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Abstract

This paper introduces an approach addressing the transition from chore-
ography to orchestration. As far as validation method is achieved through
the use of model-checker. We are interested in various levels of transfor-
mations. In fact, transformations are different in their departure points.
Initially, the process of transformation, which we want to establish is based
on a set of heterogeneous business protocols. This unit will consequently
provide a choreography as result, which unifies them. So, to ensure the in-
tegration processing, we define a meta-model for the choreography model.
At this level, certain verifications will take place. Through them, we will
check a set of properties related to the choreographies maintained after the
integration. Then, this choreography will be transformed into an orches-
tration. Thus, coherence between choreography and orchestration must
be checked while showing the relation of conformity between these two
different composition models. The obtained orchestration must preserve
the total behavior of the system as specified in choreography and support
all the responsibility, which is already defined by the other model (chore-
ography). So, to face the undecidability of the problem of synthesis, the
choice of the best transformation will be supported by the number of pre-
served properties. Indeed, this passage is accompanied by a verification
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phase. A set of properties will be preserved, the ones, which refer to the
choreography are considred as common and others, which are relative to
those checked by the orchestration are judged as local. Towards the end
of this process, and in order to validate the transformation, we must check
the maintained properties. This checking will be illustrated by the use of
the model-checker, which depends on the properties.

1 Introduction

Nowadays, we note that there is a significant increase in system complexity.
Thus, the issue of reusability is always a major challenge. In fact, software ar-
chitectures have always been the bridge between strategy and development of
information systems [3]. They are an effective response to problems faced by
companies in terms of reusability, interoperability in addition to reducing cou-
pling between the various systems that implement their information systems.
The service oriented approach seeks to implement the reuse of an existing service
[18]. SOAs are better known under their version of web service, that appeared
as a new technology offering a means to exchange data between applications
[7]. Indeed, the development of applications based on web services is ensured by
using the composition technique, which is essential to the applications imple-
mentation. It is defined as "the process of combining existing services to form
new services." Choreography and orchestration are two different mechanisms
used in service composition. Choreography provides an abstract specification
to achieve a common business goal, while orchestration provides execution de-
tails which are needed to realize this goal. The orchestration process contains
additional information not found in the choreography specification (Private or
internal actions for each role, the details in the error handling, execution de-
tails...). Although, the choreography serves as a contract between the different
service partners, it cannot be performed by itself: its models are not executable.
To fill this gap, we have to transform choreography specification to orchestration
process, which is the practical implementation of the choreography. It brings the
contribution of one party to the service composition. In fact, these mechanisms
are different in their nature and they complement each other.

Moreover, there are many works, which are interested in the transformation pro-
cess. The majority of them, based on the Model Driven Architecture concepts,
have studied the transformation from CDL specifications to BPEL process. In
addition, they have been interested in verifying some aspects of conformance
relationship between the choreography and the orchestration. In this work, we
overcome these problems by introducing an approach, which consists in the inte-
gration of service composition models and we seek to validate our transformation
process through the adequate model-checker.

We have structured this paper as follows: In Section 2, an overview of service
composition is presented. We give a survey of related work in Section 3. In
Section 4, we present our approach followed by a section describing a case study.
The last section contains a short conclusion and tracks for future works.



2 Service Composition

Web services are a key technology for supporting and performing business pro-
cesses [I]. The orchestration and choreography are two complementary mecha-
nisms for service composition at different abstraction levels.

2.1 Orchestration

An orchestration is a process viewed only from the perspective of a business
partner, which takes the control of the process. It offers a centralized vision.
Also, in this compsition model, the involved services are under control of a single
endpoint central process (orchestrator). This process coordinates the execution
of different actions on the involved web services. These latter do not know and
do not need to know that they are involved in a composition process. In fact,
orchestration describes the way in which separate web services can be brought
together in a consistent manner to provide a higher value service. It could only
describe a single process when multiple processes interact with each other.

2.2 Choreography

The choreography has been introduced as a new view on services interaction.
It is a description of abstract protocols. It offers a collaborative decentralized
coordination. Choreography, which is descriptive in nature, describes the inter-
action contract between two or more web services [12]. It helps to describe the
services behavior in composition. For the rest we need to distinguish between
the following two definitions:

e Local choreography: This type describes the flow from participants view
point. It is known as conversatioanl protocols. Local choreographies allow
to the public parts of their local processes visible to other participants.

e Global choreography defines the inter-organizational process from a neu-
tral perspective. It has the potential to achieve an agreement between
partners.

In fact, the first definition was discussed in the work of [I5] and it has been a
central element throughout his work. As to the second definition, it represented
the starting point of the transformation process presented in the same work. All
the same, Eder benefitted well from these two definitions throughout his work
[5].

Choreography languages reflect the long-term interactions. They allow the user
to describe the peer-to-peer collaboration between services by defining their
common observable behavior. In the realm of choreography, two different mod-
eling approaches differ:

Interaction models based approach The elementary interactions, namely
demand and the exchange of request-response messages, are the basic elements
of this approach. Behavioral dependencies, shown in these interactions and



combinations of interactions, are grouped in complex interactions. According
to this type, we can list WS-CDL and Let’s Dance:

e WS-CDL: its specification is based on an XML document. It defines a
common behavior for all participants and models a message between two
(or more) participants. It provides more detailed models.

e Let’s Dance: Its specification is based on graph. It’s also based on inde-
pendent visual notation. The communication action is performed by an
actor playing a role. The exchanged messages are message sending and
message receipt action.

Interconnection models based approach The control flow is defined by
participants. The behavior of each participant and the exchanged messages are
represented. However, the models could be incompatible.

e BPMN (Business Process Modeling Notation): it is a platform indepen-
dent language. It uses a typical notation for every process. To make
interconnecting different processes, this language uses messages flows. In
that way, all interactions are listed with the definition of the control flow
between them. Hence, communications are established by using data ob-
jects and communicating activities. Nevertheless, BPMN does not support
multiple instances of participants. So, to solve this problem, it uses a Pool
set to represent multiple participants in one conversation and uses PBD
(Participant Behavior Description) as views from the individual partners.

e BPEL4Chor: It is a BPEL extension and it is based on "Abstract Process
Profile for observable Behavior". BPEL4Chor uses abstract processes and
supports all the different choreographies design phases. It ensures com-
munication between participants by using message links. This language is
built on three artifact:

- Participant Behavior Description: defines the control flow dependen-
cies between activities of involved participants in the choreography;

- Participant Topology: defines the participants type, their references
and the message link which build the choreography structure;

- Participant Grounding: it contains the technical configuration and
enables the reuse of choreography specification .

Each of these languages has brought new concepts, and redefined ones already
known by others. This created a multitude of concepts, sometimes overlapping
and a multitude of ways to manipulate. In fact, concepts, defined by orchestra-
tion and choreography languages are interesting, and provide additional skills
and knowledge in the world of web services composition. However, sometimes
these skills are applicable in a particular area and for special needs that are not
always necessary in other areas. In fact, an integrated solution has to address
all aspects of developments to facilitate the work of different stakeholders and
reduce development time. Yet, the integration of services from heterogeneous
sources is still a major challenge facing the developer.



3 Integration of Composition Models

In this section, we briefly mention the research developments that aim to trans-
form choreography to orchestration and those interested in the integration of
services composition models.

3.1 Composition of composition models

In [9], the research is specifically focused on processes and construction of pro-
cesses based on software. The authors study the coordination of applications
managed by the process, particularly orchestration and choreography of web
services field. They also implement an application for orchestration of web ser-
vices, using the platform Melusine which they designed themselves, to establish
processes software. To set this application, they were inspired by a sample in
the language specification WSCI. To illustrate their contributions, they present
an application of web services orchestration of only two services. In addition,
they define a process meta-model containing a minimum of concepts used to
build coordination processes that are understandable and easy to handle for the
software developer. We see through this example of services orchestration, they
offer an architecture that provides a solution to the shortages of orchestration
and choreography languages (many specialized concepts; concepts overlap; close
to programming languages) that make the realization of a unifying meta-model
utopian. To build a composition software using this approach, it is important
that the concepts representing the logic of the application are separated from
their implementation, and reified at runtime. Thus, it is possible to use this
approach to build a web service composition whenever the software is based on
the three tiered architecture or not.

In [4], Clémentine presents two types of orchestration composition. The first one
is the composition of two orchestrations that are already the result of a service
composition. The second deals with the composition of an orchestration (the re-
sult of a set of services composition) and an elementary orchestration, which can
be, sometimes, considered as a service. The author claims that some problems
may be encountered when carrying out the composition of the orchestrations,
which must always be taken into account:

e The orchestrations composition requires the recognition of common ele-
ments in order to avoid redundant calls;

e The orchestrations complexity and the multiplicity of data block auto-
matic resolution of conflicts;

e The input parameters composition;

e Workflows obtained must meet certain properties such as the absence of
expectations that can lead to errors;

e The order of composition should not change the outcome.



Through his research, Clémentine aspires to compose two orchestrations to get
a third. He considers it as a fusion. In order to define a fusion algorithm, he
creates a meta-model composition, which includes all the concepts. At first, he
identifies the identical elements in order to unify them and will, eventually, call
the user in cases of conflict. Towards the end, to identify conflicts and check the
compatibility properties between the orchestrations, he relied on formal methods
that offer a variety of solutions that can be validated.

In [6], the author presents a new conceptual model for web services choreogra-
phies. Throught his work, he considers that there is a choreography shared
among several partners. In fact, he admits that "The global choreography cap-
tures the core of a business process"[5]. Therefore, each partner is responsible for
the realization of each choreography part. To achieve this, he uses the following
definition "The other choreographies describe parts of the global choreography
in the needed detail for implementation”. So, he introduces a new appraoch
called view driven federated choreographies where the latter are judged as fed-
erations of choreographies and orchestrations [I7]. To achieve his purpose, Eder
assumes that choreographies must be realized by orchestrations of partners.
In fact, the choreography defines the communication among orchestrations. Be-
sides, he defines a meta-model, which regards the representation of orchestration
and choreography described as workflows model. In addition, he considers the
inter-layer conformance as a central requirement of the obtained model (feder-
ated choreographies). However, he is limited only to structural conformance,
temporal conformance, messaging conformance and data flow conformance.

3.2 From choreography to orchestration Models

In [20], the authors discuss the relationship between the two different mecha-
nisms for the service composition in their work. They were the first who intro-
duced the concept of information gap to mention the different levels of details
between choreography and execution business process. They present their trans-
formation process in a virtual organization. Although, it is an unidirectional
transformation, its implementation detects errors or violated constraints.

Regarding [15], the transformation from CDL specification to BPEL process is
presented. In such transformation, the choreography is viewed from two as-
pects, namely as a global and a local choreography. The global choreography
corresponds to the message exchange from a global perspective. It is also con-
sidered as a coordination protocol. While local choreography corresponds to the
message exchange from a single party perspective. The authors generate local
choreography from global ones, which will be used to generate an orchestration
process for each part. During the transformation process, the mapping is well
documented and explained to generate a BPEL process for all involved parties.
Although, it is a bidirectional transformation, the authors do not explicitly men-
tion the relationship between choreography and orchestrations and they ignore
some transformation mapping information.

In [10], the author illustrates the basic idea of MDA (Model Driven Architecture)



and model transformations. The objective of this work is to evaluate the feasi-
bility of particularly using the driven models technology based on meta-model
transformations to realize the transformation of choreography to a set of orches-
trations.Thus, this approach offers a solution; including a methodology that al-
lows (semi-)automatically the transformation process. In addition, throughout
this work, he studies the relationship between choreography and orchestration
at the architectural level rather than language. In fact, such architectural rela-
tionship between the two composition models promotes a transformation, which
is independent of all the specification languages for both choreography and or-
chestration. They formalize the mapping to avoid ambiguous interpretation.

In [14], the authors represent an automated approach of synthesis of orches-
trator from choreography. Their choreography specified in BPMN/BPEL is
translated to a BPMN/BPEL, which is, also, at the base of orchestrator. In
their work, they have chosen BPMN/BPEL choreography, represented in Finite
State Machine (FSM), as a base for their formal approach of synthesizing an
orchestrator. The correctness verification methods of the orchestrator, detect-
ing and avoiding deadlock situations are included in the synthesizing algorithm,
which constructs the orchestrator. The Petri-net based model is then later
transformed to BPMN/ BPEL.

3.3 Synthesis

By way of recapitulation, we note that many works have focused on the trans-
formation from choreography to orchestration. To achieve their goals, they
essentially focused on the principles of MDA. Furthermore, they ignored the
other landings of transformation(processing) and did not try to verify the re-
lation of conformity between both models. In fact, we observe that there was
ignorance of other levels either the passage from "local" to "global" choreog-
raphy or the passage from orchestration to Promela. In addition, they aren’t
interested in checking the compatibility of the two processes of transformation.
Likewise, concerning the composition of service models composition, we believe
that little work has ealt with the choreographies composition realm. Indeed, our
research is part of that route. In fact, the works, which are most closely related
to our work are described in [6], [I0]and [14]. Indeed, we will be in continuity,
on composition of composition models side, with the work of Eder [6] and, on
the other side, with those from Kadhka [I0] and Mcllvenna [14].

However, to fill the gaps and the shortages encountered by the various works
cited above (no compatibility check, no validation processing, one transforma-
tion level, not taking into account the service sources heterogeneity and the
overlapping concepts ...), we propose an approach, which is based on trans-
formation process from choreography to orchestration. The transition from
choreography to orchestration is carried out since the choreography tools do not
directly model the majority of activities. In fact, it is a non-executable, abstract
process that defines the message exchange protocol and needs details, which will
be implemented by the orchestration, to be executed. As a first step, we perform



an integration of a set of heterogeneous choreographies in a global choreography
unifying them. At this level, we present a meta-model of choreography. We per-
form this integration phase to work independently of modeling languages and to
treat all services from heterogeneous sources. So, we can include all the differ-
ent concepts already defined by the different choreography languages. Also, we
will avoid the concepts overlap and the redundant calls. This integration will
build a starting point for a second phase transformation from choreography to
orchestration to finally reach the phase of the transformation validation which
can be illustrated by the use of different model-checker.

We have to mention that our contributions are not limited to this, but we choose
to undertake audits of properties that will be maintained after each refinement.
Hence, this checks if the overall choreography satisfy all the requirements of
architecture specifications.

4 Approach

In this section, we present, in detail, our transformation and validation ap-
proach. We will scan our work in a vertical manner from top to bottom.

4.1 From heterogeneous local choreography to global chore-
ography

Our work is interested in different levels of transformation process. In fact,
the transformations differ in their starting point. As a first step, the process
is based on a set of heterogeneous conversational protocols(as shown in Figure
[M(a)). This group will provide a choreography, that unifies them, as a result.
For this purpose, we will create a meta-model for choreography, which allows
us to work independently of modeling languages. At this level, there will be
checks to take place. Through them, we will check a set of properties relat-
ing to choreography maintained after integration [16] [I5] [L3] [19]. We note
that the global choreography may include different conversational protocols as
well as orchestrations, which are considered by some authors as compositions
mechanisms from local views [6] .

4.2 From choreography to orchestration

At this level, we distinguish between two types of transformations, either one-
to-one or one-to-many. In fact, the orchestration process must be developed in
accordance with the choreography. In our research work, we aim to realize a
transition from choreography to orchestration (as shown in Figure [I{b)). The
resulting orchestration should preserve the overall behavior of the system as
specified in the choreography. So it should be in accordance with it and support
the responsibility that is already defined. The correctness of the transformation
consists in determining if the business goal of an initiator at the choreography
level is preserved by the orchestration. During this process of transformation,
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Figure 1: Integration approach of service composition models

some properties should be preserved. Among these properties, the local prop-
erties refer to the orchestration properties; while the others, which are common
are reference for the properties verified by the choreography mechanism. Our
work is subdivided into two essential parts. The first one is devoted to present



the transformation process. However, synthesizing the orchestration from chore-
ography is distributed problem. In fact, at this level, we notice two different
types of transformation. One is dedicated for the one-to-one transformation
while the other is for the one-to-many. So, the consistency between choreogra-
phy and orchestration is verified by showing conformance relationship between
them [II]. To deal with undecidability of this problem, the choice of the best
transformation will be argued in the number of the preserved properties. We
opt for the transformation branch which guarantees the highest number of the
required properties.

4.3 Validation

Indeed, verification of the properties have decorated each phase of transforma-
tion. For the first step, the checks were for choreography properties [2] [16] [15]
[13] [19]. Among this properties, we quote:

e Composability: The existing choreographies should be able to be combined
to form new choreographies that can be reused in different contexts;

e Asynchronous communication: Choreography must allow participants to
communicate and synchronize their states as well as the information they
share;

e Conformance: Conformance checking aims at both quantifying of confor-
mance and locating the mismatch, if it exists;

e Error Handling: Choreography should support a mechanism for error han-
dling.

Still, this are not the only properties, but we are interested in the second phase
of transformation in other audits. These checks include, as mentioned above,
properties maintained after the process of integration and properties related to
the process of orchestration and that cannot be checked by the choreography.

e Compatibility of services: It shows how it is possible to run a consistently
different services which use different protocols;

e Conformity: It is whether an orchestration satisfies a choreography or no;

e Error compensation: An orchestration should support a mechanism for
error handling and compensate for later.

Now, the transition from global choreography to orchestration is done, so it is
time to validate this transformation, which constitues the third phase of our
process transformation (as shown in Figure [[c)). In [8], the authors propose
a verification approach of web service orchestration. The validation is achieved
by using the SPIN model-checker. As a first embodiment, they completed the
transition process from BPEL to Promela. In this passage, they test a set of
properties related to the orchestration process. In fact, during this step they
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also seek to verify the properties that were already maintained at the previous
passage. They developed a tool in order to verify non-functional properties of
a web services orchestration. Non-functional properties include properties such
as performance, reliability, security, robustness and scalability of service. This
tool takes a web services orchestration specified with BPEL 2.0, as an input
and transforms it to Promela code, the input language of SPIN, where some
properties which are expressed in LTL will be checked.

The verification concerns generic (checked for any invoked web services) and
specific properties, which are different interdependence relationships between
activities within a WS-BPEL process. Among the generic ones, we mention
the availability property which means the ability of a service to accomplish a
task after an invocation. To this end, we tried to make further contributions to
the existing works that were interested in verifying properties related to service
composition. In fact, previously, the verification process was centered on the
behavioral properties that distinguish themselves through the liveness, safety
and reachability properties. Moreover, we are in continuity with the other work.
The transformation process from BPEL to Promela is developed with the use
of ANTLR.

5 Case Study

A service choreography specifies a communication protocol for all involved part-
ners. In this composition model, the process definition is viewed from a global
perspective. Each partner involved in a global choreography has its own parts.
To better explain our purpose, we choose the typical scenario "shopping on line"
[6], which assumes two (or more) partners involved in one choreography can also
participate in another choreography, which is not visible to other partners im-
plied in the first one. Still, we note that the realization of the main goal of
this business process is divided between different elementary choreographies. In
fact, the responsibility is shared between three various business protocols which
are "Purchase Processing", "Shipment Processing choreography" and "Payment
processing choreography". In case of shopping online, the different partners in-
volved in this choreography are: the shipper, the client, the bank and the seller.
By referring to our example, the seller takes part in several other choreographies,
which are not visible to the rest of partners. The seller and the shipper realize
another protocol they agreed upon containing other actions like money transfer
from selleraAZs bank to the shipper (as shown in Figure (). In addition, the
client and the seller carry out another protocol, which is not visible to the other
partners (as shown in Figure M)

The choreography describes the aAIPurchase ProcessingdAl choreography (as
shown in Figure[2). Three partners participate: a Buyer, a Seller and a Shipper
collaborate. The Seller while receiving a request quote from the Buyer answers
if the requested item is deliverable or not. If the item is deliverable, the buyer
places an order, the seller processes the order and puts forward the shipment
details to the shipper. The shipper ships the products to the buyer and informs
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Figure 3: Shipment Processing choreography

the seller about the details. The seller, while receipt of information, sends the
bill to the buyer. When the buyer has received both the bill and the ordered
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Figure 4: Payment Processing choreography

goods, makes the payment to the seller. The process ends when receipt of the
payment by the seller. This choreography involves interactions between the
Buyer and the Seller, the Seller and the Shipper and between the Buyer and the
Shipper. Each of these interactions can be represented as a separate choreog-
raphy. These choreographies may be combined by means of composition where
existing choreography definitions can be reused and recursively combined into
more complex choreographies. Choreographies just describe abstract processes,
whereas an orchestration describes an executable process run by all the part-
ners. In the above example, the different choreographies overlap in some parts.
To avoid this problem, we propose a new approach where existing business pro-
tocols can be integrated into one choreography to reach the goal of the business
process. The fruit of this integration process presents the coordination of the
different conversational protocols realized by the different partners (as shown in
Figure ().

The business protocols will be integrated into a more complex choreography.
The idea of integration process is presented in Bl At first, we consider a chore-
ography divided between different partners. For example, Purchase processing
choreography shared between Buyer, Seller, and Shipper. A business protocol
may support another one. This means the former contributes to the latter and
partially elaborates it. So, we aim to integrate the different elementary chore-
ographies in a more complex choreography. In order to ensure the compatibility
of the system, a conformance test between the different business protocols is nec-
essary. Our metamodel enables the representation of choreographies. In fact, we
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Figure 5: Choreography Example

opt to use our own metamodel which will lead to describe several choreographies
on different levels of detail.

6 Conclusion and future work

In this paper, we presented our approach, which consists in the transforma-
tion from choreography to orchestration. This transformation process is based
on a set of heterogeneous local choreography, which will be integrated into a
global choreography. Through this work, we verify in each step a set of prop-
erties which are preserved. At first, these properties refer to the ones verified
by choreography specification. Second, we notice two types of properties, local
properties (reference for choreography ones) and the others are common (refer-
ence for orchestration ones). At last, a verification process will occur by the use
of model-checker, which will depend on the properties type.
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