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ABSTRACT
In a model-driven development, software engineers will have
to manage multiple artifacts expressed in several languages.
Current meta-modelling and concrete syntax standards fail
to adequately preserve a link between artifacts and the lan-
guages in which they are expressed, potentially leading to
inconsistencies and misunderstandings both in the produc-
tion and reuse of artifacts. Standards such as XMI and
JMI permit the meta-model of an artifact to be accessed.
However, such meta-models primarily define the syntax of
a language. A full semantic definition requires a supporting
document, the language specification, which is typically not
explicitly referenced. In this paper we argue that the role
of meta-models and specifications should be combined to
eliminate this ambiguity. We describe the possible impact
on OMG standards and standardisation processes that this
would have. We present an open-source project that imple-
ments this philosophy, and a case-study in which a domain-
specific language is used to express service-level agreements,
the legalistic nature of which imposes strong requirements
for semantic accessibility.

Categories and Subject Descriptors
F.3.2 [Logics and Meanings of Programs]: Semantics
of Programming Languages

General Terms
Languages

Keywords
MDA, MOF, UML, OCL, meta-modelling

1. INTRODUCTION
It is frequently important that the meaning of software

development artifacts, such as requirements specifications,
models, and even program code, is preserved across time
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and space. Several people may work in a software develop-
ment endeavor, and they will communicate not only verbally
but through shared artifacts. It is reasonable to expect that
any reader or modifier of a software development artifact
should be able to understand it in the same terms as its
original author. Where ambiguity exists in an artifact, dis-
ambiguation may be possible by contacting the author of
the artifact, but this is not always true. The author may
be unavailable for some reason, or the author and recipient
may be the same person, separated only by an interval of
time during which the vital information has been forgotten.
Development artifacts should be as unambiguous as possible
in their meaning, in isolation from the original author and
the conditions under which they were authored.

A lack of semantic ambiguity is particularly important
in the context of a model-driven development. Although
no strong definition of what constitutes such a development
exists, it seems likely that the primary type of artifact in
such developments will be models, expressed in languages
defined using OMG meta-modelling technologies. Further-
more, given the dichotomy that exists in most formulations
of the MDA approach between concepts that are in some
sense generic, or ‘platform-independent’, and those that are
specific to particular concrete implementations of a system,
it seems likely that several languages, or language variants
will be used in any given development [9]. Because the
meaning of software development artifacts is partly deter-
mined by the meaning of constructs in the languages in
which they are defined, this proliferation of languages intro-
duces several pitfalls for development. First, the true intent
of a developer may not be captured by an artifact because a
developer has failed to correctly understand the meaning of
a language construct that they have employed, a possibility
that increases in likelihood with the number of languages
used. Second, it is the claim of this paper that in current
MDA standards nothing guarantees that a link between ar-
tifact and a full syntactic and semantic definition of the
language in which it is written can be followed, potentially
leading to ambiguity in later interpretations of the artifact.
The latter issue is of acute importance in MDA development
as it is a principal claim of the approach that systems can be
redeployed as hardware and middleware standards change,
depending on the reuse of models over an extended period
of time.

In this paper we argue for some relatively minor revisions
to existing OMG standards [1] to address these issues. OMG
standards represent a strong force for consensus in the MDA
community, and we believe this approach lends greater rel-



evance to our work than the introduction of radical new
modelling approaches. In this paper OMG standards are
referred to without additional citation.

In the next section we look at how modelling languages
are defined in existing standards. We highlight the role that
natural language plays in all approaches, regardless of their
apparent degree of ‘formality’, as the ultimate method of
semantic denotation. We also consider various schemes by
which definitions of syntactic elements are associated with
instances of that syntax.

Based on these analyses we propose that all meta-models
should embed some definitive documentation that is at least
expressed in natural language, or some form that is ul-
timately documented in natural language. We call such
documented meta-models specifications because in practice
they resemble the specification documents published by the
OMG. We describe the contribution of this prescription to
addressing the twin problems of capturing and retrieving de-
veloper intention. Capturing developer intention is assisted
because specifications embed language documentation that
is accessible whenever the specification is in use. Any tool
that utilises the specification, for example as the meta-model
accessible via JMI reflection, will also be able to access this
documentation and present it to the user. Recovering devel-
oper intention is rendered straightforward by the prescrip-
tion that any artifact should reference its specification, and
hence its semantic documentation, and any relevant concrete
syntax standards. We discuss the possible impact of these
prescriptions on OMG standardisation processes.

Next we describe the UCL MDA tools, a set of command-
line interface tools for model-driven development built to
conform to the OMG EMOF, OCL, and XMI standards,
and JCP JMI standard[7], but incorporating extensions to
enable the approach to domain-specific language develop-
ment and documentation advocated in this paper.

Finally we describe the use of the UCL MDA tools in the
development of a novel domain-specific language for Service-
Level Agreements (SLAs) in the electronic-service domain,
called SLAng. SLAs have a particularly strong need to pre-
serve traceability from the concrete expression of the SLA
to the semantics of the language. As potential components
of legal agreements the meaning of an SLA must be as com-
pletely and precisely defined as possible. Clearly an SLA
containing no reference to its semantics is not a sound ba-
sis for an agreement as the meaning of the concrete docu-
ment can be disputed after an agreement has been made.
SLAs potentially have a high commercial value, so the con-
sequences of such disagreements can be dire. This example
highlights the importance of the association of software en-
gineering artifacts with full definitions of the languages in
which they are expressed, as in many cases variations in
the interpretation of an artifact can have serious financial
repercussions.

The remainder of this paper is structured as follows: In
the next section we review approaches taken to defining lan-
guages in OMG standards, and the extent to which concrete
syntax standards allow reference to be made to the language
in which an artifact is written. In Section 3 we outline our
proposals for improvements to these standards. In Section 4
we describe the UCL MDA tools, an open source project
implementing tool support for these proposals. In Section 5
we describe the SLAng SLA language, a case study for these
proposals. Finally, in Section 6 we summarise.

2. RELATED WORK

2.1 Defining modelling languages
It is perhaps a surprising observation that English is cur-

rently the state-of-the-art language for defining full mod-
elling languages, such as UML and MOF, in OMG stan-
dards. These languages have an abstract syntax, several
concrete syntaxes, and semantics. The abstract syntaxes
are structured as MOF models. However, they are not gen-
erally defined by a concrete artifact expressed in the MOF
language, such as a MOF XMI file. Instead they are de-
scribed in a specification PDF. In UML 1.5, the structure
of the meta-model was definitely established using a com-
bination of class diagrams and supporting natural language
descriptions, in English. The English descriptions are neces-
sary to disambiguate the diagrams, which occasionally sup-
press details and which systematically omit any definition
of their context. In UML 2.0 the use of diagrams is depre-
cated to purely informal. The structure of the meta-model is
definitively established in ‘formal concept definitions’ asso-
ciated with elements in the abstract syntax, and structured
according to the features of the MOF type of the element
being defined. Having defined the syntax of the language in
English, albeit a systematic English description of a MOF
model, these specifications also use English to define the
semantics of the language.

Concrete syntaxes are also defined in standards docu-
ments that are primarily human readable, either within a
language specification document, as is the case for UML no-
tation, or in separate standards that define generic concrete
syntaxes for languages benefitting from an abstract syntax
defined using MOF, such as XMI and HUTN.

In some cases the OMG publishes the meta-models of their
languages in a machine readable form, although not neces-
sarily as MOF XMI. These meta-models are not definitive
of the syntax of the language, the language specification is.
Neither are they definitive of the semantics of the languages.
MOF, in its current state, is not naturally expressive of se-
mantics, and in any case, the semantics are definitively es-
tablished by the natural language statements included in the
specification document.

Other approaches to defining MDA languages have also
been applied. A number of light-weight extensions have been
proposed for UML 1.5 and documented as standard profiles.
These profiles extend the syntax of UML 1.5 using tables
of stereotypes and tagged values. The incapacity of such
extensions to modify the meta-model of the UML to reflect
their own domain of interest has led to the common practice
of providing a domain model, with reference to which the
semantics of the profile are defined. Examples following this
approach are the Profile for Schedulability, Performance and
Time Specification, and the Enterprise Distributed-Object
Computing Profile. In this case, natural language definitions
attach to elements in the domain model. Descriptions at-
tached to profile elements establish an equivalence between
these elements and instances of the domain model, thereby
establishing the semantics of the profile element.

The model-denotational style of semantic definition for
meta-models pioneered by the Precise UML group [5], and
employed in its submissions to the UML 2 standardisation
effort, extends this notion by formalising the relationship
between syntactic elements and domain model elements us-
ing standard meta-model relationships and constraints. In



practice the syntactic model and the domain model form a
joint meta-model for the language, in which the notion that
all meta-model elements are elements of the abstract syntax
of a language is dropped.

The model denotational approach has found some adop-
tion in standards. The OCL 2 specification provides such a
semantic.The semantics of OCL 2 are defined in terms of ex-
pression evaluation events which are somewhat different in
structure to the underlying expressions (loop evaluations are
rolled out, for example). Also, the style is used to define an
‘abstract semantics’ for CMOF in the MOF 2 specification.

A number of attempts have been made to introduce more
traditional styles of semantic definition of languages with
MOF-defined abstract syntaxes. A popular option has been
to employ a traditional mathematical approach based on
logic and set theory. A ‘formal’ semantics has been proposed
for OCL, for example, although it is not definitive, nor is
equivalence with the definitive model denotational semantics
proven [10].

These approaches all appear to conform to three obser-
vations. First, the definitive reference for a language is a
specification document, not a technical artifact such as an
XMI document of a meta-model. Second, several approaches
introduce intermediate models in order to add structure to
the semantics description not otherwise afforded by the def-
inition of the language. And third, the semantics of the lan-
guages are always ultimately defined, directly or indirectly,
by natural language statements. Remove these statements
from any formal description of a language, and the descrip-
tion is likely to become impenetrable and useless, regardless
of the sophistication of any intermediate models employed.

2.2 Referencing languages from models
Arguably, only three standards for concrete syntax for

MOF defined languages are published by the OMG. These
are the XML Metadata Interchange (XMI) standard, the
Human-Usable Textual Notation (HUTN) standard, and the
diagrammatic concrete notation recommendations included
in the UML superstructure specification. Also of note is the
UML Diagram interchange standard, which allows the en-
coding of UML diagrammatic notation as XMI or SVG [12].
However, it does not introduce any new concrete syntax.

In this section we consider the degree to which concrete
artifacts expressed in these syntaxes reference the syntax
and semantics of the language in which they are written.

The XMI standard has undergone a number of revisions,
and implementations are in use according to several of these.
XMI standards map MOF models to XML grammars. In
XMI 1.2 a mapping to a an XML DTD is defined. Accord-
ing to standard XML syntax, this DTD may be referenced in
the header of any document, thereby identifying the syntax
of the language in which the document is written. Further-
more, the XMI 1.2 standard acknowledges that DTD syntax
is not as expressive of syntactic constraints as MOF models.
Therefore an XMI specific header element may be included
that includes an optional reference to an XMI file contain-
ing the MOF model for the language, providing a better
reference for the expected syntax.

This scheme is inadequate in several respects. No unam-
biguous reference is made to the XMI standard, so an inter-
preter is not guaranteed to be able to identify a sound basis
for interpreting the document. This might potentially hin-
der the identification and interpretation of the meta-model

XMI as a reference for the syntax of the document. Inter-
pretation of the link to the specific syntax of the language
essentially relies on the syntax and semantics of the docu-
ment already being understood to some extent.

Another important inadequacy in the XMI 1.2 language
referencing scheme is that the semantics of the meta-model
are not referred to, either from the instance document, or
from the referenced XMI for the meta-model. In fact, in the
case of UML and MOF the referenced meta-model cannot
even be considered to be a definitive statement of the ab-
stract syntax of the language being used, as this is finally
established by natural language statements in the specifica-
tions.

XMI versions 2.0 and 2.1 revise the standard to generate
XML schema, rather than DTDs. Schema specifications of
the grammar of an XML file are more expressive than DTDs,
and can therefore capture more of the constraints inherent
in the source meta-models. Perhaps as a result, the ability
to reference the meta-model XMI has been dropped from
the standard. This is deeply to be regretted, as no link is
preserved to the true syntax of the language. Also, a clue
as to the possible applicable language specification has been
removed.

XMI version 1.2 and 2.0 depend on version 1.4 of the
MOF standard. Version 2.1 of the XMI standard depends
on version 2.0 of the MOF standard. Both versions of the
MOF standard allow the embedding of syntactic constraints
in an arbitrary constraint language. A common constraint
language employed is OCL, which is more expressive than
XML schema. In no version of XMI are these constraints
mapped into either DTD or XMI schema. Therefore XMI
version 2.0 and 2.1 are seriously negligent in not referencing
the meta-model definition, as some syntactic constraints will
be entirely inaccessible.

Similar to the XMI standard the HUTN maps MOF mod-
els to a grammar, in this case specified using a form of
Backus-Naur notation, and intended to be easy for humans
to use. The mapping from meta-model to grammar is cus-
tomisable using a ‘configuration’, an instance of a configu-
ration meta-model. Details of the configuration used can be
included in a discriminated comment at the start of a doc-
ument in a HUTN. Although configurations can reference
elements in a meta-model using their fully-qualified MOF
names, nothing in the configuration or elsewhere in a HUTN
document references the location of a concrete artifact defin-
ing the meta-model for the language used. Moreover, no
reference need be made to the HUTN standard, and the in-
clusion of configuration information is optional, so confusion
can potentially arise regarding the syntax to which the doc-
ument is intended to conform. Finally, no reference need be
made to any semantic specification of the language in the
document.

UML diagrams are an extremely well-known notation.
However, they are potentially highly ambiguous artifacts.
No reference need be made to the UML standard in dia-
grams conforming to any revision of the concrete syntax
standard. Moreover, since diagrams only ever display pro-
jections of a model, a diagram in isolation is frequently not
enough information to determine the true intent of the au-
thor. For example, attributes, associations and classes may
all be suppressed in class diagrams. To eliminate this ambi-
guity, diagrams should at minimum refer to a concrete rep-
resentation of the model that they represent. This concrete



instance could then identify information about the language
being employed, such as the revision of UML being used,
and any profiles being employed.

3. SPECIFICATIONS

3.1 Approach
In the preceding sections we have identified two major

features of existing MDA standards that contribute towards
ambiguity in concrete artifacts:

1. Current revisions of concrete standards do not require
unambiguous references to themselves in concrete arti-
facts. If they are generic, they do not require reference
to the language specification being employed. If they
permit such a reference to be made, it is to a concrete
artifact, such as a meta-model, and not to the actual
language specification.

2. Although a language, MOF, exists for defining the ab-
stract syntaxes of MDA languages, languages are typ-
ically not defined using a concrete MOF model, but
using a description of one in English. English is also re-
quired to define the semantics of the languages, possi-
bly with the assistance of intermediate semantic mod-
els.

To interpret a concrete artifact, it is necessary to under-
stand its concrete and abstract syntaxes, and its semantics.
Faced with a concrete artifact, a human interpreter should
not have to guess what concrete syntax is being employed,
in order to establish a basis for an initial interpretation of
the artifact. Therefore all concrete artifacts should include
a human readable comment referencing the specification of
their concrete syntax.

Generic concrete syntax standards, applicable to multi-
ple abstract syntaxes, can be adequately defined in current
human-readable standards documents. Specialised concrete
syntaxes may be documented with other aspects of the lan-
guage to which they apply. In either case, having established
the concrete syntax of an artifact, the abstract syntax and
semantics of the artifact must then be identified in order for
a complete interpretation. The concrete syntax standard
should permit the artifact to be interpreted sufficiently that
unambiguous links to specifications of syntax and semantics
can be followed if they are separate from the concrete syntax
standard.

Clearly there are a number of different possible schemes
whereby abstract syntax and semantics can be referenced.
The meta-model of the language and the specification docu-
ment for the language could both be referenced. The meta-
model could be referenced, and contain a reference to the
specification, or vice-versa. Alternatively, because the spec-
ification documents both syntax and semantics, the specifi-
cation alone could be referenced.

We prefer the final approach because a language specifi-
cation provides the definitive documentation for a language.
Hence we argue that specifications, not meta-models should
be regarded as first-class entities in MDA developments.

Abandoning the use of meta-models as a language defi-
nition is potentially problematic, because existing language
specifications cannot be machine interpreted in a useful way.
For example, the descriptions of the abstract syntax include
in the UML specification cannot be used to populate the

meta-layer of a JMI repository. We address this issue by
proposing that the use of MOF and natural language be in-
verted. Instead of describing a MOF model using natural
language in a specification, a specification should consist of
a concrete representation of a MOF model with natural lan-
guage descriptions embedded, to provide an informal com-
mentary on the aspects of the language that are defined
technically, and to define the semantics where a technical
language is inadequate. In this respect we propose that the
MOF specification be revised to define a language which is
somewhat similar to a programming language used for lit-
erate programming, in which technical and human readable
aspects provide mutual support [8].

3.2 Revisions to standards
Our proposals are captured by the following particular

revisions to existing OMG standards:

1. The MOF 2 standard already allows the inclusion of
comments in meta-models. The Comment class should
be extended with an attribute that indicates whether
the comment is intended to be definitive of the seman-
tics of the associated model element, or is merely an
informal remark. A constraint should be added to the
specification that all types, associations and references
should be associated with a non-empty definitive com-
ment that defines the semantics of the element in a
manner that can ultimately be understood by a hu-
man interpreter.

2. Classes in the MOF standard should be extended with
a repositoryType boolean attribute. This attribute
supports the inclusion of semantic types in specifica-
tions by indicating whether the class specifies a data-
type normally intended to be included in a repository
and concrete syntaxes for the language, or whether it
is a real-world type intended to disambiguate the lan-
guage.

3. The MOF standard should be redistributed as an XMI
concrete specification, with documentation included.

4. Future revisions of all OMG standards that rely on
MOF meta-models should have a definitive form pub-
lished as a concrete specification, for example in XMI
form, rather than the definitive version being a PDF.

5. The XMI standard should be revised to incorporate
a reference to the specification of the language used.
All XMI files should be required to include an XML
comment in natural language identifying the location
of the XMI specification so that this link can be inter-
preted.

6. The HUTN standard should be revised, making it manda-
tory to include syntax configuration information in in-
stance documents if a syntax configuration is being
used, and also making it mandatory to refer to the
specification of the language being used. All HUTN
documents should be required to include a comment in
natural language identifying the location of the HUTN
standard so that this link can be interpreted.

7. Future concrete-syntax standards should respect the
principle that instances should refer both to the concrete-
syntax standard, and to the concrete specification of



the language being used (if separate from the concrete-
syntax standard as is the case with XMI and HUTN).
The reference to the concrete syntax standard must be
human readable.

8. Diagrams should unambiguously reference a concrete
representation of the complete model that they depict.

3.3 Discussion
The contents of definitive comments associated with ele-

ments should permit the interpretation of the element by a
user. It may do this by introducing some intermediate for-
malism, encoded in the comment text in some manner. It
may also unambiguously reference external documentation.
However, the semantics should ultimately be interpretable
by a human.

We do not prescribe any particular scheme by which un-
ambiguous references should be made between concrete ar-
tifacts. However, URIs would be an appropriate choice [6].

The need to document MOF 2 according to its own stan-
dards assumes a new significance in this scheme. For a lan-
guage specification to be understood the meta-language used
to document it must also be understood. In this context we
assume that that language will be a revision of MOF. The
revised MOF specification will be machine readable, and re-
cursively defined, which might seem to make it harder to
understand. However, with reference to the XMI specifica-
tion, which will still be human readable, and the embedded
comments, the specification will nevertheless ultimately be
decipherable by a human.

Our recommendation to add a repositoryType attribute
is intended to support semantic definition styles that benefit
from refinement of the syntactic meta-model of the language.
The model-denotational style of semantic definition is the
prime example of such an approach.

In practice these modifications would be relatively pain-
less to implement. Existing specifications could be revised
into conforming concrete specifications by editing the ex-
isting specifications into comments in an XMI file of the
meta-model, simultaneously identifying those parts of the
documentation that are definitive, and those which are in-
formal. XMI concrete artifacts can be commented using
XML comments to identify the XMI concrete syntax speci-
fication.

Existing language specifications, such as UML and MOF,
include OCL and diagrams in addition to natural language
statements and descriptions of meta-models. It is desirable
to include this information in our machine-readable specifi-
cations. OCL statements form part of the definitive speci-
fication of the abstract syntax. They also have a semantic
character, in that they rule out instantiations of the meta-
model that would be illogical given the language semantics.
If a model-denotational approach is taken, OCL constraints
may also contribute to the semantic definition. Diagrams
are typically informal and assist with the explanation of the
language and its semantics.

Three approaches can be taken to including this informa-
tion in concrete specifications. The OCL and diagrams could
be included in documentation elements in an unstructured
manner. Existing mechanisms for including this information
could be employed: CMOF supports the inclusion of con-
straints with a constraint meta-element; XMI 2.1 supports
the inclusion of diagram information, or other extension el-
ements using an extension element, or XML namespaces.

Abstract syntax Semantics

JMI Repository

OCL Interpreter

Test data

Compilation: Access: Access:

Language specification

Consistency
results

Figure 1: A specification used as input to a JMI

generator. Abstract syntax and semantic documen-

tation are available to the repository user via reflec-

tion

Finally, the information could be incorporated by extending
the MOF specification with the OCL and diagram inter-
change specifications. Future work will consider trade-offs
between these approaches.

The proposals we have made address the issue of capturing
developer intent by ensuring that in any context in which the
meta-model would otherwise have been employed, for exam-
ple to populate the meta-layer model in a JMI repository,
the semantic definition of the language is available. Addi-
tionally the availability of OCL and diagram types ensures
that the semantic documentation is available in as machine-
readable a form as possible, maximizing the potential for
using this information intelligently in tools. As a first mea-
sure, presenting this information to developers in the same
context in which they are using a novel language should as-
sist in ensuring that they use the language correctly. The
use of a specification in this manner is illustrated in Figure 1.

The proposals address the issue of recovering developer
intent from an artifact by ensuring that artifacts always re-
fer to both any relevant concrete syntax standard employed,
and to the concrete specification of the language being used.
The concrete syntax is referenced in as unambiguous a man-
ner possible, using a natural language statement included in
the artifact. Understanding the concrete syntax permits the
recovery of the concrete specification of the language, which
is totally definitive of the language. The concrete specifica-
tion is constructed on similar lines to the original artifact, so
can ultimately be understood in the context of a higher-level
language, or in the case of MOF, recursively in terms of it-
self, and whatever concrete syntax standard is being used to
describe it. Figure 2 illustrates the process of interpreting a
concrete artifact. References in the concrete artifact to con-
crete and abstract syntax documentation provide a basis for
interpretation of the document, traversing up meta-layers
until a well-known standard such as MOF is encountered.

Our proposals, if implemented, would possibly have pos-
itive consequences for the quality of OMG standards. Ac-
cording to our proposals, specifications may contain both
definitive and non-definitive documentation. They may also
contain both repository types that are part of the abstract
syntax of the language being specified, and other types for



/* I am a model.
My concrete syntax
is defined by ...
*/
<Abs ref="..."/>

Model information.  Abstract syntax

 Semantics

 Header

Concrete
syntax
standard 1

Concrete
syntax
standard 2

Concrete artifact:

Specification:

MOF:

References

Provides interpretation for

Figure 2: Recovering the meaning of an artefact by

navigating links to concrete syntax standards and

language specifications

the purpose of semantic exposition.
Non-definitive comments included in a specification re-

mark on aspects of the specification already inherent in some
definitive part. For example, a human-readable explanation
is often given for OCL constraints included in a specification.
However, the meaning of the OCL constraint is completely
defined by the OCL standard, so this explanation does not
refine the specification in any way.

However, non-definitive elements should not be mislead-
ing. Ideally the non-definitive parts of a specification should
be entirely consistent with the definitive parts. Meta-model
constraints can be checked to guarantee this to some ex-
tend, for example checking that a diagram is consistent with
the underlying model. Checking of this kind has not been
scrupulously performed in prior OMG standards. In [4] for
example, a significant number of syntactic and type errors
are discovered in the OCL constraints included in the latest
version of UML. In some cases testing will also be neces-
sary. The machine-readable nature of specifications would
facilitate this to a great extent. For example, the specifi-
cation could be used to implement a JMI repository. The
consistency of a test suite of instance documents could then
be checked to ensure that OCL constraints act consistently
with the semantic intent documented in their accompany-
ing non-definitive descriptions. Thus far, this kind of testing
has never been performed for an OMG standard.

Testing of semantic elements in specifications is also pos-
sible. Although these would not normally be included in
a repository, this constraint can be relaxed to allow test-
ing of these elements in the same manner as the syntactic
elements.

4. THE UCL MDA TOOLS
The UCL MDA tools are an open-source project intended

to provide a set of command-line tools for model-driven de-
velopment [3].

The UCL MDA tools project currently provides:

• JMI interfaces and implementation for the EMOF meta-
model, including XMI serialisation and deserialisation.

• A JMI generator, proceeding from EMOF XMI mod-
els.

• A parser for a textual concrete syntax of EMOF, in
which definitive comments may be embedded in a lit-
erate programming style.

• A parser and type checker for OCL2 expressions in the
context of EMOF models.

• An OCL2 interpreter, including an implementation of
the OCL2 standard library, integrated with the gener-
ated JMI repository, for the evaluation of consistency
constraints embedded in EMOF meta-models.

• A converter from EMOF/OCL pages to HTML docu-
mentation, HTMLEMOFDoc.

These tools implement the recommendations provided in
the preceding section. Atextual concrete syntax of EMOF
embeds definitive comments in a special syntax similar to
JavaDoc comments for Java, which leads them to be asso-
ciated with elements in the resulting model. We have also
explicitly combined the EMOF and OCL meta-models in the
meta-modelling tool. OCL constraints can hence be embed-
ded in the specification also. The whole specification can
be parsed to an XMI representation (including XMI for the
OCL constraints, and the embedded comments). Syntax
checking is performed according to the OCL2 specification,
and our own syntax for textual EMOF specifications. Type
checking of all elements is performed according to the se-
mantics of EMOF and OCL2.

One application of the specification is to reformat it into
a format more suitable for human comprehension. We have
hence developed a tool, similar to the JavaDoc tool that
generates a webpage from our EMOF/OCL/English spec-
ification of SLAng. The structure of the page resembles
the structure of an OMG language specification, with each
element in the meta-model presented along with its docu-
mentation. The page also benefits from hyper-links that
cross-reference related elements.

5. CASE STUDY
An SLA, as a concrete artifact, is the record that an agree-

ment exists with respect to service levels. If at some time
after the agreement has been made it is impossible to deter-
mine the meaning of a concrete SLA, then it is possible for
a party to assert that no agreement existed, and hence ab-
dicate their responsibilities with respect to the agreement.
Concrete SLAs should therefore either unambiguously de-
fine their own meaning (through the use of carefully written
natural language statements, for example) or should unam-
biguously reference a document allowing their meaning to
be interpreted.

We chose to adopt EMOF, OCL and English as the lan-
guages of definition for SLAng, a language for electronic ser-
vice SLAs, and we structured the specification using a model
denotational approach. A previous discussion of this ap-
proach applied to an SLA language is provided in [11]. The
full EMOF/OCL definition of SLAng is currently available
online as EMOFHTMLDoc documentation [2]. Detailed de-
sign rationale for the language will be the subject of a fu-
ture publication. An example fragment of the definition of
SLAng is shown below. The fragment defines a percent-
age datatype used in various constraints in the language.
Note the inclusion of definitive semantic documentation in



a special comment syntax, which are retained in all represen-
tations of the specification, including an XMI version that
may be compiled from the EMOF/OCL notation.

/[
Definitive: In the syntactic model, indicates a percentage

written in an SLA. In the semantic model, this is the type
of features of an object that can be interpreted as a degree

of completeness of some totality.
]/
class Percentage {

/[

Definitive: The percentage is this value multiplied by 100.
]/

value : Real

/[

Wellformedness: Percentages are expressed as a value greater
than 0.

]/
invariant {

value >= 0
}

}

A large portion of the meaning of a SLAng SLA is estab-
lished in the definition of the SLAng language. It is therefore
necessary for an SLA in a concrete syntax for SLAng to refer
to its specification document to retain its significance as the
record of an agreement. XMI, with the extensions described
in the previous section is currently the only concrete syn-
tax for SLAng. An example fragment of XMI for a SLAng
SLA is shown below. The XMI includes an instance of the
percentage datatype defined above. Also visible is the XMI
header, which identifies the concrete syntax of the document
and references the SLAng specification XMI. Other contents
have been omitted.

<?xml version="1.0" encoding="UTF-8"?>
<!--This document is in XMI format according to the OMG

XML Metadata Interchange (XMI) Specification v.1.2, OMG
Document formal/02-01-01 (http://www.omg.org/)-->

<XMI
xmlns:SLAng=

"http://www.cs.ucl.ac.uk/staff/j.skene/slang/SLAngV1.xmi"

xmi.version="1.2">
<XMI.header>

<XMI.metamodel
href=

"http://www.cs.ucl.ac.uk/staff/j.skene/slang/SLAngV1.xmi"/>

</XMI.header>
<XMI.content>

<SLAng:Percentage value="0.5" xmi.id="mofid:25717"/>
...

</XMI.content>
</XMI>

6. SUMMARY
In this paper we have outlined a set of minor modifications

to OMG standards, particularly language specifications and
concrete syntax standards, that help to address two prob-
lems in model driven development, namely ensuring that a
developer’s intentions are accurately captured when work-
ing with several possibly unfamiliar languages, and ensuring
that those intentions can be faithfully recovered from the
resulting artifact by other developers. The modifications
ensure that a link is preserved between artifacts and the de-
finition of both the syntax and semantics of the language in
which they are defined.

A consequence of these changes, if they are adopted, will
be to transform the specifications upon which the MDA re-
lies into technical artifacts. More than was previously the

case, there will be the opportunity for the OMG to test and
thereby guarantee the quality of their published specifica-
tions. In particular it will be possible and desirable to test
coherence between informal commentary concerning the ra-
tionale behind any specification and technical aspects of the
specification, such as OCL constraints.

We have also introduced an open-source project, the UCL
MDA tools, which implements the tooling required to sup-
port the changes that we have proposed. We described a
novel domain-specific language developed using the tools.
The language is for SLAs, the legalistic nature of which pro-
vided further justification for the common requirement to
maintain an explicit link between artifacts and the language
in which they are defined.
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