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Abstract. A process is a set of activities performed to heaagoal. Software
Engineering, in its search to provide more compdexd scalable software
systems, tries to use processes as an integratibnijue. An orchestration is a
process model which expresses the component a#dr,othat is, the overall
application logic. It is not sufficient, for an ¢restration to define and execute
the control, it should also define how the difféareoncerns that make up an
application will be composed and managed. This papesents how we used
model composition techniques to develop a multieeons workflow and an
orchestration system. The approach allows definamgl managing how
different concerns have to collaborate in orderelly orchestrate a complex
application and to improve the reuse of heterogesecomponents and
services. More generally, we show how extensibtgrobformalism and model
composition, together, provide a general way tddbaomprehensive support
for a large range of process related areas.
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1. Introduction

Software Engineering is permanently looking forHag level abstraction tools and
techniques to specify and build systems. Amongréoent approaches one can find
Model Driven Engineering (MDE) and process suppbiDE [11] proposes to use
models (and their associated meta-models) as tis¢ dlass artifacts to create
(software) systems. Process modeling and suppam iideal use case for the MDE
approach because models are the “natural” way tecigp processes [7][10].
Processes are used in a wide range of applicaiioclading business process,
software process, workflows, and service orchestrat

Software Engineering is based on few principlespasation of concerns,
information hiding and reuse. Information hiding, encapsulation, the oldest and
most successful technique so far, advocates fteaa separation between the visible
functionality provided by parts (originally callechodules, now called classes,
components or services), and their implementatidnich must be totally ignored by
the clients of the parts. Separation of concemss at dividing an application into
different concerns (parts). To be reusable, patstre defined as independently as



possible from their context of use, and a compmsithechanism must been provided
to form an application from those parts [16].

Separation of concerns principle, also caliedersion of contro] is present in
several software development paradigms. In mosedspiented programming
(AOP) techniques, a “main concern” (i.e, a functibooncern) is defined as objects,
and other concerns as aspects. Objects ignore tasped do not call them.
Unfortunately, the concern composition mechanisrbaised on the principle that an
aspect “knows” the implementation details of olgegthich defeats the encapsulation
principle.

The publish subscribe mechanism [6], also caliegblicit control, is a low
coupling composing technique in which parts serehtssand ignore who, if any, is
interested in these events. However, the receimewk and must declare what it is
interested in.

Service-Oriented Computing [13] (SOC) is an appho#itat uses the&ervice
concept as a basic building block. Services makible their functionality through
their interfaces (as do components), they do npede on neither other services (as
in Web Services [1][17]) nor on the service implenation to be used. A service can
be dynamically selected at execution (as in OS@jJ: [dbstract or dynamic contrgl
Therefore, services nicely satisfy the encapsulasiod independence principles and
can be combined to build higher level servicesppliaations.

Service Orchestration, also calledternal contro| is used to build applications
composed of (web) services [8][9]. An orchestratibdel usually expresses the
control and data flow between services using p®E®es Current orchestration
languages, like BPELAWS [2], are robust, but rathedimentary. They barely
express the partial ordering of the web servicdls.c@hey also hypothesize that all
composed parts are web services, that the data lugsdbe different services are
compatible, and that there is no need to executk éo the orchestration itself.
Further, orchestration describes the control frasmgle point of view, the one of the
“main concern”. There is no way to make explictet concerns, as a consequence,
developers have to deal with different technolodeeg., Workflow, Web Services,
AOP, etc.), at different levels of abstraction,d@sign and implement the targeted
application.

We believe that the issues mentioned previously ao¢ specific to the
orchestration area, but are central to most, ifatipfProcess Driven Applications. Our
approach is an attempt to solve the different gnoisl identified above. It is based on
the MDE approach and satisfies the basic Softwarngirteering principles, i.e.,
Separation of Concerns, Encapsulation, and Retiggal multi-concern approach in
which the (process driven) application is builtthg flexible composition (weaving)
of a control model (the main concern) and by a nemdb other concerns defined by
other models.

The paper is organized as follows. In section Zkilmw support is introduced as
a multi-concern composition. Section 3 describes orchestration system. For
building processes in a specific domain, severallkiof process extensions are
presented in section 4. Finally, section 5 condute paper.



2. Workflow model: Control, Data and Resources concerns

We define a workflow as the composition of threed®pendent” concerns:

the control concern, which defines the orderingt{ghor strict) of component
execution.

the data concern, which defines the entities thikflaw is acting upon, and
the resource concern, which defines the actordsamtorkflow.

Clearly, data and resources exist whether a corgrfirmalized or not, and their
definition is relevant for very many purposes andaerns in the company, therefore,
it is normal that their definition be performedeispective of a given process.
Similarly, the control should be abstract and gehenough to express high level
processes: business processes, software processegutomation processes,
irrespective of the detail and format of data, anelspective of the actual available
resources.

For us a (basic) workflow model is the compositadrthree models, one for each
of the three concerns: control (the main concedaja and resource. At runtime a
workflow engine is the composition of an engindrderpreter for each one of these
models [4].

2.1. Control Concern: the APEL formalism

A process is a set of activities performed to readjoal (e.g., a business goal or a
software release) [19]. A workflow model is the cigstion of the order of activities
and the circulation of associated objects, for @sscautomation purpose. The (actual)
workflow technology fits processes with rather gedministic behavior, like in office
automation. It can be used for supporting some Ieiparts of a process. APEL (for
Abstract Process Engine Language) [3] is an aygthdtsed process modeling
language. It proposes a high level formalism to ehquiocesses and it has a flexible
execution system which supports dynamic evolutioprocesses (their models and/or
their instances).

The APEL formalism [3] contains the following comtg Activity, Product, Port,
Resource and Dataflow. An activity is a step inwwkflow during which an action
is performed. Products are objects (e.g., documelats)) produced, transformed or
consumed by activities. Ports are the activityrfiaises and they define and control
the products that are expected and/or produced chiyitees. Ports are the only
externally visible part of an activity (the encalasion principle). Input ports perform
an AND over their incoming data flows. That meamat the port fires when at least
one exemplar of each expected product is availabline port. Firing means that
products are removed from the port and the actisitstarted with that product set as
input. When an output port is full it fires (eithautomatically or manually), which
means products are sent to all destination podsafidws describe how products are
exchanged among activities. Resources are resperfsibactivities execution. The
APEL metamodel is presented in Fig. 1.
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Fig. 1 APEL metamodel

A reseller process example using APEL is presemtdelg. 2. The process starts
with the Receiver Ordemctivity in which a customer orders a product|dieed by
two activities executed in parallel. In the firstep the products are shipped using the
Ship Productsactivity; in the other one, an invoice is senttstomer with th&Send
Invoiceactivity, and a payment is awaitedReceive Paymeiaictivity.

pegin Send Invoice end  begn Receive Payment | .4

default defautt
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Archive Order

bgin

default
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Fig. 2 An APEL control model

Finally the Archive Orderactivity archives ordering process documents dmd t
process finishes. The real nature of the activise®ot defined in the model, and they
can be manual, automatic, or a combination of bbiie. nature, format and content of
the data circulating between activities are noindef either, due to the fact that APEL
products are placeholders for information circulgtiin the process. An APEL
product can be physical, an electronic documeng.,(ea file, a Software
configuration), or structured data of any kind (eagdata base record, a Java object,
an XML document).

2.2. Data Concern

Considering that data managed in APEL are simmegblolders, APEL models use
variables with a symbolic name (a string), whogeetis also a symbolic name. This



is sufficient to understand the workflow purposet bot to execute it. The real data
structure and content must be defined elsewhereutrapproach it is expressed in
another model conform to the data metamodel, mrtiétamodel are present concepts
like Data TypeandAttribute

2.3. Resources Concern

Resources are, in APEL, responsible for activitgation (e.g., humans, teams,
tools, code, services), but nothing is specifieduabthe resources nature and
organization in an APEL model, only a resource name a set of roles is given. A
meta-model for resource definition is specified.isTmeta-model defines, among
other things, th&®oleandHumanconcepts.

2.4. Multi-concerns Composition

The three models (concerns) presented above aieddh an independent way to
improve their flexibility and their reutilizationapabilities. Executing the control
model alone is only a simulation, not really a wmk execution. A workflow
execution makes sense when control is acting upata dnd is performed by
resources. Composition is performed by relatingdtwetrol model with the data and
resource models. Control has been selected as dfre concern because the control
model has entities pertaining to the other modétsvever, they must be consistently
composed to have a usable workflow system.

To compose control and data models we define aemtiom between ®roduct
Typein a control model, and Bata Typein a data model. In the same way, for the
control and resource composition, a relationship/ben theRoleconcept in a control
model and th&®oleconcept in a resource model is established.

The Codele tool is used to support these compasitet design and execution
time. In Fig. 3 we show a composition example betweontrol and data models.
Product Typesised in the example (the reseller process) atbeteft side, and they
are being composed withata Typeslefined in an independent data model which are
in right side of the window.

Models
This is the description of madels section

ResellerControl.apel ResellerData.product

Mappings
This is the description of mappings section

RH [ Left Element | Right Elerent [
Activity apel.... Tnvaice Eil

Activity apel. .. Crder Productrder
Activity,apel. .. Shipment. Shipment.

Fig. 3 Control / Data composition



2.5. An executable workflow

With the composition of control, data and resoumedels, a composite workflow
model can be created. An execution environment pemxecuting these composite
models in an abstract and transparent way. Sootarworkflow model is made of
three abstract models. Executing the workflow at tevel is a dry run, since neither
real data nor resources have been selected, apdtlwil abstract definitions are
available.

A complete workflow support system needs to retateabove model definitions
with real data (for example a database, a CVS lovession base, a file system), real
resources (in a LDAP repository for example), agal users working on a computer
using a work-list tool.

In our approach, the abstract level can be bounexgzutable tools to support
different technological needs. The abstract lagestill rather independent since the
tools can be changed without changing the abstraxtels. The objective of this
separation is to increase the abstraction levetafesulation) and the reutilization
property. An adaptation layer is always necessarpihd models in abstract layer
with tools in implementation layer. The architeetis presented in Fig. 4.
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Fig. 4 Concerns Composition and Tools Binding

A complete and executable APEL support system kas beveloped and used for
years, which supports concern definition, compositand integration with different
tools.

3. Service Orchestration

Process Driven technology, under the name workfloviginally targeted office
automation. More recently, process technology igieg to applications integration
and (web) service orchestration. In this sectioa,sltow how we have modified the
workflow support environment presented above toettgv a service orchestration
environment, using again, the control as the ceatnacern.



3.1. Orchestration: composing abstract process with sefges

Service orchestration is an approach to build apfibns by composition of existing

services [8][9]. Generally this composition is aefil in a control model, and

performed by an engine which interprets the modeldetermine the services

execution order (control flow) and their data exuay@ (data flow). We use our APEL

formalism for the control model, which includes @estract data model used by the
services. Resource concern is implicit becauseallyswrchestration hypothesizes
that Web Services are the only ones performindable, not humans.

In a typical workflow, the data model is linkeddadata base, the resource model
to an LDAP directory, and control is linked to ankdist or agenda tool. In contrast,
in orchestration, resources are (Web) Services,ctigrol model is linked with
services, and the data is used to define the sepacameters. The mechanism which
consists in establishing the relationships betwasivities (in the control model) and
services is calleGrounding

3.2. Abstract Services and Flexible Binding

An abstract service is a functionality definitidn. our system, an abstract service is
represented as a Java interface, a set of propéatiget of attribute/value pairs), and a
semantic description [14] (e.g., the WSML langud8]). An orchestration is
defined based on abstract services. The concepabsiract service increases
reusability and flexibility since a number of diféat real services, of different kinds,
can implement a required abstract service.

Grounding is the mechanism by which an activity is assodiargth an abstract
service, which permits expressing the orchestrdigic in an abstract way. Given
that abstract services are not executable, constiguan abstract orchestration is not
directly executable either.

We call Binding the mechanism which assigns a service implementga real
functionality) to an abstract service (a functigtyadefinition). The Binding step
introduces flexibility because it offers the podgip of selecting service
implementations, of changing them, and of adding oees, at any time, including at
execution time if required.

Grounding ™~ (*Apstract Service | -~ Use
Abstract Layer

Implementation Layer Concrete Service )
-

Fig. 5 Orchestration general architecture




However, if a service implementation has been eefimdependently from the
abstract service, it is likely that its interfacetechnology does not directly fit the
abstract service. To benefit from the full reusteptal of service implementations, it
is possible to introduce mediators in the adaptatiayer, allowing a service
implementation to become a valid implementatiorammfabstract service, even in the
presence of syntactic incompatibilities. The Bimgitwol actually supports services
implemented in some of these technologies: Webi&=3yvOSGi, EJB and Java.

3.3. FOCAS: an framework for service orchestration

We have developed a framework called FOCAS (Framlevior Orchestration,
Composition and Aggregation of Services), whichistsrchestration designers and
developers in defining, composing and executingiserbased applications. FOCAS
is provided as an Eclipse feature, and is compaxfed number of specialized
graphical editors: one for each type of concernnf{, Data and Service), one for
each composition relationship (Associate, Grounding Binding) and one for the
support of formalism extensibility (presented ie tiext section).

From a technical point of view, a complete senbesed application may be made
up of a large number of files (e.g., models, xmbe, proxies), located in a number of
IDE projects, directories, and libraries. The digfom, creation and management of
these technical artifacts are fairly complex andreprone tasks, if undertaken by
hand. In FOCAS, the user interacts only with thevabeditors, and is unaware of the
many associated files and directories, because FOfly generates and manages
these artifacts allowing non software experts tcilgadefine and execute
orchestration models. FOCAS hides the complexigoeisited with implementation
details and coding corresponding to the differenatiels composition.

In FOCAS when a new orchestration model is creagaisting control, data and
service models can be selected from their corredipgrrepositories and associated to
the new orchestration project. The selected modats their associated files and
directories are copied in the right place and fi@nsed into the corresponding
Eclipse artifacts. In practice, an orchestratiordelas mapped to an Eclipse project,
and each individual model is contained in a numbkffiles in a directory. A
control/data mapping file is transparently genetateith a default association
(assuming name and type compatibility), designery dvave to complete some
mapping in the Codele tool. A default grounding énfie is generated too, it is after
modified using the grounding tool.

A change to any of the models (i.e. control, datal &ervices) triggers the
rebuilding of the whole application. From the orstnation designer point of view, a
unique orchestration compiler generates the agjgit@xecutable code.

4. Toward a Domain Specific Process Support Framework

Even though most process domains have common aoreepts (i.e., control, data
and resource concerns), each specific process ddmaiits own concepts and needs



[5][18]. Ideally, the process formalism should poep the concepts relevant in a
given process domain. For that purpose, we havdifil two kinds of extensions.
One extends the basic process environment addingaecerns (other than data and
resource), and the other one is concerned wittexipdicit definition and (re) use of
recurring patterns to extend the basic control fdism.

4.1. Extensions through Multi-Concerns Composition

Our approach is based on the separation of congeimsple, in which each concern
is defined through a model. Model composition isdugs a powerful composition
technique which weaves different concerns withowadifying the original models
i.e., using a non-invasive method for ensuring rénatilization property for models
and implementations or support tools.

Our approach permits defining process support enmients in a large spectrum
of domains, through the addition and removal ofceons, maintaining control as the
central concern. The nature of the concerns whaohle added varies according to
the process specific domain needs. Functional amdfunctional concerns can be
appended. For example, software processes automatjoires introducing concerns
related to the software artifacts, that is, a fiomal concern. On the other hand,
service orchestration may require introducing namefional concerns, like
transactional behavior or security support, sifftesé characteristics are of critical
importance in a real life orchestration application

For example, we have added the security concetinet@ore service orchestration
environment. The security concern is defined asoalahthat annotates the control
model with security characteristics, like integrétgd confidentiality that are applied
to the data that is being exchanged between setvidee composition mechanism
between control and security also uses a non-imgasimposition technique, which
does not modify the original models. In this compos, the security model is used
to generate configurations and code that will beceted by a security middleware.
Graphically, the extension adding security suppiort service orchestration is
presented in Fig. 6.

Fig. 6 Extending orchestration with the security concern.



4.2. Control Formalism Extension

4.2.1. Operators: Generic Extensions

Operatorsadd new concepts in the APEL formalism. Operatatasy and semantics
are statically defined and are adapted when usead pnocess model. This kind of
extension can be reused in several application dema

An operator is defined as a special kind of agtieissociated with a code template.
Being generic, the actual data present in opepds is undefined, thus one has the
possibility of adding products to it. The assodatode template generates code
adapted to the actual data and defines the behdrigome cases, this code must be
manually completed.

Basic control operators likéf, While, RepeatUntil ForEach can be added to
imitate BPEL4WS control activities. However, highewel operators can also be
added, like thesendMailoperator which allows sending an electronic mathin a
process. It is only when%endMailoperator is added into a model, that the parameter
types are known. Specific code to that operatahat model is generated, and true
data types are used by developers to completeifunadity (give sender, subject and
message).

4.2.2. Behavioral Extension

Sometimes, one may wish to specialize the usua\Jehof an activity, or to code it
directly in a particular application. The extendeehavior of an activity takes the
form of Java code which is inserted before/afterdhtivity execution. In some cases,
this code can directly perform the associated sereomputation, or call any program
available in the orchestration machine.

An activity that performs data transformation orwk a message when it is
executed, is a behavioral extension. The developbrwrites the associated code to
show the message, and links this code to the gctini the process model. The
FOCAS environment shows the class in the Javareditehich thedoActivemethod
must be completed by the user to carry out thensite.

4.2.3. Type of Activity: Domain Specific Extensions

Domain specific extensions are recurrent activitiesa specific domain. These

activities can be defined once and declared ap@ &f activity, which can then be

reused in any subsequent model. These types ofitgactidapt the formalism to an

application specific domain (abstract data andisesy, and can be used only in the
application domain in which they have been defined.

A type of activity can be an atomic or compositévéty, with or without extended
behavior. The code associated to the activity ygnes its behavior, and this code
cannot be modifiedFor example, finding a flight in the flight resetiem domain
could be a predefined activity type. This type cfvaty makes it possible to carry out
the search for flights fitting customer criteriadaselect one flight among the search
result. It can be reused in several processe=ifliht reservation domain.

Being part of the abstract orchestration, BiedFlight activity can be bound and
adapted to a large range of actual web serviceégptréorm, in one way or another, a



flight search. It increases the reusability of tkisd of predefined domain specific
extension.

5. Conclusion

There is a very wide potential for process techgylose, including business
process, software process, office automation, semtichestration, and process driven
applications in general. Despite this wide rangeapplication domains, Process
technology only found its customers in narrow ngh@ne reason is that each domain
requires a specific language and its associatethengith specific non functional
properties and constraints, and excellent technicgllementations. Therefore, a
quality Process Support Environment (PSE) is nec#gsexpensive to design and
build; it is no surprise to observe that such P&Btenly in specific domains (e.g.,
office automation with workflows, web service applions with orchestration), and
that their formalisms, engines and properties mcempatible.

It is compelling to observe that, on one handtlaise environments share very
much the same principles and even the same teajynolwt the solutions are
incompatible because different characteristicsexygected, the expertise and know-
how developed in one niche is not reused in thersthWe believe that it is possible
to address a large range of the potential of psodeshnology, reusing common
pieces, and adapting each PSE to its specific dotmaough formalism extension,
and through a flexible composition mechanism, delgcthe required functionality
and characteristics, and developing only the sjpeaifes.

We have developed extension and composition teaksigand the environment
and tools supporting the approach (e.g., formaliseuwstors, engines, composers,
tools), which allow the easy production of qualitycess driven applications. Using
our approach and technology, developing an enviestinfior a new target domain
requires (1) defining the control formalism fittirtge target domain concepts and
needs (2) identifying the required concerns (for@i or not), (3) reusing those
concerns already available in libraries, (4) depilg those not available. Then the
environment is built pretty easily, extending tleeccontrol formalism, and using our
generic tools to compose the selected concerns.

We hope this new approach will open the doors focgss technology to be used
in a wide range of applications, and notably incess driven applications.
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