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Chapter 1

Introduction

MoosEis an Extensible Language-Independent Environment for Reengineering Object-
Oriented SystemsJLTOQ] developed at the University of Berne. dbSE is written in
SMALLTALK and its repository is based on theNix metamodel which provides a lan-
guage-independent representation of object-oriented sources and contains the required in-
formation for the reengineering tasks performed by various tools.

Before this project, CDIF was used as the underlying file format to exchangexF
based information. The aim of this project was to add XMI support tad¥e The reason

for changing from CDIF to XMI! lies largely in the fact that CDIF did not succeed in
becoming a widely used standard. And the use of XMI offers two major advantages over
CDIF: First, XMl is based on XML, allowing the use of XML based technologies (such
as XSL described in sectid®.6) and second, XMl is MOF based and therefore offers
excellent integration to MOF based metamodels such as UML.

Therefore, in order to be able to save, transfer and load the information providediny F

the OMG standard XMI (XML Metadata Interchang€N1198]) was introduced to map
any metamodel to a XML DTD and generate XML files based on that metamodel. XMl is
a standardised way to exchange models based on the MOF (Meta-Object F&cidd)

and uses XML (Extensible Markup LanguadgP[SMMO0Q) as the underlying technology

to save this information.

Using XML - likely to become the de facto standard for transferring information between
applications — and MOF — likely to become the de facto standard to describe metamodels
— assures that other tools are able of loading, processing, and storing the data provided by
the MOOSEreengineering environment.

My contribution was to add XMI support to BosSe This mainly consisted of the fol-
lowing four parts (see figure.1):

1. XMI Loader
Implementing a loader that is capable of reading in XML files and loading them into
MoosE

2. XMI/DTD Saver
This parts consists of two components:

(a) XMI Saver
Implementing a saver that is capable of saving the currently loaded model in a

IMichael Freidig has implemented a Java-based prototype for generating XMI documents basechenthe F
metamodel using the Java Core Reflection API. $ee(q for more information.
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6 CHAPTER 1. INTRODUCTION

XMI/XML conforming way.

(b) XMI DTD Producer and Saver
Implementing the architecture to create D3 Bf the current metamodel. This
implies transforming the metamodel information to a MOF compliant meta-
model plus transforming this information into a valid DTD.

3. MOF
Because the XMI rules for producing a DTD are based on the MOF a basic MOF
was implemented.

4. Metametamodel Support
To be able to change theaMix metamodel, a clean and extensible architecture for
defining the BMIX metamodel was introduced.

MOF
: instance of
Generic Class ! fnstanee
Description
Famix
metamodel
defined as

defines | a MOF
i instance

, \ . AN
Famix instantiates ,’ \ queries
metamodel ! N Famix
! \ DTD-File
< queries \‘\ generatleﬁy L }\'euds
~ .- ; ~

| . references

based 1on XMI/DTD Saver ! XMI Loader ~___ instantiates
- = ke -

Moose e generates | XML-File reads Moose
Model queries Model

Figure 1.1: An overview of the XMI architecture of & SE

Additionally, XSL (Extensible Stylesheet LanguageB[C™00]) and XSLT (XSL Trans-
formations [Cla99) were used to create an easy accessible and visually appealing HTML
based representation of the model information saved in the XML file.

The structure of this report is the following: Chaptiintroduces the background of
this project: Sectior2.1 gives an overview of the losEarchitecture and introduces the
FaMIX metamodel. Sectio.2 motivates our decision to use XMl instead of CDIF and
gives a short introduction into XMI and how it was introduced to&BE Section2.3and
2.4Afeatures two major components of XMI: XML and MOF.

Chapter3 gives an introduction of how XMI support for Mosewas implemented: Sec-
tion 3.2 describes the generic architecture for changes to th&X metamodel and de-
scribes why and howAMix Properties and unique identifiers were introduced taMAX .
The next two section describe the loading and storing of XMI files: Se&ibdescribes
how loading XMl files is achieved, sectioBs3and3.4describe how XMl and DTD files
are created and saved. Finally, secofidescribes how XSL was used to transform XML
datato HTML.



The report finishes with chaptdrgiving a conclusion of the project and suggestions for
further work.
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Chapter 2

Background

This chapter gives an overview of thedwsEarchitecture and introduces thanNfix meta-
model. Our decision to use XMI instead of CDIF is motivated and the two major compo-
nents of XMI—- XML and MOF- are introduced.

2.1 MooseEand FAMIX

2.1.1 MOoOSE Architecture

MoosEis an Extensible Language-Independent Environment for Reengineering Object-

Oriented SystemdJLTO0O] developed at the University of Berne. It is written iMSLL -

TALK and consists of a repository to store models of software systems, and provides query
and navigation facilities. Models consist of entities representing software artifacts such as
classes, methods, etc.

MoosE uses a layered architecture (see FigRr®. Information is transformed from
source code into a source code model. The models are based onmine fetamodel

which is described in sectiah1.2 The information in this model, in the form of entities
representing the software artifacts of the target system, can be analysed, manipulated and
used to trigger code transformations by means of refactorings.

e Extraction/Import. MOOSE supports multiple languages. Source code can be im-
ported into the metamodel in two different ways:

1. In the case of VisualWorks MALLTALK — the language in which EIOSE
is implemented — sources can be directly extracted via the metamodel of the
SMALLTALK language.

2. For other source languagesd@éseprovides an import interface for CDIF files
based on our Avix metamodel. CDIF Com94) is an industry-standard
interchange format which enables exchanging models via files or streams. Over
this interface MbOSE uses external parsers for source languages other than
SMALLTALK . Currently C++, 4vA, CoBOL and other SIALLTALK dialects
are supported.

e Storage and ToolsThe models are stored in memory. Every model contains entities
representing the software artifacts of the target system. Every entity is represented by
an object, which allows direct interaction and querying of entities, and consequently
an easy way to query and navigate a whole modebdgEcan maintain and access
several models in memory at the same time.

Additionally the core of MbOSEcontains the following functionality:

9
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‘ Tools Tools Level

‘Navigation and Querying Engine ‘ ‘ Refactoring Engine
o o i CORE
5 ]
8 ]
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5 ]
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‘ Smalltalk ‘ C++ ‘ Java ‘ Other ‘ Source Code Level

Figure 2.1: Architecture of MOSE

— Operators. Operators can be run on a model to compute additional informa-
tion regarding the software entities. For example, metrics can be computed and
associated with the software entities, or entities can be annotated with addi-
tional information such as inferred type information, analysis of the polymor-
phic calls, etc. Basically any kind of information can be added to an entity.

— Navigation facilities. On top of the Moosecore we have included querying
and navigation support.

— Refactoring Engine.The MoOSE REFACTORING ENGINE defines language-
independent refactorings. The analysis for a code refactoring is based on model
information. The code manipulation which a refactoring entails, is being han-
dled by language-specific front-ends.

e Tools Layer.The functionality which is provided by MosEcan be used by tools.
This is represented by the top layer of fig@d4. Tools developed at the university
of Berne are: ©ODE CRAWLER, GAUDI, MOOSE REVEALER, MOOSE FINDER,
MooSEDESIGN FILTER and others. For more information s@eJ)DO0Q].

2.1.2 Famix: A Language Independent Metamodel

MoosEis based on EMiX, a language independent and extensible metamodehi X

is language independenecause it needs to work with legacy systems in different imple-
mentation languages (C++A\h, SMALLTALK , ADA). And it is extensible since not all
information is known in advance that is needed in future tools, and since for some reengi-
neering problems tools might need to work with language-specific information (e.g. to
analyse include hierarchies in C++), language plug-ins are allowed that extend the model
with language-specific features. Next to that, tool plug-ins allow to extend the model to
store, for instance, analysis results or layout information for graphs. FRy@rshows
schematically the use of thes\FMiIx metamodel: the tools analysing the different languages
and exchanging information with each other viavfix , possibly extended with language
and tool plug-ins.

2.1.3 TheFamix Model

This section describes the global structure of the1ix model. It introduces the core
model (which illustrates the core entities and associations) and the abstract part of the
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Figure 2.2: Concept of theamix Model
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Figure 2.3: The completeAmix model

model (defining the abstract superclasses that will be extended). A figure of the complete
Famix Model is shown in Figur@.3. For more information, se®TS99.

The Core Model

The core model (shown in FiguBe4) specifies the entities and relations that can and should
be extracted immediately from source code. The core model consists of the main OO
entities, namelyClass Method, Attribute andInheritanceDefinition. For reengineering,

we need the other two, the associatitmgcation andAccess An Invocation represents

the definition of aMethod calling anotheMethod and anAccessrepresents #ethod
accessing amttribute . These abstractions are needed for reengineering tasks such as
dependency analysis, metrics computation and reengineering operations.

superclass belongsToClass

Class
subclass

belongsToClass
InheritanceDefinition

invokedBy Method Attribute

candidates accessedln< ? accesses

Invocation Access

Figure 2.4: The core model
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Figure 2.5: Abstract part of the model

The Abstract Part of the Model

The abstract part of the complete model is shown in Fig@useObject, Property, Entity
andAssociationare made available to handle the extensions to the model. For specifying
language plug-ins, it is allowed to define language specific Objects, plus it is allowed to
add language specific attributes to existing Objects. Tool prototypes are more restricted in
extensions to the model: they can define tool spePiftperties for existing Objects. Next

to that, they can add attributes to existing Objects, but they cannot extend the repertoire of
entities and associations. The abstract claSsescturalEntity and BehaviouralEntity

are needed by the associations.

2.2 Information Exchange in FAMIX
2.2.1 FromCDIF to XMI

Initially, to exchange EMIX -based information between different tools CDIEom94

was adopted. CDIF is an industrial standard for transferring models created with different
tools. The main reasons for adopting CDIF were, that firstly it is an industry standard, and
secondly it has a standard plain text encoding which tackles the requirements of convenient
guerying and human readability (sé¢TD98]).

The reason for changing from CDIF to XMl lies largely in the fact that CDIF did not
succeed in becoming a widely used standard (e.g. not much tool support) and can be con-
sidered as being dead. Additionally the use of XMI offers two major advantages over
CDIF:

1. XMl is based on XML. XML is gaining widespread acceptance as the de facto
standard for representing structured information in the context of the world-wide
web and beyond. This opens up a wide field for current and upcoming XML based
technologies such as XSL (introduced in secBob).

2. XMl is MOF based and therefore offers excellent integration to MOF based meta-
models such as UML. Especially in the the case of UML, there is a close relationship
between the metamodeling concepts of MOF and the modeling concepts of UML.
This allows the UML graphical notation to be used to express MOF metamodels.
And as the UML metamodel is defined as a MOF metamodel, XMl is the obvious
model interchange format for UML.

2.2.2 Overview ofXMI

The main purpose of XMl is to enable easy interchange of metadata between modeling
tools (based on the OMG UML) and metadata repositories (OMG MOF based) in dis-
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tributed heterogeneous environments. XMl integrates three key industry standards:

e XML- Extensible Markup Language, a W3C standard
¢ UML- Unified Modeling Language, an OMG modeling standard

e MOF- Meta Object Facility, an OMG metamodeling and metadata repository stan-
dard

XMI, together with MOF and UML form the core of the OMG metadata repository ar-
chitecture. The UML standard defines a rich, object oriented modeling language that is
supported by a range of graphical design tools. The MOF standard defines an extensible
framework for defining models for metadata, and provides tools with programmatic inter-
faces to store and access metadata in a repository. XMI allows metadata to be interchanged
as streams or files with a standard format based on XML. The complete architecture of-
fers a wide range of implementation choices to developers of tools, repositories and object
frameworks.

Key aspects of the architecture include:

e Afourlayered metamodeling architecture for general purpose manipulation of meta-
data in distributed object repositories.

e The use of MOF to define and manipulate metamodels programmatically using fine
grained CORBA interfaces.

e The use of UML notation for representing models and metamodels.

e The use of standard information models (UML) to describe the semantics of object
analysis and design models.

e The use of SMIF (the current XMI proposal) for stream based interchange of meta-
data.

The XMI specification mainly consists of:

e A set of XML Document Type Definition (DTD) production rules for transforming
MOF based metamodels into XML DTD

e A set of XML Document production rules for encoding and decoding MOF based
metadata.

e Design principles for XMI based DT®and XML Streams.
e Concrete DT for UML and MOF.

XMI enhances metadata management and metadata interoperability in distributed object
environments in general and in distributed development environments in particular. While
this specification mainly addresses stream based metadata interoperability in the object
analysis and design domain, XMI (in part because itis MOF based) is equally applicable to
metadata in many other domains. Examples include metamodels that cover the application
development life cycle as well as additional domains such as data warehouse management,
distributed objects and business object management.
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2.2.3 XMl in the Context of this Project

While the XMI specification describes a rich infrastructure for metadata exchange, only the
XML/DTD creation rules were of main interest for this project. The XML-based Metadata
Interchange (XMI) proposal has two major components:

1. The XML DTD Production Rules for producing XML Document Type Definitions
(DTDs). XMI DTD s serve as syntax specification for XMI documents, and al-
low generic XML tools to be used to compose and validate XMI documents. In
chapter XMI DTD Production of [ XMI98] rules how an instance of a MOF can be
transformed into a DTD are described.

2. The XML Document Production Rules for encoding metadata into an XML com-
patible format. These production rules can be applied in reverse to decode XMl
documents and reconstruct the metadata and are described in length in cXigfhter *
Document Productigrof [ XMI98].

Within the scope of this project, only the XMI DTD Production Rules were implemented.
Together with the implementation of the relevant parts of the MOF, this implementation
allows full reuse in other projects completely independent of tleoEinfrastructure. It

is the intent of the author to release this part of the project to the public in a later stage.

As there was already a working infrastructure for reading and saving data withins

the reading/saving operations for XMI are based on this infrastructure rather then on the
rules described in chapteXML Document Productidn This decision has the drawback

that the XMI reading/saving is tightly coupled tod®sE It was mainly taken due to time
concerns. Any reuse of this implementation in projects independentadidis close to
impossible. As an implementation of these rules seems straight forward, a short discussion
of how this could be done is given in sectiér?.

As XML and MOF are the two main technologies involved in the creation of B,TD
the next two sections give a short overview of them.

2.3 Overview of XML

2.3.1 Introduction

Extensible Markup Language, abbreviated XML, describes a class of data objects called
XML documents and partially describes the behaviour of computer programs which pro-
cess them. XML is an application profile or restricted form of SGML, the Standard Gen-
eralized Markup Language [ISO 8879]. By construction, XML documents are conforming
SGML documents.

XML documents are made up of storage units called entities, which contain either parsed
or unparsed data. Parsed data is made up of characters, some of which form character data,
and some of which form markup. Markup encodes a description of the document’s stor-
age layout and logical structure. XML provides a mechanism to impose constraints on the
storage layout and logical structure.

A software module called an XML processor is used to read XML documents and pro-
vide access to their content and structure. It is assumed that an XML processor is doing its
work on behalf of another module, called the application. This specification describes the
required behaviour of an XML processor in terms of how it must read XML data and the
information it must provide to the application.
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The following sections give a short overview of the structure of a XML file. For a full
description see the XML W3C recommendati@&PSMMO0(J.

2.3.2 XML Structure elements

XML documents are tree-based structures of matched tag pairs containing nested tags and
data. In combination with its advanced linking capabilities, XML can encode a wide vari-
ety of information structures. The rules which specify how the tags are structured are called
a Document Type Declaration (DTD).

In the simple case, an XML tag consists of a tag name enclosed by less-than (‘<’) and
greater-than (‘>") characters. Tags in an XML document always come in pairs consisting
of an opening tag and a closing tag. The closing tag in a pair has the name of the opening
tag preceded by a slash symbol. Formally, a balanced tag pair is called an element, and
the material between the opening and closing tags is called the element’s content. The
following example shows a simple element:

<Dog>a description of my dog</Dog>

The content of an element may include other elements which may contain other elements
in turn. However, at all levels of nesting, the closing tag for each element must be closed
before its surrounding element may be closed. This requirement to balance the tags is what
provides XML with its tree data structure and is a key architectural feature missing from
HTML.

2.3.3 XML Example

This is a simple example document describing a Car. (New lines and indentation have no
semantic significance in XML. They are included here simply to highlight the structure of
the example document.)

<Car>
<Make> Ford </Make>
<Model> Mustang </Model>
<Year> 1998 </Year>
<Color> red </Color>
<Price> 25000 </Price>
</Car>

The Car element contains five nested elements which describe it in more detail: Make,
Model, Year, Color, and Price. The content of each of the nested elements encodes a value
in some agreed format.

2.3.4 XML Attributes

In addition to contents, an XML element may contain attributes. Element attributes are
expressed in the opening tag of the element as a list of name value pairs following the tag
name. For example:

<Class xmi.label="c1"> ...</Class>

XML defines a special attribute, the 1D, which can be used to attach a unique identifier to
an element in the context of a document. These IDs can be used to cross-link the elements
to express meaning that cannot be expressed in the confines of XML's strict tree structure.
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2.3.5 Document Type DefinitionsDTDS)

A Document Type Definition or DTD is XML’s way of defining the syntax of an XML
document. An XML DTD defines the different kinds of elements that can appear in a valid
document, and the patterns of element nesting that are allowed.

A DTD for the Car example above could contain the following declaration:
<!Element Car (Make, Model, Year, Color, Price)>

This indicates that a Car element must contain each of the Make, Model, Year, Color, and
Price elements. The declaration for an element can have a more complex grammar, in-
cluding multiplicities (zero to one ‘?’, one ‘', zero or more *’, and one or more ‘+’) and
logical-or |'".

DTDs also define the attributes that can be included in an element using an ATTLIST.
For example, the following DTD component specifies that every Class element has an op-
tional XML attribute called ‘xmi.label’ and that the ‘xmi.label’ consists of a character data
string':

<IATTLIST Class xmi.label CDATA #IMPLIED >

While a DTD can be embedded in the document whose syntax it definessRreltyp-
ically stored in external files and referenced by the XML document using a Universal
Resource Identifier (URI) such as ‘http://www.xmi.org/car.dtd’ or ‘file:car.dtd’.

2.3.6 XML Document Correctness

There are three levels of correctness associated with XML documents; well-formedness,
validity and semantic correctness:

e A well-formed XML document is one where the elements are properly structured
as a tree with the opening and closing tags correctly nested. Well-formed documents
are essential for information exchange.

e Avalid XML document is one which is well-formed and that conforms to the struc-
ture defined by a DTD. A valid document will only contain elements and attributes
defined inthe DTD. Similarly, the element contents and attribute values will conform
to the DTD. While the DTD need not be specified in an XML document, and a con-
sumer need not use the DTD when decoding the document, the DTD is essential for
checking validity.

e The highest level of document correctness ("semantic correctness") is beyond the
scope of XML and DT as they are currently defined. Only a XML document
consumer with deep domain knowledge can check that the information in an XML
document makes sense. In the Car example, this might include a check that a partic-
ular Color was available for a given combination of Make, Model, and Year.

2.4 Overview of theMOF

The OMG MOF is a generic framework for describing and representing meta-information
in a CORBA-based environment. In this context, the term "meta-information” covers any
information that describes other information. This is intended to include such things as:

e Mapping descriptions for interoperability tools; e.g. application level bridges,

1The #IMPLIED directive indicates that the attribute is optional.
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Metadata for databases and information retrieval systems,

Models and project management information for software development tools,

¢ Interface definitions for CORBA objects, COM objects, DCE services and so on,

Service types for the CORBA Trader.

The MOF is designed to support many different kinds of meta-information. This is a-
chieved by treating the meta-information as information, and formally modelling each dis-
tinct kind of meta-information. These formal models are expressed using the metamodeling
constructs provided by the MOF Model. Figi2e gives an overview of the full structure

of the MOF Model.

2.4.1 TheMOF Model

The MOF Model is based on the concepts of entity relationship modelling. The three kinds
of building blocks for a meta-information model are objects (described by MOF Classes),
links that connect objects (described by MOF Associations), and data values (described by
CORBA IDL types). Instances of these constructs are organised as MOF Packages.

2.4.2 MOF Classes

A MOF Class defines the type of an object rather than its implementation. The Class
defines the type in the following terms:

Class Name: This is an identifier which obeys the CORBA syntax rules.

Attributes: A MOF object may have a number of Attributes. A MOF Attribute definition
has the following components:

e The attribute’sname which is an identifier which obeys the CORBA syntax
rules.

e The attribute’sype which is either another Class, ora CORBA IDL type.

e The attribute’sscopewhich determines whether the attribute values are "in-
stance-level" (i.e. each object has its own attribute value) or "class-wide" (i.e.
the attribute values are shared by all object instances).

e The attribute’smultiplicity which determines the number of attribute values
that are allowed for a given object (or class), and whether the attribute values
have ordering or uniqueness semantics.

e The attribute’sderivednesswhich determines whether the attribute values are
stored as part of the object state, or computed from other information.

e The attribute’hangeability which determines whether the attribute value can
be directly updated.

Operations: A MOF object can have a number of operations (in addition to any implicit
operations for accessing and updating attribute values and association links). These
are defined by the following components:

e The operation’parameter list which defines the name, type, direction and
multiplicity for each parameter. Parameter types can be another Class or a
CORBA data type.

e The operation'sesult which defines the type and multiplicity of the result.
e The operation'&xceptionlist which defines the exceptions that may be raised.
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References: A MOF object may be defined to be "aware" of being in a relationship with
other objects via an Association. This awareness is expressed as a Reference, and
results in link navigation and update operations being made available in the MOF
object’s interface. A Reference has the following components:

e The reference’sameis an identifier that conforms to the CORBA IDL iden-
tifier syntax rules.

e The referenced Association Enddetermines what "ends" of what kinds of
links an object is "aware" of.

e The reference’shangeability determines whether the object has operations to
update the referenced association.

Supertypes: A MOF Class may inherit from other MOF Classes. The inheritance model
is analogous to CORBA interface inheritance; i.e. multiple inheritance with a "dia-
mond" rule. Attributes, Operations and References may be inherited.

Abstract: An abstract MOF Class is defined so that other Classes may inherit from it. The
MOF does not support creation of instances of an abstract Class.

Singleton: A singleton MOF Class is one for which only one instance may exist.

Contents: A MOF Class is a "container" for its component features; i.e. any Attributes,
Operations and References. It may also contain MOF definitions of CORBA types
(e.g. typedefs) and Exceptions.

2.4.3 MOF Associations

A MOF Association defines a class of links between MOF objects. Links are always binary
and directed. An Association is defined by the following components

Association Ends: Each MOF Association has precisely two Ends with the following
components:
1. The end’snameis an identifier that satisfies the CORBA IDL syntax rules.
2. The end’'stype is a MOF Class.

3. The end’smultiplicity constrains the number of links that may involve one
object at one end. It also specifies whether the links have a partial order.

4. The end’'saggregationdetermines whether the association defines a composite
object or a "looser" connection between linked objects.

Derivedness: A MOF Association may be defined to be derivable from other information
in a model. For example, one can define "substitutability" as a derived relationship
between two instances of a given Class.

Changeability: A MOF Association may be defined so that links cannot be explicitly
added or removed. This only makes sense for a derived association.

Contents: A MOF association is a "container" for its Association Ends.
There are a few restrictions on Associations. For example:
e Only one End of an Association can have aggregation of "composite” or "shared".

e The links of an Association are implicitly unique; i.e. an Association cannot have
more than one link instance from one given object to another given object.

¢ If a Class has a Reference to an Association, there are restrictions on creating a link
in one context involving objects in another one.
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2.4.4 MOF Packages

The third construct of note in the MOF Model is the Package. A MOF Package serves as
the unit of modularisation and reuse of meta-information models similar to UML Packages.

A MOF Package is defined by the following components:
Name: This is an identifier that satisfies the CORBA IDL syntax rules.

Contents: A MOF Package is a "container" for Classes, Associations and other Packages
as well as MOF definitions of CORBA types and exceptions.

Imports: A MOF Package’s imports list defines a set of other MOF Packages whose
components may be reused by components defined within the Package.

Supertypes: A MOF Package’s supertypes list defines a set of other MOF Packages
whose components form a part of the Package.

MOF Packages provide three mechanisms that support modularisation and reuse of models
and model components.

e A Package may contain nested sub-Packages. Nesting one Package allows the de-
signer to use scoping rules to impose some structure on the namespace of a large
Package.

e A Package may import other Packages. When one Package imports another one,
the components in the imported Package are available to be used in the importing
Package. Conversely, the components of a Package that is not imported are not
visible.

e A Package may inherit from other Packages. When one Package inherits from an-
other one, all of the components of the inherited Package become part of the inherit-
ing Package.

A number of instances of a Package may exist, each with their own collections of Class

instances and links. When a Class that is not "aware" that it may participate in an Associ-

ation (i.e. if it has no Reference to an End of the Association), links may be freely created

between Class instances in different schemas. However when the Class is "aware", links
between different schemas are restricted.

2.4.5 OtherMOF Model Elements
The MOF Model also includes the following "secondary” elements.

Data Types: Non-trivial MOF-based metamodels need to use data types for Attributes and
Operation parameters. Basic data types such as CORBA's "integers"”, "characters"
and "strings" are indespensible, and the ability to define constructed types is useful.
The MOF Data Type model element supports all primitive and constructed CORBA

data types, and also allows a metamodel to use CORBA object references.

Constants: The MOF Model allows a metamodel to define compile time constants that
map onto CORBA constants.

Exceptions: The MOF Model requires exceptions raised by operations to be declared; c.f.
CORBA exceptions.

Constraints: The MOF Model allows user-defined constraints to be attached to most
kinds of MOF Model element. Constraints can be expressed in any language, though
there is no requirement on a vendor to automate constraint checking.
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XMI for MOOSE

3.1 Overview of theXMI Architecture of MOOSE

The goal of this project was to introduce XMI support toolISE Figure 3.1 gives an
overview of the XMI architecture.

Generic Class
Description Famix MOF
metamodel | _ instance of .|
defined as
a MOF
instance

instantiates / ' queries

XMUDTD Saver | XMI Loader

Famix MSEXMI - XMIDTD - VWSAX30
metamodel | queries| | DTD- Producer | _| generates | Famix
Producer DTD-File [},
=--- N
| i \ MSE -
" ! references N passes | Importer | _
i based ! *._ instantiates i data /7 ~-.__instantiates
! on ' : reads ™, on ./ Tl
! N s
Moose i queries ] XMISaver XML-File | MSEXMI- |/ Moose
Model | [ | L] _ generates __reads | | Reader g Model
,,,,,,, _ queries _

Figure 3.1: The XMI architecture of MOSE

Within MoosE the FaAMiIXx metamodel is described using the classes provided by the
packageGeneric Class Description In that sense this package is the metametamodel
of MoosE offering a mechanism for describing different metamodels mddE

TheXMI Saver package is responsible for saving XMl files as well as creating and saving
a corresponding DTD file. The Blosemodel data are saved using thkSEXMISaver
which creates a XMl file based on tha¥ix metamodel. ThéASEXMIDTDProducer

class is responsible for creating a MOF based representation ofathex Fmetamodel.
This instance of a MOF in turn is saved using ¥dIDTDProducer .

Responsible for loading XMl files is the packay®ll Loader : The MSEXMIReader
as a subclass of thelSUALWORKSs VWSAX30 SAX driver reads in the XMI-file as
well as its corresponding DTD file and passes the information describingathexFob-
jects on to theMiSEImporter class which instantiates adsemodel based on this data.

21



22 CHAPTER 3. XMl FOR MOOSE

The next four sections give a short introduction of how XMI support foodéE was
implemented: Sectio3.2 describes how the AmMix metamodel can be defined using
the Generic Class Descriptionpackage. Section3.3 and 3.4 describe how XMI and
DTD files are created and saved. The last se@i&udescribes how loading XMl files is
achieved.

3.2 Generic Class Descriptions

3.2.1 The Need for a Generic Class Description

In order to be able to load and savenNrXx entities, the system must know which informa-
tion to store and how to load it. The saver must know which information has to be stored
in which way and the loader must know how to instantiate new objects and how to set their
properties. Frankly speaken, the system must know the metamodel it is using.

Before this project, information describing the metamodel was spread over several func-
tions (on class side as well as on the instance side) for eaixFentities. There was no
inheriting of information from base classes to child classes, all the information was avail-
able in the leaf classes only. Every time new information was added to the model, it had
to be added by hand to various methods. As there was redundant information in several
methods, this lead to inconsistencies, causing subtle bugs which were hard to track down.

The aim of the architecture described below was to get rid of this mess and provide a clean
way to add/change theamix metamodel. In that sense, this architecture is the metamodel
of FAMIX , i.e. a metametamodel.

3.2.2 Classes for Genericly Describinggamix Classes

Every child class oMSEAbstractModelRoot has a class side method callimdtialize-
ClassDescription This method initialises a data structure, describing this class: In the
simple case that the classista FAMIX class it solely consists of this information. Other-
wise this data structure describes thisvitx class with all its attributes.

Before every loading/saving operation this method gets recursively called on every child
class ofMSEAbstractModelRoot. This assures that the information are always up to date.

The three classes describingNfix objects for load/save operations afg'SSEModel-
ClassDescriptoris used to describe a clagddSEModelAttributeDescriptor is used to
define single value attributes aMSEModelMVAttributeDescriptor which is used to de-

fine attributes with can consist of multi values like comments. Their interface is described
in the Tables3.1, 3.2and3.3.

3.2.3 Example of a Generic Class Description

The following figure shows thelassDescriptionfor the FAMIX classSMSEClass

initializeClassDescription
"self initializeClassDescription"

classDescription := superclass classDescription copy.
classDescription
isFamixClass: true;
famixClassName: #Class;
addAttribute: ((MSEModelAttributeDescriptor new)
name: #isAbstract;
loadWithMethod: #isAbstract:;
typeCode: MSEModelAttributeDescriptor famixBoolean;
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MSEModelClassDescriptor | |
isFamixClass: aBoolean Defines whether this class is afix class
isFamixClass Accessor function

className: aString Name of the BmMIX class

className Accessor function

addAttribute: aMSEModelAttribute

Descriptor

add a MSEModelAttributeDescriptor
to MSEModelClass

setAttributes: MSEModelAttribute-

Descriptors

add a collection of MSEModelAttribute-
Descriptors taMSEModelClass

attributes

Accessor function

Table 3.1:MSEModelClassDescriptorclass

MSEModelAttributeDescriptor |

isDerived: aBoolean

Needed for the DTD generation, always set
it to false

isDerived Accessor function

isMultiValue returnsfalse

loadWithMethod: aSymbol Method to call to set the attribute.
loadWithMethod Accessor function

multiplicity: aSymbol

Multiplicity of the attribute. Possible values:

oneTonN | oneToOne | zeroToN | zeroToOne

multiplicity Accessor function

name: Name of the attribute

name Accessor function

scope: Scope of the attribute. Possible values:
classifierLevel | instancelLevel
Needed for the DTD generation, always set
it to instanceLevel

scope Accessor function

typeCode: aSymbol

Type of attribute in BMIX . Possible values
famixBoolean | famixldentifier | famixIndex
famixName | famixQualifier | famixString

typeCode

Accessor function

Table 3.2:MSEModelAttributeDescriptor class

23

MSEModelMVAttributeDescriptor | inherits of MSEModelAttributeDescriptor |

isMultiValue

| returnstrue

Table 3.3:MSEModelMVAttributeDescriptor class
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scope: MSEModelAttributeDescriptor instanceLevel;
multiplicity: MSEModelAttributeDescriptor zeroToOne;
isDerived: false;

yourself);

addAttribute: ((MSEModelMVAttributeDescriptor new)
name: #interfaceSignatures;
loadWithMethod: #addInterfaceSignature:;
typeCode: MSEModelAttributeDescriptor famixName;
scope: MSEModelAttributeDescriptor instanceLevel;
multiplicity: MSEModelAttributeDescriptor zeroToN;
isDerived: false;

yourself);

Itis easy to see that thidassDescriptiondefines the EMix classClasswhich defines the
two attributedsAbstract andinterfaceSignature

3.2.4 Implementation of the Class Property in theFAMIX Metamodel

In the process of refactoring software, various tools are being used to analyse various lan-
guages. These tools (such as SNiFF+) tend to gather information that is not described in
our generic model (e.g. the keywosgnchronizedin Java or stubs into source code files),

but is interesting to save. TherefdPeoperties (see figure3.2) are introduced, offering a

way in the metamodel to store additional properties for any object.

Object — Property

name: Qualifier

value: String

Figure 3.2: The EmMIX classProperty

While the clasProperty was already defined in the metamodel it was never actually im-
plemented. The reason for this lies in the CDIF exchange format: CDIF allows additional
attributes of an entity to be saved in a CDIF file without violating the CDIF exchange
format. Contrary to this, the DTD of a XML/XMI file rigorously defines the possible at-
tributes of entities. Adding additional attributes to a XML file which are not defined in the
DTD violates the validity of the XML file, causing validating parsers to report an error.
Therefore Properties had to be implemented as a clean way to store additional informa-
tion.

A Property has the following attributes:

e name: Qualifier, multiplicity: 1..1
nameis a string that identifies Broperty within an Object. Thus, the name should
be unique for all properties of a single Object.

e value: String, multiplicity: 1..1
value contains the value of the property. The meaning of the value is not defined
within this model.

As there were no unique identifiers for all the objects in the metamodel they had to be
introduced. This is described in the next subsection.
3.2.5 Unique Identifiers for FaAMix Objects

Propertiesas well adMeasurementsneed to have unique identifiers pointing to the objects
they belong to. While subclassesoiitity are uniquely described by theinigueName
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all the other objects are lacking such a feature.

For these objects, Universal Unique Identifiers (UW$)[As specified inGro97 have been
introduced. A UUID is an identifier that is unique across both space and time, with respect
to the space of all UUIB. A UUID can be used for multiple purposes, from tagging ob-
jects with an extremely short lifetime, to reliably identifying very persistent objects across

a network. UUIDs are generated using a combination of the network address and cur-
rent time at the moment and place it was generated. Assuming that network addresses are
unique and that time never runs backwards, this guarantees that $xgély are unique.

Calling newld on the class side of the clasSEUUIDGenerator will return a UUID
approximately looking like this:

€842bf06-d202-0000-0282-5¢c410d000000

Adding this UUID to a newly created object assures that this object can be uniquely iden-
tified.

Unfortunately, having UUIB for all objects increases the memory consumption of a
model. As subclasses @hntity already have unique identifiers, the following policy re-
garding unique identifiers is chosen: If a class is a subclagntify its unigueNameis

used, otherwise a UUID is created and serves as its unique identifier. (Some ideas how to
reduce memory consumption of unique identifiers are given in seétibn

3.3 Saving aXMI File

The XMLSaver is a subclass dfISEAbstractSaverand does all of the writing out of the
currently loaded model. The main procedure is straightforiaFdr every object in the
model, stream it and its attributes out according to the XML specifications.

However there are several things to be considered:

e Two Different Types of XML Tags.
Most of the attributes are stored by embedding their value in a pair of start/end ele-
ment tags, looking like:

<FAMIX.Class xmi.id="c775cbaf-99de-0000-0282-5c410d000000">
<FAMIX.Entity.name>  AbstractDestinationAddress </FAMIX.Entity.name>
<FAMIX.Entity.unigueName> AbstractDestinationAddress </FAMIX.Entity.uniqueName>

</FAMIX.Class>

Compared to this way of saving values, unique identifiers (as described in section
3.2.5 and boolean values are stored as attributes within the element, in the form e.qg.:

<FAMIX.Class xmi.id="c775cbaf-99de-0000-0282-5c410d000000">
;FAMIX.CIass.isAbstraCt xmi.value="true"/>

</FAMIX.Class>

1As a matter of fact, considerable time had to be spent to get thed# 10 infrastructure back in shape.
Time had left its mark on the code base, little hacks everywhere and confusing documentation made a refactoring
necessary. Especially extensive us@nggct..into and callingperform on concatenated strings made life hard. In
the process of cleaning up, thedd®selO infrastructure was therefore partially rewritten.
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e Encoding Data Corresponding to the XML specifications.

The XML specification requires the characters'&’, '<’, >, ” and " do be encoded
in a special wayMSESingleValueToXMLConverter takes care of this.

Calculate Measurements and/or Properties.

Mainly out of memory concerns, instances efivix classMeasurementandProp-

erties are not stored in the model as objects. If this information is to be stored too,
then due to the fact that these objects are to be stored as explicit objects in the XMI-
file, they have to be created at save time and passed on to the saver.

Finding the Defining EMix Class of a BMIX Attribute.

Saving an object which inherits variables from parent classes requires special treat-
ment: In order to create valid XML files, i.e. compliant to the DTD, it is important

to determine the (parent) class which defines the attribute. (See subsdtitior

an example).

As the information which (parent) class defines the attribute is not available directly
at runtime, a sort of attribute lookup had to be implemented: For evemi at-
tribute, the BMIX class defining this variable has to be determined. Figudshows

Famix Inheritance Moose Inheritance
Hierarchy Hierarchy
Object MSEAbstractObject
Comment Comment
Example of an ‘attribute’ lookup
for the attribute comment
of the Famix class Class
Entity ‘ ‘ MSEAbstractEntity
LAN: MSEClass
MSEAbstractPackagable
Comment = "LAN class’
Class ‘ ‘ MSEClass ‘

Figure 3.3: ‘Attribute’ lookup

a schematic overview of the lookup procedure: Ag/F information is stored on

the class side of an object, the lookup starts on the class side of the current object
and checks whether this variable is defined as an attribute of siMsxclass. If the
attribute is not defined in this class, the lookup goes up to the¥ super class.

Here again it is checked whether this variable is defined as being part ofahix F
class. This procedure is repeated until either th®ik class defining this attribute

is found or the BMIX root class is reached. (As thdrasto be a AmiIx class defin-

ing this variable, such an event is unlikely to occur.)

It's important to note that theAmix class hierarchy and the actuald@se class
hierarchy are not identical. This is largely due to implementation decisions: Intro-
ducing further classes as described kMFX makes the design cleaner and more
extensible. For example (as shown in fig®) in the MoOSE implementation,
there is a clasMSEAbstractPackagablebetweenMSECIass (representindClass

in FAMIX) andMSEAbstractEntity (representindentity in FAMIX ).
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Famix Metadata MOF-Package Famix DTD

<!ELEMENT FAMIX.Class.belongsToPackkage EMPTY>
<!ELEMENT FAMIX.Class (FAMIX.Class.belongsToPackage?,
(XMI.extension*))?>
<!ATTLIST FAMIX.Class
XMIl.element.att; %XMI.link.att;
>

a MOFClass:

uniqueName: Class
a MOFAttribute:

name: belongsToPackage
multiplicity:  1-to-1
MSEClass >> classDescription:
isFamixClass:  true
famixName: Class
Attribute:
name: belongsToPackage
multiplicity:  1-to-1

Figure 3.4: Transforming theamix metadata to a&vix DTD

This decoupling of the Amvix class hierarchy from the implementation complicates
the lookup. Therefore a method call&mixParent was implemented, which be-
haves the same on thaix class hierarchy aparent does on the BALLTALK
class hierarchy.

e Treating Multiple Values.
Contrary to the specification for saving multiple values in CDIF, no special care has
to be taken in XML to store multiple values. If there are multiple values within the
model, multiple XML entries with the same tag are written to the file. (The entries in
the DTD file describe whether multiple XML entries are allowed for a given object.
See subsectioB.4.4for details.)

3.4 Creating and SavingDTD Files

The basic approach for creating and saving a DTD file consists of two steps (see figure
3.4):

1. Creating a MOF Package out of thedd@sedata.

2. Passing the MOF Package to the gen&idIDTDProducer , which will generate
and stream out a DTD file as specified ¥MI98].

The first step includes transforming theddsedata into an instance of a MOF Package.

As there was no BALLTALK MOF implementation, the necessary parts had to be imple-
mented. The next two subsections describe the implementation of the MOF and how it was
used to create a MOF instance of theBISEmodel.

The second step is guided by the chap¥évil DTD Production of the XMI specification.
There, rules for generating a valid DTD out of a MOF model are defined. T S-

TALK implementation of the XMI DTD Production Rules follows closely the pseudo code
given for every rule. Therefore only a short overview of how creating a DTD is achieved
is given in the last subsection. Interested readers are asked to take a look at the XMl
document which describes this procedtirelength.

2Even tough buggy
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3.4.1 Implementing theMOF

Because the XMI rules for producing a DTD are based on the MOF and there was no
MOF implementation, the relevant classes of the MOF had to be implemented. In this
context, relevant means that these MOF classes are mentioned in the rules of the XMI
specification, i.e. needed for the rules to work. FiguBésshows the parts of the MOF
implemented (Classes grayed out acdimplemented). Due to the fact tham@8LLTALK

does not support multiple inheritance, some properties had to be copied to classes inheriting
from multiple parents.

Figure 3.5: Implemented parts of the MOF model (Classes grayed outcalienple-
mented)

3.4.2 Creating an instance of aOF out of a FAMIX model

Producing a MOF means recursively traversing all subclassé4StAbstractModel-

Root and creating a MOF Package from it. For evesmirx class a MOF Class has to

be created and for every attribute of thisMix class a MOF Attribute has to be created
and added to the MOF Class. Furthermore, references to allakexFsuperclasses of

the newly created MOF Class have to be set. Creating MOF Attributes also implies trans-
forming the MoosEdata types (as described in TaBl@ or in [DTS99) to corresponding
types of the MOF (which in fact are CORBA data types). Again, the whole procedure is
complicated by the fact, that the inheritance hierarchy of thieik model is not equiva-

lent to the inheritance hierarchy of thedwseimplementation.

On the implementation sid&SEXMIDTDProducer is responsible for creating a MOF
Package out of the currently loaded model i®KE Within this class, the dictionary
FamixDataTypeToCorbaDataTypesDictionaryis responsible for the transformation of
FAaMIX data types to MOF data types.

3.4.3 Creating aDTD from a MOF Instance

After a MOF Package has been created of the currembSEmodel, this MOF Package is
passed on to the cla¥vIIDTDProducer which the opens a file and writes out the DTD
according to the DTD production rules.

To give the reader an impression of how this is done, the two main rules describing the pro-
duction of a PackageDTD and the ClassDTD are given here. Interested readers should con-
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sult chapter XMI DTD Production of [ XMI98] for a in-depth explanation of how DT®

are produced of a MOF Package. In fact, the XMI specification defines three set of rules
for generating a DTD. Only the simplest rule set call®lile set 1: Simple DTDwas
implemented, with the drawback of producing more verbose BiHan necessary. As the
size of the DT» is only of concern when being transferred over the web, this decision is
legitimate.

A complete XMI DTD consists of fixed DTD content which is required for any XMI
DTD, followed by at least one set of Package DTD elements. The XMI element, defined
in this fixed content, is the XML document root type for a valid XMI document.

A PackageDTD is a sequence of DTD elements of various types, reflecting the contents
of the Package. It includes DTD elements describing the Packages and Classes contained
in the Package as well as DTD elements for Classifier-level Attributes of the Classes con-
tained in the Package and for the References to compositions made by the Classes of the
Package. The rather unusual case of an Association with no References is also handled at
the Package level.

The algorithm to generate a PackageDT® is

For Each Class of the Package Do
For each Attribute of the Class Do
If isDerived is false Then

If the scope of the Attribute is classifierLevel Then
Generate an AttributeElementDef (#4) for the Attribute
End
End
End
End

For Each Association of the Package Do
If i sDerived is false Then
If the  Association contains an  AssociationEnd whose aggregation is
composite  Then

Generate the CompositionDTD (#7) for the Association
Else If the Association has no References Then
Generate the AssociationDTD (#10) for the Association
End
End
End
For Each Class of the Package Do
Generate the ClassDTD (#3) for the Class
End
For Each (sub) Package of the Package Do
Generate the PackageDTD (#2) for the (sub) Package
End
Generate the PackageElementDef (#9) for the Package

Of the various rules mentioned in the pseudo code above, the rule for creating a ClassDTD
is chosen here, because it shows nicely the top-down approach of the transformation pro-
cedure.

A ClassDTD is a set of DTD fragments that describes the contents of a Class. These
fragments include element definitions for the instance-scope Attributes of the Class and for
its non-composition References. The Classifier-scope Attributes of the Class are defined at
the level of the Package that contains the Class, as are the composition References which
are included in the Class.

The algorithm to generate a ClassDTD is:

For Each Attribute of the Class Do

3The number in brackets are references to rules describing how this part is achieved.
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If isDerived is false Then
If scope is instancelLevel then
Generate the AttributeElementDef (#4) for the Attribute
End
End
End
For Each Reference of the Class Do
If the isDerived attribute of the associated Association is false Then
If the the aggregation of the AssociationEnd which is the exposedEnd of the
Reference is not composite Then
Generate the ReferenceElementDef (#5) for the Reference
End
End
End
Generate the ClassElementDef (#6) for the Class

Overall ‘Rule set 1. Simple DTDdefines 12 rules plus auxiliary functions to transform

a MOF Package to a valid DTD. Two things should be mentioned here: First, there is
again a transforming of data types, this time by mapping the CORBA data types to XMI
data types. Second, apart from the declaration of the XML elements and their attributes,
the multiplicity of the elements is encoded in the DTD too. The next subsection gives an
example of a DTD produced by this procedure.

3.4.4 Example of aFamMIX DTD

Here is a little part of the &vix DTD, defining the entries for theAmix classMethod:

<l-- >
<l-- >
<l-- META_MODEL CLASS: FAMIX.Method -->
<l-- -->

<IELEMENT FAMIX.Method.belongsToClass (#PCDATA | XMl.reference)*>

<IELEMENT FAMIX.Method.hasClassScope EMPTY>
<IATTLIST FAMIX.Method.hasClassScope

xmi.value ( true | false | null ) #REQUIRED
>

<IELEMENT FAMIX.Method.isAbstract EMPTY>
<IATTLIST FAMIX.Method.isAbstract

xmi.value ( true | false | null ) #REQUIRED
>

<IELEMENT FAMIX.Method.isConstructor EMPTY>
<IATTLIST FAMIX.Method.isConstructor

xmi.value ( true | false | null ) #REQUIRED
>

<IELEM