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Abstract. There are many different process meta-models tfiat different
viewpoints of a same process: activity orientedydprct oriented, decision
oriented, context oriented and strategy orientedowéver, the
complementarity between their concepts is not eipknd there is no
consensus about the concepts themselves. Thisepnolelds to inadequate
process meta-models with organization needs, séniiantiated models do
not correspond to the specific demands and consgraf the organizations or
projects. However,, method engineers should be tablaiild process meta-
models according to the specific organization ne¥ds propose a method to
build unified, fitted and multi-viewpoints procesgeta-models. The process
engineering method is based on a process domaielrand on patterns.

Keywords: process meta-model, process model, information esyst
engineering, method.

1 Introduction

There are many different process meta-models awth ed them represents a
different viewpoint of the same process [1], [23]:[activity oriented, product
oriented, decision oriented, context oriented atnatesgy oriented, but there is no
explicit mapping between these viewpoints. Thusjsitdifficult for a method
engineer to choose the best process meta-models fuathermore, to grasp their
complementarity. Moreover, most of the process meidels do not provide any
extension mechanism and therefore are harder {at &aléhe requirements.

To introduce the issue of this paper, let us predlem situation of a method
engineer who works in a small business dedicatedinformation system
engineering. His objective is to build a modeldpnesent the process of information
system engineering. The developer team works udhey method eXtreme
Programming — XP [4] which is an activity orienteplproach. The team would like
to add a goal oriented approach to the XP methmntethod engineer thus has to
define a new process meta-model. The method enginee to build a model
representing:
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— The goals and subgoals, with the KAOS formalismqyirement 1) [5],

— The phases (that are part of the XP lifecycl@kén into activities which are
executed by actors, with the formalism of SPEMUé¢ case diagram (requirement
2),

— The products created during activities, with tBEEM activity diagram
(requirement 3).

These three requirements allow us to expose the iggs paper tries to solve.
The method engineer needs a model that represdfasedt process viewpoints.
Different meta-models allow representing each dafséh viewpoints. There is a
multitude of existing process meta-models, eacthefm representing a particular
viewpoint of the process without explicit mappingtween them. However, to
create a unique process meta-model, there shoul@xbpécit correspondence
between the meta-models viewpoints. Currently,dtmsrespondences do not exist,
therefore to represent different viewpoints, a rodtlengineer needs to build as
much process meta-models as viewpoints. Furtherntioeeexisting process meta-
models do not propose extension mechanisms to Istoroized to meet the
requirements of method engineers (except SPEM).

Method engineers need to build multi viewpointsgaess meta-models, that are
unified in only one meta-model, and that can betauized to meet their
requirements.

In this paper, we propose a method to help buildindied, fitted and multi-
viewpoints process meta-models. Our propositiorsisté of a process engineering
method based on a process domain model and patteabsallows building unified,
fitted and multi-viewpoints process meta-modelsoading to the organizations or
method engineer’'s needs. These process meta-moatelen be instantiated and
executed as processes, in concordance with thegbigpecificities.

The method is based on a process domain modelrpeelsim section 2. The first
phase of the method consists of selecting the qgasdeom the process domain
model that meet the requirements of the methodneegito build the process meta-
model; this phase is presented in section 3. Thasthod engineers should use
design patterns or business patterns to refineptbeess meta-model. Section 4
presents the patterns and section 5 explains filemeent phase. Section 6 presents
the instantiation of the process meta-model. Amaéction 7 presents the related
works and section 8 concludes this paper.

2 Process domain model

The proposed process domain model contains the coaicepts of existing process
meta-models. It is a high-level domain model, whides not include secondary
concepts (for example state product) of the maimcepts (for example product).
The secondary concepts will be integrated furthehe method in order to simplify
and lighten the construction of the process metdahoThe domain model is
composed of two different abstraction levels: thterntional abstraction level, which
represents the goals, the objectives of a progebsh@ operational abstraction level,
which represents the actions to concretize thegectes. The domain model
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comprises different viewpoints or modelling axis afprocess. A viewpoint is a
process perspective; it is not necessarily assatittt a particular actor or role as
other viewpoint definitions [7], [8].Let us briefigescribe the different concepts of
the process domain model presented in Fig. 1.

Operational and intentional levels are represeasestereotypes. We use different
kinds of graphical links to distinguish the diffateassociations between concepts. A
classic association represents an association betw@o concepts in the same
abstraction level. For example, Work Unit and Raie both at the operational level;
a classic association links them. The dashed lingls an arrow represent the
concretization of one concept of the intentionakeleinto another concept of the
operational level. For example, a Work Unit conzes a Strategy.

The concept Work Unit represents something thatoise during the process. A
Work Unit has conditions, creates (out), uses (@n) modifies (infout) Work
Products, and raises new Issues. This concept ctrorasactivity oriented process
meta-models such as SPEM [6], Open Process Frarkd®@, OOSPICE [11] and
SMSDM [12], which concentrate on the activitiesfpemed in producing a product
and their ordering [1].

A Work Product is something produced or used, dutire process, that can be a
deliverable (the software for example). The Workdct concept proceeds from
product oriented process meta-models, as the Btatesition which is a ViewPoint
template presented in [8], the Statecharts metaeind®], the Entity meta-model
[14], and the Statemachine meta-model [9]. Produeinted process models couple
the product state to the activities that genetatestate [1].

A Role does something during the process. A Roteéesaout a Work Unit, is
responsible for a Work Product and can selectrateres to issues. This concept
comes from activity oriented process meta-models.

Issues are problems rising during the executiora gfrocess. When an Issue
appears, some alternatives respond to it. An argucen cite work product(s) to
object or support an alternative, and then to doute to the advance of a Work
Unit. Issue, Alternative and Argument concepts cofr@am decision oriented
process meta-models such as CAD° (Conversation @iAgents on Decisions over
Objects) of the DAIDA project [15], inspired fronofs and Brun [16], and IBIS
[17]. Decision oriented process models presentstiezessive transformations of a
product or elicitations due to decisions [1].

A Context is composed of a Situation and an Intentdf an actor at a given
moment of a project. The Intention is a goal, ajeciive that the application
engineer has in mind at a given point of time [I8je Situation represents the part
of the product undergoing the process [19], a Gmrdiconcretizes a situation as
well as a Work Product concretizes an Intentione Buropean project NATURE
introduced the notion of context, which defined etawmodel of the same name [20]
The context oriented process models consider thatgin and the intention of an
actor (analyst, method engineer...) at a given moraktite project [1].
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Fig. 1. The process domain model.

At last, a Strategy is an approach, a manner téeaehan Intention. It allows
joining a source intention to a target intentionoM/Unit concretizes Strategy. The
strategy concept comes from the strategy orientaxtgss models that allow
representing multi-approach processes and plaerdiff possible ways to elaborate
the product basing on intention and strategy nstid8]. As far as we know, MAP
[18] is the only strategy oriented process metaehdd date. This meta-model
allows representing intentions that can be achiewedrding to different strategies.

This concise process domain model includes the @mmeepts of existing process
meta-model and method engineering experts wilele lup to enrich it.

Different abstraction levels and viewpoints comptieemodelTable 1 sums up
for each concept, which are its viewpoint and iisteaction level. Activity, product
and decision viewpoints use the concepts of RolerkRroduct and Work Unit.
Strategy and Context viewpoints use the Intentiamcept. For example, to
represent an activity viewpoint, which is at theexgiional abstraction level, we
would need the concepts role, work product, worik and condition.
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Table 1. Abstraction levels, viewpoints and concepts.

Abstraction level Viewpoint Concept
Strategy Strategy
Intentional Context Intention
Context —
Situation
Issue
Decision Alternative Role,
Operational Argument Work Product,
Product Work unit
Activity Condition

Some concepts of the process domain model cannateparated from other
concepts. Their existence depends on other conegtenceTable 2 presents the
depender concepts and their dependee conceptexkomple, an alternative cannot
exist without an issue, but an issue can existowmittan alternative. Some concepts
compulsorily depend on more than one concept: @gbrcannot exist without a
situation and an intention. Other concepts depemdatoleast one concept; for
example, a role can depend on a work unit, anretee or a work product. The
cardinalities in the process domain model parthresent these constraints.

Table 2. The depender concepts and their dependee concepts.

Depender Dependee
Strategy {Source Intentioh_ Target Intention}
Context {SituationL_ Intention}
Argument Alternative
Alternative Issue
Condition Work Unit
Role {Alternative L Work Unit L. Work Product}

The next section presents the selection phasesthaised on the process domain
model.

3 Selection phase

During the selection phase, the method engineensg®the needed concepts from
the process domain model to produce a process mmadial. This process meta-
model contains the main concepts and will be refime the next phase of the
method. The method guides the method engineer sigptse concepts thanks to a
questionnaire. Table 3 presents an extract ofdhisstionnaire. A concept of the
process model domain corresponds to each answeit &® Information System
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Engineering (ISE) process. In order to help thehmétengineer answering the
questions, he can visualize synonyms, alias or plestof each concept.

Table 3. Extract of the questionnaire.

Question Synonyms, also known asConcept
examples
Do you need to represent actions that| Activity, phase, task, work Work
are executed during the ISE process?| definition unit

Do you need to represent something | Product, document, model,Work

that is produced, used or modified software, program product
during the ISE process?
Do you need to represent someone thaActor, developer, analyst,| Role
carries out an action during the ISE | system
process?
Do you need to represent goals or Objective, goal, subgoal Intentign
objectives of the ISE process?

When choosing a concept, the dependee conceptthanmassociations between
them are “imported” in the process meta-model. Ghpendee strategy partially
ensures the integrity of the process meta-moddit éate a new concept is added
from the process domain model. Nevertheless, ojgctibe is not to check the
consistency and the integrity of the process meddeah This task is not in the scope
of our research.

Let us go back to the method engineer’s problerankh to the questionnaire, he
can choose the concepts that meet his requiremBotsexample, to meet the
requirement 1, he will choose the concept of intentThe concepts work unit, role
meet the requirement 2, and the concept of worklymbmet the requirement 3.
Some of the imported associations are useful: $8eaations “in” and “out” allow
representing work products that are used or pratiwheing a work unit. The
association “carries out” permits representing thatle carries out a work unit. The
method engineer then obtains the process meta-rpoesgnted in Fig. 2.

Intention

/N

<<concretizes>> :

1

. 0.* in L

Role 1.* Work Unit Work Product
1.%out 0.*
P carriesout 0 *
0.*
1.% 0.*

P is responsible for

Fig. 2. The process meta-model.
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However the requirements are partially met: thecpss meta-model does not
allow representing subgoals (requirement 1) and pomition of work units
(requirement 2). The association “is responsible” fahich was imported
automatically does not correspond to any requiréem€&he process meta-model
obtained is thus incomplete, the next phase wilh lee method engineer to refine
it, using design and business patterns.

4 Design and business patterns

The refinement phase consists of refining the m®ometa-model using meta-
modelling techniques formalized in design patteang business patterns. Design
patterns describe a frequently occurring problemaincontext and a general
repeatable solution that resolves it. Method erggimean reuse design patterns to
enrich the process meta-model. Many design patteineady exist, but they still
have to be adapted for process meta-modelling3]Jmwe present the “Concept-
Concept Category” pattern, a pattern for processammdelling. This design
pattern allows the categorization of concepts wsiplecific properties and sharing
common properties at two modelling levels (see FigFor example, the pattern
allows defining work units such as “write user et and work unit categories
such as “activity”. Each work unit belongs to a Wwonit category. Moreover, some
properties of the process meta-model can be inatadtat the model level to
express common characteristics of projects, anerqitoperties can be instantiated
at the process level to express specificities padicular project. For example, the
method engineer needs to define properties forattiity “Write user stories” of
XP method in general as the name of the activity irit is optional or not, and
properties of the execution of this activity in articular project as the length or the
starting and ending dates of the activity.

Concept 0.* 2 category Concept Category
-attributeCa 1 -attributeCCa
-attributeCb? -attributeCCb?

Fig.3. The concept-Concept Category pattern.

Business patterns represent process meta-modehdradg. Process meta-model
fragments are part of existing process meta-matialsmethod engineers can reuse
to detail one or more concepts of the process meidel developing secondary
concepts. For example, Fig. 4 represents a fragofdiie product oriented process
meta-model State-Transition [8]. We can use thagrfient when we need to
represent the different state of a work product.
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Work Product

? 1.*
1 source 0.*

Transition State sup
1 target 0.* o

sub 0.*

Fig. 4. Fragment of the State-Transition process meta-model

A pattern system composed of process patternspfiheess of the method) and
product patterns (design and business patterng\salrepresenting our process
engineering method in order to standardize thgiragentation. We do not present
the pattern system in this paper because of lackpafkce. All the patterns are
represented in the formalism P-SIGMA [21], a comnformalism for patterns
representation that allows the clarification of tha&tterns selection interface and
facilitates the organization of pattern systems. &&o dispose of a tool, AGAP
[21], a development environment for defining anthgatterns. This tool is used
as a repository for the design patterns, the basimatterns (fragments) and the
process patterns.

5 Refinement phase

During the refinement phase, the method engineectsefrom the process meta-
model the concepts he wants to enrich. A list gfrapriate patterns is proposed for
each concept. This list is constituted from repoftexperts and measures that will
be described in a forthcoming paper. According ifteent strategies, the method
engineer chooses to reuse a particular patterrhéyptoblem it resolves, by its
frequency of use and/or by its adequacy with theseh concept. If no existing
pattern satisfies him, he can complete the lishpgropriate patterns adding a new
one. This new pattern has to be validated lateexperts, so that other engineers
could reuse it. The method engineer can add otelaksociations, aggregations or
compositions between concepts. The method engiceerchoose to continue the
improvement of the process meta-model as long a=éds to.

Let us come back to our example. In section 3ntle¢hod engineer has created
an incomplete process meta-model. He can now cdenfiecarrying out these
actions (see Fig. 5):

— The method engineer applies the design patteam¢€pt-Concept Category”
[3] to the concept work unit because he needs stinguish a phase from an
activity, and he needs to define properties abowtdaivity in general and properties
of the execution of an activity in a particular jed.

— He applies a reflexive composition to intentiamprk unit and work unit
category, to meet completely the requirements 12and
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— He creates the association “precedes-follows” viiork unit and work unit
category to allow sequences of work unit and waonk categories.

— He creates the association “parallel” for workt amd work unit category to
allow the execution in parallel of work units andri unit categories.

He deletes the association “is responsible for'olwhs useless in his case.

parallel

0..* follows |0..* \
Work Unit Category [p.* Intention .
precedes 0-
- 9 1| category /:\ ﬂ
1

<<concretizes>>
2

‘ ‘ 0..*
0.* Bl | L
Role 4% Work Unit n Work Product

1..* out 0.*

0.*

i

o
o

o
*

P carriesout @ *

0.*| of*ol* |0.*
follows
precedes  parallel

Fig. 5. The final process meta-model.

The method engineer can now instantiate this peoggta-model.

6 Instantiation

In this section, we present an extract of the pgserodel instantiated by the method
engineer from the process meta-model.

The method engineer wants to define intentions awnb-intentions of the
information system engineering process as “determite requirements”
decomposed into “A brief description of what thestoimer wants” and “A
specification of what the customer wants”. He instdes these intentions and sub-
intentions from the concept Intention, of the psxeneta-model. The two sub-
intentions are concretized in the XP method re$pagtby the work products “User
stories “and “Requirements”. These work products areated by the activities
“Write user stories” and “Define requirements” tlaae carried out by the developer
and the customer. The work product “User storisstised by the activity “Define
requirements”. These activities are executed irusege and they are part of the
exploration phase. The exploration phase is pati@XP lifecycle.

Because of lack of space, we do not present thibuts in the figure.
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' carries out
”ies .

+Work Unit Category [ Work Unit

Fig. 6. Extract of the process model of the XP method.

The extract of the process model in Fig. 6 is:

— Multi viewpoints: it contains goal oriented arnctigity oriented viewpoints,

— Unified: the viewpoints are represented in theesanodel,

— Fitted to the method engineer requirements.

The model in Fig. 6 is represented as an objeardi. The objects can be
represented in the desired formalisms. The intastiand sub-intentions can be
represented with the KAOS formalism [5]. The phasks activities, the roles and
the links between them can be represented as acasse diagram. At last, the
activities, the work products and the links betw#eem can be represented as an
activity diagram.

7 Related works

In this section, we discuss some works relatechtorination system engineering
process. [22] present a process reuse architecthige.architecture allows storing,
classifying and retrieving process frameworks, psscpatterns or usual processes.
Our solution is different because we provide a m@tio build process meta-models,
whereas the process reuse architecture allowsibgifitocess models.

[23] provide a meta-model to define process padtebn build and improve
process models. This solution focuses on procesieimavhile our solution focuses
on process meta-models. However, some mechanisuldd be adapted to process
meta-modelling (pattern searching, selecting, etc.)

[24] presents an ontology for information systemvelepment (ISD). This
ontology aims to help understanding ISD, analyzamgl comparing ISD artefacts
and supporting the creation of new ISD artefadtss b low-level ontology and no
method is provided to help building information t&yas using the ontology. This
ontology comprises different domains: action (astivoriented), actor, object
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(product oriented) and purpose (decision and go@nted). It does not include
intentional level as strategy and context.

At last, [25] present a process meta-model for vwemi development
methodologies and their enactment. This procesa-metdel comprises producers,
work products, work units and stages. There ardawuision, strategy and intention
viewpoints.

8 Conclusion

This paper presents a process domain model, whigim moncepts come from
different types of existing process meta-modelds Tiodel is the base of a process
engineering method that helps building unifiedefitand multi-viewpoints process
meta-models for information system engineering. Tethod is composed of two
phases: the first phase, selection, allows the mdegimgineer choosing the different
needed concepts from the domain model to buildsaersion of the process meta-
model. It is refined during the second phase, esfient, mainly using patterns.
Then, the method engineer can instantiate the psog®ta-model, according to the
needs of the organization, the project or the ne()d, RUP...).

In the future, the process domain model is leatbupe enriched and the method
has to be validated, rebuilding existing processarmeodels and models using case
studies. Once the method is validated, we will thame to implement a tool that
will easily guide the users in the constructiorthadir process meta-models: the two
phases, selection and refinement, could be asdigtadvorkflow.
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