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Abstract. In order to be able to work correctly with all the concepts
handled in software process improvement it is useful to establish differ-
ent abstraction levels that help to manage the complexity. Correct use of
all the data and metadata (models and meta-models) handled in the dif-
ferent abstraction levels is necessary. This paper proposes a tool, based
on MOF (Meta-Object Facility) conceptual architecture, for the man-
agement of these models and meta-models, that are stored in a reposi-
tory in the form of XMI (XML Metadata Interchange) documents. This
tool can be used as an integrated vertical component in other horizontal
tools oriented to software process improvement and management. As
example, we present its vertical integration with MANTIS, an environ-
ment for software maintenance management.

1 Introduction

In the field of software engineering, achieving high quality products is a common
objective. A factor which is fundamental to and greatly influences the final quality of a
software product is precisely the process which has been followed in order to develop
or maintain the product. As a result, in a Software Engineering Environment (SEE) it
is important that all the software processes should be managed in an integrated fash-
ion, taking into account both the way in which software processes are developed (de-
fining the required methodologies and tools) and their execution (especially its con-
trol).

A software process consists of a set of concurrent and cooperative activities that are
related to the development and maintenance of the software as well as to the manage-
ment of the project and the quality of the product. Software processes are inherently
complex as they involve a lot of people, with different responsibilities and skills, and
they produce or modify a wide range of elements [1]. In order to manage and improve
software processes, it is necessary to establish abstraction levels that enable us to
reduce this complexity, dealing satisfactorily with all their different aspects. Metadata
constitute the key element for the integration of all the concepts involved in software
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process management. Metadata are descriptive information about the structure and
meaning of the data, and of the applications and processes that manipulate them [6].
When different abstraction levels are defined (multilevel conceptual architectures),
correct management of the data and metadata and the relationship between these be-
comes an essential aspect. All the information carried by the data and metadata must
be stored in repositories in order to deal with the diversity of the data sources.

The aim of this paper is to present RepManager, a software component for manag-
ing metadata repositories that deals with all the information necessary for the manag-
ing and improving of software processes. In the following paragraphs we will describe
the functions carried out by the RepManager tool, and explain the importance of each
of them. We will then look at a practical application of this component in its integra-
tion with MANTIS [16], a SEE oriented to software maintenance management. At
last, we will comment some related works, which are the future lines of this work, and
the main conclusions.

2 Description of the Repository Manager

The first consideration to be taken into account when designing a repository is in
which format the data and metadata are going to be stored. In order to have an open
format for the storage of the data and meta-data at our disposal, the RepManager tool
uses XML Metadata Interchange (XMI), [9]. It is essential for the repository manager
to guarantee the possibility of interchange between the models and meta-models de-
fined, so that both the meta-models defined with the tool and the meta-models defined
with other tools -that support XMI- are usable. The principal objective of XMI is to
facilitate the interchange of metadata between modeling tools and between metadata
tools and repositories in distributed heterogeneous environments. XMI constitutes the
integrating element for metadata originating from different sources, as it represents a
common specification. Therefore, to a great extent the RepManager component pro-
vides a tool with support enabling it to interchange metadata with other repositories or
tools that support XMI.

Another important aspect that should be taken into consideration is that the infor-
mation of the repository should be accessible to all those that need it. For this reason,
the metadata repository manager is a specialized software component which is de-
signed to provide the necessary infrastructure and support for the storage of interre-
lated information components [7]. Therefore the functions of RepManager are similar
to those provided by a database management system, but with the special characteris-
tic that the information is stored as XMI documents. These functions will be supported
via a set of calls to the system and are basically (see figure 1):

1. Storage of models and meta-models defined in the tool in a local metadata reposi-
tory represented in XMI (for exportation).
2. Importation/exportation of models and meta-models.
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Fig. 1. RepManager imports/exports models and meta-models (UML use case diagram)

In order to gather the information on the models (at the different abstraction levels)
that has been specified by the users or is contained in an XMI document, a class hier-
archy has been defined that serves as a communication link between the control layer
and the storage layer of RepManager. This class hierarchy is based on the specifica-
tion of XMI, which establishes a series of production rules for the transformation of
the meta-models into correct XML documents for the interchange. The storage func-
tion in the RepManager tool is supported by a specific service that generates the XMI
document and the Document Type Definition (DTD) that represents it starting from a
meta-model with its corresponding structure. When carrying out this operation the
RepManager tool must guarantee that the updates are coherent with the syntax speci-
fied in the scheme associated with each type of XMI document.

As far as loading the meta-models is concerned RepManager provides another spe-
cific service which receives the document representing the meta-model as input and
represents the information it contains according to the previously mentioned class
hierarchy.

With the aim of managing the complexity, RepManager use 4 conceptual levels
which are based on the MOF standard [8]. MOF is ,,a model for specifying, con-
structing, managing, interchanging and integrating metadata in software systems thus
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allowing the flexible integration of the systems* [8]. MOF describes an abstract mod-
eling language aligned with the UML kernel. In table 1 we can see these four levels of
the MOF architecture and their adaptation to RepManager.

Real specific software projects (with time, cost and resources restrictions) are
found in level MO. The data dealt with at this level are instances of the concepts de-
fined in the upper level M1. The specific models in level M1 represent the methods
and techniques specific for each application domain. Level M2 corresponds to the
software process (SP) generic meta-model. In M3, the last conceptual level, the SP
meta-model of M2 level is represented as an MOF-model. An MOF-model basically
comprises two types of objects: MOF-class and MOF-association (from our point of
view these are the principal objects, although others do exist: packages for reuse pur-
poses, types of data, etc.). Consequently, all the concepts represented in the level M2
are now considered examples of MOF-class and MOF-association. For example ,,Ac-
tivity*, ,,Resource® or ,,Artefact” are examples of MOF-class and ,,Activity uses Re-
source” or ,,Artefact is input of Activity are examples of MOF-association.

In figure 2 we can see the basic operation scheme of the RepManager tool with its
principal functions. As can be seen in this figure, RepManager provides the CASE
tools for meta-modeling with two basic services: the storage and importation of meta-
models. The CASE tool for meta-modeling calls up these services from its control
layer and provides RepManager with all the necessary information (contained in a set
of objects grouped in the specified class hierarchy) for the generation of the XMI
documents that represent the correspondences between the different levels and the
DTD that represent each type of XMI document generated. For the generation of XMI
documents and their associated schemes the RepManager tool uses the generation
rules specified in the XMI standard. Finally, the manipulation of the repository, that is
to say, the storage and retrieval of information at document level, is carried out using
the Document Object Model (DOM) [18]. This standard provides a collection of
classes that represent the hierarchic structure on which all XML documents are based.
The model provides classes that represent documents, nodes, list of nodes, etc., with
the necessary properties and methods for the construction and editing of XML docu-
ments.

These services enable the CASE tools for meta-modeling to store the meta-models
and models correctly by means of using a simple set of calls which constitute the re-
pository interface.

Table 1. Correspondences between the conceptual levels of MOF and RepManager

Level MOF RepManager Examples
M3 MOF-model MOF-model MOF-class
(meta-meta-model)
M2 Meta-model Generic SP meta-model Activity
Ml Model SP models Codification
(concrete methods and tech-
niques)
MO Data SP instances Codification of the

PXB module
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Fig. 2. RepManager interacts with other MOF-based tools

In the following sections we present a specific application of RepManager: the
management of the repository of MANTIS, a SEE specially designed for the Software
Maintenance Process (SMP) improvement and management.

3 One Use Case: MANTIS Environment

Software Maintenance (SM) represents the stage in the lifecycle of a software product
that consumes most resources [11], and taking into account its special characteristics
that clearly differentiate it from the development stage, it is very useful to have spe-
cific methods, techniques and tools at ones disposal. Moreover, to the improvement of
this process, it is highly convenient to define and construct an environment for the
integral management of the SM projects, due to the complex nature of this type of
projects (as a result of the size and complexity of the product to be maintained and the
difficulty of the task to be undertaken).

The MANTIS project aims to define and construct an integrated Environment for
the management of SM projects [16]. By using the term Environment (with a capital
»E) MANTIS is considered as a broader concept than the concepts of:

- methodology (in the usual sense, meaning a series of related methods or tech-
niques); and

- software engineering environment, meaning a collection of software tools
used to support software engineering activities [4].
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MANTIS includes different aspects that must be taken into account when under-
taking SM projects. For SMP management and improvement, MANTIS integrates the
following:

- the personnel (with specific skills and specific roles to carry out in the proj-
ect).

- the techniques (methodologies) used by these persons.

- the fools (that help to comply with the standards).

- the activities (in which the teams participate and which help important objec-
tives to be reached).

The adaptation of the conceptual architecture showed in table 1 to this application
domain is summarized next. In level M1, the MANTEMA methodology [12] and a set
of techniques adapted to the special characteristics of SM (effort estimation, risk esti-
mation, process improvement [13], audit [15], etc...) are proposed. Our generic SMP
meta-model of M2 level is based on the informal ontology for SM proposed by
Kitchenham et al [5], the ,,Workflow Reference Model* proposed by the Workflow
Management Coalition [21], and the schema for software process modeling and soft-
ware measurement proposed by Becker-Kornstaedt and Webby [1]. For example, the
generic object type of ,,Maintenance Activity* used in M2 is instanced in the activity
types “Analysis of the Modification Request™ or ,,Urgent Corrective Intervention in
M1, and these in turn, in instances of level MO as , Intervention n° 36 in the project
PATON®.

3.1 MANTIS-Metamod

MANTIS-Metamod is a tool for the meta-modeling of software processes in general,
although constructed with the SM in mind (by means of its integration in the MANTIS
environment) [16]. This tool can be integrated into horizontal tools based on the Meta
Object Facility (MOF) standard. With MANTIS-Metamod the modeler can specify
models and meta-models at the different levels of the MOF architecture.

The meta-models and models defined for the user by means of MANTIS-Metamod
are validated and internally represented using the RepManager component. MANTIS-
Metamod manages the correspondences between the levels M3-M2 and M2-M1. The
correspondences between the levels M1 and MO have not been included because they
are related to the enactment of real projects instead of to process modeling.

The internal software architecture of this tool is based on a three layer model (pres-
entation, control and storage) with the aim of reducing complexity and providing a
certain degree of encapsulation. For the input of user data, the application comprises a
meta-model administrator as its principal component and a windows system that per-
mits a visual description of the classes that make up the models and meta-models
(Package, Class, Data Type, Attribute, Operation, Reference, AssociationBegin, As-
sociationEnd and Constraint). In the meta-model administrator, as in the MOF model,
the information is structured in a hierarchical fashion: a package contains classes and
associations, a class contains attributes and operations, an association contains restric-
tions, etc. (see figure 3).
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Fig. 3. Users can view and edit models and meta-models in an integrated way using MANTIS-
Metamod

To complement this tool, other tools of visual modeling can be used. This function-
ality is possible owing to the fact, as already mentioned, that MANTIS-Metamod has
the capacity to interchange meta-models and models in XMI format using the services
of the RepManager tool. For example, you can use Rational Rose to draw the class
diagrams of a model (level M1) and of a meta-model (level M2), and export both to
MOF/XMI format. Using MANTIS-Metamod (and therefore, RepManager for the
storage function ) you will be able to edit both in a combined way; compare one with
other, check the adaptation of the model to the meta-model, or visualize the model
objects associated with a certain meta-model object.

We believe that the main utility of MANTIS-Metamod (and RepManager) is, in
fact, to be able to manage and edit a model jointly with its associated meta-model.

4 Using RepManager in MANTIS

One of the objectives of MANTIS is the integration of the concepts on which it is
based and more importantly the correct management of all the metadata and data at
the different conceptual levels previously mentioned. In order to achieve this, the
models and meta-models of the different levels can be stored in a repository -of XMI
documents- managed by the RepManager tool. Each XMI document stored in the
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repository represents a correspondence between the M; level and M level, as each
XMI document will contain the metadata (level M;) that describe the corresponding
data (M level instances). As a result, and bearing in mind that we work with four
conceptual levels in MANTIS, three types of XMI documents will be stored in the
repository:

e XMI documents that represent the correspondences between the levels M2-
M3, such as the correspondence between the MOF-model and the SMP meta-
model. The DTD or scheme that will represent this type of XMI documents is
unique and will be the DTD of the MOF-model (only the MOF-model is pres-
ent at level M3 in order to integrate the possible meta-models of the lower
level).

e  XMI documents that represent the correspondences between the levels M2-
M1, such as the correspondence between the SMP generic meta-model with
the specific MANTEMA methodology. In this case the DTD represents the
meta-model of level M2, for example, it would be necessary to store the DTD
of the SMP generic meta-model.

e  XMI documents that represent the correspondences between the levels M1-M0O
such as the correspondence between MANTEMA methodology and a specific
project enactment applied in a company that is using that methodology. In this
case the DTD represents specific models of level M1. In the MANTIS envi-
ronment case it would be necessary to store the DTD corresponding to the
MANTEMA methodology.

In figure 4 we can see the document types stored in the repository which give sup-
port to MANTIS and the correspondences between them. As can be seen, the data of a
level M; are transformed into metadata of level M;; which is immediately below. In
this way ,,Maintenance Activity, which is a piece of data (associated with the MOF-
class M3 element) in the XMI document that represents the correspondence M3-M2,
is converted into a label (metadata) in the XMI document that represents the corre-
spondence between the levels M2 and M1. Two instances of ,,Maintenance Activity*
are defined in this M2-M1 mapping document: ,,Urgent Corrective Intervention* and
»Modification Request Analysis“. In turn, in the M1-M0 mapping document, ,,Urgent
Corrective Intervention® is a new element label with one new instance named ,,Inter-
vention number 36 corresponding to one real task of real SM project enactment.

4.1  Applying to the Assessment Process

In MANTIS, an important application of the RepManager tool is to integrate the dif-
ferent concepts involved in the assessment and improvement of the SMP [23]. Given
the importance of improvement, and hence of the assessment, of software processes, it
finds important to be able to treat all the concepts involved in these processes in an
integrated way. To achieve this integration, we have extended the already commented
4 level architecture of MANTIS with a concrete model of assessment. This way, at
level MO are represented the results of the application of an assessment process to a
maintenance project. That is to say, at this level there would be the results of a process
from which it would be possible to establish its strong and weak points. The specific



554  Francisco Ruiz et al.

model used at level M1 represents the assessment model proposed in part 5 of ISO
15504 standard [22]. In this level we focus on the guidance that ISO provides with
regard to the assessment process.

The main activities that ISO 15504 identifies to assess a software process are Plan-
ning, Collecting Data, Validating Data, Process Rating and Reporting. The assessment
process output is formed by the process profile which records all data related to the
assessment of a process. In table 2 the main correspondences between the elements of
the generic SMP meta-model and the main elements of the assessment process are
summarized.

We can generate automatically the DTD associated to the assessment process
model of ISO 15504 (level M1) using the RepManager tool. This way, the tools used
to perform specific assessment processes (level M0) could exchange their data effi-
ciently (in XML documents adapted to the previous DTD).

XMI METADATA REPOSITORY

<Model.Class xmi.id = 'a3A2606240370">
<Model.ModelElement.name>Maintenance
Activity</Model.ModelElement.name>
M3 Meta-metamodel (MOF) <Model.GeneralizableElement.isRoot xmi.value = "false"/>
odel. GeneralizableElement.isLeaf xmi.value = "false"/>
M2 | SMP Meta-Model <MoX ralizableElement.isAbstract xmi.value = "falseX

<Model.Generalizal - ="public_vis"/>
<Model.Class.isSingleton xmi.value = "false"/>
</Model.Class>

<PMS:Maintenance Activity name='Urgent Corrective intervention'
xmi.id = 'b3A2606240370">
M2 SMP Meta-Model <PMS:Maintenance Activity
name='Modification Request Analysis'
M1 MANTEMA Model xmi.id = 'b3A2606240371'>
<PMS:Human Resource
name="Maintenance Team'
xmi.id = 'b3A2606240372">

v

M1 MANTEMA Model

‘ <MANTEMA:Urgent Corrective intervention
MO Data name="Intervention number 36"
date="31/12/1999" />

<MANTEMA:Maintenance Team

name="A Team"
participants=7/> /

Fig. 4. Using RepManager with the three mapping layers of MANTIS

5 Related and Future Works

There are several examples of recent literature that demonstrate the advantages of
MOF and XMI for the construction of CASE tool and SEE repositories. The project
FAMOOS (Framework-based Approach for Mastering Object-Oriented Software
Evolution) is a good example of this [2]. The goal of this project is to build a frame-
work to support the evolution and reengineering of object-oriented software systems.
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With this aim in mind, FAMIX, a language-independent meta-model (in M2 level of
MOF) for describing object-oriented source codes at the program entity level, has
been developed [17]. In this case RepManager could be used as a repository manager
by storing the meta-model FAMIX (together with its associated DTD) and a model (in
M1 level) for each of the programming languages used.

In [10], SPAIL (Software Process Assessment Interchange Language) is presented.
It is a XML-based language oriented to representing and exchanging descriptions of
process assessment results. SPAIL gives rise to a DTD that defines the grammar of
this language, taking as its base a specific model of the assessment process, proposed
in the standard SPICE [14]. An XML document based on the DTD of SPAIL, con-
taining the results of a real-world process assessment, is an instance of correspondence
MI1-MO (relationships between model objects and data objects). Using RepManager it
is possible to store and manage this model along with any other model of the same or
related processes. In fact, the DTD of SPAIL can be automatically generated by Rep-
Manager. To achieve this, all you have to do is define the process meta-model (level
M2) using an MOF-based meta-modeling tool (for example, with Mantis-Metamod,
although another option would be to use a CASE tool that allows MOF to be exported
e.g. Rational Rose for the graphic design of this meta-model) and invoke the Generat-
eDTDMetamodel use case of RepManager. Although RepManager does not include a
use case for generating DTD models, it is not in fact necessary, as by defining the
model of the level M1 in the same way as the meta-model of the level M2, their DTDs
will also be the same.

The main aim of the RepManager tool is to provide support in the form of a model
and meta-model repository to any CASE tool that may need it. This functionality is
particularly useful in the area of Process-centered Software Engineering Environments
(PSEE), [3]. The MANTIS environment, which we have discussed previously, has an
architecture of this type whose main feature is a central process concept. A basic as-
pect of software processes is that they are subject to changes both when being put into
use in a specific real-world project and in relation to the associated process model.
The improvement of a process also leads to both types of alterations. In order to man-
age these changes it is necessary to be able to represent the different models (a new
version of a process model whilst similar to the original model is in reality a different
process model) and associated meta-models. It would also be useful to enchance
RepManager with support for facilitating the re-engineering of models using the
common meta-model as an intermediate step.

A further improvement, of a technical type, is to facilitate partial access to the in-
formation contained in a model or meta-model by means of a query engine based on
the use of the Xquery language [20], a standard proposal of the W3C for XML docu-
ments query. The use of XML schemas instead of DTD is also being studied in order
to take advantage of their greater semantic capacity [19]. Moreover, XML schemas
have XML syntax and as a result can be handled with DOM, the same API as that
used for the XML documents themselves [18].
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Table 2. Mapping between the generic SMP of MANTIS and the assessment process model of
ISO 15504

M2 classes M2 instances (M1 classes)
Activity Defining the assessment input
Perform the assessment process
Planning
Collect data
Validate data
Process rating

Reporting
Record the assessment output
Artifact Process to assess
Process profile
Activity contains Activity ,Perform ... contains ,,Planning*
,,Perform ...“ contains ,,Collect ...*
,Perform ...“ contains ,,Validate ...*
,Perform ...“ contains ,,Process ...«
,.Perform ...“ contains ,,Reporting*

Activity consumes Artifact ,,Perform ...“ consumes ,,Process to assess*
Activity produces Artifact  ,Perform ...“ produces ,,Process profile*

6 Conclusions

In this document we have presented RepManager, a component tool for the manage-
ment of repositories of software process models and meta-models stored in XMI
documents, and its vertical integration with MANTIS, an integrated environment for
software maintenance management and improvement.

Nowadays the development and maintenance of software have become inherently
overly complex processes due to the distributed, heterogeneous character and the size
of the applications. The solution for dealing with this complexity is to be found in a
classic but valuable concept of information system terminology: modeling. Models
provide the abstraction that is necessary for dealing with this complexity. However,
due to the great complexity of the applications, modeling architectures have been
proposed that allow the models themselves to be handled in different levels.

The correct management of data and metadata represents the key to dealing with
these architectures. Data and metadata repositories have become a key element for the
management of software processes. Metadata enable the construction of easy-to-
maintain applications and moreover the efficient management and improvement of
software development and maintenance processes.

The tool that we have presented allows the management of data and metadata de-
fined for software process modeling. The Repository Manager facilitates working with
the models and meta-models stored in the repository. Moreover it provides the user
with transparency when handling the data as the system conceals the details related to
the way in which the data and metadata are stored, thus allowing these to be efficiently
managed.



An XMI-Based Repository for Software Process Meta-modeling 557

Any other modeling tool that uses the abstract language provided by MOF and
XMI for the definition and storage of meta-models will be able to collaborate with
RepManager tool, and in so doing would increase the efficiency of the software proc-
ess management. As an example of this functionality, we have presented the integra-
tion of RepManager with the MANTIS environment and, as demonstration of its gen-
erality, we have commented the integration of the assessment process.
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