
 

Automating Object-Oriented Software Development 

Methods Workshop 

Tuesday, June 19, 2001 

http://trese.cs.utwente.nl/ecoop01-aoom/ 

 

 

 
European Conference on Object-Oriented Programming,  

Hungary, Budapest, June 18-22, 2001 

 

 

 

 

Organizers 
Bedir Tekinerdogan (contact organizer), University of Twente, The Netherlands  

Pim van den Broek, University of Twente, The Netherlands  

Motoshi Saeki, Tokyo Institute of Technology, Japan  

Pavel Hruby, Navision Software, Denmark  

Gerson Sunyé, IRISA, France 



Contents 

    

1. Automating Object-Oriented Software Development Methods,  
B. Tekinerdogan, M. Saeki, G. Sunye, P. van den Broek, P. Hruby 

2. Meta-Modeling Design Patterns: Application to pattern detection and code 
synthesis,  
H. Albin-Amiot, Y. Gueheneuc 

3. Automatic Code Generation using an Aspect Oriented Framework,  
O. Aldawoud, A. Bader, E. Tzilla 

4. Modeling Intra-Object Aspectual Behavior, 
O. Aldawoud, A. Bader, C. Constantions, E. Tzilla 

5. Prototype Execution of Independently Constructed Object-Oriented 
Analysis Model, 
T. Aoki, T. Katayama 

6. Towards a Tool for Class Diagram Construction and Evolution, 
M. Dao, M. Huchard, H. Leblanc, T. Libourel, C. Roume 

7. HyperCase- Case Tool which Supports the Entire Life Cycle of OODPM,  
O. Drori 

8. Using UML Profiles: A Case Study, 
L. Fuentes, A. Vallecillo 

9. Abstraction Levels in Composition, 
M. Glandrup 

10. Convergent Architecture Software Development Process, 
G. Hillenbrand 

11. Object-Oriented Modeling of Software Patterns and Support Tool, 
T. Kobayashi 

12. Knowleddge-Based Techniques to Support Reuse in Vertical Markets, 
E. Paesschen 

13. Regulating Software Development Process by Formal Contracts, 
C. Pons, G. Baum 

14. Automatic Transformation of Conceptual Models into Design Models, 
J. Said, E. Steegmans 

15. Empowering the Interdependence between the Software Architecture and 
Development Process,  
C. Wege 



Automating Object-Oriented Software Development Methods 

Automating Object-Oriented  
Software Development Methods 

Bedir Tekinerdogan1, Motoshi Saeki2, Gerson Sunye3,  
Pim van den Broek1, Pavel Hruby4 

 

1University of Twente, Department of Computer Science, TRESE group, 
P.O. Box 217, 7500 AE Enschede, The Netherlands. 

{bedir, pimvdb}@cs.utwente.nl, http://wwwtrese.cs.utwente.nl 
2Tokyo Institute of Technology, Department of Computer Science, Tokyo 152-8552, Japan, 

saeki@se.cs.titech.ac.jp, http://www.se.cs.titech.ac.jp 
3 IRISA, Triskell Research Group, Campus de Beaulieu, 35 042 Rennes, 

http://gerson.sunye.free.fr 
4 Navision Software a/s, Frydenlunds Allé 6, 2950 Vedbaek, Denmark 

ph@navision.com, http://www.navision.com 
 

Abstract.  Current software projects have generally to deal with producing and 
managing large and complex software products. It is generally believed that 
applying software development methods are useful in coping with this 
complexity and for supporting quality. As such numerous object-oriented 
software development methods have been defined. Nevertheless, methods often 
provide a complexity by their own due to their large number of artifacts, 
method rules and their complicated processes. We think that automation of 
software development methods is a valuable support for the software engineer 
in coping with this complexity and for improving quality. This paper presents a 
summary and a discussion of the ideas that were raised during the workshop on 
automating object-oriented software development methods. 

1. Introduction 

Numerous object-oriented software development methods exist in the literature. Most 
popular methods have a general character, but some methods, like real-time system 
design, are targeted at specific application domains. Some methods are specifically 
defined for a given phase in the life cycle of software development, such as 
requirement analysis or domain analysis. It is generally accepted that these methods 
are useful for developing high-quality software.  

Most methods include a number of heuristic rules, which are needed to produce or 
refine different artifacts. Moreover, the rules are structured in different ways, leading 
to different software development processes. Although useful, applying methods is a 
complex issue, and does not necessarily lead to effective and efficient software 
development. Automated support for object-oriented methods will decrease this 
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complexity, increase reusability, and provide better support for adaptability, 
customizability and continuous improvement. Unfortunately, apart from the many 
environments with diagram editors and visualization tools, existing object-oriented 
methods are basically described in separate handbooks and manuals. Complete and 
integrated tools, which support the entire life cycle, are not yet present in practice.  

This workshop aimed to identify the fundamental problems of automating methods 
and to explore the mechanisms for constructing case tools that provide full support for 
methods. The initial topics of interest were the following: 

 
• Meta-models for software development methods  

- How to model software and management artifacts?  
- Which meta-models are needed? 
-  Development process patterns. 

• Active rule/process support for methods  
- How to formalize heuristic rules of methods?  
- How to integrate rules in case tools. 
- How to formalize process of methods. 

• Method engineering  
 - Tailoring and composing methods. 
 - Refinement of methods to projects. 
 - Inconsistencies in method integration. 

• Case tools for method generation  
 - Experiences with meta-case tools. 
 - Design of meta-case tools. 

• Automated support for quality reasoning  
 - Tools for quality management  
 - Automated support for alternatives selection. 

• Existing case tools  
 - Overview/comparison of existing tools with respect to method support  
 - Extensions to existing case tools 

 
In the following sections we will report on the ideas that were developed at this 
workshop. To understand the context, we will first explain the basic elements of a 
method in section 2 followed by the rationale for applying a method in section 3. 
Section 4 will present the rationale for automating methods. In section 5 we will 
provide the program of the workshop and present the categorization and discussion on 
the papers. Section 6 presents the discussions and the ideas that were developed 
during the workshop. We will conclude in section 7.  

2. What is a Method? 

In order to automate methods we first need to understand the basic elements of 
methods.  Figure 1 represents a methodological framework for software development, 
which consists of four basic layers. The application layer represents the software 
product being developed using this methodological framework. The method layer 
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includes process descriptions, notations, rules and hints to build the application with 
the existing computation models. The computation models represent the basic building 
blocks of the application and include the object-oriented features like objects, classes, 
messages and inheritance. The tools layer provides tools to support the horizontal 
layers, like dedicated compilers and CASE tools. 
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Figure 1. Methodological framework for software development (adapted from [22]) 

Using this methodological framework we can define a software development method 
in terms of the following aspects: 

 
Artifact types 
Artifact types are descriptive forms that the software engineer can utilize for 
producing artifacts. In this sense, artifact types reflect the properties of the artifacts in 
the system. For example, the Unified Process [14] provides artifact types for use 
cases, classes, associations, attributes, inheritance relations and state-charts. Artifact 
types are represented basically using textual or graphical representations.  Artifact 
types include descriptions of the models in the modeling layer in Figure 2. In addition 
to these, the method itself may define intermediate or subsidiary artifact types to 
produce the final software products. An intermediate artifact type in, for example, 
OMT [19] is the artifact type Tentative Class, which describes the entities that are 
potentially an artifact Class, but which may later be eliminated or transformed to the 
artifact Attribute. 
 
Method rules  
Method rules aim at identifying, eliminating and verifying the artifacts. Most methods 
define rules in an informal manner. Nevertheless, method rules can be expressed using 
conditional statements in the form IF <condition> THEN <consequent> [23]. The 
consequent part may typically be a selection, elimination or an update action. For 
example, the Unified Process advises the following (selection) rule to identify classes:  

 
IF an entity in a use case model is relevant 
THEN select it as a class 

In general, most rules are heuristic rules [18]; they support the identification of the 
solution but there is actually no guarantee that the solution can be found by anybody at 
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anytime by applying the corresponding heuristic rules. The heuristic rules are 
generally built up over a period of time, as experience is gained in using the method in 
a wider domain. The application of the heuristic rules depends on the interpretation of 
the engineer, which may differ because of the different backgrounds and experiences 
of the engineers. Opposite to heuristic rules are algorithmic rules, which are derived 
from the concept of algorithm. An algorithm is a unique representation of operations, 
which will lead to clearly described result. An algorithmic rule is a rule, which can be 
transformed to an algorithm. Every rule that cannot be transformed to an algorithmic 
rule is a heuristic rule. Algorithmic rules work best in a predictable and limited 
environment and where there is full knowledge of all contingencies. Algorithmic rules 
fail however in unpredictable environments which contain uncertainty, change or 
competition. In general the gross of the rules in current software development methods 
are heuristic rules.  

 
Software process 
Very often, the term process is used to indicate the overall elements that are included 
in a method, that is, the set of method rules, activities, and practices used to produce 
and maintain software products. Sometimes the term process is also used as a 
synonym for the term method. We make an explicit distinction between method and 
process. In the given methodological framework of Figure 1 a process is part of a 
method. In this context, we adopt the definition of a process as a (partially) ordered 
set of actions for achieving a certain goal [10]. The actions of a process are typically 
the method rules for accessing the artifacts. Process actions can be causally ordered, 
which represents the time-dependent relations between the various process steps. We 
adopt the currently accepted term workflow to indicate such an ordering [14]. 
Workflows in software development are, for example, analysis, design, 
implementation and test. Formerly, this logical ordering of the process actions was 
also called phase. Currently, the term phase is more and more used to define time-
related aspects such as milestones and iterations [14].  

To support the understanding of software processes and improve the quality we 
may provide different models of processes [1]. Several process models have been 
proposed, including the traditional waterfall model and the spiral model, which have 
been often criticized because of the rigid order of the process steps. Recently, more 
advanced process models such as the Rational Unified Process [16] and the Unified 
Software Development Process [10] have been proposed.  

Software development methods differ in the adopted artifact types, the 
corresponding method rules and the process that is enforced for applying the method 
rules. Consequently, automated support for methods can thus basically concern 
automating artifact management, automating method rules and/or automating the 
development process.  
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3. Rationale for Utilizing methods 

It is generally believed that the application of methods plays an important role in 
developing quality software products. The following are the fundamental technical 
reasons for this.  

First, a method provides the designer with a set of guidelines in producing the 
artifact and its verification against the requirements in the problem statement. This is 
particularly important for the inexperienced designer who needs assistance to capture 
the essential aspects of the design. From experimental studies it follows that 
experienced designers may often follow an opportunistic approach, but that is less 
effective for inexperienced designers who are not familiar with the problem domain 
[1][24]. A method directs the designer to produce the right artifact. 

Second, since methods formalize certain procedures of design and externalize 
design thinking, they help to avoid the occurrence of overlooked issues in the design 
and tend to widen the search for appropriate solutions by encouraging and enabling 
the designer to think beyond the first solution that comes to mind.  

Third, design methods help to provide logical consistency among the different 
processes and phases in design. This is particularly important for the design of large 
and complex systems, which is produced by a large team of designers. A design 
method provides a set of common standards, criteria and goals for the team members.   

Fourth, design methods help to reduce possible errors in design and provide 
heuristic rules for evaluating design decisions. 

Finally, mainly from the organizational point of view, a method helps to identify 
important progress milestones. This information is necessary to control and coordinate 
the different phases in design. 

A method is mainly necessary for structuring the process in producing large scale 
and complex systems that involve high costs. Motivation for design methods can thus 
be summarized as directing the designer, widening possible number of design 
solutions, providing consistency among design processes, reducing errors in design 
and identifying important milestones. 

4. Rationale for Automating Methods 

Although methods may include the right process, artifact types and method rules, 
applying methods may not be trivial at all. Currently, software development is a 
human-intensive process in which methods are designed and applied by humans with 
their inherent limitations, who can cope with a limited degree of complexity. Software 
development is a problem-solving process in which the application of methods is a 
complex issue. The complexity is firstly caused by the complexity of the problems that 
need to be solved and secondly by the complexity of the methods themselves. 
Currently, a valuable and practical method usually includes over dozens of artifact 
types each corresponding with many method rules that are linked together in a 
complicated process, which is all together not easy to grasp for the individual mind. In 
addition, these aspects may also not be explicitly described in the methods and 
likewise increase complexity. As such, applying the method may be cumbersome, 
which will directly impact the artifacts that are being produced.  
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Automating the software development methods can be considered as a viable 
solution to managing the complexity of the application of methods. Automating the 
methods will reduce the labor time and eliminate the source of errors in applying the 
method [7]. In addition, as a matter of fact, many activities in methods do not require 
specific and/or advanced skills and basically consists of routine work. It may then be 
worthwhile to automate all the activities so that the software engineer can focus on 
more conceptual issues. Naturally, there may also be activities that are hard to 
automate or even impossible for automation, e.g. forming concepts may be one 
candidate for this.  

The software engineering community has an intrinsic tendency towards automating 
processes and providing tools to cope with the complexity. The so-called Computer 
Aided Software Engineering (CASE) tools basically aim at automating the various 
activities in the software development process. Automating methods essentially means 
that we need to build CASE tools for supporting the application of methods. This is 
shown in Figure 2 through the gray rectangle in the tool layer.  

Automation is inherent to software engineering since it basically automates the 
solutions for the real world problems. For this purpose, in the beginning of software 
engineering the major tool was the programming language itself. This was followed by 
compilers, editors, debuggers, and interpreters. Until the middle of 1980s, tools were 
developed mainly for the lower level phases of the life cycle. With the exception of 
general purpose editing facilities, almost no support was provided for the higher level 
phases. With the advent of interactive graphic tools automated support for graphical 
design notations appeared on the market in the late 1980s. A collection of related tools 
is usually called an environment [12]. Unfortunately, complete and integrated tools 
that support the entire life cycle are not yet present in practice. This workshop aimed 
to identify the problems in these issues and tried to come up with some reusable 
solutions. 

5. Meta-Modeling 

Engineers build models to better understand the systems that are being developed [6]. 
In a similar way, to understand existing models we may provide models of these as 
well. This activity is called meta-modeling. Meta-models are thus abstractions of a set 
of existing models. They can be used to understand the relationships of the concepts in 
different modeling languages, for comparing and evaluating different models, for 
providing interoperability among different tools, or as conceptual schemas for 
modeling CASE tools and repositories. 

To understand software development methods we may thus need to provide models 
of methods.  An example of a model for software development methods is the model 
in Figure 1. Method-modeling is typically an activity of method engineering, which is 
defined as an engineering discipline for designing, constructing and adapting methods, 
techniques and tools for the development of information systems [21]. 

To automate methods both method-engineering and meta-modeling can be applied. 
CASE tools can be developed for supporting a single method. However, since it is 
generally difficult to define an ideal method for all application domains and all 
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processes, most CASE environments need to support several methods. To be able to 
support multiple methods, modern CASE environments basically adopt meta-models 
of these methods, which can be tailored by method designers. A typical example is the 
meta-model of the Unified Modeling Language (UML) [6]. The quality of meta-
models basically depends on the scope of the models it can describe and its 
adaptability and extensibility with future requirements. Providing meta-models of 
existing models is not a trivial task, and method engineering knowledge may provide 
systematic activities to do this properly.  

In the same way that meta-models describe models in a particular language, meta-
meta-models express meta-models. To express these ideas the four-level architecture 
[5] has been accepted as an architectural framework for model, meta-models and 
meta-meta-models.  This architecture is shown in Figure 2. 
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Figure 2. The four level architecture for modeling 

Hereby the rectangles represent the model layers, whereas the rounded rectangles 
represent the instantiations of these models.  

6. Workshop Program 

The workshop topics were related to the background as presented in the previous 
sections. We have received 14 papers from varying topics, which we have classified 
into five groups. These papers were shortly presented during the morning. In addition 
to the presentations, the authors had the opportunity to hang up posters in the room, 
which were presented off-line during the breaks. In the following we first present the 
morning program together with a short summary and a discussion of each session. The 
sessions actually provide a refinement of the framework in Figure 2. 

6.1 Refining the four-level architecture 

9:00-9:20 Introduction, Bedir Tekinerdogan 
This presentation basically discussed the goals of the workshop and the basic 

elements of methods, the rationale for automating methods and a categorization of the 
submitted papers.  
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9:20-10:00 Group 1: Meta-Modeling, Chair: Motoshi Saeki 
• Medical Reports through Meta-Modeling Techniques: MétaGen in the 

medical domain, N. Revault, B. Huet  
• Towards a Tool for Class Diagram Construction and Evolution, M. Dao, M. 

Huchard, H. Leblanc, T. Libourel, C. Roume  
• Using UML Profiles: A Case Study, L. Fuentes, A. Vallecillo  
• Abstraction Levels in Composition, M. Glandrup  

In section 5 we have seen the importance of meta-modeling for designing methods. In 
this Meta-Modeling session the first two papers concern the application of meta-
models while the latter two discuss various aspects of meta-models. Figure 3 
summarizes the map of the discussions in the session, and in addition can be 
considered as a refinement to the four-layer modeling framework in Figure 2.  

Specification

Application
Model

Application
Model

Meta Model Meta Model

Implementation

transform

transform

Meta Level

Application Level

reflects reflects

 

Figure 3. Aspects of meta-models 

 
The papers in this session consider two levels of reflection relations: meta-model and 
application model (meta-model layer and model layer in Figure 2 respectively). The 
paper of Revault & Huet pointed out that at one level in the meta-modeling 
architecture different models exist that are transformed to other models at the same 
level. In addition, they make an explicit distinction between specification and 
implementation of the models. To develop application programs (semi-) automatically 
we need to model the transformation of meta-models from specification to 
implementation. Dao et. al. proposed automated CASE tool generation from a meta-
model description so that the construction and the evolution of application models can 
be supported by manipulating and analyzing the meta-model.  The other two papers 
presented by Glandrup, and Fuentes & Vallecillo, discussed several viewpoints of 
meta-models themselves. The former captured meta-models from a compositional 
view and set up five abstraction levels of meta-model composition; behavior, artifact, 
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structure, expression power and expression language. The latter one discussed meta-
models from UML profile view and proposed the concepts of basic model and 
composite one in UML profiles to define meta-models. 
 
10:00-10:30 Group 2: Automatic Transformation of Models, Chair: Gerson Sunyé 

• Automatic Code Generation using an Aspect Oriented Framework, O. 
Aldawoud, A. Bader, E. Tzilla  

• Automatic Transformation of Conceptual Models into Design Models, J. 
Said, E. Steegmans  

This session focuses more on the transformation of models within one level of the 
meta-modeling architecture of Figure 2.  
Hereby, basically two topics were addressed: separation of concerns and traceability. 
The first paper tries to formally separate the basic algorithm from special purpose 
concerns such as persistence, synchronization, real-time constraints, etc. This 
separation allows for the locality of different kinds of functionalities in the programs, 
making them easier to write, understand, and modify. Hereby, a method for using the 
separation of concerns at the design level is presented. Their work uses the different 
UML views to express different concerns. More precisely, they use statecharts to 
express the concurrency of a system and generate the specialization code for an 
application framework. Traceability is the degree to which a relationship can be 
established between two or more models during the development process. Said and 
Steegmans introduced a Java framework, which helps the development of 
transformational components, used to translate models from analysis to design. Since 
this framework can keep a trace of the transformed elements, it keeps traceability 
dependencies between software development activities.  
 
10:30-11:00 Break 
11:00-11:20 Group 3: Automatic Support for Patterns, Chair: Gerson Sunyé 

• Meta-Modeling Design Patterns: Application to pattern detection and code 
synthesis, H. Albin-Amiot, Y. Gueheneuc  

• Object-Oriented Modeling of Software Patterns and Support Tool, T. 
Kobayashi 

 
Within one model one may identify patterns of models and patterns of 

transformations. This session focused on tool support for Design Patterns, which has 
been recently the subject of several research efforts. The goal of these tools is to help 
designers in several ways, using different approaches, such as code generation, 
validation and recognition. Automatic code generation focuses on automatically 
generating code from design patterns, which likewise releases designers from the 
implementation burden. Validation ensures that pattern constraints are respected, and 
since this may be easily overlooked automation may play an important supporting 
role. Finally, the recognition of pattern instances within source code avoid them to get 
lost after they have been implemented. 
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Independently of the approach it supports, a pattern tool must answer to at least two 
questions: (i) how (and what parts of) the definition of the pattern definition is 
represented and (ii) how a pattern instance is implemented/recognized. 

The tool presented by Albin-Amiot & Yann-Gaël Guéhéneuc uses a Java 
framework in order to represent the structure of a pattern in terms of Entities 
(essentially, classes and interfaces) and Elements (associations, methods and fields). 
In addition, some precise behavior (e.g. delegation) is represented by a Java class. 
Pattern methods are represented by a declarative description. Once a pattern is 
precisely represented in the framework, it is used to generate and recognize pattern 
instances. A similar tool was introduced by Takashi Kobayashi where design patterns 
are also represented by a Java framework. The representation of a pattern is used by a 
class-diagram editor, which allows instances of different patterns to be merged. 
 
11:20-11:40 Group 4: Formal approaches/verification, Chair: Pim van den Broek 

• Prototype Execution of Independently Constructed Object-Oriented Analysis 
Model, T. Aoki, T. Katayama  

• Regulating Software Development Process by Formal Contracts, C. Pons, G. 
Baum  

Generally, the transformation between the different models is required to be correct. 
This session focused on automating this verification and validation of the 
transformation of the models.  

In the first paper, the authors propose a formal approach for object-oriented 
analysis modeling, consisting of formal analysis models, unification of these models, 
prototype execution of the resulting model, and a prototyping environment. It is shown 
how the analysis models are formalized, how they are unified into the unified model, 
and how prototyping execution of the unified model is performed. The purpose of the 
prototype execution is to ensure the validity of the constructed analysis model. To 
ensure that the constructed analysis model is correct, it should be verified, which is 
costly. Therefore the model is validated by prototype execution, and then verified. The 
prototype execution of the constructed analysis model is done with the functional 
programming language ML, whose higher order capabilities are useful for modeling 
application domains. 

In the second paper, the authors propose to apply the notion of formal contract to 
the object-oriented software development process itself. This means that the software 
development process involves a number of agents (the development team and the 
software artifacts) carrying out actions with the goal of building a software system that 
meets the user requirements. Contracts can be used to reason about correctness of the 
development process and to compare the capabilities of various groupings of agents 
(coalitions) in order to accomplish a particular contract. The originality of process 
contracts resides in the fact that software developers are incorporated into the 
formalism as agents (or coalitions of agents) who make decisions and have 
responsibilities. Traditional correctness reasoning can be used to show that a coalition 
of agents achieves a particular goal. Single contracts are analyzed from the point of 
view of different coalitions with the weakest precondition formalism. 
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11:40-12:20 group 5: Process Support/Modeling, Chair: Bedir Tekinerdogan 
• Empowering the Interdependence between the Software Architecture and 

Development Process, C. Wege  
• Knowledge-Based Techniques to Support Reuse in Vertical Markets, E. 

Paesschen  
• HyperCase- Case Tool which Supports the Entire Life Cycle of OODPM, O. 

Drori  
• Convergent Architecture Software Development Process, G. Hillenbrand  

 
This session focused on the concerns in process modeling and process support. In the 
first paper, Wege observes that the evolution of software artifacts may require the 
adaptation of the software development process. This may especially the case in the 
case of software architecture design, which has the largest impact on the overall 
software development process and which is generally followed by an analysis and 
design phase. Sometimes, like in Extreme Programming [3], even a constant 
architecture evolution may be required and it is important to interrelate the changes of 
the process to software architecture. Wege states that this interdependence between 
the software architecture and the development process should be made explicit and 
proposes to provide tool support for this.  

Paesschen reflects on transformational and evolutionary dependencies of artifacts 
in the software development process, such as for example, the dependency between 
analysis and design. The interesting aspect here is, firstly that artifacts are structurally 
related, and secondly they may evolve independently. To provide the consistency it is 
required that the evolution of related artifacts are synchronized. In her paper she 
specifically focuses on the interdependence between domain models and framework 
code, and claims that currently the evolution link between the two is implicit but 
should be captured as knowledge to provide automated support for this. She suggests 
the development of an expert system that applies this knowledge to provide an explicit 
coupling between domain models and frameworks.  

The last two papers in this session aim to provide tool support for the entire life 
cycle of the software development process. Drori basically points to the management 
and control of the various method elements in automating software development 
methods. He presents a tool called HyperCASE that assumes that the developer 
already uses a set of tools, and which are structured and managed.  

Hillenbrand proposes to apply the so-called convergent architecture software 
development process that is based on convergent engineering, which aims a 
convergence between the business domain and the software domain. In the paper the 
process and the corresponding tool is shortly described. 

 
 
12:20-12:30 Wrap-up morning session 
The morning program ended with a short wrap-up session. 
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6.2 Preparing Discussions 

After the presentations in the morning and the lunch, the program for the afternoon 
was as follows:  
 
14:00-14:30 Preparing discussions, Motoshi Saeki 
In this afternoon session we had planned to identify the important topics that the 
participants preferred to discuss and that could be considered as a refinement of the 
ideas that were presented or identified during the morning. Based on the morning 
presentations and interests of the participants, the following categories were selected 
as discussions topics: 

1. Methodology, which would focus on methods and method engineering 
techniques 

2. Quality, whereby the quality concerns in applying and automating 
methods were relevant. 

3. Meta-Models, which focused on defining meta-models for automating 
methods. 

The basic goal for the discussions was a lively discussion and full information 
extraction. For this we proposed to utilize so-called index cards in which the following 
process would be followed: (1) Each member gets 5 index cards (2) On each index 
card every member writes a question that (s)he thinks is important (3) When 
everybody has finished writing the questions all the index cards are put on the table 
(4) Each time randomly an index card is picked up and the question is read by one 
person (5) The group discusses about the question and categorizes the question. After 
this, the next person gets the question, reads it and the group categorizes the question, 
until all index cards have been ordered and categorized. (6) The group tries to find 
answers for the questions in the different sub-categories, preferably by giving concrete 
examples. 
 
The subsequent program was as follows: 
14:30-15:30 Discussion 
15:30-16:00 BREAK 
16:00-17:00 Discussion 
17:00-17:30 Presentations of the conclusions of the separate groups  

6.2 Discussion Results 

Methodologies 

Automating methods requires a thorough understanding of methods and as such this 
group focused on the important aspects of software development methods.  

The first observation is that different methods may be required for developing 
different applications and a considerable number of methods have been introduced for 
various purposes. The problem is that there is actually no universal method for each 
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application and existing methods have been designed for as much as wide range of 
applications. Nevertheless, they may fail for individual applications. The best possible 
way is to develop or tailor a dedicated method for each problem domain, that is, 
engineer methods. This activity of method engineering is defined as an engineering 
discipline for designing, constructing and adapting methods, techniques and tools for 
the development of information systems [21].  

Before we can apply method-engineering techniques and automate methods, it is 
first required to select the right method or method parts from the extensive set of 
methods.  For this we need to do apply a systematic approach in which we can utilize 
techniques of domain analysis methods [2]. Domain analysis aims to select and define 
the domain of focus, and collect the relevant information to provide a domain model. 
A domain model provides an explicit representation of the common and variant 
properties of the systems in the domain. Domain analysis applied to software design 
methods means that we select and define the set of methods that we are interested in, 
and develop a method domain model that includes the commonality and the 
variabilities of the different methods in the selected domain.  

Domain analysis on methods will lead to the observation that some methods are 
better able to be automated than others. To denote this difference we introduced the 
quality concept of automatability. We have defined automatability of methods as the 
degree on which methods can be automated. If we consider that every method consists 
basically of artifact types, method rules and a process as it is explained in section 2, 
then the first reason for the lack of automatability may be due to the lack of sufficient 
number of artifact types, method rules and a process. However, this is not the only 
reason. While some methods are more rigid and seek for high predictability, other 
methods have by their nature a very flexible and agile process [9]. Flexible methods 
are less rigid in applying process actions and rely more on intuition of the persons who 
are involved in the corresponding process actions.  

Rigid Method

High degree of
automatability

Flexible Methods

Low degree of
automatability  

Figure 4. Automatability of methods with respect to their rigidity 

While flexible methods have a lower automatability degree this does not mean that 
automation is not possible at all. In this case, the kind of automation will only be 
different and basically focus on providing supporting tools for the human-centric 
processes. The bottom line however is that automation is useful for both rigid and 
flexible methods.  

 
Quality issues in automating methods 
Like quality of the artifacts that are produced by software methods we can talk about 
qualities of methods. The previous section already described a quality factor of 
automatability. In this session, the group has basically focused on the traceability 
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quality factor since this plays an essential role for supporting the automation process 
and the other quality factors. Traceability requires that the transformational links 
between the various artifacts must be made explicit and visible to understand their 
production and to provide automated support for this. The transformation of models 
exists on various abstraction levels of the four-level architecture in Figure 2. In this 
session the group focused on transformation of artifacts within one layer, that is, the 
model layer of Figure 2. As shown in Figure 5 below, we can find two types of 
transformation relations among artifacts. 
 

A n a l y s i s  M o d e l 1 D e s i g n  M o d e l 1 I m p l e m e n t a t i o n
M o d e l 1

A n a l y s i s  M o d e l 2 D e s i g n  M o d e l 2 I m p l e m e n t a t i o n
M o d e l 2

t r a n s f o r m t r a n s f o r m

t r a n s f o r m t r a n s f o r m

t r a n s f o r m t r a n s f o r m t r a n s f o r m

 

Figure 5. Refinement of Transformation of Models 

This figure can be seen as a further refinement of Figure 3. The horizontal direction of 
the transformation in Figure 5 is for making artifacts more concrete and its 
transformation goes along the progress of software development from an analysis 
model (requirements specification) to an implementation model (program), while the 
vertical direction holds the same abstraction level and indicates only the refinement of 
the same model.  

In the horizontal transformation, it is important to preserve the quality from the 
analysis model1 to the design model1, and finally to the implementation model1. This 
preservation of quality can be supported by automating the preservation of 
transformation links, the storing of the various artifacts and the active rule support in 
producing and transforming artifacts.  

The vertical transformation denotes model transformations of the same model. The 
reason for transformation may be due to introduction of evolutionary requirements or 
the need for a different representation of the same model. For example, in Figure 5 
Analysis Model1 may be written in a natural language but transformed into Analysis 
Model2 written in a formal language to reason and ensure the quality of the analysis 
model. Any inconsistencies in the original analysis model can then be easily detected 
and corrected. This may require bi-directional traceability of the artifacts. In the same 
sense, Analysis Model2 may represent the analysis model with additional requirement. 
The updating of the artifacts may have direct impact on the subsequent models and 
require the retriggering of the transformation process. Automated support may be 
helpful to guide this process.  
 
Meta-Models 
Like conventional modeling, meta-modeling by its own can be a means to formalize 
different aspects of the software development process in order to support its 
automation. Each meta-model has its own focus and scope and solves a particular 
problem. Meta-models can be utilized as conceptual schemas for repositories that hold 
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knowledge on artifact production and manipulation. Meta-models may be defined for 
artifact types, like in the UML, but also for heuristic rule support or process support. 
Meta-modeling has basically focused on modeling artifact types, however, for an 
active support of software development methods it is required that also meta-models 
are generated for coping with heuristic rules and process support.  

Meta-models may also be needed to couple different CASE tools and to provide 
interoperability. Since CASE tools may be based on different meta-models this results 
in the composability problem of meta-models. Current techniques for solving this 
issue is by providing Meta-CASE tools in which meta-models can be adjusted to the 
support the automation of different methods. Nevertheless, even then a change of the 
methods that are modeled might require the meta-models to change as well, and it may 
not be so easy to define an appropriate meta-model.  

7. Conclusion 

In this paper we have described the results of the workshop on automating methods. 
We have first presented the background on the notion of methods and identified that 
every method basically includes a process, rules and artifact types to produce artifacts. 
We have defined the rationale for applying methods and automating methods. It 
appears that automating methods requires knowledge on the software development 
methods, meta-modeling, method engineering techniques and knowledge on CASE 
tool development. We have explained the methodological framework for software 
development in Figure 1 and showed our focus of interest on defining CASE tools for 
developing and managing methods. In Figure 2 we have explained the four-level 
architecture of meta-modeling and refined this over the whole paper. Figure 3 has 
shown the various aspects of meta-models within one layer of the four-layered 
architecture. Hereby, software development is seen as a transformation of models, that 
might be themselves reflected on using meta-models to provide automated support. 
This observation highlighted several problems in automation of methods. Basically, 
we can define meta-models for artifact types, heuristic rules and the process.  

We have introduced the quality factor of automatability, which refers to the 
possibility of automation for the corresponding methods. As a matter of fact some 
methods have a higher automatability degree than other methods. Nevertheless, 
automation might also be useful for flexible methods to support the human intensive 
but less conceptual activities.  
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ABSTRACT: Design Patterns have been quickly
adopted by the object-oriented community, in
particular since the publication of “Design Patterns:
Elements of Reusable Object-Oriented Software”.
They offer elegant and reusable solutions to
recurring problems of design. Their use increases
productivity and development quality. However,
these solutions, at the boundary of programming
languages and design models, suffer from a lack of
formalism. For this reason, their application
remains empirical and manually performed. This
position paper presents how a meta-model can be
used to obtain a representation of design patterns
and how this representation allows both automatic
code generation and design patterns detection.

KEYWORDS: Design Patterns, code generation,
pattern detection

1. Introduction

Since their emergence [1, 16], design patterns have
been widely accepted by software practitioners.
Their contribution covers definition, design, and
documentation of class libraries and frameworks.
Even if there is no consensus about the way to
support the application of design patterns (using
tools, languages, … [15]), we strongly believe that
this task should be automated or at least, be
assisted.  Moreover, manual application is tedious
and error prone [20]. In addition, as mentioned in
[12], the loss of traceability remains an essential
drawback of this by-hand (and sometimes hard)
coding task. In other words, when a pattern is
applied, the resulting implementation does not

provide a mean to go back to the pattern for which
it was required, the pattern code being mixed within
the user’s application code.

The application of a design pattern can be
decomposed in three distinct activities: 1) the
choice of the right pattern, which fulfils the user
requirements, 2) its adaptation to these
requirements (the term instantiation is commonly
used to identify this task), and, 3) the production of
the code required for its implementation.
Automating these two last tasks is a very
challenging issue for the Design Patterns
community and galvanizes a lot of research works.

Two kinds of works can be distinguished: those
using a pattern representation for a given
implementation language and those using a
representation dedicated to a given modeling
language [14]. In both cases, the first issue concerns
the necessary extension of an existing base
language or the definition of a new one. If patterns
are supported at the implementation language level
[7, 10], the traceability between the applied patterns
and the resulting code is de facto ensured [3].
However, this approach suffers from the use of a
non-standard implementation language that
impedes portability of the applications developed
with it. The second approach, based on a modeling
language, does not have this limitation but, in most
case, does not address either code generation or
traceability [4, 6, 11, 19]. In an iterative
development, where source code and model are not
synchronously manipulated, it is important to
provide a univocal link between them. Traceability
must absolutely be enforced.
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In this paper we present a solution based on a
modeling language where code generation and
traceability are addressed. Patterns are formalized
using a set of basic bricks called entities and
elements.  These bricks are defined in the core of a
meta-model dedicated to the representation of
patterns. In order to evaluate it more rapidly, we
have not defined it as an extension of an existing
one (like UML for example). The proposed meta-
model, experimented in Java, provides a mean to
describe structural and behavioral aspects of design
patterns. From this description, it gives the required
machinery to produce code and to detect
instantiated patterns in code.

The intended contribution of our approach is the
reification of design patterns as first-class modeling
entities.  We use such reified design patterns to
produce their associated code implementation,
according to the context of their application, and to
detect their occurrences in user’s code.  We deduce
the way to apply a design pattern solely from its
declaration, not from external hints or
specifications. The meta-model we use handles
uniformly instantiation and detection of design
patterns.

The rest of this paper is organized as follow:
Section 2 proposes a short introduction to the meta-
modeling technique applied to the patterns
representation. Section 3 introduces our meta-
model and illustrates, through the Composite
pattern example, how we use it to describe a
pattern, to instantiate it, to produce its associated
code, and to detect it. Section 4 discusses
limitations of our approach and finally, section 5
concludes on the use of the meta-modeling
technique.

2. Meta-modeling and patterns

Techniques based on meta-modeling consist in
defining a set of meta-entities from which a design
pattern description is obtained by composition of
these entities using an instanciation  (pseudo-) link.
This composition follows semantic rules, fixed by
the relations among meta-entities.  From this point
of view, meta-modeling is a mean to formalize
patterns.

A pattern meta-model does not capture what a
pattern is in general, but how it is used in one, or
several specific cases, for example, application,
validation, structural representation, etc.  Each kind
of use implies the definition of a dedicated meta-
model. For example, a fragment-based meta-model
for representing patterns structure [4], or a meta-
entity-based meta-model for patterns instantiation
and validation [19].

A pattern meta-model never “produces”
patterns.  Instead of, it produces models of patterns.
These resulting models are approximations of
patterns in the considered use-case. A pattern meta-
model ensures that patterns exist as first-class
entities.  However, it does not guarantee the
traceability per-se.  Nevertheless, it is possible to
propose a mechanism of detection that solves the
traceability problem.

There exists several meta-models for
representing design patterns but none is specifically
designed toward code generation and detection. [6]
introduces meta-model for design patterns
instantiation and validation but without support for
code generation. In the PatternGen tool [19], the
meta-model does not support source code
production (another module handles this feature)
and it offers no patterns detection.  In [4], the
fragment-based system allows only design patterns
representation and composition.

3. Presentation of the meta-
model using a toy example

Throughout this section, we will focus on the
Composite pattern. This pattern is relatively simple
and is often used as example [14] either for code
production [2] or for detection [8, 9]. It composes
objects into tree structures to represent part-whole
hierarchies.  Composite lets clients treat individual
objects and compositions of object uniformly [1].
We follow the description presented in the
“Implementation” section of [1], in paragraph
“declaring the child management operations”.  This
is the most common use of this pattern (for
instance, see classes Component and Container of
the JAVA AWT1).

3.1. The meta-model in a nutshell

The meta-model embodies a set of entities
and the interaction rules between them.  All the
entities needed to describe structure and behavior of
design patterns introduced in [1] are present.
Figure 1 shows a fragment of the meta-model.

A model of pattern is reified as an instance
of a subclass of class Pattern. It consists in a
collection of entities (instances of PEntity),
 representing the notion of participants as defined in
[1].  Each entity contains a collection of elements
(instances of PElement), representing the different
relationships among entities.  If needed, new
entities or elements can be added by specialization
of the PEntity or PElement classes.

                                                          
1 Abstract Window Toolkit
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The meta-model defines the semantic of
patterns.  A pattern is composed of one or more
classes or interfaces, instances of PClass and
PInterface and subclasses of PEntity.  An
instance of PEntity contains methods and fields,
instances of PMethod and PField.  The association
and delegation relationships are expressed as
elements of PEntity.

An association (class PAssoc) belongs to
PEntity and references another PEntity (this is a
simplification that represents only simple
relationships like binary and mono-directional
associations found in [1]). For example, an
association that links a class B to a class A is defined
using two instances of class PClass, A and B, and
one instance of class PAssoc.  The instance of class
PAssoc belongs to A and references B.

Delegation is expressed in a similar way
using the class PDelegatingMethod.  For example,
the delegation of the behavior of a method foo of A
to a method bar of B is realized using an instance of
class PDelegatingMethod.  The instance of class
PDelegatinMethod belongs to A and references the
method bar of B.  The PDelegatinMethod object
also references the association between A and B to
deduce from its cardinality nature of the message
sent: simple or “multicast”.

3.2. Instantiation of the
Composite pattern

We now further present the meta-model
and its use through the Composite pattern example.
Figure 2 presents the general procedure to
instantiate a pattern.

� The first step consists in specializing the meta-
model to add all the structural and behavioral
needed constituents.  In the case of the
Composite pattern, the meta-model previously
presented is sufficient.  However, it would be
necessary, for example, to add a new PEntity,
called ImmutablePClass, to implement a
Composite pattern which leaves are immutable.
(In this case, a new subclass ImmutablePClass
to the class PClass would be added.)

� The second step consists in the instantiation of
the Composite pattern meta-model, built
according to the generic meta-model semantic.
We call the resulting model as an abstract
model because it retains no information about
the user’s application context. This abstract
model corresponds to a reification of the
Composite pattern and holds all the needed
information related to the pattern.

Fig 1: Simplified UML class-diagram of the meta-model
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Fig 2: Process of instantiation of the Composite pattern
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Thus, the Composite pattern “takes reality” and
becomes a first-class object.  This differs from
[2, 7, 11] and is an important gain of our
approach.  Because pattern abstract models are
first-class objects, it becomes possible to
reason and act on them as regular objects.
Thus, it is possible to introspect them and
modify their structure and behavior both
statically and dynamically.

Figure 3a shows the structure of the Composite
pattern as defined in [1].  From the structure
and the notes, we obtain a new class diagram
where all informal indications (UML Notes) are
explicit.  This class-diagram, shown on Figure
3b, is the abstract model of the Composite
pattern.

The abstract model is expressed in a
declarative manner in the Java class
Composite, subclass of the class Pattern.
The next table shows a fragment of this
declaration dual of the diagram Fig 3b.

Composite pattern abstract model definition
class Composite extends Pattern {
Declaration takes place in the Composite class constructor
Composite(…) {
…
Declaration of the “Component” actor
component = new PInterface("Component")
operation = new Pmethod("operation")
component.addPElement(operation)
this.addPEntity(component)

Declaration of  the association “children” targeting
“Component” actor  with cardinality n

children = new PAssoc("children",
component, n)

Declaration of the “Component” actor
composite = new PClass("Composite")
composite.addShouldImplement(component)
composite.addPElement(children)

The method “operation” defined into “Composite” actor
implements the method operation of “Component” actor
and is linked to its  through the association “children”

aMethod = new PdelegatingMethod(
"operation", children)

aMethod.attachTo(operation)
composite.addPElement(aMethod)
this.addPEntity(composite)
Declaration of the “Leaf” actor
leaf = new PClass("Leaf")
leaf.addShouldImplement(component)
leaf.assumeAllInterfaces()
this.addPEntity(leaf)
}
Declaration of specific services dedicated to the Composite
pattern

…

For example, the service “addLeaf” to dynamically adds
“Leaf” actor to the current instance of the Composite
pattern

void addLeaf(String leafName) {

PClass newPClass = new PClass(leafName)
newPClass.addShouldImplement(
(PInterface)getActor("Component"))
newPClass.assumeAllInterfaces()
newPClass.setName(leafName)
this.addPEntity(newPCclass)

}

We can relate such a declarative description of
design patterns to the work on tricks by Eden,
Yehudai, and Gil [18].  With the purpose of
automating design patterns application in mind,
they define the notion of tricks, language
independent constructs that can be seen as links
among programming language idioms and
design patterns. In our approach, a design
pattern is described using low-level design
constructs (such as association, delegation…)
that are close to tricks.

Abstract models are stored inside a pattern
repository (class PatternsRepository,
Figure 1). This repository helps to access easily
to the previously defined design patterns and to
assess the relevance of the solution they
represent.

� The third step consists in the instantiation of
the abstract model into a concrete model. The
concrete model represents the pattern applied
to fit user application requirements. To
illustrate the instantiation procedure we use an
example that has been introduced in [1] and
reused in [6]. This example defines a hierarchy
of graphical components as shown Figure 4.

for all child in children

    child.operation()

Component

operation()

Composite

operation( )

add(Component)

remove(Component )

Leaf

operation()

children

*

Fig 3a: Structure of the Composite pattern

Fig 3b: Composite pattern abstract model

Component

operation()

Leaf

children

*

Composite

operation()

Rounded squares represent instances of PClass,
oval, instance of PInterface and boxed method,
instance of PDelegetingMethod. Instance of
PAssoc and realization link use the UML notation.
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The abstract model instanciation is realized by
instantiating the class Composite defined in �.
Then, this instance is parameterized (each
participant or actor of the pattern is named for
example) to match the concrete application
(Figure 4). An alternative (�' on Figure 2) to
this parameterization is a cloning operation.
Cloning allows modifications of the
manipulated model (abstract or concrete) that
shortcuts its normal behavior, while ensuring
its integrity by providing a mean to come back
to a coherent model.

The following source code is given as an
example. We deduce it from the pattern
abstract model and the context.  A visual
manipulation tool (such as PatternsBox2 not
further described therein) dynamically produce
this code using user inputs.

Declaration of  a new Composite concrete model
Composite p = new Composite()
p.getActor("Component").setName("Graphic")
p.getActor("Component").

getActor("operation").setName("draw")
p.getActor("Leaf").setName("Text")
p.getActor("Composite").setName("Picture")
p.addLeaf("Line")
p.addLeaf("Rectangle")

� The final step consists in code generation. It is
automatically performed once the concrete
model currently manipulated receives the
“build()” message (see Figure 1). The Java
source code obtained from the concrete model
diagram Figure 4 is presented below:

/* Graphic.java */
public interface Graphic {
  public abstract void draw();
}

/* Picture.java */
public class Picture implements Graphic {
 // Association: children
 private Vector cildren = new Vector();

 public void addGraphic(Graphic aGraphic)
 {children.addElement(aGraphic);}

 public void removeGraphic(Graphic
                     aGraphic)

 {children.removeElement(aGraphic);}

                                                          
2 Available at http://www.emn.fr/albin

  // Method linked to: children
  public void draw()
  {for(Enumeration enum =

  children.elements();
        enum.hasMoreElements();
   ((Graphic)enum.nextElement()).draw());
  }
}

/* Text.java */
public class Text implements Graphic {
  public void draw(){}
}

/* Line.java */
public class Line implements Graphic {
  public void draw(){}
}

/* Rectangle.java */
public class Rectangle implements Graphic
{
  public void draw(){}
}

3.3. Detection of the Composite
pattern

The detection system is designed to work
on code produced by instantiation of abstract
models and on design patterns implemented by
hand.  It does not use any marking system and does
not require any detection-specific information to be
present in the code. The detection is based
principally on structural information and may be
extended to include other information The detection
system uses a repository of all the constituents of a
pattern (i.e. elements and entities). This repository,
instance of class TypesRepository (Figure 1)
contains all the PEntities and PElements currently
defined in the meta-model.

Detection is decomposed in two steps:

� The class PatternIntrospector, in charge of
the detection, submits all the syntactic elements
(classes, interfaces, methods…) found in the
user's source code to the types in the
TypesRepository.

Each type through its recognize method
detects which constituents match it. Then it
passes the remaining not recognized
constituents to the following type. The general
algorithm is depicted in the table presented on
the next page.

Then, the PatternIntrospector builds a
concrete model that represents the given user’s
code using only constituents defined into the
meta-model. Finally, it solicits each abstract
model found in the PatternsRepository to
determine which pattern(s) has been detected.

Rectangle

draw( )

Line

draw( )

Text

+draw( )

Picture

draw( )
addGraphic(Graphic)
removeGraphic( )
listGraphic( )

Graphic

draw( )

*
children

Fig 4: UML diagram of the concrete model
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Reconstruction algorithm, class PatternIntrospector
Let C: list of the user's classes
Let P: pattern being recognized
Let E: list of  existing entities (Pentity)
Let L: list of existing elements (PElement)
Let S: list of the syntactic elements (classes, interfaces…) found on the user code.
Let T: list of instanced of Pelement
Let U: class being examined

S = C
T = ∅
For each e of E, while size(S) > 0

S = e.recognize(S, P)
T = P.listPEntities()
For each t of T

U = Class.forName(t.getName())
S = U.getDeclaredConstructors() + U.getDeclaredMethods() + U.getDeclaredFields()
For each l of L, while size(S) > 0

S = l.recognize(S, P)
Method recognize of Pentity (e.recognize(S,P)) Method recognize of Pelement (l.recognize(S,P))

Let N: list of non-recognized entities

N = S
For each s of S
    If s = e Then
        P.addPEntity(new(s))
        N = N – {s}
Return N

Let N: list of non-recognized elements

N = S
For each s de S
    If s = l Then
        P.getActor(s.getDeclaringClass().
                getName()).addPElement(new(s))
        N = N – {s}
Return N

� Each abstract model examines and determines
which entities (instances of PEntity) of the
submitted model can be associated to its
different roles. The following criteria are
applied:
� A role of the abstract model must be

fulfilled by a constituent of same type in
the model built from the user's code.

� The model built from the user's code must
contain (at least) as many entities as the
abstract model.

� For each role attributed from the abstract
model, the corresponding entities in the
model being built must contain (at least) as
many elements as the entity from the
abstract model.

� Inheritance links must be present.
� Realization links must be present.
� Association links must be present.

The concrete model we submit to the Composite
abstract model is presented Figure 6.

The abstract model finds the following (partial)
results after having applied the three first criteria:

« Component » « Composite » « Leaf »
MyInterface
Component1
Component2

MyClass
Composite1
Composite2

MyClass
Composite1
Composite2
Leaf1
Leaf2

Once the three first criteria have been applied to
reduce the search space, the algorithm verifies for
each remaining criterion (binary constraint) which
entity (value), for a given role (variable), has a
supporting entity verifying this constraint.

This is similar to the arc-consistency problem in
CSP. In our case, if we obtain, after filtering, arc-
consistency, at least one valid instance of the
pattern represented by the abstract model used for
examination has been detected.

We use for filtering the AC-1 algorithm
proposed by Waltz in 1972. Its complexity
is O(n × e × d3) with n the number of roles,
e the number of criteria and d the maximum
number of potential PEntity for a role. This
algorithm is very costly but very easy to
implement and sufficient for evaluation
purposes.

Fig 6: Simplified UML class-diagram of the given user code

Composite1

dummy( )

Leaf2

dummy( )

Leaf1

dummy( ) Composite2

dummy( )

«Interface»
Component2

dummy( )

«Interface»
Component1

dummy( )

*

*

*
MyLonelyInterface
«Interface»«Interface»

MyInterface

dummy( )

MyClass

foo( )
dummy( )
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After computations, as expected, the algorithm
found two instances of the Composite pattern:

* Pattern: Composite: 2 instance(s)
Component: Component1
Composite: Composite1, Composite2
Leaf: Leaf1
---
Component: Component2
Composite: Composite2
Leaf: Leaf2, Composite1

4. Limitations and future

4.1. Instantiation

The main limitation of our approach
concerns the integration of the generated code with
the user’s code. A solution would be to transform
the wanted implementation to fit the user’s code.
Instantiation would include the generation of the
strict implementation of the pattern, and then this
implementation would be integrated into the user’s
source code using source to source transformation.
We are currently investigating the definition of a
transformation engine (JavaXL) able to
automatically transform user’s source code
according to a pattern declaration.

4.2. Detection

Another problem of this approach
concerns the integration of the user's code
specificity into the detection mechanism.  How to
distinguish variants of a design pattern? The current
approach (based on a constraint programming AC3-
like algorithm) should be able to make such
distinctions.  However, we experienced limitations
with such a strict constraint system.  The solution
we are currently investigating (Ptidej) is based on
an explanation-based constraint system, with
dynamic constraint relaxation capabilities.  From a
strict design pattern declaration and according to
some priorities, the constraint system is able to
automatically relax unsatisfied constraints to find
more solutions.

5. Conclusion

As stated Section 2, several approaches
have been proposed to instantiate or to detect
design patterns.  Those approaches are either at the
implementation level or at the design level.

                                                          
3 Arc consistency

At the implementation level, design
patterns are represented through syntactic
constructions. Therefore, instantiation and detection
are straightforward.  The traceability is de facto
ensured.  However, this approach requires the use
of a dedicated implementation language, which
may be too much a constraint.

At the design level, design patterns are
represented through high-level constructs (such as
classes, methods…) independently from a specific
implementation language.  However, instantiation
(code generation) is not always supported and there
is no insurance for a 1-to-1 correspondence
between design constituents and implementation
constructs (a unique pattern, at design level, may be
spread out into several classes at the
implementation level).  Thus, there is a need for a
mechanism ensuring the traceability.

In this paper, we described a meta-model
that offers a way to define patterns at the design
level.  The structure and properties of a design
pattern are defined using the constituents defined in
the meta-model.  The same abstract model can be
used both for instantiation and detection.  There is
no dissemination of design pattern-related
information over the design or the implementation.
An abstract model contains all the information
related to its instantiation and detection, thus
ensuring its traceability.

However, techniques we have presented
are valuable for representing patterns essentially
from structure-based elements.  The main reason is
that each meta-entity needs to have code
equivalence and ability to detect in code its
corresponding syntactic construct. To reach this
goal, each description must be structure-based in
order to generate code (generation always provides
structure and not behaviour) and prevent us from an
uncertain dynamical source analysis.

 The problem of describing behaviour
using structural elements can be addressed using a
strict separation between patterns representation
and the code producer-detector system using two
meta-models.  A first meta-model could be used to
instantiate pattern using structural and behavioural
bricks without code equivalence and a second one
would provide bricks to produce and detect
architecture parcels.  Moreover, this separation
would allow us to represent patterns using
formalisms such as contracts [17] or constraints
applied on role and actor, even if this formalism
does not retain sufficient information to produce
code.  The main drawback of this solution is its
complexity: it requires definition of several
interacting meta-models.
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Abstract 
 
Aspect-oriented programming [18] is a new paradigm that complements the object-oriented technology. 
The premise of aspect-oriented technology is the separation of concerns, where functional components are 
designed relatively in isolation of the non-functional components in order to avoid the code-tangling phe-
nomena. In this paper we present a formal methodology that supports the aspectual behavioral modeling for 
concurrent software systems in order to aid the system designers in validating the design of a concurrent 
software system against its requirements and automating the implementation of these systems from their 
constructed models. 
 
1. Introduction 
 
Recent advances in the software technology have reaffirmed the need for building component-oriented 
software systems. Object-oriented technology has delivered sound results regard supporting code reuse, and 
design patterns have demonstrated that large-scale software systems can benefit the most from the best 
documented design structures. 
 
Despite the tremendous success of object-oriented technology and design patterns to support code reusabil-
ity and design reusability, little has been said regard the separation of concerns within the context of these 
technologies. Recent research [18,19] in the separation of concerns has demonstrated the need for the sepa-
ration of the functional requirements from the non-functional requirements in order to maximize code reuse 
and design reuse; non-functional requirements tend to cut-across the functional components.  
 
Till now aspect-oriented technology has offered very little to support the system engineer with a formal 
modeling technique in order to verify and validate the system design against its requirements. Modeling the 
behavior of concurrent software system based on aspect-orientation is an area of research that is in its in-
fancy stages. 
  
The Unified Modeling Language, UML[1,2], has four major elements, use cases, class diagrams, sequence 
diagrams, and statecharts, that evolved over time in order to aid designers in the specification and modeling 
of object-oriented systems. Though use-cases are generally used as black-box behavioral specification, the 
other three elements are used as white-box behavioral specification. Uses cases are used mainly to describe 
the interaction between the systems and entities that may exist within its environment, i.e., Actors. Object-
oriented technology generally uses class-diagram to show the relationship between classes and the interac-
tion that occur between classes, collaboration diagrams show the sequence in which the interactions be-
tween classes occur, and statechart diagram to model the class’s behavior as a state machine; sequence dia-
grams describe the inter-object interactions and statecharts describes the intra-object interactions. 
 
Our research is bout bringing a formal methodology to automate the implementation and validation of con-
current software systems based on aspect-orientation.  An important element of a sound behavioral model-
ing approach is a rigorous methodology that ensures the semantics of the constructed model based on 
requirements. These models can be used to generate code and discover conflicting requirements. 
 
Concurrent software systems are composed of functional requirements and concurrency requirements, like 
synchronization constraints, and scheduling policies. Aspect-oriented technology is an ideal solution for 
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modeling such systems, since the distinguishing between aspects and functional requirements is at the heart 
of such technology. 
 
Since system requirements may describe the interactions between classes or the sequence of  interactions 
between classes, a formal notation is required to model such requirements and UML’s class diagram and 
sequence diagrams is an example of such notation. Though UML uses the use cases in order to cross-
reference requirements and the sequence diagrams that triggers the use cases. 
 
What motivated our work is the need for a complete end-to-end requirement modeling technique, that will 
guide the designer in the design of concurrent software systems and automate their implementations. Be-
havioral modeling based on requirements is the first step toward formal design methodology based on as-
pect-orientation. 
 
2. Modeling Concurrent Software Systems and Aspect Oriented 
 
Modeling concurrent software systems with sequence diagrams and class diagrams will not be enough to 
achieve a full implementation of the system behavior [7].  Sequence diagrams will describe the inter object 
behavior, it will help in describing scenarios for the system, how objects will interact with each other, but 
will not allow zooming into the object itself to describe its behavior, for that we need Statecharts.  
 
It has been argued in [7] that  MSC and  UML's sequence diagrams can be used to specify  requirements 
and the desired behavior for a system under development, but they can’t be used to implement the desired 
behavior for a system under development.  Statecharts, on the other hand provide the behavior of a particu-
lar object including various states that an object can enter into over its life cycle.  As stated in [Harel] 
Statecharts are mainly used to describe intra-object behavior versus inter object behavior which can be 
specified using MSCs or Sequence Diagrams.  Avery distinguishable characteristic of Statecharts from 
MSCs or Sequence Diagrams is the fact that Statecharts are part of the system model, which means they 
can be used to generate code. 
 
Statecharts [8,9,10,11] show the states of an object within a given context, the events that causes an object 
to go from one state to another, and the actions that can occur as a result of a state transition.  Events could 
be guarded by conditions, which must evaluate to true before a transition takes place.  During the object’s 
life cycle an object move from one state to another, and produce some actions as a result of this transition, 
this is how the behavior of an object should be described and Statecharts does that.  
 
Modeling concurrent systems based on aspect-orientation is a new approach that has many benefits: reus-
ability, verification and validation, and automate implementation. UML/Statecharts are used mainly to 
model the internal behavior of concurrent objects, though this formalism of modeling doesn’t support as-
pect orientation directly. To support aspect-oriented modeling within the scope of Statecharts, we extend 
the Statecharts in order to allow the explicit representation of aspect within the system models. 
 
Within concurrent objects, state transitions may occur if a method is invoked or a timer expired. Associat-
ing aspects that are evaluated when an object method is invoked is a troublesome for system modeler and 
developer, since the specification and constrains of these aspects are state dependents. For example, in the 
case where we have a bounded buffer with certain capacity and two methods put and get, we shall allow 
only put method to proceed when the buffer is an empty state and allow either put or get when we are in a 
partial state. Synchronization constraints and Scheduling specifications are the main aspects that influence 
the execution of the invoked methods based on object states. Being able to express the concurrent object 
behavior as StateChart and augment that by notation that allows the modeler to express aspects explicitly 
within the models is a step forward to automate the implementation and ease the ease the verification of 
such objects. 
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3. Aspect Moderator Framework 
 
The Aspect Moderator, is our framework-based solution for building concurrent software systems. In this 
framework, a concurrent system is represented as a cluster of co-operating objects that handle the creation 
of aspects as well as the interaction between components and aspects. Both analysis and design phases can 
be studied during two stages of operation: initialization and method invocation. A number of design princi-
ples have been taken into account while designing this framework, the first of which is to separate func-
tional from non-functional requirements, and identify cross-cutting concerns (aspects). A functional com-
ponent provides services. Those services that are associated with some aspectual behavior are referred to as 
participating services. Each aspectual behavior for each service of each method is extracted from the main 
functionality and it is treated as a separate concept in the conceptual model of the system. 
 
In a concurrent system, a number of services (methods) in a concurrent class will be associated with syn-
chronization constraints. During initialization, the proxy to the functional component will request from the 
aspect_factory the creation of aspect instances that capture the synchronization constraints associated with 
services (methods) of the class. Aspect instances implement the aspect-interface which is defined by two 
methods: precondition() and postaction(). 
 
During the initial analysis stages, we assign the responsibility of creating aspects to a special class, the as-
pect_factory. Upon aspect creation, we need to be able to reference aspects in order to coordinate their in-
teraction with the functional components. We therefore need a place to store them. We assign the responsi-
bility of storing (registering) aspects to a special class, the aspect_moderator.  The second responsibility of 
the aspect_moderator class is to control the interaction between the services provided by a class (main 
functionality) and all associated aspects.  
 
During design, it is important to identify possible design patterns that might meet any architectural needs. 
During initialization the Factory Method pattern [16] can be used to create the required aspects for the par-
ticipating methods of the functionality class. All aspect objects implement the AspectIF interface. The 
overall class diagram of the Aspect Moderator framework is shown below. 

Component

ConcreteAspect

<<interface>>
AspectIF

<<interface>>
AspectFactoryIF

Creates

Requests-creation

creator *

precondition():int
postaction():void

1

requestor
1

*

createAspect (String methodID, String aspect,
             Application component):object

ComponentProxy

<<interface>>
AspectModeratorIF

preActivation(String methodID):int
postActivation(String methodID):void
registerAspect (String methodID,
    String aspect, Object aspectObject):void

int preActivation(String methodID):int
postActivation(String methodID):void
registerAspect (String methodID,
      String aspect, Object aspectObject):void

AspectModerator

<<interface>>
AspectFactoryIF

createAspect (String methodID, String aspect,
             Application component):object

AspectFactory

Uses

Uses

*creator

Uses

precondition():int
postaction():void
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4. Our Approach 
 
Figure1 shows the model that captures the dynamic behavior for a bounded buffer, where there are two 
methods: put and get and three states where the concurrent object could be in. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As we stated earlier current specification of statscharts doesn’t support aspect-oriented modeling. To sup-
port aspect-orientation within the context of  statecharts, we need to provide a mechanism by which the 
modeler can express these aspects. In statecharts, state transition may occur as a result of events, method 
invocation, or timer expiration. Therefore support to aspect modeling shall take into consideration that as-
pects are associated with methods, transitions, but not with states. Though as we will see shortly, automat-
ing the process of mapping the model into workable implementation will be state driven.  
 
Figure 2 shows the aspects that are associated with the method invocations in the different states. Although 
aspects will have the same names that are associated with their perspective methods in the different states, 
their implementation may differ and the distinction between the different aspect implementation will be 
identified based on object states.  
 

put 

get 

put 
get 

put 

get 

put/aspect={ synch, 

Buffer 

Empty 

Buffer 

Partial 

Buffer 

Full 

CrossReference = <Requirment-115> 
Aspect(synch).precondition =  
    if(Active(get) == 0 && Active(put) ==0) 
       return RESUME 
   else  return WAIT 
Aspect(synch).postcondition =  
  ++notiems; return Resume 

CrossReference = <Requirment-129> 
Aspect(sched).precondition =  
       return RESUME 
Aspect(sched).postcondition =  

NotifyAll; return RESUME 

get/aspect={ synch, 

CrossReference = <Requirment-116> 
Aspect(synch).precondition =  
    if(Active(get) == 0 && Active(put) ==0) 
       return RESUME 
   else  return WAIT 
Aspect(synch).postcondition =  
  --notiems; return Resume 

CrossReference = <Requirment-130> 
Aspect(sched).precondition =  
       return RESUME 
Aspect(sched).postcondition =  

NotifyAll; return RESUME 

put 

get 

get 

put 
get 

put 

get 

put 

Figure 1: StateChart representation for the Bounded Buffer Concurrent Object Model 
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5. Automating Code Generation from Models 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Related Work 
 
Behavioral modeling is getting more attention from researchers as well as practitioners since system engi-
neers and designers describe the system requirements based on the expected system behavior. Needless to 
say that most testing is based black-box testing. Modeling concurrent system behavior based on StateCharts 
[7] is the first to address the issue of verification and validation of concurrent object-oriented systems. 
Though the approach suffers from code-tangling phenomenon where concurrency code is intermixed with 
the functionality code. UMLAUT is a recent approach based on aspect-oriented modeling that addresses the 
separation of concerns early in the design phase, though this approach didn’t address the intra-object inter-
actions. Our approach addresses aspect-oriented modeling for concurrent systems based on extension to 
statecharts in order to automate the implementation for such systems. 
 
7. Conclusion 
Aspect-oriented programming is the next wave of development for software systems. This paradigm 
stresses the separation of the ascpetual code from the functionality code in order to maximize code 
reusability and minimize changes that are due to code-tangling. Behavioral modeling based on statecharts 
are getting more popular since it addresses modeling the system behavior early in the design stage and 
automate the implementation of such systems. Our approach is an aspect-oriented modeling technique that 
extends statecharts in order to allow the explicit representation of aspects in the behavioral models, and 
automate the implementation of these systems from their perspective models. Inheritance of aspects with 
the system models is an area that we believe require further research. 

Private class putSynchAspect implements Aspect { 
.... 
precondition() { 
if(state == Empty) 
 if(Active(get) == 0 && Active(put) ==0) 
        return RESUME 
    else  return WAIT 
 
if(state == Partial) 
 if(Active(get) == 0 && Active(put) ==0) 
        return RESUME 
    else  return WAIT 
 
if(state == Full) 
 return WAIT 
 
} 
 
 
postcondition() { 
if(state = empty) state = Partial; 
if(state = empty)  

if(noitems < bSize –2) state = Partial; 
else state = FULL 

 
  ++notiems;  
return Resume 
} 
 
} 
 
 
Private class putSchedAspect implements Aspect { 
.... 
precondition() { 
if(state == Empty) 
 if(Active(get) == 0 && Active(put) ==0) 
        return RESUME 
    else  return WAIT 
} 
 
postcondition() { 
state = Partial; 

Figure 3: The Generated Aspect Classes 

For each aspect associated with operation, the tool 
will generate a class for that aspect. Figure 3 shows 
the code that will be generated to represent the syn-
chronization aspect class for put method. It is im-
portant to notice that aspects are can be listed next 
to each method invocation in each of the specified 
object states. The aspects are linked to template that 
the modeler will fill out whenever the aspect is cre-
ated, though in figure 3 the aspect callouts are 
shown for illustration purposes. 
 
An important feature in our approach is the ability 
to trace requirements into implementation. In our 
approach requirements can be cross-referenced in 
the model itself, where requirement numbers can be 
associated with transitions. 
 
The order of listing the aspects with each method 
invocation is relevant, since that the order that these 
aspects will be evaluated upon method invocations. 
So in our example in figure 3, the synch aspect is 
evaluated before the sched aspect. 
 
Unlike other approaches [Rahpsody] where the 
aspectual code is where aspectual code is inter-
mixed with the functional code, our approach relies 
on aspect orientation to separate concerns and by  
the same token generate clean classes that purely 
represent the aspectual code. 
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Abstract 
 
Aspect-oriented programming is a new paradigm that complements the object-oriented 
technology. The premise of aspect-oriented technology is the separation of concerns, 
where functional components are designed relatively in isolation of the non-functional 
components in order to avoid the code-tangling phenomena. 
 
Objects are independent entities that when cooperate together achieve a certain task, how 
one can mange object interaction without violating basic OO principles like abstraction? 
What triggers an object to perform its functionality? What are the constraints that an ob-
ject must consider before performing its task(s)? How does object behavior impacts other 
object(s) behavior? Can we model our Aspect Oriented system with the above in mind 
using existing CASE tools and guarantee separation of concerns at the implementation 
(automatic code generation)? 

 
In this paper we presents a formal methodology that supports the aspectual behavioral 
modeling for concurrent software systems, we address the above questions, we argue that 
applying Aspect Oriented at the design phase with object coordination in mind, guaran-
tees separation of concerns at the implementation.  We do so using UML without any ex-
tensions to it or to existing CASE tools that supports UML, we choose Rhapsody to 
model and automatically generate code since Rhapsody supports UML diagrams which 
enables us to present different views using different UML diagrams (OMD, SD, State-
charts, and Use Case diagrams). 
 
1. Introduction 
 
Recent advances in the software technology have reaffirmed the need for building com-
ponent-oriented software systems. Object-oriented technology has delivered sound results 
regard supporting code reuse, and design patterns have demonstrated that large-scale 
software systems can benefit the most from the best documented design structures. 
 
Despite the tremendous success of object-oriented technology and design patterns to sup-
port code reusability and design reusability, little has been said regard the separation of 
concerns within the context of these technologies. Recent research in the separation of 
concerns has demonstrated the need for the separation of the functional requirements 
from the non-functional requirements in order to maximize code reuse and design reuse; 
non-functional requirements tend to cut-across the functional components.  
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Till now aspect-oriented technology has offered very little to support the system engineer 
with a formal modeling technique in order to verify and validate the system design 
against its requirements. Modeling the behavior of concurrent software system based on 
aspect-orientation is an area of research that is in its infancy stages. 
  
The UML[UML] is a graphical language for specifying, visualizing, constructing, and 
documenting the artifacts of software systems.  UML is a standard modeling language 
endorsed by Object Management Group (OMG) in 1997 as UML 1.1.  UML is the 
graphical notation that defines the semantics of the object meta-model(model of UML 
itself), and defines a Notation for capturing and communicating object structure and be-
havior.  UML relied heavily on (and support) Finite State Machines, UML state machine 
model is based on David Harels Statecharts. 
 
Our research is bout bringing a formal methodology to automate the implementation of 
concurrent software systems based on aspect-orientation.  In our modeling approach we 
distinguish between static, dynamic, inter, and intra object behavioral modeling.  We be-
lieve that automatic code generation is only possible with intra object behavioral model-
ing, we use statecharts to describe the behavior of each object in the system, we also ad-
dress inter object communication via both awareness of object state changes and message 
passing. 
 
 An important element of a sound behavioral modeling approach is a rigorous methodol-
ogy that ensures the semantics of the constructed model based on requirements. These 
models can be used to automatically generate code and guaranteeing that the generated 
code confirms to Aspect oriented principles, by that we mean separating aspectual com-
ponents from main functional components at the generated code. 
 
Concurrent software systems are composed of functional requirements and concurrency 
requirements, like synchronization constraints, and scheduling policies. Aspect-oriented 
technology is an ideal solution for modeling such systems, since the distinguishing be-
tween aspects and functional requirements is at the heart of such technology. 
 
What motivated our work is the need for a complete end-to-end requirement modeling 
technique, that will guide the designer in the design of concurrent software systems and 
automate their implementations. Behavioral modeling based on requirements is the first 
step toward formal design methodology based on aspect-orientation. 
 
2. UML 
 
The UML [1,2] is a graphical language for specifying, visualizing, constructing, and 
documenting the artifacts of software systems.  UML is a standard modeling language 
endorsed by Object Management Group (OMG) in 1997 as UML 1.1.  UML is the 
graphical notation that defines the semantics of the object meta-model(model of UML 
itself), and defines a Notation for capturing and communicating object structure and be-
havior.   UML is suited  for modeling real-time and embedded systems.  UML relied 
heavily on (and support) Finite State Machines, UML state machine model is based on 
David Harels Statecharts. 
 
In UML objects have both structure and behavior, Objects work together to implement 
higher-order behaviors defined in Use cases.  UML allows software engineers to analyze 
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and design software systems using standard Object Oriented techniques, The main UML 
tools for analyzing the system are: 
Use Case Diagrams show general interactions between the system and external ob-
jects/actors who may want to interact with it.  Sequence Diagrams show sequences of 
steps and messages passed between objects when executing a particular instance of a use 
case.  Object Model Diagrams  show the static structure of the system in terms of 
classes and objects, and define relationships between these objects. Statecharts 
[2,9,10,11]define the behavior of objects, including the various states that an object can 
enter into over its lifetime and the messages or events that cause it to transition from one 
state to another.  A state in a Statechart is an abstraction of the model in which the object 
finds itself [2,3].  A message (such as an event) can trigger a transition from one state to 
another, A message can be either an event or a triggered operation. 
 
The benefits of modeling have been outlined in the literature [1,2].  Why do we model? 
UML introduction [1] outlines the following benefits :Provide structure for problem solv-
ing, Experiment to explore multiple solutions, Furnish abstractions to manage complex-
ity, Reduce time-to-market for business problem solutions, Decrease development costs, 
and Manage the risk of mistakes.   
Benefits of modeling Aspect oriented systems also been examined by the researchers, [3] 
stresses that capturing aspects at the design phase streamlines the process of AO devel-
opment, it helps learning and documenting aspects. [4,5] also outlines that capturing as-
pects at the design phase makes round trip development possible of AO systems, and 
helps to maintain consistency of requirements, design, and implementation.  We in this 
paper also argue that when aspects are identified at an early stage of the development life 
cycle it makes there design components more Reusable, and it makes automatic code 
generation possible for AO systems with higher levels of separation of concerns at the 
generated code. 

 
 
3. Our approach 
 
3.1 Modeling Concurrent Software Systems and Aspect Oriented 
 
Modeling concurrent software systems with sequence diagrams and class diagrams will 
not be enough to achieve a full implementation of the system behavior.  Sequence dia-
grams will describe the inter object behavior, it will help in describing scenarios for the 
system, how objects will interact with each other, but will not allow zooming into the ob-
ject itself to describe its behavior, for that we need Statecharts.  
 
Statecharts provide the behavior of a particular object including various states that an ob-
ject can enter into over its life cycle.  As stated in [7,9,11] Statecharts are mainly used to 
describe intra-object behavior versus inter object behavior which can be specified using 
MSCs or Sequence Diagrams.  Avery distinguishable characteristic of Statecharts from 
MSCs or Sequence Diagrams is the fact that Statecharts are part of the system model, 
which means they can be used to generate code. 
 
Statecharts show the states of an object within a given context, the events that causes an 
object to go from one state to another, and the actions that can occur as a result of a state 
transition.  Events could be guarded by conditions, which must evaluate to true before a 
transition takes place.  During the object’s life cycle an object move from one state to an-
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other, and produce some actions as a result of this transition, this is how the behavior of 
an object should be described and Statecharts does that.  
 
Modeling concurrent systems based on aspect-orientation is a new approach that has 
many benefits: reusability, verification and validation, and automate implementation. 
UML/Statecharts are used mainly to model the internal behavior of concurrent objects, 
though this formalism of modeling needs to support aspect orientation.  In this paper we 
outline a modeling standard for concurrent systems based on Aspect-orientation. 
 
Within concurrent objects, state transitions may occur if a method is invoked or a timer 
expired. Associating aspects that are evaluated when an object method is invoked is a 
troublesome for system modeler and developer, since the specification and constrains of 
these aspects are state dependents. For example, in the case where we have a bounded 
buffer with certain capacity and two methods put and get, we shall allow only put method 
to proceed when the buffer is an empty state and allow either put or get when we are in a 
partial state. Synchronization constraints and Scheduling specifications are the main as-
pects that influence the execution of the invoked methods based on object states. Being 
able to express the concurrent object behavior as StateChart and augment that by notation 
that allows the modeler to express aspects explicitly within the models is a step forward 
to automate the implementation of such systems. 
 
3.2. Aspect Moderator Framework 
 
The Aspect Moderator[13,14,15], is a framework-based solution for building concurrent 
software systems. In this framework, a concurrent system is represented as a cluster of 
co-operating objects that handle the creation of aspects as well as the interaction between 
components and aspects. Both analysis and design phases can be studied during two 
stages of operation: initialization and method invocation. A number of design principles 
have been taken into account while designing this framework, the first of which is to 
separate functional from non-functional requirements, and identify cross-cutting concerns 
(aspects). A functional component provides services. Those services that are associated 
with some aspectual behavior are referred to as participating services. Each aspectual be-
havior for each service of each method is extracted from the main functionality and it is 
treated as a separate concept in the conceptual model of the system. 
 
In a concurrent system, a number of services (methods) in a concurrent class will be as-
sociated with synchronization constraints. During initialization, the proxy to the func-
tional component will request from the aspect_factory the creation of aspect instances 
that capture the synchronization constraints associated with services (methods) of the 
class. Aspect instances implement the aspect-interface which is defined by two methods: 
precondition() and postaction(). 
 
During design, it is important to identify possible design patterns that might meet any ar-
chitectural needs. During initialization the Factory Method pattern [16] can be used to 
create the required aspects for the participating methods of the functionality class. All 
aspect objects implement the AspectIF interface. The overall class diagram of the Aspect 
Moderator framework is shown below. 
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Our work is needed To complete the AM Framework and makes it acceptable by auto-
matic code generators, we will address in this paper issues that are essential to automatic 
code generation, we need to describe the dynamic behavior of the AM framework ob-
jects, we will use statecharts to capture the behavior of the objects in the AM Framework.  
And we will use state notification mechanisms [6] to describe the coordination and inter-
action among these objects. [Harel, Executable object modeling, IEEE 1997] states that 
statecharts can be used to describe both objects communication and objects internal be-
havior. 
 
 
3.3 applying Our Approach to the AM Framework 
 
Our solution relay on the statechart fact that objects state changes are detected by other 
objects (state notification).  When objects behavior is dependent on other objects states, it 
is essential that objects share their state to other object since this will impose a certain 
behavior on these objects.  State notification [6] allows an object to monitor and synchro-
nize with state changes of other objects.  Our approach will not dedicate an object to co-
ordinate object interaction, instead all objects will participate to achieve the coal at hand 
and to manage the coordination of each other states. 
 
 Our approach supports the aspectual behavioral modeling for concurrent software sys-
tems, we will apply Aspect Oriented at the design phase with object coordination in 
mind, we guarantees separation of concerns at the implementation. We will apply our ap-
proach to the Aspect Moderator Framework described in section 3.  We will try to build a 
complete behavioral model for the AMF using statecharts. 
 
We will use advanced features of staecharts to 1st assist in modeling complex dynamic 
behavior, 2nd describe communications between AM Framework classes, 3rd isolate con-
trol from functionality.  We will feed the model in any existing CASE tool (Rhapsody) 
and the output will be classes and interfaces that observe the architecture of the AM 
Framework. 
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In this paper we present the Bounded Buffer as a case study.  In modeling the behavior of 
the Functional Bounded Buffer we can control the states of the Synchronization Aspect 
from the Bounded Buffer state machine, for instance when the Buffer transits from FULL 
to PARTIAL state as a result of get event we set the Synchronization Aspect state to 
Writeable-Readable as follows: Get / [set Synchronization Aspect to Writeable-
Readable], the buffer state machine is outlined below: 
 

 
 

 
 
 
 
 
 
 
 
 
In the AM Framework requests comes in (i.e. from Producers and consumers) to the sys-
tem and get intercepted by the Aspect Moderator which has a state machine that is de-
pendent on the Synchronization Aspect states described below: 
 
 
 
 
 
 
 
 
 
We will use message between the AM and the Synchronization Aspect, and the Buffer 
regions, by default the message addressed by the synchronization Aspect, as follows: 
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4. Future Work 
The next step in our project to start applying the constructed model into existing CASE 
tools like Rhapsody.  Also more work is needed to apply our approach to other Aspect 
oriented techniques other than the Aspect Moderator Framework. 
 
 
5. Related Work 
 
Behavioral modeling is getting more attention from researchers as well as practitioners 
since system engineers and designers describe the system requirements based on the ex-
pected system behavior. Modeling concurrent system behavior based on Statecharts [7] is 
the first to address the issue of verification and validation of concurrent object-oriented 
systems. Though the approach suffers from code-tangling phenomenon where concur-
rency code is intermixed with the functionality code. UMLAUT is a recent approach 
based on aspect-oriented modeling that addresses the separation of concerns early in the 
design phase, though this approach didn’t address the intra-object interactions. Our ap-
proach addresses aspect-oriented modeling for concurrent systems based on extension to 
statecharts in order to automate the implementation for such systems. 
[3] outlines the benefits of capturing aspects in the design phase rather than the imple-
mentation phase, these benefits includes: streamlining the process of AO development, 
reuse of aspects, and round-trip development. [4] also stresses on the importance of sup-
porting aspects throughout the development life cycle. [5] extends the UML metamodel 
to support subject-oriented and focuses on extensions to UML metamodel to support AO.  
[6] Stresses that UML has to be extended to support multi-dimension separation of con-
cerns other than the object dimension. [7] From Play in Scenarios To Code, argue that 
automatic code generation only possible with intra object behavioral modeling, inter ob-
ject behavioral modeling allows us to capture the requirements and are not part of the 
system model and can't be used to generate code.  This approach didn't address AO or 
SoC.  Most of these approaches didn't address behavioral modeling and Automatic code 
generation, some require developing new tool other require extending UML metamodel 
to support aspects.  We think neither extending UML nor developing a new translation 
tool is needed to support aspects in the design phase. 
 
 
6. Conclusion 
Aspect-oriented programming is the next wave of development for software systems. 
This paradigm stresses the separation of the ascpetual code from the functionality code in 
order to maximize code reusability and minimize changes that are due to code-tangling. 
Behavioral modeling based on statecharts are getting more popular since it addresses 
modeling the system behavior early in the design stage and automate the implementation 
of such systems. Our approach is an aspect-oriented modeling technique that uses com-
plex statechart mechanisms like and/or states to describe the coordination between ob-
jects in concurrent software systems, we applied our modeling technique to the Aspect 
Moderator Framework. Our approach supports the aspectual behavioral modeling for 
concurrent software systems, we apply Aspect Oriented at the design phase with object 
coordination in mind, we guarantee separation of concerns at the implementation. 
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ABSTRACT

Though it is widely recognized that object-oriented
methodologies are most e�ective in developing large
scale software, it is still di�cult to apply high level com-
puter support to it, as current methodologies are infor-
mal, especially at their upstream phases. This means
that we cannot expect sophisticated supports for check-
ing validating/verifying their appropriateness. As qual-
ity of analysis models determines that of succeeding de-
sign and implementation phases, formalization of the
analysis phase is very important. In this paper, we pro-
pose a formal approach to analysis phase, consisting of
(1)formal analysis models, (2)uni�cation of the mod-
els, (3)prototype execution of the model and (4)proto-
typing environment. In the prototyping environment,
we adopted SML/NJ which is an environment for func-
tional language ML.

1 Introduction

Though the object-oriented methodologies are most ef-
fective in developing complex software systems, the
problem of current methodologies is that they are in-
formal, especially at their upstream phases. That is,
their analysis phase for building analysis models from
the system requirements is very informal and this makes
it di�cult to apply computer support in this phase. As
is manifested in UML models[1], we usually construct
multiple analysis models where inconsistencies remain
even though software designers pay much attention in
constructing them. This will lead to the introduction
of grave bugs in the implemented software system. One
approach to solve this problem is to adopt formal tech-
niques in the analysis phase. This may include formal-
ization of analysis models, their prototype execution for
showing they satisfy the requirements.
In this paper, we show our formal approach for object-

oriented analysis modeling. It consists of (1)formal

analysis models, (2)uni�cation of the models, (3)pro-
totype execution of the model and (4)prototyping en-
vironment. After introducing how the analysis models
are formalized and how they are uni�ed into the uni-
�ed model, we show prototype execution of the uni�ed
model. The uni�ed model has enough information to
execute it with some additional descriptions. We have
used a functional programming language ML[3] and its
environment called SML/NJ[4] for executing the uni�ed
model. We found that the SML/NJ system is useful for
dealing with concepts appearing in the analysis phase
because it has many highly abstracted types, functions
and mechanisms to compose them.
This paper is organized as follows. In the next sec-

tion, we show formal analysis models and their uni�ca-
tion. In Section 3, we show how to execute the uni�ed
model and present the implemented prototyping envi-
ronment. In Section 4, we discuss the advantages of our
approach based on our experiment. Finally, Section 4
gives conclusions and the directions of our further work.

2 Formalizing OO Analysis

Models

In UML, there are multiple models to describe a single
system. Usually, they are made independently and the
relation among them tends to be ambiguous. As these
models are merged in the succeeding design and imple-
mentation, this ambiguity may bring in a big bug in
the implemented programs. To solve this problem, we
need to formalize the analysis phase. In our approach,
the analysis phase consists of two phases, (1) building
independent basic models and (2) unifying them into a
uni�ed model. The uni�ed model should be described
formally enough to be veri�ed. In Section 2, we intro-
duce a basic class model and a basic statechart model
which are de�ned independently in the sense that el-
ements in one model do not appear in another model.

1



These are based on UML's class diagram and statechart
diagram respectively. Then we unify these models us-
ing uni�cation mappings. These two diagrams are very
important to capture the whole behavior of the target
system and are used in almost all system developments.

2.1 Basic Models

Each basic model has the sets of identi�ers which are
independent of the sets of the other models.We call such
sets basic sets. The identi�ers are atoms that identify
abstractions appearing in the associated basic model.
These identi�ers represent particular concepts in the
system, so they have meanings which are de�ned by
documents related to them. The documents may be
described by some formal languages or by natural lan-
guages. It is not essential here whether they are de-
scribed formally or not. We are interested only in the
relations which hold among the sets and in describing
them formally.
The basic class model is de�ned using basic sets

AttrID, FuncID, ClassID, AssocID, AggrID and
InherID. These basic sets represent a set of attribute
identi�ers, a set of function identi�ers, a set of class
identi�ers, a set of association identi�ers, a set of ag-
gregation identi�ers and inheritance identi�ers respec-
tively. The basic class model is built from the above
identi�ers. For example, the set of attributes A ap-
pearing in the basic class model of a target system is a
subset of the basic set AttrID. Formally, a basic class
model CM is de�ned as follows.

De�nition 2.1 Basic Class Model

CM = (A;F;Class;Assoc;Aggr; Inher;MCM )
where Class � ClassID;Assoc � AssocID;

Aggr � AggrID; Inher � InherID;

A � AttrID;F � FuncID

In the above, MCM is a function representing relations
between identi�ers. MCM is a direct sum of functions
Mclass, Massoc, Maggr and Minher, that is, formally
de�ned as follows.

MCM =Mclass �Massoc �Maggr �Minher

� The function Mclass represents the fact that a cer-
tain class has a speci�c set of attributes and func-
tions. That is, this function has the following do-
main and range.

Mclass : Class! Pow(A)� Pow(F)

where Pow(X) means a power set of X.
� The function Massoc relates each association iden-
ti�er to a relation between classes with multiplici-
ties. This function has the following domain and

range.

Massoc :
AssocID! (ClassID �M)� (ClassID �M )

where M is a set of the multiplicities. For a set of
natural numbers N , M is de�ned as follows.

M = f(m;n)jm 2 N;n 2 N [ f1g;m � ng

In this de�nition, 1 represents an in�nite number,
that is, the property 8n 2 N:n � 1 holds.

� The function Maggr relates each aggregation iden-
ti�er to a relation between assembly class and part
classes. This function has the following domain
and range.

Maggr :
AggrID ! ClassID � Pow(ClassID �M)

� The function Minher relates each inheritance iden-
ti�er to a relation between a super-class and sub-
classes. This function has the following domain
and range.

Minher : InherID! ClassID � Pow(ClassID)

Similarly a basic statechart model SM is de�ned us-
ing its own basic sets STDID, EventID, ActionID,
CondID and StateID. They represent a set of state
transition model identi�ers, a set of event identi�ers, a
set of action identi�ers, a set of condition identi�ers and
a set of state identi�ers. The statechart model consists
of state transition models. A basic statechart model
SM is formally de�ned as follows.

De�nition 2.2 Basic Statechart Model

SM = (STD;MSM )
where STD � STDID;MSM : STDID ! ST

In the above de�nition, ST is a set of state transi-
tion models. Each state transition model is de�ned as
follows.

De�nition 2.3 State Transition Model
A state transition model st is de�ned as follows.

st = (S;Evt;Act;Cond;Trans; ainit; s)
where S � StateID;Evt � EventID;

Act � ActionID;Cond � CondID;

Trans � S�Evt�Cond�Act� Pow(Evt) � S;

ainit 2 Act; s 2 S

where S, Evt, Act, Cond and Trans represent sets of
states, events, actions, conditions and state transitions
respectively. The action identi�er ainit is an initial ac-
tion of this state transition model. The state identi�er
s is an initial state of this state transition model.
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Figure 1: An example of uni�cation mapping

In this de�nition, each state transition is represented
by a formula (s; e; c; a; fe1; � � � ; eng; s0), where s and s0

represent the source state and the destination state of
this transition respectively. This formula represents the
fact that the transition �res, the action a is performed
and the events e1; � � � and en are sent to the other objects
if the event e is received and the condition c holds in
the state s.
The other models used in object-oriented analysis are

de�ned similarly.

2.2 Unifying Basic Models

In building the basic models, we independently model
each view of the target system and describe it as a basic
model. The details of elements appearing in the basic
models are determined in the progress of the analysis
phase. These elements have then enough information to
relate them with the elements appearing in the other ba-
sic models. To relate such elements, we use uni�cation
mappings. In determining the uni�cation mappings, we
may fail to relate an element with others. Such failures
occur when for the element we cannot extract related
elements in other basic models. In other words, these
models are inconsistent syntactically. In this case, we
must remove the element from the basic model or add
some elements in the other basic models.
Uni�cation mappings map elements in the basic mod-

els to common components. Common components are
expressions de�ned from elements in the basic models.
Consider an example shown in the Figure 1. In

this example, we assume that the action identi�er
Increment appears in the basic statechart model. This
identi�er represents an action which increments the
attribute number. On the other hand, the attribute
number and the function inc appears in the basic class
model. Using this information we �nd and de�ne an

expression number := inc(number) which means to as-
sign the result of the function application inc(number)
to the attribute number. This expression is a member
of common components. We relate it with the action
identi�er Increment using a mapping Increment 7!
number := inc(number). This mapping uni�es the at-
tribute number and the function inc appearing in the
basic class model and the action identi�er Increment

in the basic statechart model. This is a fragment of a
uni�cation mapping Uaction for action identi�ers.

De�nition 2.4 Uni�cation mapping for action identi-
�ers.
Uni�cation mapping for action identi�ers is repre-

sented by the function Uaction whose domain and range
are de�ned as follows.

Uaction : ActionID ! AExp

where AExp is a set of action expressions and de�ned
as follows.

AExp = T j a := T j c:a := T j AExp;AExp

T = v j a j c:a j f (T list) j c:f (Tlist)

T list = T; T list j �

In the above, c is a class identi�er or an event identi�er,
a is an attribute identi�er, f is a function identi�er
and v is a value.. The term c:a and c:f represents the
attribute a in the class c and the function f in the class
c respectively.

This Uaction is a uni�cation mapping connecting the ba-
sic class diagram and the basic statechart diagram. We
have identi�ed the �ve uni�cation mappings UST , Udel,
Ucond, Uevent�attr and Uevent�dst in addition to Uaction.
The uni�cation mapping represented by the function

UST de�nes behavior of objects instantiated from a class
by assigning a state transition model to that class.

De�nition 2.5 Uni�cation mapping for the behavior of
objects
UST is a function whose domain and range are de�ned

as follows.

UST : ClassID ! STDID

The uni�cation mapping represented by the function
Udel de�nes the details of delegation in the case where
there is an aggregation relation in the basic class model.
This uni�cation mapping relates a state of the assem-
bly class in an aggregation relation to a set of the part
classes. This means that if objects of the assembly class
are in the state related to a set of the part classes, these
objects pass all the received events to objects of the
classes in this set.
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De�nition 2.6 Uni�cation mapping for the delegation
Udel is a function whose domain and range are de�ned

as follows.

Udel : StateID ! Pow(ClassID)

The uni�cation mapping for the condition identi�ers
is represented by the function Ucond.

De�nition 2.7 Uni�cation mapping for condition
identi�ers

Ucond : CondID! BExp

In the above, BExp is de�ned as follows.

BExp = T j T ^ T j T _ T j :T

where T is de�ned in the de�nition of AExp.

The events in the basic statechart model may have
attributes. The uni�cation mapping represented by the
function Uevent�attr assigns such attributes to events.

De�nition 2.8 Uni�cation mapping for event at-
tributes
Uevent�attr is a function whose domain and range are

de�ned as follows.

Uevent�attr : EventID ! Pow(AttrID)

In our model, the events output from a state transi-
tion model are transmitted by links instantiated from
associations in the basic class model. The uni�cation
mapping represented by the function Uevent�dst de�nes
destinations of output events by assigning them to the
associations.

De�nition 2.9 Uni�cation mapping for event destina-
tion
Uevent�dst is a function whose domain and range are

de�ned as follows.

Uevent�dst : EventID ! Pow(AssocID)

Having de�ned the uni�cation mappings, a uni�ed
model UM is de�ned as a pair of the basic models
BasicModels and the uni�cation mappings U . The uni-
�ed model de�nes behavior of the target system within
the context of the uni�cation mappings U , which is
enough to specify its state transition semantics.

De�nition 2.10 De�nition of Uni�ed Model UM

UM = (BasicModels;U)

In this de�nition, BasicModels represents a set of basic
models, that is, CM, SM 2 BasicModels. U is a di-
rect sum of uni�cation mappings, that is, U = Uaction�
UST� Udel� Ucond� Uevent�attr� Uevent�dst.

IncrementCounter
number

WAIT1
WAIT2

press[True]/ None

release[True]/ Increment

Init

Basic Class Model

Basic Statechart Model

Figure 2: An example of simple counter

We consider a simple counter class as an example
shown in Figure 2. The simple IncrementCounter class
has an attribute number which holds an integer value
and a function which increments its argument. The ba-
sic class model CM for this example is de�ned as fol-
lows.

CM = (fnumberg; fincg; fIncrementCounterg;
�; �; �;MCM)

where
IncrementCounter 7! (fnumberg; fincg) 2MCM

Behavior of this class is de�ned by a state state transi-
tion model STic. This state transition model deals with
two events press and release and increments the num-
ber after receiving a sequence consisting of these two
events in this order. A basic statechart model SM for
this behavior is de�ned as follows.

SM = (fSTicg; fSTic 7! stg)
st = (fWAIT1;WAIT2g; fpress; releaseg;

fInit;None; Incrementg; ftrueg; T; Init;WAIT1)
where
(WAIT1; press; true;None; �;WAIT2) 2 T

(WAIT2; press; true; Increment; �;WAIT1) 2 T

Then, we unify these basic models. Uni�cation map-
pings U for this example are de�ned as follows.

U = Uaction � UST � Ucond
where
IncrementCounter 7! STic 2 UST
Init 7! number := 0 2 Uaction
None 7! nop() 2 Uaction
Increment 7! number := inc(number) 2 Uaction
True 7! true 2 Ucond

In this uni�cation mappings, the function nop repre-
sents an operation which has nothing to do.

3 Prototype Execution of Anal-

ysis Model

In the uni�ed model, behavior of each object which is
instantiated from a class is de�ned by a state transition
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model assigned to that class. Though a uni�ed state
transition model has action expressions and condition
expressions consisting of attribute evaluations such as
function applications to attributes, formal computation
of these functions is not de�ned in the uni�ed model
and has to be supplied somehow for executing it.

In our approach, we adopted the programming lan-
guage ML and its environment called SML/NJ for exe-
cuting the uni�ed model. The SML/NJ system consists
of an interpreter, libraries and tools for ML. We repre-
sent attributes appearing in the uni�ed model by ML
variables and de�ne the computation of the functions
by ML programs. This SML/NJ system is suitable for
dealing with attributes and functions appearing in the
analysis phase because it has many highly abstracted
types, functions and mechanisms to compose them.

We have implemented a CASE tool called F-
Developer using the SML/NJ system as shown in Figure
3. F-Developer consists of the three tools, model editor,
F-Prototyper and F-Veri�er.

We graphically construct the basic class model and
the basic statechart model using model editor imple-
mented in Java. To execute the uni�ed model, we assign
some additional descriptions in ML to each attribute
and function appearing in the basic class model. We de-
scribe them using pop-up dialog windows of the model
editor. The constructed analysis model and the addi-
tional descriptions are stored in the repository to which
F-Prototyper and F-Veri�er refer.

F-Prototyper realizes prototype execution of the con-
structed analysis model. If we could detect some errors
as a result of checking its prototype, we have to modify
the analysis model and check it again. In such analysis
process, there may be many cycles of model checking
and modi�cation. We should automatically generate a
prototype of the constructed analysis model because it
is costly to manually make it repeatedly. F-Prototyper
has a prototype code generator which automatically gen-
erates an executable SML source code to realize behav-
ior of the constructed analysis model. The generated
source code is loaded onto ML interpreter running in
the background. F-Prototyper also has a window to op-
erate the ML interpreter. We execute the constructed
analysis model using that window.

Moreover, we can verify the constructed analysis
model in F-Veri�er[8][9]. In this veri�cation, we assign
assertions described in higher order logic to classes and
prove that these assertions always hold. F-Veri�er also
automatically generates an axiomatic system on HOL[2]
form the constructed analysis model. HOL is a theorem
prover which supports higher order logic. We verify
the constructed analysis model by operating HOL in-
terpreter running in the background through another
window in F-Veri�er.

���������	
���������
�����������������

���������	
���������
�������������

Figure 4: Screen Snapshot of Property Sheet

3.1 Model Editor

The model editor is GUI for constructing an analysis
model based on F-Model. This model editor follows our
approach as described in Section 2, that is, we �rst con-
struct basic models independently, then they are uni�ed
by uni�cation mappings. Figure 5 is a screen snapshot
of the model editor. In this �gure, the attribute number

and the function inc appear in the basic class model.
On the other hand, the action Increment appears in
the basic statechart model. Each identi�er has a mean-
ing documented in a natural language. In the model
editor, such meaning is described in a property sheet
for an identi�er as shown in Figure 4. In the property
sheet of the attribute number, we describe the sentence
'The attribute number has an integer value' as its mean-
ing. For the other identi�ers, we describe the sentences
'The function inc increments its argument' and 'The ac-
tion Increment represents the action which increments
the attribute number.' as meanings of the function inc

and the action Increment respectively. These identi-
�ers are uni�ed by relating the action Increment to
the action expression number := inc(number). This
uni�cation mapping is input using the pop-up window
for an action expression shown in Figure 5. Though
such uni�cation mappings have to be found by devel-
opers of this system so far, we are thinking that they
could be automatically derived from formal descriptions
of the meanings of the identi�ers. In the future, we will
extend our model editor so that it can automatically
derive uni�cation mappings from such descriptions.

To make a prototype of the constructed analysis
model, we have to assign SML types to attribute identi-
�ers and SML programs to function identi�ers appear-
ing in that model. A property sheet for an attribute
identi�er has a �eld to assign a SML type to that at-
tribute identi�er, and a property sheet for a function
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SML/NJ and HOL are running in the background and displayed using Java

Repository

Constructed models are stored.

F-Prototyper
F-Verifier

Generated executable ML program Generated axiomatic system 

Axiomatic System
Generator

Prototype Code
Generator

Model Editor

Figure 3: Architecture of F-Developer
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,QSXWWLQJ D XQLILFDWLRQ PDSSLQJ IRU
WKH DFWLRQ LGHQWLILHU ,QFUHPHQW

Figure 5: Unifying models with Model Editor

identi�er has a �eld to assign a SML program to that
function identi�er.

3.2 F-Prototyper

An analysis model and additional descriptions con-
structed using the model editor are stored in the repos-
itory of F-Developer. The prototype code generator in
F-Prototyper automatically generates executable SML
source code which realizes behavior of the constructed
analysis model based on data in the repository as shown
in Figure 6. Its input consists of the constructed anal-
ysis model, SML types associated with attribute iden-
ti�ers, SML functions associated with function identi-
�ers and source code for these functions. This generator
outputs executable SML source code consisting of struc-
tures representing classes appearing in that model. To
control objects instantiated from a class represented by
a structure, that structure contains variables which hold
attribute values owned by the objects, ML functions re-
alizing functions in the analysis model, a function which
instantiates objects, and so on.
For example, the following source code is generated

for the simple counter shown in Section 2. In this source
code, we replaced implementation of each ML function
by a comment surrounded by < and >.

structure Class_IncrementCounter = struct
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Figure 6: Prototype Code Generator

...

(* Common Variables *)

val objects =

ref Set.empty: ObjectSystem.ObjectID Set ref

val self = ref "" :ObjectSystem.ObjectID ref

val outputevents =

ref AList.empty: OutputEvents ref

val currentstates =

ref AList.empty : CurrentStates ref

fun nop () = ()

fun add_object oid = <add a new object>

fun delete_object oid = <remove the existing object>

fun add_outputevents oid es = <add an output event>

fun delete_outputevents oid es =

<remove the existing output event>

fun set_state oid s =

<set the state of object oid to s>

fun lookup_state oid =

<lookup the current state of the object oid>

fun lookup_outputevent oid =

<lookup the output event queue of the object oid>

(* Declarations for the attribute 'number' *)

type Type_number = (ObjectSystem.ObjectID,int) AList

val number = ref AList.empty : Type_number ref

fun set_number oid v =

<set v to the attribute 'number' of the object oid>

fun lookup_number oid =

<lookup the attribute 'number' of the object oid>

fun delete_number oid =

<remove the assignment of the attribute 'number'

for the object oid>

(* Declaration for the fuction 'inc' *)

fun inc x = x +1

(* The new function instantiates an object *)

(* from the class 'IncrementCounter' *)

fun new oid =

(add_object oid; set_number oid (0);

set_state oid "WAIT_1")

(* The function transition changes the current state *)

(* of the object oid by the set of input events es *)

fun transition oid es =

case (lookup_state oid) of

"WAIT_1" =>

<actions attached to transitions whose source

state is 'WAIT_1'>

| "WAIT_2" =>

<actions attached to transitions whose source

state is 'WAIT_2'>

....

end

end;

Though, using these structures, we can instantiate
objects and execute them interactively, it is hard to di-
rectly operate SML interpreter because we have to input
function evaluations consisting of many elements includ-
ing the names of identi�ers appearing in the constructed
analysis model and the results of such operations are dis-
played as complex strings. In F-Prototyper, there are
two facilities, a script editor and an animator as shown
in Figure 7, to solve these problems.

3.2.1 Script Editor

Using the script editor, we can construct an operation
sequence to be issued to the interpreter. Each of op-
erations constituting the sequence are de�ned using an
icon representing an operation on the interpreter. We
issue the constructed operation sequence either step by
step or at once.

Moreover, the script editor allows us to export the
constructed operation sequence into a �le containing a
SML program representing that sequence. We can easily
make test scripts by adding loops and conditions such as
comparing two attribute values to this program. Then
we import such test scripts into the SML interpreter
and test the target prototype.

3.2.2 Animator

The animator graphically displays the current status of
each object such as the current state and attribute val-
ues by accumulating the results of operations on the
SML interpreter. The results on the SML interpreter
are passed to the animator implemented in Java using
JNI(Java Native Interface), then the animator reects
them on GUI.

In F-Prototyper, we check behavior of the constructed
analysis model by these two facilities. In the animator,
we check it by looking at its graphical representation.
In the script editor, we build operation sequences and
make test scripts based on them.
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Figure 7: Screen Snapshot of F-Prototyper

4 Experiment

We constructed an analysis model for a library system
to manage a library business using F-Developer as an
experiment. In the analysis phase of the library sys-
tem development, we extracted some usecases for this
class from its speci�cation, then we constructed the
basic statechart model of this class by incrementally
adding state transitions which deal with events consti-
tuting usecases. For example, for the usecase for mem-
ber registration, the library system works as follows.

1. A sta� in the library pushes a button in the console.

2. The sta� inputs information about a new mem-
ber. The information consists of the new member's
name, address and contact.

3. The library system generates an identi�er for the
new member and stores the information and its
identi�er in the database.

4. The card writer creates a new card in which the
identi�er is recorded.

The basic statechart model dealing with this usecase
is described as shown in the top of Figure 8. To check
behavior of this basic statechart model, we made a pro-
totype of this version of the analysis model. This use-
case is directly translated into an operation sequence

shown in the second screen snapshot of the script ed-
itor We could detect some errors here. The reason of
these errors was twofold: �rstly, static semantics errors
detected during automatically generating a program for
this prototype, and secondly, dynamic semantics error
detected during checking behavior of the generated pro-
totype.

Then, we focused on an another usecase called the
usecase for book registration. We added some state
transitions dealing with this usecase to the above ba-
sic statechart model. If we �nd some states having
the same name, we regard these states as the same
state. As there are two states having the same name
IDLE in Figure 8, this basic statechart model has
the three states IDLE, WaitRegistMemberData and
WaitRegistBookData in fact. Such interpretation of
graphical representations is convenient for describing
state transitions for each usecase separately. We also
made a prototype of this version of the analysis model
and checked it. The operation sequence was easily con-
structed by adding operations for this prototype to the
operation sequence for the member registration usecase.

Finally, we constructed the analysis model dealing
with all the extracted usecases through several interme-
diate models. In this system, there are a few important
constraints to be satis�ed. For example, we use three
book lists representing a list of books which are on loan,
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State Transitions for Member Registration Usecase

Operation Sequence for Member Registration Usecase

State Transitions for Member Registration Usecase

State Transitions for Book Registration Usecase

Operation Sequence for Book Registration Usecase

Figure 8: Statechart and Operation Sequence for Usecases

a list of books existing in the library and a list of all reg-
istered books. It is important to ensure that the sum of
the numbers of registered book lists equals to the sum
of the numbers of the other two lists as these lists are
often modi�ed by actions for returning a book, lending
a book and registration of a new book. To ensure that
these constraints are satis�ed, we made test scripts for
checking whether they are satis�ed or not. We could
easily acquire such test scripts by adding code for com-
paring the length of the three lists to the program gen-
erated from the constructed operation sequence for the
intermediate models.

5 Conclusion

In this paper, we have proposed prototype execution
and a computer environment for independently con-
structed analysis model. The purpose of this prototype
execution is to ensure the validity of the constructed
analysis model. To ensure that the constructed analysis
model is correct, we have to verify it. However, it is very
costly. Our solution for ensuring such properties is that,
�rstly, we validate the constructed analysis model by
prototype execution, then we verify it. This approach
leads to reduction of the cost of the veri�cation as it re-
duces its responsibility. As mentioned in Section 3, our
computer environment also supports the veri�cation of
the analysis model with the theorem prover HOL.

In our computer environment, the prototype execu-
tion of the constructed analysis model is done using the
functional programming language ML which supports
higher order functions. We think that such higher or-
der capabilities will be useful for modeling application
domains because we can make programs without deter-
mining the details of abstract concepts. We should work

on their customization to application domains so that
software engineers in the domains can use them for their
daily activities.
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Abstract

Class diagrams (such as those of UML) constitute one of the major benefits of object-
oriented programming and design. However, their construction and their evolution pose
multiple problems. We think that a good way to approach them consists in proposing to
the designers and to the programmers tools able to assist them in this task. The idea that
we defend is that a good construction must be systematic, even if it necessary to improve
the result afterwards. In other words, our long-term goal is to automate as much as
possible the optimal construction and evolution of class diagrams. Our main practical
objective is to integrate our results in UML CASE tools. We describe here the strong
ideas of the project and its current state.

Introduction
One of the most important productions of object-oriented analysis and design methods is
the class diagrams that represent the class hierarchies of the system under construction
[UML 00]. Those hierarchies are most of the time the core upon which object-oriented
systems are built. Therefore, it is crucial that their design meets certain quality
requirements. The context of the work presented in this paper is the development of tools
that help automating the improvement of the quality of class hierarchies.
One way to foster this quality is to measure certain characteristics of class hierarchies in
order to evaluate one or several criteria relevant to the quality of the hierarchies. The
subsequent improvement of a given criterion may then be partially automated by software
tools, most of the time based on heuristics. Another approach is to use criteria for which
there exist algorithms that transform a class hierarchy so that it fully conforms to those
criteria. This approach can be automated and integrated into software development tools.
The work that we present here belongs to the latter approach and consists in constraining
the construction of class hierarchies so that they are optimal with respect to a criterion
that we consider essential: the most compact factorization of properties (attributes and
methods). This criterion enforces the production of hierarchies that are minimal (i.e. that
use as few classes as possible to ensure the optimality of the hierarchy).  This method is
already used in such domains as knowledge representation or classification.  It is based on
a mathematical structure, the Galois lattice, which was initially proved relevant to class
hierarchies in [GOD 93].
This article is organized as follows. In a first part, we present the algorithmic background
regarding the automatic construction of class hierarchies.  Then, to illustrate our
approach, we show on an "academic case" what benefits the use of such techniques can
bring. We then present a metamodel allowing to characterize the set of class hierarchies
likely to be dealt with.  The presentation of this metamodel is focused on the specific
features introduced with respect to UML metamodel. A fourth part presents the
mathematical structures used in our approach: the Galois lattice and a significant
simplification of this structure. The principal characteristics of these structures are
enumerated while insisting on those that prove their interest for the construction of class
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hierarchy. A fifth part gives an example of application of this work on an operational
system and analyzes the results. Lastly, we detail the operations, which we consider
interesting for a user of such tools and the underlying algorithms.

Algorithmic background
Starting from a set of classes with their properties, it is possible to build various
inheritance hierarchies more or less clear, readable, reusable and extensible. Everyone has
its empirical rules to define what is a "good" hierarchy but there does not exist yet a
consensus on this subject. Those rules can vary according to the application domain
(knowledge representation, classification and categorization, programming and software
engineering, object-oriented databases). They can also vary according to the required
goals.  One thus often cites, in the field of object-oriented programming, the various
hierarchies obtained by privileging on the one hand a maximum sharing of code or on the
other hand the conformity to subtyping rules [COO 92, LAL 89, MEY 92].
Although one cannot always correctly solve all the problems regarding class organization,
there exist works aiming at automating, partially or completely, the reorganization of
hierarchy or the insertion of classes in hierarchies.  In their current state, those works are
mainly graph theory algorithms, which generally aimed at obtaining a maximum sharing
of the properties common to several classes, while trying to take into account certain
aspects of object-oriented programming, for example the specialization of the attributes
or the methods.  They find their interest in the assistance to designers, or in the
reorganization of very large hierarchies that the human being is not able to apprehend.
The hierarchies produced by these automatic methods can be more or less constrained,
from an explicit lattice structure [CAS 93], or underlying [GOD 93], to acyclic graphs
[BER 91, CAS 92, BAN 87].
Among the proposed algorithms, we distinguish three types of approach. Global
algorithms [MIN 90, CAS 91, LIE 91, COO 92, THI 93, CHE 96, MOO 96, YAH 97]
build a hierarchy starting from a "flattened" set of the classes. We name incremental
algorithms those that make it possible to insert "better possible" class in a hierarchy [CAS
92, CAS 93, GOD 95b, MIS 89, RUN 92]. These algorithms are different by the
underlying type of organization (for example addition of a minimal node in a lattice [CAS
93], addition of a leaf in an unspecified hierarchy [CAS 92]). A third approach consists in
proposing a set of operations [BAN 87, BER 91] locally transforming a hierarchy by
preserving certain invariants, in particular the absence of conflicts of names and the
conservation of information.
The work presented in this article supplements or improves the existing methods:
• the hierarchies that we build or maintain are well characterized because of the

underlying structure, which is not the case in particular for  [LIE 91, CAS 92, CHE 96,
MOO 96];

• we propose a global algorithm [HUC 99] and an incremental algorithm [DIC 95, DIC
96] that build and maintain a Galois sub-hierarchy without making, as in [MIN 90],
any assumption on the places that must occupy the classes of origin in the hierarchy
result and without building, like [MIS 89, RUN 92, YAH 97], the complete lattice;

• we take into account certain forms of specializations of properties (attributes,
methods) following the first work of [GOD 93];

• like [GOD 98] we have some validation on hierarchies from industrial projects and are
involved in a project aiming at integrating such algorithms in an UML CASE tool.

An example of the interest of our approach

An example of reconstruction with a simple description of the properties
The analysis of a hierarchy built in an empirical way often shows defects that a
systematic construction can avoid.  If we take for example the hierarchy used to represent
the streams in the C++ language (Figure 1 gives the main elements of them), various
points seem likely to be improved:
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• certain abstractions (data and basic operations of the "files" and "memory
buffers") do not have representative classes present in the hierarchy; that is
pointed out by the fact that certain properties are declared in several classes, for
example, the absence of the abstraction "file" is indicated by the declaration of
the open method, in the classes ifstream, ofstream and fstream which
are not connected by inheritance links.

• certain links of specialization are missing: isn't fstream a specialization of
ifstream and of ofstream?

 ios<>

 istream<>  ostream<>

  ios_base

  iostream<>
 istringstream<>

 ifstream<>

 ostringstream<>

 ofstream<>

 stringstream<>  fstream<>

 width()

 fill()

  get()    put()

  str()
  str()

  str()

  open()
  close()

  open()
  close()

  open()
  close()

Figure 1. Some elements of the C++ stream class hierarchy

A more systematic reconstruction (in conformity with the criterion of maximum
factorization that we wish to conform to) of this hierarchy can be considered starting from
a "flattening" of the set of classes defined as a relationship associating with each class the
set of its properties declared and inherited in the initial hierarchy. Thus, a maximum
factorization using as few classes as possible would lead to a hierarchy (Figure 2) in
which the defects mentioned above are corrected. Construction obtained can be logically
explained by the duplication of the basic rhombus ios, istream, ostream,
iostream according to two components, file or buffer-memory. On Figure 2, the links
in dotted lines are the inheritance links highlighting this duplication. One can note that the
open method is now declared by only one class, fstream-base.

 ios<>

 istream<>  ostream<>

  ios_base

  iostream<>

 istringstream<>  ifstream<> ostringstream<>  ofstream<>

 stringstream<>  fstream<>

 width()

 Fill()

  get()    put()

  str()
  open()
  close()

stringstream-base fstream-base

Figure 2. Rebuilt C++ stream class hierarchy
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Evolution of a hierarchy with a more detailed description of the properties
In the previous case, a simple description of the properties, by a character string
describing partially the signature of the methods, was sufficient to obtain an interesting
result.  The reality of the class hierarchies is more complex. In the general case, the
comparison of two properties cannot be reduced to the comparison of two character
strings. For two given properties, for example for two methods with the same name found
in two different classes, one can wonder whether they are identical, but also if one
generalizes the other or if it is possible to calculate a generalization of both.  If it would
be relevant to calculate a generalization of both, we consider that the two properties are
two occurrences of a same generic property (or operation).

A metamodel
Our objective is that the platform is to be able to deal with various types of hierarchy
coming from design tools (CASE), or written in various class-based object-oriented
programming languages (Smalltalk, Java, C++, Eiffel, etc). In a former step of our
project, we thus specified a metamodel close to that of UML (integrating the types, the
classes, the interfaces, the attributes, the methods, associations, etc). This metamodel
included specific features of the "target" hierarchies and of development of France
Telecom R&D at that time, the PÉTRA project. It thus introduced the following concepts.
• "relevant" classes. They indicate abstract classes that the designer considers

significant and consequently not "erasable" of the hierarchy;
• "generic" properties. A "generic property" represents a set of properties (attributes or

methods) that share the same semantics. In practice, generic properties share the same
name and are partially ordered by a specialization order (see above);

• "layer" structure. The software system of France Telecom R&D, PETRA, is based on
an architecture that the designers named layer architecture [DAO 99]. A layer is a set
of classes bound by a close semantics.

A mathematical model for class hierarchies: Galois lattice and sub-
hierarchy
Given a binary relationship associating a set of objects (or classes) together with the
properties they own (see Figure. 3, left part), the Galois lattice gives all maximal objects
subsets sharing properties and symmetrically all maximal property subsets belonging to
several objects, all these subsets being ordered by inclusion (see Figure. 3, middle part).
The structure we will finally use is in fact a particular sub-part of the Galois lattice [GOD
95a], that we call "Galois sub-hierarchy", containing the most useful information, which
can be viewed as an inheritance hierarchy in which properties are maximally factorized
(see Figure. 3, right part).

      P      a       b      c       d       e
C

  1           x        x

  2                             x

  3           x                x        x

  4            x                x              x

({1 2 3 4}, {})

({1 3 4}, {a})
({2 3 4}, {c})

({3 4}, {a c})

({1}, {a b})

({3}, {a c d}) ({4}, {a c e})

({}, {a b c d e })

({1 3 4}, {a})
({2 3 4}, {c})

({1}, {a b})

({3}, {a c d}) ({4}, {a c e})

Figure 3.       Left   : a binary relationship between a set of classes C={1 2 3 4}
and a set of properties P = {a b c d e}

      Middle    : the Galois lattice,
Right   : the Galois sub-hierarchy
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c

2

b

1

a
c

2

d

3

e

4

n2
n1

a

d

3

e

4

b

1

n1

n3

n4

n2

Figure 4.  Hierarchy coming from the lattice (left), and from the Galois sub-hierarchy (right)

The sub-hierarchy, like the lattice, can be easily reinterpreted in terms of new classes and
inheritance links. Thus the structures of Figure 3 would give the hierarchies of class of
Figure 4. The new classes are called n1, n2, n3 and n4. One has thus new hierarchies,
organized more rationally, however the hierarchy which comes from the lattice contains
some less interesting classes: (n1, n3 and n4) that do not declare any properties, and do
not represent any of the starting classes. By contrast, the Galois sub-hierarchy has
interesting qualities:
• the properties are factorized in a maximum way: a property appears only in one class

of the resulting hierarchy. Its "reuse" is thus optimized. Moreover, with regards to the
maintenance of the program, the property (and its possible redefinitions) being
localized, a modification will be easier to carry out without error;

• among the possible hierarchies allowing a maximum factorization, the Galois sub-
hierarchy, which has a number of classes limited by |C|+|P|, is smallest (the lattice on
the other hand has an exponential size in min(|C|, |P|));

• the inheritance links reflect exactly the inclusion order between sets of properties,
which is a good indication of quality. No inherited property is unused, nor "rejected";
all the links of specialization are present.

It must be noted that these structures produce multiple inheritance hierarchies that it is
necessary to adapt for certain programming languages like Java (only for the class
hierarchies, since the interface hierarchies allow multiple inheritance (see below)) or
Smalltalk. It is interesting to note that the majority of the algorithms of hierarchy
construction proposed during last years [MIN 90, COO 92, CHE 96, MOO 96] yield
hierarchies which structure is close to Galois sub-hierarchy [HUC 01]. This tends to
validate our idea that the underlying mathematical structure of this work (the Galois sub-
hierarchy) is intuitive. This structure makes it possible to take into account all the
examples presented previously, including cases of redefinition of properties.

An example of use: automatic generation of Java interfaces
A global algorithm, implementing the reorganization method described above, has been
written in Java. It has been applied to the automatic generation of the set of optimal
interfaces of a set of Java classes [HUC 00]. This development has been tested on the
PÉTRA system, a telecommunication network traffic engineering environment developed
by France Télécom R&D. The computation times on this example of about 100 classes
does not exceed a few seconds and therefore an interactive use (for instance within an
UML CASE tool) can be considered. This experiment has yielded a few observations
regarding the interest of a practical use of our results.
The PÉTRA class model is decomposed in several packages corresponding to the different
layers previously mentioned. An interesting experiment has consisted in applying the
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interface generation algorithm to each package separately or to two packages
corresponding to two consecutive layers. We have observed that the subset of interfaces
corresponding to one package was the same in both cases, thus intuitively indicating that
the package definition was coherent.
Some decomposition into classes that come from the analysis model can not be detected
by the algorithm because some information has been lost between analysis and design (or
between design and implementation). For instance, the return parameter of some methods
is different at the analysis level (collection of nodes or of edges) but is implemented in
Java using the same type enumeration. This can be seen as a flaw or, on the contrary, one
could try and find a way to avoid such problem for instance by ignoring the method in the
algorithm.
By contrast, the algorithm may also offer some kind of validation of the transformations
carried out between analysis, design and implementation. For instance, the set of
interfaces proposed by the algorithm for one package of PÉTRA contained a case of
multiple inheritance that was present in the analysis model but that we had to transform
into single inheritance in the design model corresponding to Java.
Another similar study has been carried out on a part of the Java 1.2 API [HUC 00,
LEB 00].

A tool for class diagram optimization
We have presented so far the modeling and algorithmic background, of our work and an
example of its use for the automatic generation of sets of interfaces. We are currently
involved in a project one goal of which is to study and prototype the integration of class
diagram optimization such as ours in an UML CASE tool, thus offering an automated
support for the improvement of the quality of the class diagrams. We intend to base this
integration on the following elements.
We have two algorithms. The first is the "global" algorithm [HUC 99], presented
previously, which starts from a binary relationship associating with each class its
properties, and built a Galois sub-hierarchy. This algorithm does not seem to have yet an
equivalent, since the other "global" algorithms of construction of hierarchy build
alternatives, but never exactly the awaited structure [HUC 01]. The second algorithm
[DIC 95, DIC 96] is "incremental": its goal is to add a class in an already existing
hierarchy, by preserving the structure of Galois sub-hierarchy. In its last version, it takes
into account the possibility of overriding properties and of generalizing certain forms of
methods from their signature and their code.
Having those two algorithms in mind, we have studied the set of operations that we
consider relevant to a tool for class diagram optimization [CHE 99]. We are currently
studying a version of these operations that modifies the hierarchy while preserving the
structure of Galois sub-hierarchy.
• Global construction of the hierarchy starting from a "flattened" set of classes along

with their properties,

• Basic operations for the evolution of the hierarchies:
• Addition, deletion of class,
• Addition, deletion of a property in a class with or without propagation of the

operation to the sub-classes of the class,
• Addition, deletion of inheritance link,

• Complex operations for the evolution of the hierarchies:
• Fusion of two hierarchies,
• Cut, graft of a sub-hierarchy.

Conclusion
In this article, we have presented our past and ongoing work regarding the automation of
the optimized construction and evolution of class hierarchies. We think indeed that tools
such as those defined here will sooner or later have to be integrated into UML CASE
tools. The project proposes to take into account as precisely as possible the descriptions
of properties (attributes types and accessors, methods signatures and codes, relationships,
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etc.) by extending our first work on the subject presented in [DIC 96] and [DON 97]. It
seems to us also interesting to develop specific algorithms for the totality of the
operations quoted above so as to obtain response times appropriate to their real
complexity: it is indeed not desirable to entirely rebuild the hierarchy starting from the
binary relationship when the addition of an edge can be treated by an algorithm which
works "locally" on the hierarchy. Lastly, we intend to study the way in which a user could
interact with the various tools.
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1. Introduction
Information systems are developed along a time axis known as the system life cycle. This cycle
comprises several stages, of which the principal ones are: initiation, analysis of the existing situation,
applicability study, definition of the new system, design, development, assimilation, and maintenance.
Over the years various methodologies have been defined for this process. The methodologies
themselves constitute a method that regulates the various stages in the process of planning and
developing the information system. Each methodology has its own advantages and disadvantages but,
generally, the correct methodology must be adapted to the required system. The present article aims to
describe a method for planning and design of information systems using OODPM – implemented with
HyperCASE, integrated tool, which support the entire life cycle of the method.

1.1 Problems encountered in developing information systems
Information system development poses a number of problems:

1. Management and control of the various elements of system development. In system
development there are business specification elements, system specification elements and user
interface elements. The large number of elements involved make control and management a
difficult task. The main elements consist of screens, charts, file definitions, window definitions,
module definitions, computer programs, etc.

2. In developing an information system, gathering all the components under a single “roof” and
keeping them under the central control of the system administrators and developers is difficult to
implement.

3. Coordinating the various elements of the same system (particularly in the case of large complex
systems) is a cumbersome and complex task.

4. Business components are widely dispersed, making management and control of the information
system, and follow-up of the work done by the development and maintenance staff, difficult and
complex. Additional, various kinds of persons may be involved in development and usage of a
software system (Aksit & Tekinerdogan 1999).

5. Routine maintenance of the system elements, management of the original program library, and
data dictionary management, etc. are difficult to implement.

6. The following aspects of system documentation are inadequate (Tfletton 1990):

Updatedness Documentation is generally not updated and does not include all
the changes made to the software since it was written.

Data retrieval Retrieval of the desired data is difficult because it is often very
limited in nature relative to the enormous quantity of
documentation that exists.



Redundancy Documentation often contains duplicate material which is not
used, or which can be accessed from other sources (such as
program source code).

Costs Maintenance of updated documentation is extremely costly; as a
result, the benefits do not always outweigh considerations of
viability.

Lack of documentation The documentation often does not exist.

7.  Link between the programs and the documentation over time is limited because of the loss of
traceability due to changes in code.

8. Systems are often not appropriately structured in accordance with various content-dependent
viewpoints (so that even if this structuring exists it may not be appropriate for everyone).

2. OODPM (Object Oriented Design by Prototype
Methodology)

OODPM - Object Oriented Design using Prototype Methodology is a system planning and design
method that integrates the two approaches contained in its title. In Object Oriented Design, the object is
the building block. The object itself comprises a method (the algorithm according to which the object
operates), data on which the method operates, and an area for the transfer of data between it and other
programs or objects (Alter 1996) (Booch 1994) (Myer 1988) (Rumbaugh et al. 1991). Prototype
methodology takes the approach that system planning and design are based on the construction of a
prototype, which serves as a means for examining, demonstrating and evaluating the system. There are
different levels of prototypes. However, they all have in common the technique employed to present
the system to the user - the prototype allows the system to be seen from the user’s point of view. The
user receives a tool that fully simulates the future system rather than leaving this to the imagination,
thereby minimizing the risk of error and misunderstanding (Martin 1991).

As stated, OODPM espouses an integration of the two above approaches. In system planning, objects
[also, relationships and behavior have to be defined] are defined for the new system; graphic design is
implemented by means of prototype methodology.

2.1 Studying the Existing Situation with an OODPM Approach
In the traditional life cycle, an analysis and study of the existing situation is the first key stage that
follows project initiation. The current state of the existing system is thoroughly and methodically
studied, and existing problems determined (Harris, 1995). One of the main disadvantages is that this is
a lengthy process. As a result, the importance assigned to study of the current situation has declined
over the years, to the extent that there are now methodologies that advocate an applicability study
immediately after the project initiation stage. The obvious advantage here is that it cuts down the time
required for analysis, and focuses on the needs of the future system as early as the first stage.
OOPDM focuses primarily on system planning, but also addresses the business specification stage.
According to this approach, user needs to be implemented in the future system must be studied, but
time must also be dedicated to studying the current situation in order to complete the requirements
definition. Experience has shown that users tends to focus on those needs that have not been met by the
current system, and tend to ignore the parts of the system that have met their needs. Without a stage to
examine the current situation, only partial definition of the requirements is likely to achieved.

In sum, with OODPM, the system analysis and planning process begins with a study of the current
situation, but with a view to identifying the needs, rather than the study for its own sake. This means
that a defined period of system planning time, proportional to the overall process, is assigned to the
study of the current situation. This process ends with the business specifications, or as it is usually
called, the business specifications for the new system.



2.2 Information System Planning and Design with OOPDM
The central idea of the OODPM methodology (which was first published in 1995) is to perform the
planning work of a system by defining objects and the relationships between these objects (according
to the object methodology). OODPM gives objects form by using the prototype method as a
communications tool between the system designer and the user (the person who orders the system).
This communication will also serve, at a later stage, the relationship between the designer and
developer.
The planning of a system based on the OODPM approach is done by defining the activities it requires.
The activity of the system will be defined as a collection of data and a process, which are strongly
interconnected, and which handle a defined subject. The concentration of data relating to a particular
process must be natural, but if there is a large number of datum relating to the same process or the
complexity of the data and of the process(es) are so, it is preferable to make secondary definitions of
sub-processes. It is possible to add to the definition of activity the requirement that the user, on one
computer screen and in one continuous operation will handle the data in a single continuous manner.
Finally, each datum does not exist in isolation, and therefore it is necessary to provide a domain
specification where the things and relationships between them will be precisely defined. Such a domain
specification defines the invariants, i.e., those properties of the system that remain true no matter what
operations are applied to the things and relationships, and thus provides stability essential for change
management.
 The collection of user activities in a particular area will be defined as an information system (Drori
1998).

The activity/object in the OODPM method is defined in six components (see fig. 1):

a. Window/screen of the computer system, which describes the activity of the future system.
b. Verbal description of the process used by the activity (free text or pseudo-code).
c. Data for input in the window/screen of the computer system (for example, fields to be filled

out by the user).
d. Output of the computer system window/screen  (for example, a computer record that includes

the input fields and additional data, such as User ID, date, etc.).
e. Data format taking part in the described activity.
f. Common communication area for objects (Response Code Table).

Components a, b, c and e are preconditions of the activity (what should be true before the activity can
happen) and components d and f are postconditions of the activity (what should be true as an
immediate result of the activity).

Fig. 1. Object components in OODPM method
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Communication with the user takes place while producing an active prototype whose cyclical use will
produce the final specification of the system. Fully defining requirements before developing the
software which makes up the prototype is vital to the success of the system and saves a good deal of the
time and cost resulting from changes made during or after development.

The main advantages of designing information systems with the OODPM methodology are: the
creation of a broad understanding between the user and the designer, the improvement of the level of
understanding between the designer and developer and, in addition, the fact that the process of design
produces part of the development of the system. An additional advantage of this methodology is the
ability to design an object oriented system which is also usable with software languages whose
program does not support an understanding of objects. Most of object oriented information systems are
written in an OO languages because of the ability to get the most advantages of the attributes of the
language like inheritance etc. The OODPM gives to system analyst and programmer who use
conventional programming languages most of the advantages of OO languages like developing in
“black boxes”, reuse of the programs by other programs etc.

2.3 Developing the System Using the OODPM Approach
The OODPM approach efficiently exploits the planning and design components as a part of the
development process. One of the advantages of this approach is that complete sections from the design
stage may be used for the development phase, thus bridging the existing gap between these stages. This
is especially true if the design components are developed using software that matches the planned
programming language. The various activities are defined using a screen generator. The actual data
structure is defined using a screen generator. The actual data structure is defined using a data structure
generator. In practice, the method must be written in various activities, using the system screens and
data structure. Any activity is defined as a separate object that can be developed with relative ease,
assuming that use will be made of the organization’s object library, or layout objects for given tasks.

3. Using Hypertext to Resolve Problems
As we saw the main problems required solutions in developing information systems are: controlling
and coordinating the elements of system, problems in documentation (updatedness, data retrieval,
redundancy, and costs).
The combination of hypertext and a CASE tool could provide a possible solution for centralized
management of elements. The various elements of the system would comprise the first layer, and
constitute a large central database, in which the system administrator would use hypertext to define the
links between the various elements (Drori, 1997). With such a tool, it would be possible to navigate
between the various system elements in a system’s life, i.e. its full life cycle. Various elements, and
links between elements, are of different kinds; and these kinds help to properly traverse the hypertext.
Integration of the various elements would enable a more open approach to the development and
maintenance of the information system.

A CASE oriented approach requires that all the stages in the system’s life cycle be computerized.
Moreover, the capacity to link the stages is contingent on the presence of a single overall CASE
development environment. The CASE tool would be used to computerize the various stages (or
possibly even several CASE tools for the various stages) of the system. The hypertext tool would be
defined over the information database of the CASE environment, enabling the system administrator to
integrate the computer outputs for each and every development stage of the information system into
one centralized system. And most important of all, it would enable creating the relevant links between
the outputs. Creation of these links would benefit not only system documentation and management, but
also future system maintenance, when the link between one software component and another is defined.
This link would serve the system into the future; the link component would remain in place even if one
of the system components were to be changed or updated.
One of the aims of the extensive work currently invested in software engineering, including
reorganization of the life cycle processes in the information system, building of information systems
according to a predefined methodology, creation of a standard between the various software
components, etc., is to achieve the ultimate goal - management and control of the various elements
during system development. Current evidence shows that the enormous efforts invested in CASE tools
have not achieved this goal. Many of the problems that existed before the application of CASE tools



have remained, particularly with regard to the management and control of the various software
elements and their accompanying documentation. CASE tools help to build systematic and regulated
systems, but do not provide a solution for management and control of the various elements.

Hypertext offers a solution by providing external management and control over the various elements,
and by handling the texts of the numerous documents contained in the various stages of the system life
cycle.

Implementing OODPM with HyperCASE
The School of Business Administration at the Hebrew University of Jerusalem decided to apply the
concept in a supervised project in its Information Systems Analysis and Planning course. The School’s
students specializing in information systems are required, as part of the course, to carry out a project in
a living business or public organization. The project covers all the stages in a system’s life cycle, with
the exception of the programming stage. The students, together with members of the organization,
locate an area in the organization where deficiencies have been found, and perform systems analysis
and design under supervision. Project guidance includes the use of specially designed software that
integrates the work environment, CASE tools, and paperwork into a single hypertext environment for
the purpose of achieving a final project file.
The software contains the various stages of the system life cycle. For each stage, there are clauses and
sub-clauses that advise the students what are required of them at that stage. The software enables the
student to fill out structured forms (most of which are text screens) that pertain to each clause, and at
the same time, to integrate various objects in each clause, as required. These objects may be internal
objects within the system such as various information tables, or alternatively, external objects taken
from an outside system, such as graphic diagrams, electronic spreadsheets, etc. (HyperCASE).

At the same time that the software was being used at the University, a system trial was underway at
SHAAM - Information Systems, a large computer organization active in information systems planning
and development. Here, the tool was used for a greater number of stages in the system development
process, and also for the design of the requirements specification, as well as documentation and control
of the actual development process, including system maintenance elements.

The implementation of the life cycle of a system by means of OODPM is done through the preparation
of a system design file, which includes a list of the subjects which will be itemized, below.  Of course,
it will be necessary to adapt the components of the design file to the specific information system. Still,
most of the subjects detailed below are appropriate to most cases of information system design. {The
material appearing within a scrolled bracket constitutes an explanation of the applicable paragraph}.

A design file of OODPM consists of five chapters: initiation and introduction, description of the
existing system, application research, definition of the new system and design of the system.
Development and maintenance are located in a special chapter (see fig. 2).

Each file in hyperCASE which support OODPM contains 5 chapters that are described as follows (for
complete details of HyperCASE chapters see Drori 2000):

3.1  Chapter on Initiation and Introduction
3.1.1 Initiation
3.1.2 Description of Background
3.1.3 Definition of the Problem
3.1.4 Aims
3.1.5 Fundamental Assumptions, Framework and Limitations
3.1.6 Program For Carrying Out The Survey



3.2 Chapter on Description of Existing System
It is very important to know that “the existing system” may not exist at all or may not be a
computer-based system since the problem might be new, or the existing problem might be solved
manually, or by a different organization.
OOPDM focuses primarily on system planning, but also addresses the business specification stage.
According to this approach, user needs to be implemented in the future system must be studied, but
time must also be dedicated to studying the current situation in order to complete the requirements
definition. Experience has shown that users tends to focus on those needs that have not been met by the
current system, and tend to ignore the parts of the system that have met their needs. Without a stage to
examine the current situation, only partial definition of the requirements is likely to achieved.
In sum, with OODPM, the system analysis and planning process begins with a study of the current
situation, but with a view to identifying the needs, rather than the study for its own sake. This means
that a defined period of system planning time, proportional to the overall process, is assigned to the
study of the current situation. This process ends with the business specifications, or as it is usually
called, the business specifications for the new system.

3.2.1 System and Structure
3.2.2 Flow of Information
3.2.3 Procedures
3.2.4 Forms
3.2.5 Files
3.2.6 Reports
3.2.7 Linkages with Other Systems
3.2.8 Resources in the System
3.2.9 Definition of Problems of Existing System

3.3 Chapter on Feasibility Research
3.3.1 Requirements of the New System
3.3.2 Alternative Solutions
3.3.3 Economic Feasibility
3.3.4 Technological Feasibility
3.3.5 Operational Feasibility
3.3.6 The Chosen Solution
3.3.7 Program of Action

3.4 Chapter on Defining the New System
3.4.1 Perceptions and Principles
3.4.2 Constraints and Limitations
3.4.3 General Description
3.4.4 Data Structure for System Components
3.4.5 Sub-systems
3.4.6  Linkages with Other Systems
3.4.7 Equipment and Software Requirements
3.4.8 Operation and Conversion Requirements
3.4.9 Control Requirements
3.4.10 Possibilities for Expansion

3.5 Chapter on Designing the System
3.5.1 Detailed Description of the System
3.5.2 Detailed Description of Each System Object (Component)
3.5.3 Files
3.5.4 Databases
3.5.5 Software
3.5.6 Equipment/Hardware



3.6 Development and Maintenance
3.6.1 Adding Development Object
3.6.2 Adding Maintenance Object
3.6.3 Table of  updates

3.7 Reports Production
3.7.1 Printing Complete OODPM File
3.7.2 Printing Partial OODPM File
3.7.3 Report of Development / Maintenance Updates

Fig. 2.  HyperCASE main window

4. Summary
HyperCASE offers a combination of Middle CASE and Upper CASE for a defined methodology.
HyperCASE is a dedicated tool for the practical creation of a design file following the OODPM method
and it includes additional components and ideas for everything related to the development and
maintenance of an information system. HyperCASE starts from the assumption that the system
designer, and its developer, use a number of tools and work environments. From this point of
departure, HyperCASE incorporates a method for the management of a variety of system or project
components common to a large number of work environments; and this, in addition to the structured
support for the methodology described.



HyperCASE was originally developed for use by students at the Hebrew University and it supports the
Hebrew language. It is possible to get an impression of the tool by downloading it from the author site
in the Hebrew University, whose address is:
Http://shum.huji.ac.il/~offerd/analysis/hypercase.htm
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Abstract. A UML profile for a system or an application is the standard means for expressing the semantics 
of this system or application using a set of predefined extensions to UML. OMG’s UML profiles allow all 
stakeholders of a system to share a common graphical notation and vocabulary, and permit more precise 
specifications and better documentation on how to use and customize systems. In this paper we report on our 
experience on building a UML profile for MultiTEL, a framework particularly well suited for the 
development of multimedia and collaborative applications in open distributed environments. The advantages 
and limitations found are discussed here, focusing in particular on the possibilities of this key element in the 
new Model Driven Architecture for providing automated software development methods and tools.  

1. Introduction 

As software technology becomes a core part of business enterprises in all market sectors, customers demand 
more flexible enterprise systems. This demand coincides with the increasing use of personal computers and 
today’s easy access to local and global communication networks, that together provide an excellent infrastructure 
for building open distributed systems. However, the specific problems of those large systems are currently 
challenging the Software Engineering community, whose traditional methods and tools are finding difficulties 
for coping with the new requirements. 

Numerous software development methods and tools currently exist. Although very useful in theory, they are 
usually very complex to apply, and do not guarantee perfect results. One of their main shortcomings is that they 
are not fully automated. They usually include a number of heuristic rules and procedures that need to be used by 
the system designer during the development process; therefore, different designers may produce different 
resulting systems –some of them good, some of them bad– following the same “methodology”.  

Automated support for object-oriented development methods can greatly alleviate this problem, since it help 
decreasing the complexity of the methods, increasing reusability, and providing better support for their 
understandability, usability, customizability, and maintainability. Unfortunately, most of the current object-
oriented development methods are documented for human readers only, and with no automated support apart 
from some tools for graphical editing and visualization. Complete and integrated tools, which support the entire 
life cycle of software products and systems, are not available in practice. 

There is currently an ongoing work by the OMG that tries to address in part all these issues. Using UML as 
the common language for modeling, and XMI for metadata interchange, OMG has defined the Model Driven 
Architecture (MDA), a proposal that tries to provide specification and modeling methods that cover the whole 
life cycle of software products and systems, and that addresses integration with non-OMG standards and 
technologies. We perceive this as a first (and mandatory) step towards the more ambitious goal of producing 
fully automated software development methods. 

In this paper we try to use and evaluate one of the new key elements of the MDA, the UML profiles. A UML 
profile for a system or an application is a standard means for expressing the semantics of this system or 
application using a set of predefined extensions to UML. UML profiles allow all stakeholders of a system to 
share a common graphical notation and vocabulary, and permit more precise specifications and better 
documentation on how to use and customize systems. The case study is a UML profile for MultiTEL [3,4], a 
framework particularly well suited for the development of multimedia and collaborative applications in open 
distributed environments, such as the Internet. We report on our experience on building such a UML profile, the 
advantages discovered, and the limitations found when tried to use it for deriving and documenting application 
frameworks for multimedia applications. In particular, we focus on the possibilities of the new elements in the 
MDA for providing automated development methods and tools in the near future. 
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2. The OMG’s Model Driven Architecture 

What we have seen in the last few years, especially as a result of efforts at OMG and W3C, is a gradual move to 
more complete semantic models as well as data representation interchange standards. In particular, the Unified 
Modeling Language (UML) has been widely adopted as the common language for designing and modeling all 
sort of systems and applications. In addition to UML, OMG contributions include XMI (XML Metadata 
Interchange), MOF (Meta-Object Facility) and CWM (Common Warehouse Metamodel). W3C contributions 
include XML, XML Schema, and the ongoing work of XML-PC working group. OMG and W3C claim that 
these technologies can be used to more completely integrate the life cycle when developing and deploying 
component based applications for various target software architectures [7]. 

Moreover, OMG’s current plans try to change the fact that historically the integration between the 
development tools and the deployment into the middleware frameworks has been weak. This is now beginning to 
change by using key elements of the OMG’s new Model Driven Architecture, namely specific models and XML 
DTDs that try to cover the complete life cycle of software systems, as well as profiles that provide mappings 
between the models used in various life cycle phases. The facilities provided by XMI for data exchange between 
different models are used in the MDA for marrying the worlds of modeling (UML), metadata (MOF and XML) 
and middleware (UML profiles for CORBA, Java, EJB, etc.). XMI also provides developers focused on 
implementation in Java, VB, HTML, etc., a natural way of taking advantage of the software architecture and 
engineering discipline when a more rigorous development process is desirable [7].  

The MDA aims at providing an overall framework within which the role of various OMG and other standards 
can be uniquely identified, and where the interchange of information between different tools and applications 
can be possible. The following is a list of the basic elements of the MDA. 

• Unified Modeling Language: UML addresses the modeling of architecture, objects, interactions between 
objects, data modeling aspects of the application life cycle, as well as the design aspects of component based 
development including construction and assembly. Note that UML is powerful enough so we can use it to 
represent artifacts of legacy systems too. Artifacts captured in UML models (Classes, Interfaces, Use Cases, 
Activity Diagrams, etc.) can be easily exported to other tools in the life cycle chain using XMI.  

• XML Metadata Interchange: XMI is a standard interchange mechanism used between various tools, 
repositories and middleware. XMI can also be used to automatically produce XML DTDs (and soon XML 
Schemas) from UML and MOF models, providing an XML serialization mechanism for these artifacts.  

• Meta Object Facility: MOF is the metadata interchange and interoperability standard from OMG. MOF uses 
a subset of UML for modeling information about applications as well as providing programmatic interfaces 
(in IDL) to manipulate artifacts across the application life cycle. 

• Common Warehouse Metamodel: CWM is the OMG data warehouse standard. It covers the full life cycle of 
designing, building and managing the data warehouse applications and supports management of life cycle.  

• UML profiles for CORBA, EJB, EDOC, etc. A number of UML profiles for distributed component 
platforms are at various stages of standardization.  

As we can see, one of the core elements is the use of UML for modeling systems. UML models are 
declarative models, as are IDL-based object models such as Java interfaces, and Microsoft COM and .NET IDL 
interfaces. However, UML models can be expressed visually, and they are semantically much richer. Their 
visual representation allows the stakeholders of a system (e.g., owners, users, developers, administrators, and 
maintainers) to share a common graphical notation that can be understood by all parties. UML facilities for 
incorporating richer semantic information into the system model allows more precise specifications, avoids 
many misunderstandings and ambiguities, and permits better documentation, which enhances the 
understandability of how the system works, how to use it, and how to reuse it, i.e., how to customize the system, 
its structure, or parts of it.  

3. UML profiles 

Based on UML, and trying to make use of all the benefits and tools that support UML, OMG has also defined 
UML profiles. A UML profile is a set of extensions to UML using the built-in extension facilities of UML 
(stereotypes, tagged values, and constraints). A UML profile for a system is a standard means for expressing the 
semantics of that system using a set of extensions to UML. Candidate systems for being described by means of 
UML profiles include, among others, non-proprietary component models, distributed component platforms 
(DCPs), and application frameworks (AFs). They are complex systems that need to be well understood in order 
to be effectively used, customized and specialized by their potential users.  
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A number of UML profiles are currently at various stages of standardization by OMG (UML profile for 
CORBA is already adopted [8]). They try to provide the critical links that bridge the UML community (model 
based design and analysis) to the developer community (Java, VB, C++ developers), the middleware community 
(CORBA, EJB, SOAP developers), etc. In addition to the specification of UML profiles for DCPs, UML profiles 
focused on systems and applications are also being defined.  

For instance, the UML Profile for CORBA specification [8] has been devised to provide a standard means for 
expressing the semantics of CORBA IDL using UML notation, and thus to support expressing these semantics 
with UML tools. A model defined in the UML profile for CORBA is an alternative representation of an IDL 
model –from which the original IDL model can be derived– that provides additional semantics (such as 
cardinality, or pre/post conditions on operations) that cannot be represented in an IDL model today. Thus, with 
the UML Profile for CORBA, CORBA-based specifications can be made much more rigorous than is possible 
with IDLs only. On the other hand, appropriate extensions to the CORBA IDL, that allow representation of these 
additional relevant concepts, would make it possible to map a model expressed in the CORBA profile of UML to 
an equivalent IDL model in a reversible fashion. That is, one would be able to reconstruct the corresponding 
UML from the equivalent IDL, without loss of information. This ability to “round-trip” the transformation in this 
way would allow designers and architects to work in the technology that they are comfortable with (UML or 
IDL) and algorithmically generate the alternative representation for the specification [7].  

Application Frameworks are another natural candidate for benefiting from the potential advantages that the 
use of UML profiles could provide. AFs have become one of the cornerstone technologies for the effective 
development of reusable systems and applications. AFs have been defined as a reusable design of all or part of a 
system being represented, and have demonstrated the usefulness of encapsulating a reusable, customizable 
software architecture as a collection of collaborating, extensible components [1]. Usually built upon DCPs, such 
AFs are particularly important for developing open systems, as the Web is, in which not only functionality but 
architecture can be reused across a family of related applications [2]. Unfortunately, they also present some 
limitations, specially when it comes to documenting and reusing them. This problem, known as the 
documentation problem [9], refers to the difficulty of documenting an AF in order for developers to decide 
whether it suits their necessities or not, and if so, how to customize it to fulfill their particular requirements. One 
of the root causes of this problem is the insufficient information available about the architecture of the AF, which 
really difficulties its understanding. And this is one of the issues that UML profiles can help with. 

Another advantage of UML models is that they can model not only platform specific applications, but they 
can also be platform-independent, i.e., UML can be used to state fundamental semantics without committing to a 
specific platform. Thus, a platform-independent model is a formal specification of the structure and functionality 
of a system that abstracts away technical details. Such platform-independent models are useful for two basic 
reasons. Firstly, by distilling the fundamental semantics they make it easier to validate the correctness of those 
semantics. Platform-specific semantics cloud the picture in this respect. Secondly, they make it easier to produce 
implementations on different platforms while holding the essential semantics of the system invariant, by making 
an unambiguous description of the semantics available. The great benefit is portability of specifications from one 
language environment to another, as well as portability of implementations among different instances of the 
same language environment [7]. 

4. MultiTEL 

MultiTEL (Multimedia TELecomunication services) is a complete development solution that applies component 
and framework technologies to deploy multimedia and collaborative applications [3,4]. Essentially, MultiTEL 
defines both a compositional model implemented as a composition platform, and an application framework for 
developing multimedia applications for the Web.  

4.1 The MultiTEL component model 

Describing software architectures in terms of the relationships between components and their interactions brings 
us closer to a compositional view of systems engineering. Although everybody agrees that component-oriented 
programming represents a significant advance towards the development of systems by assembling already tested 
and validadted off-the-shelf components (COTS) –thus reducing development costs and efforts, and simplifying 
designs–, there is a lack of programming languages that support components and composition rules as language 
primitives.  

On the other hand, distributed component platforms provide a component abstraction and a (more or less 
dynamic) composition mechanism that allow the easy integration of heterogeneous distributed components. 
However, the architecture definition of the application built over DCPs is not explicitly stated anywhere, but 
usually spread throughout the component implementation modules. Consequently, high level composition 
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models are needed in order to endow component platforms with architectural abstractions, as well as object-
oriented languages with assembly capabilities beyond inheritance [10]. This approach seems very promising in 
order to improve the quality, flexibility and adaptability of applications, helping to develop complex and 
distributed applications in shorter time. 

It is commonly agreed that the separation of concerns principle is a good approach to support adaptability 
and architectural evolution. This principle enforces the separation of different aspects of a system, for instance 
the coordination and computation issues. In this case, a change in a coordination protocol can be simply achieved 
by replacing the control component, without modifying the computation involved. The MultiTEL compositional 
model provides this separation of concerns between computation and coordination by encapsulating them into 
two different kind of entities. The compositional units of the model are Components, that encapsulate 
computation, and Connectors, that encapsulate the coordination protocols. In MultiTEL, coordination protocols 
are specified by state transition systems, which are expressed by state transition diagrams. The set of connections 
between the components and connectors of an application defines the architecture of the application. Those 
connections are governed by a set of plug-compatibility rules in order to guarantee the correct interoperation of 
components, and to avoid interaction problems.  

The connection between components and connectors is dynamically established in MultiTEL at run time, 
providing a powerful mechanism for late binding among them. This is very useful for implementing applications 
in open systems, in which components evolve over time, or applications with dynamic topologies, such as Web 
applications. Thus, MultiTEL defines a dynamic binding mechanism that plugs components into connectors at 
runtime, providing the glue between the computation and coordination aspects of the application in a very 
flexible way. This dynamic composition mechanism is modeled by the LocalUSP, an entity that maintains the 
definition of the architecture of the application, in terms of the constituent components, the connectors, and the 
connections among them. The LocalUSP plays the role of a component platform used by components and 
connectors to resolve their interconnections are run-time, and constitutes the base technology for any application 
framework built with MultiTEL. 

4.2 The MultiTEL framework 

In general, the MultiTEL compositional model can be used for developing any distributed application that wants 
to make use of the separation of concerns provided by MultiTEL, by means of component and connectors. But 
not only applications can be built on top of that compositional model, but also it can be used to design and 
develop application frameworks. In particular, MultiTEL has been successfully used for building an application 
framework for the derivation of all sort of multimedia applications, such as VoD, tele-education, chats, video-
conferences, etc [3]. 

This approach implies two steps. First, the description of a generic software architecture, in terms of abstract 
components and connectors. And second, the implementation of some of those abstract components and 
connectors, which will be the ones that constitute the framework. In this sense, multimedia application builders 
could have access to a set of reusable software components, which greatly facilitate the services implementation, 
while hiding from the service designer the details of underlying technologies and the complexity of interaction 
patterns. For instance, the IDL interface of a Camera component does not depend on the hardware technology 
used by the actual camera, which may be implemented by both a Webcam or a network camera. Likewise, the 
connector that controls the data read/write operations for the reproduction of a movie always implements the 
same protocol, independently from the multimedia data format used (JPEG, MPEG, …). 

The MultiTEL framework defines a set of interrelated components and connectors, where components model 
real entities in multimedia services (participants, multimedia devices, authentication databases,…), and 
connectors characterize the dynamic relationships among those components. Framework components and 
connectors reside inside a repository, that can be extended by adding new component and connector IDLs (e.g., 
new devices), or by adding new implementations of those components and connectors (e.g. new camera models).  

5. A UML profile for MultiTEL 

The aim of designing a UML profile for MultiTEL is to provide a standard means for expressing the semantics 
of MultiTEL entities using UML notation and thus to support expressing these semantics with UML tools. 
Furthermore, using the UML profile for MultiTEL allows the design of systems, applications, and even new 
application frameworks (e.g., for the derivation of collaborative applications) independently from the underlying 
component platform (Java/RMI, EJB, CORBA, etc.). For instance, the current version of the MultiTEL 
framework is implemented using Java/RMI (available at  http://www.lcc.uma.es/~lff/MultiTEL), although by 
using the UML profile for MultiTEL we will be able to abstract away these implementation details, and 
concentrate just in the component model entities and its compositional semantics.  
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Of course, any multimedia service derived from MultiTEL could be modeled with plain UML object 
abstractions. However, using an standard UML extension that precisely captures the MultiTEL component 
model would provide standard documentation, standard design mechanisms, and at an appropriate level of 
abstraction. This would greatly benefit the portability and reuse of the system specifications and designs, and 
produce richer and more useful documentation of the system, which helps alleviating the documentation problem 
mentioned in the introduction. 

5.1 The UML profile 

For space reasons, we have not included here the complete UML profile for MultiTEL, that can be found in a 
separate paper [5]. We will just describe here its basic elements, although they are enough to understand the way 
it is built, and the kind of support it provides to its potential users.  

Following the process for defining a general UML profile, and the special characteristics of MultiTEL, we 
have distinguished three main levels of abstraction in the definition of the UML profile for MultiTEL.  

• At the higher level we have the Virtual Metamodel, that defines the basic entities of the model, namely 
the component, the connector, and the LocalUSP, in terms of the corresponding UML stereotypes.  

• These entities will be the ones used in the second level, the model, that defines the class diagrams that 
specify the compositional model of MultiTEL, i.e., the structure and relationships between the model 
entities.  

• Finally, these two levels can be further refined into a third one, that corresponds to the UML profile for 
any application framework that is built with MultiTEL. 

The MultiTEL virtual metamodel resides in the top layer because it represents the model entities at the 
highest level of abstraction. A virtual model describes data belonging to the layer below the metamodel. Since 
MultiTEL is an architectural model defined independently from any component platform or programming 
language, the virtual metamodel does not need to define any predefined types, nor the stereotypes need to have 
any dependency relationship with any UML metaclass. Thus, we only need to define at this level the names of 
the MultiTEL stereotypes that are going to be used in the MultiTEL model definition, which in this case are 
<<MTComponent>>, <<MTConnector>>, and <<MTUSP>>.  

At the second level we find the class diagrams that specify the compositional model of MultiTEL by using 
the entities in the metamodel, specifying the structure and relationships between the model entities. This class 
diagram is shown in Figure 1. 

Components are independent computational entities, and therefore they do not include any information or 
reference about other entities of the system, just a unique identifier to be used by connectors for identifying the 
concrete component instance to which send messages to. Components are able to receive messages and react to 
them by performing some internal computations. Those internal computations usually terminate by “throwing” 
an event to the system, using the event() primitive defined in the LocalUSP class. Please notice how 
components throw events to the LocalUSP instead of naming particular connectors, because components are 
completely unaware of the different interactions in which they are engaged in at any moment in time. In 
MultiTEL, components handle messages and connectors handle events. The LocalUSP class is the responsible of 
finding the appropriate connector or connectors that should handle an event, as explained below. Likewise, the 
LocalUSP is responsible for the actual invocation of a component operation, originally requested by a connector. 
In the diagram in Figure 2, reception of messages is modeled by the MessageDelivery association, and 
propagation of events by the EventPropagation association. 

Connectors encapsulate synchronization protocols, which are defined by state transition diagrams (STD). The 
Connector class handles the events by means of the catchEvent() operation (shown in Figure 2 by the 
EventHandling association), which is invoked by the LocalUSP and that triggers its state transition diagram. We 
recommend that the SDT implementation follows the State design pattern [6], and so the State Transition 
Diagram class has been labeled with the stereotype keyword StateDesignPattern as a way to express this 
suggestion. A connector can be (indirectly) related to one or more components through the EventHandling 
association, because it catches and handles the events propagated by them. This relation is done through the 
LocalUSP, which maps the event propagations from components to the event handling by the appropriate 
connectors. Connectors react to these events by sending messages to components, which is described by a 
MessageDelivery association in Figure 2. Again, the LocalUSP class is in charge of the late binding of these 
associations, since it is the entity that contains the information about the architecture of the application, i.e., 
which components have to be plugged into connectors, and how. 
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ArchitectureDefinition 
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Figure 1. The UML model for MultiTEL 

We can consider the LocalUSP as a global configuration class that performs the runtime composition of 
components and connectors according to the application architecture. Frameworks that encapsulate a reusable, 
tailorable software architecture are particularly important for developing open systems in which not only 
functionality but architecture is reused across a family of related applications [2]. One significant contribution of 
MultiTEL is that it defines architectural information inside the LocalUSP class, thus making application 
architecture explicit.  

An application architecture (AA) in terms of MultiTEL consists of a set of components, a set of connectors 
and a set of static or dynamic links that may be established during the application execution. In the UML profile, 
the AA is defined as the ArchitectureDefinition class, which is part of the LocalUSP, and that stores the relevant 
information about the components and the connectors that form part of the application, and about the 
connections among them. This information is represented in the UML model by classes ComponentInfo, 
ConnectorInfo and ConnectionInfo, respectively. 

Finally, operations getComponentInfo() and getConnectorInfo() are used within the LocalUSP to 
interrogate class ArchitectureDefinition about the components and connectors associated to a message or an 
event, respectively, in order to carry out the actual deliveries. We have said that the LocalUSP class encapsulated 
the dynamic binding information between components and connectors. Its event() operation is accessed by 
components for propagating an event. When the LocalUSP receives an event() operation, it looks up in the 
ArchitectureDefinition the set of connectors supposed to handle the propagated event for this application. And 
then, the LocalUSP invokes the catchEvent() operation on the target connectors. This dynamic binding 
mechanism may be considered as a kind of ORB service of the middleware platform provided by MultiTEL, and 
the algorithm that defines its behavior has been described in the class diagram as a note with the  <<algorithm>> 
stereotype. Please note the benefits of the UML profile, since it allows to specify not only syntactic information 
and class structures, but also some semantic information about the behavior of the system being modeled. 
Likewise for message delivery, connectors may invoke sendMessage() or broadcast() operations of 
LocalUSP to send messages to components (i.e., invoke their operations). Due to the distributed nature of 
MultiTEL and the nature of the Web applications it models, a mechanism for broadcasting messages to all 
suitable components has been defined, in addition to the traditional one-to-one client-server invocations. Again, 
the communication between the connectors and the components is not direct in order to properly implement the 
late binding. In Figure 1, the algorithms that rule the behavior of those two last methods have been omitted. 

One of the major advantages of MultiTEL is its ability to support the design and implementation of 
application frameworks for particular families of systems, such as multimedia and collaborative applications. 
Once we have a UML profile for MultiTEL, it is possible to refine it too, in order to obtain a UML profile for an 
application framework. In this sense, the process is simple: we need to identify first the specific components and 
connectors that form part of the particular application, and then specify its structure.  
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A detailed example of a distributed VoD system can be found in [5], whose structure is shown in Figure 2. 
The classes defining the application entities will inherit (in the UML sense) from the MTComponent and 
MTConnector classes in the MultiTEL model, respectively.  

 

<<MTComponent>>

UserVideoWindow

+start()

+ff()

+pause()

+write()

+stopRcv()

...

<<MTConnector>>

ContComSnd

+start()

+ff()

+pause()

+putFrame()

+stop()

...

<<MTComponent>>

VirtualConnection

+read()

+stop()

+write()

<<MTComponent>>

FileMovie

+read()

+stopSnd()<<MTConnector>>

ContComRcv

+getFrame()

+stop()

control command read frame

frame read
frame display

frames to write

frames read

 
Figure 2. The VoD model specified according to the MultiTEL model. 

There are three kinds of components: UserVideoWindow, FileMovie, and VirtualConnection. The first one 
models the user’s Window for displaying the movie and the control commands for its reproduction (via the 
start(), ff(), pause(), … operations). The FileMovie component models the video movie, independently 
from its data format and storage location. This component receives requests for reading frames, and delivers 
them by means of events. The last component is the VirtualConnection component, which is in charge of 
establishing the connection between the movie file and the user window, independently from the protocol used  
(TCP, Multicast IP, Real Time Protocol, etc.). Intuitively, it acts as a pipe between the user and the movie for 
reading and writing multimedia data. There will be one instance in the user site and another one in the machine 
that stores the movie, both communicated by a kind of socket. 

The two connectors control the read/write operations, and have information about the roles names of the 
source and target components for plugging them in. The ContComSnd reacts to the user control events, decides 
the next frame to read, and passes the resulting frame (obtained from the FileMovie component as an event) to 
the appropriate VirtualConnection component. The ContComRcv connector is the one in charge of receiving the 
video frame at the user’s site, and delivering them to the corresponding user window component. Again, frames 
are delivered to connectors as events, and transmitted to components as messages. All communications are 
managed by the LocalUSP, which contains the actual architecture of the application and acts as a mediator 
between the components and the connectors. 

6. Discussion 

We have seen in this paper how UML profiles can be built for application frameworks, in addition to the UML 
profiles for DCPs currently being standardized by OMG. UML profiles provide several interesting advantages: 

• They allow richer semantic descriptions, thus greatly alleviating the documentation problem.  
• UML profiles provide a standard way to design and document systems and application frameworks. 
• UML profiles take advantage of the benefits of UML models: visual representation, easy to learn and to 

use by most system stakeholders, richer semantic descriptions, and support by a number of tools.   
• UML profiles are part of a bigger framework –the MDA– so the information they provide can be 

effectively used within a wider scope. For instance, it can be stored in a MOF repository, or integrated 
with other models by means of the facilities that XMI provides. 

From this perspective, we perceive OMG’s MDA as a general framework that provides a set of elements and 
tools that can be effectively used for defining automated software development methods. There are, however, 
some open issues that need to be investigated further.  
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In the first place, we think that platform-independent UML profiles are not enough, specially for application 
frameworks. The advantage of using application frameworks is not only about reusing a software architecture, 
but also about reusing code. A common definition describes an application frameworks as a “partially 
instantiated application architecture”. Thus, application frameworks are semi-developed applications, that 
leverage the user to implement most of the common services, facilities and functionality of the applications. In 
this sense, platform-independent models are useful but insufficient for documenting application frameworks, 
since some details about the AF platform-specific implementation needs to be described, too. Of course, those 
platform-specific models can be designed using the appropriate UML profile for the corresponding component 
platforms (e.g., CORBA, EJB, …), providing an appropriate level of abstraction for them. However, the current 
UML’s facilities for relating models at different levels of abstraction are rudimentary and need expansion; in 
particular, UML’s semantics do not adequately support the powerful zoom-in and zoom-out capabilities needed 
in this case [7]. Realistically, the mapping between platform-independent and platform-specific models cannot 
be automated yet, it needs to be done by (error-prone) humans. We need to gain more experience in order to 
define various standard patterns and allow them to be selected in some way, allowing to automate this process. 

Another issue is about interoperability. In theory, XMI and the MOF should provide the bridges between 
models developed using different modeling methods and tools. This would iron out many migration problems in 
current organizations, that cannot simply build new systems and applications starting from scratch but have to 
take into account their legacy systems. Likewise, systems are no longer designed in isolation, they usually form 
part of a bigger system or organization, and they have to interoperate with other external systems (the ones used 
by the company’s suppliers, clients, etc.). We cannot make the simplistic assumption that all systems will be 
designed and modeled using the same modeling tools. Therefore, bridges between models are needed, although 
the problem is that the bridges currently provided by XMI and the MOF are immature.  

And finally, formal semantics of UML need to be made precise in order to provide more useful semantic 
information about the applications. Current semantics of UML are quite loose, although there are several 
ongoing initiatives for making UML precise, e.g., the ones by the “precise UML” group, 
http://www.cs.york.ac.uk/pUML, and also the ones by the OMG, with a RFP in process called “Action semantics 
for UML” that tries to move UML beyond first order (declarative) semantics into second order (imperative) 
semantics. The idea is to produce executable UML models in a more feasible way than it is possible today.  

Summarizing, it seems that we are in the right track, but there is still a long way ahead. At least, we have all 
the pieces (almost) ready. It is now a matter to define the appropriate connections between them, as well as the 
appropriate mechanisms and tools for providing full automated support of the software development process 
using these pieces. 
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Abstract: Composing software artifacts can be seen as a problem-solving process. Managing 
problems and solutions that arise during a composition can be difficult because of the complexity 
of the artifacts in the composition. In this paper, we introduce abstraction levels to categorize 
problems and solutions that arise during composition on a semantic and syntactic basis. The nature 
of the problems and solutions can range from analysis to implementation. Because of this range, 
developers can use abstraction levels as guideline to solve problems for the composition of the 
artifacts. Adding problems and/or solutions means adding design information to the artifact. The 
design information is needed for current and future compositions of the artifact. By capturing 
design information, abstraction levels improve the quality of the artifact and help in designing for 
composition. Abstraction levels are not a process for composing artifacts. Abstraction levels are 
orthogonal to the software development process because of the problem solution nature. We see 
abstraction levels and the software development process as complementary. 

Status: Position Paper 
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1 INTRODUCTION 

[Shaw 84] defines abstraction as follows: “An abstraction is a simplified description, or specification, of a 
system that emphasizes some of the system’s details or properties while suppressing others. A good 
abstraction is one that emphasizes details that are significant to the reader or user and suppresses details 
that are, at least for the moment, immaterial or diversionary.” 

In this paper, we present abstraction levels that help in the composition of software artifacts. The 
abstraction levels offer a means to categorize problems and their solutions on a semantic and syntactic 
basis. The abstraction levels capture design information. This design information is needed to make a 
good composition. The abstraction levels track and localize problems and their solutions, and make the 
quality of the design of the software system more explicit. Because abstraction levels capture design 
information, they also help in designing artifacts for composition. 

Abstraction levels are orthogonal to the refinement levels that a process knows. Process refinement levels 
describe activities and products to develop the artifact, Abstraction levels describe a decomposition of 
types of problems that need to be solved to develop the artifact.  

In this paper, we first discuss the problem we want to solve. Section 3 describes the abstraction levels. In 
section 4 we discuss how to use them in a process. Section 5 exemplifies how to implement abstraction 
levels in tooling and finally we give a summary, the current status, and ongoing work. 

2 PROBLEM MANAGEMENT 

In [Bergmans et. Al 00] we identified a number of requirements for a good composition. The first set of 
requirements is about functional composition, meaning that the composition must be relevant and 
semantically sound. A relevant composition means that the overall composition must fulfill or support a 
predefined intention or goal. A semantically sound or correct composition means that the integration of 
the sub-concerns to provide the intended functionality of the overall composition must be correct.  
The second set of requirements for a good composition is about procedural composition. We recognize 
three levels. The Signature level refers to the names and signatures of the operations of the separate 
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components. The Protocol level refers to the partial ordering of the operations and the blocking 
conditions. The Semantic level refers to the semantics of the operations.  

When composing, we want a good composition. Complying with the above requirements is however not 
trivial. During composition new problems can be identified that result in a re-analysis of the problem 
domain. The identified problems can be of the following types: 

• not understanding/wrong interpretation of the requirements 

• incomplete set of requirements 

• decomposition of the problem is improved 

• different types of translation problems to a solution 

• continuing in/oversight of the problem domain as result of a better understanding of the domain 
knowledge of the problem domain 

Solving all identified problems will improve the quality of the total software system. It is however not 
easy to keep track of all the (new) problems. In [Shaw 84] it is suggested that abstractions provide a good 
way to manage complexity and guarantee continuity. In the next sections we describe abstraction levels as 
a step in problem management. In section 3, we introduce the abstraction levels, in section 4 we describe 
how to use them in a process. 

3 ABSTRACTION LEVELS 

Software systems are (usually) developed according to a development process; an example is the Rational 
Unified Process (RUP). Software development processes define, amongst others, a number of refinement 
levels1; in RUP refinement levels are called workflows and example workflows are analysis, design and 
implementation (see [Jacobson, Booch, Rumbaugh 99]). In [Booch 96] this workflow is defined as the macro 
process that is “concerned with strategic issues of schedule and function”. Booch, however, also 
recognized a micro process that focuses on “tactical issues of building quality software that works”. The 
micro process describes the developer’s rhythm to develop software and is more intuitive. Booch speaks 
of competing processes when he talks of the macro and micro process.  
The micro process can be compared to abstraction levels. The difference between the micro process and 
abstraction levels is: 

• Abstraction levels do not define a process 

• Abstraction levels focus on managing problems, tracking of problems and guidance what problems to 
solve inside a process refinement level 

• Abstraction levels are meant for the composition process only.  

Abstraction levels and process refinement levels are not competing. Process refinement levels describe 
activities and products to develop artifacts; Abstraction levels describe a decomposition of types of 
problems that need to be solved to develop artifacts. To introduce abstraction levels we take a 
composition example: 

                                                           
1 In general, we recognize two categories of refinement levels: analysis & synthesis 
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Figure 1. Composing artifacts 

Suppose we want to compose two artifacts. The first artifact has behavior A, B, C. Based on their 
behavior, A, B, C are structured. The artifact is expressed using language constructs. If we want to 
compose artifact D to artifact A, B, C, we need: 

1. to re-examine the artifact if a composition based upon behavior and structure is possible and desirable 

2. modeling power to express the composition 

3. constructs to express the composition 

We start with the first point. 
Developing artifacts involves describing their behavior and structure. With behavior, we mean how the 
different parts in the artifact behave in the given structure. With structure, we mean how the different 
parts in the artifact relate to each other given their behavior. 
Expressing artifacts with a behavior and a structure is in correspondence with [Wegner 90] and [Howard 87]. 
Artifacts express a concept. Wegner describes concepts and paradigms according to behavior (of the 
objects) and structure (associated with objects). From Howard we conclude that concepts can be 
expressed with a behavior and a structure. 
Behavior and structure describe the semantic of artifacts. When composing artifacts as we did in Figure 1, 
problems must be decomposed in behavioral and structural problems. Behavior and structure are therefore 
our first two abstraction levels. 

Points 2 & 3 are about problems when expressing the behavior and structure. We make a distinction 
between expression power and expression constructs. Behavior and structure need expression power to be 
expressed. Expression constructs take care of implementing the behavior and structure. We regard the two 
problems as follows: 

• Modeling power to express the composition 
A modeling paradigm is an example of expression power 
Inheritance is an example of how to express composition in an artifact 

• Constructs to express the composition 
A (programming) language is an example of expression constructs 
inheritance is an example of how to implement a composition in an artifact 

Expression power and expression constructs are related. There is no use for an expression construct if 
there is no way to model it and there is no use for expression power if there is not a way to implement it.  
Expression power and constructs describe the syntax of artifacts. Composition problems must be 
decomposed in expression power and constructs. Expression power and expression constructs are 
abstraction levels. 

We define an artifact as: a product of software engineering that has a behavior and a structure, and needs 
modeling expression power and expression constructs to be expressed. There exist different types of 
artifacts. Every process refinement level can define one or more artifacts, examples are analysis artifact, 
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design artifact, and implementation artifact. In this paper, we discuss the generic characteristics of 
artifacts. 

In the following section, we go into more detail on the use of the abstraction levels. 

4 LEVERAGING THE DESIGN 

We illustrate abstraction levels and what we mean with leveraging the design in the following figure:  
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Figure 2. Scheduling example 

The above figure illustrates an example of the activities to development an artifact, in this case (a part of) 
Scheduling. The columns in the table are the process refinement levels, the rows are the abstraction 
levels. The activities are numbered; the figure illustrates one moment in time in the total iteration process 
to develop the scheduler. The numbering is an example of the line of thought of a developer when to 
solve what problem. The artifact Scheduling knows a number of sub-artifacts, namely: Round-Robin 
(no.7), and List Sort (no.16). One more iteration can define other sub-artifacts, for example: the 
Scheduling Policy (no.15) and a Queue (no.17). There is also a super-artifact, namely Division of Tasks 
(no.10). New artifacts continue to emerge because the developer has new ideas during the solving of a 
problem and thereby levers to another process refinement level and/or abstraction level to solve (a part of) 
the artifact. This is why we call this section leveraging the design. It also illustrates that there is no need 
for a process for abstraction levels. 

The development of an artifact can be done using process refinement levels, abstraction levels or both. 
The process refinement levels can be used to solve the problems of an artifact. In this case the abstraction 
levels can be used to decompose the problems. However, the abstraction levels can also be used to solve 
the problems of an artifact. In this case the process refinement levels can be used define the focus of the 
problem solving activities. Abstraction levels and process refinement levels are orthogonal, because they 
are independent of each other; they do not need each other to develop an artifact and when a level 
changes there is not an influence on the other. We see abstraction levels and process refinement levels as 
complementary. 

Figure 2 shows that the developer can store different types of design information at different moments in 
time. This makes abstraction levels intuitive for the developer. Another advantage is that the design 
information makes it easier to track the progress of the development and transfer (parts of) the 
development to other developers.  
For a good composition, the design information is also essential. From the requirements in section 2, we 
know that a good composition goes beyond composing the run-time instances of artifacts. For all process 
refinement levels, the requirements for composition apply, which means that all artifacts must be 
composable. The following figure elaborates on this: 
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Figure 3. Process Refinement Levels, Abstraction Levels & Artifacts 

The above figure shows the relation between process refinement levels, abstraction levels and artifacts. 
Process refinement & abstraction levels are a time axe; they tell what activity/problem to solve at what 
time. The artifact axe is a space axe, because it contains the design space with all solutions.  
A part of the previous scheduler example is depicted again in this figure as artifact instances on the 
artifact axe. 

An example of composition now is: 
The scheduler of the example schedules according to a Round-Robin policy. In another situation, we want 
to use the scheduler again, but now we need a First-Come-First-Serve (FCFS) policy. This means that we 
reuse all analysis design information, extend it with the information for an FCFS-policy, and we reuse 
parts of the implementations (see also the artifact axe in Figure 3). The design refinement level of Figure 
2 must be replaced with a FCFS artifact. 
The existing design information defines the interfaces for the FCFS artifact. If the interface is not rich 
enough to support the FCFS artifact, then abstraction levels in other refinement levels will get new 
requirements. These requirements can result in the type of problems that were mentioned in section 2. The 
problems must be solved by an analysis of their nature: Is another artifact necessary to solve the problem? 
Do we need to change the behavior, structure, expression power and/or expression technique of an 
existing artifact?  
In the above composition example we show how to compose a variation to the original scheduling 
artifact. This variation makes it possible to apply the scheduler in other situations. We call these 
variations the change scenarios of an artifact. The number of change scenarios is an indication of the 
quality and maturity of the artifact. 

5 AUTOMATING THE PROCESS 

To help developers in the development of an artifact, tooling is needed that reminds developers what 
problems still need to be solved and what problems are already solved. In this section we discuss an 
example of such tooling. The architecture of this example is visitor-based and a process class is used to 
direct the visitors. Abstraction levels do not have a process, but from the process-tooling’s point-of-view, 
the abstraction levels are artifacts. These abstraction level artifacts can have a behavior, for instance 
check if the interfaces between abstraction levels are met. If they are not met, a warning can be given to 
the developer that there is a problem. The abstraction level artifacts can also ask questions to make the 
design information more complete. 

To ensure that all abstraction levels are handled, we put the levels in sequence. The following figure 
depicts this: 
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Artifact

Behavior Structure

Expression Power

Semantic

Syntax

Expression Technique
 

Figure 4. Abstraction Levels in an artifact 

Inside the levels of the figure, the flow is dashed because developers may lever a level. The iterative 
process enables a check with adjustment if all abstraction levels in a refinement level fit together.  

Because we can develop artifacts abstraction levels, we can develop tooling that guides a software 
development and makes the design more mature or complete. To give a better feeling how to automate the 
process of composition, we exemplify this by using the following UML class diagram to explain the 
process-support tool: 
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operation()
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operation()
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operation()

Implementatio
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oper at ion( )

Software 
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Software  System 
Development Process

Process 
Element

accept()

Abstraction 
Level Element

accept()

Abstraction Lev el

Abstraction Lev el

Process Lev el

Process Lev el

RUP

Abstraction Level 
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visitBehavior()
visitStructure()

vis itExprModel()
visitExprTech()

Proces s Visitor

visitAnalysis()
visitDesign()

visitImplementation()
visitTest()

VisitIntegration()

Abstraction 
Level

 

Figure 5. Process Tooling top-level view 

The above figure is a top-level view of a tooling application that consists of two visitor patterns. Process 
refinement Levels has its visitor structure, in this case we use the RUP as process. Abstraction levels also 
has its visitor structure. The visitors are directed by the process descriptors RUP and Abstraction Levels. 
The process descriptor is a class that describes when to visit what level. Figure 4 is an example of the 
sequence for abstraction levels. In the above view we put abstraction levels and process refinement levels 
in sequence. 

The above description for a process-support tool is very general. We did not describe possible interactions 
of the developer with the tool. 
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6 SUMMARY 

We presented abstraction levels to categorize problems and their solutions. This categorization can be 
used to help developers in the composition process to build quality designs and software artifacts. To 
summarize, for composition we recognize the following abstraction levels for an artifact: 

• Behavior 

• Structure 

• Expression Power 

• Expression Constructs 

Behavior and structure describe the semantic of an artifact. Expression power and constructs describe the 
syntax of an artifact. 

With use of abstraction levels we feel that better tooling can be developed that can: 

• help in design for composition 

• be a means to measure progress 

• help in recognizing concerns by a structured problem decomposition 

• help in improving overall quality of the design and defining design heuristics for composing 

• help in design automation for composition 

Because abstraction levels are more intuitive than process refinement levels, we feel abstraction levels are 
more powerful. 

7 CURRENT STATUS & ONGOING WORK 

Software engineering is amongst others about developing quality software, which also means quality 
designs. Quality artifacts mean that there are (multiple) solutions in different situation for one problem. 
The composition example that we discussed in section 4 showed that there are more than one solution can 
apply to solve a problem. Every solution applies to a situation. An interesting topic is when to choose 
what solution. 

A process like the Rational Unified Process is an example of a process that can be used in multiple 
software business domains. Our focus is to show that Abstraction Levels are software process 
independent in case of composition and that therefore process refinement levels and abstraction levels are 
orthogonal. We have however the feeling that the abstraction levels can be applied for software 
development in general. The abstraction levels artifacts that we introduced in this paper can be used for 
multiple types of processes without being changed. 

In Figure 4 we show the abstraction levels in sequence. We can setup artifacts for abstraction levels and 
the behavior of the artifact is to ask questions. The questions can be about: 

• the interface between abstraction levels and process refinement levels 

• the activities to perform 

• the problem decomposition 

• the possible solutions 

The questions can be used to tell developers what information in a level is necessary/or is missing. The 
type of questions to ask needs to be worked out. 
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1 Introduction

Software patterns such as Gang-of-Four (GOF) design pattern[4], Fowler’s analysis pattern[3] and architectural patterns[1]
are one of the promising techniques to develop software of high quality efficiently. They are general and abstract structures
that frequently appear in past experiences in developing well-structured and maintainable artifacts and can be efficiently
re-used for new software development projects.

Although many researchers and practitioners jointly have much efforts on collecting and cataloguing patterns [5], it may
be difficult for software developers to select suitable patterns and use efficiently them, when we only provide informal
descriptions of the patterns like textbooks. To support software development based on patterns, we should model the patterns
and its using process as formally or semi-formally as computers can manage, so that a computerized tool like [2] can support
software development processes based on software patterns.

2 Our Approach

In this paper, we propose a modeling technique of software patterns from object-oriented viewpoint, and describe them
with the programming language Java, a formal language. Describing patterns with Java allows us toexecute the patterns and
the execution of the patterns means their applications during actual development processes to complete an artifact. It leads
the enactment of software development processes based on patterns.

Pattern ClassPattern Class

Pattern Description

constructor

Pattern Object (Instance)Pattern Object (Instance)

instantiation

Figure 1. Pattern Class

What parts we should and can instantiate in a pattern depends on the pattern. We consider pattern has two parts, the part
needed to change when use it, and the other. We call these changeable parts as hot spots, and the other part as frozen spots.
A pattern has a specific structure and specific manipulation rule to change its hot spots structure. During a pattern-based
development process, the structure of the applied pattern is incrementally being changed as the process goes by. Manipulation
operators specify how we can change the structure of hot spots when it is applied, and these operators are specific to a pattern.
From object-oriented view, a pattern is modeled as a class encapsulating the operators that are for filling its hot spots when



we apply it to software development, and we call this type of operation instantiation. Figure1 shows how to use our pattern
model in development process. As we model a pattern and its using process, developers only need to create instances of
patterns and call each instantiation operation.

2.1 Meta Model of Patterns

Figure 2 shows the overview of the constituents and their relationships that our model of software patterns consists of. It
is represented in a form of class diagram and called a meta model of software patterns. It is considered as a schema of object
base with which a pattern catalog or library is implemented in a support tool for pattern based software development.

Figure 2. Overview of a Meta Model of Software Patterns

In the figure, the Role class expresses what roles the classes and the objects appearing in a pattern play and it is used for
accessing constituents of the pattern, i.e. Class, Association, Method and Attribute objects in the pattern. It corresponds to
class variables of a pattern class written in Java.

2.2 Basic Operations

As we discussed, the operations to change pattern structures are on class diagrams. The typical examples of basic
manipulation operators on class diagrams are listed up below. We have implemented these operations in our model. All of
the operations to change pattern structures can be defined by using these basic operations.

� createClass(’Name’ )
Creating a class whose name is ’Name’ . (Constructor of Class)

� Class1.addSubclass(Class2)
Adding a class Class2 as a subclass of Class1.

� Class1.addAssociation(Association, Class2)
Adding an association Association between Class1 and Class2.

� Class1.addAggregation(Class2)
Adding an aggregation between Class1 and Class2.

� createMethod(’definition’ )
Creating a method whose code is ’definition’ . (Constructor of Methods)

� Class1.addMethod(Method)
Adding a method Method to Class1

� Class1.addAttribute(Attribute1)
Adding an attribute Attribute1 to Class1.

How to use these basic operations will be discussed in the next subsection. Note that these basic operations can be
considered as constructors of class diagrams and that the effects of executing the operations follow the usual semantics of
Java programs.

2.3 Sample description

In this section, we show how to describe the pattern using our model library. This description is a part of definition
of Command Pattern. In this description, frozen spot parts, Invoker Class, Command Class and execute Method and its
relations, is defined in constructor method and createCommand, which is one of the way of filling its hot spot, is defined as
instantiation method.



CommandPattern extends PatternClass {

public PMClass acommand, ;
public PMClass invoker ;
public PMAssociation invokerTocommand ;
...

/*
* Constructor (Create frozen spot parts.)
*/

public CommandPattern(){
invoker = createClass(’Invoker’) ;
acommand = createClass(’Command’) ;
invokerTocommand = createAssociation(’Command’) ;
invoker.addAssociation(invokerTocommand, acommand) ;
PMMethod m1 = createMethod(’execute()’ + null) ;
acommand.addMethod(m1) ;

}

/*
* Instantiate Method (Create new command)
*/

createCommand(String new_command) {
PMClass cclass = createClass(new_command + ’Command’) ;
acommand.addSubclass(cclass) ;
PMMethod cmethod = createMethod(’execute()’ + null) ;
cclass.addMethod(cmethod) ;

}
...

3 Supporting Tool

As one of the application of our modeling technique, we have developed a prototype of a tool for supporting software
design based on GOF design patterns. The tool has two parts ; one is an editor of class diagrams with graphical user
interface and the other one is a manger of design patterns. We have described 22 GOF design patterns with Java by using
our description technique mentioned in section 2.

3.1 Example

Figure 3,4 shows a snapshot of using the tool. A developer chooses a suitable design pattern by clicking the fifth button

Figure 3. Select a pattern and call its method

from the top in the left line. The initial structure of the chosen pattern is displayed on the screen. In this example, he chose
Command Pattern and instantiate the pattern by selecting instantiation operation named “createCommand” from allowable



operation lists. After creating new command, he choose Composite Pattern to design invoker part in Command Pattern,
and merge Invoker class in Command Pattern to Component class in Composite Pattern. So when he right click on the
Component class, he can select methods of Command Pattern and Composite Pattern. (Figure4)

Whenever he wants to change the names of the classes, operations and attributes in the displayed class diagram, he
can do that. When he has a double click on the class, a dialog box to enter new names appears. In the figure4, one of
ConcreteCommand classes has been re-named to MoveCommand. Furthermore he can add and delete classes, operations,
attributes, associations, aggregation relationships and specialization ones as he uses a usual class diagram editor, because
each of them can be considered as a pattern by itself.

Figure 4. Class Property

If he wants to fill the hot spots of the pattern, he puts a mouse cursor on any constituents of the pattern and clicks it. He can
see a list of allowable instantiation operations of the pattern. In the figure, createCommand and createCommandwithReceiver
are shown as the allowable operations of the Command Pattern. When he selects one of them, the selected operation, written
with Java, is executed and a concrete command class is automatically added and displayed on the screen.

3.2 Experience

After developed this prototype tool, we have re-designed it by using the tool itself. Figure 5 shows a part of the design
of the tool by using it. It is the part of a pattern model and the readers can recognize the same structure as the meta model
of patterns shown in Figure 2. The result of re-designing had 37 classes, and 34 classes of the 37 belong to the constituents
of GOF design patterns. They have been derived only by the instantiation operations on the design patterns. Eight design
patterns such as Command, Composite, State, Singleton, Observer etc. were applied and the hot spots of the 7 design
patterns of the 8 were completely filled by using our pre-defined instantiation operations. This result means that applying
our modeling technique to GOF design patterns works well and this kind of tool is useful to support pattern-based software
development. The shortcomings of the tool is that it has no support of re-doing design tasks when a developer recognizes
that he used unsuitable patterns during his design task. However, the tool can record a sequence of applying instantiation
operations as the history of a design task. To analyze the sequence, it seems to be possible to support how the developer can
go back and re-do his design task without abandoning all of the constituents in the design specification.

4 Conclusion

In our approach, we considered that a software pattern consists of a pattern structure (class diagram) and manipulation
operations on the pattern structure. These operations are for pattern instantiation (filling hot spots). We modeled them with
object-oriented technique encapsulating these operations into patterns, and described patterns with Java-like object-oriented
language.

We can pick up the research agenda for future work as follows.



Figure 5. Design of the Tool

� Consistency check of pattern combination and pattern refinement:
When we combine several patterns or evolve the pattern into a new one, we should check if the new pattern has no
inconsistency, in particular behavioral aspects. For example, the behavioral property of the new pattern should be
satisfied with the old pattern when we change the old pattern into the new one. We will consider how to provide the
formal semantics of pattern behavior by using a formal method such as � calculus.

� Developing pattern base:
Pattern base is a kind of database system for patterns together with three types of operation on patterns and plays an
important role on the supporting tool for pattern based software development. It will be implemented on an object base
system such as PCTE/OMS (Portable Common Tool Environment / Object Management System). And embedding the
support for re-doing design tasks into our prototype tool is also future study.
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Abstract
While the notion of formal contract regulating the behavior of software agents is accepted, the concept of

contract regulating the activities of software developers is quite vague. In general there is not documented
contract establishing obligations and benefits of members of the development team. However, a disciplined
software development methodology should encourage the use of formal contracts between developers.

We propose to apply the notion of formal contract to the object-oriented software development process itself.
That is to say, the software development process can be seen as involving a number of agents (the development
team and the software artifacts) carrying out actions with the goal of building a software system that meets the
user requirements. In this way, contracts can be used to reason about correctness of the development process,
and comparing the capabilities of various groupings of agents (coalitions) in order to accomplish a particular
contract.

Keywords: object-oriented software development process, process modeling,  formal methods, refinement
calculus, contract.

1. Introduction

Object-oriented software development process, such as the Unified Process [15], Catalysis [10] and Fusion
[8] among others, is a set of activities needed to transform user’s requirements into a software system. A
software development process typically consists of a set of software development artifacts together with a graph
of tasks and activities. Software artifacts are the products resulting from software development, for example, a
use case model, a class model or source code. Tasks are small behavioral units that usually results in a software
artifact. Examples of tasks are construction of a use case model, construction of a class model and writing code.
Activities (or workflows) are units that are larger than a task. Activities generally include several tasks and
software artifacts. Examples of activities are requirements, analysis, design and implementation.

Modern software development processes are iterative and incremental, they repeat over a series of iterations
making up the life cycle of a system. Each iteration takes place over time and it consists of one pass through the
requirements, analysis, design, implementation and test activities, building a number of different artifacts. All
these artifacts are not independent. They are related to each other, they are semantically overlapping and together
represent the system as a whole. Elements in one artifact have trace dependencies to other artifacts. For instance,
a use case (in the use-case model) can be traced to a collaboration (in the design model) representing its
realization.

On the other hand, due to the incremental nature of the process, each iteration results in an increment of
artifacts built in previous iterations. An increment is not necessarily additive. Generally in the early phases of the
life cycle, a superficial artifact is replaced with a more detailed or sophisticated one, but in later phases
increments are typically additive, i.e. a model is enriched with new features, while previous features are
preserved.

Figure 1 lists the classical activities – requirements, analysis, design, implementation and test – in the vertical
axis  and the iteration in the horizontal axis , showing the following kinds of  relations:

-horizontal relations between artifacts belonging to the same activity in different iterations (e.g. a use case is
extended by another use case)

-vertical relations between artifacts belonging to the same iteration in different activities (e.g. an analysis
model is realized by a design model).



Traditional specifications of development process typically consist of quite informal descriptions of  a set of
software development artifacts together with  a  graph of tasks and activities. The lack of accuracy in the
development process definition can cause problems, for example:

- Inconsistency among the different artifacts: if the relation existing among the different sub-models is not
accurately specified, it is not possible to analyze whether its integration is consistent or not.

- Evolution conflicts: when a artifact is modified, unexpected behavior may occur in other artifacts that
depend on it.

- Confusion regarding the order in which tasks should be carried out by developers.
- It is not possible to reason about the correctness of the development process.

We propose to apply the well-known
mathematical concept of contract to the
description of software development
processes in order to introduce precision
of specification, avoiding ambiguities
and inconsistencies, and enabling
developers to reason about the
correctness of their activities. The goal
of the proposed  formalism is to provide
foundations for case tools assisting
software engineers during the
development process.

 Figure 1. dimensions in the development process

2. The notion of software contract

A computation can generally be seen as involving a number of agents (objects) carrying out actions
according to a document (specification, program) that has been laid out in advance. This document represents a
contract between the agents involved. The notion of contract regulating the behavior of a software system has
been already introduced by several authors [13] [20] [21] [2] [1]. A contract imposes mutual obligations and
benefits. It protects both sides (the client and the contractor):

- It protects the client by specifying how much should be done: the client is entitled to receive a certain result.
- It protects the contractor by specifying how little is acceptable: the contractor must not be liable for failing

to carry out tasks outside of the specified scope.
We take the view of contracts as proposed by Back et al. in [2], [3] and [5]. The world that a contract talks

about is described as a state σ. The state space Σ is the set of all possible states σ.  The state is observed as a
collection of attributes x1, x2, ...,xn, each of which can be observed and changed independently of the others.
Attributes are partitioned into objects

An agent changes the state by applying a function f to the present state σ, yielding a new state f.σ. A function
f:Σ → Σ that maps states to states is called state transformer.  An example of state transformer is the assignment
x:=exp, that updates the value of attribute x to the value of the expression exp.

A boolean function p: Σ→Bool is called a state predicate. A state relation R:Σ→ Σ→ Bool relates a state σ to
a state σ´ whenever R.σ.σ´holds.

Assume that there is a fixed collection A of agents. Let a, b, c denote individual agents. We describe
contracts using the notation for contract statements [2]. The syntax for these is as follows:

S ::=  〈f〉  if p then S1 else S2 fi S1 ; S2 asserta p  Ra  S1 Ua S2  while p do S1 od

Here a stands for an agent while f stands for a state transformer, p for a state predicate, and R for a state
relation. Intuitively, a contract statement is executed as follows:

The functional update <f> changes the state according to the state transformer f, i.e., if the initial state is σ0

then the final state is f.σ0. An assignment statement is a special kind of update where the state transformer is
expressed as an assignment. For example, the assignment statement <x:=x+y> requires the agent to set the value



of attribute x to the sum of the values of attributes x and y. The name skip is used for the identity update <id>,
where id.σ = σ for all states σ.

In the conditional composition if p then S1 else S2 fi, S1 is carried out if p holds in the initial state, and S2
otherwise.In the sequential composition S1 ; S2 , statement S1 is first carried out, followed by S2.

An assertion asserta p , for example, asserta (x+y=0) expresses that the sum of (the values of) x and y in the
state must be zero. If the assertion holds at the indicated place when the agent a carries out the contract, then the
state is unchanged, and the rest of the contract is carried out. If, on the other hand, the assertion does not hold,
then the agent has breached the contract.

The relational update and choice both introduce non-determinism into the language of contracts. Both are
indexed by an agent which is responsible for deciding how the non-determinism is resolved.

The relational update Ra requires the agent a to choose a final state σ´ so that R.σ.σ´ is satisfied, where  σ is
the initial state. In practice, the relation is expressed as a relational assignment. For example, updatea {x := x´| x´
<x} expresses that the agent a is required to decrease the value of the program variable x. If it is impossible for
the agent to satisfy this, then the agent has breached the contract.

The statement S1 Ua S2 allows agent a to choose which is to be carried out, S1 or S2 .

2.1 An example of software contract
As noted in [4],  programs can be seen as special cases of contracts, where two agents are involved, the user

and the computer system. But it is also possible to consider a more general interaction involving several agents
[5]. The following example (taken from [5]), illustrates different aspects of contracts. Assume that the agents (a0,
a1, a2) are placed in a ring, with a collection of resources situated between them (ri is the collection of resources
placed between agents ai-1 and ai+1, where arithmetic modulo 3 is used). This situation is illustrated by figure 2.

Each agent ai has access to the resource in  ri-1 and ri+1 but not to ri . Resources are non-renewable, and we
assume that the agents take turns grabbing one from either side (left or right). An agent can also choose to do
nothing.

This situation can be formalized by a contract, as follows:

Initially no agents has grabbed any resource, and the resources are evenly distributed.
init ≡ no,n1,n2,r0,r1,r2 := 0,0,0,m,m,m
where ni models the number of resources that agent ai has grabbed and m is the initial number of resources at

each point.

Figure 2: resource game

The alternatives open to agent ai can be described as follows:
Si ≡ grabli  ∪ai   skip  ∪ai  grabri

where
grabli  ≡ assert ai  ri-1 >0 ; ni , ri-1 := ni + 1, ri-1 - 1
grabri  ≡ assert ai  ri+1 >0 ; ni , ri+1 := ni + 1, ri+1 - 1

Now the whole system can be described as the following contract:
init;
while  ro + r1  + r2  > 0
        do
           S0 ; S1 ; S2

         od



According to this contracts on every round the ordering of choices is deterministic:  agent a0 chooses first,
then a1 and finally a2. It is possible to write a different contract permitting a different ordering of choices.

2.2 Predicate transformer semantics (Weakest preconditions)

In order to analyze a contract it is necessary to express the precise meaning of each statement , i.e. we need the
semantics of contract statements. The semantics is given within the refinement calculus  using the weakest
precondition predicate  transformer [2]. A predicate transformer is a function that maps predicates to predicates.

Different agents are unlikely to have the same goals, and the way one agent makes its choices need not be
suitable for another agent. From the point of view of a specific agent or a group of agents, it is therefore
interesting to know what outcomes are possible regardless of how the other agents resolve their choices.

Consider the situation where the initial state σ is given and a group of agents A agree that their common goal
is to use contract S to reach a final state in some set q of desired final states. It is also acceptable that the
coalition is released from the contract, because some other agent breaches the contract. This means that the
agents should strive to make their choices in such a way that the scenario starting from σ ends in a configuration
σ´, where either σ´ is an element in q, or some other agent has breached the contract.

Assume that S is a contract statement and A a coalition, i.e., a set of agents. We want the predicate
transformer wpA.S to map postcondition q to the set of all initial states σ from which the agents in A jointly have
a winning strategy to reach the goal q. Thus, wpA.S.q is the weakest precondition that guarantees that the agents
in A can cooperate to achieve postcondition q. This means that a contract S for a coalition A is mathematically

seen as an element (denoted by wpA.S) of the domain  PΣ →PΣ
These definitions are consistent with Dijkstra original semantics for the language of guarded commands [9]

and with later extensions to it, corresponding to non-deterministic assignments, choices, and miracles.
The definition of the weakest precondition semantics is as follows (see[2] for a more detailed explanation):

wpA.〈f〉.q =  (λσ.q.(f.σ))
wpA.(if p then S1 else S2 fi).q =  (p ∩ wpA.S1.q) ∪ (¬p ∩ wpA.S2.q)
wpA.(S1;S2).q = wpA.S1.(wpA.S2.q)
wpA.(asserta p).q = λσ.(p.σ ∧ q.σ), if a∈A

λσ.(¬p.σ ∨ q.σ),if a∉A
wpA.Ra.q = λσ.∃σ´• R.σ.σ´∧ q.σ´ , if a∈A

λσ.∀σ´• R.σ.σ´→ q.σ´ , if a∉A
wpA.( S1 Ua S2).q = wpA.S1.q ∪ wpA.S2.q , if a∈A

wpA.S1.q ∩ wpA.S2.q , if a∉A

3. The notion of software process contract

The notion of formal contract described in previous section, can be applied to the software development
process itself. That is to say, the software development process can be seen as involving a number of agents (the
development team and the software artifacts) who carry out actions with the goal of building a software system
that meets the user requirements.

While the notion of formal contract regulating the behavior of software agents is accepted, the concept of
contract regulating the activities of software developers is quite vague. In general there is not documented
contract establishing obligations and benefits of members of the development team. As we remarked in section
1, in the best of the cases the development process is specified by either graph of tasks or object-oriented
diagrams in a semi-formal style, while in most of the cases activities are carried out on demand, with little
previous planning.

However, a disciplined software development methodology should encourage the existence of formal
contracts between developers, so that contracts can be used to reason about correctness of the development
process, and comparing the capabilities of various groupings of agents (coalitions) in order to accomplish a
particular  contract.

Assume you are planning a task to be performed by a development team in order to adapt the model of a
system to new requirements (e.g. during the n+1 iteration of the development process). This task can be
expressed as a combination (in sequence or in parallel) of sub-tasks, each of them to be performed by a member
of the development team. It is necessary to make sure that sub-tasks will be performed as required. This is only



possible if the agreement is spelled out precisely in a contract document. This idea is based on the metaphor:
software process is a sequence of documented contract decisions.

A remarkable difference between software contracts and process contracts is the kind of object constituting a
state. While in software contracts, objects in the state represent object in a system, such as a bank account or a
book, in software process contracts, objects in the state are process artifacts, such as a class diagram or a use
case. But this difference is just conceptual, from the mathematical point of view we can reason about process
contracts in the standard way, as if they were software contracts. This view of software process as software is
supported by Osterweil in [36].

There are different levels of granularity in which process contracts are defined. On one hand we have
contracts regulating primitive evolution, such as adding a single class in a Class diagram, while on the other
hand we have contracts defining complex evolution, such as the realization of a use case in the analysis phase  by
a collaboration diagram in the design phase, or the reorganization of a complete class hierarchy. Complex
evolution are not atomic tasks, instead they are made up from primitive evolutions. So, we start specifying
atomic contracts (contracts explaining primitive evolution) which will be the building blocks for non-atomic
contracts (i.e. regulations for complex evolution ).

3.1 Primitive process-contracts
In order to specify primitive process-contracts we may associate a precondition and a postcondition with each

primitive evolution operation on models.
In order to make contracts more understandable and extensible, we use the object-oriented approach to

specify them. The object oriented approach deals with the complexity of description of software development
process better than the traditional approach. Examples of this are the framework for describing UML compatible
development processes defined by Hruby in [14] and the metamodel defined by the OMG Process Working
Group [22], among others. In the object-oriented approach, software artifacts produced during the development
process are considered objects with methods and attributes. Evolution during the software development process
is represented as collaborations between software artifacts and users of the method.

We use the following object oriented syntax for specifying classes of artifacts:

Specification of ClassName
Superclasses  list of direct superclasses
Attributes

list of attributes and associations.
Derived Attributes

list of attributes and associations whose values can be calculated from other attributes or associations.
Predicates

 list of  boolean functions
Invariants

 list of formulas that should be true in all states.
Operations

 list of method declarations
End specification of ClassName

Where a method declaration has a name m, a precondition p and an effect S (the body of the method). When
a method is called there is an agent a  responsible for the call. The method invocation is then interpreted as
´asserta p ; S´, i.e. the agent is responsible for verifying the preconditions of the method. If agent a  has invoked
the method in a state that does not satisfy the precondition, then a has breached the contract. We allow invariants
and preconditions to be formulas in an extension of the set theory logic as follows:

Given a set X of variables, a set F of function symbol and a set P of predicate symbols (including set theory
function and predicates), terms of the language are inductively built according to the following rules:

- variables are terms.
- if t1,...,tn  are terms and  f is a function symbol with arity n, then f(t1,...,tn) is a term. Attribute symbol are a

special case of function symbols with arity 1, in this case the term f(t) is written in an object-oriented style as t.f.
Formulas  are inductively defined as follows:
- if t1,...,tn are terms and p is a predicate symbol with arity n, then p(t1,...,tn) is a formula (in this case it is an

atomic formula).
- if  γ  and ϕ are formulas then γ∧ϕ , γ∨ϕ ,  ¬γ, γ→ϕ , γ↔ϕ, are formulas.
- if  ϕ is a formula and x is a variable, then ∀x•ϕ is a formula.



We use the usual abbreviations:
 −  ∃x•ϕ ≡   ¬∀x•¬ϕ
 −  ∀x∈S•ϕ   ≡   ∀x• (x∈S→ ϕ )
At the present the Unified Modeling Language [34] is considered the standard modeling language  for object

oriented software development process. As example, we present the evolution contracts of some UML artifacts.
Lets consider a part of the UML metamodel  describing Class, Feature, Package and Generalization artifacts. The
contract for these artifacts can be specified as follows (parts of the specification are omitted due to space
limitations):

Specification of GeneralizableElement
Superclasses  ModelElement
Attributes

generalizations: Set of Generalization
specializations: Set of Generalization
isAbstract: Bool

Derived Attributes
[1] c.parents returns  the set of direct parents of c.
parents: Set of GeneralizableElement
c.parents=c.generalizations.collect(parent)
[2] c.children returns  the set of direct child of c.
children: Set of GeneralizableElement
c.children = c.specializations.collect(child)

Predicates
 IsA : GeneralizableElement x GeneralizableElement  →Bool
IsA(c,c1) ↔ c=c1 ∨ c1∈ c.allParents

Invariants ∀ c1,c2 : GeneralizableElement
 [1] Circular inheritance is not allowed.
 IsA(c1,c2 ) ∧IsA(c2  ,c1 ) → c2 = c1

End specification of GeneralizableElement

Specification of Classifier
Suplerclasses GeneralizableElement, NameSpace
Attributes

features: Seq of Feature
associationEnds: Set of AssociationEnd

Derived Attributes
[1] The operation allFeatures results in a Set containing all Features of the Classifier itself and all its
inherited Features.
allFeatures : Set of Feature
c.allFeatures = c.features ∪ (∪ci∈c.parents ci.allFeatures )
[2] The operation allAssociationEnds results in a Set containing all AssociationEnds of the Classifier itself
and all its inherited associationEnds.
allAssociationEnds: Set of AssociationEnd
c.allAssociationEnds= c.associationEnds ∪ (∪ci∈c.parents ci.allAssociationEnds )
[3] The operation oppositeAssociationEnds results in a set of all AssociationEnds that are opposite to the
classifier.
...........

Invariants ∀c:Classifier
[1] No Attributes may have the same name within a Classifier
∀f,g∈c.attributes • (f.name=g.name →f=g  )
[2] No Operations may have the same signature in a Classifier.
∀f,g∈c.operations • (hasSameSignature(f,g)→f=g )

Operations
proc c.addFeature (f:Feature)
Precondition
[1] The class exists (it is stored in some package)
c.package≠null
[2] the new feature does not belong to c
f∉ c.attributes



[3] The added feature should have a different name from all other features within the classifier
∀g∈c.attributes • (f.name≠g.name)
[4] The name of f cannot be the same as the name of an opposite associationEnd of the classifier.
∀e∈ c.oppositeAssociationEnds •  f.name≠e.name
[5] The connected type should be included in the package of the classifier.
f.type∈ (c.package).allContents
Effect
[1] the feature is added to the list of features and c is assigned as owner of the feature.
c.features:=c.features∪{f} ; f.owner:=c

End specification of Classifier

Our library of contracts intentionally reflects the class hierarchy of the UML metamodel [34]. Each primitive
contract above describes a UML artifact (i.e. attributes of the artifact, predicates on the artifacts and invariants
that the artifact should preserve) together with  all the possible ways of modifying the artifact (i.e. operations that
developers can apply on the artifact, such as adding a new feature within a class). When an operation is invoked
there is always an agent responsible for the call. That agent should make sure that preconditions of the operation
are satisfied, otherwise the agent could breach the contract.

3.2 Complex process-contracts
On top of primitive contracts it is possible to define complex contracts, specifying non-atomic forms of

evolution through the software development process. Then, by using the wp predicate transformer[2] we can
verify whether a set of agents (i.e.  software developers) can achieve their goal or not. We can analyze whether a
developer (or  team of developers) can apply a group of modifications on a model or not by means of a contract
designed in terms of a set of primitive operations conforming the group.

Developers will successfully carry out the modifications if some preconditions hold. We can determine the
weakest preconditions to achieve a goal by computing:

wpA . C . Q
where C is the contract, A is the set of software developers (agents) and Q is the goal.
If computing the wp we obtain a predicate different from false, then we proved that with the contract the

developers can achieve their goal under certain pre-conditions.
The wp formalism allows us to analyze a single contract from the point of view of different coalitions of

agents. If computing the wp we obtain ´false´, we can look for a different coalition (for example, we can permit
an outside agent to join the coalition) and compare the results. In other case (if the coalition should be preserved)
to achieve the goal the contract have to be modified. In the following sections we give examples of complex
contract:

Example : a collaborative task
Lets consider a collaborative task, in which two software developers have to modify a class diagram. One of

the agents will detect and delete all the features that could be lifted to a superclass (i.e. features that appear
repeated in all of the subclasses of a given class). Also this agent has the responsibility of lifting the feature (i.e.
to add the deleted feature in the superclass). As a consequence of the lifting process, some classes may become
empty (i.e. without proper features). Finally the second  agent will detect and delete empty classes. Figure 3
illustrates  the collaborative process described above.

We are interested in calculating  the weakest precondition for agents D1 and D2  to reach the goal Q by using
the contract R. That is to say:

 wp{D, D1, D2} . R. Q

Where Q specifies the expected effect of the refactoring process as the combination of two facts: q1 says that
there are no repeated features while q2 specifies that the model does not contain any empty class, as follows:

Q ≡  q1 ∧ q2

where:
q1 ≡  ∀c:Class • ¬∃f:Feature • (∀c´∈c.children • f∈c’.features )
q2  ≡ ∀c:Class • ( c.features≠∅ ∧ c.children≠∅ ∧ c.associations≠∅)



Figure 3: the collaborative refactoring task

Then, R is the contract signed by both developers (plus a coordinator agent named D) committing themselves
to carry out the refactoring task in a collaborative way. Contract establishes that the coordinator agent will non-
deterministicly chose either asking D1 to lift a repeated feature or asking D2 to delete an empty class. The terms
of the contract are as follows:

R ≡ CONTRACT refactoring
agents D, D1, D2

var p:Package

proc liftingRepeatedFeature
var c:Class, f:Feature

proc pastingRepeatedFeature(c)
begin
updateD1 f:=f´  ∀c´∈ c.children • f´∈ c’.features ;
c.addFeature(f)D1

end proc.
proc deletingRepeatedFeature(c)
begin
updateD1 f:=f´  ∀c´∈ c.children • f´∈ c’.features ;
for i=1 to (c.children.size)
do  updateD1 c´:=c.children.at(i);

 c´.deleteFeature(f)D1;
 od;
end proc.

begin
updateD1 c:=s ∃f:Feature • (∀c´∈s.children •  f∈c’.features  ) ;
(pastingRepeatedFeature(c); deletingRepeatedFeature(c))
 UD1

(deletingRepeatedFeature(c); pastingRepeatedFeature(c)) ;
end proc.



proc deletingEmptyClass:
var c:Class
begin
updateD2 c:=c´  c’.features≠∅ ∧ c’.children≠∅;
p.deleteClass(c)D2 ;
end proc

begin
while ( ¬Q )
do  liftingRepeatedFeature UD  deletingEmptyClass
od;
endContract.

The weakest precondition for agents D1 and D2 to reach the goal Q by using the contract R is different from
false if agents D1 and D2 work together (i.e. both of them integrate the coalition). Contract R specifies that the
task might be accomplished in a number of different ways; developers can chose one of the winning strategies
depicted in figure 3 (a winning strategy is a path from the initial state to the goal state). But if D1 leaves the
coalition, it is allowed to resolve its choices in a way that does not guarantee the achievement of the goal.  It is
possible to calculate that the weakest precondition for agent D2 to reach the goal Q by using the contract R (but
without counting on the collaboration of D1) is false. For example agent D1 should resolve the following non-
deterministic choice:

(pastingRepeatedFeature(c); deletingRepeatedFeature(c))
UD1

(deletingRepeatedFeature(c); pastingRepeatedFeature(c))
Only the first option guarantees the achievement of the goal. If agent D1 choices the second option a problem

will occur, because if the deletion of a repeated feature f is carried out before f is pasted into the superclass,  f
gets lost.

4. Conclusion and related work

Software development process is a collaborative process; as a consequence it is necessary to formally specify
benefits and obligations of partners involved in the process in order to avoid misunderstandings and conflicts
among them. In general there is not documented contract establishing obligations and benefits of members of the
development team, in the best of the cases the development process is specified by either graph of tasks or
object-oriented diagrams in a semi-formal style, while in most of the cases activities are carried out on demand,
with little previous planning. For example the specification of the standard graphical modeling notation UML
[34] and the Unified Process [15] is  semi-formal, i.e. certain parts of it are specified with well-defined languages
while other parts are described informally in natural language.  There are an important number of theoretical
works giving a precise description of core concepts of the UML and providing rules for analyzing their
properties (see for instance [3], [6], [11], [16], [23], [24], [25], [28], [30], [32]), while less effort has been
dedicated to the formalization of software processes that use the UML as modeling language. In this direction,
there are works expressing model transformations and analyzing relationships between steps in the development
process, such as relationships from analysis models to design or implementation  models (e.g.  [19], [12],[29],
[26],[7], [31], [35]).

. Existing case tools offering support to software process, facilitate the construction and manipulation of
models, but they are not generally applicable throughout the entire software development process. The principal
lack of tools resides in the fact that they do not provide:

- Control on relationships between models belonging to different workflows (e.g. relationships between an
analysis use case model and its corresponding design interaction model).

- Automated evolution of models (i.e. propagation of changes when a model evolve, to its dependent
models).

- Checks of consistency between models belonging to the same workflow but to different iterations in the
process (e.g. relationships between different versions of the same use case model).

In order to build case tools for software development process, a general underlying formal foundation is
needed.

The main criticism against the application of formalisms to the software process is that software process has
a high degree of indeterminism due to the human participation, and therefore it would not be amenable to



mathematical formalization. If this view were to prevail, the use of formalisms to study software process would
be a useless exercise. But there are evidences derived form both empirical and theoretical studies supporting the
claim that formalisms can play an important role in the study of software process, in the following ways:

-Formalisms can be useful for reasoning about and justifying good practices in software process, providing a
formal rational for them [7] [37].

-Frequently separate lines  of software development are carried out in parallel and have to be merged.
Formalisms can provide support for  merging parallel evolution of the same software [19].

-Formalism can  provide a means to analyze and reason about refactoring tasks [38]. Refactoring improves
the structure of an object-oriented model in a behavioral preserving way [19] [35].

-Formalism can enable the verification of  consistency between models created throughout the software
process [7] [26] [29] [35].

We agree with the position consisting in that formalisms are valuable in software process description. In this
direction we apply the well-known mathematical concept of contract to the specification of software
development processes to introduce precision of specification, avoiding ambiguities and inconsistencies, and
enabling developers to reason about the correctness of their joint activities. The goal of the proposed  formalism
is to provide foundations for case tools assisting software engineers during the development process.

Process contracts proposed in this article, provide a formalization of software artifacts and their relationships.
Also process contracts clearly establish pre and post conditions for each software development task.

Process contracts are related to the mechanism of reuse contracts [33] [17].  A reuse contract describes a set
of interacting participants. Reuse contracts can only be adapted by means of reuse operators that record both the
protocol between developers and users of a reusable component and the relationship between different versions
of one component that has evolved. Similarly, in [18] the authors extend the idea of reuse contracts in order to
cope with reuse and evolution of UML models.

The originality of process contracts resides in the fact that software developers are incorporated into the
formalism as agents (or coalition of agents) who make decisions and have responsibilities. Given a specific goal
that a coalition of agents is requested to achieve, we can use traditional correctness reasoning to show that the
goal can in fact be achieved by the coalition, regardless of how the remaining agents act. The weakest
precondition formalism allows us to analyze a single contract from the point of view of different coalitions and
compare the results. For example, it is possible to study whether a given coalition A would gain anything by
permitting an outside agent b to join A.

Regarding scalability issues, when the software development process becomes complex, the formalism
allows us to manage the complexity by means of a hierarchical definition and classification of contracts. On one
hand, the library of contracts is organized into a generalization-specialization hierarchy. Then, it is possible to
define a new contract by specializing an existing one, by writing only the incremental features. On the other
hand, contracts can be specified in a compositional way, it means that complex contracts are built in terms of less
complex ones, and weakest preconditions for a complex contract are calculated from weakest preconditions of its
constituent contracts, for example wpA.(S1;S2).q = wpA.S1.(wpA.S2.q).
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Abstract 
 
In this paper, we illustrate a meta-modeling approach being formalized at Lip6 and applied on a 
project in the medical domain. The approach is relying on OO technology, both for the development 
process it addresses and the techniques it is supported by. We present the medical application domain 
of the project and show the conditions why the approach is well fitted. We briefly recall the principles 
and supporting techniques of the approach. We show on the project (as a case study), aiming at 
producing medical reports from experts' models, the various elements it actually embeds. We try to 
establish the conditions under which to apply the kind of approach and illustrate the benefits it brings. 
 
1. Introduction 
 
It is now largely accepted that object-oriented application models (classes and objects diagrams, 
interaction and collaboration diagrams, etc.) are useful during development. At least they are used to 
document the software being developed or as a communication means about the software design. At 
most, they allow code generation for the application, if build with appropriate tools supporting a 
particular development process. In this last case, models can even be considered as a new form of 
"source code" for the application, generally presented through some interesting graphical features (that 
specifically help to have a synthetic point of view on the design, amongst other interest). In this sense, 
OO development is reaching seamlessness and automatic support from design to implementation. 
On the other hand, models tend to be more accessible to some final users (the application "clients" or 
at least "prescribers") than simple code. When code generation from models is supported, it is 
therefore enforcing the recognized good features of rapid application prototyping : short time delay for 
producing the application, early user feedback on the software product during the producing process, 
etc. Unfortunately, design models made by software developers are not always clear enough for final 
users, either because they require too many skills to be fully captured (e.g. knowledge on the use of 
design patterns), or simply because the notations for models (formalisms) are too close to 
implementation languages. 
 
Since a bit more than ten years, meta-modeling or meta-CASE tool approaches have been developed, 
in fact not only in the OO community [Musen 1989; Alderson 1991; Morejon & al 1991; Smolander, 
Marttiin et al. 1991; Atzeni & Torlone 1993; Tolvanen & Lyytinen 1993; Kelly & Smolander 1994; 
Revault, Sahraoui et al. 1995; OMG 1997; OMG 1999]. These approaches have the main feature of 
integrating part of a development process in the same tool / environment that is used to build 
application models. This is achieved by allowing to represent in the environment itself - the notation 
for modeling, and - automatic procedures to operate on models. Such procedures might for instance 
interpret models for validity checks and / or for code generation purpose. 
In these environments, another kind of prototyping might be considered : prototyping of modeling 
notation / language for a specific modeling community. By making explicit (meta-modeling)  the 
modeling of the notation itself, it is allowed to adapt it to the user who is responsible of building 
application models.  
This adaptation leads to a better description of the user's expertise. It is based appropriate formalisms 
and thus allows the user himself to be more accurately involved in the modeling of the application and 
in the customization of it to his real needs. 
                                                 
1 Submission to Ecoop01 workshop #05 on "Automating Object-Oriented Software Development Methods" 
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In order to illustrate these general ideas, we present in this paper and experiment report of a on-going 
project in which we are using such a meta-modeling approach in order to build applications that 
produce medical reports from clinicians' examinations in hospitals. The generated software is actually 
forming a "family of applications", synthesized in a meta-model - that specifies a language for 
describing models of medical reports and - that is associated to some semantics making the models 
being the input of various procedures that generate the applications. 
 
The following of the paper is organized as follow:  
- in section 2, we circumscribe the application domain of our project and state some observations on it; 
- in section 3, we briefly explain the principles of the approach; 
- in section 4, we present as a case study, the approach applied in the project for generating medical 
reports, explaining its current state and the work we still have to complete; 
- finally, we conclude recalling the conditions that make applicable and useful the approach in the 
project and summarizing the interests of the proposed solution. 
 
2. An application domain 
 
Complete medical records are composed of a wide variety of documents dispersed in time (various 
hospital stays) and space (various wards of the hospital): clinical records (generally one record per 
medical field), biological records (biochemistry, bacteriology, haematology, etc.), medico-technical 
records (anatomo-pathology, echocardiography, gastroscopy, fiber-colonoscopy, etc). If we focus on 
the operational side of computer-based records, we can differentiate - on the one hand, completely 
computerized records thanks to massive implementation of laboratory computer-based systems in 
hospital information systems (especially biological records for biochemistry, bacteriology, 
haematology, etc.), and - on the other hand, written-based records or partially computerized records 
(specialized clinical record, echocardiography record, gastroscopy record, fibercolonoscopy record, 
etc.).  
Our actual target is written-based records or partially computerized records: we aim at computerize 
medico-technical records, thus defining, like we said before, a "family of applications". 
 
There are actually many medico-technical tests for patients: echocardiography test or Holter test in 
cardiology, fibroscopy test or fibercolonoscopy test in gastroenterology, scintigraphy in nuclear 
medicine, nuclear magnetic resonance in radiology, the histological examination under the microscope 
in anatomo-pathology, etc. Each examination or test is performed by medical experts that belong a 
small community. Some communities inter-communicate (e.g. experts on fibercolonoscopy and 
experts on gastroscopy) whereas others do not (e.g. experts on echocardiography and experts on 
gastroscopy). Each examination or test would need a very specialized software with many variable 
features leading to a very weak potential diffusion and so a very high cost of development, whereas 
the whole of these examinations or tests (i.e. the set of medical reports for them) corresponds to a 
significant market, assuming variability is somehow managed. An example of this great variability 
concerns the specific structure of data due to large panels of experts. Each service has generally its 
specific method for data acquisition as well as for the drafting of a report: one service of cardiology (in 
hospital A) for instance might detail the value of each parameter of an echocardiography, in order to 
propose a concise conclusion, whereas another service (in hospital B) might rather synthesize data to 
concentrate on interpretation in conclusion. These differences can even be found between experts 
within the same service.  
Today, disparate technical solutions are actually involved for building these reports: hand written 
reports, word processed reports, reports from specialized software. 
  
Medical reports actually have several common features : -a) information is usually supplied by the 
means of a tool / instrument, -b) technical results are expressed in parameters with qualitative (e.g. 
anatomy,  histology, pathology) or quantitative values (e.g. in echocardiography), -c) there is a large 
agreement among experts on the variety of values (either qualitative or quantitative) and on the 
meaning of values for diagnosis about each medico-technical record (e.g. echocardiography) -d) the 
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structure of a data model can be highlighted in each hospital department (e.g. department of cardiology 
of hospital A has its own model for echocardiography report, while department of cardiology of  
hospital B has its own one), -e) qualitative values of parameters can be transformed into codes with 
agreement between experts. 
 
Given these various observations on the domain we are interested in, it appears that some good 
conditions are gathered in order to apply the meta-modeling approach we have been working to 
formalize at Lip6. 
 
3. Meta-modeling "à la MétaGen" 
 
Since about ten years, the MétaFor team of Lip6 [Oasis 2001] has been working on using meta-
modeling in the (OO) software application development process. It has developed a meta-CASE tool 
called MétaGen in order to support the kind of development process it prescribes. Both the approach 
and the tool have been the subject of various publications [MétaFor 2001], sometimes mainly 
concerning particular case-studies [Lesueur, Revault et al. 1998; Lesueur, Sunyé et al. 1999; Huet, 
Lesueur et al. 2000b]. 
In the MétaGen supported approach, both the users' side and the implementers' side are considered and 
integrated in the development. Users' and their problematic are taken into account by giving them an 
appropriate "language", or formalism, and various editors supporting that language, in order for them 
to express and model their own needs / application. This formalism covers to some extent the 
application domain and expertise, and allows user customization of the application model with an 
interactive support for its automation towards executable (program) code. Implementers and the 
various (and now standard) OO implementing techniques are themselves integrated into the tool as 
another formalism. This last mainly covers standard fine grain constructs of OO programming 
languages (class-instances, methods, etc.) but also some more coarse grain constructs (such as various 
OO application frameworks [Revault 1995; Revault 1996]), or some good habits on design (such as 
various design patterns [Sunyé 1999]). 
Both users' and implementers' sides are relying on a meta-modeling schema. The formalisms for 
expressing the models are actually themselves (meta-)modeled in the MetaGen tool, thus allowing to 
explicitly associate with them some (operational) semantics in order to seamlessly produce the code 
from the application models. In the case of an implementer model, the code generation process is quite 
straight, as the model elements are close to program elements. In the case of an user model the process 
is more complex: it essentially relies on mapping the model elements to elements of (an) implementer 
model(s), according to a "know-how", representing what can be assimilated to some software architect 
knowledge. This knowledge is usually expressed by production rules (in the sense of 1st order logic 
rule-based programming) modifying the initial model (splitting and or merging elements) and then 
generating (a) derivative implementer model(s), or can also be realized by more simple model 
interpretation (parsing) and on-the-fly generation of (an) implementer model(s). 
More information on the MétaGen supported methodology, often through the presentation of various 
case studies, can be found from the MétaGen publication web-page [MétaFor 2001]. 
 
4. Meta-modeling of medical reports 
 
Overall description and methodology 
 
In the on-going case study we expose in here, the main focus has for now been put on the user's side of 
the approach presented above. Considered the various observations made in the domain, as mentioned 
in section 2, it was decided to give medical experts the ability of specifying themselves the models of 
applications for generating medical reports. For that purpose, a specific language has been elaborated 
for allowing the definition of models, and a meta-model of it has been defined. Associated to that 
meta-model, some semantics have been fixed specifying how to interpret models and produce 
corresponding applications for generating medical reports. Figure 1 sketches the (meta-)process that 
we actually follow in order to get theses pieces together. It illustrates the meta-modeling process 
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supported by MétaGen, applied in the considered domain, for modeling and generating medical 
reports applications. 

 
Figure 1: meta-model definition and adjustment 

The first step for defining a meta-model is the analysis of the “state of the art of the domain”: what 
medical applications could be computerized? which of them are useful to computerize? We decided to 
target our meta-model towards semi-structured reports. Then common features were analyzed and 
types were isolated to build a first version of the meta-model. This first version led us to a set of 
possible models that were not able to handle some target medical reports like those in 
echocardiography, gastroscopy, fibercolonoscopy, epidemiology; so a new version was designed (the 
current one) that can also cover  these medical reports. 
Consequently, a meta-model is involved in a short-term adjustment controlled by users (experts). Note 
that such a meta-model is moreover integrated in an other adjustment process: the evolution of 
technology and the evolution of applications and knowledge in medicine also lead to adjust the family 
of applications in a more long term adjustment… 
 
The meta-model of the language for specifying applications that generate medical reports is mainly 
built of types of entities to deal with (actually instantiate) in the models. It formalizes the analysis that 
was made on the domain of experts, as briefly mentioned in section 2, and covers the various types of 
documents experts want to generate. Figure 2 shows a graphical view of that meta-model. 
 
In each type of documents (echocardiography, endoscopy, assessment, epidemiology, clinical tests, 
laboratory tests, etc.) there are generic and specific characteristics [Huet, Lesueur et al. 2000a; Huet, 
Lesueur et al. 2000b]. Among generic features, we have designed the key concept of "User Semantic 
Group" (USG). Each USG is build upon one or several corpus of keywords which have a meaning for 
experts; each keyword is a parameter with a set of possible values; each value has a very large 
consensus among experts. Definitely, the medico-technical record type can be summarized as a 
generic structure built upon few concepts: User Semantic Group, corpus of keywords, sentence type, 
navigator, parameter with a field of value, values of parameter. These concepts are the same for the 
clinical records, however this latter differs by its large opening: there is for now a more narrow 
agreement among experts on semantic aspects of clinical record than on semantic aspects of medico-
technical records; that is why clinical record is still more difficult to implement than medico-technical 
records. 
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Figure 2: meta-model as graphically edited in the MétaGen environment 

 
From a model to an application generating medical reports 
 
Until now five different models have been instantiated from the meta-model we have designed:  
a) one model for echocardiography report in the cardiology department of Avicenne hospital 

(Bobigny, 93, France). Figure 3 represents part of that USG model, for an examination of the 
"right cavity and pericardium". "Bart" is referring to the expert of whom the expertise is 
formalized as the model. Note that the proposed view is only one part of the whole expert model. 

b) one other model for echocardiography report, in another hospital. 
c) one model for assessment report in hospital evaluation. This modelhas been elaborated in the 

framework of the European project BIOMED [Lang, Liberati et al. 1999]. The corresponding 
application is to be actually implemented in the health care department of university hospital 
Avicenne. 

d) one model for gastroscopy. 
e) one model for fibercolonoscopy. 
 
The model shown on Figure 3 is composed of a set of instances of the types described by entities of 
meta-model of Figure 2. All the links are themselves instances of the associations defined in the meta-
model. Of course, consistency checks are made during model construction according the defined meta-
model and various constraints are enforced (e.g. entity representing the expert can only be linked to 
certain other entities). 
The role of the explicit representation of the expert (Bart !) is to define some kind of a pivot or a key, 
to which all the specific parts of the expertise composing the whole model can be attached (right 
cavity etc. and other pieces for a complete examination). 
Note that Figure 3 shows the actual editor view proposed by the MétaGen tool, obtained from the 
meta-model of Figure 2 through a very simple (meta-editing)  process [Revault, Sahraoui et al. 1995]. 
 
Figure 4 shows a dialog form corresponding to a simple part of the GUI of the application generated 
from the USG model illustrated by the view on Figure 3 (note that the corresponding part of the model 
is unfortunately not visible in the view).The form allows an expert to fill in the various data obtained 
during the patient examination as modeled. The GUI and the corresponding internal data management 
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(data storage, chaining of dialogs, document generation) are the actual software elements 
automatically generated by the interpretation procedure of the USG model. This procedure thus 
realizes the semantics associated to meta-model of Figure 2. For now, the procedure is still hard coded 
and fixed, but as explained at the end of the section, we are on the process of making it explicit as 
another model, and so, potentially also customizable and flexible. 
 

 
Figure 3: model instantiating the meta-model for a particular examination 

                 
Figure 4: (left) part of dialog form generated from a model as shown in Figure 3 

Figure 5: (right) part of a report generated from filling a form as shown in Figure 4  
after a patient examination 
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Figure 5 finally shows a report generated for the examination of a particular patient. This is simply 
produced by gathering the data from the various dialog forms as above, filled in by the expert, and 
making a layout for them, currently as an Html page. Here again, the process for building the final 
report is for now hard-coded and fixed. But we are also on the way of using a document representation 
system (meta-model + models) in order to produce either an Html page or another kind of word-
processing document support. 
 
Directions for on-going work 
 
As we have already mentioned above, the work presented here is an on-going work. We still have 
various things to realize for it to be more operational in the medical environment and more complete 
whereas still adaptable. 
 
In the direction of medical experts-users, we still have to be build other models in order to validate 
more accurately the designed meta-model, for other examinations in other medical departments and 
for other experts. As matter of fact, the various models and experiments we already have for now, 
through our various contacts with experts / departments, is very encouraging: the proposed technology 
seems to be very convincing to experts, as a new way of managing the medical reports they have to 
write down after their examinations. Still, in order to get the technology more practical to experts, we 
are currently thinking of making the input process for data during examination as light as possible, e.g. 
through the use of personal data assistants for data directly observed by experts, or through hardware 
and driver connection to various existing medical instruments or sensors automatically getting the 
data. 
Also in the direction of experts, we are now studying the way of linking our specifications (meta-
model and models) to established medical ontologies and semantic networks, like UMLS and / or 
Mesh systems. It would ensure the use of standard concepts and semantic links in the specifications 
produced by experts in our framework, as well as it would give some new operational use for these 
systems. 
 
In the direction of techniques, we are currently considering several perspectives.  
Firstly, we are aiming at getting some institutional parts of information on patients from the existing 
medical records: indeed, administrative and patient management systems are already gathering most of 
this information, at the local hospital or wider (national) databases level. So we could simply connect 
these databases in order to get the needed information integrated in the generated reports within our 
framework: this is mainly concerned with legal and technical skills we are now considering with the 
various institutions involved.  
Secondly, we are also studying a stable and full-featured storage, version and management system for 
the various specifications allowed in our framework. Actually we already such a system, but it is quiet 
limited as it is mostly based on file level access. We would surely get a lot of improvement in use 
from a more consistent model repository.  
Thirdly, and finally, as we have mentioned above while explaining the process of producing the 
reports from USG models as it is for now, we are currently establishing the way of making it more 
adaptable and flexible. On the one hand, we want the dialog description (for filling in the data) to be 
given itself by the experts, as it actually is part of the expertise. It would thus be of course more 
appropriate to the expert whishes, and defined according to a workflow corresponding to the experts' 
task. On the other hand, we also want the medical report generation to be parameterized. It would 
allow to generate a document of any wished format: either an Html Page or another layout or word-
processing document support. Not surprisingly, we are studying to make each of these extensions 
through meta-modeling: we want to re-use for them some work already done, respectively - a meta-
model known as MetaDial in order to express the dialog chaining through a workflow model, and 
- another meta-model supporting the description of documents through generic models synthesizing 
standard layout features. The main problem we are facing is the one of interlinking the data of the 
various models: - "semantic" data in the USG model, - data for dialog chaining in the workflow model, 
and - data for document layout in the report format model. This is the hot topic we are concerned by 
right now… and we still have to solve! 
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For putting all these pieces together, the main things we have to do is to convince our potential 
partners, essentially developing new experimental models and making demos, and also to spend the 
needed time for technical developments. It is actually a hard work for us as we actually are a small 
research and development team… 
 
5. Conclusion 
 
We have presented in this paper a case study on the application of an approach to automate the 
development process of certain types of OO projects. The approach relies on meta-modeling and on 
the definition and the integration of a generative process into a support tool. We have shown how it 
can work on a particular project, in the medical field, for building applications that generate medical 
reports following patient examinations.  
 
Through the case study, we think the main conditions under which the approach can be usefully 
applied are appearing.  
The most important point why it can be interesting to develop this approach is of course that there 
actually are various applications to generate: one for each specific (micro-)community of experts. 
Each of the applications is different from the others whereas they all still have a lot of common points 
and features, thus forming a "family" of applications. This naturally justify the effort of defining the 
meta-model and the procedure giving its semantics, as we have done. The approach actually gives a 
low cost but effective solution, alternatively to letting the experts' communities build their reports by 
hand. Indeed, they feel like being supported by software tools, but they are not defining a sufficiently 
wide market to have a good offer.  
Furthermore, the fact that the medical experts have their own particular habits in writing down their 
reports is another condition. As a matter of facts, even in the same specific sub-field (or hospital 
ward), experts feel like synthesizing in their own way the information on the reports (e.g. detailing all 
the elementary values or rather stressing on their global interpretation). It is thus especially useful to 
propose the customization possibilities inherent to the meta-modeling schema, as we have explained. 
 
Finally, we also hope that the various interests of the overall solution we have adopted for our project 
are made explicit through our presentation. Let us briefly list them as a summary: - it is fully making 
explicit the software architecture (its various elements are indeed reified in the support tool); - the 
various specifications being also explicit (meta-models and models), their modification is eased, as 
their reuse and/or extension; - adaptability of the models to new needs and wishes of users is well 
integrated; - adaptability to new technical environment issues is also taken into account (medical tools, 
instruments, methods, etc.); - models are representing a "high level encoding" (operational modeling) 
for types of medical reports; and finally, - specific and custom, but still operational, modeling gives a 
low cost development of new applications, as for any approach based on a generative process. 
 
"Credits" 
 
Since 1991, the MétaFor team is leaded at Lip6 (formerly Laforia laboratory) by G. Blain. It has been 
composed of several researchers, among whom H. Sahraoui, N. Revault and G. Sunyé have worked as 
PhD students [Sahraoui 1995; Revault 1996; Sunyé 1999]. B. Lesueur and J. Poirier are still PhD 
students  in the team and have contributed to work presented in this paper. They have worked in 
collaboration with B. Huet who is responsible of the project on generating medical reports. 
 
References 
 
[Alderson 1991] A. Alderson. "Meta-CASE Technology". Lecture notes in Computer Science. N° 509: 

pp. pp.81-91. 1991.  
[Atzeni & Torlone 1993] P. Atzeni & R. Torlone. "A Meta Model Approach for the Management of 

Multiple Models and the Translation of Schemes". Information Systems. vol. 18, N° 6: pp. pp. 
349-362. 1993.  



 9

[Huet, Lesueur et al. 2000a] B. Huet, B. Lesueur, J. Artigou & G. Blain. "Méta-modélisation du 
dossier médical: conception, intérêt, application". Journées Francophones d'Informatique 
Médicale. M. Fieschi, O. Bouhaddou, R. Beuscart & R. Baud (Ed.). Informatique et Santé. 
Springer-Verlag, Berlin. pp. 217-228. 2000a. 

[Huet, Lesueur et al. 2000b] B. Huet, B. Lesueur, P. Lebreux & G. Blain. "Meta-modelling the 
Medical Record: Design and Application". Proc. Annual Symposium, Amia 2000. J. M. Overhage 
(Ed.). Hanley and Belfus Inc., Philadelphia, USA. pp. 1034. 2000b. 

[Kelly & Smolander 1994] S. Kelly & K. Smolander. "Evolution and Issues in MetaCASE". In 
Information and Software Technology. 1994 

[Lang, Liberati et al. 1999] T. Lang, A. Liberati, A. Tampieri, G. Fellin, M. Gonsalves, et al. "A 
European version of the Approprieteness Evaluation Protocol". Int J Tech Assess Health Care. 15, 
1: pp. 185-199. 1999.  

[Lesueur, Revault et al. 1998] B. Lesueur, N. Revault, G. Sunyé & M. Ziane. "Using the MétaGen 
Modeling and Development Environment in the FIBOF Esprit Project". Ecoop'98 workshop on 
"Automating the Object-Oriented Software Development" (ws #9). M. Aksit (Ed.). Springer-
Verlag. 1998. 

[Lesueur, Sunyé et al. 1999] B. Lesueur, G. Sunyé, Z. Guessoum, G. Blain & J.-F. Perrot. "La 
métaphore du dossier". Inforsid'99. Assoc. Inforsid, Toulouse. pp. 279-299. 1999. 

[MétaFor 2001] MétaFor, OASIS, LIP6, Univ. Paris 6. "MétaGen publication page". jan. 2001. 
http://www-poleia.lip6.fr/~revault/mg/publications.html.  

[Morejon & al 1991] J. Morejon & al. "GraphOR: A Meta Design Tool". In Entity-Relationship 
Approch: The Core of Conceptual Modeling. North-Holland. 1991 

[Musen 1989] M.A. Musen. "Automated Support for Building and Extending Expert Models". 
Machine Learning. 4: pp. 347-375. 1989. also Technical Report KSL 89-07. 

[Oasis 2001] OASIS, LIP6, Univ. Paris 6. "OASIS Team". jan. 2001. http://www-
poleia.lip6.fr/OASIS/eng_index.html.  

[OMG 1997] OMG. "Meta-Object Facility (MOF) Revised Specification v. 1.1". TC. document ad/97-
08-14. OMG. 1997. http://www.omg.org. 

[OMG 1999] OMG. "Meta-Object Facility (MOF) Specification v.1.3". TC. Document ad/99-09-05. 
OMG. 1999. http://www.omg.org. 

[Revault 1995] N. Revault. "Describing and (Re-)Using Technological Application Frameworks in a 
Metamodeling-based Development Tool - an application of the MÉTAGEN system". Oopsla'95 
Workshop on Framework Centered Develoment (ws #27). D. Gangopadhyay, W. Pree & A. 
Schappert (Ed.). ACM Press. 1995. 

[Revault 1996] N. Revault. "Principes de méta-modélisation pour l'utilisation de canevas 
d'applications à objets (MétaGen et les frameworks)". Doctorat de l'Université P. et M. Curie. 
Laforia. Université P. et M. Curie (Paris 6). Paris, France. TH 96-16. 315 pages. 1996.  

[Revault, Sahraoui et al. 1995] N. Revault, H.A. Sahraoui, G. Blain & J.-F. Perrot. "A Metamodeling 
technique: The MétaGen system". Tools 16: Tools Europe'95. Prentice Hall. pp. 127-139. 1995. 

[Sahraoui 1995] H.A. Sahraoui. "Application de la méta-modélisation à la génération d'outils de 
conception et de mise en oeuvre de bases de données". Doctorat de l'Université P. et M. Curie 
(Paris 6). Laforia. Université P. et M. Curie (Paris 6). Paris, France. 1995.  

[Smolander, Marttiin et al. 1991] K. Smolander, P. Marttiin, K. Lyytinen & V. Tahvanainen. 
"MetaEdit - a flexible graphical environment for methodology modelling". Caise'91. Springer 
Verlag, Berlin. pp. 168-193. 1991. 

[Sunyé 1999] G. Sunyé. "Mise en oeuvre de patterns de conception : un outil". Doctorat de 
l'Université P. et M. Curie (Paris 6). LIP6. Université P. et M. Curie (Paris 6). Paris, France. LIP6-
1999/020. 207 pages. 1999.  

[Tolvanen & Lyytinen 1993] J.-P. Tolvanen & K. Lyytinen. "Flexible method adaptation in CASE 
environments - The metamodeling approach". Scandinavian Journal of Information Systems. Vol. 
5: pp. pp. 51-77. 1993.  



1

Automatic Transformation of Conceptual Models into Design Models

Jamal Said, Eric Steegmans
Department of Computer Science, K.U.Leuven

Celestijnenlaan 200A
B-3001 Leuven

Belgium

jamal.said@cs.kuleuven.ac.be

Abstract

 There have been many studies to develop methodologies for designing effective and efficient software
systems in an object-oriented way. However, the complexity that emerges from implementing those
methods leads to high cost for developing and maintaining software systems. Therefore, automated support
for object-oriented methods will decrease this complexity, increase reusability, and guarantee
maintainability.
 In this paper we propose a new approach that performs automatic transformations of the conceptual
models into design models. Each of these transformations satisfies particular software quality factor(s). The
selection of the conceptual-to-design model transformations is based on the quality factor(s) that are
deemed important by the user. This approach maintains traceability during the evolution of the software as
well as decreases the manual optimization of the design model.

1. Introduction

The complexity of the software development process is significant as can be seen in the many dependencies
between the different phases of the software life cycle [1].  The IEEE Standard for Software Life Cycle
Processes has described a set of activities and processes that are mandatory for the development and
maintenance of software [1EEE Std. 1074-1995].  Among those activities is the selection of the Life Cycle
Model [2].  In review with the life cycle models presented in the literature, there exist the waterfall model
that was first described by Royse [3].  The V-model by Jensen & Tonies [4] came is a variation of the
waterfall model. Under the assumption that the specification of the requirements doesn’t change during
development the waterfall model and its variants state that software development activities are performed
in a sequential order. The weakness of these models is that they assume that after an activity is finished and
reviewed the associated work production can be baselined. However, today software systems don’t match
such an idealized model due to the infrequent change during the software development process. In 1987 the
Boehm Spiral Model [5] is introduced to accommodate this change by adding new activities such as risk
management, reuse, and prototyping. These extended activities are called cycles or rounds. The waterfall,
V-Model and spiral models separate the user and the developer during the development process. At the
beginning of a project, developers and users stay at the level of requirements. During development the user
stays at the requirements level whereas the developers focus on feasibility.  Users and developers, however,
have different needs when trying to understand software systems. The sawtooth model [6] tries to solve this
discrepancy by showing the user and the software developers’ perception of the system at different levels
of abstraction over time. Then lastly came the Unified Process [7], which emphasizes the staging of
resources, an aspect of software development that is not captured in the other life cycle models.
Furthermore, the Unified Process facilitates traceability.  Traceability allows us to understand the effect of
change in one model on other models, in particular in the requirements.
Throughout the study of the existing methodologies it was found that three factors have to be deeply
considered while developing methods or CASE tool for automating object-oriented software development
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methods. The first factor is that the method should accommodate infrequent change during the software
development. The second factor is that the method should narrow the gap between the user’s perception of
the system and the developer’s perception of the system. The third important factor is that software
development activities should be related to each other through traceability dependencies.
In the next section we will briefly address a new approach for software automation (Transformational
approach) that considerably take those factors under consideration.  In section 3 a UML meta-model that
represent a structure for a simple conceptual model will be shown. This meta-model applies the composite
pattern structure in which the conceptual model’s structure and behavior are decomposed. In section 4, the
transformational model is shown. It applies the factory method pattern [8], which goes in parallel with the
meta-model. In section 5, a conceptual CASE architecture is shown. This architecture describes aspects of
the Model View Controller (MVC) framework [9]. The model in (MVC) represents both the meta model
architecture and the transformational model’s architecture. The view in (MVC) represents the transformed
conceptual model. In other words the view will display the design model after transformation.

2. Transformational Approach

Object-oriented software development can be viewed as mapping a set of real-world concepts and
phenomena to corresponding classes and objects and establishing key relationships such as inheritance,
association, and composition among them. This process often ends up with a particular conceptual model.
Once the conceptual model fully describes the functional requirement of the software system, design is
started aiming at a model satisfying, in addition to functional requirements, the nonfunctional requirements
[10]. The transition from the conceptual model to the design model is often an iterative process and
requires lots of care from the developer. Currently the evolution of the conceptual model to fit into the
design model is done manually, which in most cases leads to big distinction between experienced and
inexperienced developers and increase the cost of software systems due to maintenance.  Martin Fowler
and other contributing authors made promising work towards the use of refactoring where they improve the
design of existing code [11]. However, refactoring is risky. It requires changes to working code that can
introduce subtle bugs. Refactoring can set you back days, even weeks, if not done properly, or practiced
informally or ad hoc. Thus it is crucial to be able to develop a framework that performs automatic and
convenient transformations at the early stages between the analysis model and the design model.
The transformational approach basically transform conceptual model’s elements (classes and relations) into
design models. Each one of the transformations satisfies particular software quality factor(s) from which
the user selects the most appropriate one(s) for the ultimate system.
 The types of transformations that could be possible are determined by the intended structural and
behavioral aspects of the represented abstractions in the conceptual model as well as the relationships
among their objects. In our view, relations at the level of the conceptual model must express existential
dependencies [12] among objects of the classes involved.  In other words, adding relations to a conceptual
model is driven by observing which objects cannot exist in a meaningful way without being related to
objects of other classes. As an example consider a simple conceptual model involving bank accounts and
bankcards.  A relation must be introduced expressing that no bankcard can exist without being related to an
account, such kind of relation is called unary relations. Therefore, the unary relation refines the class
bankcard and the class account is participating in this relation. In our terminology we will call the class
refined by the unary relation as the refined class, and the class participating in the unary relation as the
participating class. Next to unary relations, classes in a conceptual model can be refined with binary
relations [13], and ternary relations. In this section only three types of transformation for unary relation
[14] will be briefly explained:
•  Integration: where one class is fully integrated in the other class. In other words, the integration

requires objects of the integrated class to be hidden inside the objects of the integrating class.  Under
the assumption that no characteristics are defined for the integrated class, objects of that class can then
be represented by a simple attribute in the integrating class at the level of design.

•  Association: In this type of transformation, both classes involved in a unary relation are included in the
design model. The unary relation is transformed into an association. Based on a study of the functional
requirement as they are specified at the level of analysis, the software designer will decide when the
navigation in one or both directions is needed.
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•  Nesting: where one class is fully defined inside the other. Nesting is different from integration in the
sense that integration combines objects of both classes into a single object. With nesting, objects of
both classes still exist on their own. However, the nested class is considered to be inferior to the nested
class.

These types of transformations have been studied and implemented, to know more about those
transformations refer to [10,13,14,] in the given references.  In the following section a meta-model that
represent a simple conceptual model of two classes involving a unary relation will be addressed.

3. A Meta Model for Unary Relation

Figure 1 represents UML meta model that identify two classes involving a unary relation.  In the given
meta model both structural and behavioral aspects of the given unary relation are defined. In the given class
diagram, the class Classifier represents either the refined class or the participating class whereas the class
unary relation represents the relation between those two classes. Notice the difference in multiplicity
between the refined class and the participating class. As shown in the diagram the class unary relation can
refine only one class and involves only one participating class.  However, the participating class can
participate in either zero ore many unary relations. For example in banking applications, there can be zero
or many participation(s) of the class accounts in the refinement of the class of bankcards.  More precisely,
the class accounts can have zero or more bankcards attached to it.
Each class in a conceptual model is complemented with a specification of operations for manipulating its
objects. For classes refined by a unary relation, at least a constructor, destructor, inspector and mutator are
required. Each class needs a constructor to initialize the binding between objects of the given classes and a
destructor to terminate this binding.  Moreover, the class needs an inspector to retrieve information
concerning the current binding between the classes and requires a mutator to change that binding between
the given classes. In Figure 1 the class Operation is defined as an abstract class. This class defines the
specifications (preconditions, postconditions, and method signature) of the submethods shown in the
diagram as well as he arguments and the body of each method.

Figure 1. UML meta model of unary relation

4. Transformational Model

Figure 2 represents the structure of the transformational model that is used to transform the conceptual
model illustrated in Figure 1.
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Figure 2. The transformational approach’s architecture.

The given architecture shown above represents the factory method pattern. The class diagram in Figure 2,
goes in parallel with the meta model shown in Figure 1. The Parallel class hierarchies resulted when the
meta model delegates its transformations to a separate classes.  For example, in Figure 2 the class
transformer responsible for transforming the structure of the conceptual model (in our case the unary
relation) whereas the Operationaltransformer class responsible for transforming the behavioral aspects of
the conceptual model’s classes.  This procedure is done as follows:
•  The class to be transformed is passed as an argument in the constructor of the class Transformer.
•  On each of the operations defined in the class to be transformed, the factory method

createTransformer is invoked.  Notice that the method createTransformer (shown in the piece of Java
code below) is an abstract method defined in the abstract class Operation, which returns an object of
type OperationalTransformer, see Figure 2. This method is implemented in the four subclasses shown
in Figure 1. For example, in the class Constructor this method returns a ConstructorTransformer
object, and in the class Inspector this method returns an InspectorTransformer object and the same is
done in the class Destrucoter and the class Mutator shown in Figure 1.

•  Based on the type of transformation intended the methods integrate, associate or nest is invoked. For
example suppose we want to integrate the constructor then the method integrate defined in the class
ConstructorTransoformer is invoked, if association is intended the method associate is invoked.

•  After transforming the structure and the behavior of the class it (the class) is then removed from the
conceptual model and new design model is obtained.

The added value of this methodology is that it evolves in parallel with the meta model which allows us to
work on the high level (class level) or on the low level  (structural or behavioral level).  In other words
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with this procedure we can cope with the change in requirements during the software development
process. We can change the structure by integrating the whole class, or we can change the behavior by
transforming one method or the whole methods defined in the given class. Furthermore, we can also cope
with the change in the state of the class by transforming the attributes of that class. Notice that attribute
transformation was not explained in this paper.

public class Transformer {
  /**
   * list of references to the OperationalTransformer class.
   */
  private Vector  $op_Transformers
  private Classifier $toBeTransformed;

  public Transformer( Classifier toBeTransformed) {
    $toBeTransformed = toBeTransformed;
    for (int i = 1; i <= toBeTransformed.getNbOperations(); i++)
     $op_Transformers.addElement(toBeTransformed.getOperation(i).
      createTransformer());
   }

   public void integrate() {
    for( int i=0; i< $op_Transformers.size();i++)
      getOperationTransformerAt(i).integrate();
    $toBeTransformed.getRefUnaryRelation().terminate();
    $toBeTransformed.terminate();
  }
}// end class transformer

public abstract class Operation {
  //the abstract factory method..
 public abstract OperationalTransformer createTransformer();
}

public class Constructor extends Operation {
 public OperationalTransformer createTransformer() {
     return new ConstructorTransformer(this);
   }
}//end class Constructor

public abstract class OperationalTransformer {

  public OperationalTransformer(){};

  public abstract void integrate();
}//end class operational transformer

public class ConstructorTransformer extends OperationalTransformer {
 private Constructor $constr;
 public  ConstructorTransformer(Constructor constr ) {
    $constr = constr;
 }
 public void integrate(){
  //integrate the constructor
 }
}//end class ConstructorTransoformer
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5. The Structure of the Tool

The structure of the tool implements the model/view/controller (MVC) framework (Krasner and Pope
1988). The MVC framework reflects the fact that GUI applications consist of three components: the model,
the view, and the controller.
The model in our tool is represented by both the mata model and the transformational mode, it is shown in
Figure 3.
The view component presents the design model on a display.  After transforming the conceptual model the
output of this transformations process is displayed on the screen.
The controller handles input events such a muse interaction and key strokes performed by the user.  In
other words, once the user chooses one type of transformation (e.g. integration) the output is displayed on
the screen showing the resulted design model.
We would like to stress that the development of the tool is still going on and we apologize for not showing
results at this moment.

Figure 3. Structure of the CASE tool representing both the meta model and the transformational model.

6. Conclusion

In this paper we have shown that software automation is highly supported by keeping traceability
dependencies between software development activities mainly (analysis and design).  The idea is
implemented by transforming conceptual model's elements (classes and relations) into design model. The
transformational model goes in parallel with the development of the structural and behavioral aspects of the
conceptual model. The resulted parallel class hierarchies accommodate infrequent changes during the
software development and facilitate the nonfunctional requirement of the system. Furthermore, it reduces
the manual optimisation of the design model.
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Abstract
We show the interdependence between system architecture and the used development process.
This interdependence supports the evolution of both elements in a stronger fashion than both
elements evolving individually. We list some requirements for desired tools to support this
interdependence.

Introduction
In a world of constantly changing requirements, the architecture of a software system must
ensure that the development is able to respond to changed user requirements quickly.
Moreover many applications are based on some kind of infrastructure (e.g. frameworks,
components, middleware). Sometimes the cycles of infrastructure changes are shorter than the
development cycles (e.g. Java development kit, application server technology) or the strategic
direction for the use of an infrastructure component changes during the development. A good
architecture must be able to handle such an evolving infrastructure. Generally spoken
software architecture evolvability and adaptability is a requirement gaining more and more
importance.

One approach to reach this goal is to use a flexible software development process like
Extreme Programming (XP)1 or construct the development process when you need it like in
Cockburns just-in-time methodology construction approach.
XP is a software development process which focuses on achieving executable artifacts very
fast. The phase of defining the architecture up front is reduced to finding a simple metaphor
for the system. The development starts with the most important requirements first and adds
new requirements step by step. This may include changed or new requirements that were not
known in the first place. The architecture of a system under XP development is very simple at
the beginning. It evolves step by step as the system development has to respond to new
requirements. The maybe most visual difference of XP to other processes is that there are
always two developers sharing one keyboard and monitor (pair-programming).
The central argument of the just-in-time methodology construction approach is that “Every
project and team is different, but any one organization exhibits common traits, strengths and
weaknesses.”[Cock00] Based on this observation the approach helps to dynamically construct
a flexible development process.

As we show in the next section there is an interdependence between the architecture
evolvability and the development process in place. The goal of this position paper is to shed

                                                
1 See [Bec00] or http://www.extremeprogramming.org



some light onto this interdependence as an important area where tool support could add
significant value to the development of software systems. We try to outline how the
requirements for this tool support could look like.

Interdependence between architecture and development process
One of the promises of XP is to enable a constant architecture evolution. This is the result of
the application of some practices in a somewhat extreme manner – hence the name.

For example one of the most important practices of XP for achieving its goals is aggressive
unit testing. Before writing any production code the developer has to write a runnable test.
This practice allows the developer to test the correctness after even big changes. These
changes however are not performed in one big step but piece-wise – one refactoring2 after the
other. This stability against big changes enables the developer to perform design changes up
to changing the architecture of the system. In other words the tests – in combination with
other practices – help reach the goals evolvability and adaptability.

In [Weg01] we showed for a large “test-infected”3 code base that the evolution depended on
the test-coverage rate. The examined system is a Java framework supporting the development
of large scale interactive software systems according to the tools & materials approach
[Zül98]. This system was developed using a kind of XP development process (see tutorial 07
at this ECOOP). Analyzing 255 individual system integrations we found that for a high test-
coverage rate more small steps were performed which allowed a continuous refactoring of the
whole system with small increments in an iterative manner. These small steps are essential in
this document-poor process where the know-how about the whole system architecture is
distributed in the heads of the development team.

In this example the development process is adapted based on information which is found by
analyzing the developed artifacts. The just-in-time methodology described above shows a way
to construct a development process according to the specific needs. A combination of this
indicates that the system development could benefit not only from the evolvability of the
architecture but as well from the evolvability of the process. In that sense the process and
architecture would be interdependent. Interdependence is the concept of giving the other
entity some power about the own state. In this case the development process has the power to
change the architecture of the created system. On the other hand the architecture of the system
can influence the setup of the process by observing some properties in the produced artifacts.

                                                
2 A refactoring is a syntacic change of the code which preserves the semantic. For a discussion of refactoring see
[Fow99].
3 Beck and Gamma introduce the testing style of test infection [BecEtAl98]. For every class in the system you
write a unit test. New requirements are implemented in the system by refactoring the unit tests first and then the
system classes [Fow99].
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Current state of tool usage
In XP much of the communication is done either directly face-to-face or through the source
code4. Collective code ownership means that every developer can change any aspect of the
source. This is supported by a version control system. Changes in the source code are
performed by refactorings which is often supported by a refactoring browser. Unit tests play
an important role for testing and as behavior specification which is often supported by a
testing framework (like e.g. JUnit5). Requirements are normally documented on story cards.
Some teams use an integration server for the daily build and for running the test suite.

Essentially XP uses a huge set of individual tools that are all combined in an intelligent way.
However the tools were not designed for supporting such a kind of combination but rather
independent from each other.

Desired tool support
We see a huge potential for improving the outlined interdependence between the system
architecture evolution and the development process. Here we give some examples of what we
see desirable by now.

As outlined in [Weg01] an analysis of the produced artifacts can help reveal weaknesses in
the development process and help to improve it. However with the currently used tools it is
hard to retrieve the necessary information. One example is to trace a class through all the
individual integration versions when the class is moved from one package to another. Due to
the fact that XP assumes that refactorings are done in rather small steps, the originating
package can be found by looking for the unqualified name in all packages of the previous
integration version. However this tracing could be supported directly.

Demeyer et al. use change metrics to find refactorings. [DemEtAl99] Finding the refactorings
in existing code is an important tool for uncovering the architecture evolution. By using a
large number of individual integration versions this reengineering of the refactorings could be
made more accurate and maybe traced back to individual requirements which were put into
the system. Having a way to trace the concrete effects of a new requirement in the source
code is the next desirable feature.

A development process like XP requires much discipline from the developers. E.g.
performing the refactoring in small steps or creating test cases first. Analyzing the produced
artifacts could help give the developers constructive feedback on how good their work fits the
overall spirit of the team or to reveal general problems in the development process (like not
sticking to coding conventions). This would mean

In a team setup with collective code ownership where each developer can change each others
code we need a way to detect the places where some changes are made back and forth
periodically because some developers don’t share the same understanding about how to use a
component. I.e. find the places where communication through the source code doesn’t work.

Summary
We discuss the interdependence between the system architecture and the development
process. We showed how system development benefits from this interdependence. We listed
some requirements for how to support this interdependence with tools.
                                                
4 Generally XP is known for being a documentation-poor development method.
5 See homepage at http://www.junit.org
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