Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 1Extending the Scope of Information Modelling.Janis A. Bubenko jrDepartment of Computer and Systems ScienceRoyal Institiute of Technology,andSwedish Institute for Systems Development (SISU)ELECTRUM 230, S-16440, Kista, Swedenjanis@dsv.su.se; janis@sisu.seReport Nr. DSV 93-034*August, 1993AbstractTraditional information modelling methods and techniques have mainly beenconcerned with promoting various representation formalisms for formallydescribing information systems, and discussing the expressive power of them. Inthis talk we take another track. Information systems and their formal descriptionsexist for some reason. Entities, relationships and rules are defined because thereis some need and rationale behind it. The problem here is to bridge the gapbetween ill-defined problem and application situations and specification of theformal, precise definition of functional requirements of the information system.This gap is wide and spans different "cultures" of thought and scientific inquiryin the field of computing and information science.In this paper I outline an extended requirements and information modellingparadigm, based on "enterprise modelling", i.e. the capture, negotiations about,and specification of business objectives, concepts, rules activities and actors.This paradigm brings up a number of new problems and issues of scientificinquiry, which augment the traditional approach and brings it closer to problemsexperienced in real-life system development and maintenance projects.* Invited paper Fourth International Workshop on the Deductive Approach to Information Systemsand Databases, Lloret, Costa Brava (Catalonia), Sept. 20-22, 1993. Department de Llenguatges iSistemes Informatics, Universitat Politecnica de Catalunya, Report de Recerca LSI/93-25, Barcelona.The author’s work on this paper is supported by SISU’s participation in the ESPRIT project F3(6612), sponsored by NUTEK, Sweden

Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 21 . IntroductionWould it not be good to know why things look or are as they do? Why arehouses in Amsterdam so narrow on the street side? Why does the Sidney Opera Househave its particular shape? Why do cars look as they do? Why does an informationsystem have a particular functionality? In general - why does an artefact, designed byman, have a particular shape or functionality? During all centuries people have beendesigning systems, but neglected to systematically collect and record knowledge ofdesign decisions, knowledge of why designers design things as they do. Certainly,many designers do not think this is possible. Some even reject the concept of a designmethod. At the same time we are trying to teach students of how to design houses,cities, information systems and other artefacts. How can we do that without knowingwhat designing is?I have chosen this opportunity to write down some of the problems, ideas, andconcerns, I have experienced during the last ten years by working as a manager as wellas a professor, participated in some CEC ESPRIT projects, notably F3 - "from Fuzzyto Formal"[10]. I entered the computing field in 1957. During the first years i thisfield, my interest in computers was mainly in numerical calculations of engineeringstructures. It then shifted to the architecture of basic software, notably operatingsystems. I did a fair amount of analytical and simulation work to calculate and estimatereal-time system throughput and response times. In the early seventies, however, myinterest switched to conceptual data structures and tools for system structuremodelling. My view of systems development work during the seventies was,however, quite positivistic, i.e. I was not much concerned with the discrepanciesbetween what was stored in the information base, and the phenomena it was reflectingin the "subjective reality". I was not very much worried about how the conceptualmodels, including business rules and other knowledge, were constructed, and howusers participated in that process. During the eighties my interest, however, slowlyprogressed to considering also of how users and customers of systems did look atsystems and the way their input of views, needs, and knowledge was collected andrecorded in the requirements specification.Computers were quickly moving into non-routine and organisationallyembedded and critical applications. Users became more and more involved inparticipating in the early requirements specifications and modelling stages. At SISU,the Swedish Institute for Systems Development, we developed a number of specialmodels to discuss and to represent the WHY part of information systemsrequirements. We call it Business Modelling. Business Modelling has had a greatimpact on our relations with affiliated companies and customers. A number of positiveeffects have been registered such as improvement of the users’ understanding of theirown application domain and its problems, improved user - designer communication,and an improved basis for designing the information system. We noted also the closeresemblance of issues and problems in information systems design with general designproblems, mainly in architecture [7]. An interesting observation is that BusinessModelling is definitely liked by non-computer people. It has been more difficult to"sell" the WHY-modelling to computer and software experts.SISU’s experience in Business Modelling was an essential component offormulating the proposal for the ESPRIT project F3. One of the important researchobjectives of F3 is the process of moving from fuzzy and unordered objectives and

Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 3requirements expressions, to ordered and formal functional requirements, in terms of aconceptual model, and a set of non-functional requirements of an information system.Our contribution to F3 is in the fuzzy to formal area. An extended Business Modellingapproach forms the basis for documenting the WHY and WHAT parts of arequirements specification, and link it then to the HOW parts of the specification. TheWHY & WHAT parts describe the objectives as well as problems and opportunities ofthe information system’s environment, the "enterprise", that form the basis fordesigning a new information system. This description also includes basic concepts,processes, and actors of the enterprise, as well as general information systemrequirements.We will in this paper show the components of the WHY & WHAT parts, theso called Enterprise Model, and discuss how it can be applied in practical situations.We examine in section 2 general objectives and roles of a requirements specification.We note its importance as an essential part, not only for user designer communication,but also as a part of the user-designer "contract. Section 3 explains the five submodelsof the Enterprise model. We use as illustration the F3 project case itself, i.e. we areshowing fractions of an Enterprise Model of the F3 project. In section 4 we commenton the "way of working" when developing a requirements specification, and theEnterprise Model in particular. This is a part we have little experience with yet. The F3Enterprise Modelling approach is in the process of being developed in detail. While itseems so far rather "unique" and gives a substantial extension over existing "standard"methods, by including the WHY-part, we cannot today assure all its benefits ordrawbacks. The assessment of a method is discussed in section 5, where we point outthat testing (appropriation) of a method in a practical situation is not a repeatableprocess. Some future research issues are given in the concluding section.2 . Requirements specificationThis section takes a general, top-view of the requirements specificationproblem. We observe that this is largely a problem of user and designer competence,and a problem of communication. The structured, model based approach of F3 is hereassumed to improve both. The different roles of a requirements specification are thendiscussed. The difficulties in managing a requirements specification process are alsonoted.2 . 1 Objectives of requirements specificationNo useful system can be built in isolation. It must correspond to anticipateduser needs and requirements. It must always "fit" a context of existing componentsand systems [2, 16]. The system must also be able to sell - for a price. Informationsystems are exactly like this. An additional problem here is the difficulty to evaluate thebenefits, as information systems are organisational infrastructure components.Developing business requirements for information systems is a task of knowledgeacquisition and management. It is also an issue of design of business processes as wellas of organisational components and actors. This implies complex communication andvalidation of design results, and of selecting knowledge sources, methods, tools, andtechniques. It is furthermore a problem of selecting ways of working according to thesituation, the purpose and the expected result.In practice, the term "requirements capture" is often used. The term is,however, somewhat misleading because it indicates that the requirements "are alreadythere", and all we need is some method and tool-set to better apprehend and to get therequirements from the user. Everyone who has been playing the role of a user knows

Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 4that this is never the case. What we need is concepts, methods and tools that can helpus to analyse a situation, to design (or re-design) business processes, and to developand define information system requirements step by step together with the users andrequirements holders, without getting lost in details and loosing sight of the wholepicture.A big problem, experienced by most business managers as well as dataprocessing managers in Sweden, is the lack of good "requirements holder competenceregarding requirements specification" (source: The Swedish Data ProcessingAssociation’s Survey, RODER, 1992) and, consequently, the lack of goodcommunication between system developers and requirements holders and users.Requirements specifications are therefore, more often than not, inadequate forcontracting and evaluating information systems engineering work. We believe thesituation is similar in many other countries. Similar concerns in the softwareengineering field in U.S.A. have been expressed in the well-known article by Curtiset. al. [8], where communication and domain knowledge problems have been found tobe factors hindering adequate systems to be developed.A distinguished feature of the F3 approach is the method for developing,acquiring, and communicating early, enterprise knowledge and user requirements by astructured, iterative, working and modelling approach. The approach is conceptuallyguided by a number of conceptual sub-models, each focusing on a particular aspect ofthe application. This part of the requirements gathering process is called "EnterpriseModelling". An Enterprise Model for an application then contains populated sub-models, or descriptions, conforming to (being instances of) the different sub-meta-models.A considerable number of commercially exploited methods and CASEenvironments for information systems work exist today. However, these productsaddress the middle and/or later stages of the systems development life-cycle.Practically none of them address, in a model based, structured way, the early,business objectives driven, requirements generating stages, and the problem ofmoving from the informal to the formal domain (this is also confirmed by theEUROMETHOD method classification survey of some widely used methods inEurope). Existing methods are not designed for explicit capturing, and representing ina structured way, of "business and organisational knowledge" to be subsequently usedby the information system design phase. Links between business and enterprisemodels and information system specification models are not maintained. Managementof change and evolution of the enterprise, and mapping of changes there oninformation system requirements and components, cannot therefore be explicitly done.The importance of establishing a firm and explicit connection between thedevelopment of business objectives and strategies, and the information systemdevelopment, is manifested in a number of references, e.g. [12, 29, 31, 32]. It isusually rather difficult and/or costly to make other than cosmetic changes to aninformation system, already in operation. This fact, together with the importance of theinformation systems to the business, the high cost of developing new systems, and thelifetime of an information system of approximately 6-7 years, indicates the importanceof, both understanding the business, where it is going, and deriving the requirementsfrom this understanding. An adaptable information system can be a direct asset of thebusiness, while a system difficult to continuously customise to the ever changingbusiness needs can severely hinder the evolution and the running of the business.The expected traits of the F3 methodology are not only extended modellingfacilities for requirements capturing and reasoning about requirements specifications,

Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 5but also a method for establishing a more solid and complete basis for the design andimplementation of information systems which are expected to exhibit improvedproperties in terms of completeness, changeability, and manageability.2 . 2 The roles of a Requirements SpecificationA requirements specification plays several roles in an information systemsdevelopment process. It is the basis for and the part of a contract between requirementsholders and system developers. It is an architectural, implementation independent"drawing" of the future system to be ordered. It provides an explicit basis forreasoning with and among the clients about various qualities of the system to be built.Later, after delivery of the system, it is the only (!) instrument that can be used tocheck if the implemented system corresponds to what has been ordered. When theenvironment and, consequently, the requirements on an information system change,as they frequently do, the requirements specification’s role becomes a model and adescription to be used to re-model changes in the environment and discuss how thesechanges should be accommodated by changes of the information system. The focus ofEnterprise Modelling work in F3 is to develop a framework of concepts, models, andmethods by which requirements can be effectively captured, specified, andcommunicated. Thereby it provides an input to the Information System design andprototyping activities where the focus is on formal and executable information systemsspecifications.According to the F3 approach, an Enterprise Model is a partial description ofbasic assumptions, requirements, and knowledge of the problem domain, needed fordesigning and implementing an information system. It contains also information to bereferred to in the "contract". More specifically, it includes interrelated componentsdescribing issues like:-Why is the information system needed? Which are the goals of the environment,the application? What are the importance and priorities of goals? How are goalsrelated to each other?-What concepts or subjects is the enterprise about (including their relationships toobjectives, activities and processes, and actors) ? How are they defined? Whatbusiness rules and constraints monitor these objects?-Which business activities and processes are there, or should be there, to managethe organisation in agreement with the goals? How are the business processes,tasks etc. performed (work-flows, process models)? Which are their informationneeds?-who is performing which processes and tasks?-what requirements on the information system to be developed are generated bythese processes?The above list represents some of the descriptions a Requirements Engineeringprocess must consider and include in a requirements specification. A methodology forRequirements Engineering needs, however, also methods and processes that supportthe work with and the production of such descriptions. Methods are needed for how towork with users and clients in very early stages in order to, in a participative way,acquire and validate requirements and domain knowledge (at several levels offuzziness, precision, and agreement) as effectively as possible. Requirementsacquisition is, typically, characterised by:-co-operative work, where co-ordination is vital,

Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 6-complex user - analyst dialogue, interaction, participation, and problems of(mutual) understanding of enterprise goals, concepts, processes, and otherissues,-management of reasoning and decisions by individuals as well as by groups,-often ill-defined, unclear problem situations,-the need for re-use of existing systems and/or knowledge of existing systems,-the need to comply to predefined organisational rules and restrictions,-the need to resolve conflicting user/client views and requirements,-need to formulate WHY and WHAT rather than HOW, i.e. to formulate thereason, the problem and the "equations of the domain", rather than the solution,-the need to consider many situational factors, such as user skills, attitudes,experience, and leadership, in order to take the most adequate approach,-difficult project management: high level of uncertainty, unknown, detailed taskstructure, dynamically evolving, and-the need for support of controlling a complex design process, and the need forgood configuration control, and design management.The quality of requirements specifications has a critical impact on the utility andmaintenance cost (re-work) of the implemented system [3]. Therefore, the aboveaspects must be considered in developing an adequate method and a supportenvironment for Requirements Engineering. Requirements analysis for informationsystems is a strongly iterative and creative design activity. The problems experiencedare "wicked" and ill-structured [26, 27]. In many respects, in particular concerning theacquisition and management of initial, "fuzzy" requirements, it resembles the processof requirements acquisition and the design of spatial objects in architecture [17].3 . Enterprise Modelling in F3 - an objectives drivenapproachIn this section we will describe how conceptual modelling of informationsystems, in the ESPRIT project F3, is extended by modelling also of the WHY andWHAT part of the requirements. This is done in the Enterprise Modelling part.3 . 1 OverviewThe main objective of the Enterprise Model (EM) and the enterprise modellingtechnique, is to understand and to document the business, its objectives, problems,concepts, actors, and activities, better and in a more structured way than by simplyproviding natural language descriptions. An enterprise model is the structureddescription application knowledge, assumptions, and requirements, relevant andneeded for the design and implementation of an information system. In our view, ithas to answer the following questions:1) Why is the system built, what is its justification?,2) Which are the business processes, and which are to be supported by thesystem?,

Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 73) Which are the actors of the organisation performing the processes?,4) What concepts are they processing or talking about; which are their informationneeds?, and5) Which initial objectives and requirements can be stated regarding the informationsystem to be developed?Enterprise modelling and requirements specification is based on the notion thata requirements specification process, from a documentation point of view, impliespopulating (instantiating) a number of interrelated meta-models (Figure 3-1). TheEnterprise Model (EM) includes the following submodels: an objectives model (OM),an activities and usage model (AUM), an actor model (AM), a concept model (CM),and an information system requirements model (ISRM). These submodels correspondto questions 1) to 5) above.As can be understood from the figure, the Objectives Model is assumed to bemotivating, or "driving", the development of the other submodel instances of theEnterprise Model. It is, however, not always this path, that is the best in practicalsituations. At times some information system requirements "are already there" (right orwrong) and can easily be stated. Elaboration of them, is then done "upward" by askingthe reason for their existence, the concepts they concern, the activities they apply to,etc. At other times it may be helpful to start the modelling with some essential conceptsor objects of the enterprise. The other kinds of intermodel relationships, 1 to 3 infigure 3-1, are briefly explained in the figure.The EM is linked by "implemented_by" relationships to the information systemmodel (ISM) components and by "refined_by" relationships to components of themodel representing more precisely defined non-functional requirements (NFRM) ofthe information system [6, 18]. The development and design of instances of EM, ISMand NFRM is in F3 supported by additional methods and models. For instance,models for re-use of existing model and component libraries will use a techniquedeveloped in the ESPRIT-project ITHACA [5]. The approach for managing andtracing the development process and its decisions and model manipulating operations[20, 21] has many issues in common with the approach of the ESPRIT projectNATURE [15]. A knowledge-based technique, ERCAV (Early Requirements CaptureAnd Validation), is also being developed, which will support refinement andoperationalisation of EM components [9].The concept of "Enterprise" should here be interpreted in a very wide sense. Itcould actually mean the whole enterprise or it could mean some small part of it. Moreoften than not, in developing information systems, the concept "enterprise" will denotea limited area of activity of the enterprise of which we are concerned. As we will showlater, a particular interpretation of "enterprise" could be the process of capturingrequirements and developing a requirements specification. Depending on how familiarwe are with the application domain, its conceptual structure, and the requirements forcomputer support, the need to perform an extensive, in-depth environment modellingmay vary. For instance, in a limited technical situation, where the requirements and theconceptual model is well defined, the need for extensive enterprise modelling islimited.In the following we will examine more in detail the different submodels of theEnterprise Model. We will exemplify them using fragments of the F3 project caseitself, where a requirements modelling method and a tool-set, which here is the

Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 8information system for model building, group work and communication, is beingdeveloped.3.2 The Enterprise SubmodelsThe Enterprise Modelling framework includes a number of interrelatedsubmodels, as shown in Figure 3-1. In the information system modelling and designphase, semantic links are established from these models to the information systemsmodel, reflecting the rationale, or the motivation, for designing specific IScomponents. For instance, when selecting an object of the Information Systems Model(e.g. a data model component), it should be possible to trace is rationale and origins(e.g. why has it been introduced?) to the EM- and NFRM components.Objectives ModelConcept ModelActivities and Usage ModelThe Actors ModelThe Non-Functional Requirements ModelmotivatesThe Enterprise ModelmotivatesmotivatesmotivatesmotivatesInformation SystemRequirements Model1233341 "deals-with" type of relationships2 "performed-by" type of relationships3 "concerns" type of relationships4 "refined-by" type of relationships5 "implemented-by" and "supported-by" type of relationshipsThe Information Systems Model55The Configuration ModelFig. 3-1. The Enterprise Model and its interrelated modelsThe enterprise submodels contain each a number of components, i.e. objects andrelationships of different types, which are typical for that submodel. Relationships canbe internal to a submodel ("intra" relationships) or "external", where they relatecomponents of two or more submodels (�inter� relationships). Objects as well as

Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 9relationships may have attributes. Populating models and their relationships is,furthermore, controlled by a number of static as well as dynamic consistency rules,which control their state consistency as well as their permissible state transitions.The different submodels are exemplified using the F3 case itself, i.e. we arehere showing a few components of the requirements statement and modelling effort, atsome development stages, when the requirements for the F3 method and tool-set weredeveloped [4, 11, 13]. A few words about the case are needed. F3 is in the process ofdeveloping a new method and a tool-set for requirements engineering. It is assumedthat the method and tool-set will be applicable in a large number of organisations andfor a large number of types of systems. The F3 case’s "enterprise" is the environmentof using a new method and a supporting tool-set for capture, refinement andspecification of requirements for an organisation’s information system. While theenvironment may differ from one user to another, we have to hypothetically assume aparticular type of actors and working procedures. We have to assume a set ofobjectives, problems, and requirements for a method and the supporting tool-set. Inour case, these assumptions are made on the basis of initial statements aboutrequirements for methods and tools made by F3’s industrial user partners. Thestatements made by them in the initial stages are neither consistent, operational, norcomplete.This is how the requirements engineering process is assumed to start. Theproblems we are tackling in requirements engineering are, typically, "ill-structured"and "wicked" [26]. This means, among other issues, that 1) there is no definitiveformulation of a wicked problem, 2) it is not easy to know when the job is done, 3)there is no way of testing the "solution", and that 4) every wicked problem isessentially unique. As Rittel writes: "Here (in the solution of wicked problems) the aimis not to find the truth, but to improve the characteristics of the world where peoplelive. Planners are liable for the consequences of the actions they generate; the effectscan matter a great deal to those people that are touched by those actions" (see [26] p.144).It seems that general principles, issues and problems of technology, planningand design are equally applicable in determining requirements for our informationsystems. There is no subjectively right or best system for a particular problem andenvironment. Furthermore, the environment never stays still, and the problems, it hasto tackle, change. Requirements for information systems are generated by people.They reflect what people currently think is important for the organisation or forthemselves. The examples shown below in connection with the different model typesshould be interpreted like this - they are current beliefs of people, asked whatproperties they would find useful in a method and a tool for requirements engineering.The people - the "design actors" - are the ones that decide what a "good" or"satisfactory" solution is.3 . 3 The Objectives submodelThe objectives submodel (OM) is intended for describing and discussing thereason or motivation for activities, actors, and concepts of the other submodels - itaddresses the �why�-perspective of the enterprise and IS development. The conceptsof this model are related to the enterprise itself and determined by its members’rationale. The objectives model component types are typically: enterprise goal,problem, opportunity, cause, rule, and development action (task). The relationshiptypes used are motivates, and influences. For instance, a goal may motivate a set ofsub-goals, and influence (positively or negatively) another set of goals. The objectivesmodel component types and relationships are informally described as follows.

Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 10GOALA goal describes a desired set of states of the enterprise a designagent aspires the enterprise to be in. A goal can be operational(measurable) or non-operational. It may concern differentstrategic levels (strategic, tactical, operational), and concerndifferent subject matters, e.g. business areas, processes, orproducts.PROBLEMA problem describes that the design actor finds the enterprise ina set of states which is not desirable. Problems typically implythat the design agent is aware (or can be made aware) of a goalwhich is hindered by the problem so formulated. Thus, everyproblem must, eventually in the modelling process, be related toa goal by a relationship of type negative influence.CAUSEA cause is a description of the reason for a problem to exist.OPPORTUNITYAn opportunity describes a situation, that exists in or is availablefor the enterprise, and that can be taken advantage of incontinued modelling work, e.g. to support some goal.RULEA rule describes something affecting the enterprise, that limitsthe actions that can be taken.DEVELOPMENT ACTIONDescribes development work that has to be done toachieve some goal. They form a set of development tasks thateventually have to be carried out. Normally, developmentactions are found at the more detailed and refined end of anobjectives model structure.motivatesMotivates is a relationship that typically refines a higher level(and often "fuzzy") OM component into a set of more precisecomponents. Motivates can also be used to refine rules and tolink components of the OM to components of other types ofsubmodels.influencesInfluences is a relationship that describes how one componentof the Objectives Model may influence another (set of)components. The influential link has a direction, a sign and astrength. The direction indicates the causality direction betweenthe components, the sign indicates whether the influence iscontributional or the opposite, the strength, if applied, indicatesthe degree of influence, i.e. strong, medium, weak.In figure 3-2 an example of a small fraction of some version of the objectivesmodel of F3, at some development stage, is shown. A number of issues can bediscussed here. First we should note that the "enterprise" and its objectives here is thehypothetical organisation being a future user of the F3 method and tool-set. Theobjectives model is therefore concerned with setting up the goals, problems, etc. forthe method and its appropriation in the environment.We can assume that this model has been developed in a number of groupsessions, where participants have each "posted" a number of different goals,problems, opportunities, and development actions. The problem now is to "sort thethings out", i.e. to eliminate, as much as possible, redundancies in the propositions, torelate propositions to each other by motivate and by influence relationships, to refinecomponents by introducing "finer grained" components, and, in general, to "agree" on

Extending the Scope of Information Modelling__________________________________________________________________________________Janis Bubenko jr 11what has been posted. The things shown in the figure reflect a particular stage ofanalysis. At this stage, there is, obviously, yet no common agreement norunderstanding among the design actors of all the things posted. Some components arenot connected to other components, e.g. O25 (Users are not sufficiently involved inthe RE process) and O63 (Users do not realise the severity of not being involved).What goals do these problem statements reflect? Whether O9 (Users should not needto know a formal representation technique) influences O30 (The approach must bebased on a number of meta-models) is also a question to be further discussed, and thecomponents perhaps reformulated.GOAL