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Abstract. DOL (Deutschland OnLine, Germany online) is a joint eGovernment
strategy in Germany. Its objectives include the development of standards for
electronic data exchange between public authorities. To achieve this goal, DOL
projects are employing UML models, profiles, and tools: A cross-project concep-
tual model and a profile for common core components are used to harmonize the
different domain specific models, and a further DOL specific UML profile has
been developed to attach data transmission details to the domain specific mod-
els. The automated creation of data exchange specifications from these platform-
specific models is realised by an MDA tool developed in DOL: The XGenera-
tor allows the validation of UML models against applied profiles by checking
OCL constraints, and the XGenerator supports a flexible, MDA based generation
of XML Schema definitions, DocBook based documentation, and WSDL descrip-
tions. This paper reports on how UML profiles and formal MDA techniques have
been assembled into a reusable architecture for the development of data exchange
specifications.

1 Overview

DOL (Deutschland OnLine, Germany online) is a joint eGovernment strategy
by the federal government, federal-state governments, and municipalities in Ger-
many [DOL08]. Its objectives include the provision of a standardisation infrastruc-
ture to support the development and deployment of semantic standards for electronic
data exchange between and with public authorities, so-called XOEV standards (XML
in der OEffentlichen Verwaltung, XML in public authorities). Several concrete on-
going XOEV projects (including civil status registration, data exchange for immi-
gration offices, data exchange in the judiciary domain, and vehicle registration) are
currently realised as DOL projects on top of this infrastructure. The pioneer project
XMELD [XME08] (XML im MELDewesen, XML for municipal citizens registration)
has been successfully finished in time and budget thanks to extensive use of model



driven techniques. Several similar projects have been started under the roof of DOL as
well.

The model-driven standardisation infrastructure of DOL employs UML models,
profiles, and tools to provide a unifying production chain for XOEV standards: A core
components model is being developed which collects basic information entities that are
common in several areas of the public administration (e.g., entities like Name or Ad-
dress), enabling interoperable processes across administrative domains. This reusable
conceptual model is based on the concepts of the UN/CEFACT Core Components spec-
ification [UN03], aligning the standardisation approach of DOL with standardisation
efforts in other European countries, such as France [SYN08].

Automated profile validation is used to ensure correct usage of core components
in the domain models of XOEV projects. The MDA tool XGenerator has been de-
veloped in DOL to perform this profile validation in addition to the transformation
into XOEV standards: These XOEV standards (currently consisting of documentation,
XML Schema files, and – in some projects – WSDL files) are generated from domain
models in an MDA-based way. A DOL specific UML profile, the XOEV UML profile,
has been developed to attach platform-specific information to the platform-independent
domain models. This additional information is used by the tool XGenerator to produce
the various parts of an XOEV specification from an annotated UML model in a con-
figurable way. This means that the XGenerator is both a profile validator and a flexible
model transformation tool. OCL is a central ingredient in this production chain. It is
employed to describe the well-formedness rules in both profiles and as a model query
language within the transformation language of the XGenerator.

The model-driven architecture of DOL, including the XOEV profile and our tool
XGenerator, has been developed in cooperation between government, public author-
ities, industry, and academia. The DOL project shows a successful transfer of MDA
technology into real world projects. This paper reports on the interplay between the
core components model, domain models, both UML profiles (the Core Components
profile and the XOEV profile), and our tool XGenerator within the DOL architecture.
The XGenerator has been released under the GNU public license on [SF08] and we
encourage employment in other projects.

The remaining paper is structured as follows: Section 2 starts with a short bird’s eye
view on the DOL project, explaining its overall objectives and introducing its standard-
isation infrastructure. Section 3 explains the relationship between the employed UML
models and profiles. Section 4 presents the tool XGenerator. In Sect. 5, we conclude
with our thoughts regarding the employment of models and tools in DOL and present
future directions.

2 A Bird’s Eye View on DOL

The goal of DOL is to focus on the improvement of eGovernment processes with high
importance to all levels of administration. The overall project structure of DOL is de-
picted in Fig. 1. Several XOEV projects focus on the improvement of concrete eGovern-
ment processes (municipal citizens registration, civil status registration, data exchange
for immigration offices, data exchange in the judiciary domain, and vehicle registra-
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tion). Two projects provide enabling infrastructure for eGovernment processes wrt. net-
work infrastructure and standardisation infrastructure. Apart from the running XOEV
projects in Fig. 1 there are several further projects underway to improve other domains.
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Fig. 1. Overall Project Structure of DOL

Most eGovernment processes cover different levels of administration and therefore
require electronic processes between public authorities. Accordingly the goal of the
standardisation infrastructure project within DOL is to provide an infrastructure that
supports efficient development and deployment of semantic standards for electronic
data exchange between administrations (Government-to-Government) and between ad-
ministrations and their customers like companies (Government-to-Business). These se-
mantic standards are called XOEV standards and are developed by XOEV projects.

The XOEV projects are considered as customers of the standardisation infrastruc-
ture project. Therefore the DOL project provides support for these projects in develop-
ing successful XOEV standards. This support includes the provision of common rules
resp. methodologies (like UML profiles), technical infrastructure resp. tools (like a stan-
dards repository and the MDA tool XGenerator, and reusable conceptual models, so-
called core components).

An important task of XOEV projects is to specify the electronic processes between
communication partners describing which data has to (resp. is allowed to) be transmit-
ted and when. In almost all projects, these decisions have to be made in accordance
with existing laws. All this information is collected in UML models. The resulting
conceptual data transmission models have to be finally translated into precise specifi-
cations (published by the respective authorities). These specifications, containing XML
schemas, documentation, and WSDL files, are required by tool vendors later on to im-
plement interoperable solutions for the public administration.

The development of such a specification is time and resource consuming. Therefore,
in addition to concrete technological recommendations (e.g., for using XML on top of
the secure OSCI Transport [OSC02] protocol), the initiative also aims to standardise
the definition process of electronic data exchange specifications.

To achieve this goal, DOL provides a model-driven project architecture. This archi-
tecture contains several reusable modeling components as explained in the following
section.
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3 Production Chain for XOEV specifications — PIMs, PSMs, and
Generated Artifacts

A conceptual (i.e., platform independent) model of the data that has to be transmit-
ted is an essential requirement in each eGovernment project. This is especially true for
XOEV projects which require precise specification of data and processes. The DOL
participants early recognized that several concepts are common across all public au-
thority domains. In accordance with the UN/CEFACT [UN03], these are information
core components in DOL. Examples of core components are the name of a natural per-
son, and the address. These core concepts can be reused in several concrete projects by
derivation.

Within DOL, a so-called “data conference” works on a regularly basis to identify
core components using the respective legal bases of all DOL projects. The data con-
ference generalises and maintains these core components and collects them as a UML
model. Core components from this model can be reused as information entities in con-
crete projects. The UN/CEFACT Core Components Profile (CC profile) [UN06] is em-
ployed to ensure correct derivation.

Figure 2 shows the dependencies between the participating UML models within
the production chain for XOEV specifications. The core components model is situated
in the common infrastructure part. When applicable, core components are reused in
the domain model of an XOEV project. The remaining parts of the model are project-
specific. The domain modeling is performed by the project’s domain working group.
The way core components can be reused is defined by the CC profile. This ensures that
the reused components remain interoperable and simplifies the implementation of cross-
project administrative processes. The XGenerator tool is able to support the modeler in
the correct reuse of core components by validating the OCL well-formedness rules of
the CC profile (described in detail in Sect. 4, as a forward reference for the tool see
Fig. 5).

Finally, this conceptual model has to be casted into a technical specification that
can be delivered to system vendors. On the technical level, this means that the struc-
tures of the conceptual model have to be translated into XML schemas. Further, XML
namespaces have to be defined, digital signature information has to be added, and the
messages have to be distributed as services (WSDL files). An XOEV specification typ-
ically consists of one specification document (PDF) and several accompanying XML
Schema and WSDL files. (E.g. for XMELD 892 pages of documentation, 421 complex
schema types, and three web service descriptions).

Due to the model-driven approach, large parts of these specification artifacts can
be generated from the UML model. A second, DOL-specific UML profile, the XOEV
profile, has been built in DOL to incorporate the necessary technical details into the
model. The XOEV profile also defines several OCL constraints that prohibit wrong
application of stereotypes and enforce modeling standards (e.g., naming rules). The
domain model is enriched with stereotypes and properties of the XOEV profile so that
a platform specific model (PSM) comes up that can be used to derive the specification
parts depicted in the bottom of Fig. 2.

The XGenerator is used to formally check the completeness of the PSM and to val-
idate the adherence with the OCL well-formedness rules of the XOEV profile. Having
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Fig. 2. Production Chain for XOEV Specifications

a well-formed PSM, the XGenerator can automatically generate DocBook (for PDF),
XML Schema, and WSDL. The transformation templates used in this step again employ
OCL as a model query language, as described in Sect. 4. At the time being the same set
of transformation templates is applied in all projects with only minor variations (some
templates are intentionally designed as variation points).

Although the process explained above is top down from the technical point of view,
it is incremental and iterative in the workflow sense. The core components model has to
evolve as more requirements for the standardisation of common information concepts
arise in (a growing number of) XOEV projects. Therefore, all projects participate in
the data conference and name candidates for core components. When the different per-
spectives to a common concept have been harmonized in the data conference, new core
components are added to the core components repository. Figure 3 depicts the iterative
character of this process.

3.1 Short Example

Figure 4 shows an instantiation of the models occurring in the architecture of Fig. 2.
The domain model in the lower part is taken from an imaginary project XTenant which
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is used as a training example in DOL. It illustrates the usage of both UML profiles, the
CC profile and the XOEV profile. All German names have been translated to English
for easier understanding. In the upper model we see the core components NameOfNatu-
ralPerson and CommonName, as provided by the data conference. They are stereotyped
with ((ACC)) (aggregate core component). Their attributes are stereotyped with ((BCC))

(basic core component) and their associations are stereotyped with ((ASCC)) (associated
core component).

In the lower model (domain model of XTenant) we see two domain classes de-
rived from core components using ((basedOn)). In this model, NameOfNaturalPerson
and CommonName (marked as ((ABIE)), aggregate business entity) only contain those
subsets of their base class properties that are required in the imaginary administrative
processes of XTenant. For example, the maiden name is not relevant here. The prop-
erties reused in the domain model are marked as ((BBIE)) (basis business entity) resp.
((ASBIE)) (associated business entity). An ABIE class must only contain properties that
have already been defined (with the same name) in the corresponding core compo-
nent. Tightening multiplicities of properties, as for FamilyName (0..1→ 1), is allowed
when deriving from a core component, as well as replacing a property type with a
more specific property type. All these rules are expressed formally as OCL constraints
in [UN03].

With the profiling described so far, Fig. 4 shows the conceptual domain model of
XTenant, annotated by stereotypes from the CC profile. The remaining stereotypes are
part of the XOEV profile. In this figure, they describe how to represent instances of
this model in XML using XML Schema. The stereotype ((xsdSchema)) on the domain
model defines that this package will be translated into an XML Schema file with the
given name and namespace. All classes with ((xsdNamedType)) will be translated into
named types in XML Schema (as opposed to an anonymous type). The ((xsdElement))
annotation states that the properties should be expressed as xs:element in the schema.
The position number for each property defines the position in the XML Schema ele-
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<<xsdSchema>>
Domain Model of XTenant (Example)

<<ABIE>>
<<xsdNamedType>>

NameOfNaturalPerson

<<BBIE>> <<xsdElement>>Title : Text [0..1]{position = 1}
<<BBIE>> <<xsdElement>>Salutation : Text [0..1]{position = 2}

<<xsdNamedType>>
Tenant

...
<<xsdElement>>AgeGroup : AgeGroupCode{position = 2}

<<BBIE>> <<xsdElement>>Name : Text [0..1]

<<ABIE>>
<<xsdNamedType>>

CommonName

<<CCLibrary>>
XOEV-CoreComponents/V1

{baseURN = "www.deutschland-online.de/Standardisierung/Datenkonferenz/XOEV-Kernkomponenten/V1",
version = "1.0.0" }

<<ACC>>
CommonName

<<BCC>>Name : Text [0..1]
<<BCC>>NotAvailable : Indicator [0..1]

...

<<ACC>>
NameOfNaturalPerson

<<BCC>>Title : Text [0..*]
<<BCC>>Salutation : Text [0..1]
<<BCC>>NameSuffix : Text [0..*]
<<BCC>>ReligiousName : Text [0..1]
<<BCC>>ArtistName : Text [0..*]

...

<<ASBIE>>

<<xsdElement>>
{position = 4 }

FamilyName 1

<<basedOn>>

<<ASBIE>>
<<xsdElement>>

{position = 3 }

FirstName
0..1

<<basedOn>>

<<xsdElement>>
{position = 1 }

Name 1

<<ASCC>>
FamilyName0..1

<<ASCC>> FirstName
0..1

<<ASCC>> MaidenName
0..1

Fig. 4. Example: Platform-specific Domain Model of XTenant with relevant Core Components

ment model. This number is important because we are not aware of any UML tool that
allows a consistent ordering of UML attributes and association ends for a class. Among
several other well-formedness rules, the XOEV profile ensures that all properties of a
class have distinct position numbers. Having such a platform-specific domain model,
we can automatically generate the different parts of an XOEV specification using the
XGenerator, which is explained in more detail in the following section.

4 The XGenerator Tool

The XGenerator is a central MDA ingredient in DOL. It supports DOL’s model-driven
development process in two major activities, model validation and model transforma-
tion. The tool is utilised in the domain working groups (to check model validity) as well
as in the final generation of the specification products (XML Schema, Documentation,
WSDL files).

Figure 5 shows a data flow perspective of the XGenerator. Basically, the tool reads
a UML model and produces several output documents; in case of any problems it pro-
duces an error report instead. A more detailed description follows:
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Fig. 5. The XGenerator: Validation and Transformation

Initially, the UML model is read from a corresponding XMI (XML Metadata Inter-
change) file. This file is exported from a CASE tool. The EMF UML2 XMI importer
used here supports a wide range of UML tools. All UML profiles that are applied to this
model are read as well (i.e., the CC and XOEV profiles). As the first step the tool then
validates the model against its profiles. This means all well-formedness rules from the
profiles are checked by evaluating their OCL invariants. If any well-formedness rule is
violated, a detailed list of the violated rules and the offending UML model elements is
reported to the user and the tool stops.

If the model has been successfully validated, the XGenerator generates its outputs.
The tool supports the generation of arbitrary textual output formats. A future version
might also support other transformation paradigms, such as model-to-model transfor-
mations. The generation process is configured by means of transformation templates.
The current projects employ transformation templates for XML Schema, DocBook (in-
cluding SVG for graphics), and WSDL. Transformation templates can be developed and
maintained without modification of the tool. Well-formedness rule specification and the
transformation language are described in detail in subsections 4.1 and 4.2 below.

For the aforementioned output formats, the XGenerator further supports a final
format-specific validation of the results. This is a built-in addition to the tool. Ideally, a
valid UML model never produces invalid output documents. However, to detect bugs in
the development of transformation templates, Step 3 in Fig. 5 has proven to be a qual-
ity assurance measure to catch errors that result from unexpected model constellations.
Often, such errors led to further OCL well-formedness rules in the XOEV profile to
prevent such constellations in future developments.

4.1 Well-formedness rule validation

UML profiles define well-formedness rules to control their correct application (e.g.,
correct usage of stereotypes). The XGenerator supports the automatic validation of
well-formedness rules when they are specified as OCL invariants. To validate a UML
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profile, these OCL invariants have to be specified in the context of a UML meta-class
or a stereotype.

OCL invariants can be provided as an external XML file to the XGenerator. A (con-
structed) example well-formedness rule looks as follows:

<invariant context=’Class’ name=’propsUniqueInClass’>
<body>
self.ownedAttribute->forAll(p1,p2 |
p1.extensionMyStereo.prop = p2.extensionMyStereo.prop

implies (p1=p2) )
</body>
<documentation>
Prop values must be unique in each class!

</documentation>
</invariant>

This constraint could be used to validate the model from Fig. 6 (the rest of this figure
is discussed in the next subsection). If we would change the prop value of someAttr
to 1, the XGenerator would report “The class OneClass violates the well-formedness
rules propsUniqueInClass - Prop values must be unique in each class!” Notice that the
context of propsUniqueInClass is Class. We could have alternatively used the meta-
class Property as the context (and rewrite the OCL body) to gain more fine-grained
errors. We made such context changes for well-formedness rules several times in both
profiles. The changes to the CC profile have been reported back to the UN/CEFACT
and are likely to be incorporated into the next version the CC profile.

The XGenerator internally uses the UML Specification Environment
(USE) [GBR07] as its OCL evaluation and validation engine.

4.2 Transformation templates

The XGenerator currently provides model-to-text transformations (a comparison to
other approaches follows in the next subsection). The transformation templates are op-
erational descriptions that, given a UML model as input, produce one or more text
files as output. Similar to template processors such as JSP or Apache Velocity (which
is actually used internally by the XGenerator), the transformation templates consist of
fragments of the result document which are surrounded by template language directives.
Compared with conventional programming languages, the output data is contained di-
rectly whereas transformation and template logic is escaped (indicated by ’#’ or ’$’ in
Fig. 6).

The XGenerator uses only a few processing directives: conditional output, iteration
(foreach), sub-template evaluation, and evaluation of OCL expressions.

The templates use OCL as an expression language to query and navigate through the
UML model. Applied profile stereotypes and their properties are available as specified
by the OMG.

Figure 6 provides a small example to illustrate the XGenerator transformation tem-
plates. The example template generates a simple model summary (classes and at-
tributes). On the left-hand side there is a UML model (which consists of only two
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classes). The model uses a single stereotype ((MyStereo)) from a UML profile (con-
structed for this example, not shown in this figure). ((MyStereo)) introduces a single
stereotype property prop that can be set wherever this stereotype is applied. (In UML 2,
stereotype properties replace UML 1.x tagged values that could be applied indepen-
dently of stereotypes.) On top of the figure, we see a transformation template which is
parametrised with a single package-typed parameter p. Let us assume that this template
is invoked with our complete UML model (such a root template has to be specified in
the XGenerator configuration).

XGenerator

OneClass

Model

#end

#template.params("p : Package")

#foreach(c in p.hlpAllClasses())

class: $c.name

#foreach(a in p.ownedAttribute

#end

  property: $a.name

−>sortedBy(extensionMyStereo.prop))

Template

class: AnotherClass

class: OneClass

  property: thirdAttr

  property: otherAttr

  property: someAttr

Result

someAttr <<MyStereo>> {prop=2}
otherAttr <<MyStereo>> {prop=1}

AnotherClass
thirdAttr <<MyStereo>> {prop=1}

Fig. 6. Transformation Template Example

The template evaluation will produce the output shown on the right-hand side. The
evaluation consists of two nested foreach-loops, the outer iterates over all classes, the
inner iterates over the attributes of each class. The outer loop uses an additional opera-
tion hlpAllClasses() in the meta-class Package in its range expression. The XGenerator
supports the definition of such additional OCL operations for all meta-classes. Let us
assume that hlpAllClasses() returns all classes contained in this package in alphabetical
ordering. Additional operations allow us to factor out common methods of transforma-
tion templates. In contrast, the inner loop uses an in-line OCL expression to sort a set
of attributes by their prop values.

Notice that three different languages are used in the template depicted in Fig. 6:
(1) the template control language consisting of operational constructs (they all start
with a hash sign), (2) embedded OCL as a side-effect free expression language, and (3)
fragments in the actual output language (e.g., XML Schema or DocBook).

At the time of writing, the XOEV transformation templates consist of approximately
1200 lines of code. These include only simple OCL expressions. Complex logic is fac-
tored out into additional operations of approx 230 lines of OCL.
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4.3 Comparison to other MDA tools

During the last years, several tools and approaches have been developed that support the
model-driven paradigm. Model transformation is one important area in this paradigm,
model validation is another. As one of many classifications, one might roughly cat-
egorise model transformation approaches into model-to-model and model-to-product
(often referred to as model-to-code or model-to-text). In model-to-model transforma-
tions, the transformation result is a model (which belongs to a meta-model, either the
same as the that of source model or a different one.) In model-to-product transforma-
tions, the result is typically not a model in the MOF sense. Instead, various output
targets are generated. Typical examples are program code and configuration files.

The OMG’s Query, Views, Transformations [OMG06] standard and tools such as
ATL [ABJK06], YATL [Pat04], and MOFLON [AKRS06] fall into the first category.
Together with the Mof2Text proposal [OMG04] and tools like MofScript [OMG05]
and AndroMDA [AMD08], the XGenerator falls into the second category. A general
overview of commercial and open source MDA systems (also including UMT, MTL,
GMT or BOTL) can be found in [Wan05].

The XGenerator transformation templates most resemble MofScript. Conceptually,
their language constructs could be compared with QVT’s ImperativeOCL (which also
is an operational transformation language, although it is used for model-to-model trans-
formations). XGenerator’s targets are less code centric than those of (e.g.) Eclipse JET
and it puts a strong focus on validation and profile conformance checking.

5 Evaluation

The model-driven architecture of DOL that we illustrated in this paper consists of sev-
eral elements: (1) one core components model, (2) several domain models, (3) the CC
profile for the correct usage of core components, (4) the XOEV profile for platform-
specific tailoring of domain models, (5) a tool for automatic profile validation (the
XGenerator), and (6) a tool for the automatic generation of XOEV specifications from
platform-specific domain models (again, the XGenerator).

This architecture provides us three major benefits in DOL: (A) The separation of
conceptual modeling from technical details (e.g., XML Schema representation) allows
a tighter integration of non-technical domain experts into the modeling process. (B) The
strong, formally checked reuse of cross-project core components in domain models has
greatly improved the conceptual interoperability between XOEV projects. This is en-
abled through automated validation of OCL well-formedness rules. At the time being,
several core components have been identified, unifying important concepts such as Ad-
dress, or Name. The inconsistency of these concepts has turned out to be a real barrier
for the implementation of cross-domain processes in the past. (C) The integrated gen-
eration of the various parts of a XOEV specification (documentation, XML Schema,
WSDL) has proven to be a time-saving and, in particular, consistent way to deal with
the inherent redundancy between these parts. Further, all artifacts are uniform and con-
sistent in themselves and w.r.t each other. Compared with manual creation of PDF docu-
ments, XML Schema, and WSDL files, this provides a considerable reduction of errors
and a delivery of specifications having all parts up-to-date.
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Central to our approach is the use of OCL: (1) as the language for modeling the pro-
files (in the step for validating the stereotype application) and (2) as the language for ac-
cessing the input model (in the step for transforming the input model into various output
models). Because OCL is a high-level modeling language and not a programming lan-
guage, concepts for both steps can be formulated (and can be later improved easily) on
a conceptual and not on a programming level. OCL well-formedness rules can guaran-
tee the correctness of the input model independent from any performed transformation,
and OCL navigation expressions allow easy and powerful access to the input model.
It is symptomatically that, while there have been almost no changes to the XGenerator
tool itself in the past, several improvements to the UML profiles and transformation
templates have been made (and will be made in the future) through the XOEV projects.

What further improvements could be and have to be done? The large bundle of
technologies still intimidates new projects. This is especially true because the support
for profiled modeling is still rather uncomfortable in all UML tools we know. There-
fore, a couple of plug-ins for the UML tool MagicDraw are currently being finalized
that provide support for easier management of common profile related modeling tasks,
e.g., ((xsdElement))/position handling. Convincing more people, particularly from the
domain and administrative levels, that formal, model-driven techniques can bring sub-
stantial improvements for system development will continue to be a demanding but also
important task in the future.
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