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2 IRISA, INRIA and Université de Rennes 1Campus universitaire de Beaulieu, 35042 Rennes Cedex, France{bbaudry, wahmedsa}@irisa.frAbstract. Expressing a valid requirements model is a crucial activityin a MDE context as it provides the starting point for further re�nementsteps that will lead to the implementation. In previous work we haveproposed a requirements model from which it is possible to do simulationand high-level test generation. A requirements metamodel captures thekey concepts to model the requirements and allows us to de�ne severalautomatic model transformations to manipulate the requirements. In thispaper, we focus on surface languages that can assist the edition of sucha requirements model for simulation or testing purposes. We propose touse two di�erent languages: a constrained natural language and UMLactivity diagrams. For each language, we discuss the main interestingfeatures to express requirements and we de�ne a model transformationto generate the corresponding requirements model.1 IntroductionUntil now, Model Driven Engineering has mainly focused on the designof software applications, but still lacks a real integration with knownvalidation techniques. This lack is explained by the recent expansion ofMDE, and certainly not by the infeasibility of transferring validationtechniques to the model paradigm. When a software is validated by test-ing techniques, a good approach is to integrate the testing concerns assoon as possible in the development, ideally while the requirements arebeing made explicit. We strongly believe that having sound techniquesto validate the requirements and generate high level test cases from arequirements model is a key activity to make MDE successful since thismodel should be the �rst one in the re�nement process to build the �nalapplication. Several proposals have already been made concerning testgeneration from requirements, in a model-driven development context[1,2].In [2] we propose an approach to validate the requirements through inter-active simulation and to automatically generate test cases. This approachis based on a requirements model in which requirements are expressed



using uses cases enhanced with contracts (pre and post condition) in theform of logical expressions. This model can be simulated to analyze andvalidate the requirements by checking for inconsistencies or incomplete-ness. The model is also the input for our test generation approach. Wehave de�ned a metamodel to formally describe the requirements modeland to capture the key concepts that constitute this model. This also al-lows MDE techniques to be applied to automate parts of the requirementsprocess. For example, it is possible to ensure part of the traceability ofthe requirements in more detailed models thanks to automatic modeltransformations. It is also easier to integrate our requirements analysisapproach in a MDE context, and to extract di�erent views on a require-ments model (documentation, tests, preliminary analysis model). At last,we are able to de�ne the test generation process as a model transforma-tion. Now, what is missing in this approach is a way to edit a requirementsmodel (that conforms to the metamodel) in a user-friendly way. More-over, since di�erent stakeholders (with di�erent expertises and points ofview) will participate to the de�nition of the requirements model, wewould like to have di�erent surface languages to edit one model.In this paper, we discuss two surface languages to edit a requirementmodel: a constrained natural language named RDL (for Requirement De-scription Language) and UML activity diagrams. For both approacheswe discuss the main features of the syntaxes and de�ne a model transfor-mation to go from the di�erent syntaxes to our core requirements meta-model. The transformations are implemented using the model-orientedlanguage Kermeta [3] (note that Kermeta is also used to de�ned themetamodels and give them a semantics). An important bene�t of auto-matic transformations is to ensure the consistency between the surfacesyntaxes and the underlying model and thus to ensure the consistencybetween the generated test cases and the expressed requirements.The paper is organized as follows. Section 2 summarizes the approachproposed in [2] for test generation from functional requirements, andmakes explicit the underlying requirements metamodel. Section 3 presentsthe RDL and the model transformation allowing to go from an RDLmodel to a requirements model. Then section 4 explains how activitydiagrams can be used to enter requirements, and details the transfor-mation to go from activity diagrams to a requirements model. Finally,Section 5 draws the perspectives of our work.2 A requirement metamodel for test generationWe detail in this section the requirements metamodel and recall the mainprinciples of test generation based on this metamodel.2.1 The requirements metamodelThe requirements metamodel we propose was de�ned based on the ex-periments we had with THALES [4] for test generation (an overview ofthe metamodel is given in Figure 1).2



Fig. 1. Overview of the requirements metamodelThe idea that led to build this metamodel is that requirements can beexpressed with parameterized uses cases associated with pre and postconditions. The precondition de�nes the conditions in which a use casecan be executed and the postcondition expresses the e�ect the use casehas on the state of the system. The parameters of a use case are ei-ther actors or business concepts handled by the use case. Use case con-tracts are represented by the Expression class in Figure 1. They areexpressed as �rst order logical expressions having a set of typed pa-rameters, combined with di�erent logical operators. These expressionsare used to describe the properties of the system (an actor state, abusiness concept state, etc). These expressions are Boolean expressions,thus can be either true or false. Logical operators include conjunction(and), disjunction (or), negation (not) and implication. In order to in-crease the expressiveness, exists and forall quanti�ers are also included.Let us illustrate this metamodel with a concrete example of LibraryManagement System, that will be used all over the paper. The require-ments of this system are the following. A library is maintained by alibrarian. A customer must register in the library to avail the facil-ity of borrowing the books. Books must be registered before they areavailable to the customers. When a customer returns the book, thebook is not available for any customer to borrow again, till the librar-ian performs an inventory check. In this example, we can identify sev-eral use cases conform to the previously described requirements meta-model. For example, the use case Borrow can be described as follows.UseCase Borrow (c: customer, b:Book)Pre: registered(c) and available(b) and not damaged(b)Post: registered(c) and not available(b)In a requirements model, we also need a data model that represents thebusiness concepts and relationships that are manipulated in the require-ments. This model is represented in Figure 1 by the class AnalysisModeland is very close to a class diagram. At last, for simulation purposes, wealso need to de�ne the initial con�guration of the system from which we3



start the simulation. This is represented by the class ConfigurationItemand its subclasses in Figure 1.2.2 Requirements simulation, and test generationThe simulation of the requirements is the basis for test generation aspresented in [2], but it is also a way to improve the quality of the re-quirements (in the sense that simulating the requirements can help indetecting inconsistencies or under-speci�cation). The principle of thesimulation relies on the instantiation of the use cases, based on the datamodel. Instantiating a use case consists in replacing its formal parametersby actual ones, based on the data model. Simulation of the requirementsis founded on a labeled transition system named UCTS (for Use CaseTransition System) de�ned by:� Q, a �nite non-empty set of states. Each state is de�ned as a set ofinstantiated expressions, and represents the system's state at a givenstage of simulation.� an initial state, that represents the initial state of the system,� A, the alphabet of actions, an action being an instantiated use case,� →⊆ Q × A × Q the transition function. Each of the resulting edgesrepresents the instantiated use case it is labeled with.The simulation mechanism is directly implemented in the requirementsmetamodel, by de�ning the behavior (with the Kermeta language) of theSimulate method in the RequirementsModel class.From a UCTS, it is possible to generate abstract tests, named test objec-tives, in the form of correct sequences of instantiated use cases. Indeed,a UCTS is a representation of all the possible orderings of the use cases.Generating test objectives just consists in selecting relevant paths of theUCTS using adequate coverage criteria (for example, the coverage of allthe instantiated use cases). Several such criteria have been proposed andcomparatively studied in [2]. The test objectives are quite far from con-crete tests, since they are expressed at the requirement level. To bridgethe gap between test objectives and test cases, design information is thusneeded. In a model-driven approach, we can reasonably assume that sce-narios expressing the actual messages exchanges between the system andthe environment will be available. Those scenarios are su�cient to gen-erate test cases from test objectives, by replacing a given instantiateduse case of a test objective by the corresponding instantiated scenario.Simulation and test generation is thus possible as soon as we disposeof a requirement model that conforms to the requirements metamodelgiven in Figure 1. However, as stated in introduction, instantiating sucha metamodel is a di�cult task. That is why we propose two surfacelanguages in the following sections to instantiate the metamodel.3 A constrained natural language to write therequirementsThe RDL was developed [4] to make it easier for the requirements writersto edit their requirements model. We have developed a series of transfor-mations to generate a requirements model from RDL sentences. Figure 24



Fig. 2. Transformation from an RDL text to a requirements modelgives a general overview of the transformation process: the RDL text istransformed into an RDL model. This RDL model is then transformedinto the requirements model.3.1 A language to de�ne requirementsThe RDL mainly aims at preventing from writing ambiguous, incom-plete, and incorrect sentences. Its syntax has been designed to producereadable and natural language-like sentences, even if the RDL is by nomeans intended to deal with issues coming from natural language anal-ysis. Figure 3 displays three lines of RDL sentences from the LibraryManagement System example. The domain-speci�c words are containedin quoted strings.1. there is a "book" named "beloved"2. the "customer" must be "registered" before the "customer" can "borrow" the "book"3. the"book" becomes not "available" after the "customer" did "borrow" the "book"Fig. 3. Example of RDL sentences3.2 From the RDL to the requirements modelAs shown in Figure 2, we de�ned two steps to transform RDL sentencesinto a requirements model. The �rst step transforms the RDL text intoan RDL model. This step is also decomposed into two sub-steps. Firstthe text is parsed to produce a syntax tree. ANTLR [5] is used to auto-matically generate the parser and an abstract syntax tree from the RDL5



IF S1=Action THEN O1=ObservablePropertyO1.type BECOMESO1.reference AS1.type DOESTable 1. An example of patternType USE CASEName S1.titleParameters x1 : S1.activator.typex2 : O1.reference.owner.typePrecondition not O1.reference.observable = O1.reference.valuePostcondition O1.reference.observable = O1.reference.valueTable 2. An example of productiongrammar. Then, a model transformation generates an RDL model fromthe RDL concrete syntax tree. This RDL model is an instance of theRDL metamodel which is a representation of the RDL grammar in theform of a metamodel, enhanced with semantics, and with standard seri-alization format. The second step consists in transforming an RDL modelinto a requirements model: the static analysis model is built �rst, thenuse cases with contracts are generated. The static analysis model is gen-erated simply identifying the properties and actions, with their owners.The observable properties are treated as attributes and direct (implicit)references to the property imply that the property is of boolean type, oth-erwise of an enumerated type. Similarly, actions (activations) are treatedas operations and associated complements are added as parameters tothe operation.Let us illustrate this transformation with the third sentence of Figure 3."available" is the implicit property of the owner "book", so a booleantype attribute named available is created in the class Book. Similarly,for action "borrow" with complement "book" and subject "customer",an operation named borrow with a parameter of type book is added tothe class Customer.During this transformation, semantics is attached to the RDL sentencesby means of interpretation patterns. To identify these patterns in an RDLmodel, we use pattern matching techniques. Each interpretation patternassociates a semantics to a given RDL construction, it is composed ofa pattern identifying the construction, and of a production specifyingthe corresponding semantics. For example, an interpretation pattern canexpress that a property of an actor or a business concept changes uponthe activation of a use case.An example of interpretation pattern is given in Tables 1 and 2. Thetop line of Table 1 de�nes the look and feel of the pattern and the6



bottom part de�nes the constraints on the associated items in the RDLmodel. Table 2 shows a possible corresponding production for a result oftype Use Case. The pattern de�nes the syntactical elements involved in asentence for which the keyword becomes is used to express the fact that aboolean property of an object has changed during the service activation.According to the pattern, if the observable property is preceded by thekeyword becomes and the service activation is preceded by the keyworddid then the resultant use case will be de�ned by the production inTable 2. The name of the use case will be the name of the service, theparameters will be the actors or business concept which activated theservice, and the reference whose property is changed. The preconditionof the use case will be the negation of the observable value and the postcondition will be the observable value.We de�ned 13 patterns to interpret the RDL. They bring �exibility inthe transformation process and have to be tailored for a given domain.If a requirement in the RDL model does not match any interpretationpattern, it means that either the requirement has no meaning and mustbe rewritten, or a new interpretation pattern must be introduced togive semantics to the requirement, and added to the set of interpretationpatterns. The transformation from a RDLmodel to a requirements modelhas been implemented using the Kermeta language [3].4 Using activity diagrams to write therequirementsTo obtain a requirements model that conforms to the metamodel wehave presented in Section 2, the essential information needed is the de-pendencies linking the requirements, to be able to obtain use cases withcontracts. As previously explained, directly de�ning those contracts isfar from being a trivial task, and a commonly-shared intuition is thata graphical notation should help. Indeed, it seems easier to de�ne de-pendencies with graphical links instead of with logical expressions. Thisidea led us to work on a graphical notation for the dependencies, andwe have chosen UML activity diagrams, since they are used in [6] forthe same purpose. In this section, the features of the activity diagramswe deal with are exposed, and the corresponding transformation into therequirements metamodel is described.4.1 Expressing requirements using activity diagramsWe work with UML 2.0 [7] activity diagrams. We recall that activitydiagrams are a way to specify both control and object �ows, with asemantics very near from petri nets (the semantics is given in terms oftokens moving along the control �ows). Each action owns to the partitionnamed with the main actor involved in the action. Then the control�ows and control nodes (join, fork, merge, ...) de�ned in UML2.0 areused to express the dependencies between the actions. Figure 4 shows asmall example of activity diagram for the Library example. This activitydiagram simply expresses the following facts:7



Fig. 4. An example of activity diagram� a librarian can register a book� a customer can register� a customer can borrow a book if he has registered and if the bookhas been registered by the librarian.This activity diagram does not specify anything about the books: inother words, we currently only deal with actors and actions, and not withbusiness entities. Consequently, the activity diagram we propose is notcomplete enough to fully specify the requirements, and we are currentlyworking on improving them by adding parameters to the actions (usingobject nodes). This current lack does not harm the intent of this paper,that is to show that di�erent user-friendly surface languages can be usedto enter a requirements model allowing tests to be generated.4.2 From activity diagrams to a requirement modelWe have implemented (using the Kermeta language) a transformationthat generates the use case part of the requirements model from an ac-tivity diagram. Once actions will be associated with parameters, thetransformation from activity diagrams to the use case model will becompleted, and we will develop a transformation to generate the staticanalysis model.To generate a use case model from an activity diagram, the basic prin-ciple is to represent the position of the tokens moving along the activitydiagram by predicates: a predicate corresponding to the control �ow cfis true when there is a token on cf. We have de�ned a set of local rules,provided in Table 3, that express how each kind of activity diagram con-struction is transformed into use cases and contracts. Those local rulesare then combined using a two-step algorithm for each activity act :1. We parse down the execution �ow from the outgoing �ow, in orderto determine where the tokens should be left after the executionof the activity. This way, part of the postcondition of the use casecorresponding to act is obtained.2. Then we parse up the execution �ow from the incoming �ow, inorder to determine where the tokens are supposed to be to enable theexecution of the action. That allows us to obtain the precondition8



Activity Diagram Use case
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Activity Diagram Use case
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BMerge UC Aprepost aFUC Bprepost bFUC Cpre aF or bFpost aF impliesnot aF and bFimplies not bF
B

D C

A aDDecision UC Aprepost aDUC Bpre aDpost not aDUC Cpre aDpost not aD
AInitial node UC Apre initpost not init

AFinal �ow UC AprepostTable 3. Local transformation rulesof the use case corresponding to act. During this phase, we alsocomplete the postcondition obtained in step 1, taking into accountthe movement of the tokens during the execution: we specify in thepostcondition where the tokens are not anymore after the execution.We then complete the obtained use case model with predicates dealingwith �nal activity nodes (for which no local rule can be de�ned), andwith actors. To each use case generated from the action act, we add aparameter corresponding to the main actor involved in the use case, anda precondition specifying which actor can initiate the use case execution.For that, we introduce a predicate having the name of the swimlane towhich act owns. As an example, for the action Register of the activitydiagram of Figure 4, we obtain the following use case (presented in tex-tual format):UseCase Register (c: LibraryActor)Pre: customer(c) and initPost: registered and not init5 Perspectives and conclusionThe approach presented in this paper shows that several surface lan-guages can be used to enter (in a user-friendly way) a requirements9



model, that can then be used for test generation purpose. We stronglybelieve that model-driven techniques are very fruitful both to obtain"good" requirements and to bridge the gap between requirements andtests. We are also convinced that it is not possible to de�ne a universallanguage perfectly suitable to write any requirement.As a consequence, none of the languages we propose is adequate to entera whole requirements model. For example, activity diagrams have theobvious bene�t of being graphical, and thus the logic behind the require-ments appears in a glimpse. However, it is de�nitively not reasonable toask a requirement engineer to write a single activity diagram to specifya whole requirements model. And even if mechanisms can be provided tomerge small activity diagrams, and thus to build a requirements modelrequirement by requirement, the expressiveness of the activity diagramsis not su�cient to express any kind of requirement (as underlined in [2]).That means that for each requirement to enter, the requirements engineershould be given the choice between a family of languages. This family oflanguages must include mechanisms to be transformed towards the samerequirements metamodel, in order to allow a set of requirements writtenin various languages to be merged into a single requirements model. Themerging of requirements (relying on the merging of models) is a complextask that can be supported by interactive model transformations.Another crucial point to explore is the traceability between the require-ments and the generated models from the requirements, in particular thetest models. Since automatic transformations are used in our approach,traceability mechanisms have to be implemented within the transforma-tions to be able to determine which requirements led to a given test, andreciprocally which tests are generated from a given requirement.References1. Boddu, R., Guo, L., Mukhopadhyay, S., Cukic, B.: RETNA: Fromrequirements to testing in a natural way. In: Proc. of the 12th IEEEInternational Conf. on Requirements Engineering. (2004) 262�2712. Nebut, C., Fleurey, F., Le Traon, Y., Jézéquel, J.M.: Automatic testgeneration: A use case driven approach. IEEE Transactions on Soft-ware Engineering 32(3) (2006) 140�1553. Triskell project (IRISA): The metamodeling language kermeta.http://www.kermeta.org (2006)4. Lugato, D., Maraux, F., Le Traon, Y., Normand, V., Dubois, H.,Pierron, J.Y., Gallois, J.P., Nebut, C.: Automated functional test casesynthesis from thales industrial requirements. In: IEEE Real-Timeand Embedded Technology and Applications Symposium. (2004)5. Parr, T.: ANTLR. http://www.antlr.org (2006)6. Briand, L., Labiche, Y.: A UML-based approach to system testing.Journal of Software and Systems Modeling (2002) 10�427. OMG: UML version 2.0. http://www.omg.org/technology/documents/-formal/uml.htm (2006) 10


