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ABSTRACT

We propose the CIM-modeling language “VCLL”, whiektends BPMN to four integrated
modeling views. The designed modeling languagevallcreating business processes and its
relevant data, business rules and organizationapegss. The VCLL focuses on the
development of business applications and providesentry points into MDA. Our proposed
modeling language can be used to describe the l@halone application (micro view) or it
can be used to orchestrate different applicationsagro view). Furthermore the VCLL
provides a connection to a PreCIM-level, which dstssof unstructured information and
reveals the relation of model elements with theiigin in recorded interviews, forms,
documents, etc.

Keywords: Model Driven Architecture (MDA), Computation Indemkent Modeling (CIM), Model-to-Model
(M2M) transformation, Business Process Modelingdtloh (BPMN), modeling language definition, Gratlic
Modeling Framework (GMF)

I ntroduction

As a consequence of the development towards matermme expressive programming languages the Model
Driven Architecture (MDA) increases the level ofstiaction to a new state. MDA aims at faster saféwa
development by transformation of models into edtieio These models are classified by the MDA conhigp
three levels of abstraction, namely the Computalimtependent Model (CIM) level, the Platform Indegent
Model (PIM) level and the Platform Specific ModBISM) level (Frankel 2003; OMG 2003).

But most of the existing MDA-approaches (Melloratt 2004) focus on PIM- and PSM-level and the M2M-
transformation between them. The more conceptull-level is often neglected. Hence, a real life waite
development project doesn’t even start with congaphodeling on CIM-level but even with more unstrued
verbal information about the application’s domain.

A major reason for neglecting the CIM-level in MDapproaches is the lack of a modeling language
understandable to end users and at the same tansfdrmable into PIMs. Therefore we introduce a CIM
modeling language that is designed to ease thdiameaf CIMs and the transformation of CIMs intoMA.
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Hence, we present the meta-model based specificafithe VIDE CIM Level Language (VCLL) (Seel, Mart
2007) with Meta Object Facility (MOF) (OMG 2005) éection 4. The categorization and thorough aralgsi
the supported business processes follows the gésorof the tool support.

Resear ch M ethodology

Research in the field of information systems has tmajor research interests: the discovery and aafilan of
currently existing phenomena and the developmemesi methods and recommendations of action for the
discovered problems. Corresponding to this divisida these two objectives Hevner et al. (Hevnexle2004)
identify the empirical approach and design sciermgproach as the two possible types of research
methodologies.

This contribution develops a solution for a knownolgem in context of the MDA. Therefore it followhe
design science paradigm. Hevner et al. providersguéelines for design science research, whicérdehe the
necessary parts of this contribution and creatieetch for its structure. The introduction shows televance of
the research problem (guideline 2). The prototymiplementation of the VCLL in section ,tool suppgois an
artifact (guideline 1) that serves as a proof afagpt (guideline 3). As the contribution of the MICtompared
to existing modeling languages is determined byptesented meta-model, the research contributionbea
clearly identified (guideline 4). The section “ridd work” refers to guideline 6, as it presentsigleas a search
process. The research rigor (guideline 5) is adeée$y this section and the rigorously structuneghuization
of this paper. Guideline 7 aims at the communicetibthe research results what is addressed by igtuigrthis
paper to the conference.

Related Work

The idea of MDA (Mellor et al. 2004; OMG 2003) Isettranslation of information models via differestéps
into finally executable code. According to the diéfon of MDA the process of creating software tawith
information models on CIM level and transforms thi@to models on PIM level. These models on PIM lare
enriched and then transformed into PSM which reisukéxecutable source code after the last transftiom
(Frankel 2003; OMG 2003). By a separation of consehrough creating CIMs and PIMs before PSMs you
reach a kind of interdependency from platformsglaages and systems. The transformation starts loghdy
abstract level and gets more concrete with eaghdsie/n. ERP systems which support manufacturinggeses
are a very good example how to use MDA. Domain daspean be much more included in the software
development process to bridge the gap between bgiirements and the understanding of them byftavae
engineer. On the three different levels of MDA difint modeling languages are used. Therefore coiyrnsad
modeling languages are regarded.

Event-driven Process Chains (EPC) (Keller at aB2)%allow for creating semi-formal process moddlkis

semi-formal notation is essentially a sequencéhefsuiccessive events signalizing the importantroecaes in
the process and functions dealing with the evemtisfarther information. It is suitable for a higkvel design of
application systems or organizational structures,ibis not focused on the transformation intol&arsystem.
The disadvantage of this methodology is that thomgiives the business users the understandabie dlia
business process and its possible paths, but aathe time there is no place for business rulgsatigastanding
for the decisions made at important steps in tbegss model.

Another modeling concept is UML (OMG 2005a). Itggvthe IT specialists one of the most substartas tfor

modeling the target application systems in differ@spects on the different levels of abstractionth® same
time, it is not that well suitable for businessmssi®r involving too much knowledge about the techhaspects
of the system under construction. It also doesrvide the mechanisms of dealing with businesssruléough
UML can be combined with the Object Constraint Lizange (OCL) (OMG 20064a) it is in turn too formalizied
be used on the requirements level for which the ¥ @lol is providing support.

Probably the most extensively used language foretiogl of the business processes is the Object Niuglel
Group (OMG) standard Business Process ModelingtibotdBPMN) (OMG 2006). It can be used on different
levels of abstractions, firstly, and can also cingasufficient amount of technical informationcerdly. The
technical aspects are needed for the lower levelementation of those processes into for exampeBilsiness
Process Execution Language (BPEL) (OASIS 2007) vl a machine readable, textual format without an
easy-going way to sketch a process in a graphiag) vl he disadvantage of BPMN notation is its leditess to
one and only one view, namely the process viewithabt always sufficient for the purposes of motgkhe
systems. It also doesn'’t provide the extended ndetlogy for data and organization modeling, thusvirgathe
data and organization constructs into the prociesg directly.
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VIDE CIM Leve Language

The VCLL aims at the integration of end users itht® software development process, especially dad¢asive
business applications, which demands certain reménts to be regarded. The language has to benpkesand

as commonly understandable as possible for “noarl@ated” business domain experts. FurthermoreCihé-
level language should be able to represent infaomahat allows creating draft UML models on PIM#éd
Finally larger business processes can result intmrenthan one monolithic application. Therefore the
orchestration of different (sub)-applications slablé possible.

In order to create such a modeling language difteestablished languages and notations were explém@r
example the Business Process Modeling Notation (RRNhe Business Process Execution Language (BPEL)
OASIS 2007, and the Event driven Process Chain JER@er at al. 1992 have been analyzed. It turoetdthat
each has its advantages and disadvantages thaecaewed in “related work” section. Based on asearch
(Seel, Martin 2007), BPMN offers the best starfgnt for creating the VCLL.
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Figurel. VCLL Meta-model

So, the BPMN meta-model was used as a basis amchedrby different items, partly gathered from othe
languages as well as newly created. For exampléntwadluced the concept of business rules, butdted that,
on conceptual design level, we only need decisitesrand constraint rules (Scheer, Werth 2005).

Decision business rules are used to describe cantginches of the control flow, e.g. if the deaisiehich
activity is the next to execute depends on the éoation of several subdecisions. Therefore decibiosiness
rules consist of one or more statements. Eachnséateconsists of business variable values and cinata. If
the business variables have the values which aeribed in the statement the activity, which isredd to in
the statement, is executed. One decision busin#gss can consist of one or more statements. Thenstats
have an OR relation between each other. Optiofadtaow can be added, which contains the keywelsk” as
condition. The action which is assigned to this iswxecuted if no other condition is true.

Constraint business rules can be annotated to adelnelement on the CIM level and state constrdnoi® a
business point of view. For example defining thabader process can be started by a phone calitipassible
for new customers. Constraint business rules anstaets which are similar to natural language fideo to
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make them easily accessible for business usersetAawto avoid the ambiguity of natural language fhrts of
constraint business rules are further defined.tRisrpurpose, the use of natural language has tedigcted to

the use of standardised statements (Endl 2004ddiition to established approaches like RDF (W3Q42®r
OWL (W3C 2004a), which both focus on semantic-wethhologies, the approach “Semantics of Business
Vocabulary and Business Rules Specification” (SBVihich is defined by the OMG, proves to be a well
developed concept for describing business rules ianterprise-context.

The people addressed by the SBVR-specificationnaaimly users from the business domain, who shoeld b
enabled to formulate rules in a structured but a&lasy comprehensible manner. There is also a focube
necessary transformation of the formulated rulés ifi-systems. The SBVR defines specificationstfer used
vocabulary as well as syntactical rules, to allostraictured documentation of business vocabulabesiness
facts and business rules. Furthermore, the spatidit describes a XMI-scheme to share businessbubaiaes
and business rules between organizations and [fErsgs The SBVR is designed to be interpretableédipate
logic with a small extension in modal logic. It @lslefines demands towards the behavior of IT-system
regarding their ability to share vocabularies andg that complies with the specification (OMG 2605

The SBVR-approach uses three perspectives on lsssinkes. The first perspective is derived fromhbsiness
rules mantra (BRG 2006) and supports a simplifipdreximation towards a business rule. This per$gect
should support the communication with people wreorast familiar with the approach, e.g. decision erakThe
second perspective is the representation. It comtie specifications of SBVR which should be used
formulate vocabularies and rules. The third perpeds the meaning. It contains the underlying antics of
the used vocabularies and rules.

Figure 1 shows the graphical meta-model of the gsed CIM language. Beyond the business rule view we
added three other views, namely a process, a ddtaraorganizational view. The most extensivelyesented
process view integrates the other views and canefstight parts. Structuring objects are the el class the
model contains. The control flow section introdut@se elements, which are connected to each othéolw
objects. The connections section has two furtheesyof connections between objects in a model.afinetated
elements part of the meta-model shows model objiets are used to enrich activity objects with vale
information. The activity section tells which elemt® are representing actions in a model. The ev@stson
describes different types of events which tell wkiatl of triggers could be used in a model. Gatesvayplain
how decisions of different types could be integiatgo a VIDE CIM model. The enumerations sectisritie
last section and it gives an overview of the compiges used in three different classes. Data,mzgtonal
and business rules views introduce interfacesreetfurther business process analysis scopes.

Process view
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A

Figure2. VCLL Architecture
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In Figure 2 you can see a simple example of thierdift views and their interconnection. Inside dia¢a view
there are two entities ‘opportunity’ and ‘party’,high are connected by a simply expressed assatidso
offered to’. Then there is a business rule defiringranching condition and at least inside the rumgdional
view a role ‘sales director’. On top of the picttine process view shows the business logic asnadfdlifferent
functions. After the start event a function ‘Idéntbpportunity’ is executed, doing some work onadadobject
‘Opportunity’ which is imported from the data viewhen the function ‘Create opportunity’ follows whiis

accomplished by a person who has the role ‘Salestdr’. After that, at the branch construct, itlwie decided
whether to stop the process in case of a negatindition or to go on with the opportunity processl 8Send a
confirmation’. The shown information can then bedigither focusing on the micro view, i.e. the wligfin of

concrete PIM function or service, or on the madewy i.e. controlling the calls of functions or gees by a
workflow system. For more information concerning #IM transformation see Martin et al. 2008.

As the VCLL is compatible to BPMN 2.0, VCLL modeadan be used to generate XPDL documents that define
the orchestration of different applications. So,l\VGnodels can be imported by all XPDL compatiblerifow
management systems. Furthermore a software todbdws developed that supports the import of unstred
requirements information (see Kanyaru et al. 2008) creation of VCLL models and the export intafdiML
models on PIM-level or XPDL files.

Business Process Support by VCLL

Classification of business processes

Business processes can be classified by diffemiteria. An important criterion for the use and esiplly the
economic benefit of a software support for busingsxesses is their repetition rate. The repetitite as
criterion for the classification of business pramssis proposed by several authors (Derszteler; 26R@lis
2001; Leymann, Roller 2000; Maurer 1996; Picot,cReiald 1985; Rathgeb 1994; Reijers 2003; Schmi@220
Despite this criterion being very common the valtiest describe the repetition rate differ betwedfeiknt
authors. In order to categorise different possialees we distinguish between three categoriesptition rate:
singular, sometimes, frequently. Singular busingsxess only execute once. These are businessspesce
which are individual for each customer or are regeand development processes which are not sidizddr
Business processes that are executed sometimastgreocesses that occur in the daily businessdeir more
than once. An example would be the creation oflartz@ sheet once a year. The last category cortiasiness
processes that occur frequently. These are pracdss® daily business, which can include variabig, are
standardized and documented.

A second criterion for the classification of busiag@rocesses is their degree of structure. Theedexjrstructure
as classification criterion is used by several axghe.g. (Aalst 1999; Deiters et al. 1996; Detsrt€000;
Maurer 1996; Picot, Reichwald 1985; Schmidt 200Bet8 et al. 1997). The distinction between différen
degrees of structure is stated differently. Beckeral. 2002 differentiate between ad-hoc processes
structures, pre-defined activities but ad-hoc psses, and pre-defined processes. By ad-hoc precHssg
mean business processes that are not structusethgal and documented. Their run-time behaviorfisett not
until their execution. The second category congi$iglanned activities, which can be aggregated husiness
processes at runtime. The third category consikiglanned, managed and standardized business pes;es
where each activity as well as the whole procedsn@wvn at its build-time. The other references noemd
above describe the first category as hastily forimednstructured. The second category is not meatian all
references. The third one is described as struttordormally defined. In order to get an intuitif@mulation
the categories are described as unstructured, stemctured and (fully) structured. Unstructuredersfto
business processes where the activities and theotélow of the business process is not definethatr build-
time. The opposite are structured business proseBsmsiness processes are classified as semitseddf their
activities or their control flow are partly definatlbuild-time.

The next criterion is the alignment of businesscpases to strategic levels (Heilmann 1994, ZhoenC003).
Traditionally in economics three different levele aefined: the strategic, the tactical and theratmal level.
Strategic business processes serve the purposm@iftime planning and definition of goals. Theseibess
processes usually require creativity and are remidstrdized. In order to realize strategic goals dinategic
business processes are refined into tactical bssipeocesses. They usually have a mid-time ranbeser
tactical business processes are refined again dprational business processes. The operationdahdsss
processes are executed in every-day work. Theigneat business value is done by this type of psses.

The next criterion is the stability drequency of changesf the business processes (Aalst, Hee 2002, Maurer
1996). Some business processes are have to beddaggiuently, e.g. for each project. Other arengkd rarely
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and other are very stable. The last category escribes business processes that are predefinkdvbywhich
won't be changed for a long time.

Another attribute of business processes is tha@ingarity (Becker et al. 1999; Sheth et al. 199He can be
modeled in a very detailed manner, so that thevities of the processes can be further refined irasonable
manner. Compounded business processes have partaréhdetailed but other parts that can be refmea

detailed process. The highest granularity is aggezhbusiness processes. They are often depictedlas

chains. They show the relation and order of graafpgrocess steps, e. g. that the marketing a@sviéire done
before the sales activities.

Additionally several authors classify business peses by the value they create (Leymann, Rollei0200
Authors distinguish between business processasnofhd of high business value. Business procebaésreate
a low value are mostly administrative and suppodcesses. They are necessary in order to creattsgwo
services but do not create saleable products. Bssiprocesses with a high value creation are cestorrented
core processes.

Furthermore business processes can be classifigdelryscope as intra- or inter-organizational (Becet al.
2002 Hauser 1996). Intra-organizational businessgsses take place within one enterprise. All degdional
units, hardware and software systems that take ipathe processes belong to the same enterpriser- In
organizational business processes take place betimee or more different enterprises. This type abibess
processes requires interfaces between the applicafstems that are used in different enterpridaedicial
aspects have to be considered and security adpeego be taken into account.

In addition, the use of persistent data of a bussirrocess can be different (Kalenborn 2000; PReichwald
1985). Business processes can just check informatidransform a defined input into an output. Tiyize of
business process is very rare. They don't use angigient data. The second type of business preEeses
persistent data but does not create or changdné.largest group of business processes use, aedtehange
persistent data.

A very important criterion for the classificatiofl lousiness processes is the level of automatiomuiizes 1996,
Sheth et al. 1997). Three levels are distinguishehual, semi-manual and automated. Manual business
processes are executed by employees without ugiplication systems, e. g. service or consultingcpsses.
Semi-automated business processes are executednbgnh but supported by application systems, eng. a
employee enters the personal data of a custonaer application and the system checks the consisengata.
Automated processes run without human interacfidgrey are performed completely by application system
e. g. bookings on bank accounts from one bank dthan, which run as batch job every night.

Two other attributes that classify business prazesse the number of process participants (Sheth é997)
and the number of parallel instances (Mentzas 1988 number of processes participants is classifito two
categories: high and low. The number of parallstances can be one, which means there is no pisralldt
can be also be some or many. Some means a smadlkenwhinstances below ten.

Another attribute of a business processes is datarg referring to the data that is involved ire thusiness
process. It is the necessity of using transactishsch can either be required or not. If it is rigqd the business
process has to ensure that it will be completedessgfully or comes back to the starting state agaig. the
transfer of money from one bank account to anothes to be done completely and shouldn’t stop after
withdrawing the money from the first account anébbe in-payment to the second account.

The attributes for the classification of businesscpsses and their possible values are summarizess i
morphological box in Table 1.

Table 1: Morphological box for business process classification
Attribute Value
repetition rate singular sometimes frequently
degree of structure | unstructured semi-structured structured
alignment strategic tactical operational
frequency of changeq never sometimes often
granularity detailed compounded aggregated
value creation low high
process scope intra-organizational inter-organizational
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usage of persistent .
information nhone low high

level of automation | manual semi-automated automated
# of process .

participants low high

# parallel instances | one some many
transaction necessity| required not required

Criteria of Business processes supported by VCLL

After criteria for the classification of busines®pesses have been presented, this section aastif business
processes that are supported by VCLL. For this gaepfor each category defined above, the suppoburisithess
processes are classified.

For the repetition rate, VCLL is able to suppotttgbes of business processes. But in additiortherosoftware
development methodologies the software developrigetdo expensive for a process which is only exatut
once in the same way. Therefore a software devedapproject is only reasonable if there is a traffdsetween
the resources spent in software development antehefit the developed software creates. As VCLaised
particularly at rapid software development, thetwafe development is going to become less experaide
therefore more reasonable for business procesatarthonly executed sometimes.

Concerning the second criterion, only defined parfisa business process can be implemented. Therefor
structured business processes are supported by V&#ri-structured business processes can be twitethe
VCLL methodology in two ways. If the control flow the business process is completely available ithewuld

be used for the orchestration of VCLL applicatidoased on a workflow management system. Otherwise th
structured and detailed activities can be impleeenising the CIM-to-PIM transformation wizard th&ELL
offers. Unstructured or ad-hoc business processesat supported by VCLL as the logic of the busie
processes is too vague to create an executablgptEst

Regarding the strategic alignment of business psEs® VCLL could support all three levels. But an
implementation for the support of creative decisiavhich have to be taken in strategic or tactiaaditess
processes are difficult to describe as businessegees and to implement in software. Therefore V8lports
especially the implementation of everyday businasxesses with relation to internal or externalt@mers,
which are located at the operational level.

Similar to the repetition rate the frequency of mig@s has an economic impact on the software deveop
process. Business processes which are unchangedety changed just need to be implemented oncecand
stay unchanged. Unfortunately changing businessetepdhorter product lifecycles and new competiiars
markets increase the need to change business pescasd shorten the time in which they remain umgdh
Therefore the software that supports business psesehas to be changed more often as well. As \&Zauts its
MDA approach at the CIM level and keeps the refatietween CIM and PIM objects the implementation of
changes is relatively fast, because changes iméssiprocesses can be propagated to the PIM Tewedefore
VCLL supports frequently changed and unchangedniessi processes as well. But it's not economic redse

to implement business processes that are changed fhan it took to implement them.

Regarding the granularity of business processes,tywes are supported. Detailed business processesh
cannot be further refined from a business persgecttan be transformed into PIM models. Compounded
business processes can be used for orchestratienadtivities which can be further refined are rdgd as
black boxes and an appropriate application is iedaby the WfMS.

The value creation also addresses economic isBues an implementation point of view business psses
with a low value creation as well as processes witligh value creation can be implemented with VCBLUt
the benefit that arises from an implementation btisiness processes with a low value creation edads than
the effort for the implementation. Therefore VCLEpecially supports business processes with a hidiev
creation.

The process scope that VCLL regards is on intrammational business processes. The modeling lgegua
VCLL uses on CIM and PIM level don't consider sgkdénformation such as the description of interface
mechanisms for information hiding between differ@mterprises. Because of the fact modeling of dinter
organizational business processes and software maa field of research (Réhricht, Schlégel 200&h@8z,
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Orlowska 2001; Schulz 2002), this kind of modeks mot in the scope of the project and the methapoh®zing
developed.

Concerning the usage of persistent information, YG@4 designed to handle persistent data. Most legsin
applications use, create or manipulate data. Toeréhe VIDE CIM level language has its own DATA&ewi in
order to describe data objects and their usagédnbusiness process. PIM level language elementdafa
definition and queries on databases have beerdintenl. Therefore VCLL can handle all three typebusfiness
process in regard to their usage of persistent data

The level of automation that business processesegesis crucial for their implementability. VCLL pports
business processes that are fully automated. Téweype described at CIM and PIM level and/or be estriated

in the sense of the VCLL approach. Semi-automatgsinlbss processes can be described on the CIM level
because the CIM modeling language also allows thecription of activities that are executed manually
However, on the PIM level, manual activities canhet described. Therefore in semi-automated business
processes the whole business process is desctiliee @M level but only the automated part is sfenred to

PIM level. Manual business processes can be descab the CIM level in VCLL, but are not implemeahte

Regarding the number of participants and paraligtiiinces that VCLL can support a limitation is ogilyen by
the target platform on PSM level. If the PSM legepports multiple instances and is able to handirge
number of users VCLL can be used for this kindystem.

Regarding the last classification criterion, theaef a business process for transaction supp@tL\partly
supports transactions. As VCLL is based on datahabe transaction concepts of databases can lik use
Therefore a transaction support for data is redliBut transaction support for the process stequfits only
partly possible. The VIDE CIM level language offéhe concept of compensation. This does not allawila
back to be done, but defines actions that have tonolertaken in order to undo an activity. As teeatiption of
compensations on CIM level are done in the sameasae description of normal business processysdin

be implemented at the PIM level as well. Therefoi@€LL offers a full transaction concept for data and
compensations for business process activities. vamview of the type of business processes thasapported

by VCLL gives the following table:

Table 2: Classification of business processes supported by VCLL

Attribute Value

repetition rate singular sometimes frequently
degree of structure unstructured semi-structured structured
alignment strategic tactical operational
frequency of changeq never sometimes often
granularity detailed compounded aggregated
value creation low high

process scope intra-organizational inter-organizational
il:]s;?ri;t];opnermstent none low high

level of automation | manual semi-automated automated
partipants low high

# parallel instances | one some many
transaction necessity| required not required

In general VCLL supports all types of executablsibess processes. The only requirement is thabubmess
processes can be described by a set of actiormiteocflow between them, and data objects thevitiets are
working on. The type of business processes whiehsapported optimally are business processes vyhgth
display, create or change data. These actionsy/pigatly for administrative processes, such as bupk flight
or the administration of a warehouse.

Other domains, such as real-time or embedded sgsema not in the focus of VCLL. Furthermore VCld.riot
designed to depict very complex algorithms, sucthase used in Artificial Intelligence systems, dngse these
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kind of systems require a large number of loopanbihes and case differentiation which are diffitmltiescribe
in the control flow of the VIDE CIM level language.

Conclusions and Outlook

The MDA approach is an effective way to createvgafe systems to support business processes. Befdahea
proper CIM-level language is needed. Thus the meidel based definition of the VCLL and its four weis
presented. The VCLL allows describing business gsses, data, organizational structures and businkessin
a way that is understandable for end users. Fuminer a VCLL modeling tool based on the framework fSisl
presented. It supports the creation and linkagmaiels in all four views of the VCLL and the serat@mated
transformation from CIM to PIM.

Further research is required in the area of ClMativa starting with non-formalized and unstructured
information. Additionally OMG’s MDA Guide (OMG 2003hould be enhanced by more elaborated sections fo
CIM-level modeling and CIM to PIM transformationander to fill the existing gap in the relation wetn these
levels.
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