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We present a SOA-based architecture framework. The architeture frame-
work is designed to be close to industry standards, especlglto the Service
Component Architecture (SCA). The framework is language irdependent and
the building blocks of each system, activities and data, arerst class citizens.
We present ameta model of the architecture framework and discuss its con-
cepts in detail. Through the framework concepts such as wing, correlation,
and instantiation can be clari ed. This allows us to demystify some of the
confusion related to SOA.
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1 Introduction

Since the early days of computer science it is well-known thatnastering the complexity
of large (software) systems is the major challenge. On the iel of programming, many
methods and techniques such as structured programming, sgavise re nement, functional
programming, logical programming, and object-oriented prggramming, were developed.
Another attempt to master complexity was to introduce more levels of abstraction in
the development. So, techniques for structural analysis ath design were introduced



followed by speci cation languages such as Z [ASM80] and Vima Development Method
(VDM) [Jon90].

One very successful approach for handling complexity isnodularization. Already from
the beginning of computer science, programming languagesakie facilities to split sys-
tems into modules that hide details you do not need when you us or reuse the module.
Modules have di erent names like \procedure", \subroutine ", \function", \class", \ob-
ject", \capsule”, or \component". There are many types of pr operties the modules di er
in, for example, the way they are invoked, whether they are sateless or not, and if they
have side e ects. The principle of compositionality is one of the most desirable require-
ments for modular systems: A collection of modules that are pperly connected to each
other should behave as one module itself. Often, we require ane: If we have veri ed
that all modules of a system satisfy some property and they a& connected properly,
then the system as a whole should have the same property. In géct-oriented program-
ming modules, called classes or objects, are rst class citens. During the last decade,
modularization is considered as the most important featureof a design of a system. In
the rest of this paper, we will use the termcomponent for a module.

At a high level, a system is described by its components and thir relationships. Such
a description is the architecture of a system. Software architects are the most wanted
specialists in the software industry. There are several laguages to de ne components
and to glue them together. There are also di erentarchitectural styles. In this paper, we
concentrate on a style based on th&ervice-Oriented Architecture (SOA) [HKGO05]. SOA
can be seen as one of the key technologies to enable exibilitand reduce complexity
in software systems. Today, SOA is a set of ideas for architdaral design and there are
some proposals for SOA frameworks, including a concrete aniectural language: the
Service Component Architecture (SCA) [BBE * 06], and software tools to design systems
in the SOA style.

In this paper, we present a SOA-based architecture frameworkby means of ameta
model and discuss its concepts in detail. The architecture framewrk consists ofthree
models each representing a particular view.

The component modelpresents an abstract view on the components of the system and
shows which components interact with each other by messagexehange. Therefore, the
component model shows the components, their interfaces, @how these interfaces are
wired. The component model allows for a concept of hierarchytoo.

Every component contains a process, which is a set of activiégs. The process model
provides a view on these activities and their relation to the data entities. An activity
can access to data entities that are located within and outdie its component by using
the concepts of method call and message exchange, respeetiv We further show that
our process model is generic and thus it can be specialized Iprocess models such as
WS-BPEL [AAA " 06] and Petri nets.

The data model is a view on data entities and their relationships. The archtecture
framework allows for internal relationships between data @tities (i.e., within a com-
ponent) and external relationships between data entities {.e., across the borders of
components). These two di erent relationships introduce hierarchy in the data model.

Besides these three views, the architecture framework alscovers important concepts



such as componeninstantiation and message correlation(i.e., deliver messages to their
correct component instance). To support the concept of insantiation, we distinguish in
the process model between case and base activities and in tldata model between case
and base entities. A case activity (entity) belongs to a sinde instance whereas a base
activity (entity) is independent of a speci ¢ instance.

To enable the veri cation of systems on the level of the archiecture, we collect a
number of constraints for the architecture framework and specify them using the Object
Constraint Language (OCL) [OMGO03]. These constraints can e implemented and au-
tomatically checked during the system design. We further pesent rules to transform the
architecture framework into Colored Petri net models. This is only shown by example,
but a fully worked out semantics for the architecture framework can be easily derived
from it. The formal semantics is the basis to make the architeture framework applicable
for formal veri cation (e.g., model checking).

Our architecture framework should be close to industrial sandards, especially SCA.
Therefore, we compare the concepts of our architecture fraework with those of SCA
and show that it extends SCA.

The outline of the paper is as follows: In Sect. 2, we sketch th practice of component-
based software systems. We also introduce software archittures and in particular
the Service-Oriented Architecture. Based on SOA, we formulée a set of requirements
for a SOA-based architecture framework. Next, in Sect. 3, we gesent our two running
examples, the dating service and the container transport sgtem. Our main contribution,
the architecture framework including component, processand data model, is presented
in Sect. 4. We introduce the architecture framework by meansof a meta model and
show that it covers most of the requirements for a SOA-based ahitecture framework.
Subsequently, in Sect. 5, we show how the architecture can bfermalized by transforming
the dating service example into Colored Petri net models. Aferwards, in Sect. 6, we
compare our proposed framework with the Service Component Khitecture. Finally,
Sect. 7 summarizes the paper, discusses related work, and stibes how our work will
be continued.

2 Context

2.1 The Component-Based World

The idea to use components in software development was alrdg published by Mcliroy
in 1968 [Mcl68]. In this paper, Mcllroy presented his idea ofmass-produced software
components. Even though much progress has been booked sinten, today there is still
no universally accepted de nition of what a component is. Mast cited is the de nition
of Szyperski [Szy98]:

\A component is a unit of composition with contractually specied inter-
faces and explicit context dependencies only. A software e¢oponent can be
deployed independently and is subject to compaosition by thid parties."



Messerschmitt and Szyperski present in [MS03] a more enhaad de nition: A software
component is a reusable module suitable for composition it multiple applications. A
component ful lls ve properties:

it can be used in multiple projects,
it is designed independently of any speci c project and sysém context,
it can be composed with other components,

itis encapsulated, i.e. only the interfaces are visible andhe implementation cannot
be modi ed,

it can be deployed and installed as an independent atomic umiand later upgraded
independently of the remainder of the system.

As there is no consensus about what a component is, there issad no agreement on the
granularity of components. A component can besmall grained like a graphical object
in a user interface orcoarse grained like a debtors register in an Enterprise Resource
Planning (ERP) system, for instance.

A component has four di erent interfaces: (1) a software interface to compose the
component with other software components, (2) auser interface which allows the com-
munication between the component and a human user, (3) @on guration interface that
is used to con gure the component (e.g., set parameters), ah (4) a monitoring inter-
face to provide runtime diagnostic statements of the components internal, for example,
values of the messages that are sent or received by the compamt. So far, components
often have neither a user nor a monitoring interface, but in rear future they will become
an inherent part of a component's interface.

Components can be classi ed based on theifunctionality : There are application spe-
ci ¢ and generic components. A general ledger component or an SAP componens ian
example of an application speci c component whereas a docuent manager or a work-
ow engine is a generic component. A synonym for generic and @plication specic is
horizontal and vertical, respectively, because components address either a horizal or
a vertical market [Szy98]. A vertical market, also known as aniche market, meets the
interest of their customers by o ering custom-tailored products. In contrast, a horizontal
market tries to attempt most of the needs of a broader communty of customers. An-
other classi cation of components is based on thecon guration of their parameters. In
a prede ned (or hard-wired) component, the version is hard-coded and the prameters
are selected from an option list. An inventory control rule like FIFO or LIFO would
be an example. In contrast, the parameters in gorogrammable component are database
schemes, process models, or business rules.

Components may specify nonfunctional properties. Nonfungonal properties are also
named Quality of Service (QoS). Examples are response timend the usage of resources.
A component may have relevance from a business perspectivaviiich is the primary

focus of SOA) or from an IT perspective (as in traditional sotware systems).



A system, which is developed by composing components, is@mponent-based system
Component-based systems will evolve in arorganic way. There may never be a total
renewal nor an upgrade of the overall system. Instead, compwnts will be replaced
periodically by better ones, for example, because the perfmance was not good enough
anymore. Adding new functionality to the system will also be realized by either adding
new components or replacing components by better ones. Thiwill reduce the total cost
of ownership of component-based systems.

At the time, component-based systems are in particular usedr the area of web ser-
vices. However, to make these systems for customers attrage, the industry has to make
tool support available and de ne standards, for example, fo components and component
architectures. In fact, companies like IBM, Microsoft, Oracle, and SAP spend a lot of
e ort in this eld. Consequently, the market expectations o f component-based systems
will increase during the next 5{10 years. Reasons, why custoers will use component-
based systems, are the enormously growing of software systs during the last decades
and the globalization which demands greater exibility { in particular from the software
systems. So for today's IT, it is most challenging to respondquickly to new business
requirements while reducing the IT costs. One possibility b overcome this problem is to
buy software (components) from third parties. This is, in fact, usually cheaper and more
e ective than doing the work itself. Therefore, the software development in many com-
panies has been out-sourced. Building software from reusabdlcomponents rather than
from scratch is another possibility to reduce IT costs, degyn time, and develop more
exible software systems. Component-based design has two njar bene ts when the
component-based system ful lls the compositionality principle. Firstly, it structures the
design and the development of systems and thus reduces the amnt of e ort needed to
verify and maintain systems. Secondly, the reuse of compomés reduces the development
e ort [BS05].

Components may have a vendor. Vendors will compete with eaclother to o er the
best functionality. For instance, they will o er component s with di erent levels of qual-
ity and/or functionality at a di erent level of price. Furth ermore, components will be
customized. For this purpose, vendors might o ercompound componentsi.e. prepacked
solutions or combinations of components with parameters tlat can be used as a new
prede ned component. For example, the software of set-top bres o ered by telecom-
munication companies consists of components. These compeints have parameters (e.g.,
video format and resolution) that are initially con gured.

In the component-based world, the architecture is of crucialimportance. Firstly,
the architecture can be used as a blue print for the developm# of a component. For
example, a component can be seen as a black-box (i.e., only tierface is visible) or as a
white-box (i.e., the internal details of the component are visible, too). As the architecture
supports such di erent views on a component, it may help to develop software in a
more structured way. Secondly, an architecture facilitates the work distribution in the
software development process: If the interfaces are spe@d, di erent components can
be developed independent of each other.

Simulation, testing, and veri cation of components is an important, but very di cult
task. Components are replaced by other components or addedtthe system and this



change must preserve the properties of the system. Sometiraghe replacement has to
be done at runtime which makes this task even more di cult. We further believe that in
the near future customers will require a guarantee that at least some safety properties
hold in a component. Such a safety property might be for examfe: \if the component
fails to function, it will never jeopardize the overall system". Therefore, (computer-
aided) veri cation of components such as in [SCCS05] beconseincreasingly important.
Mainly important are especially veri cation methods to pre dict systems properties from
component properties. Finally, as mentioned above, a compment-based system is not
upgraded, but components have to be added and exchanged dug the runtime of the
system. To this end, approaches are needed that incorporatthis requirement into the
architecture.

2.2 Architecture Frameworks

Let us now shift our focus from components and component-basksystems to software
architectures. We start with a de nition of software architecture in gener al and introduce
then the Service-Oriented Architecture.

2.2.1 Software Architectures

Just like for the term \component", everyone knows roughly what a software architecture
is, but there is also no universally accepted de nition. We therefore start this section
with two de nitions from the literature. Based on these de n itions, we elaborate our
own de nition.

The rst de nition of software architecture, we present, is a modern one [BCKO03]:

\The software architecture of a program or computing systemis the structure
or structures of the system, which comprise software elemds, the externally
visible properties of those elements, and the relationship among them."

The second, but also well-known de nition, is presented by the IEEE Standards Asso-
ciation for Recommended Practice for Architectural Descrption of Software-Intensive
Systems:

\Architecture is de ned by the recommended practice as the fundamental
organization of a system, embodied in its components, theirelationships to
each other and the environment, and the principles governig its design and
evolution.”

Referring to both de nitions, an architecture shows the elements of the system, i.e. in
case of a component-based system the components and their agbnships. We restrict
us to \the structure of the system" or \the fundamental organ ization of a system" and we
de ne this as a set ofviews A view is a model of a part or an aspect of a system. Views
should be consistent; that is, no view should contradict another view on the systam.
Furthermore, views should also becomplete That means, every property of the system
should be modelled by at least one view. As a view is a model &., a simpli cation of



the system), it is therefore possible that the view does not rake a statement whether a
speci ¢ property holds or not.

Based on these facts, we elaborate the de nition of a softwae architecture to the
following which is used throughout this paper:

\An architecture of a system is a set of descriptions that present di erent
views of the system. These views should be consistent and cqiete. Each
view models a set of components of the system, one or more fuians of each
component, and the relationships between these components

For example, a view could show a data model of some componengnd the inheritance
relationship between the components.

A speci cation to organize and develop a software architectire in a speci c style is
an architecture framework. Some examples for software architecture frameworks are
UML, CORBA, Turbine, Avalon, Koala, SCA, and SRML to name a few. The Uni-
ed Modeling Language (UML) ! serves the (graphical) description of models. It can be
used to describe the structure (e.g., using class diagram)r the behavior (e.g., using
use-case diagrams or sequence diagrams). Common Object Regti Broker Architec-
ture (CORBA) 2 enables the interaction of heterogenous applications by mviding an
interface de nition language, object models, and communiation protocols. Apache's
Turbine?® is a servlet-based framework to develop web applications. Aalon?*, also from
the Apache foundation, is a framework for building server sile applications. It allows
to create components, manage them, and use them in applicains. At Philips, the
Koala framework [OLKMO00O, OmmO02] is designed and used. It is &omponent model for
electronic devices. Components interact with each other though interfaces and can be
connected using connectors. The Service Component Architgure (SCA) [BBE * 06] pro-
vides a programming model for building applications, compaoents, and systems based
on SOA. The programming model describes the relationshipsthe composition, and the
deployment of components. It also applies infrastructure apabilities to components
such as security and transaction. Later, in Sect. 6.1, we wilgive a short introduction to
SCA. Finally, the SENSORIA Reference Modelling Languag€SRML) [FLBO6] is an ar-
chitectural framework which has been inspired by SCA. The laguage presents a formal
model for components and their compaosition.

2.2.2 Service-Oriented Architecture

The example architecture frameworks, which are presented lzove, reveal that the use
of reusable software components becomes more and more poaul One of today's most
popular architecture frameworks is the Service-Oriented Architecture (SOA) [HKGO5].
SOA is seen as one of the key technologies to enable exibijitand reduce complexity in
software systems. It follows the paradigm to explicitly separatean implementation from

Lwww.uml.org

2www.corba.org
3http://jakarta.apache.org/turbine/
“http://avalon.apache.org



its interface. Such an interface iswell-de ned; that is, it is based on standards such as
the Web Service Description Language (WSDL) [CCMWO01, CMRW@5]. Implementation
and interface form together a component.

In SOA, a component is referred to aservice, but we prefer to use the term component.
Components are independent of applications and the computig platforms on which
they run. Components in a SOA can be connected without havingknowledge of their
technical details; they areloosely coupled To connect components during runtime, SOA
supports dynamic binding. For the message exchange between components, standardize
communication protocols are used. Further, all the standads, which are used in a SOA,
are extensible meaning they are not limited to current standards and techrologies.

SOA distinguishes three di erent roles of components:component provider, component
consumer, and component registry. It postulates a general protocol for interaction: A
component provider registers at the component registry by abmitting information about
how to interact with its component. The component registry manages such information
about all registered component providers and allows a compment consumer to nd an
adequate component provider. Then, the component of the preider and the component
of the consumer may bind and start interaction.

A component has two kinds of interfaces: buy and sell interfaces. Buy interfaces
specify which services are required by the component. In cdrast, sell interfaces specify
which services are provided by the component. So in terms ofhie component roles,
in SOA, a component plays the consumer's role at the buy intefaces and at the sell
interfaces it plays the provider's role.

Apart from these technical paradigms services in SOA are atsbased on areconomical
paradigm. A service is comparable with a business unit. So it should aate value for its
environment. Therefore the two kinds of interfaces can be sn as thebuy side and the
sell sideof the service. On the buy side, a service behaves as a servimansumer orclient
and buys other services. On the sell side, a service behaves the service provider and
0 ers its service to other services. Services are operatings actors on a market place.
This means, they o er their services to any consumer who neeslit and they buy services
from providers with the best value proposition. So both parties publish their needs and
0 erings at a repository, respectively.

2.3 General Requirements of an Architecture Framework

The following list of required features is distilled from the variety of proposals for archi-
tecture frameworks. They can be seen ageneral requirementsthat should be satis ed
by an architectural framework:

The basic concept of an architecture framework should be @omponent

A component should have fourinterfaces: a software interface, a user interface,
a con guration interface, and a monitoring interface. Interfaces, in particular the
software interface, should facilitate an easy \plug and plg" of components.

A component should also have an internalstructure that consists of



{ aprocess which is a partially ordered set of activities. Activities describe the
component's behavior.

{ data entities, which are global to the component. These data entities can b
used to con gure the component.

Components should support the concept ofinstantiation. For this purpose, the
architecture framework should distinguish between activties and data entities that
belong to a single instance and those that can be used by all stances.

An architecture framework should support the concept ofmessage correlationto
deliver a message to its correct component instance.

A component should have a mechanism to catch and handle fawt It should
also support an orthogonal mechanism, namely, the roll baclof already executed
activities.

A component should o er a monitoring service which logs the a&ecution of the
component. For this purpose, the monitoring interface of the component is used.

It should support relationships between components:

1. Interaction relationships with facilities for synchronous and asynchronous
communication by message exchangen the one hand andshared data entities
on the other hand.

2. Hierarchical relationships between components to suppd re nement as a
design technique.

3. Inheritance relationships to facilitate reuse in the (re)design.

The architecture framework is open in the sense that the following three elements
are left unde ned, they can be considered as \plug-ins":

{ A process formalismdescribes the ordering of the activities in a component.
Such a formalism usually separates the activities from the dta entities of a
component. We should allow for di erent formalisms, for example, labelled
transition systems, various kinds of process algebras, Pgtnets, or industry
standards as UML activity diagrams, Business Process Modeig Notation
(BPMN) [Whi0O4], and Web Services Business Process Executio Language
(WS-BPEL) [AAA *06]. Programming languages such as Java or C++ can
also be used.

{ A data model de nes the data entities, their types, and the methods to ac-
cess to them. We may use here algebraic formalisms such as &gt state
machines [BS03] or industry standards as UML class diagramsentity rela-
tionship model, or the relation model. As industry standards are often not
re ned enough to provide all the relevant aspects of a data mdel, we use the
Object Constraint Language (OCL) [OMGO03] to specify constraints between



entities of a data model. It is also possible to use programnmg languages
such as Java or C++ as a data model.

{ A languagede nes the operations of activities. Here, we may apply fornal
speci cation languages such as abstract state machines, BAbr96], VDM
[Jon90], or Z [ASM80], but also programming languages suchsaJava, C++,
or Standard ML (the programming language used in CPN Tools [RVL * 03)).

An architecture framework should have a formal semantics.

It should be close to existing industrial (graphical) desciption techniques such as
the UML family, BPMN and process models as WS-BPEL. With \close" we mean
that the models used in the architecture framework can be edly translated into
existing industrial description techniques and vice versa

Not every process formalism separates the activities fromhe data entities of a com-
ponent. For example, WS-BPEL provides a combined view on actiities (WS-BPEL
activities) and on data elements (WS-BPEL variables). So an achitecture should o er
both views, the combined view, showing data entities and advities together, and also
a view restricted to the ordering of activities without data aspects.

3 Running Examples

In this section, we present our two running examples, the daihg service and the container
transport system.

The dating service administrates a database which stores fiormation about boys and
girls looking all for the \right" partner. The business idea is that the customer (i.e., a
boy or a girl) registers and after paying a fee, the system seahes for the best matching
partner in its database. The contact data of this resulting match is send to the customer.
If the customer is not happy with this match, he can go on trying until he is satis ed
with the partner selected by the system or he gives up.

Let us now have a more detailed look a the dating service. Aftereceiving the reg-
istration information of the customer, the system checks i identi cation, for example,
whether the customer is a known marriage swindler. If the chek is positive, the registra-
tion of the customer is con rmed, else it is rejected. After receiving the con rmation, the
customer can pay the fee. Then, the system searches for the ftematching partner and
its contact information are sent to the customer. If the customer is not happy with this
match, he can pay again and thus initiate a new partner search This can be repeated
until the customer is satis ed with his partner or decides to give up. If the customer
nds a partner, he is asked to send a success story to the daton service which will be
published. Then, the service is nished.

The container transport system is more complex than the dathg services. In this
example, there exists containers, ships, and trucks. The iga is that containers are
stu ed (i.e., loaded) and then transported to their strip ad dress. After stripping (i.e.,
unloading), the container has to be transported to its stu address where it is stu ed
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and so on. Means of transport are trucks for short distancesrd ships for long distances.
Trucks transport containers from a harbor to its strip address and after stripping to its
stu address. Next, a truck transports the container to the harbor.

4 A SOA-Based Architecture Framework

Starting from the Service-Oriented Architecture, we colleded requirements for a SOA-
based architecture framework in Sect. 2.3. In this sectionye present a meta model of our
architecture framework. We introduce its concepts including the three views component
model, process model, and data model. We further show that th architecture framework
covers most of the collected requirements.

4.1 Component Model

In the following, we present our SOA-based architecture franework. It is based on the
general requirements presented in Sect. 2.3. Figure 1 showike abstract meta model
of the architecture framework in UML notation. After a general explanation of this
meta model, we have a more detailed look at the concepts of cqmonents, the interface
concept, and the wiring of components.

4.1.1 General Overview of the Architecture Framework

The basic concept of the architecture framework is acomponent We distinguish atomic
components and composite components An atomic component consists of aprocess
which is a set ofactivities (c is the name of the relationship between entities \atomic
component" and \process" and k between \process" and \activity" in Fig. 1), and zero

or more data entities (relationship a in Fig. 1). Every data entity has a type (relation-

ship g). A composite component, however, describes hierarchicaklationship between
components. Itis a container for components; that is, it maycontain atomic components
and other composite components (relationshiph).

Each component has one or morénterfaces (sometimes calledport) with its environ-
ment (relationship g). An interface is either a buy or a sell interface and consists of a
set of operations (relationship f). An operation describes a message exchange between
two participants. However, it can be used by any number of corponents. An operation
follows a givenoperation type (relationship u) which describes a message exchange pat-
tern between the participants. We allow for the four operation types presented in the
WSDL 1.1 speci cation [CCMWO01]: one-way, request-responsgsolicit-response and no-
ti cation . In general, an operation type consists of zero or one inputd/or zero or one
output messages and an optional fault message. Each messdgas amessage type As
can be seen from Fig. 1, the operation type of one-way and notication has an input and
an output message, respectively. Operation types solicite&sponse and request-response
de ne an input message, an output message, and optionally aalult message. The di er-
ence between both operation types is the message order. Insmof a solicit-response, the
component rst sends a message and then receives a message.(ian outgoing message

11
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Figure 1: Abstract meta model of the architecture framework

followed by an incoming message) whereas in case of a requessponse, the component
rst receives a message and then sends a message (i.e., andning message followed
by an outgoing message). In practise, operation types one-waand request-response are
predominantly used and solicit-response and noti cation ae less relevant.

An activity may exchange messages through one or more operians (relationship
j) with other components. It may also access some of the data dities of its atomic
component by means ofmethod calls (not shown in Fig. 1). These method calls may
change the value of the data entities. A more detailed look aprocesses and data elements
is presented in Sect. 4.2 and Sect. 4.3, respectively.

Besides wrapping components (relationshiph), a composite component also de nes
one or morewires (relationship i). In general, a wire connects interfaces of components.
More precisely, a wire connects two operations depicted byalationshipsd and e. These
two operations have either the same operation type or they hae complementing opera-
tion types, for example, one-way and noti cation. Wiring two operations with the same
operation type can be seen as #&ference The operation of a component is propagated
to the enclosing composite component. Such a wire is therefe called avertical wire. It
always connects an operation of a component by its direct pant operation. In contrast,
wiring two operations with complementing operation types $ows the connection of two
components. We call such a wire dorizontal wire. The two di erent wires are visualized
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in Fig. 2.

Figure 2:
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Di erent wiring concepts: In Fig. 2(a), for every p air of operations with the

same operation type a vertical wire is shown which connectshiese operations.
Wires wy,...,w, are depicted by a solid line. Interfacesis,...,i4 are depicted
by a dashed frame. A box visualizes an operation. Its operatin type is
depicted by one or two arcs inside the box. Interfacd; has an operation with
operation type noti cation, i, one-way, i3 request-response, andgs solicit-

response. On the left hand of a wire, the interface of a compamt is shown.
The component is sketched by a solid frame. On the right hand,only the

propagated operation is shown. As can be seen from this gureevery wire
connects only operations of the same operation type. Figur@(b) presents the
four di erent pairs of operations, this time connected by a horizontal wire.

Again, a component is sketched by a solid frame. In contrast @ a vertical
wire, a horizontal wire connects two operations with complenenting operation
types. Wire wi, for instance, connects a noti cation operation (interface i1)

with a one-way operation (interfaceiy).

Most of the information about wiring operations cannot be deived from the meta
model in Fig. 1. Later, in Sect. 4.5, we will therefore de ne the wiring using the Object
Constraint Language.

Components support the concept of instances (not depictedn Fig. 1). As this mainly
a ects the process of a component, we introduce instantiatbn in Sect. 4.2.

The state of a component is determined by the value of data entities, tle received or
sent messages, and the state of its process (i.e., its actii@s). Each activity is changing
the state. So, an architecture describes a transition systm.
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4.1.2 Interface and Wiring

Now, we take a more detailed look at the framework's interfae concept. The similarity
of our interface concept to WSDL is intended. As WSDL is a widdy-used industry
standard, it is necessary that the interface de nition in our architecture framework is at
least adaptable to WSDL. In Fig. 3, an example component modkis visualized. We use
the same graphical notation as in Fig. 2.

Cy
g }
[ =F
H — |
Wy
I P ‘Cs
H W s 3 RS S ‘
| W, | o |
| | i | i -_. |
? Lowy i i |
oo } [ _‘,,,,,,,J \

Figure 3. Example component model consisting of three compeents, ci, ¢z, and cs.
Component ¢; contains componentsc, and cs. It de nes four wires wa,. .., Wy
and six interfacesis,...,ig. A horizontal wire connects operations of two com-
ponents that have the same enclosing component. For examplevires w; and
wy are horizontal wires. Wire wy connects the operations of the interfaces
is and ig. The interfaces are part of componentsc, and c3 whose enclosing
component isc;. A special case is wirew; which connects operations of the
interfacesi, andi3. Both interfaces are part of componentc, and consequently
share the same enclosing componem;. A vertical wire, in contrast, connects
the operation of a component with an operation of its enclosig component.
Wires w, and wj are examples of vertical wires. It can be seen thatv, and
w3 connect operations of componentc, with operations of its enclosing com-
ponent ¢;. Interfacesiz and ig are buy interfaces. All other interfaces are sell
interfaces.

A wire represents only an abstract view on the communicationof a component. It only
shows the invocation dependencies of a component and theramr be any number of calls
along a wire. As shown by wirews, it is not excluded to wire an operation to another
operation of the same component. In order to clarify the di erence between horizontal
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and vertical wires, we present in Sect. 4.5 constraints thatspecify their behavior.
From relationships d and e in the meta model in Fig. 1, it can be derived that one
operation may be part of several wires. The di erent possiblities of wiring are shown

another operation is depicted in Fig. 4(a). Wire w; connects a one-way operation with
a noti cation operation and w» a request-response operation with a solicit-response
operation. It is also possible to wire an operation to severaoperations having the same
complementing operation type. As an example, consider the wing in Fig. 4(b). In
this gure, wire w3 and w, wire a request-response operation (interfaces) with two
solicit-response operations (interfaced 4).

(a) Wiring operations with comple- (b) Wiring multiple operations with
menting operation types. complementing operation types.

Figure 4: Di erent wiring concepts.

A wiring, as presented in Fig. 4(b), can be seen as a choice. Ht runtime the cor-
responding activities of both operations are enabled, thischoice is solved, for example,
nondeterministically. If only the activity of one operatio n is enabled, the choice can
be solved deterministically. Nevertheless, the frameworlshould throw a warning to the
developer, because this behavior might not be its intention However, it is not possible
to wire a request-response operation with a one-way and a notcation operation, for
instance.

On the level of activities and operations, it is possible tha two or more activities share
one operation. This is a valid behavior, but as the wiring in FHg. 4(b), it can be seen as
a choice; that is, in case of an incoming message each actiyitan receive this message.
If at runtime only one of these activities is enabled, the chice can be deterministically
solved. Otherwise, the choice can be solved nondeterminisglly, for instance. Again, in
such a situation, the framework should throw a warning to thedeveloper. A deterministic
choice, however, can be enforced by the static structure ofrte process. As an example,
consider each activity being in a di erent OR-branch. Then, only one of these branches
is executed and thus only one activity is enabled.

These examples show that the architecture framework reliesn precise interpretations,
hence we need formal semantics (as proposed in the generabjuérements in Sect. 2.3).
The semantics formally de nes the behavior of the architectre framework and is subject
of Sect. 5. In addition, the architecture framework should dso o er tool support to detect
such design aws.
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4.2 Process Model

Let us now shift our attention from components to processes.First of all, we clarify
the relation between process and data entities and we introdce the two concepts an
activity can access to a data entity. Subsequent, the concepf instantiation is explained.
Instantiation makes it necessary to deliver a message to a ogrete component instance.
Therefore, we develop a concept of message correlation. FHilty, we introduce with
WS-BPEL and Petri nets two specializations of our process modl.

4.2.1 Activities and Data Elements

As required in Sect. 2.3, a component has a set of activitiesk-rom Fig. 1 it can be derived
that a composite component does not (directly) ful ll this r equirement. A composite
component, however, can be attened to a component that conains atomic components
only. Consequently, it also contains a set of activities { the set of all activities of its
inclosing atomic components and thus it still ful lls the ab ove requirement.

Figure 5 presents a detailed meta model of an atomic componérmn UML notation.
It is used, in the following, to explain the relationship between entities \data entity"
and \process". A process contains a set of activities (relabnship k in Fig. 5). Every
activity consists of zero or more method calls and some addibnal logic (relationships
call and m, respectively). Methods are used to read and write the valuef data elements.
Logic controls the method calls and evaluates their return \alues. It can be speci ed by
functions and their signatures. The construction of the logc is the work of programmers
after the software architect has designed the architecture

The sphereof an activity is de ned as the set of data elements this activity can access
using a method call (relationship sphere). Clearly, the sphere only contains data entities
that are de ned in the same atomic component as the activity. In our architecture
framework, method calls are restricted to activities. As a @nsequence, no data entity
can have access to another data entity. Methods and activiies are de ned in the same
component and activities can only call methods which are dened in that component. A
method can be used by several activities, therefore it is dened at the component level.

We have seen that for each activity data access by a method dals restricted to
data elements within the activity's sphere. However, this is often too restrictive as an
activity might also need access data entities located in otler components. For example,
the ship process needs information about the container loaeld on the ship. Therefore,
the architecture framework supports a second mechanism to@ess data. To access data
outside of an atomic component, the concept of message exalge can be used. This
concept is not visible in Fig. 5, but in Fig. 1 (see relationship j). Instead of calling a
method directly, an activity sends a message to an operatior{relationship j in Fig. 1)
that passes it to another activity which contains the respedive data entity in its sphere.

A component consists of two connected layers: a process layand an data layer.
The component's activities form a process (see entity \proess" in Fig. 5) and thus the
process layer. The process layer can be seen aswark ow model. The data layer,
in contrast, can be seen as a data base schema. It consists dfet component's data
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Figure 5: More detailed meta model of an atomic component wih respect to the entity
process.

entities. The process can communicate with the component'&€nvironment by message
exchange and it can access to data entities by method call. Td relationships between
entities \process" and \data entity" in Fig. 1, more precise ly, the relationships between
\activity", \method", and \data entity" presented in Fig. 5 show that process layer and
data layer are connected. Neither entity \method" nor \message" (and the corresponding
interface concept) are part of one of these two layers, but tey can be seen as the glue
between these two layers.

4.2.2 Instantiation

One of the most important concepts of an architecture framework is instantiation. In

our architecture framework, components can be instantiatel multiple times (not shown

in the meta models in Fig. 1 and Fig. 5). For the purpose of insantiation, atomic

components distinguish betweencase activities and case entities on the one hand and
base activities and base entitieson the other hand (cf. Fig. 1 and Fig. 5). The set of
case and base activities is also calledase processand base processrespectively. To
understand the di erence between case and base, we need toreider the life-cycle of a
component.

Once an (atomic) component is initialized its base processral its base elements (if
the component contains them) are initialized, too. Thus, the initialization can be seen
as the instantiation of the base process. Afterwards, the cmponent can be instantiated.
To create acase i.e. a new instance, astart activity (see Fig. 5) is used. We distinguish
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two possibilities to create a case depending on the start adtity being a base or a case
activity. A base start activity can create any number of cases. Every case is identi ed
by a case id A case start activity, in contrast, needs to be triggered bythe component's
environment. For this purpose, an atomic component has to benvoked via its interface.
The message is received by the start activity, which then crates a case. A process may
have more than one start activity, but there is no process whth has a base and a case
start activity. This fact will be speci ed by help of an OCL co nstraint in Sect. 4.5. The
instantiation implies the creation of case activities and @se elements which belong to
exactly one case. Their life-cycle is restricted to its respetive case. When a case has
been nished, it can be destroyed. The life-cycle of base actities and base entities, in
contrast, only ends once the component is deactivated.

In Fig. 6(a), an abstract view on the process of the dating serice is shown. The process
is drawn by a solid frame. On this frame, the two interfacesi; and i, are depicted. The
dashed line inside the frame divides the process into caser{dhe left) and base (on the
right). The case process consists of three activitiesca;{ cag. Each activity is drawn as
a rectangle and the arcs visualize the direction of their exeution order; that is, ca;{cas
are executed sequentially starting fromca;. Activity ca is highlighted visualizing that
it is a start activity. The case entity ceis depicted by a cylinder. If an activity has access
to a data element or it is connected to an operation, then thisis represented by a dotted
line between the two entities (e.g., the line connectingca; and ce). The base consists
of a base activity bay and a base entity be The pictograms are the same as for the
case. The idea of the dating service is as follows: The custan registers at the dating
service (a1). Its pro le is saved in the customer databasebe Next, the dating service
sends the con rmation together with the bill to the customer who replies by paying the
fees €ap). The payment information are stored in ce. Finally, the dating service looks
for a matching partner in be and delivers the result to the customer €ag). Figure 6(a)
is an example of a process being instantiated by a start actity. More precisely, the
registration which a customer sends to the rst operation in interface i, implies that cag
creates a case.

A slightly di erent version of the process of the dating service is shown in Fig. 6(b).
There are two additional activities, base activity bayg and case activity cay, in this process.
All other elements are identical with respect to Fig. 6(a). In contrast to Fig. 6(a), the
process is instantiated by the base procesdg is a start activity and creates any number
of cases. Each case can execute its case activitgy which can be seen as a preparation
of the respective case. Afterwards, each case has to wait fa request. If a request
arrives at the operation, it will be assigned to one of the cass. This assignment can be
nondeterministically, for instance.

For a case created by a base process, we divide its life-cycl#to two di erent phases.
The rst phase is called preservation time. During its preservation time, the case does
not interact with other components. In the second phase, theengage time the case
interacts with other components (i.e., with cases of other omponents). The engage
time ends when the case is destroyed. A case, which is creatdyy a start activity, in
contrast, has only an engage time and no preservation time. Bck to our example in
Fig. 6, the engage time ofDS1 and DS is the execution of case activitiescay{ caz. The
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(a) Instantiation by receiving a message. (b) Instantiation by the base process.

Figure 6: Di erent instantiation concepts.

preservation time of DS is the execution of case activitycag. DS1 has no preservation
time, because it is instantiated by a start case activity.

Base activities and entities are independent of a speci c cee. More precisely, if a case
has access to a base, then all cases have access, t00. A bas&igcmay create cases
and may access base entities within its sphere. A case actlyj however, may access
case entities and base entities as shown in Fig. 5. It may alstigger base activities. In
contrast, a base activity can neither access to case entitgenor trigger case activities.
Therefore, the connection between base and case processestronger in direction from
case to base than the other way around. On this account, a basentity can be seen as a
parameter. Base activities, however, are typically used fomonitoring and con guration
of a component (see the four interfaces mentioned in Sect. ). In the example presented
in Fig. 6, all customer pro les are saved in base entitybe This makes sense, as every case
needs to add new pro les and get information about possible prtners. However, for each
case the information about the payment of a customer is stord locally in case entity ce
That means, after the customer received the contact inform#éon of a partner, its pro le
is saved inbe but information about its payment are deleted asceis destroyed together
with the case. Interfacei, in Fig. 6(a) and Fig. 6(b) is an example for a monitoring
interface. Base activity ba is triggered by an incoming message and replies information
about the process which are taken from the customer databasbe Depended on the
information saved in be it might be also possible to monitor all cases. For this purmse,
every case had to write its state information into be
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4.2.3 Message Correlation { Interacting Case Processes

In this section, we take a look at component interaction by message exchange. During
the interaction, messages have to be delivered to the corréecomponent's operation.
However, component interaction is a more di cult task as several cases of every com-
ponent may be involved. With it, the problem arises how a mesage can be delivered
to the correct case of a component. Therefore, our architectre framework provides the
concept of message correlation which is known from WS-BPEL, for instance. Every
case is identi ed by its case id. A message can be delivered tthe correct case if the
case id can be either determined from the content of the mesge or it is an explicit
part of the message. In this section, we restrict ourselvesa interaction between case
processes. The di erences, when base processes are alsmiwgd in the interaction, are
discussed in the next section. Before we introduce our conpéof message correlation, we
present possible scenarios of component interaction to skothe requirements of message
correlation.

In the literature (e.g., in [Pap01]), orchestration and choreographyare two widely used
terms for service or component interaction. Each term desdbes a speci ¢ view on the
interaction.

An orchestration describes the interaction from the perspetive of one component. It
is a view on the process model and the message exchange of tbisnponent. In contrast,
a choreography is described from the perspective of all paid¢s. It de nes the observable
behavior between all participating components. Thus, it isa view on the component
model which shows all interacting components. A choreografy does not necessarily
consist of isolated cases only, but several cases of a comgom might be involved. For
example, in our container transport system a single ship cadoad plenty of containers;
that is, a single ship case interacts with several containecases.

Usually, the number of components, which are involved in thechoreography, is xed.
We call such a choreographystatic. A static choreography is typically designed in a way
that all parties arrange the interfaces of the components neded. Afterwards, each party
can develop its component(s) and eventually { after all compnents are implemented {
the interaction can start. However, it is also possible to dsign adynamic choreography.
For example, when a component searches for other componenfsaybe by help of a
provider), the number of components involved in the choreogaphy grows. The number
of components may also decrease as a component might leaveetichoreography. So in
a dynamic choreography, the number of involved componentssi not xed, but it can
increase or decrease.

Independent whether the choreography is dynamic or staticthe interaction between
the involved components starts and eventually ends. LetS and R be components in
a choreography. In an interaction betweenS and R, there is one component,S, that
takes the initiative ; that is, S sends the rst message and thus it starts the interaction
between both components. There are two possibilities fo6 to start the interaction with
R. S can either create a case ofR or it can nd a case ofR. A case can be found ifS
has areferenceto a case ofR (e.g., from a third party) or vice versa. Another possibility
to nd a case of R is to decide from the message content whether there exists aase
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of R that can handle the request. This criterion either speci es requirements ofS that
have to be ful lled by R or it contains information that have to ful Il the requireme nts
of at least one case oR. Obviously, if S sends a criterion, it is possible that there is no
matching case inR or there are several cases that can handle the request sent . If
several cases match, one case has to be chosen, for examplendeterministically. If S
creates a case OR, then R has a case start activity. Otherwise, the interaction between
S and R starts by nding a case. As S has no reference to a case di, it has to fulll a
criterion. This criterion can also be the empty set, meaningthe message is matched by
any case.

We now take a look at some examples for the start of an interagon. In our dating
service, a person, say a boy, might call the service in orderot nd a partner. This is an
example of a case creation, as the case of the boy's processates a case of the dating
service. For the second example, consider the case that theating service nds a possible
partner for that boy. The service sends the girl's contact irformation to the boy. So the
boy has a reference to call the girl. That means, the case of #hboy's process knows
the case id of the girl's process and thus can interact with tlat case. As an example
for a criterion, we refer to the container transport system. A shipper might transport a
container to the harbor and publish information of the container's destination and the
date when it has to reach its destination at the latest. Then, every ship that ful lls these
criteria (destination and date) can decide to load this continer.

If a case of R replies a message td5, the case has to decide whether it wants to
send information about its case id or it wants to keep it anonynous. A shipper in
the container transport system, for instance, does not needo know on which ship its
container is transported. Thus, the ship can send an acknovedgement that the container
has arrived at the destination harbor without publishing th e ship's case id. It is also
possible that R, the receiver, has no information about the sendesS, becauseS did not
send its case id and no other su cient information can be derived from the message
content to identify its case. For example, a shipper might cdl a ship transport company
to ask for price information. For this purpose, the shipper does not need to identify.

Now, we de ne the term correlation. Correlation of a casecis rstly the set of cases to
which ¢ has a reference to and secondly the set of components to whiclsent its case id
That means, the correlation contains all cases that can be dectly called by c, because it
knows their respective case ids. Furthermore, it contains aset of components and each
component has at least one case which has a reference ¢o A correlation of all cases
spans a graph where each node is a case. This graph has two kdf directed arcs:
reference arcsand send arcs Let ¢; and ¢, be two cases. A reference arc is drawn from
casec; to casec; if ¢c; knows the case id ofc,. A send arc, in contrast, is drawn from
casec; to casec; if c; sent its case id to componentC, and the message was delivered
to cp. In the latter case, c; has only knowledge about componentC, and not about case
c;. We call the resulting graph a correlation set. The graph can be a complete graph.
A complete graph is a graph in which each node has a directed ar(of each kind) to
all other nodes. In component interaction, every state can le described by a correlation
set.

As an example, we consider a choreography of three compone&t€;, C,, and C3. These
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components and their wiring are depicted in Fig. 4. C; is the component on the left in
Fig. 4(a) (with interface i1) and C3 the component on the right in Fig. 4(b) (with interface
i4). Component C, is the component that has an interface toC; (right component in
Fig. 4(a) with interface i) and it also has an interface toCs (left component in Fig. 4(b)
with interface i3). The possible interaction of this choreography is illustrated in Fig. 7

C,
o o/
c, c,
(a) State 1. (b) State 2. (c) State 3. (d) State 4.

Figure 7: Correlation set for components in Fig. 4. The stats of the interaction are
described by the four correlation sets shown in 7(a){7(d). Each nodec; depicts
a case of componenC; (1 i 3). Asend arc is depicted by a dotted arc and
a reference arc by a solid arc. In Fig. 7(a), the initiator case of component
C1, is shown. c; sends a message to componefl, and it creates casec,. This
message contains the case id a@f. The resulting state is shown in Fig. 7(b).
For the created casec, a node is drawn. There is a reference arc front,
to ¢, meaning that ¢, knows the case id ofc;. The send arc fromc; to ¢
visualizes the knowledge of case; about sending its case id to componentC,.
Afterwards, c, createscs by sending a message containing its case id and the
case id ofc;. This correlation set is shown in Fig. 7(c). Casecs has a reference
arc to every case in this choreography ana;, a send arc tocz. c3 replies, but
it does not send its case id. Thus, the correlation set in Fig.7(c) does not
change. Finally, c; replies to c;. As this message contains the case id ab, a
send arc fromc; to ¢; and a reference arc fromc; to ¢ is added in Fig. 7(d).

In our concept of message correlation, we formalize message formatby the following
Six tuple:

msg = (addresgng; addressec ; caselDspg; caselDiec; corrinfo ; msgCnt) (N

The six tuple consists of the sender's address, the receiveraddress, the sender's case
id, the receiver's case id, the correlation information (ie., the criterion used to decide
whether a message matches a case), and nally, the messagentent. Addresses and
message content are mandatory whereas case ids and corrétat information are op-
tional.

4.2.4 Interacting Base Processes

In the last section, we introduced message correlation, a eept that makes it possible
to deliver messages to a case, more precisely, to a case prexe However, a process
also consists of a base process and base activities may alsmronunicate by message
exchange. Therefore, this section deals with component igraction where the message
is received by the component's base process.
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The base process is part of every running case of its enclogircomponent. For a
sender, it is therefore su cient to know the address of the receiving component. That
means, the concept of message correlation has not to be apgpdl to base processes. As an
example, consider the monitoring interfacei2 in Fig. 6(a). To monitor component DS;
it is not necessary to know the case id of a running case. Thisatt makes it necessary to
de ne the semantics of an operation connected to a base and aase activity. Figure 8
presents an example component for this scenario. The proce®f componentC consists
of a base activity baand two case activity cay and cap. Both, ca, and ba are connected
with the request-response operation in interface,. The behavior of this connection can
be seen as a choice. Independent whether the message contam case id, it is always
possible that ba receives this message. If both activities are activated atuntime, the
choice can be solved nondeterministically, for instance.

Figure 8: Operation connecting a case activity and a base adtity.

4.2.5 Speci cation of the Middleware

Components in our architecture can be wired. Usually, in conplex systems the wiring
of components is decoupled from the components itself. A stvare that connects com-
ponents is amiddleware A middleware is a component itself. It helps to hide the
complexity of a component from its environment. Possible taks of a middleware are the
routing of incoming and outgoing messages, for instance. Ifrig. 9, an abstract model
of the middleware is shown. In this gure, two componentsA and B are depicted. Each
component consists of one case activiticay and cag and one interfaceia and ig, re-
spectively. The two operations are wired byw. For purposes of simpli cation, there is
just a simple request-response interaction between these ggponents.

The middleware in Fig. 9 is drawn as a cloud. It should realizethe wiring of the two
operations. More detailed, the middleware (virtually) connects the interfaces of both
components and takes care that an outgoing message of the fafomponent reaches the
respective operation in the right component. The same holdgor the reply message.
Furthermore, the middleware has to evaluate the message inrder to route it to the
right case of the receiving component. For this purpose, thecase id of the receiver (see
the message format on page 22) has to be compared with the cagis of all running cases
of the receiver's component. If an incoming message neithareates a case nor speci es
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Figure 9: Abstract model of the middleware.

the receiver's case id, the middleware has to evaluate wheth there is a criterion that
matches one of the running cases. With it, the correlation irfiormation and the sender's
case id (see the message format on page 22) are evaluated. B match is found, the
middleware sends an error message to the sender.

The routing is of course more complex as shown in Fig. 9. In S&c5, we will present
an implementation of the middleware using a Petri net model. The model in Fig. 9, in
contrast, can be seen as a speci cation of the middleware.

4.2.6 Example Process Models

Our proposed architecture framework in Fig. 1 is highly geneic and thus it is easy to t
in speci c language proposals. In the following, we demonsate that we can easily link
two example process models, WS-BPEL and Petri nets, into our echitecture framework.
These example process models specialize the process modeFig. 5.

The Web Services Business Process Execution Languag®/S-BPEL) [AAA *06] is a
widely-used language for describing the behavior of busingsprocesses based on web
services. For the speci cation of a business process WS-BPElprovides activities and
distinguishes betweenbasic and structured activities. A basic activity can communicate
with other WS-BPEL processes by message exchange (invoke,aeive, reply), manipu-
late or check data (assign, validate), wait for some time (wadt), just do nothing (empty),
signal faults (throw), or end the entire process instance (git). A structured activity
de nes a causal order on the basic activities and can be nestiein another structured
activity. The structured activities include sequential execution (sequence), parallel exe-
cution (ow), data-dependent branching (if), timeout- or me ssage-dependent branching
(pick), and repeated execution (while, repeatUntil, forEach). The most important struc-
tured activity is a scope It links an activity to a transaction management subsystem
and provides fault, compensation, and event handling. For he sake of simplicity we re-
strict our view on WS-BPEL to activities and do not go into the d etails of WS-BPEL's
advanced concepts like fault and compensation handling.

The meta model in UML notation for this restricted part of WS-B PEL is depicted in
Fig. 10.> The relation between entities activity and structured activity is most relevant
for our architecture: Every WS-BPEL activity can be contained in a structured activity

SActivities throw, rethrow, compensate, compensateScope, validate, and extensionActivity are not
shown in Fig. 10.
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and every structured activity can contain one or more activities. Entity \activity" in
our architecture framework (see Fig. 1) coincides with a WS-BPEL activity. Thus,
WS-BPEL can be easily linked into our framework. This is shownby connecting entity
\activity" with the already known entities \process" and \a tomic component” (see Fig. 1
and Fig. 5). A\data entity" (not shown in Fig. 10) correspond s to a WS-BPEL variable.
If WS-BPEL is used for describing the process model for a compwent, then this process
also implicitly describes the data model through its WS-BPEL variable de nitions. WS-
BPEL does not distinguish base and case; that is, WS-BPEL actities, variables, and
also WS-BPEL's advanced concepts like fault and compensatiohandling always belong
to exactly one case (i.e., to a process instance). The concepf start activities is also
supported in WS-BPEL. Activities \receive" and \pick" can be used to create an instance
of a WS-BPEL process if the attribute createlnstanceis set to true. In our framework,
every activity can be a start activity. So we have to add this fact by a constraint.
Also our concept of logic can be mapped to WS-BPEL.: It is possile to specify XPATH
expressions in WS-BPEL and there also exist extensions of WSHEL that allow, for
instance, the integration of Java code into the WS-BPEL code BGK * 04].
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e start
* 1 I 0.1 activity
activity m
Z} 1.% logic
\ | 0.1
basic structured
activity activity
receive| | | invoke reply assign sequence flow pick scope
exit wait empty repeatUntil| | while if forEach

Figure 10: Meta model for WS-BPEL activities.

The formalism of Petri nets has been proven to be an adequate adel for business
processes (e.g., [Aal98]). A Petri net (see e.g., [Rei85] rfa formal de nition) is a
bipartite graph. It consists of two di erent nodes, placesand transitions, and (directed)
arcs. An arc connects either a place and a transition (input arc) a a transition and a
place (output arc)®. Places can contain (black) tokens which represent a data vae. We

5Please note, there are Petri net classes which allow arcs between ndes of the same kind. For a general
meta model for Petri nets, we refer to Billington et al. [BCH * 03].
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consider here Colored Petri nets (CPNs) [Jen92], an extensh of usual Petri nets. In a
CPN, tokens have a value (i.e., a color). That way, \real" data values can be modeled.

The Petri net meta model in UML notation is presented in Fig. 11. In the meta model,
input arcs and output arcs are distinguished. Like WS-BPEL, Petri nets can be easily
linked into our architecture framework. Entity Petri net and entity transition coincide
with entities \process" and \activity" in Fig. 1, respectiv ely. A start activity can also
be modeled by a Petri net transition. More precisely, the transition has to generate a
new case id. Entity \logic" in Fig. 1 coincides with entity label A label is either a
transition guard (i.e., a Boolean expression) or an (arc) irscription. A data element can
be modeled by a place and the data value by a token on this placelf we think of a
Petri net as a model for the base and the case process, di erémases can be expressed
by di erent colors, where each color represents exactly onease id, for instance.

atomic
component

\

process |1
= Petri net bb

1 1
aa k

start *
activity.

* 1 0.1
activity |
= transition :
m logic

1 11 1 i =label 1

mm
*

guard inscription

place

input arc output arc

target [« [* *  |*
source

source
target

Figure 11: Meta model for Petri nets.

The WS-BPEL and Petri net meta models be seen as specializatits of the original
meta model in Fig. 5. In principle, other specializations ae possible. As a kind of
intermezzo we brie y discuss the relation between WS-BPEL aml Petri nets. Petri nets
are well-suited to model the control ow aspects of WS-BPEL's activities. As WS-BPEL
lacks of a formal semantics the transformation of WS-BPEL to Retri nets results in a
formal model of the WS-BPEL process. With Petri nets several éegant technologies
such as the theory of work ow nets [Aal98], a theory of contrdlability [Mar04, Sch05],
a long list of veri cation techniques (e.g., [Mur89, McM93, DE95, Sch00]), and tools
(e.g., [RWL™* 03, SR00, Sch00, Mak02, VBAO1, DMV 05]) become directly applicable.
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Figure 12 shows a Petri net model for most of the WS-BPEL activties of Fig. 10. We
use the common graphical notation. A place is denoted by a cale and a transition by a
box. These Petri net models can be seen as patterns. Every p&rn has an initial and
a nal place. A token on place initial models that the respective activity is activated.
A token on place nal shows that the activity was executed. Places annotated with
ch on the left in Figures 12(b), 12(c), 12(d), and 12(i) model canmunication channels.
A token on a channel place models a message. As an example, ttransition in the
receive pattern (Fig. 12(b)) can re if there is a token on initial and ch modelling the
activation of the pattern and a message in the channel, respsively. If the transition
res, the tokens on initial and ch are consumed (i.e., the message is received) and a
token is produced on nal .

initial

final

(@ Empty,
wait, assign.
initial
I’O"i
I’O"i

(f) Sequence.

initial

initial

ch,

initial initial

ch i ch i ch | ;
final final final final
(b) Receive. (c) Reply. (d) Invoke. (e) While.
initial

initial

initial

4 'y 4, Y3
final final final

(9) Flow. (h) If. (i) Pick.

Figure 12: Some of WS-BPEL's activities modelled with Petri nets.

In the patterns of the structured activities (Figures 12(e){12(i)) dashed frames are
depicted. On each such frame an initial and a nal place is dravn. Such a frame
presents a wrapper for an arbitrary activity pattern. Every pattern can be plugged into
this frame by merging its initial and nal place with the init ial and nal place of the
wrapper, respectively. For example, the empty pattern in Fig. 12(a) could be plugged
into the wrapper of the while pattern in Fig. 12(e) by merging the initial place and the
nal place of empty and the frame, respectively.
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A dotted arc connects two places being merged. In the while pern, for instance,
initial and the wrapper's nal place are merged. In the pick and if pattern, the nal
places of each wrapper are merged with the nal place of the paern. The patterns
presented in Fig. 12 are simpli ed versions of the ones in [SH05, OVA* 05, LMWO06].
In these papers, a feature-complete Petri net semantics for BEL 1.1 [SHS05, OVA' 05]
and WS-BPEL [LMWO06] was developed.

4.3 Data Model

Many architects consider only the information architecture of a system (i.e., the database
schema) when they use the term architecture. The informatim architecture is actually
a data model It is a view on data entities and their relationships. The information
architecture is very important, because it facilitates the structuring and organizing of
data entities. Often, architects start the system design wth the development of the
information architecture.

Besides component model and process model, our proposed hitecture framework
also o ers a data model as a third view on the system. The data mdel is also a model
of an atomic component. In contrast to the process model (cfFig. 5), where the focus
was the entity \process", the main focus of a data model is enty data entity in Fig. 1.
In the following, we introduce the general concepts of the de model, in particular its
hierarchy concept.

The data model of an atomic component is shown as a meta modehiUML notation
in Fig. 13. Like in the process model (compare Fig. 5), the stding point of the data
model is again an atomic component. As a main di erence, the etity data elementis
renamed to composite data entity. This change is needed to model the data aspect in a
more re ned way. A composite data entity forms the data layer of the atomic component
which was introduced in Sect. 4.2.

A composite data entity is a set ofatomic data entities (relationship f in Fig. 13) where
every atomic data entity consists of a set ofattributes (relationship p). Relationship q
shows that every attribute has atype. Atomic data entities can be accessed by activities
(relationship spherg or exchanged by messages (relationship). However, relationships
sphereand r in Fig. 13 are on a higher level of abstraction, because actities have access
to data by help of method calls (cf. Fig. 5 in Sect. 4.2) and mesages are sent between
activities (cf. Fig. 1 in Sect. 4.1).

The data model allows for relationships between atomic dataentities. Entity data
relationship illustrates this fact. Two atomic data entities can be related (relationships
n and o). We distinguish betweeninternal data relationship and external data relation-
ship. An internal data relationship relates two atomic data entities within a composite
data entity. To provide a relationship between two atomic data entities located in dif-
ferent composite data entities and thus in di erent atomic components, the meta model
distinguishes betweensource data entity and reference data entity. A reference data
entity is a reference to a source data entity. For every soure data entity there can be
any number of references (relationshigt). That way, it possible to de ne a source data
entity in one composite data entity (i.e., in an atomic component) and to have references
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Figure 13: More detailed meta model of an atomic component vih respect to the entity
data element.

(by help of reference data entities) in other atomic componats. A reference data entity
and its corresponding source data entity are related by an eternal data relationship.
These constraints are speci ed in Sect. 4.5 using OCL.

The use of reference data entities introduces hierarchy inhe data model. We dis-
tinguish two di erent views on the data model. The rst and de tailed view visualizes
the relationship of all atomic entities in a composite entity. On the one hand it shows
the internal data relationships between atomic data entities, that means, how entities
within an atomic component are connected. On the other hand his view also presents
the external data relationships; that is, for each referene data entity its source data
entity (relationship t in Fig. 13) is depicted. Relationshipt shows, how an atomic com-
ponent is related on the data level to other atomic componens by help of reference
data entities. The second and abstract view, however, is rédcted to the external data
relationship only. This hierarchy concept is, in fact, similar to the concept of atomic
and composite components. As an example, a data model of twat@mic components is
shown in Fig. 14. Note that we can have more levels of hierarghby having a deeper
hierarchy of (composite) components.

Now, let us have a look at the relation between internal data elationship and external
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(a) Data model { concrete level. (b) Data model { abstract level.

Figure 14: Two levels of hierarchy in the data model: A solid fame depicts an atomic
component. Inside this frame the composite data entity is slown. Boxesa{f
depict atomic data entities. Solid boxes and dashed boxes sualize source
data entities (e.g., b) and reference data entities (e.g.?), respectively. Undi-
rected solid arcs connecting two atomic data entities modehn internal data
relationship between these entities (e.g.aand b, d°and €). In contrast, dashed
arcs that cross the border of an atomic component depict extenal data re-
lationships and thus which reference data entity is relatedto which source
data entity. Examples are b and b°, d and d°, and also c® with a source data
entity not depicted in Fig. 14(a). The detailed view is shown in Fig. 14(a).
All atomic data entities and their internal and external dat a relationships are
visible. The abstract view is shown in Fig. 14(b). Only the three reference
data entities, the two corresponding source data entities,and their external
data relationships are visible.

data relationship on the one hand and method call and messagexchange on the other
hand. This is also a relation between data model and process mdel. From the details
given in Sect. 4.2 it is known that activities can change the alue of data elements by
method call. An activity has, however, only access to a resicted set of data elements,
namely, to the data elements within its sphere (cf. relatiorship spherein Fig. 5). In
the data model, a method call is re ected by an internal data relationship between two
atomic data entities. External data relationships, in contrast, re ect message exchange
between activities. This is de ned by an OCL constraint in Sect. 4.5.

The concept of message exchange between activities in comhition with method calls
is a very powerful concept. Message patterns, like messagellpand message push, can
be easily modelled.

So far, we restricted our attention to more complex structures like relationships be-
tween entities. Our data model, however, also allows for thespeci cation of ordinary
variables, used in programming languages, for instance. $h a variable can be speci ed
as an atomic data entity which is not related to other entities. Entity f in Fig. 14(a) is
an example.

4.4 Relationship Between Component, Process, and Data Mode |

Not only the entities in the three meta models in Figures 1, 5,and 13 are related, but
there are also relationships between these meta models. Iiné following, we will clarify
what these relationships are.
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Entities \atomic component"”, \process" and thus \activity " are part of every meta
model mentioned above. The process model and the data modelgsents the process
and the data entities for one atomic component, respectivgl This atomic component
is part of the component model that shows the relationship béveen all components.
Entity \message" is also contained in all three meta models. In the component and
process model, messages are (indirectly) expressed by thelationship between activities
and operations. The data model, in contrast, contains this atity explicitly.

Looking at the process and data model, further relationshis can be found. Both meta
models have an entity \data entity”. In the data model in Fig. 13, this entity is re ned
to atomic and composite data entity. The concept of an activiy's sphere then relates
entities data element and activity. All these relations are visualized in Fig. 15.

atomic
component
- 1
/1
c
a’ 1
process
/ ‘ 1
,,,,,,,, 01 *
icompositei % o
{data entity ! prommeee e activity
T
: sphere
fI e T
K
* *i atomic
message r ' data entity

Figure 15: Relationship between the three meta models of tharchitecture framework.
Entities and relationships drawn by a solid line are part of the component,
process, and data model. Entities and relationships drawn ¥ a dashed line
are only part of the process and data model.

4.5 Constraints

In the previous sections, we introduced a meta model of our ahitecture framework (see
Fig. 1). We further presented two re ned meta models, one forthe entity \process" in
Fig. 5 and another one for the entity \data element” in Fig. 13. Figure 16 presents the
detailed meta model of the architecture framework. It integrates the two re ned meta
models into Fig. 1.

The meta model in Fig. 16 is in some sense quite general, becgispeci ¢ constraints
cannot be expressed in UML. Therefore, it is possible to craa errors during the design
of the system. However, constraints of UML models can be speed using the Object
Constraint Language (OCL) [OMGO03]. They can be implemented in a Computer-Aided
Software Engineering (CASE) tool which can be used to checkite system at design time.

31



ce

“YoMaWe.) 9In19a)IydJe ay) JO [apow elaw a1|dwo) 9T ainbig

[ i
operation 1.% f L interface | ] lcomponent
* ﬁ *
D buy sell h
interface| |interface
d
ul
0.1
N wire * 1| composite atomic
i component component
1
1
1
¢ 1
operation vertical horizontal a
type wire wire b process
T e
. * *
| | | 0.1
request- solicit- R composite *
one-wa notification P * ity start
Y response | | response data entity method a1 0.1 activity
E o O N E k] * 1 I
in| injout|fault] inout| faulf out £ sphere m logic
1 111 jo.11 g1 jo.1 1 * *‘
L * * x| atomic x data
n
message type g | message r 1 data entity *| relationship
o
P
*
type 1 * attribute reference |x 1| source internal data| |external data
P q data entity t data entity relationship | | relationship
case base base case case base
entity entity method | | method activity activity
1 [ access [* %% *[ [kcall [*[* *
call
call

access




Thus, the architect can be prevented from creating such errcs.

In the following, we present several constraints that help b formalize concepts like
wiring or the relationships between entities. Consequent, the constraints will restrict
the meta model in Fig. 16 as well as the interface concept depied in Fig. 2. All
constraints are invariants specied in OCL. OCL keywords are depicted in bold font.
For the parameters used we refer to the relationships in Figl16.

1. Relationshipj between the entities activity and operation is redundant:

context ac: activity, op: operation inv :

if op;j! selecfac’jac®= ac)! size) =1 and

a;j ! selectop’jop’= op)! size() =1 then ac:k:c= op:f:g

The keyword inv. means that this OCL expression is an OCL invariant. This

invariant is introduced for the context of an activity and an operation. Informally

spoken, it speci es that whenever an activity ac is connected to an operationop,

then opis part of an interface of a component which has a process caaining ac.

Thus, relationship j is redundant. In OCL, this condition can be expressed by an
if then construct. The if condition speci es that ac and op have to be connected.
op:j returns a set of activities connected toop. OCL oers a large number of

prede ned operators on sets (e.g.select size()) which can be accessed by . By

help of OCL's select operator we select from the setop:j all activities ac. As all

activities have a unigue name, we select only one activity. ding OCL's size()

operator we check the existence of activityac (i.e., whether only one element was
selected). Similar we select from the set of operations comtted to activity ac

the operation op. In the then part of the invariant, we show that op and ac are

elements of the same component. More precisely, the (atomiccomponent given
by ac:k:cis the same as the one given byp:f.g.

2. A horizontal wire connects two components with the same edosing component:
context w: horizontal wire inv : w:d:f:g:h = w:e:f:g:h = w:i
A horizontal wire w connects two operations. The component(s) of these two
operations are embedded in the same composite componentv:d:f:g:h speci es
the composite component for the component of one operationrad w:e:f:g:h the
composite component for the component of the other operatin. These composite
components are equivalent and nally, w:i speci es that the wire w is de ned in
exactly this composite component. Wiresw; and wy in Fig. 3 are examples of a
horizontal wire.

3. A vertical wire connects a component with its enclosing component:
context w: vertical wire inv : w:d:f:g = w:i and w:e:f:;g:h = wii
A vertical wire w connects two operations. One of these operations is de nechi
a component and the other operation in that component's enabsing component.

The left part of the conjunction speci es the enclosing commnent and the right
part the inclosed component. More preciselyw:i speci es the enclosing component

33



which embeds the wirew. w:d:f:g speci es the component of one of the operations.
This component is equivalent to w:i and thus the enclosing component. For the
right part w:e:f:.g speci es the component of the second operation andv:e:f:g:h
returns its enclosing scope which is equivalent tov:i. Wires w, and ws in Fig. 3
are examples of vertical wires.

. A vertical wire connects two operations with the same opeation type:

context w: vertical wire inv :

w:d:u:ocllsTypeOf (one way) = w:e:u.ocllsTypeOf(one way) or
w:d:u:ocllsTypeOf (noti cation ) = w:e:u:ocllsTypeOf (noti cation ) or
w:d:u:ocllsTypeOf(request responsg =

w:e:u:ocllsTypeOf (request responsg or

w:d:u:ocllsTypeOf (solicit  responsg =

w:e:u:ocllsTypeOf(solicit  response

A vertical wire always connects two operations of the same ogration type. In-

formally spoken, this invariant de nes both operation types to be either of type
one-way, hoti cation, request-response, or solicit-respons (compare Fig. 2(a)).
This is realized by an OCL disjunction using or. In each disjunction, w:d:u and
w:e:u are the two operation types of the operations wired byw. As there are four
possible operation types, we use OCL'clisTypeOf() expression to specify the
operation type in detail. w:d:u:ocllsTypeOf(one way) returns true if the type of

one-way andw:d:u are equivalent and false else. Wiresv, and ws in Fig. 3 are
examples for vertical wires.

. A horizontal wire connects two operations with matching goeration types:

context w: horizontal wire inv :

w:d:u:ocllsTypeOf (one way) = w:e:u:ocllsTypeOf (noti cation ) or
w:d:u:ocllsTypeOf (request responsg =

w:e:u:ocllsTypeOf(solicit  response

A horizontal wire connects two operations of complementingoperation type. Com-
plementing operation types are one-way and noti cation as wd as request-response
and solicit-response. Thus, in this invariant we specify thd the two operation types
must be either one-way and noti cation or request-response ad solicit-response.
Wires wi and wy in Fig. 3 are examples of a horizontal wire.

. An activity can only call methods that have access to data éements within its
sphere:

context ac. activity inv :

ac:call ! forAll (md j md:accesssphere!

selec{ac®j ac®= ac) ! size() = 1))

Every activity ac can only call methodsmd that have access to atomic data entities
within the sphere of ac. The respective OCL constraint consists of two parts. First

it collects the set of all methodsmd activity ac can call. ac:call returns the set of
all methods ac can call. The forAll operation in OCL allows specifying a Boolean
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10.

expression, which must hold for all objects in this set. Thus for every md, a
Boolean expression must hold. This Boolean expression is seribed in the second
part of the constraint. Every method md can access to one atomic data entity,
which must be in the sphere ofac. md:accessspherereturns the set of activities
which contain the respective atomic data entity within their sphere. Using the
select operator we select all activitiesac of this set. The existence of an activity
ac is checked by thesize() operator.

Every process has at least one start activity:

context pr: processinv :

pr:k! selecf{acjacil ! notEmpty()) ! size() > 0

In a processpr, there is at least one activity ac which is a start activity. The
existence of such an activity is checked by applying OCL'sselect operator. ac:l is
a set of either 0 or 1 elements and applying OCL'sSsEmpty() operator, we check
whether this set is empty. Using thesize we check whether the set of activitiesac
iS nonempty.

There is no process which has a base and a case start activit

context pr: processinv :

if (pr:k ! select(caj ca:ocllsTypeOf(case activity) and ca:l ! notEmpty()))

then (pr:k ! forAll (baj ba:oclisTypeOf (base activity) and

ball ! isEmpty())) endif and

if (pr:k ! select(baj ba:ocllsTypeOf (base activity) and ba:l I notEmpty()))

then (pr:k ! forAll (caj ca:oclisTypeOf(case activity) and

ca:l I isEmpty())) endif

A processpr can never have a base start activity and a case start activity This
invariant is expressed by two OCL if expressions. In the rst if expression, we
check whether there exists a case activityca in processpr which is a start activity.
ca:l is a set of either 0 or 1 elements. Applying OCL'snotEmpty() operator, we
check whether the resulting set is nonempty. If this holds, here is no base start
activity in pr. ba:lis a set of either 0 or 1 elements and applying OCL'ssEmpty()
operator, we check whether this set is empty. In the second iktatement, we do
the same check for a base activityba

Two atomic data entities, which are related by an internal data relation, are located
in the same atomic component:

context x: internal data relationship inv: x:n:f = x:o:f

An internal data relationship between two atomic data entities only exists if the

entities are contained in the same composite entity and thusin the same atomic
component. As an example see the relationship betweea and b in Fig. 14(a).

Two atomic data entities, which are related by an externad data relation, are lo-
cated in di erent atomic components and one of them is a soure data entity and
the other one its reference data entity:
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context x: external data relationship inv :

x:n:f 6 x:o:f and

((x:n:ocllsTypeOf (reference data entity) and
x:0:ocllsTypeOf (source data entity) and x:n:t = x:0) or
(x:n:ocllsTypeOf (source data entity) and
x:0:0cllsTypeOf (reference data entity) and x:0:t = x:n))

An external data relationship between two data entities only exists if these entities
are located in di erent composite data entities and thus in di erent atomic compo-

nents. Furthermore one of the entities has to be a source datantity and the other

entity one of its reference data entities. The second line ofhis invariant speci es

that both atomic data entities are located in di erent compo site data entities. The
remaining lines specify a disjunction. Eitherx:n is a reference data entity andx:o

is a source data entity (lines three and four) or vice versa (hes four and ve). To

check the type of an atomic data entity, we use the already knwn oclisTypeOf

operator. x:n:t = x:0 then speci es that the reference data entity x:n has to be a
reference of the source data entityx:o.

11. External data relationship means message exchange:

context A;B: activity, x: external data relationship, y: messagez: wire inv :

if xxn:f 6 x:o:f and

x:n:sphere! selecf(a; ja; = A)! size()= 1 and

x:o:sphere! select(a; ja; = B) ! size() = 1 then

z.d;j ! selecfazjaz = A)! size()= 1 and

z.ej ! selecfay jas = B)! size() = 1 and

z.d:u:s! selecfm; jmy = y)! size) = 1 and

zewu:s! selecimy; jmy; = y) ! size() = 1 and

(yrr ! select(e; jep = xin) ! size() = 1 and

yirr ! selecte; je; = x:0)! size() = 1)

Whenever there are two atomic data entities related by an exernal data relation-
ship x, one in the sphere of activity A and the other in the sphere of activity B,
then A and B exchange a messagg. More precisely, there exists a wirez wiring
an operation of A to an operation of B and there is a message that exchanges the
value of the atomic data entities. The invariant speci es in the if -part that x is
an external data relationship (line three) and entity x:n and x:o are in the sphere
of activity A and B, respectively (line four and ve). To check the existence ofA
and B, we use OCL'sselectand size() operators. Line six and seven specify that
A and B are wired. At least one messageg is sent using wirez. Thus, y has to
pass the operation ofA (z:d) and B (z:€). This is speci ed in line eight and nine.
In the last two lines, the relationship between messagey and both atomic data
entities x:n and x:0 is speci ed.

In conclusion, these constraints can merely seen as exampleOnce these constraints
are implemented, they can be automatically checked during he design phase of the
system. At this level of design, it is faster and cheaper to x errors than in later
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design phases. Nevertheless, constraints are not su ciento guarantee the correctness
of systems. There are many types of errors which cannot be cbked on this abstract
system level. For example, the soundness property [Aal98]ds to be checked on the
process model (e.g., on the Petri net). To apply formal veri cation techniques on the
level of our architecture framework, it is necessary to deviep a formal semantics for the
architecture framework.

4.6 Comparing the Architecture Framework with the Requirem ents

During the last sections, we introduced our architecture famework and its concepts. In
the following, we compare these concepts with the general criirements we collected in
Sect. 2.3. Table 1 summarizes this comparison.

As can be seen from this table, the concept of inheritance ishe only requirement
which is not supported by our architecture framework so far. Subsequent, we comment
every column of Table 1.

Components are the basic concept in our architecture frameark. The four kinds of
interfaces are not directly supported, but they can be modetd. Software and user in-
terface can be modeled by an interface whose operations aréher connected to base
or case activities. In contrast, the operations of a con gumtion and monitoring inter-
face are only connected with base activities (see Fig. 6, foinstance). The concept of
wiring components at their interfaces facilitates an easy plug and play" of interfaces.
Furthermore, a component has a process (i.e., a set of actities) and data entities.

Instantiation is an important concept in our framework. The framework o ers two
possibilities: Either a case start activity creates the cag or a base start activity does so.
A case start activity is triggered by an incoming message wheas a base start activity
has no trigger. To make the concept of instantiation more expessive, the framework
distinguishes between activities and data related to a sinlp case (i.e., case activities
and case entities) on the one hand and activities and data relted to all cases (i.e., base
activities and base entities) on the other hand. Messages iour architecture framework
can be delivered to their correct case using the concept of nssage correlation.

Components in our framework do no explicitly support fault and compensation han-
dling. However, process models like WS-BPEL o er fault and canpensation handling
which can then be used by the component. There is also no dirésupport for a moni-
toring service, but, as mentioned above, a monitoring sende can be easily modeled by
base process.

As a general requirement, an architecture framework shoulgsupport relationships be-
tween components. Interaction relationship is facilitated by activities. Activities may
exchange messages by using operations. Message exchange lza either synchronous
or asynchronous depended on the message exchange patterre(j the operation type)
used. One-way and noti cation can be used for asynchronous nesage exchange and
request-response and solicit-response for synchronous mage exchange. Communica-
tion by shared data entities is also supported, because sphes of activities do not have
to be disjunct. That means, multiple activities within a com ponent can share their
data entities. Reference and source data entities supportreared data between di erent
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ported in the proposed architecture framework.

Requirement

How supported in architecture framework

components are the basic con-
cept

yes

software, user, con guration,
and monitor interface

no explicit support, but can be modeled

\plug and play" of interfaces

yes, by wiring

process (set of activities)

yes

data entities

yes, atomic and composite data entities

instantiation

two concepts, either by receiving a message or b
the base process

distinguish between data and
activities belonging to a single
instance and to all instances

base and case entities; base and case activities

message correlation

yes, concept for base and case processes

component has fault and com-
pensation mechanism

no explicit support, but can be part of the pro-
cess model (e.g., WS-BPEL)

component has monitoring
service

no explicit support; can be easily modeled by a
base process

interaction relationship (com-
munication by message ex-
change and shared data enti-
ties)

both concepts supported; components can com
municate and data is shared within a compo-
nent and across the borders of components by
reference data entities that can be updated with
their respective source data entity by message
exchange

re nement as a design tech-
nique

yes, in the component model by help of atomic
and composite components and in data model by
help of reference and source data entities

inheritance

not integrated

open to plug in process for-
malisms

yes, shown for WS-BPEL and Petri nets in
Sect. 4.2, for instance

open to plug in data models

yes, use OCL to de ne constraints

open to plug in a language to
de ne operations of activities

yes, in the meta model we only speak about logig
which can be specied and implemented in any
language

support of a formal semantics

yes, but not fully worked out

close to industrial description
techniques

yes, because process and data model are plu
gable and so can be either exchanged or trans
formed
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Table 1: Almost all general requirements, which were preserd in Sect. 2.3, are sup-
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components.

The architecture framework also supports re nement as a deign technique. Re ne-
ment is o ered in the component and the data model. Componensg are either composite
components and embed other components or atomic componentdn the data model,
the framework o ers composite data entities and basic data atities on the one hand and
source and reference data entities on the other hand.

Further, the framework is required to be open to plug in dierent formalisms. In
Sect. 4.2, we presented that WS-BPEL and Petri nets, two proces models, can be easily
linked into the architecture framework. The same holds for the data model which is as
the process model very general. Operations for activities i@ modeled by entity \logic"
in Fig. 5 and thus can be de ned in every programming language

In the next section, we will formalize the proposed architeture framework. We present
rules, how the architecture framework can be transformed into the formalism of CPNs
[Jen92]. The framework is also close to industrial descripbn techniques. So implemen-
tations of the data and the process model can be easily linkethto the framework. In
Sect. 6.2 we also compare our framework with SCA.

5 Formalization of the Architecture Framework

In this section, we formalize our proposed architecture franework. To this end, we
present rules that show how to transform the architecture framework into the formalism

of Colored Petri nets (CPN) [Jen92]. The aim of this paper is ot to present a formal

semantics which is worked out in every detail. Instead, we sbw this formalization by

example. We present a transformation of the dating service ¢f. Sect. 3) into CPN

models. From this example, the general transformation ruls can be easily derived.
Before we present the CPN models, we show the three views on ¢hdating service. For
it, we use our already known graphical notation.

5.1 Component Model of the Dating Service

In Fig. 17, an abstract component model of the dating service Cps, is shown. It has
four interfaces: ips cust, ips ME, ips chi1, and ips ch2. The rst interface is the
interface to the customer. All the other interfaces are usedo monitor or con gure the
component.

Before we present the detailed component model of the datingervice, we will intro-
duce the component models of its most important componentsMatch, Story, and Check
which are all depicted in Fig. 18.

Component Cyatch in Fig. 18(a) implements the main functionality of the datin g
service. It receives the customer's login information, adrmistrates this information,
and is also responsible to accept the payment of the customeand to send information
of a matching partner to the customer. The matching componehncommunicates with the
customer via interfaceiy cust. Via interface iy ch, the matching component invokes
component Ccheck1 Which checks whether the customer is a known marriage swindt.
Interface iy st is used to invoke componentCs;qry to prepare everything such that the
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(a) Model of the Match- (b) Model of the Checkl (c) Model of the
ing Component. Component. Story Component.

Figure 18: Three components of the dating service.

customer can publish a success or failure story about its d& Component Cpaich €an
be con gured and monitored by help of interfaceiy Bgase-

Component Ccheck1, Which is presented in Fig. 18(b), is invoked by componenCy atch
(interface ich1 m ). It checks whether a customer is a known marriage swindler.This
component has also a con guration interface {ch1 ase) Which is used to update the
data base storing all the marriage swindlers. There is also aecond check component
Ccheck2. However, this component is not depicted in Fig. 18, becausé has the same
interface as componentCcheck1-

Figure 18(c) depicts the component model of the story compoent Csiqry . As already
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mentioned, this component interacts with component Cyateh (interface isy m). It re-
ceives from the customer the story about the date (interfaceis; cust). This story is
then published.

Figure 19 presents the detailed component model of the datig service. Component
Cps contains three components: the two check component€checks and Ccheck2 and
component CyainFunc - The latter is a composite component that contains the two
basic componentsCyaich and Csiory . The customer interfacesiy cust and isy cust Of
these two components are merged to interfacéyr cust in component Cyainfunc - It is
important to mention that the concept of wiring one interfac e with multiple interfaces
is used in the dating service model: Interfacd g cp is wired with interfaces ich1 m
andich2 m; thatis, the matching component is wired with both check components. For
example, if the check of the customer is subject to fee, the ding service might always
choose the check component with the lowest fee. In our exam@] however, this con ict
is nondeterministically solved at runtime.

5.2 Process Model of the Dating Service

In this section, we introduce the process models of the threeomponentsMatch, Story,
and Check

The process model of componenMatch is depicted in Fig. 20. Its interface is known
from Fig. 18(a). First of all, let us have a look at the case praess (which is to the
left of the dashed vertical line). The case process consistsf seven case activitiexa; -
cay and four case entitieSChame , Cprofile » Caddress: @Nd Caccount- These data entities store
the name, the dating pro le, the address, and the bank accounhof the customer. With
address we mean here the customer's contact data; that is, $t component address and
case id. For purposes of readability, the spheres of the casgctivities are not depicted
in Fig. 20. They are de ned as follows:

sphere(cay) = f Cname; Cprofile ; CaddressJ:

sphere(cap) = f Chame ; Cprofile ; Caddress; Bhame ; Dorofile ; Paddress 9
sphere(cag) = f Caccount; Caddress: Borice 9

sphere(cas) = ;;

sphere(cag) = fbhame ; Borofile ; Baddress 9

sphere(cas) = f Caddressd;

sphere(cay) = f Cnhame; Cprofile ; Caddress: Bhame ; Borofile ; Paddress 9

The process model works as follows: If the login informatiorof a customer is received,
start activity ca; creates an instance of the case process. The customer's nanpeo le,
and address is stored in the respective case data entities. éxt, to check the customer,
the check component is called (activity cap). If the customer is identi ed to be a mar-
riage swindler, activity cay is executed and it sends a goodbye message to the customer
and deletes the customer's data. Otherwise, the customer'siata are saved in the cor-
responding base data entities (and are thus available for tB matching process). Then,
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Figure 19: Detailed component model of the dating service.

activity cag sends the bill to the customer and receives the customer's Ik information
(which are saved inCaccount). Afterwards, the customer may ask for a matching partner
or leave the dating service (activity cas). In case that he leaves, activity cay is executed.
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Figure 20: Process model of componenCyaich { Without spheres of the case activities.

Otherwise, if he asks for a partner, the component looks for anatching partner and
sends him the contact data of this partner (activity cas). Next, the matching compo-
nent sends information to the story component such that this component can identify
the customer. That way, the customer can publish the story ofits date. Finally, by help
of the loop back to activity cas, the customer may continue the dating process or leave
the dating service. The customer's name, pro le, and addres is stored in the case and
in the base data, because this information can only be storedn the base data if the
customer is checked to be not known as a marriage swindler.

The base process of componenMatch is simpler than its case process. The base
process only consists of two activitiespa, and ba. The former is used to con gure the
matching component; that is, to change the fee customers havto pay. The latter is
connected to the monitor interface and thus collects all bas data and sends it to the
requester.

Figure 21 depicts the process model of componertheckl Its case process consists
of two case activities and one data entity which stores the nane of the customer to be
checked. The base process has one base activity and one basdgadentity. The latter
stores the names of all known marriage swindlers. When the @tk component is called
by the matching component, case activity ca; creates an instance of the case process.
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The customer's name sent by the matching component is storeth ¢c,ame and it is checked
whether this name matches with an entry in byame. The result of this check is replied
to the matching component. Activity cap then deletes the process instance. To update
the base data, the con guration interface ich1 Base and thus activity ba; is used. As
component Check2 has the same process model, we do not show it.

§ D 1 Cal. [bnamj
R I l T < 1 %IChl-Base
i -m | ba : 3

ca, ! i :

:

Figure 21: Process model of component Checkl.

Finally, the process model of the story component is shown irfrig. 22. The process has
four case activities and two base data entities that store tle customer's name Ehame)
and its story (bsry). This component works as follows: When a customer, sa,
receives information about a possible partner, sayB, both, A and B, have to write
a story about their date. For this purpose, the instances of he matching component
from A and B send the correlation information about their respective cistomer to the
story component (activity ca;). Thereby, the rst message creates an instance of the
case process. AfterwardsA and B have to send their part of the dating story and the
story component replies a message to bothcg and cag, respectively). Then, the two
instances of the matching component are informed that the stries have been published
(cay).

Figure 22: Process model of component Story.
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5.3 Data Model of the Dating Service

In the following, we present the data models of the matchingcheck, and story component
using UML class diagrams.

Figure 23 visualizes the data model of the matching compondn Every customer has
a bank account, a pro le, and a unique address (component adess and case id). From
entity \person", it inherits a name. Furthermore, also the f ee, the customer has to pay,
is modeled by entity \price".

1 1
person name
bank |1 1 1 )
customer address price
account
1
1
profile

Figure 23: Data model of component Match.

The data model of the check component, depicted in Fig. 24, isimilar to the data
model of the matching component. By help of a directed assoation, we express that a
person might be a marriage swindler.

marriage 0.1
swindler

1 1
person name

T

customer

Figure 24: Data model of component Checkl.

Figure 25 presents the data model of the story component. A cstomer is an author
and every author can be author of several parts of a story (bezuse of having more than
one date). Two parts make a story.

5.4 Colored Petri Net Model of the Dating Service

A Colored Petri net (CPN) is an extension of usual low-level Péri nets. As a main
di erence, tokens in a CPN are not restricted to be black tokens, but they can be of
any type (i.e., color). Therefore, places have a type and oM contain tokens of this
type. In addition, it is possible to de ne functions that can change the value of tokens.
These functions are depicted as arc inscriptions. Furthera transition guard, a Boolean
expression, can be added to a transition. This transition isthen only activated if its
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1

customer story
f 1
2
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author part

Figure 25: Data model of component Story.

guard is evaluated to true. For a more detailed introduction into CPNs we refer the
interested reader to Jensen [Jen92].

Before we present the CPN models of the dating service, we elgin the general con-
cepts of the transformation process.

5.4.1 General Transformation Rules

To understand the CPN models, we have to explain, how interfaes, activities, and data
entities are transformed into CPNs. Furthermore, on the lewel of CPNs we also have to
take the concept of message correlation into account.

In our proposed architecture framework, an interface contans one or more operations
(see Fig. 16 for details). Every operation is transformed ito one or two Petri net places.
More detailed, every operation of type noti cation or one-way is transformed into one
place and every request-response or solicit-response opdmat is transformed into two
places (one place for the incoming message and the other fdné outgoing message). Such
a place can be seen as message channelA message is modelled by a Petri net token of
type message; that is, the six tuple &ddresgnq; addresse; caselDsng; caselDyec; corrinfo ;
msgCnt) introduced in Sect. 4.2.

As already explained in Sect. 4.2 (see Fig. 11), an activitys modelled by a Petri net
transition. A place in the CPN model models a data store. We ug one place to model
all case data entities and another place to model all base datentities. Both places are
of type list of (id, data entity name, data value). In case the place models case datad
is the case id. Otherwise, if the place models the base data] represent a primary key.
For purposes of simpli cation, we model a case id by a naturalnumber.

5.4.2 Transformation of Component Match

We start with the transformation of the component model of the matching component
presented in Fig. 18(a). Figure 26(a) depicts a modi ed vergon of this component model.
In addition to Fig. 18(a), we have labeled each operation. Fo example, the noti cation

operation in interface iy gase has the labelc_con g and the incoming and outgoing
part of the solicit-response operation has the labek_monitor and c_info, respectively.
The model in Fig. 26(a) is transformed into the CPN model in Fig. 26(b). As operations
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are transformed into places, we use these labels in the CPN ndel to label the channel
places and can thus identify the corresponding operation. &r example, the noti cation

operation in interface iy pase iS transformed into a single placec_con g and the solicit-
response operation into two placesc_monitor and c_info. Additionally, each place is
labeled with In or Out. The label shows if it is an incoming or outgoing channel. All
places are of typeMSG; that is, the type representing a message, and connected Witthe
hierarchy transition Group 1. A hierarchy transition represents a (transition-bordered)
subnet.

'c_config

ic_monitor
c_pay: |—>| i | —— | ic_info

c_partner; | «——

c_bye —

c_checki ‘
c_result; | —

c_story! [«——
cack : |[—*

(@) Component model of component Match. (b) CPN model of component Match.
Figure 26: Transforming the component model of component M&h into a CPN model.

Next, Fig. 27 presents a detailed model of the case processoiFa better readability,
data entities are not shown. All places, except the channelsare of type case id CaselD).
The arc inscription id is a variable of type CaselD.

We will now shortly describe the semantics of this net. When he customer sends its
login information, there is a token of type MSG on placec_login. Thus, transition receive
login is activated (the value of variable m, which is of type MSG, is validated with the
message content) and can re. An instance is created and thease id is produced on place
pl (by help of function getCaselD). Then, transition checkis activated (the case id of
pl is assigned to variabled) and res. This yields the case id on placep2. Furthermore,
function msgToCheckCompgenerates the message which is sent to the check component.
It can be seen that every arc from a transition to anOut channel has as an arc inscription
a function that generates a message of the above mentionedxsiuple containing all the
correlation information. Next, when the check component sads its reply message, a
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Figure 27: CPN model of the Match process without data entities.

48



message token is placed oo_result. Transition guard [accept(m,id)] holds if the message
is correlated to the process instance and the customer was haenti ed to be a marriage
swindler. In contrast, transition guard [notAccept(m,id)] holds if the message correlates
to the process instance and the customer was identi ed to be anarriage swindler. If
[accept(m,id)] is evaluated to true, transition Accept is activated (the case id is assigned
to variable id and the message content to variablem) and can re yielding the case
id on p3. Otherwise, if [notAccept(m,id)] holds, !Accept is activated and produces the
case id onp9. Every transition connected to an In channel, for exampleAccept, has a
transition guard that checks whether the message is corretad to the process instance.
Furthermore, in the CPN model con icts in the control ow are solved deterministically
(e.g., the con ict between transitions Accept and !Accept). The rest of the control ow
can be sketched as follows: Having redAccept, the component sends the bill to the
customer (sendBill) and receives the customer's bank information feceive paymen).
Then, the customer can either leave the dating servicer{o date) or ask for a date (hew
date). In case the customer wants a new date, the process initiagea matchmaking and
sends the contact data of the resulting match to the customer(partner info). Next,
the process sends the correlation information about the cusmer to component story
(inform story ) and waits for the reply message. The story component sendshis reply
message as soon as the customer has sent its storstd@ry hit). Transition delete data
sends a goodbye message to the customer and deletes the dafalee customer from the
data base.

The complete model of the case process, which also visualz&ow the activities are
connected to the data entities, is presented in Fig. 28. Withit, three places are added in
Fig. 27: CS, Case Var, and Base Var. Place CS stores the case id for all running cases.
Case Var and Base Var model the case data entities and base data entities, respagely.
We do not want to explain this net in every detail, because mosof its functionality has
been already explained in this section. Thus, we restrict uso some interesting facts.
When transition receive login is activated, the message content is assigned to variable
m, the set of case ids for all running cases is assigned to vabk ac, and all case data
(i.e., the list of (CaselD, data entity name, data value)) are assigned to variabled. If
the transition res, a new case id is created and added to the st of existing case ids
(function createCasg. Further, the id of this new created case is produced orpl and
the login information of the customer are added in the respetive case data entities
(function setLoginData). We have already mentioned that in case of the ring of Accept
the customer's login information are stored in the base data For this purpose, all base
data are assigned to variableab. Using function writePro leToBase , the customer's
data are added to the base data and the respective token is pduced on Base Var.
Similar to this, the information about the customer's bank account is added to the
case data (transition receive paymen). In detail, the case data is assigned to variable
d and function setPayData adds the account data to the case data and produces the
respective token onCase Var. The process ends if transitiondelete datais activated.
Then, functions deleteCaseDataand deleteBaseDatadelete the information about the
customer, stored in the data entities, and nally, function deleteCasedeletes the process
instance.
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Figure 28: CPN model of the case process of Match.
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The base process is shown in Fig. 29. It is worthwhile to mentin that the whole
process can be derived by merging the placBase Var in Fig. 28 with place Base Var

in Fig. 29.
o overwriteBaseData(ab,m) m
Bvaasre )l | configure @
lIBaseData ab MSG
ab

monitor

sendMonitor(ab,m)

Figure 29: CPN model of the base process of Match.

The con guration interface is used to change the current feecustomers have to pay.
this is modeled by a token onc_con g. Firing transition con gure (the message content
is assigned to variablem and the content of Base Var to variable ab) overwrites the
current fee stored in the base data (functionoverwriteBaseData). In case of monitoring
the matching process, a request is sent (i.e., there is a tokeon c_monitor ). Transition
monitor is activated (message content and content oBase Var are assigned to variables
m and ab, respectively). Firing monitor yields a message on_info. The message content
contains a copy of the base data (functiorsendMonitor). Note that the arrow connecting
monitor and Base Var is only a read arc; that is, the value ofabis just read and then
put back on Base Var.

5.4.3 Transformation of Component Checkl

In Fig. 30, it is shown, how component Checkl is transformed into a CPN model.
Figure 30(a) depicts the component model of componenCheckl As in the matching
component in the last section, all operations are labeled tadentify the corresponding
channel places in the CPN model presented in Fig. 30(b).

,,,,,,,,,, Conecs |

i ' ] MSG

Ichim EIChl-Base o1
c_check .| ; P

c result! | «—| ! v EC_COang @ Checkl detai
f I S [ ‘ O MSG

(&) Component model of component Check1. (b) CPN model of component Checkl.
Figure 30: Transforming the component model of component Chckl into a CPN model.

The CPN, which models the process of the check component, iseghicted in Fig. 31. If
there is a token in channelc_check transition customer info is activated. The semantics
of ring this transition is equivalent to transition receiv e login in Fig. 28. To add the
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name of the customer to the case data, functionsetCheckDatais used. Afterwards,
transition result is activated. If this transitions res, it is checked whether the customer
is stored in the base data and thus the customer is a known maiage swindler. The
result of this check is send back to the matching component (inction msgPS2D9. Firing
delete deletes the process instance and thus the case data.

ac

customer
@ = info createCase(ac; CorSet
MSG A | AllCases
getCaselD(ac)
a setCheckData(m,d,ac)

L

Case
CaselD d Daa
id o A AllCaseData

msgPS2DS(id,d,ab) ab
result [ >
Out

MSG

AllBaseData
id

() i

setNameToBase(ab,m)

— CaselD
id ac
deleteCase(id,ac) ] m
delete ) . configure
< J MSG

deleteCaseData id d

Figure 31: CPN model of component Checkl.

5.4.4 Transformation of Component Story

Next, we show the transformation of the story component intoa CPN model. As we
have done for the other two components, we start in Fig. 32 wih the transformation
of the component model into a CPN model. The labeled compondrmodel is shown in
Fig. 32(a) and its corresponding CPN model in Fig. 32(b).

c_story
1L MSG
ffffffff & >
‘ ISt M i MSG

Story2

c_story ,

c_cust | [«—] | Story detal @
e A out

i MSG
3 St-Cust ;
c_repCust: | —» | |
c_ack N I @
R Out MSG
(@) Component model of compo- (b) CPN model of component
nent Story. Story.

Figure 32: Transforming the component model of component Siry into a CPN model.
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Figure 33 depicts the CPN model of the case process without da. We shortly explain
the control ow of this process model. Let A and B be the two customers chosen by the
matchmaker. Then, the case of the matching component servig A and the one serving

B send the correlation information about their customers to the story component. These
messages will reach channed_story.

1st
inform

CaselD

Figure 33: CPN model of the process without data of componenstory.

The rst message, say from the case servind\, is consumed bylst inform. When
this transition res, the process is instantiated. The secand messages is consumed by
2nd inform. Guard [checkDS] holds if this message is from the case of the matching
component servingB. If this transition res, it yields the case id on p32 andp33. Then,
the two branches are executed concurrently. Let us restrictto the left branch. When
customer A sends its story, a token is onc_cust. Guard [isAuthorl] holds if the message
is correlated to the correct case (i.e., it is checked that tlis message is de nitely fromA).
Then, story authorl is activated and can re yielding the case id onp34. Firing of reply
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authorl and replyDS1 response toA (function msgST2Custl generates the message)
and the case of matching component servingd (function msgST2DS1 generates the
message), respectively. Finallydelete synchronizes both branches and deletes the case.

Next, in Fig. 34 the complete data model of the story componenhis presented as a
CPN model. In this model, also the data entities (see place€ S, Case Datg BaseData)
are shown. From this model it can be seen that transitionslst inform and 2nd inform
write the case data (i.e., the correlation information of A and B) by help of functions
setinfoData and setinfolData. Transitions story authorl and story author2, however,
add the story of customersA and B to the base data (see functionsaddStoryl and
addStory?2).
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» m
cs ¥ 1st | g

ac inform
'4(&\I0ases
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Figure 34: CPN model of component Story.
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5.5 Middleware Model of the Dating Service

In the following, we present a middleware model for the datirg service. The middleware
can also be seen as a component. It is necessary to have such adual, because it
adds exibility to the architecture: Without a middleware m odel, two components that

interact with each other had to be directly connected. In terms of Petri nets this means,

we had to merge the outgoing channel of one component with theorresponding incoming
channel of the other component. Such a model is not exible. Br instance, if we

substitute component Story by another component, we also had to touch component
Match. Having a middleware component, only this component has to kb changed and
componentMatch is not a ected by this new component. Furthermore, if the middleware

is a component, it can be substituted by another component, oo.

[isRcv(m,"Cust")]

to_Cust

[isRcv(m,"Check"),

m
to_Check

MSG

MSG
[isOP(m,"story")] [isRcv(m,"Story")

m m m
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Figure 35: CPN model of the middleware component connectingomponent Story and
Match.

Figure 35 presents a CPN model of a middleware component foihe dating service. It
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illustrates, how components Story and Match are connected. In general, every compo-
nent has one or more incoming channels but at most one outgog channel (c_outStory
and c_outDS). This place results from merging all outgoing channels. Byhelp of tran-
sition guards the outgoing messages are forwarded to theireceiving component. For
example, a message on placeoutStory is either forwarded to the customer component
(transition to_Cust) or to the matching component (transition to_DS). For this purpose,
function isRcv checks whether the receiver's address is the customer compent or the
matching component. For each component there is one incomi place, for instance
DS.in. All messages, which are sent to the matching component, rea this place. By
help of the ve transitions and the transition guards (with f unction isOP), each message
can be forwarded to the operation it is sent to. As a result, onevery incoming channel
such asc_pay there are only tokens that belong exactly to this operation d the match-
ing component. Then, the message has only to be correlated tthe correct case of the
matching component.

6 Comparing the Architecture Framework with SCA

6.1 Introduction to SCA

The Service Component Architecture (SCA) [BBE * 06] provides a model for the compo-
sition of services, the creation of service components, anthe reuse of existing applica-
tions within service compositions. Service components cabe implemented in di erent
programming languages and accessed via di erent protocolsincluding web services,
asynchronous messages, or synchronous remote procedurdisa

The following paragraphs describe the SCA component modelSCA components use
a simple interface contract to describe their partner relaionships.

The most important construct of SCA is the component consisting of

services{ business functions o ered to other components

references{ dependencies on business functions needed from other compents
properties { values that in uence the component implementation
implementation { concrete realization of the provided services

SCA provides the concept of acomponent type de ning the con gurable aspects (or
points of variability) of an implementation. A component is a con gured instance of an
implementation.

An SCA component may be implemented using traditional progmamming languages
like C++ or Java, scripting languages like PHP or JavaScript, declarative languages like
XQuery or SQL, or as a business process using WS-BPEL.

The SCA Assembly Modeldescribes how components can be assembled inbtompos-
ites, containing the aggregated components, services, refere@s, and properties. Com-
posites can be viewed as an implementation of a higher-levelomponent and can be
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nested. Composites also contairwires. The source of a wire may be a component ref-
erence or a composite service. Thearget of a wire may be a component service or a
composite reference. Fig. 36 illustrates an example SCA coposite. Note that the wires
(as in Fig. 16) describe a dependency relationship and not earol ow.

Figure 36: An example SCA composite.

An SCA system represents the con guration of an SCA runtime environment. It
represents a region of con guration and control and de nes he scope of what can be
connected via SCA wires. In general, an SCA runtime environrent is distributed and
heterogeneous. It has a logical system level composite of maing components that are
implemented by simple implementations or composites.

In SCA, services and references can be associated wiliindings and policies.

References use bindings to describe the mechanism used tdl@service, and services
use bindings to describe the access mechanism that clientsaate to use in order to call
the service. Examples for bindings are a web service, a stdess session EJB, a data
base stored procedure, or an EIS service binding.

A policy is a declaration of a speci ¢ set of behaviors, and aplies to the implementa-
tion of a component or to an interaction with a component. Policies may be aggregated
into pro les. Examples for policies are WS-ReliableMessaging or WS-Addssing poli-
cies associated with Web service bindings, or a conversatiopolicy associated with JIMS
bindings.

The meta model for SCA in UML notation is presented in Fig. 37.

The interface model is extensible such that detailed partneinteraction semantics could
be captured as well, for example, by using concepts like WS-BEL Abstract Processes.
SCA components may be stateless or stateful; however, SCA @s not provide an explicit
data model describing data managed by a component.
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Figure 37: Meta model of the Service Component Architecture

6.2 Comparison to the Architecture Framework

To compare SCA with our architecture framework, we rst of all present in Table 2 a
comparison of the terms used. Then, we step into the details foboth frameworks.

Table 2: Comparing the terms of SCA and the architecture framework.

SCA Framework as depicted in Fig. 16

component atomic component

composite composite component

system outmost composite component

implementation process implementation like WS-BPEL, Petri nets
service sell interface

reference buy interface

property base entity

wire wire

The component concepts in both frameworks are very similar.Both frameworks sup-
port atomic and composite component, wire, and process. In GA, it is possible to
specify a property for a composite, whereas in our frameworkomposite components do
not have data entities.

In SCA, the term implementation is used for the choice of a pr@ess technology like
WS-BPEL, Java, or Petri nets. So an SCA implementation coincdes with a process
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implementation in our architecture framework.

At the level of the interface, SCA is more extendable than ourinterface concept which
is restricted to WSDL 1.1. However, we can also easily extendur interface concept.

Both frameworks are very general and thus support di erent process models. For our
framework, we showed this in Sect. 4.2.6, and the process mel$ supported by SCA are
listed in the last section.

SCA speci es bindings, QoS, and policies. This is, so far, rointegrated in our
framework. As our meta model in Fig. 16 is general, we could edly add an entity for
each of the three concepts. The semantics had to be de ned bydaling relationships and
additional OCL constraints.

Finally, our architecture framework has a data model. SCA, n contrast, has no data
model yet. It only supports the con guration of components by help of properties. In our
framework, we use base activities for the con guration of conponents (cf. Sect. 4.2.2).

To summarize, both frameworks are very similar, in particular in the component and
process model. However, SCA does not support a data model yethich is, in our
opinion, a very important model as we mentioned in Sect. 4.3.

7 Outlook

In this paper, we addressed our e orts in developing an archiecture framework for
Service-Oriented Architectures (SOA). We introduced the architecture framework by
means of a meta model that focused on three di erent views on aftware systems: a
component view, a process view, and a data view. The proposeatchitecture framework
also covers other important concepts such as instantiatiorand message correlation.

We aim at formally verifying systems on the level of the archtecture. For this purpose,
we collected a number of constraints for our architecture famework and speci ed them
using the OCL. These constraints can be implemented and ch&ed by a CASE tool.
That way, architects have tool support during the system desgn. We also presented
rules to translate the architecture framework into Colored Petri nets (CPNs). On the
level of CPNs, formal veri cation techniques can be applied

The presented architecture framework is required to be langage independent and
close to industry standards, in particular to SCA. We have stown that our architecture
framework extends SCA, since SCA does not provide an explicdata model yet.

Another architectural framework which has been inspired by SCA is the SENSORIA
Reference Modelling Language (SRML). SRML presents a formamodel for components
and their composition. The process model speci es the langage of interaction of the
process but there is no data model so far. Axenath et al. [AKR®] present a meta model
for business processes modelling (AMFIBIA) which capturesthe aspects control ow,
data, and organization. As in our approach, these aspects cabe modelled independently
of each other and it is possible to integrate them later on. A omponent model is missing
so far, but the approach is extensible. To summarize, the mai contribution of our
framework, the integration of the component, the data, and the process views, is neither
provided by SRML and AMFIBIA nor by state-of-the-art architect ure frameworks such
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as CORBA, UML, and Koala.

In ongoing research, we want to extend the architecture franawork, for example with
the concept of inheritance which allows the reuse of parts ofthe system. Inheritance is
one of the most important concepts in object-oriented progranming and should therefore
adapted on the level of architecture frameworks. We also wanto spend more e ort on
the veri cation of the architecture and as a long-term objective on the development of
tools for the design and management of component-based systes.
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