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Abstract. The growing complexity of a networked and information-
dependent economy requires the innovation of the adopted processes to-
gether with their related services. In particular, many Small and
Medium-sized Enterprises (SME’s) currently base their organizational
models in a resource-centric view rather than in a knowledge-based or-
ganizational model which is a fundamental bound to their innovation
capabilities. This paper presents a framework for organizational knowl-
edge management. Our approach is based on Business Process Model-
ing (BPM), that is the main modeling practice connecting the manage-
ment and engineering disciplines in software development. The aim is to
present how the software requirements analysis can help in formalizing
and sharing the knowledge concerning the business processes. Besides,
we show how the service and ontology abstractions can be useful for
software development.

1 Introduction

In recent years Ugo Montanari published as sole author or as coauthor a num-
ber of papers on some fundamental theoretical issues related to Service-Oriented
Architectures, see for instance [8, 9, 10, 13, 22]. Service-Oriented Architectures
are software architectures that enable new application scenarios in which small,
loosely coupled pieces of functionality are published, consumed, and combined
with other functions over a network. A key feature of the SOA’s is a two-level
model to implement global enterprise systems, where business functions are im-
plemented by individual services and business processes are built as combinations
of services.

This technologically-oriented research trend has to confront another, more
socio-organizationally-oriented research trend. In fact, the studies about enter-
prise organizational processes have brought deep changes in the economy and so-
ciety [11]. The evolution of Business Process Modeling (BPM) has been strongly
influenced by its relationships with the new technologies like business process
reengineering [16]. Despite the close relationship between the business process
view in technology and economy, this concept is considered differently and for
different goals by the software engineers and managers [26].
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Fig. 1. The three views for BPM

The Business Processes (BP’s) modelers of contemporary enterprises have to
consider the changes enacted by the new technologies in their processes [29]. On
the other hand, the new software engineering technologies influence BP’s in the
development of service systems [14]. Besides, the emergence of new enterprise
models, such as networked and service-oriented enterprises, requires open and
interoperable technologies supporting their processes.

Figure 1 identifies the three points of view representing the three main per-
spectives for BPM:

– Enterprise view: its goal is the business improvement. At this level the
models deal with the organization, the strategies, the business rules, the
business domains, the internal and external BP’s, etc. It is the BPM per-
spective commonly used by the economic business analysts.

– System view: at this level the goal is to acquire the early-requirements of a
system by means of a business analysis. The models concern the organization,
the internal BP’s, the business entities, the systems, the architectures, etc.
It is the perspective of the software business analysts.

– Execution view: at this level the goal is to define an executable model
for BP’s. It is the software engineers perspective for the system design and
implementation. This view of BP’s is shared with the developers.

The capability to design a system by means of the service abstraction for
its components has important implications in software engineering [22, 30] and
can be easily connected to the BP models by means of a design based on the
Model-Driven Architecture (MDA) [1]. This issue can be addressed in the System
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view perspective and can be managed by software engineering languages and
methods [6].

However, the BP-to-Service mapping can be treated differently in the Sys-
tem and Execution views because we can distinguish two further perspectives,
namely: a dynamic and static representation of BP’s and services. Our approach
concerns only the static mapping of the knowledge related to the BP’s into ser-
vices and ontology abstractions. The dynamic behaviors and reconfigurations
for services and architectures are considered orthogonal issues for the design of
distributed systems by means of the BP abstraction [10, 17].

Currently do not exist methods and tools for BP’s development that enable to
connect all the three BPM views exposed in Figure 1. Indeed, the current Inte-
grated Development Environments (IDE’s) do not fully support the management
of both the service abstraction and the related BP technologies evolution.

This paper honors Ugo focussing on the study of the relationship between
software engineering and BP modeling. We propose a requirements-driven soft-
ware development method that considers all the needs and motivations related
to the BP’s view in order to support the software systems development. Our
approach uses the service as intermediate abstraction in order to incrementally
model the system starting from its BP’s representation. In our approach, the ser-
vices are considered as autonomous computational entities that can be managed
by means of model-driven tools in order to implement the systems.

In this method others modeling languages can be added in order to better
support the implementation of BPM. For instance, constraints for service mod-
els can be added by means of the SENSORIA Reference Modeling Language
(SRML) metamodel [7] in our model-driven tool.

In the next section, we show an overview of our approach. Section 3 presents
some IDE and tools supporting the service abstraction management. In Section
4, we present our conclusions.

2 BP’s for Organizational Knowledge Management

In this section, we present a method for product knowledge formalization based
on software engineering and BPM techniques. This method presents three general
phases which correspond to the three BPM views exposed in Section 1. These
phases are: Business Modeling, System Modeling and System Implementation.

In order to define a method able to manage the entire business and to achieve
the software knowledge formalization, we assume that the method itself can be
tuned for a specific project. Indeed, the BPM process may vary for many reasons:

– BPM can be realized for merely knowledge acquisition or for analysis and
requirements identification

– the system development can require a sketch, blueprint or detailed represen-
tation

– the development requires more emphasis on structural or behavioral modeling
– the stakeholders, analysts or managers can be not confident with the adopted

modeling language
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– the reasons of software development could be not well understood
– the methods and processes used inside the company can be inadequate and

difficult to change

Such reasons are an important aspect of our work because high varying busi-
ness and problems require to vary also the processes used for BPM [6].

This approach allows to address high-level-requirements in a distributed ap-
plication and can be exploited in the development of a SOA.

2.1 Business Modeling

The goals of the Business Modeling phase is to wrap the current management
with a technology support and to constantly share the knowledge among the
economists and the system engineers inside a company.

The focus of the Business Modeling phase is on collecting and maintaining
all the knowledge about the company organization, the strategies, the goals, the
risks and the management-related issues. In order to face these aspects, this
phase is decomposed into two sub-phases: the informal brainstorming and the
enterprise knowledge formalization. The former sub-phase is a collective learn-
ing activity [23] trying to realize a shared knowledge-base about the company
organization, the strategies and the goals.

Usually different stakeholders assign different meanings to the constructs (e.g.,
actors, goals, strategies, organizational units) of the organizational knowledge
based on their mental models [2]. In this sub-phase, the models are mainly
used to structure the problems and the organization. In the latter sub-phase
the business process analysts and the managers try to formalize the knowledge
in order to check its consistency and to discuss with the stakeholders. Thus,
these sub-phases are cyclic Business Modeling sub-phases performed many times
taking into account the specific company, project or stakeholders needs. These
sub-phases enable to move from a tacit knowledge of the company into a codified
and consistent knowledge consisting of BP’s for the represented organization.

In the Business Modeling phase the degree of competency, the background
and the belief of each participant may vary significantly. Thus, it does not make
sense to propose a standard sets of steps and restrictive guidelines for Business
Modeling. Besides, the language provided by Si* [21], UML [25] and the Busi-
ness Process Management Notation (BPMN) [26] can be useful for enterprise
knowledge formalization. This set of guidelines and languages is not restrictive
because usually the stakeholders and managers are reluctant to spend time on
brainstorming, process formalization, learning, training and becoming confident
with formal specification languages and methods.

We now briefly discuss the three languages mentioned above. The UML Use
Case diagrams have been chosen because of their proved efficacy in stakeholder-
analyst collaboration [12]. The Use Case diagrams use intuitive and quick to un-
derstand concepts such as: actor, use case, inclusion, extension, system
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boundary etc. BPMN is a specification of the Object Management Group (OMG)
and the Business Process Management Initiative (BPMI.org) [26]. It synthesizes
the best practices of the BPM community and defines a graphical notation for
the BP’s similar to a flow-chart. Such a notation is both consistent with UML
and understandable by the stakeholders, analysts, business users, developers,
etc. Moreover, BPMN is widely extensible and can be incrementally adopted.
Si* considers a set of primitive concepts such as actor, goal, task, and resource
in order to model a socio-technical system. An actor is an active entity having
strategic goals and performing actions to achieve these goals. A goal is a strategic
interest of an actor. A Soft-goal is similar to a goal, but the fulfillment condition
is not clearly defined. A task specifies a sequence of actions that can be executed
to achieve a goal. Finally, a resource represents a physical or an informational
entity.

Goals, tasks, and resources are often related among them in many ways. In
particular, three relations have been identified, namely AND/OR decomposition,
means-end, and contribution relations. The AND/OR decomposition combines
AND and OR refinements of a root goal into sub-goals. The Means-end relation
identifies tasks providing means for achieving a goal and the resources produced
or consumed by a task. The contribution relation identifies the impact of the
achievement of goals and tasks on the achievement of other goals and tasks. Due
to the general meaning of the Si* concepts, we use them without a prescriptive
formalism in the informal brainstorming sub-phase. Thus, starting from the be-
ginning of our practice, the tacit knowledge is acquired in terms of the concepts
that we will use in the enterprise knowledge formalization sub-phase and in the
System Modeling phase.

We distinguish between functional and non-functional specifications. The
functional specifications are formalized using the UML Use Case diagrams as
regards the static aspects of BP’s, and BPMN as regards the dynamic interac-
tions among the BP’s concepts. The non-functional specifications closer to tacit
knowledge are formalized by using Si* diagrams. The informal brainstorming
sub-phase allows to identify an unorganized and not-formalized set of early-
requirements that giving a first sketch of the domain and the knowledge con-
cerning the organization. The enterprise knowledge formalization sub-phase is
the first phase trying to obtain a formal and analyzable BP representation. The
cyclic informal brainstorming sub-phase helps the stakeholders in understanding
their implicit knowledge and defining a shared knowledge base of the processes.
The enterprise knowledge formalization sub-phase tries to organize the informal
knowledge in order to analyze it in the System Modeling phase.

The modeling of goals and strategies (that are not caught by Use Cases and
BPMN models) are essential for BPM design and knowledge acquisition. For this
purpose, our approach uses the Si* notation. Si* helps to model strategical and
operational aspects of the business. By means of the Si* concepts, we are able to
connect formally represented systems and actors to, for instance, business units,
manager aims, practices and company policies.
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2.2 System Modeling

At the beginning of the System Modeling phase, we use the outputs of the
Business Modeling phase in order to derive an analysis similar to the Tropos
early-requirements analysis [19]. The Business Modeling phase provides three
inputs to the System Modeling phase:

1. A formalized knowledge about the business and business processes repre-
sented in a set of diagrams.

2. Some indicative choices or purposes to develop new systems and products.
3. A first analysis concerning the technologies that can be used to realize new

goals or improve the existing business.

In the System Modeling phase, further technical choices are made in techni-
cal brainstormings. In particular, we consider the non-functional requirements
defined by means of Si*. Besides, the goals and the soft-goals and their relation-
ships with the system can be deeply analyzed by exploiting the Tropos early-
requirements analysis process [15, 19]. The early-requirements analysis concerns
with the understanding of a problem by studying an existing organizational
setting. The intentions of the stakeholders are modeled as goals and goal depen-
dencies among actors, and analyzed by means some form of goal analysis. The
output of this phase is an organizational model including the relevant actors and
their respective dependencies for the achievement of the goals and the soft-goals,
and for performing or obtaining resources. The System Modeling phase includes
six models that can be defined by means of Si*:

– Actor Model: allows to identify the actors and their objectives, entitle-
ments, and capabilities. The agents are also described in terms of the roles
they play.

– Social Model: allows to identify and analyze the social relationships among
the system actors and the stakeholders. Trust and distrust relationships be-
tween actors are discovered and modeled (i.e., expectations of actors about
the capabilities and behaviors of other actors).

– Goal Model: allows to model the goals from the point of view of an actor.
The impact of the goals on the achievement of other goals is analyzed and
modeled in order to refine the requirements models and to elicit new social
relations among the actors.

– Execution Dependency Model: allows to identify the actors depending
on other actors for achieving their goals, executing the tasks and supplying
the resources. In this model the assignments of responsibilities among the
actors are discovered and modeled.

– Delegation Model: allows to model an actor delegating to other actors the
achievement of goals, the execution of tasks and the access to the resources.
This model enables the transfer of rights among the actors.

– Task/Resource Model: allows to elicit and model the tasks and the re-
sources providing means for the achievement of goals. The impact of the
tasks on the achievement of goals is analyzed and modeled.
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These models enable to define a rigorous representation of the enterprise
knowledge by means of the Actor, Social, Execution Dependency and Delegation
Models. Besides, they enable to perform some analysis on such a knowledge by
means of the Goal model and Task/Resource Model. The analyses that can be
carried out are:

– Means-end analysis: aimed to identify tasks, goals or resources that pro-
vide means for achieving a specific goal.

– Goal/Resource refinement: analyzes and decomposes the goals and/or
resources in terms of AND/OR decompositions.

– Contribution Analysis: studies the impact of the tasks and the achieve-
ments of goals on the achievement of other goals.

Starting from the Business Modeling phase, if in the System Modeling phase
the need emerges to reengineer BP’s or new IT system, the Si* diagrams must
be considered together with UML Use Cases and BPMN diagrams. In this way,
the IT System requirements can be derived and used in one or more System
Implementation phases.

One of the most important activities of the System Modeling phase is the
mapping from the business process concepts into the concepts useful in the
System Implementation phase. We do not suggest to map BP’s directly into
the programming languages concepts (e.g., objects and classes), but we try to
exploit the ontology and service concepts as intermediate abstractions enabling
to move from business processes to implementation paradigms. Starting from
the Si* and BPMN models, one or more application service models, depending
on the number of the systems to implement, are defined.

The concept of service is considered as a very general abstraction for software
development and can be used to represent a wide range of interacting software
components [30]. In the same way, the UML Use Cases are used to derive a set of
ontological concepts to be represented in one or more ontology models. In order
to perform the Use Case-to-Ontology mapping, we can use the Rational Unified
Process Business Model-to-System mapping rules [20] to incrementally redefine
the Use Case models in a system-centric perspective. The application service
and ontology models are both represented in diagrams similar to the UML Class
Diagrams [25]. We propose this type of diagrams since it is very intuitive and
has an easy to remember semantics. Besides, the service abstraction is useful
for a logical division of the software [28]. Such a division is more coarse-grained
than the division obtained by components or objects. The selection of the service
and ontology abstractions represents a meeting point between the designer and
developer requirements in the translation from BP’s to services. On the one hand,
to derive services from BP’s it is useful to realize high level interfaces that are
representative of the actual provided business services. On the other hand, the
granularity of the services helps to define software components that can be easily
changed and reused. The definition of the appropriate level of granularity for the
services should consider both cohesion (i.e., the degree of relatedness of service
functions) and coupling (i.e., the degree of service independence). The cohesion
and coupling information can be derived in the BP’s-to-Service mapping. The
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non-functional requirements can be derived from the Si* models by means of
goals and soft-goals dependences analysis.

2.3 System Implementation

The last phase of our practice is the System Implementation phase whose goal is
to model the concrete executable support for the BP’s. The aim of this phase may
change depending on the specific structure of the Business Modeling and System
Modeling phases. The System Implementation phase is not necessarily performed
because in the System Modeling phase it is possible to decide that no changes have
to be made in the current BP’s and that no new systems have to be realized.

The outputs of the System Modeling phase are the service and the ontology
models. Such models are used to realize a detailed design of the system. De-
pending on the system nature (e.g., Web applications, centralized systems, Grid
systems, agent-based systems, etc.), a specific system implementation abstrac-
tion is used in order to model the system (e.g., classes, agents, Web Services,
Web pages, CORBA components, Entity Java Beans, etc.). In this context, the
service model represents the behavioral aspects of the software, while the on-
tology model represents the concepts used in the static aspects. For instance,
the services in the application service model can be used in the UML behav-
ioral models (e.g., the activity diagrams) or in the execution business process
languages (e.g., BPEL4WS [4]). In an analogous way, the ontology models can
be used for the UML structural models (e.g., the class diagrams) or to define
conceptual and logical models of databases.

3 Tools for the System Modeling Phase

In this section we briefly describe some tools useful in the System Modeling phase
described in Section 2.2. In order to support the mapping of the BP’s represented
by means of Si*, UML Use Cases and BPMN into the service abstraction, we need
tools allowing to define, model, and deploy in a simple and platform-independent
way the software services. In particular, we focus on Uniframe [5] and the MOd-
eling TOol for Grid and Agent Services (MOTO-GAS) [1].

Uniframe [5] aims to overcome the platform heterogeneity of distributed sys-
tems by using MDA-based service-oriented models. Uniframe defines an abstrac-
tion for a unified architecture, relies on MDA in order to design the service mod-
els, and uses a formal specification language to define the components and to sup-
port their connection. Uniframe investigates many component-based and service-
oriented issues and defines an abstraction for a unified architecture. It uses UML
to design service models and MDA to realize the Unified Meta-Component Model
(UMM) used as a glue putting together different technologies.

MOTO-GAS [1] is a tool that enables to model both stateful and stateless
services. A meaningful aspect of MOTO-GAS is the support for the Web Service
Resource Framework (WSRF) [27]. Such support is given through the WSRF
MetaObject Facility (MOF) [24] metamodel. MOTO-GAS allows to define a
platform-independent application service model which can be mapped into an
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instance of the WSRF MOF metamodel. In this context, the application service
model defined in the System Modeling phase represents an application defined
by a set of services and resources in a Platform-Independent Model (PIM) de-
scribed by UML. By means of the MDA-based ATLAS Transformation Language
(ATL) [3, 18], it is possible to produce a Platform-Specific Model (PSM) com-
plying with the WSRF MOF metamodel.

MOTO-GAS uses some existing plug-ins implementing the MDA specifica-
tions and allowing an effective consistency between the realized models and
their respective metamodels. This set of plug-ins allows to define the applica-
tion service models and to automatically generate: a WSDL definition, the Java
service skeleton, the Web Service Deployment Descriptor (WSDD) file, and the
Java Naming and Directory Interface (JNDI) deployment file for the service
application used in the System Implementation phase.

Both Uniframe and MOTO-GAS are useful to support the System Modeling
phase down to the System Implementation phase of our proposed practice. In
particular, a model-driven support is considered an essential feature in order to
develop platform-independent models of the system derived from the BP models
designed in the Business Modeling phase.

4 Conclusions

In this paper we have presented a modeling approach considering a whole busi-
ness and its organizational issues. It is aimed to obtain a full interaction between
technologists and managers involved in the business innovation performed by
means of the new technologies.

Our proposed method aims to analyze the use of BPM in software engineering.
We have combined three complementary aspects represented by: Si*, UML Use
Cases, and BPMN. Even though these aspects overlap, they enable to manage
BP’s from different points of view.

Considering a software engineering point of view, the service and ontology
concepts represent strategic elements enabling to connect the economic and ex-
ecution view of BP’s. In particular, the service abstraction represents the bot-
tleneck for BP’s because it allows to map the enterprise BP’s into the executive
BP’s and the system functionalities. Such BP’s are mapped into services that
are connected in order to create execution BP’s and system functionalities.

A framework including both the support for the collaborative work among
stakeholders, and the support for model-driven development of the system and
ontology abstractions is far from being realized. In this context a further support
of the Business Modeling phase in a model-driven IDE may consist in automating
the mapping of the Si*, UML Use Case and BPMN models into the service and
ontology models.
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