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1 Summary 

Conceptual modeling is an essential requirements engineering activity. Its objective is 
the development of the conceptual schema (CS) of an Information System (IS), which 
defines the general knowledge that an IS needs to know to perform its functions.  

A CS consists of a structural (sub)schema and a behavioral (sub)schema. The 
structural schema consists of a taxonomy of entity types, a set of relationship types, 
and the constraints they must satisfy. The behavioral schema consists of a set of event 
types with their characteristics, constraints and effects.  

A CS has semantic quality when it is valid and complete. Validity means that the 
schema is correct (the knowledge it defines is true for the domain) and relevant (the 
knowledge it defines is necessary for the system). Completeness means that the 
conceptual schema includes all relevant knowledge. Ensuring that a CS has semantic 
quality is a fundamental goal for its validation. This goal can be achieved by checking 
that the knowledge the system requires to know according to stakeholders’ 
expectations is the same as the knowledge defined by the conceptual schema.  

We report the development of a novel conceptual modeling method, named Test-
Driven Conceptual Modeling (TDCM), which fosters the achievement of the above 
mentioned quality properties. TDCM is a test-driven method for the incremental 
development of conceptual schemas by continuous validation. As far as we know, this 
is the first work that explores the use of testing to drive conceptual modeling.  

TDCM is based on our approach to test executable conceptual schemas written in 
formal modeling languages like UML/OCL. In this approach, automated conceptual 
test cases specify executable scenarios and include assertions that formalize 
expectations about them. In TDCM, the Conceptual Schema Under Development 
(CSUD) is developed in short iterations by applying the following tasks:  (1) Write a 
test case that formalizes a story which is expected to be feasible with the knowledge 
defined in the schema; (2) change the schema to pass the test case; and (3) refactor the 
schema to improve the specification without changing the defined knowledge. 
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An iteration starts by adding a new test case to the passing test set of the previous 
iteration (previous test set). The objective of each iteration is to change the schema so 
that it includes the knowledge to correctly execute the new test case. The previous test 
set including the new test case is the current test set of the iteration. An iteration can 
only finish when the overall verdict of the current test set is Pass. At this point, the 
CSUD includes the knowledge to execute the tested cases as expected.  

TDCM fosters refactoring of the CSUD in order to improve the quality of the 
conceptual schema specification without changing the knowledge specified in it. If 
the verdict of the current test set ceases to pass after refactoring, then we realize that 
the knowledge of the schema has not been preserved. If the verdict remains Pass and 
no more refactoring is felt to be needed, new iteration can be initiated. 

Table 1 summarizes the interpretation of the verdict of the current test set (CTC) 
and the regression test set (RTS) at each iteration. This interpretation drives the 
application of TDCM in order to evolve the CSUD. 

Verdict Current test case (CTC) Regression test set (RTS) 

Error 
 

Relevant knowledge needs to be 
added to the CSUD 

Schema element 
removed 

The CSUD becomes 
incomplete and the deleted 
schema element needs to be 
restored 

Relevant constraint 
added 

Modify inconsistent states to 
maintain consistent test cases 

Fail 
 

The knowledge defined in the CSUD 
needs to be corrected according to the 
asserted expectations 

Both CTC and RTS 
may Pass without 
changing them (only 
changing the CSUD) 

The knowledge defined in the 
CSUD needs to be corrected 

Neither CTC nor RTS 
can Pass without 
changing them  

Inconsistent requirements 

Pass The CSUD has the necessary 
knowledge and satisfies the asserted 
expectations formalized in CTC 

The CSUD still has the necessary knowledge and 
satisfies the asserted expectations formalized in RTS 

Table 1. Pass/Error/Failure interpretation 

The proposed method is applicable to different kinds of projects and may be 
integrated into existing software development methods when they are based on 
iterative paradigms and they include artifacts to specify conceptual schemas. TDCM 
can also be used even if the conceptual schema to be developed is the main purpose of 
the project. Using TDCM, conceptual modelers have at any time fully tested schemas. 
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1 Summary 

Groupware applications have special features that, if they were taken into account 
from the very beginning, could reasonably improve the quality of the system. Such 
features concern human-computer-human interactions, i.e., a further step in the 
human-computer interaction field: communication, collaboration, cooperation and 
coordination, time, space, and awareness are issues to be considered. This paper 
presents a novel approach to gather requirements for groupware applications. The 
proposal is based on a methodology that includes the use of templates to gather the 
information regarding the different types of requirements. The requirements templates 
have been extended to include new information to give account of specific features 
concerning groupware applications. The information gathered is managed in a CASE 
tool we have developed; then general and specific diagrams are automatic or semi-
automatically generated.  

2 Templates and Metadata to Describe Requirements 

We have based our proposal on the Amador Duran’s process model (Duran, 2000) 
extending some of the templates proposed in this work, with some other metadata we 
consider important for the specification of groupware applications. Besides, new 
templates have been defined following the same purpose. 

We propose a template to gather the information regarding objectives and 
requirements which consists of three parts: a general template with the common 
metadata concerning both objectives and requirements. Then a specific extension with 
different metadata to specify objectives and requirements of the system (different 
specific extensions to specify objectives, functional requirements and non-functional 
requirements), and finally a CSCW extension with metadata regarding groupware 
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issues in case it is necessary. Every system objective is specified by way of a Use 
Case Diagram. The most important use cases will be described by means of such 
requirements templates. 

Templates are also used to describe participants (actors, groups, individuals, users 
and agents) and the tasks to be performed by the participants as well as the roles they 
will play.  

3 Automatic and Semi-automatic Models Generation from 
Requirements Information  

In this paper we have presented a proposal to design groupware environments 
starting from the requirements specification and taking into account the particular 
features of this kind of systems. This way, these special features have been accurately 
analyzed and then taken into account from the very beginning of the development 
process, just in the first stage of the software life cycle: the requirements gathering 
stage. 

These special features have been considered and included in different templates 
proposed to describe the requirements of the system. The templates and the metadata 
we propose, provide information about the system objectives, the information 
requirements, the non-functional requirements, the functional requirements, the 
organizational structure of the participants in a system, and the participants of the 
system. 

Some examples of use of these templates and diagrams have been depicted to show 
the utility of them when developing groupware applications. Other aspect to highlight 
is the development of a CASE tool, the TOUCHE CASE Tool, to support the 
methodology proposed. This tool allows the automatic generation of some models 
taking into account the aforementioned information. Data regarding the participants of 
the system and the functional requirements’ normal sequence and their relationship 
with objectives help on the generation of every use case diagram. The Organizational 
Structure Diagram (OSD), which describes how the different organizational items are 
related to constitute the structure of groups, roles, and actors, may be also 
automatically generated from the information regarding participants and roles. Some 
other diagrams such as the task diagram and the co-interaction diagram retrieve 
information from these templates to depict a first approach of the system. 
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Resumen El desarrollo de técnicas para que la prueba de mutaciones
disminuya el tiempo de cómputo y reduzca los mutantes producidos no
han ido en paralelo al desarrollo de herramientas generadoras de mu-
tantes que las implementen. Una de las técnicas de optimización pro-
puestas sugiere utilizar mutantes de orden superior, sin embargo apenas
existen herramientas que la implementen. En este trabajo se presenta
GAmeraHOM, el primer generador de mutantes de orden superior para
WS-BPEL, basado en la mutación evolutiva mediante el empleo de un
algoritmo genético. Esto conlleva una reducción del número de mutan-
tes generados y ejecutados, seleccionando principalmente los mutantes
difíciles de matar y los potencialmente equivalentes. Este conjunto re-
ducido permitirá mejorar la calidad del conjunto de casos de prueba.
La herramienta GAmeraHOM provee una configuración fácilmente pa-
rametrizable y además permite adaptar el código del generador a otros
lenguajes de forma independiente.

Palabras clave: prueba de mutaciones, mutantes de orden superior, ge-
nerador de mutantes, algoritmo genético, WS-BPEL 2.0, composiciones
de servicios, prueba del software

1. Introducción

La prueba de mutaciones es una técnica de prueba del software de caja blanca
basada en errores que ha sido usada en muchos lenguajes de programación para
evaluar conjuntos de casos de prueba. Sin embargo, presenta el inconveniente de
tener un alto coste computacional. Debido a esto, han surgido diversas técnicas
para reducir el número de mutantes generados y el tiempo de ejecución.

En cuanto a las técnicas existentes para reducir el número de mutantes gene-
rados, destacamos la prueba de Mutación Evolutiva [2] basada en un algoritmo
evolutivo que no genera todos los mutantes, sino solamente un subconjunto re-
ducido conforme vaya necesitando el proceso de selección.

Esta técnica fue implementada en GAmera [3], una herramienta para la ge-
neración y selección de mutantes WS-BPEL mediante algoritmos genéticos.
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