Integration of Behavioural RequirementsSpecification within Knowledge EngineeringDaniela E. Herlea1, Catholijn M. Jonker2,Jan Treur2, Niek J.E. Wijngaards1,21 University of Calgary, Software Engineering Research Network2500 University Drive NW, Calgary, Alberta T2N 1N4, Canada Email: {danah, niek}@cpsc.ucalgary.ca2 Vrije Universiteit Amsterdam, Department of Artificial IntelligenceDe Boelelaan 1081a, 1081 HV, Amsterdam, The NetherlandsEmail: {jonker, treur, niek}@cs.vu.nlURL: http://www.cs.vu.nl/{~jonker,~treur,~niek}Abstract. It is shown how specification of behavioural requirements frominformal to formal can be integrated within knowledge engineering. Theintegration of requirements specification has addressed, in particular: theintegration of requirements acquisition and specification with ontologyacquisition and specification, the relations between requirementsspecifications and specifications of task models and problem solvingmethods, and the relation of requirements specification to verification.1 IntroductionRequirements Engineering (RE) addresses the development and validation of methodsfor eliciting, representing, analysing, and confirming system requirements and withmethods for transforming requirements into more formal specifications for design andimplementation. Requirements Engineering is one of the early but important phasesin the software development life cycle and numerous studies have revealed themisidentification of requirements as one of the most significant sources of customerdissatisfaction with delivered systems [10], [22], [28]. However, it is a difficultprocess, as it involves the elicitation, analysis and documentation of knowledge frommultiple stakeholders of the system. There is an increased need to involve the users atthis stage of the development life-cycle [8], 29]. It is recognised that the users are theexperts in their work and a thorough understanding of the requirements is achievedonly by promoting effective communication with them during the requirementsengineering process [3]. It is also argued that an effective requirements definitionrequires involvement and mutual control of the process by all players, and that a goodpartnership between users and designers enables a high quality of the system beingdeveloped [19].Requirements express intended properties of the system, and scenarios specify use-cases of the intended system (i.e., examples of intended user interaction traces),usually employed to clarify requirements. The process of requirements engineering within software development is an iterative process, in which a sharp borderlinebetween defining requirements and constructing the system design is not always easyto draw. When an effective stakeholder-developer communication link is in place, onthe basis of a (partially) constructed design description of the system, additionalinformation may be elicited from the stakeholders (i.e., domain experts, users, systemcustomers, managers), and more detailed requirements and scenarios can be developedwhich refer to this design description. Requirements can be expressed in variousdegrees of formality, ranging from unstructured informal representations (usuallyduring initial requirements acquisition) to more structured semi-formal representationsand formal representations.The interleaving of the process of requirements engineering and the process ofdesign is emphasised in current research in the area of AI & Design (e.g., [16], [17]),in which it is put forward that realistic design processes include both the manipulationof requirement specifications and the manipulation of design object specifications,resulting in a detailed description of a design object and a good understanding of therequirements. This perspective on design, applied in particular to the design ofknowledge-intensive software, is employed throughout the paper. This is in contrastwith the tradition in software engineering to separate the activity of manipulatingsoftware requirements from the �design of software�, the actual construction of thesystem design [4], [20], [25], [26].Principled model-based methodologies for knowledge engineering, such as DESIRE(cf. [6], [7]), CommonKADS (cf. [27]) or MIKE (cf. [1]), the emphasis is onspecification of the (conceptual) model of the system being developed and not onspecification of required behaviour properties of a system to be developed. Atransparent distinction between specification of the structure of a system (or task orproblem solving method) and its (behavioural) properties is not made. For example, inthe AI and Design community a specification of the structure of a design object isoften distinguished from a specification of function or behaviour; e.g., [16], [17]. Inrecent research in knowledge engineering, identification and formalisation of propertiesof knowledge-intensive systems is addressed, usually in the context of verification orcompetence assessment [2], [9], [14], [15]. Such properties can be used as a basis forrequirement specifications. In this paper it is shown how specification of behaviouralrequirements from informal to formal can be integrated within knowledge engineering.From the basic ingredients in knowledge engineering methodologies the followingare especially relevant to the integration of requirements specification: knowledge levelapproaches to problem solving methods (e.g., [14]), ontologies (e.g., [23]) andverification (e.g., [9]). It has to be defined how requirements specification relates tothese basic ingredients. Therefore, integration of requirements specification within aprincipled knowledge engineering methodology has to address, in particular:• integration of requirements acquisition and specification with ontologyacquisition and specification• relations between requirements specifications and specifications of task modelswith tasks at different levels of (process) abstraction, or problem solvingmethods• relation of requirements specification to verification

These aspects are addressed in this paper. The different forms of representation ofrequirements and scenarios are presented in Section 2, for reasons of presentationillustrated by a simple example. In Section 3 refinement of requirements related todifferent proces abstraction levels (e.g., as in task or task/method hierarchies) isaddressed. Section 4 briefly summarizes the relations between requirements andscenarios. Section 5 concludes the paper with a discussion.2 Representation of Requirements and ScenariosIn the approach presented in this paper, the processes of requirements engineering andsystem development are integrated by a careful specification of the co-operationbetween the two. The manipulation process of a set of requirements and scenarios, andthe manipulation process of a design object description (i.e., a description of thesystem) are intertwined in the following way: first the set of requirements andscenarios is made as precise as possible. This requires multiple interaction with andamong the stakeholders. Based on that set a possible (partial) description is made ofthe system. The description of the system is used not only to validate theunderstanding of the current set of requirements and scenarios, but also to elicitadditional information from the stakeholders. This leads to more requirements andscenarios and to more detailed requirements and scenarios. The process continues,alternating between manipulating a set of requirements and scenarios, andmanipulating a description of a system. Adequate representations of requirements andscenarios are required for each part of the overall process, and, therefore, the relationsbetween the different representation forms of the same requirement or scenario need tobe carefully documented.One of the underlying assumptions on the approach presented in this paper is thata compositional design method will lead to designs that are transparent, maintainable,and can be (partially) reused within other designs. The construction of a compositionaldesign description of the system that properly respects the requirements and scenariosentails making choices between possible solutions and possible systemconfigurations. Such choices can be made during the manipulation of the set ofrequirements and scenarios, but also during the manipulation of the design objectdescription. Each choice corresponds to an abstraction level. For each component ofthe system design further requirements and scenarios are necessary to ensure that thecombined system satisfies the overall system requirements and scenarios. The differentabstraction levels in requirements are reflected as levels of process abstraction in thedesign description during the manipulation of the compositional design description.Different representations of requirements and scenarios are discussed in Sections2.1 to 2.3. The use of process abstraction levels is explained further in Section 3. Anoverview of the relations between representations of requirements and scenarios, anddifferent levels of process abstraction is presented in Section 4.In Requirements Engineering the role of scenarios, in addition to requirements, hasgained more importance, both in academia and industry practice [13], [30]. Scenariosor use cases are examples of interaction sessions between the users and the system[24], [30]; they are often used during the requirement engineering, being regarded as effective ways of communicating with the stakeholders (i.e., domain experts, users,system customers, managers, and developers). The initial scenarios can serve to verify(i.e., check the validity in a formal manner) the requirements specification and (later)the system prototypes. Evaluating the prototypes helps detecting misunderstandingsbetween the domain experts and system designers if, for example, the system designersmade the wrong abstractions based on the initial scenarios. In our approachrequirements and scenarios both are explicitly represented, and play a role of equalimportance. Having them both in a requirements engineering process, provides thepossibility of mutual comparison: the requirements can be verified against thescenarios, and the scenarios can be verified against the requirements. By this mutualverification process, ambiguities and inconsistencies within and between the existingrequirements or scenarios may be identified, but also the lack of requirements orscenarios: scenarios may be identified for which no requirements were formulated yet,and requirements may be identified for which no scenarios were formulated yet.To enable effective ways of communicating with the stakeholders, requirementsand scenarios are to be represented in a well-structured and easy to understand mannerand precise and detailed enough to support the development process of the system.Unfortunately, no standard language exists for the representation of requirements andscenarios. Formats of varying degrees of formality are used in different approaches[25]. Informally represented requirements and scenarios are often best understood bythe stakeholders (although also approaches exist using formal representations ofrequirements in early stages as well [11]). Therefore, continual participation ofstakeholders in the process is possible. A drawback is that the informal descriptionsare less appropriate when they are used as input to actually construct a system design.On the other hand, an advantage of using formal descriptions is that they can bemanipulated automatically in a mathematical way, for example in the context ofverification and the detection of inconsistencies. Furthermore, the process offormalising the representations contributes to disambiguation of requirements andscenarios (in contact with stakeholders). At the same time however, a formalrepresentation is less appropriate as a communication means with the stakeholders.Therefore, in our approach in the overall development process, different representationsand relations between them are used: informal or structured semi-formalrepresentations (obtained during the process of formalisation) in contact withstakeholders and designers of the system, and related formal representations to be usedby the designers during the construction of the design.Independent of the measure of formality, each requirement and each scenario can berepresented in a number of different ways, and/or using different representationlanguages. Examples are given below. When manipulating requirements and scenarios,different activities can be distinguished (see Fig. 1):• requirements and scenarios are elicited from stakeholders, checked for ambiguitiesand inconsistencies, reformulated in a more precise or more structured form, andrepresented in different forms (informal, semi-formal, and formal) to suit differentpurposes (communication with stakeholders, verification of a design description)• they are refined across process abstraction levels (which is addressed in Section 3).

informalscenarios

semi-formalrequirementssemi-formalscenarios

formalrequirementsformalscenarios

relations betweenrequirements and scenariosdegree of formalisation

informalrequirementsFig. 1. Representations from informal to formal2.1 Informal representationsDifferent informal representations can be used to express the same requirement orscenario. Representations can be made, for example, in a graphical representationlanguage, or a natural language, or in combinations of these languages. Scenarios, forinstance, can be represented using a format that supports branching points in theprocess, or in a language that only takes linear structures into account. A simpleexample of a requirement R1 on a system to control a chemical process is thefollowing:Requirement R1For situations that the temperature and pressure are high the systemshall give a red alert and turn the heater off.A requirement is a general statement about the (required) behaviour of the system to bedesigned. This statement is required to hold for every instance of behaviour of thesystem. In contrast to this, a scenario is a description of a behaviour instance (e.g., tobe read as an instance of a system trace the system has to show, given the userbehaviour in the scenario). An example of an informal representation of a scenario is:Scenario S1The temperature and pressure are high.A red alert is generated and the heater is turned off.Note that this scenario describes one of the behaviour instances for which requirementR1 holds.2.2 Structured semi-formal representations Both requirements and scenarios can be reformulated to more structured and preciseforms.

Requirements. To check requirements for ambiguities and inconsistencies, ananalysis that seeks to identify the parts of a given requirement formulation that refer tothe input and output of the system is useful. Such an analysis often provokes areformulation of the requirement into a more structured form, in which the input andoutput references are made explicitly visible in the structure of the formulation.Moreover during such an analysis process the concepts that relate to input can beidentified and distinguished from the concepts that relate to the output of the system.Possibly the requirement splits in a natural manner into two or more simplerrequirements. This often leads to a number of new (representations of) requirementsand/or scenarios. For example, the following requirement may be found as a result ofsuch an analysis:Requirement R1.1:at any point in timeif the system received input that the temperature is high and the pressure ishighthen the system shall generate as output a red alert and an indication that thesituation is explosive, and after the user gives an input that it has to beresolved, the system gives output that the heater is turned offA reformulation can lead to structured requirements in a semi-formal form that providemore detail, for example R1 can be reformulated to R1.1, but also to two parts:Requirement R1a.1:at any point in timeif the system received input that the temperature is high and the pressure ishighthen the system shall generate as output a red alert and an indication that thesituation is explosiveRequirement R1b.1:at any point in timeif the system provided as output an indication that the situation is explosiveand after this the user gave an input that it has to be resolved,then the system shall generate output that the heater is turned offRequirement R1a.1 can also be represented graphically, for example, by (here each ofthe pairs of arrows means that both arrows of the pair occur at the same time):

systemtemperature is high red alert pressure is high situation is explosive

As a specific case, also requirements referring only to input or only to output can beencountered. For requirements formulated in such a structured manner the followingclassification can be made:•requirements on input only, independent of output (input requirements),•requirements on output only, independent of input (output requirements), and•requirements relating output to inputThe latter type of requirements can be categorised as:•output is dependent on input (input-output-dependency): function orbehaviour requirement,•input is dependent on output (output-input-dependency): environmentalrequirement or assumptionWhen stating properties of the environment (which includes users) of the system(output-input-dependency), the term �requirement� is avoided and the term �assumption�is used: the environment is not within the scope of the software development; itcannot be �tuned� to exhibit particular properties. As such, only assumptions can bemade on its behaviour and properties. The term �requirements� is used for those partsof the system that are within the scope of designable parts of the system.In addition, requirements can be categorised according to the kind of properties theyrefer to: static requirements, or requirements. For nontrivial dynamic requirements atemporal structure has to be reflected in the representation. This entails that termssuch as �at any point in time�, �at an earlier point in time�, �after�, �before�, �since�,�until�, �next� are used to clarify the temporal relationships between different fragmentsin the requirement.The input and output terms used in the structured reformulations form the basis ofan ontology of input and output concepts. Construction of this ontology takes placeduring the reformulation of requirements: acquisition of a (domain or task or method)ontology is integrated within requirements engineering (requirements engineeringcontributes at least to part of the ontology acquisition). For the requirementsengineering process it is very useful to construct an ontology of input and outputconcepts. For example, in R1b.1 the concepts indicated below in bold can be acquired.Requirement R1b.1:at any point in timeif the system provided as output an indication that the situation isexplosive,and after this the user gave an input that it has to be resolved,then the system shall generate output that the heater is turned offThis ontology later facilitates the formalisation of requirements and scenarios, as theinput and output concepts are already defined.In summary, to obtain a structured semi-formal representation of a requirement, thefollowing is to be performed:• explicitly distinguish input and output concepts in the requirementformulation• define (domain and task/method) ontologies for input and output information

• classify the requirement according to the categories above• make the temporal structure of the statement explicit using words like, �atany point in time�, �at an earlier point in time�, �after�, �before�, �since�,�until�, �next�.Scenarios. For scenarios, a structured semi-formal representation is obtained byperforming the following:• explicitly distinguish input and output concepts in the scenario description• define (domain) ontologies for the input and output information• represent the temporal structure described implicitly in the sequence of events.The scenario S1 shown earlier is reformulated into a structured semi-formalrepresentation S1.1:Scenario S1.1- input: temperature is high, pressure is high- output: red alert, situation is explosive- input:to be resolved- output:heater is turned offNotice that from this scenario, which covers both requirements given above, it is notclear whether or not always an input to be resolved leads to the heater being turned off,independent of what preceded this input, or whether this should only happen when thehistory actually was as described in the first two lines of the scenario. If the secondpart of the scenario is meant to be history independent, this second part is betterspecified as a separate scenario. However, we assume that in this example at least theprevious output of the system situation is explosive on which the user reacts is acondition for the second part of the scenario (as also expressed in the requirementsabove). These considerations lead to the splitting of scenario S1.1 into the followingtwo (temporally) independent scenarios S1a.1 and S1b.1:Scenario S1a.1- input: temperature is high, pressure is high- output: red alert, situation is explosiveScenario S1b.1- output: situation is explosive- input:to be resolved- output:heater is turned off2.3 Formal representationsA formalisation of a scenario can be made by using formal ontologies for the inputand output, and by formalising the sequence of events as a temporal trace. Thus aformal temporal model is obtained, for example as defined in [7] and [9]. To obtainformal representations of requirements, the input and output ontologies have to be chosen as formal ontologies. In the example this can be done, for example byformalising a conceptual relation of the form A is B, with as meaning that the objectA has property B, in a predicate form: B(A); for example �the situation is explosive� isformalised by explosive(situation), where situation is an object and explosive a predicate.This format can be used within an appropriate subset or extension of predicate logic.For example, requirement R1a.1 can also be represented formally in combinedsymbolic and graphical form by the following:

systemtemperature(high) red alert pressure(high) explosive(situation)

In addition, the temporal structure, if present in a semi-formal representation, has tobe expressed in a formal manner. Using the formal ontologies, and a formalisation ofthe temporal structure, a mathematical language is obtained to formulate formalrequirement representations. The semantics are based on compositional informationstates which evolve over time. An information state M of a component D is anassignment of truth values {true, false, unknown} to the set of ground atoms that play arole within D. The compositional structure of D is reflected in the structure of theinformation state. The set of all possible information states of D is denoted by IS(D). Atrace M of a component D is a sequence of information states (Mt)t £ N in IS(D).Given a trace M of component D, the information state of the input interface ofcomponent C at time point t of the component D is denoted by stateD(M , t, input(C)),where C is either D or a sub-component of D. Analogously, stateD(M , t, output(C)),denotes the information state of the output interface of component C at time point t ofthe component D. These formalised information states can be related to statements viathe formally defined satisfaction relation ¥. Behavioural properties can be formulatedin a formal manner, using quantfiers over time and the usual logical connectives suchas not, &, �. An alternative formal representation of temporal properties (usingmodal and temporal operators) within Temporal Multi-Epistemic Logic can be foundin [12]. For example, requirement R1b.1 can be represented formally by:Requirement R1b.2:�M , t [ stateS(M , t, input(S)) ¥ to_be_resolved & �t� < t stateS(M , t�, output(S)) ¥ explosive(situation) � �t�>t stateS(M , t, output(S)) ¥ turn_off(heater) ]In this formalisation of R1b.1 the word �after� is represented by indicating that thetime point t at which to_be_resolved appeared on the input is greater than some timepoint t� at which the system reported that the situation is explosive on its output.Scenario S1.1 can be represented formally by the temporal model that is defined asfollows:

Scenario S1.2:stateS(M , 1, input(S)) ¥ high(temperature)stateS(M , 1, input(S)) ¥ high(pressure)stateS(M , 2, output(S)) ¥ explosive(situation)stateS(M , 2, output(S)) ¥ red_alertstateS(M , 3, input(S)) ¥ to_be_resolved stateS(M , 4, output(S)) ¥ turn_off(heater)To summarise, formalisation of a requirement or scenario on the basis of a structuredsemi-formal representation is achieved by:• choosing formal ontologies for the input and output information• formalisation of the temporal structureThis results in a temporal formula F for a requirement and in a temporal model M fora scenario.Checking a temporal formula, which formally represents a requirement, against atemporal model, formally representing a scenario, means that formal verification ofrequirements against scenarios can be done by model checking. A formalrepresentation M of a scenario S and a formal representation F of a requirement arecompatible if the temporal formula is true in the model. For example, the temporalformula R1b.2 is indeed true for the model S1.2: the explosive situation occurred attime point 2 in the scenario, at time point 3 (which is later than 2) the systemreceived input to_be_resolved, and at time point 4 (again later than 3), the system has asoutput turn_off(heater).However, requirement R1b.2 would also be true in the following two scenarios.Scenario S2 is an example of a situation in which the system turns off the heaterwhen this is not appropriate, scenario S3 is an example of a situation in which thesystem waits too long before it turns off the heater (which might lead to anexplosion).Scenario S2The temperature and the pressure are highThe system generates a red alert and turns off the heater,The temperature and the pressure are mediumThe temperature is low and the pressure is mediumThe system turns off the heaterScenario S3The temperature and the pressure are highThe system generates a red alert and turns off the heater,The system increases the heaterThe system increases the heaterAn explosion occursThe system turns off the heater

Furthermore, the requirement would also be true in a scenario in which the systemwaited with turning off the heater, maybe even first increasing the heat for some time.This last scenario is formalised as scenario S3.1:Scenario S3.1:stateS(M , 1, input(S)) ¥ high(temperature)stateS(M , 1, input(S)) ¥ high(pressure)stateS(M , 2, output(S)) ¥ explosive(situation)stateS(M , 2, output(S)) ¥ red_alertstateS(M , 3, input(S)) ¥ to_be_resolved stateS(M , 4, output(S)) ¥ increase(heater) stateS(M , 5, output(S)) ¥ increase(heater) stateS(M , 6, input(S)) ¥ occurred(explosion) stateS(M , 7, output(S)) ¥ turn_off(heater)In other words, requirement R1b.2 leaves too many possibilities for the system�sbehaviour, and, being a formalisation of R1b.1, so do the requirements that form thereason for formulating R1b.1, i.e., R1a.1, and R1.1. During the requirementengineering process this has to be resolved in contact with the stakeholders. In thiscase, the semi-formal R1.1 and R1a.1, and the formal R1a.2 have to be reformulated:after a discussion with the stakeholders, R1.1 is reformulated into:Requirement R1.2:at any point in timeif the system received input that the temperature is high and the pressure ishighthen at the next point in time the system shall generate as output a red alertand an indication that the situation is explosive, and at the next point in timeafter the user gives an input that it has to be resolved, the system givesoutput that the heater is turned offRequirement R1b.1 is reformulated into:Requirement R1b.3:at any point in timeif the system provided as outputan indication that the situation is explosive,and at the next time point after the user gave an inputthat the situation has to be resolved,then the system shall generate outputthat the heater is turned offBased on these reformulations (that also affect the ontologies), the requirementengineers choose a different representation of R1b.2:

Requirement R1b.3:�M , t [ stateS(M , t, input(S)) ¥ to_be_resolved(situation) & stateS(M , prev(t), output(S)) ¥ explosive(situation) � stateS(M , succ(t), output(S)) ¥ turn_off(heater) ]Requirement R1b.3 is true in scenario S1.2 (let prev be the function: n -> n-1 andsucc: n -> n+1), but not in the sketched unwanted scenarios like S3.1.3 Requirements Refinement and Process Abstraction LevelsThe requirements engineering process considers the system as a whole, in interactionwith its stakeholders. However, during a design process, often a form of structuring ofthe system is used: sub-processes are distinguished, for example in relation todevelopment or selection of a task or task/method hierarchy. For the processes at thenext lower process abstraction level, also requirements can be expressed. Thus adistinction is made between stakeholder requirements and stakeholder scenarios (for thetop level of the system, elicited from stakeholders, such as users, customers) anddesigner requirements and designer scenarios (for the lower process abstraction levels,constructed by requirement engineers and designers). Designer requirements andscenarios are dependent on a description of the system. Requirements on properties ofa sub-component of a system reside at a next lower level of process abstraction thanthe level of requirements on properties of the system itself; often sets of requirementsat a lower level are chosen in such a way that they realise a next higher levelrequirement. This defines a process abstraction level refinement relation betweenrequirements. These process abstraction refinement relationships can also be used tovalidate requirements: e.g., if the refinements of a requirement to the next lowerprocess abstraction level all hold for a given system description, then the refinedrequirement can be proven to hold for that system description. Similarly, scenarios canbe refined to lower process abstraction levels by adding the interactions between thesub-processes. At each level of abstraction, requirements and scenarios employ theterminology defined in the ontology for that level. In the example used above, for thestructured semi-formal requirements two processes can be distinguished:interpret process infoinput information of type: temperature is high, pressure is highoutput information of type: situation is explosivegenerate actionsinput information of type: situation is explosiveoutput information of type: red alert, heater is turned offAt the next lower abstraction level of these two processes the following requirementscan be formulated, as a refinement of the requirements given earlier:

requirementsscenarios

refinedrequirementsrefined scenarios process abstraction level 0

process abstraction level n

processrefinement relationsrelations betweenrequirements and scenarios process refinement relationsFig. 2. Process abstraction level refinementsinterpret process infoRequirement R1int.1:at any point in timeif the component received input that the temperature is high and the pressureis highthen the component shall generate as output an indication that the situationis explosivegenerate actionsRequirement R1acta.1:at any point in timeif the component received input that the situation is explosive ,then the component shall generate as output a red alertRequirement R1actb.1:at any point in timeif the component received input that the situation is explosive,and after this it received an input that it has to be resolved,then the component shall generate output that the heater is turned offFurthermore, scenarios S1a.1 and S1b.1 given earlier can be refined toScenario S1inta.1- system input: temperature is high, pressure is high- interpret process info input:temperature is high, pressure is high- interpret process info output:situation is explosive- generate actions input:situation is explosive- generate actions output:red alert- system output: situation is explosive, red alert

Scenario S1intb.1- system output: situation is explosive- system input:to be resolved- generate actions input: to be resolved- generate actions output:heater is turned off- system output:heater is turned off4 Traceability Relations for Requirements and ScenariosAs requirements and scenarios form the basis for communication among stakeholders(including the system developers), it is important to maintain a document in whichthe requirements and scenarios are organised and structured in a comprehensive way.This document is also important for maintenance of the system once it has been takeninto operation. Due to the increase in system complexity nowadays, more complexrequirements and scenarios result in documents that are more and more difficult tomanage. The different activities in requirements engineering lead to an often largenumber of inter-related representations of requirements and scenarios.

informalrequirementsinformalscenarios

refined informalrequirementsrefined informalscenarios

process abstraction level 1

process abstraction level n

semi-formalrequirementssemi-formalscenarios

formalrequirementsformalscenariosrefined formalrequirementsrefined semi-formalrequirements

relationsrelations betweenrequirements and scenariosFig. 3. Traceability relationsThe explicit representation of these traceability relations is useful in keeping trackof the connections; traceability relationships can be made explicit:• among requirements at the same process abstraction level (Fig. 1),• between requirements at different process abstraction levels (Fig. 2),

• among scenarios at the same process abstraction level (Fig. 1),• between scenarios at different process abstraction levels (Fig. 2),• between requirements and scenarios at the same process abstraction level (Figs 1, 2and 3)• among requirements at the same level of formality (Fig. 3)• between requirements and scenarios at the same level of formality (Fig. 3).These relationships are often adequately specified using hyperlinks. This offerstraceability; i.e., relating relevant requirements and scenarios as well as the possibilityto �jump� to definitions of relevant requirements and scenarios. Thus requirements andscenarios resulting from an extensive case-study have been placed in a hyperlinkedstructure [18]; see Fig. 3, which combines Figures 1 and 2.5 DiscussionRequirements describe the required properties of a system (this includes the functionsof the system, structure of the system, static properties, and dynamic properties). Inapplications to agent-based systems, the dynamics or behaviour of the system plays animportant role in description of the successful operation of the system. Requirementsspecification has both to be informal or semi-formal (to be able to discuss them withstakeholders) and formal (to disambiguate and analyse them and establish whether ornot a constructed model for a system satisfies them). Typical software requirementsengineering practices are geared toward the development of a formal requirementsspecification. The process of making requirements more precise is supported by using both semi-formal and formal representations for requirements. Part of this process is to relateconcepts used in requirements to input and output of the system. Since requirementspecifications need system-related concepts, it has been shown how the acquisition andspecification of requirements goes hand in hand with the acquisition and specificationof ontologies.The formalisation of behaviour requirements has to address the semantics of theevolution of the system (input and output) states over time. In this paper thesemantics of properties of compositional systems is based on the temporal semanticsapproach, which can be found in the development of a compositional verificationmethod for knowledge-intensive systems; for diagnostic process models see [9]; for co-operative information gathering agents, see [21]; for negotiating agents, see [5]. Byadopting the semantical approach underlying the compositional verification method, adirect integration of requirements engineering with the specification of properties ofproblem solving methods and their verification could easily be established.For some example systems requirements and scenarios have been elicited, analysed,manipulated, and formalised. The lessons learned from these case studies are:• The process of achieving an understanding of a requirement involves a largenumber of different formulations and representations, gradually evolving frominformal to semi-formal and formal.• Scenarios and their formalisation are, compared to requirements, of equalimportance.

• Categorisation of requirements on input, output and function or behaviourrequirements, and distinguishing these from assumptions on the environmentclarifies the overall picture.• Keeping track on the various relations between different representations ofrequirements, between requirements and scenarios, and many others, issupported by hyperlink specifications within a requirements document.In current and future research, further integration of requirements engineering in thecompositional development method for multi-agent systems, DESIRE and, inparticular, in its software environment is addressed.References1. Angele, J., Fensel, D., Landes, D., and Studer, R., Developing Knowledge-basedSystems with MIKE. Journal of Automated Software Engineering, 19982 . Benjamins, R., Fensel, D., Straatman, R. (1996). Assumptions of problem-solvingmethods and their role in knowledge engineering. In: W. Wahlster (Ed.), Proceedingsof the12th European Conference on AI, ECAI’96, John Wiley and Sons, pp. 408-412.3 . Beyer, H.R. and Holtzblatt, K. (1995). Apprenticing with the customer,Communications of the ACM, vol. 38(5), pp. 45-52.4 . Booch, G. (1991). Object oriented design with applications. Benjamins CumminsPublishing Company, Redwood City.5 . Brazier, F.M.T., Cornelissen, F., Gustavsson, R., Jonker, C.M., Lindeberg, O.,Polak, B., and Treur, J. (1998). Compositional Design and Verification of a Multi-Agent System for One-to-Many Negotiation. In: Proceedings of the ThirdInternational Conference on Multi-Agent Systems, ICMAS’98. IEEE ComputerSociety Press, pp. 49-56.6 . Brazier, F.M.T., Jonker, C.M., and Treur, J. (1998). Principles of CompositionalMulti-agent System Development. In: J. Cuena (ed.), Proceedings of the 15th IFIPWorld Computer Congress, WCC’98, Conference on Information Technology andKnowledge Systems, IT&KNOWS’98, pp. 347-360.7 . Brazier, F.M.T., Treur, J., Wijngaards, N.J.E. and Willems, M. (1999). TemporalSemantics of Compositional Task Models and Problem Solving Methods. Data andKnowledge Engineering, vol. 29(1), 1999, pp. 17-42.8 . Clavadetscher, C. (1998). User involvement: key to success, IEEE Software,Requirements Engineering issue, March/April, pp. 30-33.9 . Cornelissen, F., Jonker, C.M., and Treur, J. (1997). Compositional verification ofknowledge-based systems: a case study in diagnostic reasoning. In: E. Plaza, R.Benjamins (eds.), Knowledge Acquisition, Modelling and Management, Proceedingsof the 10th European Knowledge Acquisition Workshop, EKAW’97, Lecture Notes inAI, vol. 1319, Springer Verlag, Berlin, pp. 65-80.10.Davis, A. M. (1993). Software requirements: Objects, Functions, and States, PrenticeHall, New Jersey.11.Dubois, E., Yu, E., Petit, M. (1998). From Early to Late Formal Requirements. In:Proc. IWSSD�98. IEEE Computer Society Press.12.Engelfriet, J., Jonker, C.M. and Treur, J., Compositional Verification of Multi-AgentSystems in Temporal Multi-Epistemic Logic. In: J.P. Mueller, M.P. Singh, A.S. Rao

(eds.), Pre-proc. of the Fifth International Workshop on Agent Theories,Architectures and Languages, ATAL’98, 1998, pp. 91-106. To appear in: J.P. Mueller,M.P. Singh, A.S. Rao (eds.), Intelligent Agents V. Lecture Notes in AI, SpringerVerlag, 199913.Erdmann, M. and Studer, R. (1998). Use-Cases and Scenarios for DevelopingKnowledge-based Systems. In: J. Cuena (ed.), Proceedings of the 15th IFIP WorldComputer Congress, WCC’98, Conference on Information Technology andKnowledge Systems, IT&KNOWS’98, pp. 259-272.14.Fensel, D. (1995). Assumptions and limitations of a problem solving method: a casestudy. In: B.R. Gaines, M.A. Musen (Eds.), Proceedings of the 9th Banff KnowledgeAcquisition for Knowledge-based Systems Workshop, KAW’95, Calgary: SRDGPublications, Department of Computer Science, University of Calgary.15.Fensel, D., Benjamins, R. (1996) Assumptions in model-based diagnosis. In: B.R.Gaines, M.A. Musen (Eds.), Proceedings of the 10th Banff Knowledge Acquisition forKnowledge-based Systems workshop, KAW’96, Calgary: SRDG Publications,Department of Computer Science, University of Calgary, pp. 5/1-5/18.16.Gero, J.S., and Sudweeks, F., eds. (1996) Artificial Intelligence in Design �96, KluwerAcademic Publishers, Dordrecht.17.Gero, J.S., and Sudweeks, F., eds. (1998) Artificial Intelligence in Design �98, KluwerAcademic Publishers, Dordrecht.18.Herlea, D., Jonker, C.M., Treur, J. and Wijngaards, N.J.E. (1998). A Case Study inRequirements Engineering. Report, Vrije Universiteit Amsterdam, Department ofArtificial Intelligence. URL: http://www.cs.vu.nl/~treur/pareqdoc.html19.Holzblatt, K. and Beyer, K.R. (1995). Requirements gathering: the human factor,Communications of the ACM, vol. 38(5), pp. 31.20.Jackson, M.A. (1975). Principles of Program Design, Academic Press.21.Jonker, C.M. and Treur, J. (1998). Compositional Verification of Multi-AgentSystems: a Formal Analysis of Pro-activeness and Reactiveness. In: W.P. de Roever,H. Langmaack, A. Pnueli (eds.), Proceedings of the International Workshop onCompositionality, COMPOS’97. Lecture Notes in Computer Science, vol. 1536,Springer Verlag, 1998, pp. 350-38022.Kontonya, G., and Sommerville, I. (1998). Requirements Engineering: Processes andTechniques. John Wiley and Sons, New York.23.Musen, M. (1998). Ontology Oriented Design and Programming: a New Kind of OO.In: J. Cuena (ed.), Proceedings of the 15th IFIP World Computer Congress, WCC’98,Conference on Information Technology and Knowledge Systems, IT&KNOWS’98, pp.17-20.24.Potts, C., Takahashi, K. and Anton, A. (1994). Inquiry based requirements analysis,IEEE Software, 11(2), March.25.Pressman, R.S. (1997). Software Engineering: A practitioner�s approach. FourthEdition, McGraw-Hill Series in Computer Science, McGraw-Hill Companies Inc., NewYork.26.Sage, A.P., and Palmer, J.D. (1990). Software Systems Engineering. John Wiley andSons, New York.27.Schreiber, A.Th., Wielinga, B.J., Akkermans, J.M., Velde, W. van de, and Hoog, R.de (1994). CommonKADS: A comprehensive methodology for KBS development. In:IEEE Expert, 9(6).

28.Sommerville, I., and Sawyer P. (1997). Requirements Engineering: agood practiceguide. John Wiley & Sons, Chicester, England.29.The Standish Group, (1995) The High Cost of Chaos: http://www.standishgroup.com30.Weidenhaupt, K., Pohl, M., Jarke, M. and Haumer, P. (1998). Scenarios in systemdevelopment: current practice, IEEE Software, pp. 34-45, March/April.