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Abstract:  At innovation camps in 1997-99 the EOQ Software Group identified areas, where the need to develop methods, tools and practices will be important in year 2000 and the coming years. The identified areas include: Requirements management, procurement, reuse, standards, education, culture and ethics, measurement, quality assurance of new developments in software technology, software architecture and design.
The introduction will analyses the few most important: Requirements management. Procurement and the new developments in software technology: COTS based systems; Internet based e-commerce and multimedia systems
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1. Introduction
The EOQ Software Group met in the summers of 1997-99 at the innovation camps held in Slovakia to discuss and analyse the needs in the field of software quality in the years to come. Participants from many European countries contributed. This paper is based on some of the results documented in reports from the camps.

Before the camp each participant prepared a position paper including chapters about major challenges in the area of software quality for the next 10 years and suggested topics for discussion. Out of these topics some were selected for in depth analysis in small working groups including proposals for future actions. The results of the working groups were reviewed in plenary sessions. The topics selected are:

· Scope of software quality management

· Requirements management

· Procurement

· Reuse

· Role of standards

· Quality and education

· Culture and ethics

· Measurement, ISO 9126 and ISO 12119

· Quality assurance in developments using new software technology

· Quality in Software Architecture and Design

Information seeking was supported by access to World Wide Web and on-site library was established out of books, reports etc. brought by the participants.

2. Scope of software quality management
In search of the scope the following equation for software quality management was derived and a graphic model supplied:

SQM  =  max ( ∑Management power + ∑Engineering power) => bouquet model
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Figure 1: Bouquet model of Software Quality Management

Factors

CP - Current Practice



V&V - Verification & Validation

PM - Project Management


SE - Software Engineering

CM - Configuration Management

3. Requirements management 

Model of real needs, perceived needs, expressed needs, contractual needs, delivered needs and experienced fulfilment of needs, leading to ‘over’, as well as ’under’ quality.
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Figure 2: Requirements’ life cycle

The crucial nature of the collaborative user/ supplier relationship is to obtain win/win results.

Requirements are not stable over time. Increasing rapidity of changes in the requirements, due to technological acceleration, customer learning and other factors will raise the importance of change management in the future.

3.1. Requirements management – scope and processes

The meaning and interpretation of the phrase „requirement“ traditionally causes problems in software engineering. Requirements are, in certain circumstances, hard to distinguish from „solutions“ and what is regarded as a requirement from one point of view can be viewed as a solution from another.

In order to allow for software engineers to understand, and use correctly, requirements, one should go back to the basics and look at the actual process of how people are perceiving and expressing their expectations, constraints, needs and requirements.

Although there exists a number of good definitions for requirements, however, there are two main characteristics of requirements, which should be highlighted:

A clear description of what is needed which could be stakeholder’s expectation for product or service to be provided, stakeholder’s constraints to be taken into account, functional or non-functional definition of the product or service, and technical definition of the product or service. A stakeholder’s model of requirements places the user in a central role. The requirements chain is made of end-user - system supplier - software supplier and subcontractors including software component suppliers.

Requirements definition always represents an agreement between demand and supply side, i.e. it is the customer’s confirmed view of a future product or service. 

The agreement can be formal (e.g. contract) or informal (e.g. verbal). The informality of the agreement, however, should not imply lack of responsibility: the „customer“ (demand side) shall always take responsibility for the relevance and correctness of the requirements. Most of the problems around requirements can be traced back to the unwillingness of customers to take this responsibility or their inability to understand the requirement due to communication problems between customer and supplier (e.g. too technical language used).

Another frequent problem, which software engineers are regularly facing, is the level of detail: where to stop defining, detailing requirements. As it might be expected there is no clear-cut answer to this. It depends on the actual situation in terms of criticality of the products as well as other characteristics e.g. uncertainty and complexity.

3.2. Requirements management – mapping of known methods

There are many methods for eliciting, consolidating and documenting requirements on IT systems. The following table shall help to identify a situation, in which a method is well suited („perfect match“) and to avoid evident pitfalls („non-sense“). There are some default non-sense situations, we don’t deal with in the table, e.g. use a method because you know it or you know only one and you want give the impression of a professional, because you licensed it.

For every method the „perfect match“ and „non-sense“ use of the method is characterised with a short sentence. The following section of the table gives a flavour of the result. 

Table 2: Suitability of requirements engineering methods

Method/instrument
Perfect match
Non-sense

Benchmarking
Verification whether the innovation is an innovation
Don’t compare apples with stones of the shape of apples

Categorisation / hierarchy / prioritisation of requirements
Mix and sort
No levels, only details

Cost-benefit analysis
Project portfolio definition
Wealthy man as stakeholder

Joint Application Design (JAD)
Synergistic team
A (non) moderator

If everybody knows nothing about anything

Observations
Not described, not structured work
Well known processes

Prototyping (mock-up)
Look and feel at stake
For a well defined problem

Quality Function Deployment (QFD)
Mass product in mature application area
If everybody knows nothing about anything

Reverse-Engineering
All what you have is the source code
You can’ t make a feast without fingers

Formal notations (SADT, SA, OOA, etc.) till formal specification languages (e.g. Z)
Within the club
Mathematical illiterates

Use of business process industry frameworks (e.g. Software Atlas)
Neutral evaluation
Information systems are related to business processes

Use cases
Interaction is the main functionality
Processing is the important thing

Use of interviews
Feel and see „behind the problem“
If everybody knows nothing about anything

Use of problem solving and creative techniques
You know what but not how to
Thunderstorm instead of brainstorming

Use of questionnaires
Dedicated questionnaires
If everybody knows nothing about anything

Use of User Focus Groups (UFG)
Validation of requirements
Better none as a weak one

4. Procurement

A procurement activity always involves two projects: A supplier project and a customer project. Both projects need planning and management including agreed interrelations.

An agreed change grid facilitates the decisions when the unavoidable changes occur in the development phase.

The purchase process can be extremely burdensome for small and medium sized enterprises with no dedicated resources for system procurement. For such companies there is a need to simplify procedures, including legislation, and to develop tools.

The EU directive on public procurement is not suitable for information and communications technology because the interaction between supplier and purchaser is not encouraged. 
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Figure 3: A project is always at least two projects

4.1 Procurement – education of the purchaser

Procurement of software and complex systems requires skills both at the supplier and the purchaser side. This need is underestimated at the purchaser side. System procurement can be once in a lifetime activity for an individual.

A purchaser is not a homogenous function. The dimensions as

· Domain (public/private, organisation size, internal/external/subcontracting), 

· Sector (aerospace and defence, telecommunication, medical, banking and finance, transport and energy, business, private area {games, multimedia}, education, Engineering {including IT}) 

· Profession (CEO, department management, engineer, purchaser)

Will give different needs and levels of knowledge and education required.

The knowledge needed by the purchaser could include the following topics:

Problem domain (business area and function), Knowledge of the customer processes, Introductory knowledge on software development and maintenance, Legal issues, Requirement management methods, Terminology (local use), Change management, Review methodology (types, how to do it), Testing, Introductory knowledge on computer operation, Service level agreements, Management (including project management), Planning, How to evaluate a supplier, including how to find the reference data on supplier, Team work, Problem solving methods and Introductory knowledge on Quality Management.

5. Quality assurance in developments using new software technologies

Four types of software systems have been analysed: System based on COTS (Commercial Off The Shelf products), Integrated system packages („SAP like“), Multimedia Systems, and Electronic Business Systems.

5.1. Systems based on COTS

COTS are software, which was defined by a market-driven need, is commercially available, and whose fitness for use has been demonstrated by a broad spectrum of commercial users. (DIS 14598-4). The advantage of building systems using COTS is the availability of a large choice of COTS and the gained flexibility. The critical points of the life cycle are requirements elicitation, high-level design, and test of the system and evaluation of the COTS.

This type of systems should only be used if low or medium level of quality is sufficient, and supplier dependency as well as life cycle cost, depending on licenses bought and the expected lifetime, is acceptable.

Table 3: Development process using COTS

Iteration
Activity
Critical
QA Method


1. Identify goals



From 5 & 9
2. Requirement elicitation
√
Review


3. Requirement selection



From 5
4. High level (architectural) design
√
Design review


5. Evaluation of COTS
√
ISO 12119 evaluation

Documents review

Benchmarking

ISO 14598 evaluation?

Producer evaluation

From 9
6. Final selection of COTS



From 9
7. Customisation




8. Integration




9. Test
√
Black box testing

Performance testing

5.2.  Multimedia Systems
In the implementation of multimedia systems the emphasis is more on the content, which is based on objects (text, picture video, animation, sound etc.) and structures (presentation, scenario, linking). An interdisciplinary team using multimedia or non-conventional media technology builds the systems. It is difficult to test a multimedia system because it has more art characteristic as the other considered system types.

Classification of multimedia systems:

· Multimedia CD for the purpose of education, presentation, information (data bases)

· WWW used for the purpose of public relations, information (data bases)

· Electronic commerce / electronic business (EC) used to

· Buy goods (transport of the goods is outside the multimedia system), e.g. books, music CD

· Make reservations, e.g. flight reservation (airline), trip reservation (travel office), ticket (cinema, theatre)

· Service deliveries (transport of the “goods” is within the multimedia system), e.g. software download, information from a proprietary data base

· Financial services, e.g. telebanking, stock exchange brokerage

· Proprietary applications, e.g. supply chain support

· Games

· Communication in form of electronic mail, internet telephone, news groups, chat rooms, video conferences

Table 5: Relevance of the infrastructure for the classes of multimedia systems 

Multimedia systems infrastructure levels
CD
WWW
EC
Games
Comm.

Man Machine Interface /

 Client Applications
X
X
X
X


Content / User Value / Message
X
X
(x)
X


Server Applications

(x)
X
X


Data base
X
X
X
(x)
X

Network

X
X
(x)
X

Quality criteria/attributes can be mapped across the infrastructure levels.

The following table was made with WWW applications and Electronic Commerce applications in focus but should be general. Use the table above as filter for the application area.

Table 6: Relevance of the quality criteria for the infrastructure levels

Criteria / attribute
MMI
Content
Server App.
Data base
Network

Use of colours
X





Use of graphic representation
X





Navigation
X
X




Response time
X

X

X

Amount of Information
X
X




Orientation
X
X
X



Mission and target audience

X




Multi-language 

X




Use user language

X




Structure of Information

X




Functionality (correctness)


X
X


Data (correctness)



X


Data (actuality)



X


Help

X
X



Communication possibilities incl. contact addresses

X
X



System / Device tolerance
X

X

X

Suitability for mission
X
X




Variation in response time over time




X

Use the technology but not for itself

X
X



Keep it simple
X
X




Don’t punish, help
X
X




Use animation only if semantic
X
X




No dead links

X




Security


X
X
X

Existing QA solutions identified are summarised in the following table.

Table 7: QA solutions applicable for multimedia systems

Infrastructure level
Existing QA solutions:

Man Machine Interface /

 Client Applications
Usability tests in usability labs

MMI Design standards and guidelines

Typographical rules and guidelines

General design principles

Ergonomic knowledge

Content / User Value / Message
Cognitive science knowledge

Psychology knowledge

Marketing techniques (graphical)

Public relations experience / rules / guidelines

Strategic planning methods
(mission, vision, goals)

Software engineering methods

Software architecture description methods

Linguistics

Scripting (film)

Configuration management

Server Applications
Software engineering methods

Data base
Data engineering methods

Network
Network and computer operation procedures

Network and computer continuous monitoring procedures

Service level agreements with the provider

The large set of existing solutions shall not suggest that there should be no problems in multimedia projects. Rather it is a warning: don’t throw over board all the accumulated experience only because you’re going to use new technology. Of course, the available solutions need to be adapted and new ones will emerge. The next table summarises the ways to go.

Table 8: What should be done in the area of multimedia systems

Infrastructure level
What should be done 


General

Creation of multimedia systems requires multidisciplinary teams.

Man Machine Interface /

 Client Applications
Provide education for MMI designers; define a curriculum for them

Use MMI designers (if you’re able to find such a species)

Test it on a wide number of systems / devices

Content / User Value / Message
Adapt software development process models for the different types of multimedia application areas

Develop specific methods for content engineering

Research / develop methods for working in multidiscipline teams

Server Applications
Apply the known methods

Data base
Apply the known methods

Network
Content architecture: Let do the server more than the client

5.3. Electronic Business Systems.

Most of the electronic business systems are based on Internet and require a high level of security. In the operation of these systems more than one organisation is involved. This type of systems is a mixture of software product and services provided by different organisations (commercially available Electronic Business Services). Functioning of the system depends on the service providers not only during implementation: when one service does not work then the whole system breaks down.
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Figure 4: Principle of electronic commerce

Table 9: Development process for implementation of electronic commerce systems

Iteration
Activity
Critical
QA method


1. Identify goals



From 5, 10
2. Requirement elicitation
√
Review


3. Requirement selection



From 5
4. High level (architectural) design
√
Design review


5. Evaluation of CEBS
√
Service evaluation

Producer evaluation

From 10
6. Final selection of services




7. Selection of COTS



From 10
8. Customisation




9. Integration




10. Test
√
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