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Abstract: In this paper we present a framework supporting domain-specodel
assessment in a heterogeneous modelling environment.eftegig method we devel-
oped is based on a common meta model for all user models dredtten different
tools and notations. The method supports informationewtifor the set of models
by means of queries and views, which can be interpreted aglmuozks sections cor-
responding to given aspects. We present a technical déeoripf our framework:
an architecture, a prototypic realisation and the techgietoused in our implemen-
tation. A central point of the modular architecture is a canmepository of model
elements. The queries and views provide aggregated infamman model elements
to support the modeller during modelling and analysis sses.

1 Introduction

Nowadays there is a huge number of tools supporting modéji@s standardised no-
tations such as UML Together with the introduction of models in the softwargien
neering process many novel usage scenarios of models hargeun This ranges from
model—driven architecture (M) and model-based testing, e.g._[CCD04], to model—
based IT-governance, e.g._[BIO05, TB06]. Not surprisirglgh usage of models in
real applications reveals new requirements and challen@e® of these challenges is
the quality assurance of the models developed. Complex imadéh hundreds or thou-
sands of model elements in general contain inconsisteacieégaps. Quality assurance
of these models cannot be done by pure manual inspectiornvigwdut requires tool
assistance. In the framework we are presenting in this papdocus on the static analy-
sis of models, which supports model developers in checkirgbnsistency and validity
of models. Our approach is based on two basic observations.

The first observation is that model quality mainly dependsheninterplay of model ele-
ments and diagram types. For example, a requirements g@aicifi typically comprises
a set of sub—models (likbusiness process modeise case modeschematic use case
description¥ which use a set of common model elements (@gtion, use casgeactor,
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business clags The use of these model elements in different models seataplex in-
terrelationships and multiple sources of inconsistencies. For examplenitiatingactor
in the use case descriptiohas to be aractor related with theuse casen the use case
model The model elements and their interrelationships canndefiaed in a general way
for the different UML diagram types but depend on the undegynethod and application
context.

The second observation is that not in all cases the qualiglkshof a set of models can
be done in an automatic wey [Jug04]. An appropriate way opsting modellers in this
case is to generate model views that provide aggregatedmat@mn about the models.
For instance, a view on an enterprise model may lisbafliness classemnd related ap-
plications in table form. This information can be generdteth the models and enables
the quality manager to perforaross—check®n the model and its sub—models.

Based on these two observations we can characterise thiedysekf our approach as fol-
lows. Our validation target is a set of interrelated modelki¢h we call in the sequel
amodel landscapg. We consider a heterogeneous model landscape in whichddels
may be UML models or other models conform to Mb#etation. The models in the model
landscape use a common set of interrelatestiel elements The model elements to-
gether with their relationships are described in a domagieeificmeta model The meta
model defines the universe of discourse in which quality kb@an be formulated and
be evaluated. Based on the structures of the meta models fime @xecutable model
validation checks. Both our meta modelling approach andytmeactic framework have
been presented iR [BCOD5]. In this paper we focus ornidbesupport of our framework.
Our tool operates on a heterogeneous model and tool lanelbeaed on a genenicodel
repository. Our method is fully generic in the sense that both the maogebsitory and
the language interpreter are independent of the meta mOdeframework can be applied
in many—fold contexts in which complex model landscapeddakeloped. In particular,
our approach is aligned with the requirements and expezgeotthree projects we con-
duct in cooperation with industrial partners. Moreover,skew that our approach is fully
compliant with OMG’s MDA approach.

This paper is an extended versionlof [COG|Bwhere we presented our tool in the context
of medical process analysis. In this paper we show also asmzcts and usage possibil-
ities of our framework. The sequel of this paper is struatuae follows. In sectiofl]2
the brief description of our projects and their technical architectural requirements are
presented. Sectidll 3 includes a short summary of basicnsoéiod concepts used in our
approach. The core of the paper is seclibn 4, in which thenteahaspects of our frame-
work are presented. Finally, the last section gives a linfetated work and a conclusion.

2 Projects and Requirements

In this section we describe our cooperation projd¢eziFlow ProSecQ PRC*SA (sec-
tion[Z) and give the summary of their requirements (saefi@).
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Figure 1: Model types and meta model in tiedFlowproject.

2.1 Projects

Quality Requirement Checks Our research study on quality requirement checks was
initially inspired by modelling clinical processes witttireMedFlovll project [SAWCOUE].
The aim of the project is the fusion of technical and socigaaisational views of pro-
cesses. In the clinical process modelling different typlesiodels within different mo-
delling tools and notations can be created. Such a modedtirgario, where techniques
of process modelling (e.g. ABsare combined with techniques of IT-landscape mode-
lling (e.g. using the 3LGH), is typical. In Figurddl.a we depicted model types created
in the MedFlowproject (see Examp[d 1 in sectibnl3.1 for an examplary irngtanTo be
able to analyse different model types we need to define a canmata model. In Fig-
ure[l.b we depict meta model elements and relations among ths a technical partner

in the project we are interested in the technical view, whereonsider IT-support of pro-
cesses and we model IT-landscapes at different levels ntigndty. Exemplary elements
used in the analysis of IT-support are/sical andlogical tools defined in theLogical and
thePhysical Tool Model, respectively (in general a meta model element can be ussin
eral models). For exemplary instances of meta elementssamiid[1 (sectioh3l1) and
the example in Figurld 6 (sectibnB.2).

To analyse a heterogeneous model landscape we need a corepusitary to store in-

formation about all model elements. To support the modéeil¢he analysis of business
process models we provided queries, checks and views defimétie meta model level
and interpreted over a set of elements saved in the reppéiee sectiofl3).
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IT Security Analysis Inthe research projeE‘lroSec@ we develop a model based frame-
work for information security management in an enterprisatext [BIO0%]. The ap-
proach consists of an information security model and a @gcoranagement process
on the basis of an enterprise model that is similar to the megdel of theMedFlow
project (see FigurEl1). We use the enterprise model to iiyehe relevant business and
technical objects of an organisation. Every model elemétiimenterprise model is ex-
tended with security relevant information that is definethi@ information security meta
model. The extended enterprise model allows the modellantdyse security require-
ments, threats and controls. To support the collaboratage of the enterprise model
by different stakeholders and to avoid inconsistencies ae ldefined rules that ensure
the correctness and consistency of the model. The adheteiicese rules is controlled
running queries and checks against the extended entempodel.

An important aspect of our model based approach to infoonatcurity management are
the states of the security related information that arersitey the enterprise model. The
security states allow the monitoring of the progress of therall security management
process. An important requirement for a supporting franr&igthe ability to run evalu-
ation algorithms over the states of the security relatedrimftion on either the entire or
part of the enterprise model.

Strategic Alignment of Information Technology The aim of the research project
PRC’SAIs to provide adequate information for IT—and corporate—sagement to op-
timise the strategic alignment and the value delivery & our approach is based on
the observation that strategic information managemerdtiproperly integrated in corpo-
rate governance. A main objective of IT-governance shoelthb methodical integration
of IT-management into enterprise—_managementowing the gagoetween IT and busi-

ness|[TBOB].

In one of the first steps we use a meta model oriented businggseering approach. Our
business engineering domains dre [TBO®frategy ManagemerBusiness Development
Business TransformaticandInformation TechnologyThese domains are modelled using
an enterprise model that is extended with key—indicatarstfategic alignment and value
of IT. Itis possible to define key—indicators during run-¢im

The information necessary for supporting managerial d@tisare extracted from UML

models and integrated into the management framework ofah®any. For this purpose
the key—indicators are analysed using evaluation algostthat are run over the model
landscape. The results are an aggregation of informatien the entire set of models.
The model elements stored in the repository can be analysedng queries and views
and have to be visualised in different types of managemeartsh

"The projectProSecG-A model based framework for enterprise information segurianagemeris sup-
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8The projectPRO?*SA—Process— and Project-Oriented Strategic Alignment


http://www.transit.ac.at/

2 PROJECTS AND REQUIREMENTS 5

Rf1 The tool should enable the modeller to formulate and execute queries, checks and views
expressed in a predicative language based on the structure of the meta model.

Rf> The tool should enable the modeller to formulate and execute evaluation algorithms
[PRO2SA, ProSecO].

Rfs The tool should support meta model extensions : additional attributes for elements (at run—
time) [PRO?SA], additional state—based elements [ProSecQ], links between elements and files
with additional information [both].

Rfs The tool should present results in graphical and textual form (modification of model represen-
tation, graphs, trees, tables, etc.).

Rfs The tool should provide interfaces to different modelling tools  and notations [MedFlow].

Rfs The tool should guarantee (or at least support) the consistency of models according to user—
defined rules.

Rf7 The tool should store information about a complex enterprise model landscape, where all
models correspond to a given meta model and are strongly connected with each other.

Figure 2: List of functional requirements.

Rt; The tool should reuse and extend existing frameworks and tools.
Rt2 The tool should be based on well-known open standards and software.
Rt3 The tool should be platform—independent as far as possible.

Figure 3: List of technical requirements.

2.2 Common Requirements

The designed tool should meet the requirements of the thicgeqts described in the pre-
vious sections. Below we present two kinds of requiremerasyely functional and tech-
nical.

Functional Requirements The main common goal is a mechanism for aggregating in-
formation from a model landscape, which give the analystesguoidelines to further anal-
ysis (see requiremertt f in Figurel2). It should also be possible to evaluate somisstat
tics based on additional figures attached to model eleméim,Rfa) The aggregated
information should be presented using different formats).

In practice modellers use different modelling notationd &ls, thus the second goal
is to create a framework supporting consistency maintemanbeterogeneous modelling
environmentsk fig, £ fig) with a centralised data storagk ).

Technical Requirements We decided to extend existing tools and to use established
development technologies (see requiremef in Figure[B). This requirement entails
the usage of open standards and open source tools, whiclecextdnded easie .

To increase the number of potential users of the tool thedreonk should preferably be
platform—independent and MDA conforrﬂ@.
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Figure 4: Modelling concepts.

3 Methodological Background

In this section we briefly describe both modelling (secligl) &nd analysis (sectidnB.2)
within our framework. For a full description and more exaegxdee[[BCOU5].

3.1 Modelling on Meta and User Levels

We consider two levels of abstraction, namely theta model levednd theuser model
level(see FigurEl). Thmeta modetlefines the model elements of the application domain
(calledmeta model element®r shortmeta elemen}sand the relations between them. We
call instances of meta elemerglementgsee Exampl&l1). Thmodel type component
defines thenodel typesind their relationships. An instance of the model type camepd

is amodel landscapand the instances of model types eredelg(see ExamplEl1).

Example 1 In the MedFlowproject meta model (see Figulke 1) th&rmation element is
defined. An example of its instance<sinformation>>-Referral (see example in Figufd 6
for other instances). An exemplary instanceBokiness Process Model (model type in
MedFlowproject, see Figulld 1) can beBPM:>>X-ray examination.

Additionally we have an element—-model-mapping Emappindor short), which in-
terconnects meta elements and model types. In the EM—n@eich meta element is
associated with the model type where it is defined and witrs#ét®f model types where
it can be used. The last conceptieries checksandviews is described in sectidn-3.2.

3.2 Model Analysis

Concepts described in the previous section create a bagimement for analysis of
the model set. For analysis purpose we use different typgeeares and views described
in the subsequent sections.

The goal of equery is to provide the modeller with information on the model lacape.
The queries are formulated over elements defined in the medeinThere are different
types of queries regarding the type of the returned valuerigsireturning a boolean value
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e Is a given information saved in a given logical tool? (a check, a boolean result)
e Number of logical tools in the model landscape. (an integer result)
e The set of logical tools an information is saved in. (a set of elements result)
e Each information used in BPMs has to be defined in the Information Model.(a predefined check)

Figure 5: Exemplary queries for thiledFlowproject.

1. The query definition: Is a given information saved in a given logical tool?
2. The defining element instance sets:

e set of all information objects defined in the model landscape:
| = {Referral, Diagnostic Findings, Image, ...}
e set of all logical tools: LT = {KIS, PACS, PaterNoster, ... }

3. The result table:
Information \ Logical Tool | KIS  PACS  PaterNoster

Referral false  false false
Diagnostic Findings true false true
Image false true true

4. The analysis of the result table:

e A warning for the set of elements {Referral} is activated:
Each information should have a medium!

e A question for the set of elements {Diagnostic Findings, Image} is activated:
Is the consistency of redundant information guaranteed?

5. The further analysis of the results: a modeller could change the model to get rid of the warning
and find out the answer for the question.

Figure 6: An example view, favledFlowproject, linking information objects with logical tools.

(calledchecky, queries returning an integer value, and finally queriésrnéng a set of
elements. There are two special types of queries, nametiefired checks and some
complementary queries. Predefined checks are defined byetaennodeller and are well—
formedness rules resulting from the structure of the metdehand the EM—-mapping
specific for a given application. In the example in Figllte 5 gilee some exemplary
queries for theMedFlowproject.

To provide more complete and cross—sectional informatienagigregate the results of
queries in aview. Views provide information on sets of elements, unlike ge&rwhich
take single instances as arguments. An exemplary view &vigdFlowproject in given
in the example in Figurd 6.

4 Prototypic Architecture

The following section is concerned with the prototypic ieplentation of our approach.
The utilised standards, tools and technologies are destiibthe context of our applica-
tion and the underlying architecture is depicted. On thettogt level we can hereby distin-
guish between parts connected with meta modelling, userHieodelling, data repository
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Figure 7: Architecture model of prototypic implementation

and analysis (see FigUrk 7). To highlight the motivationwfaesign decisions references
to both functional and technical requirements are listqobirentheses.

Model Repository To be able to analyse information on all model elements defime
different modelling tools R fig) we decided to use one central model repository. Hereby
we utilise a relational database management system tcsteamdy store model elements
generated by the different tools connected to our apptinatbue to the fact that our ap-
proach has to be capable of managing a user defined meta nfofiplwe must provide
the ability to dynamically exchange both the database amdepository structure during
installation time. To achieve this central requirement @lg bn technologies supported
by AndroMDA], an open source implementation of the MDA approakhy Rip, Rig

). In afirst step we hereby generate Java classes that réféestructure of a MOF con-
form meta model provided as x@file. Full support for the object/relational persistence
and query service Hibernfiffurthermore allows us to map these generated classes auto-
matically to a wide range of database management systeneschidice of the RDBMS
that is to be used can be postponed to the latest phase of fiemm@ntation which con-
forms with the requirement regarding platform indepeneeffitgg). The two remaining
parts of the repositoryGeneric Repository Access Layamd Generato) are concerned
with providing meta model independent interfaces to conhbeth modelling and analysis
tools to our common repository. Interactions with modejliools are handled using spec-
ified XML messages sent and received via a EE&-Eplication server. The generator on
the other hand will both translate queries from query laggsdo the repository internal
representation and provide the analysis tool with aggesbegsults.

Modelling Environment The prototypic implementation supports two model descrip-
tion notations: UML and XML R fig). UML is used in modelling tools and transformed
to the repository notation with the help of adapters (sepirgrovided for each tool).
Currently we are developing adapters k8 VisioandMagicDraw (R fig). The former is
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not a strict UML modelling tool but as it is widely—used in ptiae providing support for

it is essential for our approach. MagicDraw on the other hatmdsophisticated platform—
independent UML modelling tooIRtB). The tool-independent adapter is concerned with
models described usingML (R{g) in a predefined format. To assure the repository con-
formity of models intended to be imported into the model fmoy all adapters interpret
the EM—mapping file and additionally derive class meta—~imfation from the AndroMDA
generated Java classes using Java reflection mechaﬂiﬁh (

Analysis Tool Using the query language modellers can construct their avenigs and

views (R m R fIZ) to aggregate information about models contained withérrépository.

Both HTML pages and images illustrating the results graglhj¢ 2 fgg) will be generated.

As our tool is implemented by means of server-side J2EE tdobies network based
access can easily be provided.

5 Related Work and Conclusion

In this section we compare our approach with similar sohgjove stress a novelty of
our framework and give examples of different types of tobkt ttan be used for model
analysis. In the last paragraph we conclude our results.

Existing methods and tools focus mainly on syntacticalexdness independent of mode-
lling domains, as well as on providing modelling metrics@G4,[Jug04]. The proposed
indicators of high quality models, such as for example galrdiagramming or diagram—
specific metrics, are too general and domain independent.a@proach focuses ose-
mantical, domain—specific analysidbased on the conceptual model of a given domain,
which allows us to define checks over an entire model landscapere are several ap-
proaches, mostly in industrial contexts that deal with tfy@hecks of model landscapes.
Developed tools are dedicated for specific applicationssapgbort fixed sets of checks,
e.g. in [HMTO02] a meta model for describing IT landscapes lesn defined. In our
approacidifferent meta modelscan be used and modellers can define thein queries

Existing approaches deal with homogeneous modelling enrients. In a study at BMW
[Dug04] a set of quality checks for model landscapes has teeeloped. The checks
are input to an in—house MDA tool. As further example Siemriaceton has devel-
oped a todd for checking requirements specifications. For the implesat@n these ap-
proaches use the scripting facilities or programming fataxs of UML tools or graphic
programs such as Rational Rose, Together, Visio or ABhnaur approach is dedicated
to aheterogeneous modelling environmenand the queries are defined and interpreted
in a tool independent way, only adapters are connected wébific tools.

We also consideheterogeneous modelling notationswhile existing tools are mostly
dedicated to one notation only. For example the Executable [MB0Z] can be used to
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execute and test models defined in UML. And with the OCLEEbibls possible to check
UML models against well formedness rules, methodologjwalfile or target implemen-
tation language rules expressed in OCL. It is also possiblebtain metric information
about UML models. This tool also uses XML, but only as a dagg tvhile we use XML

also for modelling purposes.

This paper presents a technical description of our framle¥asra domain—specific model
assessment. Our methodology is based on a common meta nesaelbihg model el-
ements and their relationships. All models in the model $@age are meta model con-
form, thus model elements can be saved in a common repadiisityg queries and views
the information saved in the repository can be analysed. Mieved how to implement
our methodology and integrate it with heterogeneous mimdgdinvironments. The imple-
mentation is work in progress. There are some limitatiorteénprototypic version of our
tool, such as a limited number of adapters or hard codedegidn further work we plan
to implement a generic analysis tool and to increase the puwfosupported modelling
tools also for non—UML (but MOF conform) notations. Moreoven—time meta model
extension RfB) are as well subject of future tool extensions.
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