Institut f�r Informatik der Universit�t Z�rich Requirements EngineeringA Survey of Methods and ToolsHubert F. HofmannNr. 93.05M�rz 93

Author’s address:Mag. Hubert F. HofmannInstitute for InformaticsUniversity of ZurichWinterthurerstr. 190CH-8057 Zurichhofmann@ifi.unizh.ch

Table of ContentsPreface........................................................................................................................ IIIPart IDefinitions and Properties of Requirements Engineering1Software Engineering............................................................................................... 22Requirements............................................................................................................ 43Requirements Engineering...................................................................................... 54Importance of Requirements Engineering............................................................. 65Issues in Requirements Engineering....................................................................... 75.1Business Objectives and Working Environment............................................... 75.2Clients and Their Views.................................................................................... 75.3Communication Barriers and Tacit Knowledge................................................ 85.4System Evolution and Integration..................................................................... 85.5Documenting Requirements.............................................................................. 8Part IIEssentials of Requirements Engineering1Ingredients.............................................................................................................. 121.1Perception of the Problem............................................................................... 121.2Requirements Engineering Process................................................................. 131.3Cyclic Requirements Engineering................................................................... 141.4Requirements Specification............................................................................. 151.4.1Specification Attributes.......................................................................... 151.4.2Specification Structure............................................................................ 162Activities.................................................................................................................. 172.1Elaborating Needs and Objectives................................................................... 172.2Requirements Acquisition and Modeling........................................................ 182.3Generating and Evaluating Alternatives.......................................................... 192.4Validation........................................................................................................ 20

IITable of Contents3Techniques.............................................................................................................. 213.1Interviews and Questionnaires......................................................................... 213.2Survey of Documents and Existing Systems.................................................... 223.3Analysis of Working Practice........................................................................... 233.4Experimentation with Prototypes..................................................................... 24Part IIIExisting Methods1Characterisation and Evaluation.......................................................................... 262Characterisation Categories.................................................................................. 273COntrolled Requirements Expression................................................................. 284Information Systems Work and Analysis of Changes........................................ 295Issue-Based Information Systems......................................................................... 316Jackson System Development............................................................................... 337Software Quality Deployment............................................................................... 358Soft Systems Methodology..................................................................................... 369Software Requirements Engineering Methodology............................................ 3810Structured Systems And Design Methodology.................................................... 40Discussion and Conclusions................................................................................ 43References.................................................................................................................. 45

The hardest single part of building a software system isdeciding what to build. [...] No other part of the work socripples the resulting system if done wrong. No otherpart is more difficult to rectify later. [Brooks 1987, p.17]PrefaceThis report is primarily aimed at people with some background in software engineer-ing, although it should be valuable to anyone who wishes to understand requirementsengineering.We characterise a representative set of requirements engineering methods by outlin-ing their goals, assumptions, processes, and tools. The characterisation offers a startingpoint to select and customise a requirements engineering method for a software project.Customisation is necessary, because a detailed description of how to do requirementsengineering (�cookbook�) can be appropriate in one situation, but can lead to an inap-propriate software specification in another.Thus, it is important to relate RE methods and tools to the experience and the devel-opment philosophy of the people involved in the software project. This promotes theunderstanding of the applied methods and helps to avoid adherence to the �one-best�method constantly applied without any reflection.This report consists of three parts. In part I we define the terms requirements andrequirements engineering, point out the importance of requirements engineering, anddiscuss some issues in the practical application of requirements engineering.Part I lays the basis for part II in which we state those aspects of requirements engi-neering that we find essential. We identify fundamental principles of requirementsengineering, show their relations, and outline essential ingredients, activities and tech-niques.In part III we survey, from four different points of view, a selection of existingmethods for requirements engineering. The majority of methods originates from soft-ware engineering, while IBIS, SQD, and SSM come from organisational science.

IVPrefaceAcknowledgementsI would like to thank Norbert E. Fuchs for inspiring discussions, for critical com-ments and constructive suggestions on this report, and for his support of this work ingeneral.I would also like to thank Peter Baumann and Franz Lehner for discussing thismanuscript and suggesting numerous improvements. Further thanks for suggestions andcriticism go to my colleagues Thomas Abdallah, Brigitta Bailer, Thomas Barothy,Ralph Holbein, and Patrick Scheidegger.This research is partially supported by the Swiss National Science Foundation underContract 21-32746.91.

This chapter begins with some background information on software engineering andoutlines the activities involved in software development. Then we set the stage forunderstanding requirements engineering by answering the question �What do you meanby requirements and requirements engineering?� To quote Humpty Dumpty, I can makea word mean whatever I want, but to communicate with you I’d better make sure youknow what I want it to mean. The final part of this chapter considers the importance ofrequirements engineering and reflects on its practical application.Part IDefinitions and Properties ofRequirements Engineering

2Definitions and PropertiesSystem and Software RequirementsDesignImplementationTestingOperation and MaintenanceSoftware ArchitectureProduct in UseSpecificationPrograms and Their Documentation

Client Needs and RequirementsFigure 1. Software Development Process Model1Software EngineeringThe goal of software development is to create software systems that meet the needsof the clients, i.e. customers and users. A customer is an individual or an organisationwho wants a software system to be built and bears its costs. The term user denotes anindividual or an organisation who works with the software system.Software development has to assure both the quality of the software system and thequality of its development process. A quality development process supports softwareevolution by defining its activities and their dependencies and by documenting theirrationale. As software systems undergo change, a quality development process is es-sential to maintain and enhance the quality of the software system. The field of researchdealing with methods, techniques, and tools for developing quality software is calledsoftware engineering [Naur & Randell 1969].The engineering approach to software development � that replaced software devel-opment �as an art� � led to the view that software development resembles other engi-neering processes. Thus, models for software development were and are still derivedfrom other engineering disciplines.Figure 1 provides a simplified version of a development process model that consistsof several well-defined phases and takes into account the possibility that phases recur toelaborate or revise client needs and requirements. Each phase results in a document thatforms the starting point for the next phase. This process model, or variants of it, is oftencalled the software life-cycle.The phase System and Software Requirements establishes the goals of the project,investigates the client needs and the application domain, and specifies requirements.

Definitions and Properties3The client needs are the �wish-list� of the client for the system to be developed. Thisphase concludes with a specification of the software system. The activities and docu-ments of this phase are the subject of this report.Design evolves from the software specification. It determines the architecture of thesystem, i.e. its built up from components and sub-components. Design results also inthe specification of the underlying logical data model, in communication mechanismsof system components, and in the specification of algorithms and data structures.Implementation transforms the software architecture into a set of system compo-nents, which are efficiently executable on the selected hardware. In other words, theimplementation phase produces an operational software system based on concepts de-fined during previous phases.Testing. The goal of testing is to assure that the implementation meets its require-ments. It includes quality assurance procedures, walkthroughs and inspections, staticanalysis, symbolic execution, formal verification, unit testing, and system and accep-tance testing.Operation and Maintenance. Once the software system has been accepted by theclient, installed and put into practical use, it enters the maintenance phase. Errors thatwere not discovered in earlier phases are corrected, and the system is enhanced as newrequirements are formulated.Early development models prescribed a strictly sequential process with clearly sepa-rated phases. However, software development is complex and dynamic, depending onthe application domain and the qualification of the project team. This dependency can-not readily be described using a simple model. Thus, experience with a strictly sequen-tial development process revealed its deficiency [Brooks 1975; McCracken & Jackson1982].Detailed software process models are still the subject of research. Like manyresearchers, we believe that exploratory and operational approaches to software devel-opment are most promising to build and to maintain quality software systems.Exploratory software development advanced from the development of artificialintelligence applications (e.g. knowledge systems) where it is often difficult to establishdetailed system and software requirements [Mostow 1985]. In this process model oneimplements software to meet initial requirements and exposes it to the users’ workingenvironment. Due to additional insight and experience with the system, more adequaterequirements are formulated. Reformulation of requirements and modifications of soft-ware lead to iterative development until an acceptable system is built.Operational software development is an evolutionary approach, where softwaregradually evolves from its specification [Zave 1984; Fuchs 1993]. This process modelentails the formulation of executable or operational specifications, which are exercised,

4Definitions and Propertiesvalidated, and revised, to fulfil the requirements. An operational specification is aformal model of the software system and can (partially) generate its behaviour.Preserving external behaviour, specifications are transformed into formalisms used inthe working environment to yield the intended software system.2RequirementsThe field of software engineering constantly evolves and many terms do not haveunique definitions. Of the many definitions of requirement, we present the definition ofthe IEEE that is widely used and closely reflects our understanding of the term.The IEEE software engineering glossary [IEEE Std.610.12-1990] defines require-ment as: (1) A condition or capability needed by a user to solve a problem or achievean objective. (2) A condition or capability that must be met or possessed by a system orsystem component to satisfy a contract, standard, specification, or other formally im-posed documents. (3) A documented representation of a condition or capability as in(1) or (2).Requirements can be divided into functional and non-functional requirements.However, the boundaries between these two are less precise than one would wish.Functional requirements define the functions that a system or system componentmust perform. They describe transformations the system or one of its componentsperforms on inputs to produce outputs. For example, the requirements for a moneydispenser have to answer questions like: What input is necessary to withdraw money?What have I to do to get a receipt?Non-functional requirements are constraints, e.g. performance (time and space con-straints, accuracy), user interfaces, reliability (e.g. robustness, availability of physicalequipment), maintainability, security, portability, standards, economical and politicalaspects. Example non-functional requirements are: Under what conditions can wechange the personal code of our card? How long should the money dispenser wait foruser input?Non-functional requirements are not just an �add-on� to functional requirements.Both are equally important to specify the software system. Moreover, non-functionalrequirements are likely, in due course, to become functional ones for some part of thesystem. For example, a requirement for reliability can be translated into some functionfor error reporting.

Definitions and Properties53Requirements EngineeringThe process of acquiring, refining and checking client needs for a software system iscalled requirements engineering [IEEE Std.830-1984]. The goal of requirements engi-neering (RE) is a correct and complete specification of software requirements.In this section, we define the term �requirements engineering�. Instead of adding anew definition to the numerous existing ones, we discuss three definitions of Boehm,the STARTS guide and Leite.Boehm [Boehm 1979] defines RE as the discipline for developing a complete,consistent, unambiguous specification � which can serve as a basis for commonagreement among all parties concerned � describing what the software product will do(but not how it will do it; this is to be done in the design specification).In the STARTS guide [STARTS Guide 1987] RE comprises those processes bywhich the purchaser’s1 statements of intention and requirement, written or spoken, aretransformed into a precise, unambiguous, consistent and complete specification of sys-tem behaviour including functions, interfaces, performance and constraints.For Leite [Leite 1987] requirements engineering is defined as a process in which�what is to be done� is elicited and modeled. This process has to deal with differentviewpoints, and it uses a combination of methods, tools, and actors. The product of thisprocess is a model, from which a requirements document is produced.Boehm defines RE as a process that involves close collaboration between client anddeveloper. The requirements specification is the communication media used in RE toreach an agreement about the intended software system. Boehm also emphasises theimportance of avoiding design decisions when defining requirements. Thus, he draws asharp distinction between what one is trying to achieve and how one is designing thesoftware system to satisfy the requirements.Though this is a desirable objective, in practice the boundary between specificationand design is fuzzy. This holds both for functional and non-functional requirements. Itseems to be virtually impossible to define a behaviour without at least a minimum of anidea how this behaviour should be achieved [Swartout & Balzer 1982]. Furthermore,the specification represents an understanding of the client’s requirements at one point intime based on some level of experience. However, software evolves during both itsdevelopment and operational use. As RE has to ensure the definition of a �realistic�software system, it seems artificial to separate RE from other concerns of softwaredevelopment at any cost.1 Purchaser means the same as client, that is, the user and customer.

6Definitions and PropertiesThe STARTS Guide and Leite focus on RE as the systematic process of investigat-ing client needs for the software system. The investigation is based on understandingthe perceived problem for which the software system is proposed.A major difficulty in problem understanding is that experts and novices accomplishtheir problems differently cf. [Dreyfus & Dreyfus 1986]. In RE we have the specialsituation that the client is an expert in the application domain, and the requirementsanalyst is an expert in software engineering, and each may be a novice in the domain ofthe other.4Importance of Requirements EngineeringMany studies have shown that the later wrong development decisions are detected,the more expensive they are to repair cf. [Boehm 1989]. This is especially true fordecisions taken during RE, which is the very beginning of software development.RE activities provide in many ways the foundation for a software system. RE forcesclients to consider their requirements carefully and to review them within the context ofthe problem. This process aims at a correct and complete specification of the softwaresystem.RE records and refines requirements, improves the transparency of the softwaresystem, and enhances communication among clients and developers. Unless therequirements specification represents an informed consensus of clients and developers,the project is not likely to succeed.RE enables test plan development used for validation and contractual compliance.The requirements specification is the standard against which design and implementationare checked for correctness and completeness.RE supports project management by providing a starting point for subsequent con-trol and management activities, e.g. estimates of cost, time and resources needed.Moreover, a requirements specification can be used to define the constraints for futurechanges and to support maintenance.If RE activities are insufficient, users will lose confidence in the development teamand in RE. This loss of trust will affect not only the current software project, but alsothe clients’ long-term attitude toward software development and personnel [Zuboff1989].

Definitions and Properties75Issues in Requirements EngineeringIssues in RE concern business objectives and working environment, clients and theirviews, communication barriers and tacit knowledge, system evolution and integration,and documenting requirements. This list is not complete, but it enumerates the mostimportant issues.5.1Business Objectives and Working EnvironmentAlthough business objectives are often stated in very general terms, they are used todecompose work into tasks. In such a situation RE usually focuses on task descriptionsand on analysing similar software systems [Greenspan 1991]. This information providethe basis for specifying the software system to be built. However, the concentration on(abstract) tasks often leads to software systems that do not fit into the current or theplanned working environment.The software system will change the working environment, but it is hard to antici-pate actual effects on the organisation. Change does not only occur when a softwaresystem is introduced and put into practical use, but also when the environment changes(new insights into problems, new machines being installed, etc.). The need for changeis exemplified by the enormous costs of software maintenance. Although there aremany reasons for the difficulty of maintaining software, lack of thorough attention toRE is a major one.One reason for inadequate software systems is that the initial specification often isalso the final one, thus hindering the communication and learning process of the peopleinvolved, which might lead to more suitable software systems.5.2Clients and Their ViewsLarge software systems usually have a diverse client community. Different clientshave different priorities and different requirements have different degrees of importancefor them. Also customers and users are rarely the same people. Customers may imposerequirements because of organisational and budgetary constraints, which are likely toconflict with user requirements. Taking different and potentially conflicting views intoaccount, avoids a narrow frame of reference and helps to build an appropriate picture ofthe problem.Respecting different point of views can also have negative consequences. Multipleviews can cause redundant data, inconsistency, and ambiguity [Finkelstein et al. 1992].

8Definitions and PropertiesAlso the size and complexity of requirements can give rise to misunderstandings, canmake it difficult to focus on one aspect at a time and to see relations between require-ments. There are also causes problems when the specified system is impossible tovisualise from the specification.5.3Communication Barriers and Tacit KnowledgeRE depends upon intensive interaction and communication between clients andrequirements analysts. However, there are interaction problems that cannot be solved bycommunication alone.People know more than they can ever tell. When this �tacit knowledge� concerns aproposed software system, we are often at a loss how to bring forth this knowledge. Theproblem is more than just a vagueness of the client concerning requirements, becausetacit knowledge may not be describable by the client. It is an open question whetherelements of our tacit knowledge are inaccessible in principle [Wittgenstein 1960], orjust hard to verbalise, and remain either consciously or unconsciously suppressed[Varela et al. 1992].Exploratory and operational approaches help to overcome communication barriers,because they offer the chance to gain experience with the proposed software system.5.4System Evolution and IntegrationFew software systems are built form scratch. In practice many projects extend anexisting software system. Thus, the requirements analysts must understand these sys-tems, which are usually an integration of components from multiple vendors.Therefore, the emphasis shifts from designing and implementing a system to choos-ing and combining existing software components. Because existing components imposedesign constraints, it is even more important to map between requirements and softwaredesign. Immediate mapping from requirements to software code leads to fault fixingdirectly in the code. This will cause the software system to diverge from the require-ments specification and the requirements specification will no longer reflect the needsof the client.5.5Documenting RequirementsRE documents are large. They may be several hundred or thousand pages long, eachpage containing many detailed items, each of which can have profound effect on therest of the software system.

Definitions and Properties9People have problems to understand documents of this size, even if they read it care-fully. The problem is one of conceptualisation. It is almost impossible to read a specifi-cation document of several hundred pages and be able to conceptualise the system.Once a document gets to a certain size and complexity, it is impossible for one personto keep the complete picture in his or her head. This leads to problems and errors thatare not seen until after the software system has been built.

In this chapter we describe our view of RE essentials. We identify fundamentalingredients of requirements engineering, show their relations, and outline essentialactivities and techniques. Flexibility is a characteristic for RE and this chapter offersnot a �cookbook� to be followed every time.Part IIEssentials of Requirements Engineering

12Essentials of Requirements EngineeringIndividualor Group

Physical and Mental ImpedimentsNeeds and Objective(s)Perceived ProblemFigure 2. Perceived Problem1IngredientsThis section outlines the fundamental ingredients of RE from our point of view.These are the perception of the problem for which a software system is proposed, theRE process, and the requirements specification, which is the essential document duringRE � and during the whole software development.1.1Perception of the ProblemRE starts when a problem has been perceived that offers some potential for a soft-ware system and when it has been decided to tackle the problem this way.Many definitions of the term problem can be found in literature, some of which arehighly formalised [Mitroff & Mason 1981]. However, we can think of a problem as thedifference between what is and what ought to be. Problems are impediments that anindividual or a group perceive when trying to achieve certain needs and goals (e.g.design software systems that meet the requirements of the client). In this endeavour anindividual or group has alternative courses of action available and the choice made canhave a significant effect on the problem solving process. Complete knowledge about aproblem situation occurs in artificial situations only. In reality there are some doubtswhat the actual problem is, which solutions are available, and which one should beselected.Problems can be described in various ways. One way considers the availability ofstrategies to solve perceived problems [Simon 1973]. Simon defines structured and ill-structured problems. A problem is structured if a problem solving strategy can be speci-fied and handed over to an individual or group to solve the problem without additionalhelp. Thus, the application of a problem solving strategy requires little knowledge of

Essentials of Requirements Engineering13Feasibility Studyand Project DesignSystem SpecificationPerceived Problem elaborating needs and objectivesrequirements acquisition validation requirements modeling implementationgenerate and evaluate alternativesRequirements DefinitonSoftware SpecificationFigure 3. The Process of Requirements Engineeringthe problem to be solved. To the contrary, an ill-structured problem lacks definitiveformulation and requires knowledge of the specific application domain.Models offer another way to describe problems. A model is composed of objects andrelations presented as a (formal) description of the problem. Models are problem spe-cific and require domain knowledge to be applied appropriately.Both the problem solving and the model-oriented aspects are of great importance inRE. Therefore, the essential difficulty is how to arrive at a set of concepts to expressmodels of the problem situation, and how to find problem solving strategies.1.2Requirements Engineering ProcessIn this section, we briefly outline the activities and documents of the requirementsengineering process and show relations between them.The RE process has been divided in several ways cf. [Partsch 1991; Gause &Weinberg 1991; Martin 1988]. For our purposes it is convenient to partition RE into theactivities: elaborating needs and objectives, requirements acquisition, requirementsmodeling, generating and evaluating alternatives, and validation. In Figure 3 these acti-vities are depicted as transitions between the documents of the RE process.The RE process begins with an understanding of the perceived problem. RE definesthe boundaries of the proposed system by elaborating needs and objectives. The objec-tives for the software system are usually defined by (strategic) management, whereasthe needs or the �wish-list� of the client for the system are subject to debate. A study iscarried out to show the feasibility of the project and a preliminary project design isestablished.The activities elaborating needs and objectives and requirements acquisition areinterrelated. By requirements acquisition we mean that an individual or group identifies

14Essentials of Requirements Engineeringor creates concepts of the problem situation. These concepts provide the buildingblocks for expressing the problem and specifying the software system. In other words,concepts provide the vocabulary to describe the perceived problem in detail. The docu-mentation of this activity is called requirements definition.The purpose of requirements modeling is to describe the problem situation usingsemi-formal and formal notations. Such a description is called system specification. It isa precise and understandable document that sets out the system services.The system specification is used to generate alternative software specifications.Unlike the system specification, the software specification is primarily intended fordesigners rather than for users or management. The activity resulting in the softwarespecification is called generation and evaluation of alternatives.The requirements specification, i.e. the combination of system and software specifi-cation, must correctly and completely fulfil the client requirements. The process toensure compliance is called validation. The implementation of a partial software speci-fication influences the perception of the problem and can induce a new RE process.1.3Cyclic Requirements EngineeringIt is difficult to specify the correct and complete software specification at the begin-ning of RE. The �right first time� principle will only work, if at all, in simple situations.Depending on the problem structure, the experience of the people involved, availablemethods and tools more than one RE cycle can be necessary to specify the softwaresystem. The RE process continues in recurrent cycles of exploring the perceivedproblem, proposing alternative specifications, and validating software specification(Figure 4).A cyclic process allows the client to receive early feedback on the analyst’s interpre-tation of requirements and to correct misunderstandings as early as possible. The REprocess is pursued at different levels of detail to progressively prepare detailed specifi-cations. Abstraction, partitioning, and projection are three techniques to support the dif-ferent levels of detail in RE activities and to keep them in balance.Abstraction. Abstraction concentrates on structural relations among general andspecific entities. The use of abstraction leads to a vertical decomposition of consideredentities, which allows to suppress details and to concentrate on essential properties.Partitioning. Partitioning describes the problem in terms of its parts. It makes sys-tems modular and allows to concentrate on one entity at a time. Partitioning leads tohorizontal decomposition.Projection. Projection allows different viewpoints. A projection presents the entiresystem, but with respect to only a subset of its properties.

Essentials of Requirements Engineering15

Perceived Problem

Initial Requirements

Initial Specification

Changed Specification

Changed Requirements

Perceived ProblemFigure 4. Cyclic Requirements EngineeringIn RE one must carefully decide which problems to investigate to which degree ofdetail, i.e. one has to find the correct balance between problems and their solutions.Failure to find this balance can lead to insufficiently investigated problems, or to elabo-rate solutions of non-problems. The correct balance is project-specific, and once foundit is subject to revisions2. Other projects and other situations may require to find a newbalance.1.4Requirements SpecificationThe requirements specification is a combination of system and software specifica-tion. It is a document for which the domain concepts identified or created duringrequirements acquisition provide the building blocks. These concepts are often stated inan informal way in the requirements definition.Ideally, the requirements specification is a reference containing everything necessaryto develop software that is acceptable to the client. To be useful as reference throughoutsoftware development, the requirements specification must always be kept up-to-date.1.4.1Specification AttributesRecent RE literature agrees on the attributes of a specification cf. [Thayer &Dorfman 1990]. Although these attributes are generally understood, there meaning must2 �Man braucht nicht immer denselben Standpunkt zu vertreten, denn niemand kann einen hindern,kl�ger zu werden.� Konrad Adenauer

16Essentials of Requirements Engineeringbe defined by the software project. Moreover, the people involved in the software pro-ject have to state clearly why and how they decided on a particular combination ofessential specification attributes.Correct. A specification is correct if each specification statement corresponds toclient requirements or is derived from them.Complete. A specification is complete if it includes all functional and non-functionalrequirements, and conforms to any applicable standard.Consistent. Consistent means that no specification statement is in conflict with anyother in the specification. Examples for inconsistency are conflicting terms, concepts,and consequences.Unambiguous. A specification is unambiguous if the specification statements haveonly one interpretation.Understandable. Formal notations make specifications less ambiguous and moresuitable for validation, but their understanding often requires special training.Paraphrasing and tools that translate the formal notation into an (almost) equivalentprose can increase understandability.Modifiable. A specification should be written in a form that makes it easy to con-sider new requirements or to modify existing ones.Annotated. The purpose of annotations is to provide guidance to the developmentteam. Two types of annotations that are of most help are relative necessity and relativestability of each specification statement. Annotations can be also used to trace thehistory of specification statements.Achieving all the preceding properties in a specification is difficult. While eliminat-ing ambiguity makes the specification more understandable, an attempt to be completelets the document become large and difficult to read. Thus, the only conclusion is thatthere is no perfect software specification.1.4.2Specification StructureSince the requirements specification must serve a variety of people, it is importantthat it is structured so that it can be understood and analysed. There are various sugges-tions how to organise the requirements specification, e.g. [Sommerville 1992].In the following, we provide an outline for the document. This outline can be easilyadapted to comply with different standards.Introduction. The introduction describes the need for the software system and placesthe system in context, briefly describing its functions and presenting a rationale for it.

Essentials of Requirements Engineering17Environment Characteristics. This chapter describes how the system fits into thebusiness or strategic objectives of the organisation commissioning the software. It setsout the system model, showing the relations between the system and its environment.System Evolution. This chapter describes the fundamental assumptions on which thesystem is based and outlines anticipated changes due to changing user needs, hardwareevolution, etc.Functional Requirements. The services provided for the client should be described inthis section. The connections to the non-functional requirements should be statedexplicitly.Non-functional Requirements. The non-functional requirements concern constraintsof the system (performance, user interface, reliability, maintainability, portability, etc.).They should be related to the functional requirements.Glossary. The glossary defines the technical terms used in the document.Sources. This chapter identifies the persons who contributed to the requirements.Index.2ActivitiesSeveral activities are essential for the process of RE: discovering, understanding, anddescribing informally the client’s requirements; constructing a conceptual model thatintegrates and consolidates different client views; specifying a software system to meetthe requirements in a formal (executable) language; and validating that specificationwith respect to the requirements.2.1Elaborating Needs and ObjectivesBefore developing a software system management should have established an infor-mation system strategy. Information system strategies are understood as the entirety ofmeasures defining the global and long-term development of the information infrastruc-ture in the organisation. They lay out the objectives of the organisation concerninginformation systems.Thus, requirements are rarely specified from scratch. The elaboration includes ananalysis of business objectives and their relations to the project [Mittermeir et al. 1990].It is necessary to understand the system currently doing the work, envision future work-ing environments, and clarify the way in which software is used to support theseactivities.

18Essentials of Requirements EngineeringMoreover, the context in which the software system is built delimits the sourcesfrom which the requirements are acquired. This activity identifies the people contribut-ing to the software project and those who are affected by the software systems. Theirneeds, i.e. their �wish-list� for the software system to be built, are subject to debate andare discussed during RE. However, this does not imply that the information necessaryfor specifying an adequate software system are available.Therefore, elaborating needs and objectives performs a feasibility study and projectdesign. The feasibility is used to decide whether to proceed with the developmentproject or to stop it when the costs for developing the system outweigh its benefits. Thefeasibility study also tries to discover existing solutions to the problem.Project design assigns team members and defines how the development process willbe organised. Project design during RE also offers a guideline for further developmentactivities and for the allocation of organisational resources. However, it does not deter-mine the software project in every detail, which would lead to a rigid and inflexibledevelopment process.A statement of the problem context and the boundaries for the software system are amajor result of the elaboration of needs and objectives. For well structured problemsthis information can already exist or be readily available.2.2Requirements Acquisition and ModelingPreliminary acquisition focuses on existing material, e.g. the documented objectivesand the �wish-list� of the client or reports about similar systems. Natural language iseither the primary means of expression or, in the case of numbers and diagrams, themeans of explaining primary data. Keywords are identified and associated withfragments in texts that help to describe them, much like entries in an encyclopaedia.The typical outcome of this analysis are glossaries and data dictionaries.Clients and requirements analysts use these results when investigating the proposedsoftware system and its connection to the environment. They attempt to impose a globalstructure on acquired data to create a model of the problem in terms of taxonomic hier-archies, causal networks, tables, flow diagrams, or whatever organisation is convenientfor modeling the problem.The results are documented in the form of conceptual models, which describe staticand dynamic aspects of the problem, respectively the application domain. Static struc-tures of concepts are represented by networks of objects, which encapsulate attributes[Rumbaugh et al. 1991; Dodd 1990]. Dynamic structures describe exclusive services,e.g. the interface with its environment.

Essentials of Requirements Engineering19The conceptual model selects features of the application domain that are of interestto the client, but ignores details and relations that can be important for another purpose.This is an important point in specifying and designing software systems. As one wantsto reuse specifications, and as the perception of problems will change over time,conceptual models and their implementation must change, too.Often semi-formal and informal representations are used as a communication devicebetween clients and requirements analysts. They represent requirements as comments innatural language, e.g. Hypertext [Conklin 1987], or pictures, e.g. SA and data-flowdiagrams [DeMarco 1979].The activity can be made more precise, if the requirements analyst takes a formalapproach and builds conceptual models using one of the formalisms that have been pro-posed in recent years, e.g. Conceptual Graphs [Sowa 1984], Petri-Nets [Peterson 1977],Z [Diller 1990].Formal representations of requirements are unambiguous. They have been mostlyused to model functional behaviour. Furthermore, they can often be transformed intomachine-executable form.However, each formalism has its strengths and limitations. Therefore, it is doubtfulwhether any single formalism can deal with all aspects of RE. Thus, we suggest tocombine formal, semi-formal and informal representation of requirements. We viewthese representations as complementary in the process of specifying the software sys-tem.Although this multi-lingual approach may seem burdensome, it avoids the exclusionof those who do not know the notation, and it eases communication. During acquisitionand modeling requirements are typically ambiguous, incomplete, and inconsistent.Moreover, their expression includes different notations (e.g. text, graphic, formulas)and various levels of detail from concrete examples to general properties. Since soft-ware specifications are derived from these statements, the acquisition and modelingprocess must allow different levels of detail and style, and has to cope with ambiguity,incompleteness, and inconsistency [Fuchs 1993].2.3Generating and Evaluating AlternativesThe generation and evaluation of alternative specifications avoids the adherence to a�satisficing� alternative [Simon 1970] that �will do� and can be implemented withminimum effort. This can be appropriate, but should be adopted consciously than bydefault.

20Essentials of Requirements EngineeringSince the generation of alternative specifications is an act of creativity, it is essentialto document the rationale for each alternative, e.g. how an alternative relates to needsand objectives.Accurate timing of evaluation activities is difficult. The sooner the assessment, theless likely one wastes resources, but the less one knows about client needs and the lessreliable are the estimates. Hence, recurrent evaluations are necessary.An important point for evaluating requirements is their priorisation. Priorisationeffects RE significantly. High priority requirements are addressed first, subsequentrequirements changes are defined and examined, before low priority requirements areconsidered. This can result in cost and time savings when changes of requirementsduring the software project are necessary.The evaluation of alternatives also considers the consequences of using the softwaresystem to be developed. This avoids the selection of an alternative specification thatmight be inexpensive to implement, but for which the training costs of the resultingsoftware system might be enormous.No matter how many software specifications are assessed, evaluation is more thanchoosing the technically best alternative. Evaluation could also result in abandoning theproject altogether.2.4ValidationValidation is often confused with verification. Verification means the check thatspecifications describe the system right. Whereas validation means the check that spec-ifications describe the right system, i.e. specifications meet the client requirements.Validation is a recurrent activity. Once a set of requirements is specified, it is vali-dated to meet the client requirements. If the validation process is inadequate, misun-derstandings and errors are propagated to design and implementation, and expensivemodifications of the software system are required to correct them.Usually an acceptable level of validity is achieved through testing, which is a con-firmation technique ensuring that the software specification is following pre-establishedcriteria. Testing often means inspections, reviews, walkthroughs, and static techniquescf. [Freedman & Weinberg 1990].We believe that these techniques are not enough to reach an acceptable level ofvalidity. Reading definitions and specifications, clients must picture the system inoperation and imagine how that system fits into the working environment. This type ofanalysis is, at best, difficult for clients to perform. Hence, we suggest to perform vali-dation by using the specification as an executable prototype.

Essentials of Requirements Engineering21Executable specifications can contribute enormously to validation, because theyallow users to experiment with stable portions of the software system and thus givethem the necessary touch-and-feel experience [Fuchs 1992]. So users can participate inthe formulation of the specifications and in their immediate validation. The involve-ment of users and the immediate reflection on consequences of specifications are of ut-most importance, because they contribute to the adequacy of software, to the reductionof costs, and to the adherence to the schedules.3TechniquesFrom the various techniques available for RE (creativity techniques, observation,etc.) we discuss interviews and questionnaires, the survey of documents and existingsystems, the analysis of the working practice, and the experimentation with prototypes.Although their combination is common practice, the appropriate choice of RE tech-niques depends on the development project. For example, when users have a clearunderstanding of requirements and the proposed system is similar to the softwaresystems in use, one can usually rely on interviews and on the survey of documents andexisting systems to acquire requirements. This deriving technique is most successful forstandard software.When the users are unfamiliar with the features of the proposed system or when theexisting system is inadequate, one needs to rely more on analysing the working practiceand on prototyping. The analysing technique is most useful when the working environ-ment is altered to perform new or extended tasks, which are supported or solved by asoftware system.Prototyping is an effective, even necessary technique, if the user interface is criticalto the system’s success, or when it is not possible to visualise the requirements of thesystem. Although this technique often means to generate new prototypes, existingprototypes of an earlier system can be very helpful in specifying the new softwaresystem.3.1Interviews and QuestionnairesInterviewing is widely used for acquiring information in the development of soft-ware systems [Burton et al. 1988]. It is especially helpful to get an initial understandingof the problem, respectively the application domain, and to complete the requirements.Several techniques for structuring interviews have been suggested. Examples are thetutorial interview, in which experts give an introduction to the application domain, and

22Essentials of Requirements Engineeringthe focused interview, in which the requirements analyst prepares interview topics, butnot precise questions. Both techniques are appropriate for early RE sessions, becauseone is free to focus on aspects appearing during a session. In the structured interview,the requirements analyst covers a list of topics, not necessarily in a rigid order, but fol-lowing a structured plan. For the efficient application of this technique the interviewermust be well-informed about the domain. The teachback interview is a technique inwhich a person or group describes a problem solving activity to the requirements ana-lyst, who then teaches it back. Card sorting is another example of a structuring tech-nique. A person is asked to group a (randomly distributed) set of cards, each labelledwith a concept of the application domain, according to criteria of his or her choice. Yetanother example is the use of repertory grids to classify concepts and objects of theapplication domain. Repertory grids help to judge the relation between domain conceptsor objects by rating their difference.Many interviewing techniques can be criticised for imposing their structure upon theRE process and hence the application domain. Moreover, they often require an analystexperienced both in the application domain and with development techniques. A quali-fication that is difficult to satisfy.Questionnaires provide an alternative to interviews. A questionnaire is sent to theclient and replies are analysed by the requirements analyst. Questionnaires are useful ingathering numerical data from the client or when one wants to get back discrete values,i.e. by using structured questions that include a range of replies and require the respon-der to tick one of them.However, there are a number of disadvantages in using questionnaires. First of all,they are mostly suited to closed questions and are not suitable for open questions.Secondly, questionnaires are usually not answered completely and often express somecurrent concern rather than long-term concerns.3.2Survey of Documents and Existing SystemsThe protocols resulting form interviews, questionnaires or other existing documentsare analysed for recurring patterns, i.e. general events and statements [Ericsson &Simon 1984]. For example, protocol analysis requires that a person performs the taskwhile describing and interpreting problem solving activities (think-aloud protocol). Thesessions are usually tape-recorded, transcribed and analysed later. There is some debatehow far the protocol analysis interferes with the execution of the task and how far it isan accurate description of what the interviewed person is doing.The derivation from existing systems assumes that the requirements of the softwaresystem can be derived by studying a system for the same type of organisation or for the

Essentials of Requirements Engineering23same type of application. For example, money dispenser systems require similar inputs(card number, personal code, etc.), processing (e.g. calculating account), and outputs(money, receipt, etc.). By identifying these similarities, the existing software systemcan be used to create an appropriate model for the proposed system. Such a modelallows to state explicitly the difference from the existing system; e.g. the moneydispenser lacks output in foreign currency which is required by the proposed system.Recognising such differences helps to derive expanded requirements for the proposedsystem. Moreover, such differences are often crucial for the allocation of organisationalresources to a particular software project: What is new about the software system youpropose?The derivation from existing systems is especially helpful if it is not possible tospecify requirements in co-operation with the users. A reason to apply this strategymight be, when personnel fluctuation has eroded the base of user experience andknowledge about the application domain.However, the examination of existing systems can only partially support the acquisi-tion of requirements. Although this strategy can provide enough guidance to specifystandard software, it is usually not enough to provide the user with software systemsthat are individually adequate.3.3Analysis of Working PracticeIn the analysis of the working practice the requirements analyst has to understand theorganisational objectives and the needs of the client. A starting point is to study inputs,processes, and outputs of the working practice and examine the relations between them.Focusing on processes, inputs, and outputs is especially effective if the consideredprocess is well structured. However, to focus on information processing primarilyneglects that information is an interpretation of data and that the requirements analysts’interpretation thereof is not necessarily the interpretation of the client.Moreover, this kind of analysis does not show aspects of responsibility, significanceof informal communication, etc. Formal analysis emphasises details of the applicationdomain or resource issues, but the nature of the working practice remains hidden fromthe requirements analyst.Therefore, the analysis of the working practice must also diagnose existing jobs. Itshows the impacts of changes in the working environment with respect to the softwaresystem to be built, cf. [Ulich 1992]. For example, the Job Diagnostic Survey [Hackman& Oldham 1975] provides measures of job dimensions (e.g. skill variety, task identity,autonomy, feedback from the job itself), individual psychological states resulting fromthese dimensions, and affective reactions of employees to the job and work setting (e.g.

24Essentials of Requirements Engineeringhigh internal work motivation, high quality work performance, low absenteeism andturnover). The Job Diagnostic Survey proposes that positive personal and work out-comes are obtained when three critical psychological states are present for theemployee, i.e. experienced meaningfulness of the work, experienced responsibility foroutcomes of the work, and knowledge of the actual results of the work activities.The analysis of the working practice focuses on information processing and on socialaspects. Recently, the importance of social aspects for RE, and for software develop-ment in general, has been emphasised by several authors e.g. [Floyd et al. 1989;Greenbaum & Kyng 1991]. Greenbaum and Kyng start with the envisionment of futurework situations allowing the user to experience the effect of software systems on theirworking practice.3.4Experimentation with PrototypesPrototyping is the process of building an (operational) model that allows clients andrequirements analysts to understand problems by experiencing them first hand, and touse this experience to guide the RE process [Budde et al. 1992]. Prototyping supportsthe stepwise development of the requirements specification and allows dynamic repre-sentation of system behaviour.Prototyping acquires requirements through repeated iterations of prototype buildingand clients suggesting modifications and additional features. These iterations continueuntil both clients and analysts believe they have specified the requirements for thesoftware system.Prototyping is most commonly used to develop interactive systems with the userinterface as the critical component. It enables earlier more effective dialogue betweenclients and requirements analysts focusing their discussion on real behaviour and onactual client experiences in exercising the prototype. The replacement of words byactions can give the client a better understanding of what is being developed. Moreover,it helps to expose unstated assumptions and triggers some of requirement changes earlyin software development.Nevertheless, prototyping does not explicitly support the structuring of requirements.Systems whose requirements have been determined primarily through prototyping areoften more difficult to integrate with other software systems and exhibit a less coherentdesign [Bischofberger & Pomberger 1992]. Therefore, prototyping must be comple-mented by structuring principles and careful co-ordination of the prototyping process isnecessary. For example, explicit cost, effort, and time limits for experimenting withprototypes and procedures for their documentation.

Many methods for RE have been developed until now. Several of them will be intro-duced here with a brief description of their goals, assumptions, RE process, and avail-able tools, if any.Part IIIExisting Methods

26Existing Methods and Tools1Characterisation and EvaluationWith increasing interest in RE, comparisons and critiques of available methods,techniques and tools have appeared in the literature, e.g. [Byrd et al. 1992; Davis 1988;Roman 1985; Taggart & Tharp 1977; Yadav et al. 1988]. Many of these papers proposecharacterisation and evaluation criteria for methods. While we agree with many of thepublished criteria � and will rely on them � we feel that they are not entirely appro-priate.Most important, there is often no clear distinction between the characterisation ofmethods, that is, describing what they provide, and their evaluation, that is, saying howwell they support RE. We believe that this distinction is essential. To put forward ourargument we outline four particular evaluation techniques [Olle et al. 1983; Fowler etal. 1990].One technique to evaluate RE methods is to use a taxonomy of features for identify-ing a class of methods. The taxonomy is usually generated from some notion of an idealmethod. The ideal or �one-best� method addresses all desirable features against whichthe surveyed methods are measured. In practice, however, methods differ significantly,because there is not or cannot be the �one best� method applicable to every problem.The development of �yardsticks� tries to avoid the notion of an ideal method.Yardsticks are generated empirically by analysing features of existing methods to workout which factors have been considered useful in the past. This technique focuses on theinternal validity of RE methods and thus is concerned with its consistency and com-pleteness. However, it is not always possible to generate yardsticks from the methodsthat one is attempting to evaluate. Sometimes, simply because comparable methods donot exist in a given area.Case studies are another technique to evaluate RE methods. They provide an in-depth analysis of how the examined method is used. Results of the analysis can becompared with the claims of the method. An essential prerequisite for the realisation ofcase studies is that evaluators are well trained in using the method. This is often diffi-cult to decide. Moreover, the reliability of a method can be difficult to measure, becausethe same case is not repeatable, and case studies rarely involve comparisons.Another strategy is to survey those who apply the method. This means that the valueof RE methods is assessed from the analysts’ point of view. However, the difficulty liesin the separation of methodical factors from contextual ones. If a RE method is evalu-ated as inadequate for a particular application domain this can be due to the methoditself, to low motivation for its use or acceptance, to poorly trained requirements ana-lysts, etc.

Existing Methods and Tools27Evaluation and comparison of RE methods are extremely difficult, since there are noobjective criteria. The evaluation depends upon several factors, e.g. the level of inte-gration between methods, the suitability for specific situations, experience with themethods, skills and expertise required in using them. Because of these dependencies,the (long-term) consequences and benefits of methods are extremely difficult to evalu-ate and therefore difficult to generalise.Nevertheless, for the purpose of this survey we will develop in the next section ourown set of criteria. We use them to characterise selected methods.2Characterisation CategoriesMethods range from process-oriented to data-oriented methods. Some methods focusmore on the viewpoints necessary to specify the software system, whereas othermethods concentrate on the resulting view � the software specification. Figure 5shows a qualitative assessment of surveyed methods.viewpoints

process-oriented data-orientedspecificationIBISSSADMSSMISACJSDSREMCORESQDFigure 5. Overview of MethodsTo characterise and to compare representative RE methods, we have developed fourcriteria: (1) Goals of Method; (2) Assumptions of Method; (3) RequirementsEngineering Process; and (4) available Tools. These four criteria offer a sufficientlycomprehensive perspective for RE methods.The purpose of the following sections is not to outline all RE methods and tools inan encyclopaedic way, but to give a sufficient flavour of a representative selection ofthem. This information should help to decide whether the consideration of a method isworthwhile for the software project.The following synopses are necessarily simplifications and thus authoritative refer-ences and suppliers are indispensable to learn how to use the methods appropriately.

28Existing Methods and Tools3COntrolled Requirements ExpressionCORE is a requirements analysis and specification method that was developed in1979 and work on CORE is still continuing.References. Mullery 1979 and 1985; System Designers 1985.Evaluation Studies. Stokes 1991; Finkelstein et al. 1992.Goals of Method. CORE is a prescriptive, top-down method. It identifies the clientsand their viewpoints, and describes dynamic aspects of the software system with theprimary aim to determine functional requirements.Assumptions of Method. CORE assumes that different viewpoints are necessary tospecify requirements. Example viewpoints are environment view (e.g. user interfaces),process view (e.g. project schedules, information flows), and reliability view (e.g.failure conditions).CORE defines responsibilities for clients and requirements analysts (viewpointauthorities) and structures their communication. For example, the customer is respon-sible to resolve conflicting views. In CORE the rationale for each requirement restswith the clients and is not documented in the RE process.The requirements analyst is responsible for the documentation of requirements spec-ifications, which express necessary viewpoints and ensure their successful combinationinto a coherent specification of the software system.Requirements Engineering Process. CORE proceeds iteratively, first defining theproblem, then decomposing it into viewpoints, and acquiring information about eachviewpoint. This recurrent process leads to a hierarchy of viewpoints. The RE processcomprises viewpoint structuring, tabular collection, data structuring, single and com-bined viewpoint modeling, and constraint analysis.Viewpoint structuring delimits the application domain and partitions it in (two tofive) viewpoints, e.g. view of customer, maintenance and user organisation. Viewpointsare the set of interests to be supported or influenced by the proposed system. Thecustomer decides for each viewpoint whether it is to interact with the system or whetherit causes one of the other viewpoints to interact with the system (indirect viewpoint). In

Existing Methods and Tools29the analysis output and input of indirect viewpoints are considered, but their actions arenot.The method is to interview responsible users and technical experts, to prepare a tabu-lar collection form, a set of CORE diagrams at several levels of detail, and a singleviewpoint model.The tabular collection form defines for each viewpoint the input, its actions, theoutput, and their sources and destinations. The purpose of data structuring is to analysethe output of each viewpoint to detect its hierarchic and derivation dependenciesimposed by the environment. Inputs and actions are usually not considered for datastructuring. CORE diagrams are used to show the results of data structuring.A single viewpoint model investigates a viewpoint in isolation. It is essentially agraphical representation that combines CORE diagrams and the tabular collection form.For their coherent integration single viewpoint models include additional data flows.Combined viewpoint modeling attempts to integrate isolated viewpoints into onerepresentation ensuring consistency and completeness. The activity results in a set ofCORE diagrams showing how the various viewpoints fit together. Once the individualviewpoints have been reconciled completely, the analyst interviews users to acquire andassess some aspects of non-functional requirements.Tools. Commercial support for the technique is available in the UK from SystemsDesigners Plc. British Aerospace has combined CORE with PSL/PSA in their SAFRA(Semi Automated Functional Requirements Analysis) project.4Information Systems Work and Analysis ofChangesISAC was developed by a research group at the Royal Institute of Technology and atthe University of Stockholm, Sweden.References. Lundeberg, Goldkuhl and Nilsson 1981.Evaluation Studies. Taggart & Tharp 1977; Winter, Scheschonk and Gier 1986;Olerup 1991.

30Existing Methods and Toolsactivity models information analysis models

information system models

CHANGE ANALYSISproblems and needs

ACTIVITY STUDIESpersons with knowledge about the activities

INFORMATION ANALYSISOTHER TYPES OF DEVELOPMENTotherdevelopment results persons with increased knowledge about the activities

delimited needs with change alternativesFigure 6. ISAC ProcessGoals of Method. ISAC explores the needs and problems of the client and investi-gates their rationale. It applies a step-by-step approach to specify manual routines andsoftware systems, where they can contribute to organisational performance.Assumptions of Method. The theory of information systems as suggested byLangefors provides the basis for ISAC [Langefors 1973]. In the theory of informationsystems, requirements are derived from goals. Goals refer to desirable behaviours andstates of the organisation.Though ISAC is thoroughly grounded in the Langeforsian theory, it advocates userparticipation as an important prerequisite for specifying software systems. Moreover,RE is regarded as a communication and learning process.The role of the requirements analyst is that of a catalyst, i.e. a person who gives sup-port when needed, instead of an expert who knows best and proposes results.Requirements Engineering Process. The RE process comprises the activities changeanalysis, activity study, and information analysis.Change analysis starts with problem analysis resulting in a list of clients and a firststatement of their needs and problems. Activities in the application domain are docu-mented as activity graphs (A-graphs) and property tables. These are the basis for the

Existing Methods and Tools31generation and evaluation of change alternatives, each described in A-graphs andproperty tables.If change analysis results in the demand for a software system, then the activitystudy is carried out. The activity study focuses on problems and needs of the client andnot on existing technical aids. It delimits the software system in the activities of theorganisation and defines its inputs and outputs. The results of this activity are docu-mented in detailed A-graphs and property tables.The information analysis elaborates the outputs of the proposed software system.Then it studies the processes necessary to arrive at these outputs. Information analysisstarts with the construction of information precedence graphs (I-graphs) from the corre-sponding A-graphs. After that, precedence analysis is performed alternatively tocomponent analysis. Component analysis is the study of the contents and structure ofdifferent information. Precedence analysis is documented among other things in form ofI-graphs and the results of component analysis are shown with component relationgraphs (C-graphs).Tools. Courses in ISAC have been given in Sweden since 1969. A tool for themethod is ISAC-GRAPH, a diagram editor running on MS-DOS and Unix.5Issue-Based Information SystemsIBIS was developed by Horst Rittel at the University of California, Berkeley and isfurther investigated at MCC and Corporate Memory Systems.References. Kunz and Rittel 1970; Conklin and Begeman 1988; Rein and Ellis 1991.Evaluation Studies. Yakemovic and Conklin 1990; Shum 1991.Goals of Method. IBIS is a structuring method which organises and tracks the ratio-nale underlying requirements. The method helps to point out where alternatives havenot been considered and where specifications are strong or weak, based on supportingand objecting arguments.Assumptions of Method. IBIS assumes that RE is fundamentally a conversationamong clients and requirements analysts in which they pool their respective knowledgeand viewpoints to specify the software system. The method acquires requirements by

32Existing Methods and Tools

questionsis-suggested-byPOSITIONARGUMENTISSUEresponds-togeneralisesspecialisesreplaces questions is-suggested-bysupportsobjects-to questionsis-suggested-byFigure 7. Rhetorical Moves in IBISkeeping track of issues being discussed, propositions on these issues, and arguments insupport of a position or object to it. Any problem, concern, or question can be an issueand may require discussion (if not agreement) to proceed with RE. IBIS offers no sup-port for resolving issues and reaching consensus, e.g. for choosing among the variouspositions of an issue, as this is the responsibility of the people involved.The issue-position-argument framework helps to focus on critical parts of the prob-lem and to improve detection of incompleteness or inconsistency. It also makesassumptions and definitions more explicit.Requirements Engineering Process. IBIS focuses on the articulation of key issues inRE. Each issue can have many positions. A position is a statement or assertion thatresolves the issue. Each of an issue’s positions, in turn, can have one or more argumentsthat either support that position or are object to it. Thus, each separate issue is the rootof a (possibly empty) tree, with the successors of the issue being positions and thesuccessors of the positions being arguments.There are nine linking types in IBIS. For example, a position responds-to an issue,and this is the only place the responds-to link can be used. Arguments must be linked totheir positions with either supports or objects-to links. Issues generalise or specialiseother issues and can question or be-suggested-by other issues, positions, and arguments.A typical IBIS discussion begins with someone posting an issue node containing aquestion such as �How should we do X?� That person can post a position nodeproposing one way to do X and can also post argument nodes supporting that position.Another client can post a competing position responding to the issue and providing a setof arguments. Others post additional positions or arguments which support or object toany of the positions. In addition, new issues, which are raised by the discussion, may beposted and linked into the nodes that most directly suggested them. Figure 7 shows astate transition diagram specifying legal moves within IBIS.

Existing Methods and Tools33IBIS offers no stopping rule, nor has IBIS a way of registering that an issue has beenresolved by agreement. Rather, the goal of the discussion is to understand each others’proposals and to persuade others of one’s viewpoint.Tools. gIBIS (graphical IBIS) is a SUN workstation-based tool which provides agraphical interface for building and browsing IBIS networks. rIBIS (real IBIS) is ahypertext system, which allows a distributed set of users to simultaneously browse andedit multiple views on a hypertext network. It is written in C and runs under Unix.CM/1 is a graphical groupware tool based on IBIS that runs on PC/Windows and Unix.6Jackson System DevelopmentThe Jackson System Development Method was developed by Michael Jackson andJohn Cameron in the mid 1970s.References. Cameron 1986 and 1989; Jackson 1983.Evaluation Studies. Potts 1989; Floyd 1986.Goals of Method. JSD comprises software development starting from problem anal-ysis and ending with code. The method does not subscribe to traditional life cyclemodels. Instead of top-down, it develops functional specification middle-out from aninitial set of requirements.Assumptions of Method. Based on Jackson Structured Programming (JSP), JSDapplies JSP principles to RE. JSD is based on the concept of communicating sequentialprocesses [Hoare 1978].JSD describes the application domain as a distributed network of sequential pro-cesses. Processes are the means by which objects of the application domain are repre-sented. They have local data, can communicate via message passing, and have read-only access to each other�s data. States of a process are viewed as homomorphic tostates of the object being modelled.JSD allows process hierarchies to represent different views of the same problem. Thenetwork of sequential processes is called the JSD specification, which is a principallyexecutable version of the required software system.

34Existing Methods and ToolsThe requirements analyst specifies the processes upon which system functions are tobe based, determines the required functions and inserts them into model processes, andtransforms the resulting specification into one realisable in the target environment.Requirements Engineering Process. JSD follows five steps to specify requirements:entity-action and entity structuring, initial modeling, function step, information functionstep, and system timing.The first two steps are concerned with creating a model of the application domain,the others with the specification of functions to be added to the model.In entity-action and entity structuring, an abstract description of the applicationdomain is created in terms of actions and entities. Attention focuses on the applicationdomain and not so much on the intended software system. Entities and their actions aredocumented and constraints on time-ordering of actions are expressed as structurediagrams.Initial modeling produces a model of the application domain in terms of communi-cating processes that correspond to actions in the structure diagrams. The definition ofconnections between model processes and the application domain is necessary to adaptto changes in the application domain.The function step inserts the functions into the model as (executable) operations thatproduce required outputs. Functions generate either output messages for external users(information functions) or actions to be fed into the model (interactive functions).In the preceding steps of JSD, a network of processes has been created. The purposeof system timing is to specify constraints on the implementation. The two issues con-sidered are speed of execution and relative scheduling. Speed of execution is defined interms of elapsed time between occurrence of an event and completion of all processingthat can be scheduled because of that event. Relative scheduling is defined in terms ofhow far one process may advance about another when neither is blocked.Tools. JSD support tools include (graphical) editors, code generators and JSP-Cobol,a pre-processor for suspend-and-resume mechanisms and testing aids.

Existing Methods and Tools357Software Quality DeploymentSince 1972 Quality Deployment has been widely practised in Japan. In softwaredevelopment3 it is used since the early 1980s.References. Akao 1990; Sullivan 1986; Hauser and Clausing 1988.Evaluation Studies. Bossert 1991; Zultner 1992.Goals of Method. SQD is a quality system for client satisfaction. It investigatesneeds and requirements of the client with the aim to both improve the software systemand its development process.Assumptions of Method. A major assumption is that customer needs are more impor-tant than the value judgement of requirements analysts. The method is driven by �thevoice of the customer.�SQD uses a series of matrices to deploy customer and quality requirements. Thesedeployments are a structured way of dealing with a special concern at a detailed level,and provide a basis for linking these concerns into an integrated framework. SQD iden-tifies, explicitly states, and prioritises requirements.Customer deployment precedes the specification of requirements in quality deploy-ment. It identifies the customer, and explores and specifies high-value customerrequirements (demanded quality). The customer requirements are translated anddeployed into technical requirements (quality characteristics) in the so-called House ofQuality matrix.However, the method offers no �stopping� condition for the RE process. It is theresponsibility of the people who apply the method to decide when the requirements arecompletely specified.Requirements Engineering Process. Following a four phase approach, the RE pro-cess comprises the client characteristics/client segments matrix, the client3 SQD is mainly applied in Japan and the US. However, SQD is fundamentally different in US andJapanese companies. In Japanese companies, the customer’s voice drives all activities, while in many UScompanies, it is the executive’s voice or the analyst’s voice that prevails. That is, the Japanese put moreeffort into designing quality at the product development stage, while US companies put a greateremphasis on problem solving.

36Existing Methods and Tools client segmentsclient characteristicsclient requirements

client segments

technical requirementsclient requirementsentitiesprocesses technical requirementsweighting criteriamatrixdimensionsFigure 8. Software Quality Deploymentsegments/client requirements matrix, the client requirements/technical requirementsmatrix, and technical requirements/entities-and-processes matrix.First, customers and users are identified and classified in so-called client segments.Moreover, the problem is outlined and the development horizon is defined. Thenprimary needs of the client are documented and refined. Information about needs cancome from various sources, e.g. customer opinion surveys, market research data.The requirements are then used in the client segments/client requirements matrix tounderstand which segments value which requirements and to what extent. This matrixindicates whether defined requirements cover client needs and depicts conflicts betweenneeds and requirements. The final priority is then deployed to the client require-ments/technical requirements matrix.The client requirements/technical requirements matrix is the House of Qualitymatrix. The software characteristics and capabilities necessary to support the clientrequirements must be determined. Customer importance ratings and strength and weak-ness analyses of similar software systems are also used to define them.Technical requirements/entities-and-processes matrix maps the technical require-ments into the software specification. For example, entities from entity-relationshipdiagrams and processes from data-flow diagrams are examined to see to whichtechnical requirements they contribute to. This shows which entities and processes areessential to the customers. The software specification provides the basis for selectingthose requirements, which are deployed through the implementation.8Soft Systems MethodologySSM was developed in the 1970s at the University of Lancester and work on it iscontinuing.References. Checkland 1981 and 1989; Wilson 1990.

Existing Methods and Tools37problem situation considered problematicproblem situation expressedroot defintions of relevant purposeful activity systemsconceptual models of the system named in the root defintionscomparision of models and realitychanges: systematically desirable and culturally feasibleaction to improve the problem situationReal WorldSystems Thinking about Real WorldFigure 9. Soft Systems MethodologyEvaluation Studies. Benyon and Skidmore 1987; Checkland and Scholes 1990.Goals of Method. SSM views RE as a recurrent learning cycle that aims at improv-ing the problem situation. It applies systems thinking to explore the problem situationand to specify the software systems.Assumptions of Method. SSM assumes that different views of the application domainexist and that these views must be considered in RE. The method compares perceptionsof the problem with models of its application domain. Initiated by this comparison,assumptions about the problem are drawn, challenged and tested. SSM is based on theassumption that RE proceeds via debate and that it is intrinsically participative.Requirements Engineering Process. Initially, the requirements analyst enters thesituation considered problematic and identifies the clients for the software system to bebuilt. A first investigation of the problem situation is carried out and documented(Figure 9).Next root definitions are formulated. They specify the purpose of the system in termsof transformation processes. In constructing root definitions one has to consider themnemonic CATWOE, where the C stands for customer as the victim or beneficiary ofT, the transformation process. A denotes the actors who perform the activities of thesystem, whereas O is the owner who can stop these activities, and E are the environ-mental constraints. W describes the world view or Weltanschauung when formulatingroot definitions.

38Existing Methods and ToolsConceptual modeling assembles the verbs describing system activities and structuresthem according to logical dependencies to achieve transformation processes named inthe root definition. Resulting models are enhanced by monitoring and control sub-sys-tems to (ideally) allow the system to adapt to changing environments. The monitoringand control sub-systems are described by efficacy (it works), efficiency (minimum useof resources), and effectiveness (the right thing to do).The fifth stage of SSM compares conceptual models with perceived reality usinginformal discussion, formal questioning, scenario writing based on operating the model,and trying to model the problem in the same structure as the conceptual model.The comparison stage uses the differences between models and reality to discusschanges which are systematically desirable and culturally feasible concerning the worldviews specified in root definitions. Examples for systematically desirable changes areinstituting mechanisms for assessing effectiveness, making sure resources are appropri-ate, ensuring that logical dependencies in the model are reflected in actions of theproblem situation, etc. Then the cycle of SSM is completed by implementing thesechanges.9Software Requirements Engineering MethodologyIn the late 1970s, SREM was developed by TRW under contract to the US ArmyBallistic Missile Defence Advance Center.References. Alford 1977 and 1990; Bell, Bixler and Dyer 1977.Evaluation Studies. Davis 1988; Scheffer, Stone and Rzepka 1985.Goals of Method. SREM4 is a formal, systematic method progressing from systemrequirements to functional software requirements by taking performance requirementsinto account. It aims at explicitly and consistently documented functional requirementsthat are testable and traceable.Assumptions of Method. SREM views any system as a finite-state machine and spec-ifies its inputs, outputs, states and functions (transformations). Input and output areconceived as messages across subsystems.4 An enhancement to SREM, called Systems Requirements Engineering Methodology, allows to specifysystem requirements as time functions and their decomposition and allocation to software components.

Existing Methods and Tools39

System SpecificationRequirements Engineering MethodologyInput-OutputAutomated Analysis- Inconsistent- Incomplete- AmbiguousErrors:Automated SimulationReportsAutomated Requirements Validation System

Statement of RequirementsR-netsRequirements Statement LanguageSoftwareSpecificationCentralised Database

Figure 10. Software Requirements Engineering MethodologyThe method is determined by its tools (Figure 10). It includes an executable, pseudo-English Requirements Statement Language (RSL) and a Requirements EngineeringValidation System (REVS) to automatically process and translate RSL specifications todata base statements.RSL is based on the four primitives elements, relationships, attributes and structuresof requirements. REVS is the tools part of SREM and offers automated consistency andcompleteness analysis, information extraction and document production with graphicaldescriptions, and simulator generation. It uses a relational database (called the AbstractSystem Semantic Model) to capture requirements processed from RSL.Requirements Engineering Process. First, all input and output messages of theproblem situation are identified. Then the requirements analyst constructs for each inputa requirements network (R-net). R-nets are a graphical notation for RSL to state input-output transformations. Input to R-net triggers transformations and events inside the R-net, computation of its output and triggers other R-nets. Transformations (functions) inan R-net are called ALPHA.R-Nets are represented in RSL and then translated into an abstract form stored in theREVS relational database. REVS provides tools for examining the database to checkthe static consistency and completeness of the requirements.Then each R-net is specified in more detail leading to a decomposition of the system.The requirements are refined until all processing required to satisfy the system require-ments has been incorporated. Validation points at which performance requirementsmust be met are also included in the R-nets. The simulation of selected functions is

40Existing Methods and Toolsused to check their correctness.The next step defines traceable and testable performance requirements for the pro-posed software system. To specify performance requirements, the processing path canbe defined as a sequence of validation points with path conditions. This allows tospecify, for example, response-time requirements (minimum, maximum) and accuracyrequirements (recorded data).Finally, SREM uses prototypes for critical algorithms to simulate performance char-acteristics and therefore to demonstrate the feasibility of the software system.Tools. The methodology is supported by Requirements Engineering and ValidationSystem (REVS), an automated tool system.10Structured Systems And Design MethodologySSADM was originally developed for the UK Central Government by Learmonthand Burchett Management Systems and the Government’s computing advisory board.References. Ashworth & Goodland 1990; Malcolm 1992; Robinson 1990.Evaluation Studies. Ashworth 1989; F�rberb�ck, Gutzwiller, Heym 1991.Goals of Method. SSADM aims at the production of administrative data processingsystems. It concentrates on specifying functional requirements, but also provides someguidance to non-functional requirements.Assumptions of Method. SSADM views software systems as models of the problemsituation. Software projects concentrate on three models, or views of data, for specify-ing the software system. These (intermediate) models are the logical data model(LDM), data flow models (DFMs) and entity life histories (ELHs), which are trans-formed into the software system.LDM and DFMs represent the static structure of the software system, whereas thebehavioural aspects are represented by ELHs. The LDM partitions the problem situa-tion into a collection of entities, which represent the objects being modelled and theirrelations. DFMs result from document flow analysis of the working environment, itsstructuring into a hierarchy of data flow diagrams (DFDs), and the abstraction of

Existing Methods and Tools41DFMs. The abstraction removes implementation details from DFMs to reveal the struc-ture of the software system.For EHLs each entity is examined to see which events affect it during its time in thesystem and in what possible sequence. EHLs add a dynamic dimension to the staticmodel of data analysis.Requirements Engineering Process. The RE process comprises the stages investiga-tion of working environment, business system options, and definition of requirements.The investigation of the working environment is the stage where the scope and sizeof the project are agreed and plans are drawn up for the RE process. Also an initialanalysis of the problem is carried out, detailed task allocation of project members takesplace, interview plans are set up, and an initial requirements definition is developedrepresenting users needs. Moreover, DFMs are used to represent the working environ-ment. A LDM is constructed producing a logical DFM of the working environment.In the business systems options stage, LDM and DFM are used together with arequirements definitions to generate (typically up to three) business system options thatcover the requirements. The options are associated with different cost/benefit metricsand are prioritised on their basis.The selected business option is developed into a detailed requirements specification.The logical data model is extended to deliver the functionality required by the selectedbusiness system option, and so is the logical DFM. The logical DFM is then used toderive software functions.Input-output structures of functions are subjected to relational data analysis and theresults are used to enhance the logical data model. They are also used to derive proto-types for specified functions. The events identified in the functions and structural com-ponents of the logical data model are then used to build ELHs and effect corre-spondence diagrams to define system behaviour. Enquiry access paths are produced todefine the production of system outputs.Tools. There are various tools. For example, Excelerator and Aut2 are PC-basedtools with graphical modelling capability integrated with a repository stored on the PCdisk. Screen layouts and data definitions created with Excelerator can be exported toseveral code generators (e.g. TELON). The Excelerator also provides project manage-ment support.

Discussion and ConclusionsWe have briefly characterised a representative set of methods. Representative in thesense, that this set shows the variety of approaches to RE. The methods range fromprocess-oriented and data-oriented ones to methods that focus on viewpoints and suchthat focus on the specification.Despite its importance, researchers have given RE less attention than design andimplementation. Many research challenges persist. For example, the integration of non-functional and functional requirements, the assessment of alternative specifications, theannotation of specifications to document their rationale, the adequate formalisation ofspecifications, etc.As any single approach to RE will have varying success across different projects,since not all problems yield in the same way to the same approach, we believe that it isunlikely that the �one best� method exists. The chase for the perfect method is some-what illusory, because different methods offer different views of the problem situation.As an alternative to the �one-best-way� approach, we presented the essentials of REfrom our point of view. RE is a collaborative activity involving customers, users,requirements analysts, and designers. The RE process is dependent not only on thediversity of the problems perceived, but also on the diversity and experience levels ofinvolved people.Viewing RE as communication-intensive, co-operative work that constitutes theroots of software development, leads to a research approach that emphasises the bridg-ing of communication gaps. We believe that RE needs a (broader) theoretical founda-tion to incorporate¥social factors, e.g. which groups are involved and what are their experience¥problem-specific factors, e.g. domain structure and available standards¥organisational factors, e.g. time and cost budgets¥design factors, e.g. user interface.

44Discussion and ConclusionTo improve the process of RE we have to include the possibility for frequent two-way transformation between informal and formal aspects of RE. Tools are indispens-able for combining extended requirements representations (e.g. with exceptions andmultiple conflicting viewpoints), semi-formal graphs, and informal hypermedia repre-sentations. We have to ensure compatibility, on the formal side with emerging formalspecification methods and on the informal side with established practice.

ReferencesDefinitions and Properties of Requirements EngineeringBoehm, B.W. (1979): �Guidelines for Verifying and Validating Software Requirements and DesignSpecifications�. In: Samet, P.A. (ed.): IFIP 1979, North-Holland: Amsterdam. 711-719.Boehm, B.W. (1989): �Software Risk Management�. IEEE Computer Society Press: Washington.Brooks, F.P. (1975): �The Mythical Man-Month: Essays on Software Engineering�. Addison-Wesley:Reading.Brooks, F.P. (1987): �No Silver Bullet: Essence and Accidents of Software Engineering�. IEEEComputer, vol. 20, no. 4, 10-19.Dreyfus, H.L.; Dreyfus, S.E. (1986): �Mind over Machines�. The Free Press: New York.Finkelstein, A.; Kramer, J.; Nuseibeh, B.; Finkelstein, L.; Goedicke, M. (1992): �Viewpoints: AFramework for Integration Multiple Perspectives in System Development�. International Journalof Software Engineering and Knowledge Engineering, vol. 1, no. 2, 31-58.Fuchs, N.E. (1993): �Compositional Software Development�. Technical Report, Institute for Informatics,University of Zurich, Zurich.Greenspan, S. (1991): �The Scruffy Side of Requirements Engineering�. In: Van Lamsweerde, A.;Fugetta, A. (eds.): Third European Software Engineering Conference, Springer: Milan. 492-494.IEEE Std.610.12-1990 (1990): �IEEE Standard Glossary of Software Engineering Terminology�. TheInstitute of Electrical and Electronics Engineers: New York.IEEE Std.830-1984 (1984): �IEEE Guide to Software Requirements Specification�. The Institute ofElectrical and Electronics Engineers: New York.Leite, J.C. (1987): �A Survey on Requirements Analysis�. Technical Report RTP-071, Department ofInformation and Computer Science, University of California at Irvine.McCracken, D.D.; Jackson, M.A. (1982): �Life Cycle Concepts Considered Harmful�. ACM SoftwareEngineering Notes, vol. 7, no. 2, 28-32.Mostow, J. (1985): �What is AI? And What Does It have to Do with Software Engineering?�. IEEETransactions of Software Engineering, vol. SE-11, no. 11, 1253-1256.Naur, P.; Randell, B. (eds.) (1969): �Software Engineering: Report on a Conference�. NATO ScientificAffairs Division: Garmisch.STARTS Guide (1987): �Requirements Definition and Design�. In: The STARTS Guide: A guide tomethods and software tools for the construction of large real-time systems, NCC Publications:Manchester. 177-223.Swartout, W.; Balzer, R. (1982): �On the Inevitable Interwining of Specification and Implementation�.Communication of the ACM, vol. 25, no. 7, 438-440.Varela, F.J.; Thompson, E.; Rosch, E. (1992): �The Embodied Mind: Cognitive Science and HumanExperience�. MIT Press: Cambridge.Wittgenstein, L. (1960): �Schriften� (in German). Suhrkamp: Frankfurt.Zave, P. (1984): �The Operational versus the Conventional Approach to Software Development�.Communications of the ACM, vol. 27, no. 2, 104-118.Zuboff, S. (1989): �In the Age of the Smart Machine�. Basic Books: New York.

46ReferencesEssentials of Requirements EngineeringBischofberger, W.; Pomberger, G. (1992): �Prototyping-Oriented Software Development - Concepts andTools�. Springer: Berlin.Budde, R.; Kautz, K.; Kuhlenkamp, K.; Mathiassen, L.; Z�llighoven, H. (1992): �Prototyping: AnApproach to Evolutionary System Development�. Springer: Berlin.Burton, A.M.; Shadbolt, N.R.; Rugg, G.; Hedgecock, A.P. (1990): �The Efficacy of ElicitationTechniques: A Comparison across Domains and Levels of Expertise�. Knowledge Acquisition,vol. 2, no. 2, 167-178.Conklin, J. (1987): �Hypertext: An Introduction and Survey�. IEEE Computer, vol. 20, no. 9, 17-41.DeMarco, T. (1979): �Structured Analysis and System Specification�. Prentice Hall: Englewood Cliffs.Diller, A. (1990): �Z: An Introduction to Formal Methods�. Wiley: Chichester.Dodd, T. (1990): �Prolog � A Logical Approach�. Oxford Science Publications: Oxford.Ericsson, K.A.; Simon, H.A. (1984): �Protocol Analysis: Verbal Reports as Data�. MIT Press:Cambridge.Floyd, C.; Reisin, F.-M.; Schmidt, G. (1989): �STEPS to Software Development with Users�. In: Ghezzi,C.; McDermid, J.A. (eds.): European Software Engineering Conference, Springer: Berlin. 48-64.Freedman, D.P.; Weinberg, G.M. (1990): �Handbook of Walkthroughs, Inspections, and TechnicalReviews�. Dorset House: New York.Fuchs, N.E. (1992): �Specifications are (preferably) executable�. Software Engineering Journal, vol. 7,no. 5, 323-334.Gause, D.C.; Weinberg, G.M. (1991): �Exploring Requirements: Quality Before Design�. Dorset House:New York.Greenbaum, J.; Kyng, M. (1991): �Design at Work�. Erlbaum: Hillsdale.Hackman, J.R.; Oldham, G.R. (1975): �Development of the Job Diagnostic Survey�. Journal of AppliedPsychology, vol. 60, no. 2, 159-170.Martin, C.F. (1988): �User-Centerd Requirements Analysis�. Prentice Hall: Englewood Cliffs.Mitroff, I.I.; Mason, R.O. (1981): �Creating a Dialectical Social Science�. Reidel: Dordrecht.Mittermeir, R.T.; Roussopoulos, N.; Yeh, R.T.; Ng, P.A. (1990): �An Integrated Approach toRequirements Analysis�. In: Ng, P.A.; Yeh, R.T. (eds.): Modern Software Engineering:Foundations and Current Perspectives, Van Nostrand Reinhold: New York. 119-164.Partsch, H.A. (1991): �Requirements Engineering� (in German). Oldenbourg: Munich.Peterson, J.L. (1977): �Petri Nets�. Computing Surveys, vol. 9, no. 3, 223-252.Rumbaugh, J.; Blaha, M.; Premerlani, W.; Eddy, F.; Lorensen, W. (1991): �Object-Oriented Modelingand Design�. Prentice Hall: Englewood Cliffs.Simon, H. (1970): �The Sciences of the Artificial�. MIT Press: Cambridge.Simon, H. (1973): �The structure of Ill-Structured Problems�. Artificial Intelligence, vol. 4, no. 2, 181-201.Sommerville, I. (1992): �Software Engineering�. Addison-Wesley: Wokingham.Sowa, J.F. (1984): �Conceptual Structures: Information Processing in Mind and Machine�. AddisonWesley: Reading.Thayer, R.H.; Dorfman, M. (1990): �System and Software Requirements Engineering�. IEEE ComputerSociety Press: Los Alamos.Ulich, E. (1992): �Arbeitspsychologie� (in German). Verlag der Fachvereine: Zurich.

References47Existing MethodsAkao, Y. (1990): �Quality Function Deployment: Integrating Customer Requirements into ProductDesign�. Productivity Press: Cambridge.Alford, M. (1977): �A Requirements Engineering Methodology for Real-Time ProcessingRequirements�. IEEE Transactions on Software Engineering, vol. SE-3, no. 1, 60-69.Alford, M. (1990): �Software Requirements Engineering Methodology (SREM) At the Age of Eleven -Requirements Driven Design�. In: Ng, P.A.; Yeh, R.T. (eds.): Modern Software Engineering:Foundations and Current Perspectives, Van Nostrand Reinhold: New York. 351-377.Ashworth, C.; Goodland, M. (1990): �SSADM: A Practical Approach�. McGraw-Hill: London.Ashworth, C.M. (1989): �Using SSADM to Specify Requirements�. In: Professional SoftwareEngineering Group C1 (ed.): Colloquium on Requirements Capture and Specification for CriticalSystems, The Institution of Electrical Engineers: London.Bell, T.E.; Bixler, D.C.; Dyer, M.E. (1977): �An Extendable Approach to Computer-Aided SoftwareRequirements Engineering�. IEEE Transactions on Software Engineering, vol. SE-3, no. 1, 49-60.Benyon, D.; Skidmore, S. (1987): �Towards a Tool Kit for the Systems Analyst�. The Computer Journal,vol. 30, no. 1, 2-7.Bossert, J.L. (1991): �Quality Function Deployment: A Practitioner’s Approach�. ASQC Quality Press:Milwaukee.Byrd, T.A.; Cossick, K.L.; Zmud, R.W. (1992): �A Synthesis of Research on Requirements Analysis andKnowledge Acquisition Techniques�. MIS Quarterly, vol. 16, no. 1, 117-138.Cameron, J.R. (1986): �An Overview of JSD�. IEEE Transactions on Software Engineering, vol. 12, no.2, 222-240.Cameron, J.R. (1989): �JSP and JSD: The Jackson Approach to Software Development�. IEEE ComputerSociety Press: Washington.Checkland, P.B. (1981): �Systems Thinking, Systems Practice�. John Wiley & Sons: Chichester.Checkland, P.B. (1989): �Soft Systems Methodology�. In: Rosenhead, J. (ed.): Rational Analysis for aProblematic World, John Wiley & Sons: Chichester. 71-100.Checkland, P.B.; Scholes, J. (1990): �Soft Systems Methodology in Action�. John Wiley & Sons:Chichester.Conklin, J.E.; Begeman, M.L. (1988): �gIBIS: A Hypertext Tool for Exploratory Policy Discussion�.ACM Transactions on Office Information Systems, vol. 6, no. 4, 303-331.Davis, A.M. (1988): �A Comparison of Techniques for the Specification of External System Behavior�.Communication of the ACM, vol. 31, no. 9, 1098-1115.F�rberb�ck, H.; Gutzwiller, T.; Heym, M. (1991): �Ein Vergleich von Requirements EngineeringMethoden auf Metamodell-Basis� (in German). In: Trimm, M. (ed.): Requirements Engineering’91, Springer: Marburg. 40-66.Finkelstein, L.; Kramer, J.; Finkelstein, L.; Nuseibeh, B. (1992): �Using Software Specification Methodsfor Measurement Instrument Systems�. Measurement Journal, vol. 10, no. 2, 79-86.Floyd, C. (1986): �A Comparative Evaluation of System Development Methods�. In: Olle, T.W.; Sol,H.G.; Verrijn-Stuart, M. (eds.): Information Systems Design Methodologies: Improving thePractice, Elsevier Science Publisher: Amsterdam. 19-54.Fowler, C.J.; Kirby, M.A.; Macaulay, L.A. (1990): �Historical Analysis: A Method for EvaluatingRequirements Capture Methodologies�. Interacting with Computers, vol. 2, no. 2, 190-204.Hauser, J.R.; Clausing, D. (1988): �The House of Quality�. Harvard Business Review, vol. 66, no. 3, 63-73.Hoare, C.A.R. (1978): �Communicating Sequential Processes�. Communications of the ACM, vol. 21,no. 8, 666-677.Jackson, M.A. (1983): �Systems Development�. Prentice Hall: Englewood Cliffs.

48ReferencesKlein, H.K.; Hirschheim, R.; Nissen, H.-E. (1991): �A Pluralist Perspective of the Information SystemsResearch Area�. In: Nissen, H.-E.; Klein, H.K.; Hirschheim, R. (eds.): Information SystemsResearch: Contemporary Approaches and Emergent Traditions, Elsevier Science Publishers:Amsterdam. 1-20.Kunz, W.; Rittel, H. (1970): �Issues as Elements of Information Systems�. Working Paper No. 131,Institute of Urban and Regional Development, University of California, Berkeley.Langefors, B. (1973): �Theoretical Analysis of Information Systems�. Studentliteratur: Lund.Lundeberg, M.; Goldkuhl, G.; Nilsson, A. (1981): �Information Systems Development: A SystematicApproach�. Prentice Hall: Englewood Cliffs.Malcolm, E. (1992): �SSADM Version 4: A User’s Guide�. McGraw-Hill: London.Mullery, G.P. (1979): �CORE � A Method for Controlled Requirements Specification�. FourthInternational Conference on Software Engineering, The Institution of Electrical Engineers:London. 126-135.Mullery, G.P. (1985): �Acquisition-Environment�. In: Alford, M.W.; Ansort, J.P.; Hommel, G.; Lamport,B.; Liskov, B.; Mullery, J.; Schneider, F.B. (eds.): Distributed Systems: Methods and Tools forSpecification, Springer: Berlin. 45-130.Olerup, A. (1991): �Design Approaches: A Comparative Study of Information System Design andArchitectural Design�. The Computer Journal, vol. 34, no. 3, 215-224.Olle, T.W.; Sol, H.G.; Tully; C.J. (1983): �Information Systems Design Methodologies: A FeatureAnalysis�. North-Holland: Amsterdam.Petri, C.A. (1979): �Ans�tze zur Organisationstheorie rechnergest�tzter Informationssysteme� (InGerman). Oldenbourg: Munich.Potts, C. (1989): �Requirements Analysis, Domain Knowledge, and Design�. Technical Report STP-313-88, Microelectronics and Computer Technology.Rein, G.L.; Ellis, C.A. (1991): �rIBIS: A Real-Time Group Hypertext System�. International Journal ofMan-Machine Studies, vol. 34, no. 3, 349-367.Robinson, K. (1990): �Aut2 User Manual: A Workbench Designed by Analysts for Analysts�. ModelSystems Ltd.: London.Roman, G.-C. (1985): �A Taxonomy of Current Issues in Requirements Engineering�. IEEE Computer,vol. 18, no. 4, 14-22.Ross, D. (1977): �Structured Analysis (SA): A Language for Communicating Ideas�. IEEE Transactionson Software Engineering, vol. 3, no. 1, 16-34.Scheffer, P.A.; Stone, A.H.; Rzepka, W.E. (1985): �A Case Study of SREM�. IEEE Computer, vol. 18,no. 4, 47-54.Shum, S. (1991): �Cognitive Dimensions of Design Rationale�. Technical Report EPC-91-114, RankXerox EuroPARC, Cambridge.Stokes, D.A. (1991): �Improving Requirements Analysis: Providing Support for an Extended COREMethod�. DPhil Thesis, University of York, York.Sullivan, L.P. (1986): �Quality Function Deployment�. Quality Progress, no. 6, 39-50.Systems Designers (1985): �CORE: The Method�. Systems Designers Scientific: Camberley.Taggart, W.M.; Tharp, M.O. (1977): �A Survey of Information Requirements Analysis Techniques�.Computing Surveys, vol. 9, no. 4, 273-290.Wilson, B. (1990): �Systems: Concepts, Methodologies and Applications�. John Wiley & Sons:Chichester.Winter, C.; Scheschonk, G.; Gier, K. (1986): �ISAC - ein System zur Unterst�tzung derSystembeschreibung und der Systemanalyse� (in German). Handbuch der ModernenDatenverarbeitung, no. 130, 97-106.Yadav, S.B.; Bravoco, R.R.; Chatfield, A.T.; Rajukmar, T.M. (1988): �Comparison of AnalysisTechniques for Information Requirements Determination�. Communications of the ACM, vol. 31,no. 9, 1090-1097.

References49Yakemovic, K.C.; Conklin, J.E. (1990): �Report on a Development Project Use of an Issue-BasedInformation System�. In: Bikson, T.K. (ed.): Conference on Computer-Supported CooperativeWork, ACM: Los Angeles. 105-118.Zultner, R.E. (1992): �QFD for Software�. American Programmer: Princeton.