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Resumen 
 

La necesidad de desarrollar software con un menor esfuerzo nace vinculada a la 

aparición del software.  Sin embargo, aunque muchas iniciativas se han emprendido 

para mejorar la reutilización frecuentemente el éxito ha sido limitado. En este sentido, 

las líneas de producto, basadas en la arquitectura de un dominio y su variabilidad, 

han tenido un éxito relevante que otras aproximaciones no han logrado alcanzar.  

 

Las líneas de producto se introducen a comienzo de los noventa y a finales de la 

década se inician inversiones relevantes en Europa fundamentalmente articuladas 

sobre los proyectos ESAPS (1999-2001), CAFÉ (2001-2003) y FAMILIES (2003-2005). 

Estos han supuesto un esfuerzo global de 912 años hombre con participación de 31 

entidades incluyendo centros de investigación industriales, centros tecnológicos y 

universidades.  

 

Aun habiéndose conseguido resultados relevantes cuantificados en incrementos en 

productividad que oscilan en factores de 2 a 10  y de  reutilización del 40% al 80% en 

algunos dominios la necesidad de software sigue siendo creciente. La situación lleva a 

explorar  la evolución que supondría pasar de una reutilización dentro de una misma 

industria a la reutilización entre industrias que también se introduce en este trabajo.  

 

El autor ha participado activamente en la definición, dirección y ejecución de las líneas 

de investigación emprendidas en el marco de la batería de proyectos mencionados que 

ha liderado la participación Europea en más de 10 conferencias internacionales hasta 

al momento principalmente articuladas sobre participantes de Europa y Estados 

Unidos. En este trabajo se presentan algunas contribuciones relevantes. 
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Capítulo 1. Resumen 

 
En este capitulo se presenta un breve resumen de la línea de investigación iniciada en 

el contexto de líneas de producto software así como la orientación pretendida a la tesis 

doctoral a desarrollar en el futuro. Presentamos igualmente aspectos metodológicos de 

interés. 

 

 

1.1 Introducción 

 

Para la evaluación del periodo de investigación hemos optado por la modalidad de 

“Publicaciones Relevantes” presentando para ello publicaciones relevantes en 

congresos y libros que consideramos en esta categoría.  

 

Dentro de este primer capítulo se presenta inicialmente la planificación con la que se 

ha llevado a cabo el trabajo.  Posteriormente se describe la línea de investigación a alto 

nivel. Finalmente se introduce la orientación de la tesis doctoral como desarrollo 

posterior de esta memoria.  
 

 

1.3 Línea de Investigación 

La investigación en la reutilización de software es probablemente tan antigua como la 

como la ingeniería de software en si misma. Muchas iniciativas se han emprendido en 

esta dirección pero habitualmente con un éxito limitado en su utilización masiva. 

Frecuentemente han estado basadas en reutilización a pequeña escala, típicamente a 

nivel de de código fuente. Muy raramente la problemática de reutilización se ha 

basado en un análisis detallado de la arquitectura y de su variabilidad en el contexto 

de un dominio.  

 

El concepto de centrarse en un dominio como base para la reutilización se introdujo 

más tarde. Sin embargo, los trabajos en este ámbito se han centrado frecuentemente  

en la automatización del software en un dominio único basándose en herramientas de 

generación. Está aproximación originó lenguajes específicos, pero nunca se extendió a 

desarrollo de sistemas a gran escala. En los años setenta, Parnas [1] propuso el 

concepto de familia de productos. Aunque inicialmente tenía como objetivo la 
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variabilidad en características no funcionales, el concepto de línea de producto  tal 

como lo entendemos ahora, estaba ya presente en estos trabajos. 

 

Aunque varias definiciones pueden ser válidas para definir una Línea de Productos 

Software, una de las más extendidas es la utilizada por el SEI (Software Engineering 

Institute). La línea de productos puede entenderse como un conjunto de sistemas 

intensos en software que comparten un conjunto común y gestionado de 

características para satisfacer una misión o segmento de mercado y que están 

desarrollados de una manera definida desde un núcleo común de activos. [2]  

 

Esta definición lleva asociada dos principios básicos:   

 

• la separación del desarrollo software en procesos de dominio y de aplicación  

• la definición y gestión explicita de la variabilidad de la línea de productos a lo 

largo de todos los activos de desarrollo.   

 

Las líneas de producto de productos se introdujeron totalmente a comienzo de los 

noventa. Una de las primeras contribuciones fue la descripción del Análisis de 

Dominio Orientado a características (FODA) [3]. Casi al mismo tiempo varias 

compañías comenzaron a abordar el tema más sistemáticamente. Frecuentemente 

combinaron la teoría con una estrategia incremental en la construcción de las líneas de 

productos. En esta época se inician inversiones relevantes en Europa apoyadas por 

programas de I+D en cooperación. En particular, los proyectos1 más relevantes fueron: 

 

• ESAPS (1999-2001) - Engineering Software Architectures, Processes and 

Platforms [4] 

• CAFÉ (2001-2003) - From Concepts to Application in system-Family 

Engineering [5] 

• FAMILIES (2003-2005) - Fact-based Maturity through Institutionalisation, 

Lessons-learned and Involved Exploration of System-family engineering [6] 

 

El autor ha participado en estos programas como coordinador de la actividad española 

en los mismos y liderando áreas técnicas relevantes. Estos proyectos han 

proporcionado la plataforma para la construcción de una comunidad de investigación 

                                                      
 
1 Estos proyectos fueron parcialmente financiados en España por el Ministerio de Industria, 

Turismo y Comercio bajo el programa Profit 
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y práctica en Europa. Durante este período el SEI ha apoyado el desarrollo de esta 

disciplina en USA.   

 

Aunque se ha contribuido muy de cerca en todo este proceso, los trabajos presentados 

en esta memoria de investigación se centran es aspectos concretos que abordan retos 

particularmente relevantes.  

 

Mientras encontrar argumentos cualitativos para la adopción de líneas de productos 

es relativamente fácil la elaboración de datos cuantitativos que permitan definir casos 

de negocio claramente es un campo abierto y de gran interés El primero de los trabajos 

presentados aborda un esfuerzo conjunto para establecer principios que permitan 

cuantificar el beneficio de la ingeniería de líneas de productos software.  

 

La transición de una organización orientada al desarrollo de productos individuales a 

líneas de productos es un reto importante. Esta evolución implica frecuentemente 

cambios importantes en los procesos, la organización y en otras áreas de negocio 

externas al desarrollo software. El segundo de los trabajos se centra en la descripción 

de posibles estrategias de adopción e institucionalización  

 

En la tercera publicación. se presenta una experiencia que ilustra la posibilidad de 

utilizar estrategias de Líneas de Productos en fases muy iniciales de los desarrollos. El 

objetivo es flexibilizar la arquitectura para permitir adaptaciones a requisitos muy 

difusos. De esta posibilidad no se conocen  referencias adicionales por lo que propone 

una ampliación del campo de aplicación. 

 

El cuarto de lo trabajos presentados es un “position paper” que analiza relaciones 

entre ciertos desarrollos en Código Libre y las Líneas de Producto software. Se 

discuten casos conocidos cuyo éxito ha estado relacionado de alguna manera con la 

adopción de estrategias de Líneas de Producto. Sin embargo, el nuevo paradigma abre 

nuevas áreas de investigación por las diferencias existentes con los modelos de 

desarrollo convencionales. Este último fue presentado en la primera Workshop 

Internacional de de Código Libre y Líneas de Producto  (OSSPL, Baltimore, USA) en la 

que el autor formó parte del Comité de Programa. 
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1.4 Aspectos Metodológicos 

 

Los trabajos de investigación presentados han sido gestados bajo una estrecha 

colaboración con la comunidad de Líneas de Producto Europea y Americana dentro de 

un marco de “Investigación en Acción” que ha dado origen a una batería de 

conferencias internacionales (durante el 2007 tendrá ligar la edición número 11).  

 

Presentamos los resultados de la línea de investigación en forma de publicaciones que 

responden a un esfuerzo en abordar retos relevantes en el marco de esta tecnología. 

De hecho, dos de ellos han sido realizados en colaboración con los coordinadores de 

las misma en América y Europa (Linda Northrop y Frank van der Linden).  Estos 

fueron gestados durante seminarios conjuntos en Dagstuhl 

(http://www.dagstuhl.de/en/about-dagstuhl/). Este lugar de retiro conocido 

internacionalmente proporciona un ambiente excelente para la discusión y puesta en 

común de ideas a través de talleres de trabajo que suelen duran cuatros días. 

 

Otro de los trabajos presentados formará parte de un libro que se publicará 

próximamente por Springer bajo el título “Software Product Lines in Action. The Best 

Industrial Practice in Product Line Engineering”. El capítulo elaborado se integrará 

con el de otros autores coordinados por los editores finales.  

 

Las Líneas de Producto parecen haber tenido cierto éxito donde otras tecnologías  han 

fallado. Sin embargo, la complejidad de los sistemas sigue creciendo. Por otra parte, el 

Código Libre esta surgiendo como un nuevo paradigma con éxito creciente por su 

flexibilidad en la reutilización. Entendemos que las Líneas de Producto y el Código 

Libre no evolucionarán por separado en el futuro por el hecho de abordar la misma 

problemática. La relación esperada entre el Código Libre y las Líneas de Producto es 

lo que ha llevado a algunos autores (incluido el de la presente memoria) a promover la 

primera Worskhop Internacional en Código Libre y Líneas de Producto (OSSPL) 

celebrada en Baltimore (USA) en Agosto del 2006. Durante la misma diversos autores 

coincidieron en la relación entre ambos campos [7,8,9,10] En 2007 se tiene planificada 

un nuevo encuentro en Limerick (Irlanda) y otro en Kyoto (Japón). Esta nueva línea de 

investigación es la que ha dado origen al cuarto de los artículos presentados. 
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1.5 Orientación de la Tesis Doctoral 

 

Sin duda alguna las Líneas de Producto software han constituido la solución de más 

éxito hasta la fecha en la reutilización a gran escala. Esta afirmación se ratifica por las 

contribuciones a la evolución de esta tecnología realizadas por organizaciones como 

Nokia. Satisfacer un mercado dinámico y que requiere una gran personalización (que 

se traduce en un gran número de modelos/año) requiere el uso extensivo de esta 

tecnología. 

  

Si embargo, existen muchos niveles de madurez en la adopción de esta tecnología y no 

es fácil para una organización evolucionar hacia el posicionamiento óptimo en el 

contexto de su negocio. 

 

Un marco claro de referencia para que una  organización pueda posicionarse 

claramente de manera sencilla y visual para conocer el estado de madurez en la 

aplicación de esta tecnología seria de gran ayuda. Se han iniciado algunos trabajos en 

esta dirección en los que el autor ha colaborado. Sin embargo, los resultados son aun 

preliminares, no están consolidados y no incorporan las tendencias actuales.  En la 

tesis doctoral se pretende abordar esta problemática.  

 

Partiendo de un análisis exhaustivo del estado del arte en modelos de madurez y de 

las tecnologías de desarrollo se pretende abordar un marco de referencia que permita 

proporcionar una referencia sencilla y visual para que los gestores de organizaciones 

puedan conocer su situación y desarrollar estrategias evolutivas. 
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Capítulo 2. Trabajos Presentados 
 

En este capítulo se adjuntan cuatro artículos, dos de ellos aceptados para su 

presentación en  Software Product Family Engineering: International Workshops y 

publicados por  Springer Berlin / Heidelberg en la serie ”Lecture Notes in Computer 

Science”. El tercero será publicado por Springer durante en año 2007 como parte del 

libro “Software Product Lines in Action: The Best Industrial Practice in Product Line 

Engineering” . El cuarto fue aceptado para presentación en el First Interantional 

Workshop on Open Source and Product Lines, 2006. 

 

Previamente, se incluye una sección describiendo trabajos relacionados con los 

artículos presentados. También se incluye una sección con indicios que pueden ser 

tenidos en cuenta para valorar la calidad de los trabajos.  

 

 

2.1 Resumen de las contribuciones 

  

En esta sección resumimos las principales publicaciones realizadas incluidas en este 

documento: 

 

1. Cuantificando los beneficios de las líneas de producto 

 

Descripción del problema: Las líneas de producto software prometen beneficios tales 

como disminución en el esfuerzo de desarrollo y mantenimiento, tiempo en llegar al 

mercado más corto y mejoras de calidad. Todo ello como consecuencia de una 

reutilización planificada y sistemática de activos software. Sin embargo, existen pocos 

datos cuantitativos que prueben estas ventajas por lo que frecuentemente es complejo 

en  una organización decidir sobre el interés en la adopción.  

 

Contribución: Se formulan y discuten siete hipótesis de cómo las ventajas de adoptar 

una estrategia de desarrollo de líneas de productos se materializaría de una manera 

cuantitativa. Esta aproximación define puntos de partida para identificar y medir los 

beneficios estimando curvas que presentan visualmente y de manera clara los 

beneficios que apoyarán la toma de decisiones en los nivele de dirección. 

 

- Esfuerzo acumulado frente a productos desarrollados 
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- Tiempo en llegar al mercado frente al número de productos  

- Tiempo en cubrir necesidades de clientes frente al número de productos 

- Número de características desarrolladas frente a recursos económicos invertidos 

- Número de características funcionales desarrollas frente a tiempo de desarrollo 

- Tiempo en integrar COTS por producto frente al número de productos 

- Tiempo en certificar productos frente al número de productos. 

 

 

2. Adopción e institucionalización de una cultura de línea de productos 

 

Descripción del problema: Las ventajas competitivas de las líneas de producto han sido 

descritas frecuentemente. Pero este modelo implica cambios relevantes. Como 

proceder para la adopción constituye un reto importante ya que frecuentemente debe 

llevarse a cabo sin interrupción brusca en el trabajo diario y minimizando el impacto 

cobre los compromisos adquiridos. 

 

Contribución: Se describe como llevar a cabo la transición a líneas de producto y se 

relacionan distintas estrategias para esta transición El proceso propuesto implica la 

identificación de actores y roles, elaboración de casos de negocio, caracterización de la 

situación de partida e identificación del estado final deseado antes de definir la 

estrategia a adoptar para elaborar el plan de adopción que permita institucionalizar la 

cultura en la organización. 

 

 

3. Experiencia en líneas de producto: gestión de la variabilidad mediante el uso de 

patrones de diseño 

 

Descripción del problema: Muchos desarrollos requieren una fase inicial para definir el 

alcance del problema y la funcionalidad a cubrir. En estos casos los requisitos son 

solamente conocidos de una manera vaga. En muchos casos es muy significativo el 

esfuerzo requerido en estas fases debido a las frecuentes iteraciones requeridas.  

  

Contribución: La percepción general es que las líneas de producto requieren una 

inversión que sólo se justifica para el desarrollo de un elevado número de productos. 

Sin embargo, la experiencia presentada muestra que en organizaciones familiarizadas 

con el potencial de esta tecnología se pueden explotar beneficios adicionales durantes 

fases iniciales abordándolas con estrategias arquitectónicas que permitan contemplar 
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los posible variantes. Se presenta una experiencia en este sentido basada en la 

utilización de patrones de diseño. 

 

 

4. Open source strengths for defining software product line practices 

 

Descripción del problema: El código libre está emergiendo como un nuevo paradigma de 

desarrollo que reta a los métodos tradicionales. No implica solo la posibilidad de 

acceso al código fuente. Los términos de distribución del software no deben estar 

limitados. Deben permitirse modificaciones y  trabajos derivados. Hasta el momento 

no se ha identificado relación con las líneas de productos aunque ambos tienen como 

finalidad facilitar la reutilización. 

 

Contribución: Se identifican una serie de prácticas de líneas de producto en varias 

iniciativas  y comunidades de código libre. Estas frecuentemente han sido un factor 

relevante para el éxito de los proyectos. Por otra parte, la capacidad del código libre 

para definir  estándares de facto conjuntamente con el hecho de que las prácticas de 

líneas de producto son una evolución natural en la madurez del desarrollo software 

esta creando fuerte sinergia entre ambos campos. El hecho aun no ha sido reconocido 

explícitamente por ambas comunidades. Sin embargo, esta contribución 

conjuntamente con la de otros autores fueron presentadas en el primer taller de 

trabajo internacional de de Código Libre y Líneas de Producto  (OSSPL, Baltimore, 

USA) en el que el autor formó parte del comité de programa.  El interés del nuevo 

campo de investigación apoya el segundo taller de trabajo internacional en Junio de 

2007 en Limerick (Irlanda). El autor también se contribuye en este último como 

miembro del comité de programa. 
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2.2 Trabajos relacionados relevantes 

 

Los proyectos ESAPS, CAFÉ y FAMILIES llevados a cabo bajo el marco de ITEA 
(Information Technology for European Advancement)  desde el 1999 hasta el 2005 
han contribuido a articular las conferencias Internacionales y un gran número de 
publicaciones relacionadas. En los proyectos CAFÉ (2001-2003) y FAMILIES (2003-
2005) el autor ah coordinado una de las cuatro áreas de investigación; Uso de Activos 
y  Aspectos de Calidad en  Líneas de Producto respectivamente. 

A la finalización de esta serie de proyectos se acordó la publicación en Springer de un 
conjunto de tres libros que recopilan resultados de interés:  

I Software Product Line Engineering: Foundations, Principles and Techniques 

II. Software Product Lines in Action: The Best Industrial Practice in Product 
Line Engineering 

III Software Product Lines: Research Issues in Engineering and Management 

 

El primero de estos libros está dirigido a estudiantes profesionales e investigadores. 
Describe aquellos aspectos básicos, principios y técnicas de ingeniería de línea de 
productos ayudando a entender las ventajas de esta tecnología: disminución de 
tiempos de desarrollo, coste e incremento de calidad. Facilita la derivación de 
productos de activos comunes y la personalización masiva. 

El segundo de los libros está dirigido a lectores interesados en el aspecto práctico. Es 
de interés para aquellos que pretenden implantarlos en su organización,  que desean 
comenzar una línea de productos o que pretenden mejorar las prácticas existentes. 
Incluye experiencias en las siguientes organizaciones; Bosch,  DNV, Market maker, 
Nokia Mobile Phones, Nokia Networks, Philips Consumer Electronics, Philips 
Medical Systems, Siemens y Telvent 

El tercero de los libros cubre aspectos de investigación en las practicas más relevantes 
agrupadas en cinco secciones; gestión, requisitos, arquitectura, pruebas y otros temas 
específicos.  

Siendo el primer volumen más general los editores han  resumido los aspectos 
básicos. El segundo y tercero incluyen dos capítulos del autor de esta memoria. Uno 
de ellos el incluido como parte de esta memoria.  
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2.3 Indicios de Calidad 

 

Las publicaciones incluidas en esta memoria han sido presentadas en las conferencias 
internacionales más relevantes en la materia. Más concretamente; 

 
El artículo “Quantifying Product Line Benefits”, está publicado por  Springer Berlin / 
Heidelberg en la serie ”Lecture Notes in Computer Science”  como parte de los 
artículos presentados en Software Product Family Engineering: 4th International 
Workshop. Posteriormente se ha llevado a cabo esfuerzos adicionales por el SEI y 
otras organizaciones para estimar el retorno de la inversión en línea de productos 
que lo mencionan [11, 12]. El artículo recoge resultados de un taller de trabajo de 
cuatro días en Dagustuhl (http://www.dagstuhl.de/) sobre como la tecnología de 
Líneas de Producto puede generar casos de negocio de éxito. 
 

El articulo “Adopting and Institutionalizing a Product Line Culture”  está publicado 
por  Springer Berlin / Heidelberg en la serie ”Lecture Notes in Computer Science”  
como parte de los artículos incluidos en “Software Product Family Engineering: 2nd 
International Workshop, San Diego CA, USA. Entre los autores se encuentran 
miembros de reconocido prestigio en la comunidad de ingeniería de líneas de 
producto pertenecientes a la industria y la academia de Europa y USA. 
 

El tercero de los artículos presentados “Product Line Experience; System Familias 
Variability Management using Design Patterns” forma parte del libro “Software 
Product Lines in Action: The Best Industrial Practice in Product Line Engineering” 
que se publicará por Springer durante el año 2007. 
 

El cuarto de los artículos es el un “position paper” presentado durante el primer 
taller de trabajo internacional sobre Código Libre y Líneas de Producto. Ha sido 
escrito conjuntamente con uno de los autores de uno de los proyectos más relevantes 
en Eclipse (www.eclipse.org). El potencial interés de esta nueva línea de 
investigación apoya la conferencia planificada para el 2007. 
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2.4 Artículo I: Quantifying Product Line Benefits 

(Presentado en el cuarto Congreso Internacional sobre Líneas de Producto Software) 
  

Quantifying Product Line Benefits 
Peter Knauber, Fraunhofer IESE, Germany, peter.knauber@iese.fhg.de 

Jesus Bermejo, Telvent, Spain, jesus.bermejo@telvent.abengoa.com 
Günter Böckle, Siemens AG, Corporate R&D, Germany, 

guenter.w.boeckle@mchp.siemens.de 
Julio Cesar Sampaio do Prado Leite, PUC-Rio, Brasilia, 

julio@inf.puc-rio.br 
Frank van der Linden, Philips Medical Systems, The Netherlands, 

frank.van.der.linden@philips.com 
Linda Northrop, SEI, USA, lmn@sei.cmu.edu 

Michael Stark, University of Maryland, USA, mstark@cs.umd.edu 
David M. Weiss, Avaya, USA, weiss@avaya.com 

 
 

Abstract. Software product lines promise benefits like development and 
maintenance effort reduction, time to market decrease, and quality 
improvement, all resulting from planned and systematic reuse of common 
core assets. However, very little quantitative data has been measured so far 
to prove these promises. 
 
This paper formulates and discusses 7 hypotheses on how the promised 
advantages would look like in a quantitative way. It is meant to be a starting 
point for discussion on how to quantify which product line benefits and how 
they can be measured. 

 
 
Introduction 
 
We understand the technology for creating and using product lines reasonably well. 
When motivating why some organization should adopt product line development, it is 
relatively easy to find qualitative arguments for why product lines help to satisfy goals 
such as time to market, but it is still an open issue how to create convincing business 
cases based on quantitative analyses. At the moment we can only hypothesize the form of 
the quantitative relationship (cf. [1, 3, 4, 5]); we urgently need to perform experiments 
and gather data to confirm or reject our hypotheses. 
 
As result of that lack of quantitative data, we have few examples of well-constructed 
business cases for product-line engineering. From a business point of view, we should be 
able to identify at least five convincing arguments, based on economic analyses, for the 
use of product line engineering. A convincing business case should have the property 
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that it shows how the use of product line engineering leads to fulfilment of the goals of 
those we ask to invest in the technology. 
 
Business cases will be different according to the viewpoint of the client. For instance, a 
product manager has different goals for a product line than does a software development 
manager, a software engineer, or a software quality assurance manager. The product 
manager, for example, may be interested in achieving a short time to market with the 
products from his/her product line, whereas the software development manager may be 
interested in reducing the cost of producing the next version of his/her product. When 
talking to the product manager, we should be able to show a business case that 
demonstrates that applying software product line engineering to the set of products that 
he/she is responsible for will directly help to achieve a low time to market. This business 
case should contain a quantitative demonstration of the relationship between time to 
market and product line engineering, e.g., a graph such as shown in Figure 2, which has 
been constructed solely as an example, without the benefit of real data. 
 
During a Dagustuhl workshop, the authors spent four days discussing how to have 
successful business cases for the product line idea. Starting from a suggestion of one of us 
(Weiss), who had before thought of showing the economic benefit of product line 
software production by means of economic curves, we started to think how we could 
draw curves representing benefits of product lines against the traditional way of software 
production. Based on each one’s experience and knowledge of the subject, we started 
discussing the shapes of the curves. After several hours of debate we have reached an 
agreement over the overall shapes. After doing this, one of us (Knauber), using the 
Excel´s features, came up with the shapes as presented in this paper. 
 
The set of diagrams given in this position paper would strongly support any product line 
business case if only they were based on real-world data, that is, not just hypothetical. 
The paper is meant to be a starting point for discussion on which promised product line 
benefits should be quantified and how these can be measured. To those being able to 
access respective data, the paper is meant as a strong motivation to collect, consolidate, 
and publish them. 
 

 

Quantified Hypotheses of Product Line Benefits 
 
The following 7 hypotheses try to quantify benefits that can be achieved through product 
line development over single system (also called stove-pipe) development. The 
corresponding graphs do not show any scale units because they are only meant to 
illustrate the respective hypothesis, that is, not to give precise numbers. 
 
There are, of course, more benefits that can be expected from product line development 
than presented in this paper. The ones presented here are restricted to those addressing the 

particular interests of product managers: 
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1. Decrease the development effort per product, cf. Hypothesis 1. 
2. Decrease the time to market per product, cf. Hypothesis 2. 
3. Keep time to close customer issues constant (i.e., not proportional to the number 
of products), cf. Hypothesis 3. 
4. Develop more features with a given amount of money, cf. Hypothesis 4. 
5. Develop more features within a given amount of time, cf. Hypothesis 5. 
6. Decrease the time to integrate COTS components per product, cf. Hypothesis 6. 
7. Decrease the time for certification per product, cf. Hypothesis 7. 
 
Other product line benefits (and their quantification) could address the interests of 
managers, software and system engineers, or quality managers. 
 
The graphs shown for single system development in this section are somewhat simplified 
or abstracted, that is, they do not explicitly consider “unplanned” savings. These kind of 
savings could result from learning effects and informal reuse of knowledge and code over 
several systems. This paper abstracts from these effects because the extend to which they 
would result in savings of effort or time over a series of products strongly depends on the 
individuals involved in the development process and can therefore hardly be predicted 
(or even managed during development). However, they could make a difference 
especially for very small development teams. 
 

Hypothesis 1: 
After some initial investment, the effort that has to be spent per product derived 
from a product line decreases significantly below the effort that has to be spend for 
the development of the same product as single system, yielding cumulative effort 
savings (cf. Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1  Effort Reduction over Number of Products 
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Explanation: 
When similar products are developed as single systems, the development effort per 
product can be expected to be roughly constant.  
 
For the setup of a product line, some initial effort has to be invested in planning, 
architecting, and realization of the product line infrastructure. Thus, the development of 
the first product line members based on that infrastructure takes longer than in the case 
of single system development. Once the infrastructure is in place and can simply be 
reused to derive more products, the effort needed for their development is expected to be 
constant on a much lower level than the effort needed for single system development. As 
a result, also the accumulated development effort for product line development will fall 
below the accumulated effort for development of the respective products in single system 
fashion.  
 
It has been reported that product line development typically starts to pay with three 
products (cf. [2, 5]). 
 

 
Hypothesis 2: 

After some initial investment, the time to market per product decreases down to a 
certain minimum and significantly below the respective time to market in the case 
of single system development (cf. Figure 2)2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
 
 
2
 The underlying assumption in this argumentation is that the available set of resources is kept constant (as 

it is most of the time in reality). Otherwise one could set up n full project teams developing n products in 
parallel within the time of developing one single product. 
 

Figure 2  Time to Market Reduction over Number of Products 
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Explanation: 
With single system development of similar products, a similar time to market per product 
can be expected. 
 
For product line development, some more planning and development effort is necessary 
before the first product can be released, causing a higher time to market. It is likely that 
with the second (and maybe third, fourth, …) product some more product line 
infrastructure has to be created, causing more effort to develop these product parts than 
in case of single system development. On the other hand, it is expected that the second 
(third, forth …) product benefits already from the reuse of existing parts of the product 
line infrastructure. With more products produced, the infrastructure development and 
maintenance effort decreases to a certain minimum, the remaining effort per product is 
then spent on usage of the infrastructure plus the addition of some customer-specifics. 
 
The case study presented in [2] is a good example of incomplete data, preventing the 
documentation of a “perfect” business case: the time to market for a series of ten products 
within a mid-sized company is given, illustrating the relatively long time of development 
for the first product line member but also the dramatic decrease of time to market after 
that first product. Unfortunately, the company where the case study is performed has no 
reference data that would allow the precise calculation of the effort needed if those 
products were produced as single systems. However, the responsible product manager 
estimates that effort to be roughly constant at a certain value for the products produced 
so far, implying that the product line started to pay with the third product. 
 
Hypothesis 3: 

The time to close customer issues remains almost constant within a product line, 
whereas it increases proportional to the number of products for single system 
development (cf. Figure 3)3. 

 

Explanation: 
As time to close customer issue we understand the time needed to understand customer 
requests, develop respective solutions and integrate these solutions into the respective 
products. This is usually perceived as maintenance or evolution of the products. 
 

With single system development of similar products, a similar time per product to close 
customer issues can be expected: each product is treated separately, implying that the 
handling of n products takes about n times the time of handling one product. 
 
If the change needed to solve the customer issue affects one product only, then the same 
time is needed as in the single system case. If it affects more than one product from the 
line, the respective product parts are likely to be realized in the common infrastructure. 

                                                      
 
3 As for Hypothesis 2, the assumption is made that the available set of resources is kept constant. 
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Once the change is performed in this infrastructure, it can easily be propagated to all 
product line members, resulting in less time per product with a growing number of 
products. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Due to higher complexity of the product line infrastructure vs. the structure of single 
systems, the time needed to change few products is likely to be higher for product lines 
than for single systems. But the more products are affected, the more product lines will 
benefit from performing the change in a central (and consistent!) way. 
 
Hypothesis 4: 

Beyond a certain minimum investment, more features can be developed with a 
given amount of money when developed within a product line than without (cf. 
Figure 4). 

 
Explanation: 
 
For single system development, the number of features that can be developed grows 
roughly proportionally with the money invested. Over time, the curve can be expected to 
flatten due to feature interaction. 
 
In product line development, planning and architecting to accommodate future changes 
is key. Thus, as soon as new features are requested for the first time, re-scoping of the 
product line and maybe an adjustment of the existing infrastructure in order to support 
the changed scope has to take place. This can be seen as re-investment in the product line. 

Fig 3 Time to close Customer Issues over Number of Products 
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On one hand, this adjustment implies that it takes initially longer to integrate new 
features into the product line members than into products built as single systems. 
 
On the other hand, it is expected that after the adjustment has been performed, the 
product line will benefit again from the common infrastructure, meaning that it will be 
much cheaper to derive existing and new members from the product line than in the case 
of single systems that have to be handled one after the other. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In order to support more and more new features, the development and maintenance of 
the product line infrastructure becomes more complex, causing the feature-over-cost 
curve to flatten (cf. Figure 4). 
 
Hypothesis 5: 

With software product line development, more features can be developed within 
the same amount of time than without (cf. Figure 5). 

 

Explanation: 
For single system development, the time needed to develop new features grows roughly 
proportionally with the number of features. 
 
For product line development, the argument runs similar: the more features have to be 
developed, the more development time is needed. But, if the respective features affect 
more than one product line member, it is likely that they have been taken into account 
during scoping of the product line and that the product line infrastructure is expected to 

Figure 4 Number of Features developed over Money invested 



22 
 

support (or at least allow) the respective extensions and changes. Thus, it takes less effort 
and less time to integrate the new features than in the case of single system development. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hypothesis 6: 

The time per product to integrate COTS components into a product line decreases 
with a growing number of products, whereas it remains constant for products 
produced as single systems (cf. Figure 6)4. 

 

Explanation: 
For single system development, each product is treated separately, taking about the same 
amount of time. 
 
In the case of product line development, if the COTS integration affects only a single 
product from the line, the time needed for integration corresponds to the time needed in 
the single system situation. If the integration affects more than one product from the line, 
the respective product parts are realized in the common infrastructure. Once a COTS 
component has been integrated into this common infrastructure, all product line 
members can benefit from it at once. 
 

                                                      
 

4 As for Hypothesis 2, the assumption is made that the available set of resources is kept constant. 
  

Figure 5 Number of Features developed over Development Time 
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On the other hand, the initial effort for integration may be higher in the product line case 
due to some higher complexity of the product line infrastructure.  
 
Hypothesis 7: 

Beyond a certain minimum of products, the time to certify a product developed 
within a product line decreases below the time needed to certify products that 
have been developed as single systems (cf. Figure 7). 

 

Explanation: 
For the certification of single systems, each product is treated separately, taking about the 
same amount of time. 
 

In the beginning, certification of product line members is harder, thus taking more time 
than for single systems, due to the higher complexity of the (generic) product line 
infrastructure. 
 

Over time, the time to certify a single product line member is expected to be significantly 
lower than for stand alone products, due to the following reasons: 
 
• With the certification of more products, parts of the certification procedure of some 
product line members can be expected to be repeatable directly for others, for example, 
test plans and test cases are directly reusable. 
 
 
 

Figure 6 Time to integrate COTS per product over Number of Products 
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• These reused product parts can be expected to pass tests directly, thus avoiding costly 
and time-consuming correction and re-testing activities. 
 

• For product parts where test cases are not directly reusable, still some experience 
resulting from the similar structure of all product line members speeds up the 
certification. 
 
 

Summary 
This paper hypothesizes benefits from product line over single system development in a 
quantitative form. A set of graphs illustrates the hypotheses. The hypotheses given in this 
paper should support building business cases for product line adoption, they address the 
particular concerns of product managers like time to market, time to react to customer 
issues, investment necessary to develop new features, and others. 
 
The graphs are result of a discussion among the authors during a Dagstuhl workshop 
about Product Family Development in April 2001 [6]. Much more could be said about 
each graph, taking into account more influencing factors (like the quality of the product 
line scope and model, the maturity of the domain, or the similarity of the product line 
members) or estimating the shape curves representing incremental product line 
introduction would take (which can in most cases be expected somewhere between the 
product line and the single system curve). These considerations are not presented in this 

Figure. 7. Time to certify Products against Number of Products 
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position paper deliberately. Instead, this paper is meant as a starting point of discussion 
on how to quantify which product line benefits and how they can be measured. 
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Abstract. The strengths of product line engineering have been described 
before. But how can an organization make the move from developing one-of 
products to product line engineering without major interruptions in the day-
today work? This paper describes how to perform the transition to product 
line engineering and lists the various strategies for such a transition. It also 
describes how to create an adoption plan and how to institutionalize product 
line engineering in an organization. 

 

 

1 Introduction 
There are several approaches to successfully bringing products to the market. For 
software-intensive systems, the product-family approach promises significant 
improvement in time to market and various other success parameters. The basic idea 
behind the product line approach is planned reusability. Once a software organization 
deploys such an approach, producing a new product that belongs to a family can be done 
at a fraction of the cost and time of a usual production process. 



27 
 

 
This document describes how an organization can perform the transition from a standard 
product development of one-of products to product line engineering. It is primarily the 
result of a working group at the Dagstuhl symposium on Product Family Development, 
April 16 - 20, 2001. 
 

2 The Task 
Transforming an organization to create products as members of a product family requires 
the directing of the business towards product-family development by installing 
corresponding processes, organization structures, and methods. Central to the 
introduction of the product line culture lies the challenge of convincing the different 
organization-decision levels about the appropriateness of investing in this technology. 
For mechanical and electronic systems, product line engineering is current practice. 
However, for software and for software-intensive systems, particular topics have to be 
considered. 
 
This paper aims at describing a general process strategy for the adoption and 
institutionalization of a product line culture for software-intensive systems. Business 
cases have to be developed to justify adopting a product line approach and to define the 
actions required to accomplish that. A business case depends on which decision level in 
the organization we are trying to convince. Different roles have different interests and 
have to be addressed in different ways by such a business case to achieve the 
implementation of a product line culture. 
 

3 The Big Picture 
Figure 1 depicts the overall context of directing a business towards a software product 
line. It shows the major phases of the transition process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. The Big Picture - the Major Phases for Transition to Product Line Development 
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First of all, we have to consider the goals of a product line approach; these goals will vary 
according to the stakeholders we are addressing and their decision level in the 
organization. These goals will then be elaborated in business cases that promote the 
product line idea. The business cases and a first draft of the adoption plan will be the base 
for the decision to adopt a product line culture. After a positive decision, the adoption 
plan will be elaborated in more detail and refined iteratively. After launch, the major 
concern is in institutionalizing the product line culture by integrating it in the 
organization culture. Launch and institutionalization are themselves iterative process 
phases, too. 
 

4 The Stakeholders 
The first step in the transition process is to determine the stakeholders. The different 
decision stakeholders (roles) are interested in different aspects of the product line 
concept. As a consequence, the business cases are role dependent and the plans will have 
to be adjusted accordingly. 
 
There are often organization-specific roles that have to be considered. However, there are 
some general roles that will occur in most organizations: 
 
• Product managers: Their interest is in marketing and customer analysis; their goals are 
revenue based. Time to market is important to them and their interest is in market 
breadth; often they are the ones who are involved in the assignment of budgets and 
strategy definition. 
 
• Managers: They are interested in technical feasibility, but also in project planning, 
measuring progress, risk analysis, and getting presentable results early. 
  
• Project managers: They are interested in technical feasibility, but also in project 
planning, measuring progress, risk analysis, and getting presentable results early. 
 
• Engineers: They must be convinced that the approach is technologically sound and can 
help them in engineering; managers may ask their opinions about the approach. 
 
• Quality assurance: They must be convinced that the approach increases quality. 
Managers may ask their opinions about the approach. 
 
 
5 Business Cases 
For each of these roles, a business case has to be developed that defines how product 
family engineering helps them to achieve each of their specific goals. These business cases 
are used to convince the corresponding people of the advantages of the product family 
approach. 
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Persons representing these roles will be involved in directing a business towards 
product-family engineering. They have to be motivated with the business cases and their 
tasks and responsibilities have to be defined. 
 
The direction of the business case will first start with an adoption plan. It has to show 
certain measures that are relevant for the roles addressed in the business case. 
 
These are for instance revenues and profits, costs and return on investment (ROI), 
comparing one-of products to a family of products that is targeted to specific markets. 
More about business cases is described in [1] and [5]. 
 

 
6 The Adoption Plan 
 
The persons doing adoption planning represent any one of the roles described in Section 
4. In any case, the person(s) should have the responsibility to carry it out, trace it, and 
evolve it. The structure of the adoption plan has three major parts: 
 
1. Characterization of current state: The state of the organization is characterized by its 
process, the staff and their expertise, the organizational structure, the project 
management methods, the engineering methods, and many other business parameters. 
 
2. Characterization of desired state 
 
3. Strategies, objectives, and activities to get from the current to the desired state 
 
 
6.1 Characterization of the Current State 
 
For characterizing the current state, the maturity of the organization has to be analyzed 
and described. The adoption of a product-family engineering approach starts with the 
assessment of the current state. Such an assessment may be similar to a Capability 
Maturity Model® (CMM)5 assessment; however, its purpose is not to obtain a number to 
compare the organization to other organizations. This assessment shall determine the 
strengths and weaknesses of the organization for product-family engineering and the 
points where special care (and thus measurement) has to be taken for the adoption. The 
following topics have to be assessed: 
 

• Market characterization 
• Competition in the market 
• Degree of globalization 
• Management commitment 

                                                      
 
5
 ® CMM is registered in the U.S. Patent and Trademark Office 
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• Organizational maturity 
• Organizational stability 
• Staff turnover 
• Process maturity 
• Project management maturity 
• Expertise in product-family engineering (warm start vs. cold start) 
• Domain expertise 
• Other staff competence 
• Contractors’ expertise and reliability 
• Communication with third parties 
• Existing assets 
• Software infrastructure 
 
. 
6.2 Characterization of the Desired State 
 
After having characterized the current state by a CMM-like assessment, the desired state 
is described in the same structure so that an easy comparison of current and future states 
is possible. Thus, the topics to be considered are: 
 
• The markets that shall be addressed by the product family 
• The competition in these markets 
• The degree of globalization that is necessary for these markets 
• The management commitment necessary for moving to product line engineering 
• The organization structures proposed for product-family engineering and the 
requirements for the organizational stability 
• The staff stability required to prevent know-how from getting lost 
• The processes proposed for product-family engineering and methods to ensure that 
the processes are really enacted 
• The required project management skills and methods 
• The expertise of the staff that is necessary for product-family engineering 
• The domain expertise required for the targeted markets and products 
• Other competencies of the staff required for product-family engineering 
• The expertise that has to be delivered from contractors because it cannot or need 
not be built up in the organization; the reliability and kinds of contracts required 
• The communication with third parties (e.g., communication infrastructure to 
contractors, communication rules, milestones) 
• List of other assets needed for product line engineering 
• The software infrastructure needed for product line engineering (e.g., tools for 
product planning, scoping, requirements engineering, architecture modeling, 
design, design management, asset management) 
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6.3 How to Get from the Current to the Desired State 
 
There are several strategies for getting from the current state to the desired state. The 
adoption plan has to characterize and prioritize them and suggest the best-suited strategy 
for transition. Figure 2 lists the major strategies for this transition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.3.1 Incremental Introduction 
 
The expanding scope strategy may start with a single department doing product line 
engineering and when they are successful, other departments are added incrementally. 
Mostly, there will be several departments developing products. One department for 
developing core assets may be installed and their results used by the other departments, 
as they get ready. The other departments may then be reorganized accordingly. 
 

 

6.3.2 Incremental Investment 
 
At the beginning a certain, limited investment is assigned to product line engineering 
while the major part remains in conventional product engineering. It has to be planned 
carefully which activities will be funded to start the product line; typically this is in 
writing reusable components or making existing components reusable. However, the 
product line scoping and planning stage has to be introduced as early as possible to 
ensure the significance of the efforts and to make them measurable and predictable. 
 
The budgeting plan for incrementally introducing product line engineering may be 
informal or more or less rigorous but planning and measuring is central! 
 

Fig.2. Product Line Adoption Strategies 
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The tactical strategy is driven by problems with the conventional approach, e.g., with 
configuration management for multiple related one-of products. Reusing core assets will 
reduce the complexity of configuration management. This approach may start informally.  
 
However, the scoping of and the planning for the further development and application of 
cores assets has to be performed early so that the results can be made measurable and 
predictable. 
 

 

6.3.3 Pilot First 
 
The New Product strategy is started as the first member of a new product line, or an 
existing series of related products, is extended by a new product for which certain 
activities of product line engineering are applied. For this approach, particular methods 
are important, like architecture recovery. 
 

The Toy Product strategy recognizes that the risk of creating a new product with a new 
approach may be assessed as being too high in certain environments. In this case, a toy 
product may be created that is sufficiently close to the organizations’ products, so that 
some of the results can be reused if product line engineering is introduced later for the 
“real” products. 
 
The Prototype strategy recognizes that a prototype may be the first product in a new 
product family or a new product in a series of existing related products. In either case, the 
product line engineering that will be applied during the pilot project has to be planned 
beforehand, and the process has to be determined accordingly. 
 

 

6.3.4 Big Bang 
 

In cases where the management of an organization is convinced of the advantages of a 
product line engineering approach and where it is essential for the business to achieve the 
business results of this approach as early as possible, a big-bang approach may be the 
best one. In this strategy, the product-family engineering approach is adopted for the new 
products of the organization immediately. 
 

Whatever the strategy for product line adoption may be, it is always necessary to 
introduce review points in the transition process where the current state of the adoption 
is evaluated and the results of the new engineering approach are compared to the 
conventional approach. This requires the introduction of measurements during the 
transition process that can be used for these evaluations. These reviews have to adjust the 
transition process, and may even lead to a change in the adoption strategy. 
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The objectives and activities for transition depend on the strategy chosen. They include 
ways of integrating the transition process into the everyday work so that the process of 
developing products for the customer is not disturbed. Also included are activities from 
the business cases, including the necessary training for the staff and management. These 
activities for transition shall include estimations of effort and cost so that a decision about 
adoption can be supported. These estimations can be derived from the business cases. 
 

 

7 Launching 
 
The initial version of the adoption plan is used to decide about the product line adoption. 
If the adoption is chosen, the product line is launched. 
 

The following are common parts of the launch for the activities described above: 
 

• Recognition of stakeholders, their interests, needs, biases and culture. 
• Determination of roles and responsibilities in the current and future state, together 
with a corresponding migration path. 
• Definition of a product-family engineering process for the organization, 
considering the products, skills, environment, and so forth. 
• Definition of the production process. 
• Motivation of all affected stakeholders, using the business cases (see Section 5). 
• Cultivation of champions and angels for all-important activities. 
• Introduction of data collection, metrics, and tracking. 
• Plans for funding. 
• Plans for staffing, including consultants and providers. 
 

Champions are staff members who are convinced of a new idea (e.g., product line 
engineering) and try to convince other staff members, too. They support others in 
applying the approach; they present practical tips and support the proliferation of the 
idea. Angels are members of management or senior engineers who have influence due to 
their role in the hierarchy or due to their experience and expertise. They give the 
necessary weight to the launch of an approach like product line engineering. 
 

 

8 Institutionalization 
 
Just launching the product line is not sufficient. It has to be institutionalized so that the 
involved managers and staff will consider it as part of their working culture. 
 
Permanent organizational fixtures are then installed that support and enforce 
productfamily engineering.  
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Institutions are considered stable structures [3]. “Organizations become institutions as 
they become valued in and of themselves: their disappearance would create drastic 
problems for various members and groups in the environment” [4]. 
 
Software product line institutionalization occurs when the product line processes are 
perceived as stable and indispensable to a given software organization. Iacono and Kling 
[2] believe that large scope computer-based information systems should be viewed as 
social institutions. As such, those systems are a complex web of interactions among 
actors, equipment, roles, procedures, rules, and activities. However, such systems can 
only be viewed as an institution when they are stable and indispensable to the 
organization. This said, we do not contradict the fact that those systems, to fight entropy, 
need to be in constant evolution. Once a product line approach is institutionalized, it 
continues to evolve, but does so in a stable position and with a high demand from the 
organization that will see it as an indispensable part of its way of doing business. 
Although institutions strive for immortality [6], of course they are not immune to 
changes. 
 

The institutionalization has to consider the organizational structures and ensure that 
product-family engineering is engrained in the organization’s processes. Incentives have 
to be defined and installed; funding has to be put into place by proven funding sources; 
and measures that reflect product-family engineering have to be installed and used as 
bases for reviews. There are two aspects to understanding institutionalization: 
 
what determines the extent to which an action or structure is institutionalized and the 
consequences of actions or structures being institutionalized. Iacono and Kling [2] list 
several determinants and consequences of institutionalized computer-based information 
systems. Using their list as a basis, we point out the main determinants and consequences 
of institutionalized software product line below. 
 
 
8.1 Determinants 
 
• Social arrangements such as policies, procedures, conventions, and the distribution of 
resources are developed and utilized by the main actors (audience). 
• There are key stakeholders in the environment who wish to maintain or increase their 
control, despite the fact that no actor or coalition has complete control. 
• There are negotiations, commitments, and future obligations among the main actors 
(audience) that are not easy to reverse. 
 
The successful launch of a product line, for a given family of products, will bring new 
social arrangements to the organization. These will be seen as new policies, procedures, 
conventions, and distributions of resources in software production, but as well on the 
cooperation with customers and quality assurance. When these ensembles of resources 
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and people are in place, we have a strong determinant towards making a product line an 
institution. 
 
The champions of the idea as well as their angels will drive to maintain or increase 
control over the organization as a natural consequence of product line success. This is a 
main driving force towards institutionalization. Champions and angels will strive to use 
marketing strategies to ensure that the whole organization perceives the advantage of 
product lines over traditional methods. 
 
Of course in the process of marketing the product line, several commitments and future 
obligations will have to be established by the key stakeholders who have other interests 
in the organization. These commitments and obligations will persist since they represent 
a huge investment of the organizations. 
 

 
8.2 Consequences 
 

• Social arrangements between the main actors persist over time, making it difficult for 
small coalitions to change the status quo. 
• People believe that the social arrangements will persist. 
• Stable arrangements ease cooperation along routine behaviors and constrain 
substantially different behaviors. 
• Change is localized. 
 
Once a product line is institutionalized, change is localized, usually by add-on 
technologies, and people believe that the product line will persist. The product line 
framework will guide the cooperation among software personnel, customers, and quality 
assurance personnel in such a way that changing procedures or conventions will be 
difficult. 
 

On the other hand, once a product line is institutionalized, the organization will benefit 
from better efficiency overall. With social arrangements working properly and the 
technology infrastructure in place, the organization will be producing software products 
faster, better, and cheaper. 
 

 
9 A Bottom-Up Approach 
 
A common challenge that organizations face with all of the adoption strategies is the 
“adoption barrier” – the overhead associated with starting the software product line. 
Typically resources have to be shifted from existing projects, and rarely do existing 
projects have resources to spare. 
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BigLever Software [7] promotes a bottom-up approach to address this problem. BigLever 
Software GEARS is a technology that allows organizations to gradually convert existing 
one-of-a-kind software and processes into product line software and processes [9]. The 
premise of GEARS is that any existing software product is a valid software product line 
with only one member and that new members can be added incrementally using the 
GEARS infrastructure to manage variation among the product members. 
 

For example, during two weeks in August 2001, two engineers at Salion [8] allocated 
approximately 25% of their time using GEARS to convert their one-of-akind enterprise 
software product into a software product line with three members. Although the three 
initial members varied in simple ways, Salion had truly adopted a product line approach 
that could incrementally grow more sophisticated over time. 
 
The key to this low adoption barrier is GEARS’ separation of concerns. GEARS is an 
extension to the current arsenal of software engineering languages, tools, and techniques. 
It provides a software product line infrastructure that can be inserted into any collection of 
source files and directories in order to introduce parameterized variation. The GEARS 
infrastructure is comprised of four basic constructs: 
 

• Feature declarations – parameters of variation for the software product line. 
• Product definitions – assignment of values to feature-declaration parameters for each 
product member. 
• Automata – the encapsulated mapping from parameter values to source-code variants 
among the product members. 
• Actuator – the mechanism for instantiating product members from the product source 
code and the GEARS infrastructure. 
 

When using the GEARS technology during software product line adoption, BigLever 
distinguishes between three different adoption strategies that can be used independently 
or in combination: 
 

• Extractive – a “bottom-up” approach where one or more existing legacy systems are 
reused as the basis for the product line. 
 
• Reactive – an “incremental” approach where product line members are built on 
demand as new product requirements are identified. 
 
• Proactive – a “big-bang” approach where a significant number of the product line 
members are identified and built upfront. 
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10 Summary 
 
This paper demonstrates the importance of the following steps for a successful transition 
from producing one-of products to product line engineering: 
 

• Prepare business cases that determine the activities, efforts and costs from the 
perspectives of the major stakeholders, as a basis for deciding about the transition. 
 
• Make an adoption plan with the activities needed for the transition so that staff and 
management will support the transition. 
 
• Institutionalize product line engineering in the organization so that it becomes part of 
the company culture. 
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Abstract. System Families (SF) approach focuses on improving the software 
architecture, process, organisation and approach to the business when building 
similar products within a defined domain. It has already been successfully applied in 
many contexts where domain assets are mature, product features are well-known 
and few changes on them are expected. This paper summarises some aspects of 
system family experience at Telvent in this context for one of its core business 
domain. 
 
Following it focuses on an experience during a conception phase targeting one single 
product in which the requirements were expected to change widely. The experience 
shows how System Families approach was successfully applied allowing the product 
to adapt to evolving requirements. 

 

 

1 Introduction 
 
Telvent, is specialized in solutions with high added value, in four specific industrial 
sectors (Energy, Traffic, Transport and Environment) in the Americas, Spain and China. 
With over 40 years experience in industrial supervisory control and business process 
management systems, Telvent executes projects and provides technical services in the 
field of mission-critical, real-time control and information management. With a 
comprehensive portfolio of outsourcing and consulting services, and employing a 
technology neutral philosophy, Telvent manages IT and telecommunications 
infrastructure for an extensive international client base.  
 

The development of software for control, supervision and management falls within the 
category of complex system engineering. They have strong non-functional requirements 
such as time responsiveness, to accomplish real-time requirements for the control of 
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complex systems, customisability, for covering different cultural contexts and national 
standards and maintainability. Failures and upgrades must be performed rapidly and 
with minimum risks as frequently critical systems are controlled. 
 
System-Family (SF) technology [2,1] improves importantly the quality, shortening the 
development cycle, customisation and interoperability with third-party subsystems 
enhancing market orientation. The technology allows comprehensive solutions managing 
variants for common issues in this field such as: multiple communication protocols over 
the same channel, communications redundancy, extensive control at the Remote Terminal 
Unit (RTU) locations, remote configuration changes, data transfer to and from databases 
and fault tolerance in a context of a distributed architecture with an increasing support of 
communication infrastructures. Many systems use predominantly long distance 
communications, although short distance communications may also be present.  
 
In SF software engineering there is common agreement in the need of addressing 
separately domain (frequently referred as platform) and application engineering and in 
the importance of the domain engineering for the quality of the system. In those 
organisations in which the software is part of a more complex hardware/software system, 
frequently SF technology is addressed within software departments. Nevertheless, a 
system family framework often has to provide solutions not only for existing systems but 
also for future systems and frequently in rapidly evolving technological market 
 
Nowadays. The architecture has to fulfil the business strategy requirements. The coupling 
between long-term business strategy and the development process is what really 
differentiates this technology from others in software. 
 
SF technology can be defined as an architectural centric approach driven by business 
strategy. The important implications of this key differential feature are frequently 
overridden. SF technology goes beyond the software domain focusing in depth into 
business and strategic processes in the organisations. The technical solution has to be 
shaped according to long-term strategic and business objectives. Interfaces for ”software 
variants” have to be tightly aligned with the ”business variants”. Strategy and the 
planned evolution for the whole family must be coherent. The analysis of the variants 
both under a business and software perspective through specific views helps in the 
process. The mapping between both and the detailed analysis of the software interfaces 
involved are key activities. 
 
The software development process for one product is frequently complex by itself, as the 
human factor is still a key player. A domain-oriented approach is even more difficult. 
Complex systems can require the definition of layered variants to define ”nested system 
families”, the work involved in defining an optimum architecture may become a highly 
skilled human intensive task. In large systems the variability will entail an increased 
complexity in the architecture. Easy comprehension of the reference architecture is a very 
important requirement. The adopted solution for the variability must not reduce the 
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understanding of the system. This is particularly important, as developers of a reference 
architecture are usually few while users are many. Frequently, the variability is 
represented in views together with other information of the system. Representing the 
variability in a separate view, ”Variability View”, facilitates the understanding of the 
system and the communication required within the development team. There, only 
”abstract” variant ”layers of components” and their inter-relationship are displayed. 
Interfaces to support variants are key assets with major impact in the system family life 
cycle. Interfaces between ”component layers” have to be analysed carefully as it is 
desirable they become an invariable part of the reference architecture that can allocate 
different suite of components depending on needs. To minimise the complexity and 
promote the further reusability of the developed components it is of key importance an in 
depth analysis and review of this view. 
 
An approach to analyse system family variability requirements could be defining 
categories/levels of variants: 
 
”Rough Granularity” Variants. These variants can be used to represent major variations 
in the products of the system family. ”Fine Granularity” Variants. These variants can be 
used to represent relatively small variations in the products of the system family. 
 
The variability in the family can be solved through a combination of these two variant 
levels/categories. For a component-based approach, rough variability variants can be 
solved through the selection of different components/group of components as fine 
granularity variants can be solved internally in the selected components. 
 
On the other hand, in the human factor part, developers are used to change and evolve. 
This is a must when system family approach is adopted. Developers are self-stimulated to 
adopt SFs when it is perceived that this technology accelerates the development 
minimising duplicated/similar developments through an improved software reuse. 
 

 

2 A SF Experience 
 
The general feeling is that system families approach requires an investment that is only 
justified when a large number of products will be derived from the domain platform. 
 
Nevertheless, this is not always true. An internal experience has been identified to 
illustrate the interest of this technology even in early development phases. 
 
One customer offered us to develop a real time TV software platform. They wanted us to 
develop a software that would basically capture a TV-signal from a capture card plugged 
into a PC and would show it after applying some filtering and transformations. 
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They didn’t really know which kind of filtering and transformations the platform should 
support in the future. Late changes in requirements generally involve negative 
consequences and the loss of quality and time. If we started by developing a complete 
platform, the customer would probably want more functionality and probably the same 
or better performance. Many new requirements will appear at this time, but the 
architecture could not support them. In the worst of the cases, a completely new platform 
should be developed in order to fulfill the new requirements. Then, we should anticipate 
the change. Change should be part of our software architecture. 
 
In this situation, classical requirements analysis leave a lot of black holes that would be 
impossible to clarify in order to start designing a flexible platform. Then, we considered 
the option of applying a SF approach, where the platform to be built should support the 
needed variability. SF development usually starts from domain analysis, where the main 
features of the platform are detected based on the requirements any customer in real time 
TV edition context would solicit us. We decided to thoroughly study the domain of the 
problem and build a product that would fit not only the requirements we had elicited to 
the customers, but possible requirements of other companies within the same market. 
Therefore, our product could be adapted not only to our customer but to many other 
companies with few efforts. How do we fulfill this objective? Firstly, we should detect the 
commonalities among all the potential products our customers may request to be built 
(Figure 1). The customer already knew that they wanted to compose TV-signal, bitmaps, 
videos, etc. and apply to them some kinds of effects. 
 

 

 
Fig. 1. Software Platform Logical Structure 
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We also analyzed other existing real time TV edition commercial products and starting 
from this information we enumerated the common features every customer is supposed 
to solicit: 
 
– Our software should draw a final image as a result. 
– Several images or layers are going to be drawn composing the final image, i.e. TV-signal 
capture, bitmaps, stored video, video streaming, text, 3D image, etc. 
– The layers should overlap following a configurable order. 
– Effects or transformations may be applied to one or more layers, i.e. Black and white 
effect, transparency effects, etc. 
– A user interface should be provided in order to control layers and effects. 
– It must work 24 hours, 7 days a week. If used for TV retransmission it cannot stop 
working! 
 
Summarizing, any customer would solicit a platform that would draw a sequence of 
layers, applying filters to each one if wanted. No matter what kind of layers or effects are 
asked for. We should build a platform that would be able to support any kind of layers, 
effects and user interfaces. Changes should be supported, and the platform cannot be 
stopped for updating or maintenance. 
 

 

3 Applying System Families Approach 
 

We are looking for a solution that supports many changes in requirements. This way, 
reusability of our software architecture would increase. Software reuse is one of the main 
goals software engineers treat to achieve. Many approaches have been proposed 
following this rationale: libraries, objects and classes, components and nowadays system 
families or software product lines. Previous approaches allowed reusing in a higher or 
lower percentage depending on the software engineers’ skills. In these cases, software 
reuse is an ad-hoc solution. 
 

SF systematize software reusing by building products from existing assets or features, 
rather than developing products one by one from scratch. SF are formed by a set of 
common features and product-specific features. This way, products are built from one or 
more common features and their specific features. Thus, common features are the 
reusable features, also named core-assets, shared by concrete products. Going further, 
common features can be extracted from existing product-specific features, evolving the 
architecture. 
In [3], it may be observed that the appliance of an SPL approach in real projects, has not 
only increased the reusability, but improved the final product liability, time-tomarket and 
development cost among many other aspects. 
 

In SF development, three concurrent activities [4] are distinguished: 
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– Core-asset development or domain engineering, where common features are 
developed. 
– Product development or application engineering, where products are developed from 
common and specific features. 
– Management, where synchronization between the previous two activities is arranged. 
How this approach may enhance our development process and support the needed 
variability. Which are our core-assets? Which are our customer’s product-specific 
features? Taking into account previously listed common features analysis, our core-asset 
development team, would develop the next features: 
 
1. Drawing system: will be in charge of drawing layers and effects in the TV output. 
2. Plug-ins system: because it is intended to be a 24x7 system, new versions and updating 
must be automatically installed at runtime without stopping the system. 
 
Layers, effects and UIs are considered plug-ins that easily connect to the drawing system. 
The customer could ask for a concrete product supplying some layers, effects and UIs. 
Therefore, product development team would be responsible of developing plug-ins to get 
connected to the core-system. If in the future we considered new customers and the same 
plug-ins are asked for several of them, those plug-ins may form part of the core-system 
and core-asset development team should maintain them. 
 
Considering this use case, the main scope of this article is to explain how we designed the 
plug-ins system, adapting an existing design pattern to automatically support the 
runtime connection of new plug-ins or components, that is, layers, effects and user 
interfaces. Furthermore, we design a reusable plug-ins system that may be used in other 
contexts. 
 

 

4 Software Patterns 
 
Software developers often find recurrent design problems which are always solved in the 
same manner. These solutions or design patterns (DP) form a common base of knowledge 
that guarantees the developers successfully dealing with such problems. A DP has at least 
five elements: 
 

1. Pattern Name: it is important to compactly describe the problem and the correspondent 
solution using few words. 
 
2. Problem: it describes when the DP can be applied and which are the restrictions that 
should be met. 
 

3. Solution: the one DP gives to the problem. It is not a complete design or 
implementation, but a template to be applied in many situations. 
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4. Consequences: consequences of applying the DP to a system. Factors such as flexibility, 
reusability, performance, portability, etc. can be considered in order to represent the pros 
and cons of the appliance of a DP. 
 
5. Being recurrent and relevant in different situations. Although many DP have been 
proposed, a subset of them called ”‘Gang of Four”’ (GoF) is considered the foundation for 
other DP. This categorization considers three groups: 
 

– Creational Patterns: manage the creation, initialization and configuration of classes and 
objects. 
– Structural Patterns: deal with the separation of interface and implementation of classes 
and objects. 
– Behavioral Patterns: cope with the representation of dynamic interactions among 
classes. 
 
Attending to this categorization, creational patterns could supply the needed variability. 
For our particular scope, the Kit or Abstract Factory Pattern(AFP) could fulfil the 
requirements of the plug-ins system, concretely. This DP provides an interface for 
creating families of objects without knowing the concrete classes [5]. Abstract Factory 
Pattern can be applied when a system should be independent of how its products are 
created, composed and represented. Taking into considerations the main features of our 
system, layers, effects and user interfaces should be created, but no other specification 
about the concrete functionality. This functionality may vary from customer to customer. 
Therefore, our core system may use AFP to create layers, effects and user interfaces. The 
design structure of a generic AFP can be seen in Figure 2. 
 
The participant classes in this pattern and their functionality are: 
 

– Abstract Products: declares the interface for a type of product object. In our 
concrete case, layers, effects and user interfaces are our abstract products. 

 
– Abstract Factory: declares an interface for the operations that create abstract 

products. 
 

– Concrete Products: implements the correspondent abstract product interface and 
defines a concrete product to be built using a concrete factory. We are considering 
concrete product such as a bitmap layer or a black and white effect. 
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Fig. 2.  Abstract Factory Pattern UML 

 
 

– Concrete Factory: implements the interface of the abstract factory. Each customer 
would require a set of layers, effects and user interfaces, therefore each concrete 
factory is the responsible of their creation. 

 

– Client: uses the interfaces of abstract factory and product, but no concrete one. In a 
previous step, one of the available concrete factories should be instantiated 
depending on the concrete product. 

 

How does the AFP structure fit into our SF approach? Layers, effects and UI are the 
Abstract Products we build. Each implementation of layer, effect or UI will be a Concrete 
Product. The abstract factory would be in charge of creating layers, effects and UI, and for 
each customer-specific product, a concrete factory should be built. Figure 2 represents the 
result of applying AFP to our platform. 
 

However, Two limitations comes from using an AFP to implement variability: 
 
1. Some concrete Products are not previously defined and should integrate into our 
application in run-time. AFP cannot create concrete products if they are not identified a 

priori. 
 

2. One customer may solicit more than one instance of each Abstract Product. For 
instance, a customer may need a TV-capture layer and a Bitmap layer at the same time. 
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5 Dynamic Abstract Factory Pattern 
 
Considering the previous section limitations, we decided to add some new features to the 
Abstract Factory Pattern in a so called Dynamic Abstract Factory Pattern (DAFP). 
 

 
Fig. 3. Abstract Factory Pattern applied to our platform (UML) 
 
 
DAFP is considered a dynamic pattern because it may dynamically change the relations 
between concrete factories and concrete products. Bearing in mind our objective, more 
than one concrete product which implements 
 

an abstract product interface may be wanted to be created by a concrete factory. For 
instance, a customer may want to use TV-capture and Bitmap layers at the same time. 
The method that creates a concrete layer is named createLayer. This method can only 
create one concrete layer. If supporting to many different types of layers is wanted, the 
method should receive a parameter that indicates the class of the layer we want to create 
among all the available ones. 
 
Furthermore, new concrete products may be added at run-time. Thus, Concrete Factories 
should get adapted to support new Concrete Products. Two new operations are 
contemplated within Abstract Factory class for each Abstract Product: Register and Un- 
Register. These functions associate an identifier to a Concrete Product. When creating 
new instances of a Concrete Product, this identifier is used. 
 
For each customer, a set of layers, effects and UIs are available, and many others may be 
installed and used at runtime. Therefore, each customer has a concrete factory that 
initially registers the available concrete products. This action would be performed by the 
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method Initialize that should be defined in the concrete factory. Considering these 
modifications to AFP, a possible UML model of a DAFP is shown in  
 
 

 
Fig. 4. Dynamic Abstract Factory Pattern applied to our platform (UML) 
 
 
6 Reusing Dynamic Abstract Factory Pattern 
 
We have modified AFP to get adapted to our concrete problem. Furthermore, we intend 
the DAFP implementation to be reusable in other platforms, where different abstract 
products are considered. Consequently, registerLayer, registerEffect and registerUI 
methods in Figure 3 are not reusable because they are linked to a concrete context. 
Instead of building these methods, a product-independent method that supports the 
creation of any concrete product would fit better. Then, we will define one generic 
abstract factory that builds only one kind of abstract product. Therefore, three different 
DAF will be at our disposal for our use case: layers, effects and UIs DAF. Our design of a 
generic DAFP is based on parameterized classes. A parameterized class is a class where 
one or more types are defined when instantiating. For example, a generic queue does not 
define the data types it is going to store. It is defined at compile time, instantiating an 
integer queue, character queue... An UMLmodel representing this generic DAFP is shown 
in 5. 
 
Applying this generic DAFP to our use case, three concrete factories are built: layers 
factory, effects factory and UIs factory. 
 
The only issue that changes from customer to customer is the Initialize method and each 
factory inheritance. The support of integrating new concrete products comes from using 
the register method at runtime. But new products also means new pieces of code. The 
insertion of code in a running process is not a trivial task. Depending on the language 
and environment, the dynamic loading of code can be achieved in different ways.  
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Fig. 5. Dynamic Abstract Factory Pattern Implementation using parameterized classes. 
 
We decided to use dynamic libraries to plug and register new classes into a concrete 
factory at runtime. Each library will contain one or more Concrete Products 
implementing an Abstract. When loading a library, a method that registers a class that 
implements the new Concrete Product into a Concrete Factory is launched. When 
unplugging that library, another method unregisters that class. 
 
This does not mean that the generic DAFP is linked to either a concrete operative system 
or a concrete language. Because we gave this solution in a design level, it can be applied 
using any other programming language such as Java that allows the dynamic loading of 
code. 
 

 

7 Final considerations 
 
The System-family (SF) approach, when compared with conventional development, 
reduces development costs of new products at mid-terma nd increases business 
opportunities [6]. 
 
It reduces importantly the development effort maintaining or even improving the quality 
standards when incorporating new features or integrating third party products.  
 
Nevertheless, initially it entails intensive effort. Under a business point of view a 
complete re-architecting of the platform for an optimized solution is frequently not 
justified. The way ahead is to identify priority areas in which short-term benefits can be 
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obtained and define an incremental roadmap taking into account long-term 
requirements. 
 

Nevertheless, when an organisation is already familiar with the potential of this 
technology the SF awareness can lead architectural decisions during early development 
phases. This can facilitate both further transition from single product to SF as well as 
adaptability of the development to new or evolving requirements. 
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Abstract 

Open source is emerging as a new global paradigm challenging the conventional 

approach in software development. The fact that product line is a natural evolution in the 

maturity process of software development is leading to the adoption of related practices by 

open source communities. The paper presents some examples for supporting the 

expectation of increasing levels of adoption. 

 
Introduction 

A software product line (SPL) is a set of software-intensive systems that share a common, 
managed set of features satisfying the specific needs of a particular market segment or 
mission and that are developed from a common set of core assets in a prescribed way [1]. 
The competitive advantage of software product lines is currently worldwide recognised 
due to increased productivity, flexibility and customisation. In fact, product lines 
practices are a natural evolution of software maturity development derived from 
transversal engineering across a set of products or a specific market.   

Open Source is emerging as new global paradigm challenging the conventional approach 
in software development. It does not just mean access to the source code. The distribution 
terms of the software must not restrict any party from selling or giving it away and must 
allow modifications and derived works [2].  

The success of an open source development is strongly related with the level of adoption 
outside.  The need to satisfy multiple users and in many cases from different domains is 
frequently a direct consequence. The fact that the source code is available through 
Internet often leads to the use of parts in different developments and domains as opposite 
to inner developed software where the use of parts is limited to the developing 
organisation (and frequently with important organisational constraints). On the other 
hand, the collaboration among open source projects is common due to the flexibility in 
achieving it. The very favourable scenario to adopt product line core practices is in fact 
one of the strengths of the open software that leads to a very high quality in the long term 
for successful projects.  



51 
 

The Debian GNU/Linux case 

The need to quickly address a very large variety of requirements with flexibility has 
pushed operating system vendors and open source communities to develop automatic 
configuration and deployment infrastructures taking advantage of Internet. Debian [3] 
was one of the first GNU/Linux distributions with tool support to cover deployment 
tasks such as: dependencies resolution, installation, configuration and update of 
packages. The Debian packaging system is one of the best existing methods for 
installing, upgrading, and removing software available. The approach is similar to 
that used in Red Hat Package Manager (RPM). 

A package is a collection of files with instructions on what to do with them. It usually 
contains programs (although sometimes it has documentation, window themes, or 
other files). The package contains installation information, required libraries or other 
dependencies, setup instructions, and scripts for basic configuration. Although in 
some cases additional configuration is needed the system is some sort of on-line 
product line derivation support from a large catalogue of package assets. There are 
also several open source projects addressing the building of Linux tailored 
distributions from the existing code base to minimise the effort of developing 
distributions for specific needs.  
 
 
The Eclipse case 
 
Multiple development and configuration tools are available for a large diversity of 
software intensive systems but they are typically not integrated with each other and do 
not necessarily build on standards. Enterprise software vendors have tooling that support 
their proprietary technologies; Microsoft has its Visual Studio .Net.  BEA systems 
supports its commercial WebLogic Server environment through WebLogic Workshop.  
Likewise IBM has tools that support its own runtime environment WebSphere, and the 
tool named WebSphere Studio.  These tools supporting proprietary solutions are limited 
in adaptability and extensibility. In the open source world, Eclipse [4] provides a modular 
development platform that includes all kinds of developer tools for most programming 
languages.  Eclipse has currently the potential to become a truly cross-platform IDE and 
tools platform. It runs on a wide range of operating systems; it provides GUI and non-
GUI tooling support; it is language-neutral; it permits unrestricted content types such as 
HTML, Java, C, JSP, EJB, XML, GIF; and most importantly it facilitates seamless tool 
integration to allow new tools to be added to existing installed products. More that five 
hundred plug-ins exist currently. Probably key success factors for Eclipse have been its 
open source nature, the target domain (a tool to facilitate the development is frequently 
an extra cost for a platform/ product provider and this facilitates the open source 
industrial cooperation) and its core plug-in architecture that is an important enabler for 
product line engineering practices. 
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Open source, service oriented architectures and product line experiences 

Two relevant reference examples documenting relationships between open source 
developments and product line practices have been described in previous paragraphs. 
Many other examples can be found although there is not an explicit awareness of 
product line engineering practices at the moment in open source communities. 
Probably the relationship between open software and product line practices is more 
for those initiatives addressing platforms/middleware than for open source 
applications. This is due to the internal interest of promoting the reuse across projects 
and to improve interoperability. 

ITEA Osmose R&D project executed from 2002 to mid 2005 provided interesting and 
relevant experiences in the links between open source and product line engineering 
practices. Discussions during the planning phase in 2002 led to the interest of an open 
source middleware allowing dynamic deployment of systems. At that moment OSGi 
was the closer specification targeting this. A community grew rapidly around the 
platform helped by the modularity in the architecture required for alignment with the 
specification. The fact that the developers and users were guided to think in terms of 
“bundles” (small deployable application units vs. large and monolithic components) 
contributed importantly to the opening of the architecture and as derived consequence 
to its potential of reuse across domains. The contributors to different building blocks 
discovered collaboration opportunities and many joined from very diverse application 
areas. It was also interesting to see during the project that similar approach was also 
adopted for Eclipse. Once Osmose finalised it raised the interest of Apache 
community where its relevance for the Apache Directory and other developments 
such as Harmony and Cocoon [5] is being discussed. ITEA OSIRIS (Open Source 
Infrastructure for Run-time Integration of Services) [6] project (Osmose follow-up 
stated in mid 2005) together with COSI (Co-development using inner &Open source in 
Software Intensive products) [7] is providing the opportunity  to explore further the 
relationship between service oriented architectures, open source engineering practises 
and product lines embedding the complete development life cycle.  
 
 
Conclusions 

The interest of providing technologies for building systems faster, with lower cost and 
higher quality has led to advances in technologies such as component-based 
development, asynchronous middleware, service-oriented architectures, product line 
and open source. 

Some product line practises can be identified in many relevant open source initiatives 
and communities and frequently they have been key factors for the success of the 
projects. Probably the relative relevance of the diverse product line practices in the 
context of an open source project is not the same that for inner development and this 
area requires further research. Nevertheless, the increasing strength of open source in 
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creating global and “de facto” standards together with the fact that product line 
practices are a natural evolution in the maturity process of software development is 
creating strong synergies between these two fields although it has not yet been 
recognised explicitly. 
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