, ỹ)]]] ‖ [[[requestA(ρC , ρD, o′, z̃, k̃)]]]

Finally the mapping preserves the parallel and the alternative composition.

Definition 3 (The mapping function). The function [[[ ]]] : WSCDLcore →
CLP is defined inductively as follows:

1. [[[0]]] = 0

2. [[[requestA(ρA, ρB , o, x̃, ỹ)]]] = (ρA, ρB , o, x̃, ỹ, ↑)

3. [[[respondA(ρA, ρB , o, x̃, ỹ)]]] = (ρA, ρB , o, x̃, ỹ, ↓)

4. [[[µ]]] = [[[µA]]]

5. [[[µA;Ccore]]] = [[[µA]]]; [[[Ccore]]]

6. [[[µ;Ccore]]] = [[[µ]]] ‖ [[[Ccore]]]

7. [[[Ccore ‖ C ′

core]]] = [[[Ccore]]] ‖ [[[C ′

core]]]

8. [[[Ccore + C ′

core]]] = [[[Ccore]]] + [[[C ′

core]]]

3 The request-respond patterns

This section is devoted to reason about the two request-respond interaction
patterns supported by WS-CDL and represents the main contribute of this paper.
In the first part we criticize the splitted request-respond pattern because it is
not reasonable to specify separately the alignment property for the request and
the respond. In the second part we model the atomic request-respond pattern
where the alignment property is referred to the entire interaction showing that
this is the right granularity level where alignment property has to be defined.
Furthermore, we show that the atomic request-respond interaction has some
lacks of expressiveness w.r.t. the splitted one.



3.1 Splitted request-respond pattern

As confirmed by the choreography working group in the official mailing list [8],
a splitted request-respond pattern programmed in a conversation, say C, is con-
sidered valid when, for all the possible computation paths of C, the request is
executed before the respond, and in the case the request is performed the corre-
sponding respond is executed. This directly follows by the fact that it is strictly
related with the Request-Response operations where the response is subordinate
to the request. Thus we can express splitted request-respond interactions in the
following ways:

a) request(ρA, ρB , o, x̃, ỹ);C[respondA(ρA, ρB , o, z̃, k̃)]

b) request(ρA, ρB , o, x̃, ỹ);C[respond(ρA, ρB , o, z̃, k̃)]

c) requestA(ρA, ρB , o, x̃, ỹ);C[respondA(ρA, ρB , o, z̃, k̃)]

d) requestA(ρA, ρB , o, x̃, ỹ);C[respond(ρA, ρB , o, z̃, k̃)]

where C[ ] is any conversation context. Here we intend to reason on the
meaning of the alignment property for a splitted request-respond pattern, re-
ferring in particular on cases a) and b) where the request is not aligned. The
following proposition expresses that any interaction with a not aligned request
on a Request-Response operation is not valid. The idea directly follows from the
semantics of the not aligned interaction. Indeed, in the cases a) and b) we can-
not guarantee that a not aligned request is performed before the corresponding
respond. Consequently, in a request-respond interaction we always have to use
aligned requests.

Proposition 1. Let (o, rr) ∈ Op be an operation. For any conversation context
C[ ], for any ρA and ρB, for any x̃ and ỹ, the conversations

– request(ρA, ρB , o, x̃, ỹ);C[respondA(ρA, ρB , o, z̃, k̃)]

– request(ρA, ρB , o, x̃, ỹ);C[respond(ρA, ρB , o, z̃, k̃)]

are not valid.

Let us consider the following example where C is the following conversation
in order to clarify the meaning of the notion above:

C = request(ρA, ρB , o, x̃, ỹ); respondA(ρA, ρB , o, z̃, k̃)

C behaves as follows:

[[[C]]] = [[[request(ρA, ρB , o, x̃, ỹ)]]] ‖ [[[respondA(ρA, ρB , o, z̃, k̃)]]]

It is easy to observe that such an interaction is not valid because it is trivial
to prove that there exist a computation path where the respond is performed
before the request.

Thus, in a splitted request-respond interaction the request must be always
aligned. Now we can assume that the aligned property shifts always on the
respond interaction. The cases c) and d) above express this concept.



The case c) represents the aligned interaction whereas the case d) the not
aligned one. Let us now consider the case d), does it make sense? Although it
is syntactically correct, in our opinion, it represents a wrong interpretation of
the request-respond interaction. The alignment property indeed means that we
cannot control when an interaction completes. In the case d) we can control that
the first part of a request-respond interaction completes leaving the not aligned
behaviour only on the second one. Here we cannot state if WS-CDL authors
were willing to allow such a behaviour but, in our opinion, the case d) does
not address the nature of the alignment because we interpret a request-respond
interaction, even splitted, as a unique concept where a property must hold on
the entire interaction.

We conclude that, in our opinion, it is not reasonable to express alignment
property at the level of single message exchange. For these reasons the splitted
request-respond pattern is inadequate for expressing the alignment property.

3.2 Atomic request-respond pattern

In this section we introduce the atomic request-respond pattern showing that it
defines only valid conversations and allows to express the alignment property at
the granularity level of the entire request-respond interaction which seems to be
the right approach.

Here we extend the core language of Section 2.2 with the atomic request-
respond pattern where the interactions µ are defined as it follows:

µ ::= request(ρA, ρB , o, x̃, ỹ) | respond(ρA, ρB , o, x̃, ỹ) | rr(ρA, ρB , o, x̃, ỹ, z̃, k̃)

The atomic request-respond, denoted with rr(ρA, ρB , o, x̃, ỹ, z̃, k̃), means that
ρA performs a request-respond with ρB by using variables x̃ (of ρA) and ỹ (of ρB)

for the request message and variables z̃ (of ρA) and k̃ (of ρB) for the response.
The semantics of the extended language is obtained by adding the following

encoding rule to the ones of Definition 3:

[[[rrA(ρA, ρB , o, x̃, ỹ, z̃, k̃)]]] =

[[[requestA(ρA, ρB , o, x̃, ỹ)]]]; [[[respondA(ρA, ρB , o, z̃, k̃)]]]

The atomic request-respond pattern is expressed in terms of the splitted
one; it is trivial to verify that such kind of interactions are all valid accordinlgy
with the notion given in section 3.1. Indeed, the request is aligned as well as
the respond thus the sequential operator guarantees that the request is always
performed before the respond.

So far, we have only presented the semantics of rrA without discussing that
of rr. This is due to the fact that it is implicitly linked to the semantics of
the alignment property. What does it mean performing a not aligned atomic
request-respond? In this case we cannot control when the entire request-respond
interaction completes. The semantics of such a condition follows from rules 4, 5
and 6 of the mapping function:



[[[rr(ρA, ρB , o, x̃, ỹ, z̃, k̃);C]]] = ([[[rr(ρA, ρB , o, x̃, ỹ, z̃, k̃)]]]) ‖ [[[C]]]

[[[rrA(ρA, ρB , o, x̃, ỹ, z̃, k̃);C]]] = [[[rr(ρA, ρB , o, x̃, ỹ, z̃, k̃)]]]; [[[C]]]

Here the alignment property is expressed at the level of the entire request-
respond interaction contrarily to the case of the splitted one. Considering the
two request-respond patterns, we conclude that the right granularity level for
expressing the alignment property is represented by the atomic request-respond
pattern.

Let us now consider the expressiveness of this construct w.r.t. the splitted
one. Considering the semantics of the atomic request-respond pattern it is trivial
to observe that it is less expressive than the splitted one. The following examples
prove that there exist an expressiveness gap because they cannot be programmed
by using the atomic pattern.

1. requestA(ρA, ρB , o, x̃, ỹ);C; respondA(ρA, ρB , o, z̃, k̃)

2. requestA(ρA, ρB , o, x̃, ỹ); (respondA(ρA, ρB , o, z̃, k̃) ‖ D)

3. requestA(ρA, ρB , o, x̃, ỹ);C; (respondA(ρA, ρB , o, z̃, k̃) ‖ D)

where C is a choreography which is performed between the request and the
respond interactions and D is a choreography which is executed in parallel with
the respond interaction and after the request interaction accordingly with the
semantics.

Summarizing, the atomic request-respond interaction pattern on the one
hand has the right granularity level for expressing the alignment property and
on the other hand it lacks expressiveness.

4 Conclusions

In this paper we have presented the formal semantics of a significant fragment of
WS-CDL which provides a mean to deal with interactions. We have analysed the
adequacy of such interaction patterns when the alignment property is considered
by showing that the request-respond patterns do not represent the best choice.
Indeed, the splitted one permits to align the single message exchange which,
on the one hand allows to express not valid conversations and, on the other
hand implements the not aligned property in a way which, in our opinion, does
not address the nature of the alignment property. The atomic request-respond
pattern on the contrary, provides the right level to reason about alignment but
presents significant lacks of expressiveness (e.g. it is not possible to express that
a certain conversation must be performed during the execution of a request-
respond).

To the best of our knowledge, this is the first attempt towards the definition
of interaction patterns in choreography when aligned property is considered. The
only works which deal with choreography languages are [2] and [7]. In the former
Web Service Choreography Interface (WSCI) [10] language is modeled whereas
in the latter our formal language CL is presented.



CL, whose semantics is expressed in terms of CLP , supports two interaction
patterns where one is exactly the request of WSCDLcore while the other one,
used to program the request-respond, has a semantics which sounds like:

requestA(ρA, ρB , o, x̃, ỹ);C; respondA(ρA, ρB , o, z̃, k̃)

such a pattern has the same granularity level of the atomic one of WSCDLcore

and covers some of its lacks of expressiveness. Indeed, it is trivial to verify that
with this pattern it is possible to express an inner conversation between the
request and the respond (example 1 of section 3.2). In light of these observations
CL can be considered a good starting point for representing choreography.

As future works we intend to reason on other aspects of WS-CDL and at the
same time to improve our formal language CL. Furthermore, we are interested to
investigate the relationships which exist between the choreography approach and
the orchestration one by introducing a notion of conformance between the two
models starting by studying how the choreography alignment property affects a
related orchestration.
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