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The primary goal is to advance the state-of-the-art and -practice for incremental and component-based software development. This includes developing or improving existing methods, models, techniques and guidelines for such development.

                                           Summary

The high costs and high failure rate of present software projects call for better technologies and work processes for software development and maintenance. In recent years, incremental and component-based development have been proposed as remedies separate or combined to reduce development time and cost, and to increase software quality (especially usability and reliability). However, there are few validated technologies (methods, models and tools) in these areas in industrial use today, reflecting the immaturity of these technologies.

Ifi, UiO and IDI, NTNU will in INCO propose, refine and validate improved technologies for incremental and component-based software development, focusing on UML and RUP with time-boxing, and COTS-based development. Technology for planning and managing incremental and component-based software development projects will also be proposed and evaluated. Moreover, the project will develop guidelines for how to train software developers and achieve organisational learning in incremental and component-based development. Empirical studies will be performed both in industry and at universities. See also full proposal in [8].
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Characterization of COTS products

Initial work was devoted to define a more precise characterization of COTS products in order to be able to narrow the focus to a well-defined area [6].

In the last decade the use of Commercial Off-The-Shelf (COTS) products as parts of larger systems has grown steadily. Using one or more COTS products has effects on nearly all activities and products of the software process: architecture and design, effort and cost estimation, validation and testing, and reliability. A growing body of research is dedicated to explore these areas. However, both in research papers and in informal discussions, one question remains un-answered: what is a COTS product? The definitions found in the literature are usually very broad, covering a large variety of products. As a result, researchers and practitioners use the same word with different meanings.

Probably COTS has to remain a term with broad coverage. But inside this class of software products a number of subclasses have to be identified. Since assessment and tailoring efforts vary significantly by COTS product classes.

This work proposes a set of attributes, which are either already defined in literature or new. The contribution we want to make is both in organizing the existing attributes in a consistent framework, and in proposing new ones. The attributes are grouped into four categories:

· Source: where the product comes from

· Customization: how much the product can or should be customized

· Bundle: in what form the component is delivered, both to the integrator and to the customer of the system

· Role: what is the intrinsic role the product can assume in the final system

This classification schema is intended to provide both researchers and practitioners a tool to characterize more precisely their work.

Future work will be devoted in validating the classification schemas.

Learning COTS products

A different perspective on COTS is taken in a recent submitted work [1].

Classes of COTS products can be derived by classification attributes, which define a Cartesian space. Examples of such attributes are the architectural level, the kind of the COTS product (is it a standard, or a service, or an executable component?), and the software life cycle phase in which the product is used (is it a development tool or an executable component?). COTS products belonging to the same class can be evaluated and compared by means of evaluation attributes, such as price or type of license. This work has been conceived mainly for learning purposes. Building a classification schema and filling it with products is a way for COTS product familiarization. In addition, the process of defining classes and filling them with COTS poses new research questions, like “why is this class empty?”, or “which are the relationships between these two classes?”. The result of classification and evaluation process cannot have general validity if it not customized for special organization goals. These customization issues are outside the scope of this work.

Further steps will be. First, for each of the available class, study the evaluation data and try to make comparisons, if possible, among the items of each class. This may lead to further evaluation steps to improve the quality of our evaluation data. Second, change the classification attributes, like making domain as a classification attributes. This will lead to different classes. For the new classes, comparisons among items in single classes will be made.

Software Architecture patterns

A third area of research is devoted to assessment of software architectures, with particular attention to the patterns [1]. See also the work on a three-tier architecture [2] in a student project.

The software architecture of a system is made up of by different views, each addressing different concerns. Two main activities can be performed on architectural artifacts: they can be analyzed and assessed with respect to quality requirements and they can be evolved by means of patterns. When components are used in an architecture they must conform to requirements/ and constraints, in addition mismatches should be identified and resolved. Patterns can be used to address these issues.

An analysis was conducted on a medium-size software system, which is based on the three-tier architecture. The system was used during a software architecture course at NTNU. Experience was extracted from the working documents produced by the students. Several problems were found related to misuse of pattern and lack of documentation.

Future work will be devoted to investigating how pattern information can be extracted from system and how to improve pattern documentation.
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Software reuse, or component-based development is regarded as one of the most potent software technologies in order to reduce lead times, increase functionality, and reduce costs. The Norwegian INCO R&D project (INcremental and COmponent-based development) [8] aims at developing and evaluating better methods in this area. It involves the University of Oslo and NTNU in Trondheim, with Ericsson as one of the co-operating industrial companies. The GSN project in Ericsson has successfully developed a set of components that are reused in other applications. However, future improvement of the technology, process, and tools is necessary to achieve even better results. The INCO project aims at helping Ericsson in measuring, analysing, understanding and improving the reuse process. Another focus in INCO is to study how component-based and COTS-based development affect the software life cycle.
Component-Based Development

Companies in the telecommunication industry face tremendous commercial and technical challenges, characterised by very short time to market, high demands on new features, and pressure on development costs to obtain highest market penetration. Software reuse seems to be the most potent development strategy to meet these challenges. Reuse almost covers any artefact developed in a software life cycle, including the software life cycle (or the software development process) itself.  The system architecture, requirements, design artefacts, development environment and the software development process can be reused.

Component or package based development is about rapid configuration of systems based on packages or software components. When software components are developed and reused internally, adequate quality control can be achieved, but the lead-time will increase. Developing with external components may in some cases slash lead times. However, external COTS (Commercial-Off-The-Shelf) components introduce new concerns of certification and risk assessment. A COTS component is u a software product that is commercially available and may be integrated into a system. 

Reuse and component-based development affect different stages of software development and organization. Component-based development is act of composition with more effort into requirements, test and integration and less in design and code. It occurs through simultaneous definition and trade-off of the available components, system architecture and system requirements. The effect of developing with COTS in requirement engineering has been discussed in [5].

Study of industrial cases is an important mean to develop hypothesis regarding effect of reuse and component-based development on cost and lead-time and verifying them. In INCO, we have been studying the reuse process in the GSN (GPRS Support Node, where GPRS stands for General Packet Radio Service) project in Ericsson- Grimstad. A pre-study of the process of identification and certification of reusable components is done [4] and in co-operation with Ericsson staff a list of interesting ideas for further study are identified.

In the rest of this presentation, chapter 2 gives and introduction of the case study at Ericsson- Norway while chapter 3 discusses how development with COTS components affects the requirement engineering. 

Study of the GSN Project

The aim of software development at Ericsson in Grimstad is to build robust, highly available and distributed systems for real-time applications, such as GPRS and UMTS networks. Both COTS and internal development are considered in the development process. The GSN project at Ericsson has successfully developed a set of components that are reused for applications serving UMTS networks. To support such reuse, the GSN project has defined a common software architecture based on layering of functionality and an overall reuse process for developing the software. 

Figure 1 shows the four GSN architectural layers: the top-most application-specific layer, the two common layers of business-specific and middleware reusable components, and the bottom system layer. Each layer contains both internally developed components and COTS. However, the process of identifying reusable components up to the point that they are verified and integrated in a final product, still has shortcomings.
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Figure 1. GSN application architecture with four layers.

We can summarise the reusable artefacts as:

· A layered architecture, its generic components and general guidelines.

· Reusable components are either in the business-specific or middleware layers (both internally developed, and called common parts in Fig. 1), or in the basic system layer. 

· Architectural (i.e. design) patterns and more specific guidelines. 

· Partly shared requirements and use cases across applications.

· Common software development process, based on an adaptation of RUP and including a quality scheme and CM routines -see below. 

· A development environment based on UML.

· Tools as test tools, debugging tools, simulators, quality assurance schemes.

The process of identifying the building blocks of the architecture has partly been a top-down approach with focus on functionality, as well as performance, fault-tolerance, and scalability. A later recognition of shared requirements in the extended domain (here UMTS) has lead to a bottom-up, reverse engineering of the developed architecture to identify reusable parts across applications. 

Some aspects for further study are recognised where the two most important items are:

1. Applying metrics for estimation and measuring effort and especially measuring reuse. 
2. Bringing reuse into the development process. Reuse affects all phases of the development process while the current GSN RUP adaptation does not include reuse.
A student project at NTNU has started working on the reuse process. Defining and conducting other student projects and master thesis combined with my PhD study will follow the work.

Effects of Development with COTS Components on Requirement Engineering

Requirement capturing and analysis of a system made of several inter-operating components is discussed in details in [10]. It is recommended to capture requirements in use case models on a high level first. The next step is to do a robustness analysis in which high-level structure of the system is defined and subsystems (objects) needed to realize the use cases, are identified. The high-level use cases are further split to use cases on the identified subsystems and we continue with analysis and design of the identified subsystems. The focus in all these stages is to identify the functionality that is generic and may be reused in other applications in the same application family and to package the generic parts in reusable components. 

Another approach to reuse is the REBOOT methodology (Reuse Based on Object-Oriented Techniques), which is the result of teamwork within the REBBOT consortium from 1990-1994 [9]. It defines two sides of systematic reuse: development for reuse and development with reuse. 

When the terminology of REBOOT is used, the reuse-based approach described in [10] works well for developing for reuse. However, COTS-based system engineering is focused on selecting components, integrating them and validating of a system built of components developed outside the application developing organization. The application engineer has no or little control on development of COTS components, their facades (a façade is part of a component system that is available for reuse) and usage scenarios. 

Capturing of system requirements is one of the first steps in developing both application and component systems. While UML and the Rational Unified Process- RUP using UML) take advantage of use case models to capture system requirements, other software development processes use terms such as “use case scenarios” in XP. Use cases are used in the first place for functional requirements and the main purpose of a use case is to show what the system should do, but not how it is done. Use cases are later used for assessment of requirements.

In [5] we discuss taking advantage of use case models and high-level analysis models for identification, evaluation, selection and integration of COTS components and later for verification. Besides use case models may be used for estimation [7]. These models will in turn be subject to an iterative development based on the result of the selected COTS components and their interconnections.

When using use case models for requirement engineering in a COTS-based system, the flow of events will depend on the selected components (COTS, application or component systems). A use case is realized by interactions between these parts. At this stage the flow not only shows what the system does; it also shows how it is done. By deciding which parts are going to be bought and selection of COTS components, important decisions are taken about how the system will meet the requirements.

Use cases are used in the GSN project for requirement capturing. Therefore it is important to decide whether the existing use case model may be used when developing with COTS components or identify how it should be modified and perform experiments to verify the results. 
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SPI-projects in two companies in the Norwegian telecommunication industry have been started. Both companies are moving their focus from product management under relatively stable conditions, characterised by:

· one or very few customers

· stable, standard-based requirements or very close negotiation with the customer on which requirements to focus on.

· enough time 

to product management under relatively unstable conditions, characterised by:

· many customers

· inaccurate, unknown, hidden, and unstable requirements

· short time to market
Both companies consider incremental and component based software development as a means to gain control in the new situation. The projects’ purpose is to help establishing the new process and use experience from other similar efforts to improve the companies’ processes.

Project one

The purpose of this project is to introduce an incremental development process. The company identified three problems that they wanted to control:

· unstable and inaccurate requirements

· short time to market

· exploitation of employees
The first task was to verify these problems in the organisation and possibly find some new ones. A group of six persons were interviewed. We used a semi-structured interview where the overall themes of the interview were how the current process was used and whether there were any obvious problem areas. The results were collected in a report and in an article [3].

The overall result of the interviews was that the interviewees supported the management’s issues to a large degree. None of the interviewees experienced exploitation, but some other issues surfaced:

· the company’s relation to its customers regarding re-negotiation of contracts 

· comments on how the current process actually were or were not used

· use of COTS
Based on this report, some post mortem reviews of the two major development projects and the plan of the quality manager, a new incremental process is defined. The process is inspired by the Rational Unified Process, and is described by the quality manager. The process description is now in the organisation for comments. The next step is to find a project that may be a pilot for the new process.

At present, we are conducting a survey of the software development knowledge in the organisation. A questionnaire will be sent to all developers and project managers in the organisation. The purpose is to get a picture of which technologies the developers know and which technologies the developers think are the most important in the future. This knowledge will be used as a basis for planning how the organisation should prepare for the implementation of an incremental development process. In parallel, we are looking for the technology trends in software development in general and for the company’s area of business in particular. The information will also be used to prepare the organisation for the implementation of an incremental development process.

Project two

The purpose of the second project is to outline a process for the development and maintenance of a product line. This company has experienced internal and external problems in their work. They have also been through many improvement efforts before with no noticeable results. Our task is to identify how the actual product management is conducted, and propose some potential improvement areas.

The work is conducted by having workshops with the different organisational units that work with various aspects of the product management. The focus of the workshops is to obtain information about how the product is delivered from unit to unit, and what each unit do with the product. The agenda of the workshops was:

· Overview of the organisational unit

· What is working well today?

· What is not working well today?
In each workshop there have been two researches. One of them was leading the meeting, and the other documented most of what was said. The reports of the workshops will be sent to the participants for proofing.

Some preliminary results are that they seem to lack some common product owner that drives the development of the next version, and the vision for the future releases. It is a tendency that each organisational unit regards their part of the work as most important, and that they drive, or have to drive, the process.

The next step will be to analyse the reports from the workshops and propose improvement activities. Then we hope to be allowed to follow the improvement efforts during 2002.
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