TECHNICAL REPORT 94.07, DEPARTMENT OF COMPUTER SCIENCE, UNIVERSITY OF ZURICH, MAY 1994Software Development Based onExecutable Specifications and TransformationsMarkus P. J. Fromherz, Xerox PARC, Palo Alto, USANorbert E. Fuchs, Department of Computer Science, University of Zurich, SwitzerlandStarting from requirements for a software development method, we derive two prototypes of such amethod. Essential characteristics of these prototypes are executable specifications, semanticallyequivalent external and internal representations of specifications, the use of a repository of predefinedcomponents, and schema-based transformations. Crucial for our project is our decision for logic languages.This choice allows us to represent declarative specifications, efficient programs, and the developmentsystem itself in the same language. Furthermore — combined with the characteristics of our developmentmethod — this choice results in a smooth transition from one activity of software development to the other,from informal to formal representations, from requirements to programs.1IntroductionMany authors have pointed out deficiencies of the standard software life-cycle, andsuggested as a remedy either enhancements of the life-cycle, or alternatives to it[Agresti 86; Scacchi 94]. Here, we take a different approach by deriving a softwaredevelopment method directly from requirements for it. These requirementsemphasise the need to use and to gain experience during software development. Westart by enumerating required attributes and features, then derive prototypes of oursoftware development method satisfying more and more — but not yet all — of theserequirements. At the same time we revise our initial requirements. This approach isconstructive, and inherently reflective, since the derivation of the method resemblesthe method itself.2A First Set of Requirements for Software Development MethodsWe define a software development method as the process of interactively establishingrequirements for a software product and deriving a software product satisfying theserequirements. In the following, we will refine this rather broad definition by statingrequirements for the software development method itself.Before we enumerate these requirements, their origins need to be discussed. Softwaredevelopment, like traditional engineering disciplines, relies more on practicalexperience and pragmatic decisions than on a comprehensive theory. Thus a softwaredevelopment method is based on experience, and its usefulness and adequacy have tobe demonstrated in practice.The following requirements reflect our experience in industrial and academic softwareprojects, and our preferences. Most of the requirements are probably undisputed, butothers, e.g. the requirement for formality, are not shared by all software developers,and still others, e.g. the requirement for executable components, are often contested.¥The method should eventually support all development activities.The method should particularly support critical development activities, e.g.requirement analysis and specification, and provide the possibility to automateroutine activities, e.g. consistency checks and transformations.

— 2 —¥The method should not prescribe a strict order of activities, and should beadaptable to different development processes and working styles.Some problems of the standard life-cycle, and of other software developmentmethods, arise because a specific order of activities is assumed, or demanded.This has proved to be unrealistic. Furthermore, people prefer to stick to theirown established concepts and proven methods, both of which can be verydiverse. Thus the method should not prescribe a rigid software developmentprocess with a strict order of predefined activities, instead it should allow users todefine their own process and working style.¥The method should support individuals as well as groups of people.The method should assist individual developers as well as groups of users anddevelopers sharing the development work. The method should also support thedivision of work between people and computers, e.g. by providing clericalassistance for computer-supported cooperative work (CSCW).¥The method should neither give the impression of being ’intelligent’, nor oftaking the initiative from the people using it.Software engineering cannot be completely automated. The experience and theabilities of domain specialists and software developers — necessary for the successof a development project — can often not be expressed by fixed rules. Thus theinitiative and the decisions should essentially remain with the people using themethod, while the method should mainly provide clerical support (e.g.consistency checks), and automate only standard processes (e.g. those for whichheuristics were found). Furthermore, to provide a good user interface, themethod should lead its users to a clear conceptual model of its working.¥The software development method should be supported by formal methods.The software development method should be supported by formal methods andtools as far as possible. Only formal methods provide the mathematicalfoundations necessary to reason with confidence about software, to verify and tovalidate it. Of course, this requirement does not include inherently informalactivities like knowledge acquisition and project management.¥The formality of the method should be hidden as far as possible.Many users and software developers feel uncomfortable with formality. Thus wewant to hide the formality of the method from them as far as possible. One way isto paraphrase formal descriptions in familiar concepts relying on naturallanguage and pictures.¥The method should produce executable components early on.Executable components that are available early in the development processprovide not only conceptual, but also behavioural models of the software systemto be implemented. The behaviour of the system interacting with itsenvironment can be demonstrated and observed before it exists in its final form.Thus executability complements inspection, reasoning and formal proof as ameans to validate the system with respect to the requirements. Executablecomponents can also help to complete and to clarify initially vague requirements.

— 3 —¥The method should support both explorative and evolutionary prototyping.Since requirements for software are often not completely or consistently defined,the method should support experimentation to clarify the requirements. Usersmay also want to experiment with different implementations. Evolutionaryprototyping means that there is no essential difference between the firstdevelopment of the software system and its maintenance. Following Floyd, weconsider software development as a continuous and cyclic activity [Floyd et al. 89].¥The method should build software from predefined components.The reuse of software, especially of powerful and adaptable predefined buildingblocks, results not only in better and more reliable software, but also in a moreefficient development process.¥The method should use only one relevant document.A set of documents describing a piece of software tends to be inconsistent. Oftenthe code is the only up-to-date documentation of a program, while otherdocuments are obsolete. There should be a single relevant document from whichall other documents can be derived if needed This document describes thecurrent version of the software, and possibly summarises its developmenthistory.3Basic DecisionsThe prototypes of software development methods that we present in the sequel rest ona small number of basic decisions reflecting our preferences. These decisions broadlyaddress and partially answer our requirements for a software development method.They can be considered as constraints of the methods we investigate, but bythemselves they do not yet constitute a particular method.3.1Logic ProgrammingWe decided to use logic languages for the representation of specifications andprograms, and also for the implementation of our tools.Traditionally, the language of logic has been used as a powerful, concise anddeclarative language for software specifications. The language of logic is based onsound mathematical foundations, has well-defined semantics, and permitsdescriptions at a very high level of abstraction.The restriction to Horn clause logic and the mechanisation of proofs that lead tolanguages like Prolog make specifications in logic executable [Kowalski 85], thoughsome of the qualities mentioned in the preceding paragraph may get compromised. Arecent paper points out the advantages of Prolog as a specification and prototypinglanguage [Slonneger 93].Furthermore, as Kowalski states, in logic programming there is no syntactic differencebetween a program and its specification. Both specifications and programs can beexecuted by an interpreter based on automatic deduction — though programs areexpected to be more efficient than specifications. Programs can be derived from theirspecifications by logical deduction, and can thus be considered as computationallyuseful consequences of their specifications.Powerful implementations of logic languages, particularly of Prolog, allow us toimplement efficient software development tools in logic languages. Thus logic

— 4 —programs can be both tools and objects of these tools. This has most valuableconsequences — reflection and self-reference become possible.3.2Executable SpecificationsAn important basis of our method are executable specifications, i.e. formalspecifications in high-level, problem-oriented computer languages, specifically in logiclanguages.Why should we make specifications executable? There are basically two reasons:validation and prototyping.As Hoare points out there can be no formal method to validate formal specificationswith respect to informal user requirements [Hoare 87]. Thus we have to rely on othermeans, usually on inspection and reasoning, to convince ourselves of the adequacy ofspecifications. As a further and complementary means it has been suggested thatspecifications should be executable [Agresti 86]. Executability provides immediatereflection of the consequences of the specifications, hence realistic experience. Insteadof reading the specifications, developers can pose their questions as queries orprocedure calls. Executing a specification can be especially helpful to validate non-functional requirements, e.g. for user interfaces.Requirements of real-life projects are often incomplete and unclear, thus making itimpossible to derive a comprehensive and unambiguous specification. Executablespecifications can be used as prototypes to gain experience that helps to complete andto clarify requirements.Very often specifications can be constructed as compositions — e.g. formulas ofpredicate logic — of simpler properties or operations that are available in thespecification language [Hayes & Jones 89; Fuchs 92a; Fuchs 92b]. These components areopaque; the implementation of the property or operation they provide remainshidden. Thus behind their seemingly simple interface, components can be arbitrarilycomplex, they can even be executable. If they are executable one gets the executabilityof the complete specification for free, though the specification does not necessarilyterminate.Executable specifications can be considered as prototypes, though they have twoattributes which distinguish them from what one usually calls a prototype. First, whileprototypes are often produced by ad hoc means, executable specifications must have allthe attributes of good specifications, e.g. clarity and conciseness. Second, prototypes areoften used to demonstrate the feasibility of only a subset of the required functionality,while executable specifications eventually have to provide all of it.3.3External and Internal Representations of Executable SpecificationsWe decided to provide semantically equivalent external and internal representationsof specifications.There is one common internal representation of the specification that forms the coreof our method, and has a number of essential characteristics.¥The internal representation is based on a logic language, i.e. it is formal.¥The internal representation expresses the current state of the specification. Itforms the single relevant document of the development method. All otherdocuments are derived from it.

— 5 —¥The internal representation is executable and serves as the basis for validation,and as an explorative and evolutionary prototype.¥All development tools, including the program derivation tools, operate — moreor less independently — on the internal representation.¥Altogether, the internal representation opens the way to continuous, cyclicalsoftware development that does not distinguish between initial implementationand later maintenance.Several graphical and textual external representations — also called views — depict theinternal representation. More important, the external representations serve as meansfor the input of specifications. Graphical and textual editors let us developspecifications from predefined components of a repository. Specifications areautomatically mapped to the common internal representation. This mapping isreversible.Some people regard representations like transition networks, data flow diagrams, orstructured English as informal, others call them semiformal, because theserepresentations may have a formal syntax, but often lack a formal semantics. Therehave been attempts to assign to these representations a formal semantics by mappingthem to a formal language manually or automatically [Wing 90]. We follow thecorrespondence theory [Kowalski 93] by mapping elements of external representationsautomatically to the internal formal representation. This mapping is reversible. Thus,though our external representations may — and should — give the impression ofinformality, they are in fact formal and have the same semantics as the internalrepresentation. Depending on the viewpoint, the visible external representations canbe considered side-effects or icons.By providing semantically equivalent external and internal representations, we cansolve the conflict between readability and preciseness of specifications, between thedifferent conceptual worlds of the domain specialist and the software developer. Wealso offer an effective and viable solution to the formal-informal controversy [Meyer85; Deville 90; Wing 90; Fraser et al. 91; Flener & Popelinsky 94] which combines theadvantages of both informal and formal specifications.The executability of the internal representation and the semantics-preservingmapping between the internal and external representations enables us to simulate theexecution of the specification on the level of the external representations. Thusvalidation and prototyping in concepts close to the problem domain become possible.Altogether, we get a smooth transition from one activity of software development tothe other, from informal to formal representations, from requirements to programs.3.4RepositoryAnother important constituent of our development method is a repository ofpredefined components. These components or elements can be building blocks, e.g. forspecifications or programs, but they can also be data for tools like transformations. Onetypical application of the repository is the composition of specifications frompredefined components with the help of graphical and textual editors. Anotherapplication are program transformations that rely on transformation schemata of therepository. In general, we can say that the repository contains knowledge about theproblem domain and about program development.Using a repository has a number of definite advantages.

— 6 —¥The repository supports reuse of components, especially if these components areadaptable. Reuse of standardised, reliable components results in better softwareand in a more efficient development process.¥Specifically, reuse of components for tools facilitates the automatic application ofthese tools.¥The components of the repository essentially support abstraction since they canbe used as black boxes. This has two important aspects. Abstract externalrepresentations of specifications are mapped to the internal representation andonly now have to spell out details that were implicit before. On the other side,components can hide implementation details, thus facilitating portability.¥Components of the repository can provide default behaviour which allows us,for example, the execution of skeletal or partially incomplete specifications.¥Finally, sets of interconnected components of the repository can built aframework for a problem domain, they can be considered as a theory for thisd o m a i n . The common internal representation of specifications and the repository have beenpresented as two separate items. This need not be the case. In fact, we will introducespecification frameworks that play both roles.4A First Prototype: The Explore Method4.1OverviewA first prototypical attempt to design a software development method fulfilling ourrequirements is restricted to executable specifications. The method, Explore, providesthree main elements: an executable specification language with problem-orientedviews, a repository of executable components, and an appropriate developmentmethod [Fromherz 93].RepositoryPredefined Components for Specifications

Executable SpecificationTextualRepresentationsof SpecificationGraphicalRepresentationsof Specification

The — largely internal — specification language is based on logic programming, whichgives us a general-purpose executable language. In many problem domains, however,

— 7 —large parts of a specification can be expressed better in some problem-orientednotation. Multiple external representations — views — give us this flexibility. Viewsnot only paraphrase the internal formal representation, but may also serve as meansfor the input of specifications.The repository, an object-oriented framework, supports the integration of internal andexternal representations and also hides many implementation details. Graphical andtextual editors allow us to develop specifications from predefined components of theframework. The executability of the internal representation and defaults given by theframework permit the execution of the specification on the level of the externalrepresentations. The method thus gives the possibility to validate specifications and toprototype in concepts close to the problem domain.Finally, we have created a development method for executable specifications thatmakes use of these properties of specification language, views, and predefinedexecutable components. Given an object-based conceptualisation of the problemdomain, this development method is mainly a two-step cycle which consists of theintegration of requirements into the framework and of their subsequent specialisation.This cycle is inherently intertwined with the verification and validation of thespecification.4.2The Specification Language Explore/LEvery specification has to be built on an analysis of the requirements and a particularconceptual model of the problem domain [Fromherz 93]. The discussion of these tasksis beyond the scope of this paper, but we would like to point out that the model fordescribing the requirements does not preclude any specification language. As theidentification of objects and their relationships has proved to be natural and useful indomain analysis [Gibson 90; Booch 91], we assume an object-based conceptualisation.We investigated various logic languages as internal representations for executablespecification. In our view, the ability to structure specifications in the large and tosupport reuse is a most important requirement, so we looked at various frame-basedand object-oriented logic languages. We also wanted to be able to execute incompletespecifications, to separate normal from exceptional behaviour, and to representassertions and test-related procedures in the framework.In order to satisfy our requirements, we developed Explore/L, our own object-orientedextension of Prolog [Fromherz 91]. It features classes and instances with typedattributes, relations, data encapsulation, multiple inheritance, assertions/demons,optional functional notation, and handling of dynamic and incomplete methods. See[Fromherz 93] for an extensive motivation of these features. Explore/L programs mayaccess Prolog programs and vice versa.As Explore/L programs can be compiled to Prolog, standard logic programmingtechniques such as declarative debugging and partial evaluation can be adapted toExplore/L. The Explore/L development system is also the implementation basis of allother tools for Explore. Explore/L is implemented in LPA MacProlog.4.3The Specification FrameworkAn object-oriented framework is a set of interconnected objects that provide the basicfunctionality of applications in a specific domain. With such a framework available,an application is built by reusing the structure of the framework while specialising itsobjects to the individual requirements. In this respect, a framework is more than just

— 8 —an object library, as it provides not only classes and instances, but also the design of anapplication. For Explore, we have introduced the notion of a specification framework,an object-oriented framework for executable specifications.The specification framework is an attempt at a general model in which userrequirements can be formulated. The framework supports the formalisation ofinformal ideas and aids in categorising the information gained through domainanalysis. Inherently, the framework also supports the idea of reuse.Through default functionality, the framework can support the separation of problem-oriented from implementation-oriented parts, advocate standards for typicaloperation, typical interfaces etc., and support the evolution of specifications. Inparticular, Explore’s framework E x p l o r e / F supports models for behaviourspecifications and interface specifications. These models are defined by sets of abstractclasses with predefined relations. These relations have to be filled in, or overridden, byconcrete objects of the specification. Default relations allow us to handle concreteobjects which leave part of their definition open. Thus, specifications can temporarilyremain incomplete.The framework classes also provide default operations which describeimplementation-oriented aspects such as window handling. Default operationstypically provide so-called hook methods. Through this mechanism, specifications caninherit the overall behaviour of the framework and achieve customised functionalityat specified points.Finally, where specifications follow the structure of the framework, the frameworksupports the analysis, execution and presentation of specifications. Again, we feel thatan object-oriented logic language was instrumental in satisfying this range ofrequirements.4.4Multiple ViewsThe specification framework defines several subsystems for various aspects. Forcomplex behaviour with elaborated interfaces, finding and specialising suitable classesfor the particular requirements is not trivial. In general, for each aspect defined by aspecification — behaviour, data, user interfaces etc. — a different specification notationmay be desirable, e.g. finite-state machines, object-oriented abstractions, dialogconstruction. Likewise, different people prefer different notations for the same aspect,e.g. Petri nets instead of transition networks. The ability to adapt to individualpreferences becomes even more significant if prospective users of the specifiedsoftware are to participate in its specification.In Explore, views are different external representations of the common internalrepresentation, Explore/L. View editors, collectively called Explore/V, allow us tographically and textually compose specifications from predefined classes of theframework. Each editor notation is a language for combining objects in an abstract,problem-oriented manner. View editors can also be used to represent existing parts ofthe specifications in their notation and to generate reports. Finally, the editors supportthe navigation in the specification from their point of view.The specification framework not only benefits from the multiple view approach, butalso supports it. As the framework provides a common structure for different views, itfacilitates translation between views, redundancy control, and complementaritychecking.

— 9 —Explore/V currently consists of the Process Editor, the Dialog Editor, and the HierarchyEditor, to specify behaviour, user interfaces, and object-oriented abstraction,respectively.4.5The Development MethodWe have shown that the elements of Explore, its common language, framework andview editors, are a tightly integrated set of techniques and tools. There is a natural wayin which these techniques are used to develop specifications.Overall, specification development consists of two steps. The initial conceptualanalysis yields a set of objects with their interrelations. In a first step, the specifierconcentrates on the global problem definition and integrates objects and relations intoExplore/F, which provides default behaviour and default representations for a highlevel of abstraction. Integration is naturally guided by the framework and furtherassisted by the view editors. Consequently, early versions of the specification mainlyreflect the framework; they are executable, but do heavily rely on defaults. Specification

Analysis

Specification with Defaults IntegrateImplementation

Specification of Details SpecialiseIn a second step, defaults are overridden and further operations are added in order tospecialise the specification to the required functionality. This is an incremental,evolutionary process where the specification can be validated after each step.4.6An Example Specification with ExploreWe used as specification examples a small library database [Kemmerer et al. 87], and anautomated teller machine called SimpleMat [Fuchs 89]. To demonstrate working withExplore, we will sketch the specification of the automated teller machine. As its nameindicates, SimpleMat provides the minimal functionality of an ATM — withdrawingmoney with or without receipt. The complete requirements of SimpleMat can befound in the appendix.Specifying SimpleMat consists of two integration and one specialisation steps. In thefirst integration step we define SimpleMat as a finite-state machine with the help ofthe tools of Explore’s Process Editor. The next picture shows the Process Editor and apartial view of SimpleMat’s state transition network.Using the default functionality provided by the specification framework thisincomplete specification is already executable. We can put the finite-state machinethrough its paces and check if it has the required states and transitions.For the second integration step, we assume that transitions of the finite-state machineare triggered by user interactions. We use Explore’s Dialog Editor to define a userinterface for the SimpleMat. The names of events triggering the transitions are used to

— 10 —

— 11 —Again, due to the default functionality of the specification framework this newversion of the SimpleMat specification is executable. We can trigger transitions ofSimpleMat’s finite-state machine by simulating operations of the user.To incorporate the required functionality of the SimpleMat we access the textualrepresentation of the specification, i.e. the Explore/L code, and override or extenddefault methods and attributes.Following is a section of the completed Explore/L specification for SimpleMat. Thesedefinitions represent two alternative transitions after the desired amount of moneyhas been entered by the user. All objects (dialog, printer etc.) correspond to objects ofthe real world that perform certain functions, or have certain information available.The first transition is chosen if the amount is valid for the current card. In this case,the money trap is instructed to prepare the money, a receipt is printed (if button A waspressed), and the dialog interface is told to display an appropriate message. The secondtransition is chosen if the amount is not valid; again, a suitable message will bedisplayed.tr_valid_amount(Event, Amount) :-current_card <- valid_amount(Amount) &money_trap <- set_amount(Amount) &(machine::current_state = st_amount_A->TextIdent = text_prep;TextIdent = text_paper &printer <- print_receipt) &dialog <- tr_next(Event, next_text(TextIdent)).tr_invalid_amount(Event, Amount) :-~ current_card <- valid_amount(Amount) &dialog <- tr_next(Event, next_text(text_iamount)).The SimpleMat being completely specified, we can execute the specification to validateits functionality with respect to given requirements, to complete and clarify vaguerequirements, or to experiment with the user interface.4.7 Lessons Learned from the First PrototypeThough it was restricted to executable specifications, our first prototype of a softwaredevelopment method taught us some valuable lessons.On the positive side we learned that¥specifications developed with Explore show a realistic behaviour,¥validation by execution quickly identifies missing requirements,¥execution of incomplete specifications is possible and provides valuable earlyinformation,¥view editors permit problem-oriented external representations of specifications,¥the repository supports adaptability and reuse, and isolates implementationdetails,¥Prolog/Explore proves to be reasonably efficient and highly expressive.

— 12 —Conversely, on the negative side we learned that¥since part of the actual functionality of a specification must be defined in theformal internal representation Explore/L we are violating our requirement thatthe software development method should hide its formality,¥efficient implementation of object-orientation needs non-declarative elements.The following points remain undecided¥scaling-up of the Explore method to larger examples,¥cooperation of several people.Formal specifications in Explore/L tend to be much longer than the requirementsfrom which the specifications are derived. In another context, [Meyer 85] made asimilar observation. At first sight, this might be considered as a negative result, but itis in fact a positive one since it demonstrates that implicit knowledge can be effectivelystored in the repository. As a consequence, the external representations ofspecifications — in Explore at least the graphical ones — can remain abstract, concise andproblem-oriented. During the mapping from the external to the internalrepresentation of a specification the necessary details are filled in by the components ofthe repository. Cf. section 6.1 for further implications.5A Second Prototype: Adding Transformational ImplementationThe first prototype of our method brought valuable experience, but is only partiallysuccessful since it does not adequately satisfy some requirements, and others not at all.We use the experience gained with the first prototype to derive the second one, and —at the same time — to revise our requirements for software development methods.5.1Transformational Implementation ParadigmOur positive experience with the efficiency and expressiveness of Prolog/Exploresuggests that we could use logic languages not only for the specification of programsbut also for their implementation. Candidate languages are suitable extensions ofProlog, like extended Horn clauses [Lloyd & Topor 84] and Explore/L. Declarativesubsets of these languages can be used as specification languages, while efficientprograms are represented with the help of the full languages.Since the internal representation of the specifications is a logic language, e.g.Explore/L, it is very tempting to compile the internal representation directly.However, this approach will lead to rather inefficient implementations becausecompilers perform only local optimisations, but not the global changes necessary totransform a potentially inefficient specification into an efficient program. Thus wedecided to follow the transformational implementation paradigm [Agresti 86; Rich &Waters 86]. Specifications are first transformed by powerful source-to-sourcetransformations and then compiled.Hence we add a further requirement for software development methods.¥Transformational implementation.Specifications and programs should be expressed in (subsets of) the same logiclanguage. Programs should be derived from the specifications by deductivesynthesis, eventually followed by compilation.

— 13 —

Executable SpecificationTextualRepresentationsof SpecificationGraphicalRepresentationsof Specification

RepositoryPredefined Components for Specifications, Transformations, Programs

TransformedSpecificationCompiledSpecification

Deductive synthesis has a long tradition in logic programming, specificallyunfold/fold transformations have played an important role [Gardner & Shepherdson89]. The field is still very active, as can be seen from the large number of publicationsand the existence of conferences specifically dedicated to logic program synthesis andtransformation [Clement & Lau 92; Lau & Clement 93; Deville 94]. Comprehensiveoverviews and pointers to the literature can be found in three recent publications[Bundy 92; Flener 93; Flener & Popelinsky 94].Transformational implementation supports also the ’single document’ requirement.Especially, if the transformations can be performed automatically, the internalrepresentation of the specification forms the only relevant document of the software.Instead of programs only simpler specifications need to be maintained and evolved.5.2Transformation SchemataThe application of deductive transformation rules, e.g. the unfold/fold rules, requiresuser intervention and thus makes it difficult to automate transformations. Strategieshave been proposed to overcome practical problems of individual unfold/fold rulesand to automate transformations [Pereira & Shieber 87; Lakhotia & Sterling 88;Nielson & Nielson 90; Proietti & Pettorossi 90]. However, these strategies do not leadeasily to strategies for transformations consisting of several applications of unfold/foldrules.We suggest a new approach that is based on transformation schemata and promises adegree of automation not possible thus far. This approach leads to a natural extensionof the repository — transformation schemata are simply added to it — and to a powerfulsynergy between transformation schemata and building blocks for specifications.Many logic programs are structured similarly, and can be understood as instances ofprogram schemata. By far the most comprehensive set of schemata covering all listprocessing programs was devised by Gegg-Harrison [Gegg-Harrison 89].Let us assume that a program to be transformed can be described abstractly by aprogram schema, and the transformed program by another program schema. Thus wemay say that we transform an instance of one program schema into an instance of

— 14 —another one. This leads us to the idea of transforming program schemata instead ofprograms, and to define transformation schemata [Fuchs & Fromherz 91].Transformation schemata are standardised transformations which transform inputprogram schemata into output program schemata. Each transformation schemaincorporates a fixed sequence of transformation steps, e.g. applications of unfold/foldrules. Transformation schemata incorporate our transformation decisions, i.e. theorder and type of transformation steps, definitions of new predicates, selections ofliterals to be unfolded or folded, or any other information relevant to thetransformation in question. In brief, each transformation schema represents onespecific transformation strategy. A set of transformation schemata constitutes anextensible transformation system and the transformation of individual programs isreduced to the search for an appropriate transformation schema in the system.Transformation of a logic program means that a conjunction of literalsQ1, A1 , ... , An, Q2is replaced by another conjunction of literalsQ1, A, Q2Each Ai calls a predicate Pi while A calls the predicate P which is semanticallyequivalent to the predicates P1, ... , Pn. Usually, we expect calculations using P to bemore efficient than those using P1, ... , Pn.For conciseness we say that we transform the set of terms {P1/A1, ... , Pn/An} into theterm P/A. We derive P/A from {P1/A1, ... , Pn/An} by the three steps abstraction,selection, and specialisation.AbstractionFor each program Pi (i=1, ... , n) we identify a program schema Si which describes Piabstractly. This abstraction generates a set of substitutions qi for schema variables. Thesame abstraction leads from the literals Ai to the abstract literals Gi. In short, theabstraction step replaces each term Pi/Ai by its abstraction Si/Gi, and we have Pi/Ai=Siqi/Giqi.SelectionTransformation schemata transform the set of abstract terms {S1/G1, ... , Sn/Gn} into anabstract term S/G, i.e. a transformation schema is defined as {S1/G1, ... , Sn/Gn, S/G}. Ingeneral there are several transformation schemata which have {S1/G1, ... , Sn/Gn} asinput. We select the transformation schema which generates a desired outputprogram schema S together with an abstract literal G.SpecialisationWe apply the substitution q = q1 ... qn to S/G to get the transformed program P=Sq andthe transformed literal A=Gq.Once the transformation schemata are available, these three steps can be automated toa large degree. Since the abstraction and the specialisation steps rely on unification,user intervention is necessary only in the selection step, i.e. the transformation of a

— 15 —

AbstractionSelectionSpecialisation

P1/A1Pn/An

S1/G1Sn/GnS/GP/A program is reduced to the selection of an appropriate transformation schema among aset of schemata suggested by the system. This approach results in a considerablereduction and simplification of user interaction since users do not have to deal withthe intricacies of individual transformation rules, but can concentrate on the form ofthe transformed programs alone. For standard transformations, e.g. thetransformations of the elements of the repository, even this user intervention can bereplaced by heuristics.An extensible transformation system based on transformation schemata has beenimplemented. Some of the transformation schemata are derived from unfold/foldtransformations, while others incorporate transformation techniques that are widelyused in the logic programming community, e.g. the introduction of accumulators andof difference lists. These transformation schemata are inserted into the repository.5.3A Simple Transformation ExampleThe method will be demonstrated by a simple example. Appending two lists X, Y, andcalculating the length Len of the resulting list Z by the conjunctionappend(X, Y, Z), length(Z, Len)is inefficient since the elements of the list X are processed twice while once would besufficient. To transform the conjunction and the predicates they call, we invoke theschema transformation system which performs the abstraction step automatically andpresents to us the following window for the selection step.

— 16 —We select the first transformation schema named ’Combine on Processed ResultArgument (List 3)’. The specialisation step is automatically performed and we get asresult the old and new conjunctions of goals and the newly synthesised predicateappend_length/4 which efficiently calculates both the concatenation of two lists andthe length of the resulting list.Transformation ’Combine on Processed Result Argument (List 3)’ :Old goal: append(X, Y, Z), length(Z, Len)New goal: append_length(X, Y, Z, Len)New predicate:append_length([], [], [], 0).append_length([], [Y| Ys], [Y| Ys], Len) :-append_length([], Ys, Ys, LenYs),Len is LenYs+1.append_length([X| Xs], Y, [X| Zs], Len) :-append_length(Xs, Y, Zs, LenZs),Len is LenZs+1.With a further schema transformation we could introduce an accumulator argumentinto append_length/4 making it tail-recursive, and thus even more efficient.5.4Lessons Learned from the Second PrototypeOn the positive side we learned that¥transformation schemata are powerful and flexible,¥transformation schemata can be used easily and efficiently,¥new transformation schemata can be derived with moderate effort,¥schemata can be combined to give more elaborate transformations.Since the capabilities of the implemented transformation system are still limited¥transformation of a complete specificationremains undecided for the time being.Our software development method comprises now two phases, one problem-oriented,the other one implementation-oriented. This division corresponds more to the realityof software development than the phases of the standard life-cycle that originatedfrom the idea of mile-stones [Zave & Yeh 81]. Of course, the activities of the phases ofthe standard life-cycle remain, but they are spread over the two phases of our method,and can no longer be uniquely located [Swartout & Balzer 82].6Current and Future ResearchThe second prototype of our software development method comprises executablespecifications and transformational implementation, and thus covers a substantialpart of software development. Nevertheless, many of our requirements remaininsufficiently fulfilled, and are addressed by current and future research.6.1A Further External Representation: Restricted Natural LanguageThe most glaring shortcoming of the current prototype of our method is the merelypartial realisation of the ’hidden formality’ requirement — to define the functionality

— 17 —of the specification we have to rely on the formal internal representation since there isno suitable external one.The use of natural language as data base query language [Androutsopoulos 94], theresearch in legal reasoning [Kowalski 92], and work on natural language forspecifications [Macias & Pulman 92; Pulman 94] encourages us to investigate restrictednatural language as additional external representation of specifications, i.e. a subset ofnatural language that can be translated into Horn clauses. We are currentlyinvestigating a structured form of the natural language requirements of theSimpleMat.6.2Conceptualisation SupportUntil now we have been proceeding with the assumption that there exists aconceptualisation of the problem domain, that the components of the repository arealready given. In general, this will not be the case.Currently, we are developing an extension of our development method that providesclerical support for requirements engineering and for the conceptualisation ofproblem domains as a collection of objects, object relations, and constraints. Theseconcepts will be used to define building blocks for the repository.We start with the assumption that user requirements — as far as they are alreadyknown — are given in the form of texts in natural language with a relatively smallvocabulary and a restricted syntax, or that the requirements can be transformed intothis form. These assumptions are fulfilled for most technical problems, specifically forour two standard examples — the automated teller machine and the library data base.We are separating the domain knowledge into a problem-independent executablemodel — a theory of the domain — and a problem description, both expressed in theconcepts of the domain which are defined in a domain-dependent glossary.The choice of the concepts has indirect consequences for the validation and thetransformation of specifications, since these operations make use of the buildingblocks of the repository.

Efficiency View

ExecutableSpecificationConceptualisationSupportValidationVerification

TransformedSpecificationCompiledSpecification

TextualRepresentationsof SpecificationGraphicalRepresentationsof Specification

RepositoryPredefined Components forConcepts, Specifications,Problem-Solving Strategies, Design,Transformations, Programs

— 18 —6.3Transformation SchemataMore work needs to be done for transformation schemata. Specifically, we willinvestigate the systematic development of transformation schemata, proofs of usefultransformation schemata that cannot (easily) be derived by known transformationtechniques, transformation schemata for the building blocks of the repository, andheuristics to eliminate user intervention in the selection step thus renderingtransformations automatic.Transformation schemata originally devised for unfold/fold transformations arepowerful and general enough to introduce into specifications problem-solvingstrategies, like divide-and-conquer, data type refinement, simplification, search,recursion, finite differences, abstraction, specialisation, partial evaluation, andmemoing.In the same way we can introduce problem-specific algorithms. This is possiblebecause transformation schemata can be combined with selective preconditions.Furthermore, these transformations can help to solve another problem. Property-oriented specifications are often only inefficiently executable. To validate them byexecution, we may have to transform them into a more efficient form withoutsacrificing their characteristics as specifications. One might consider these (temporary)transformation as another external representation of the specifications providing an’efficiency view’.6.4ValidationWe will develop a practical validation method based on proofs, execution anddeclarative debugging.Logical inference is a powerful method for validating specifications with respect torequirements. Unfortunately, inference fails for non-functional requirements likeuser interfaces. Another validation method is the execution of specifications. Being akind of test, this method is less powerful than logical inference, but very effective forthe validation of non-functional requirements and for the completion andclarification of vague requirements. Both methods are complementary and should becombined for optimal results. For specifications in logical languages we have a specialsituation - execution is a form of inference, i.e. validation by inference and byexecution coincide if the declarative and procedural meaning of the specificationcoincide.In the case of validation errors, the specification may have to be modified. To localisethe discrepancy in the specification we can use declarative debugging [Lloyd 87;Nadjm-Tehrani 89; Ducass� et al. 90]. To make declarative debugging practical, we willemploy the fact that a specification is composed from components of the repositorywhich are considered as bug-free. This suggests a bottom-up debugging strategy.Combining top-down and bottom-up debugging could eliminate the disadvantage ofdeclarative debugging — the extensive and detailed dialog that can leave the userexhausted and disoriented.6.5Repository and Internal RepresentationEach of the preceding extensions of our method will introduce appropriatecomponents into the repository that will eventually contain predefined componentsfor concepts, specifications, algorithms, problem-solving strategies, andtransformations.

— 19 —The repository resembles a framework of ’components of expertise’ [Steels 88].Knowledge-level descriptions of expertise in the problem domain and the programdevelopment domain lead to principled design and implementation, to reusabilityand, eventually, to the configuration of new applications by domain specialists.The extension of our method will also have consequences for the common internalrepresentation that initially consisted of (partially incomplete) specifications only.With the addition of (partially formal) conceptual models and (partially transformed)specifications the internal representation becomes very heterogeneous though itremains executable and mappable to external representations. Also, developers can,but need not, work at several levels of abstraction of the specification at the same time.7Related WorkOur work fits into several fields, two of which come to mind immediately — schema-guided software development [Flener 93; Flener & Popelinsky 94], and knowledge-based software development [Rich & Waters 86; Lowry & Duran 90; Lowry &McCartney 91]. Both fields have been very active since many years. Since any attemptto do justice to relevant research is doomed to fail, we will only mention a fewprojects with intentions similar to ours.The Requirements Apprentice represents an attempt to develop a knowledge-basedsystem for the requirements analysis [Reubenstein & Waters 91]. The RequirementsApprentice is a component of the Programmer’s Apprentice, a system intended tointelligently assist the software engineer [Rich & Waters 90]. The RequirementsApprentice contains domain specific clich�s describing and interrelating knowledge ofthe domain, and uses these clich�s to check pieces of information entered by an analystfor consistency and coherence. Checking is done by dependency-directed reasoning andother inference techniques.Another knowledge-based system for the requirements analysis is ARIES [Johnson etal. 93] which is part of the Knowledge-Based Software Assistant KBSA [Green et al. 86].ARIES resembles our method since it also separates the (external) presentation and the(internal) representation thus providing different points of view. The features ofARIES are: a modularised central repository of requirements information, a singlehighly expressive representation scheme, communication between system and analystin terms familiar to the analyst, and tool support to manage, analyse, and evolverequirements information.In our approach we assume that the domain specialist decides which concepts will beused, not the software engineers, or the development environment. In this aspect wediffer from the approaches taken by the Requirements Apprentice, or by ARIES.Of special interest to our project is the powerful KIDS system [Smith 90a; Smith 90b]which provides knowledge-based support for the derivation of correct and efficientprograms from formal specifications. High-level transformations are available toderive programs: design tactics for algorithms, deductive inference, programsimplification, finite-differencing, data type refinement, and partial evaluation.Transformations are seen as high-level design decisions selected interactively by theuser, and applied by the KIDS system to user-selected parts of the specification.OBSERV is a software development method for embedded systems [Tyszberowicz &Yehudai 92]. The method is based on executable specifications and combines object-orientation, finite-state machines and logic programming. Important goals of themethod are the smooth transition to the target system, and the reuse of specifications,

— 20 —design and code. The method is basically text-oriented, an improved version includesa graphic front-end CRUISE.LOPS is a system that resembles KIDS [Bibel 91]. In LOPS one transforms a logicspecification into a form that is amenable to known algorithmic methods, e.g. theintroduction of recursion.FOLON [Henrard & Le Charlier 92] is an environment for the declarative constructionof logic programs based on Deville’s work [Deville 90]. Deville devises specifications oflogic programs in a semiformal notation. Relations are specified in natural language,while formal parts of the specification describe the types and the directionality of thearguments, possible restrictions, and side-effects. Parts of the specification areinterpreted as pre- and postconditions of the program. By structural induction andgeneralisation, Deville derives from the specification a logic description of a predicateexpressed as equivalencies in untyped first-order predicate logic. In a further step, thelogic description is transformed into a Prolog program. The FOLON system providesefficient clerical support for these steps.8AcknowledgementsWe would like to thank Hubert Hofmann, Ina Kraan, Dave Robertson and RolfSchwitter for stimulating discussions, and for valuable comments on an earlier draftof this paper.9References[Agresti 86] W. W. Agresti (Ed.), New Paradigms in Software Development, IEEEComputer Society Press, 1986[Androutsopoulos 94]I. Androutsopoulos, Natural Language Interfaces to Databases: AnIntroduction to the Current Technology, Technical Report, Departmentof Artificial Intelligence, University of Edinburgh, 1994[Bibel 90] W. Bibel, Towards Predicative Programming, in: M. R. Lowry, R. D.McCartney (Eds.), Automating Software Design, AAAI Press and MITPress, pp. 1990[Booch 91] G. Booch, Object-Oriented Design with Applications, Benjamin &Cummings, 1991[Bundy 92] A. Bundy, Tutorial Notes: Reasoning about Logic Programs, in: G.Comyn, N. E. Fuchs, M. Ratcliffe (Eds.), Logic Programming in Action,Proceedings of the Logic Programming Summer School LPSS ’92, LectureNotes in Artificial Intelligence 636, Springer Verlag, pp. 252-277, 1992[Clement & Lau 92] T. Clement, K.-K. Lau (Eds.), Proceedings of LOPSTR ’91, SpringerVerlag, 1992[Deville 90] Y. Deville, Logic Programming, Systematic Program Development,Addison-Wesley Publishing Company, 1990[Deville 94] Y. Deville (Ed.), Proceedings of LOPSTR ’93, Springer Verlag, 1994[Ducass� et al. 90]M. Ducass�, A.-M. Emde, T. Kusalik, J. Levy, Logic ProgrammingEnvironments, ICLP ’90 Preconference Workshop, Eilat, 1990[Flener 93] P. Flener, Logic Algorithm Synthesis from Examples and Properties,PhD, Universit� Catholique de Louvain, 1993[Flener & Popelinsky 94] P. Flener, L. Popelinsky, On the Use of Inductive Reasoning in ProgramSynthesis: Prejudice and Prospects, in: Proceedings of LOPSTR ’94, Pisa,1994

— 21 —[Floyd et al. 89] C. Floyd, F.-M. Reisin, G. Schmidt, STEPS to Software Developmentwith Users, in C. Ghezzi, J. A. McDermid (eds.) Proceedings ESEC ’89,Lecture Notes in Computer Science, no. 387, Springer Verlag, 1989[Fraser et al. 91] M. D. Fraser, K. Kumar, V. Vaishnavi, Informal and FormalRequirements Specification Languages: Bridging the Gap, IEEETransactions on Software Engineering, 17, 5, pp. 454 - 466, 1991[Fromherz 89]M. P. J. Fromherz, A Survey of Executable Specification Methodologies,University of Zurich, Computer Science Dept., TR no. 89.05, June 1989[Fromherz 91]M. P. J. Fromherz, Explore/L � An Object-Oriented Logic Language;Tutorial, Reference Manual, Declarative Semantics, Implementation,University of Zurich, Computer Science Dept., TR no. 91.06, June 1991[Fromherz 93]M. P. J. Fromherz, A Methodology for Executable Specifications �Combining Logic Programming, Object-Orientation and Multiple Views.University of Zurich, Computer Science Dept., Ph.D. thesis, 1993[Fuchs 89]N. E. Fuchs, SimpleMat (Customer’s View), University of Zurich,Computer Science Department, Working Paper, 1989[Fuchs 92a]N. E. Fuchs, Specifications Are (Preferably) Executable, SoftwareEngineering Journal, September 1992, pp. 323-334[Fuchs 92b]N. E. Fuchs, Hoare Logic, Executable Specifications and Logic Programs,Structured Programming, 13, pp. 129-135, 1992[Fuchs & Fromherz 91] N. E. Fuchs, M. P. J. Fromherz, Schema-Based Transformations of LogicPrograms, in: K.-K. Lau, T. Clement (Eds.), Proceedings of LOPSTR ’91,University of Manchester, 1991, Springer, 1992[Gardner & Shepherdson 89] P. A. Gardner, J. C. Shepherdson, Unfold/Fold Transformations of LogicPrograms, Report PM-89-01, School of Mathematics, University ofBristol, 1989[Gegg-Harrison 89]T. S. Gegg-Harrison, Basic Prolog Schemata, CS-1989-20, Departmentof Computer Science, Duke University, September 1989[Gibson 90] E. Gibson, Objects - Born and Bred, Byte, 15, 10, pp. 245-254, 1990[Green et al. 86] C. Green, D. Luckham, R. Balzer, T. Cheatham, C. Rich, Report on aKnowledge-Based Software Assistant, in: C. Rich, R. C. Waters (Eds.),Readings in Artificial Intelligence and Software Engineering, MorganKaufmann Publisher, 1986[Hayes & Jones 89]I. J. Hayes, C. B. Jones, Specifications are not (necessarily) executable,Software Engineering Journal, November 1989, pp. 330-338[Henrard & Le Charlier 92] J. Henrard, B. L. Charlier, FOLON: An Environment for DeclarativeConstruction of Logic Programs, in: M. Bruynooghe, M. Wirsing (Eds.),Proceedings of PLILP ’92, Programming Language Implementation andLogic Programming, Springer Verlag, 1992[Hoare 87] C. A. R. Hoare, An overview of some formal methods for programdesign, in: C. A. R. Hoare, C. B. Jones, Essays in Computing Science,Prentice Hall, 1987, pp. 371-387[Johnson et al. 93]W. L. Johnson, K. M. Benner, D. R. Harris, Developing FormalSpecifications from Informal Requirements, IEEE Expert, 8, 4, pp. 82 -90, 1993[Kemmerer et al. 87]R. A. Kemmerer, S. White, A. Mili, N. Davis, Problem Set for theFourth International Workshop on Software Specification and Design,in: IEEE, ACM, Proceedings Fourth International Workshop onSoftware Specification and Design, Monterey, CA, 1987, pp. ix - x[Kowalski 85] R. A. Kowalski, The relation between logic programming and logicspecification, in: C. A. R. Hoare, J. C. Shepherdson (Eds.),Mathematical Logic and Programming Languages, Prentice-HallInternational, 1985

— 22 —[Kowalski 92] R. A. Kowalski, Legislation as Logic Programs, in: G. Comyn, N. E.Fuchs, M. Ratcliffe (Eds.), Logic Programming in Action, Proceedings ofthe Logic Programming Summer School LPSS ’92, Lecture Notes inArtificial Intelligence 636, Springer Verlag, pp. 203-230, 1992[Kowalski 93] R. A. Kowalski, Logic without Model Theory, Technical Report,Imperial College, 1993[Lakhotia & Sterling 88]A. Lakhotia, L. Sterling, How to Control Unfolding when SpecializingInterpreters, in L. Sterling (ed.), The Practice of Prolog, MIT Press, 1990,pp. 171[Lau & Clement 93] K.-K. Lau, T. Clement (Eds.), Proceedings of LOPSTR ’92, SpringerVerlag, 1993[Lloyd 87] J. W. Lloyd, Declarative Error Diagnosis, New Generation Computing, 5(1987), pp. 133-154[Lloyd & Topor 84] J. W. Lloyd, R. W. Topor, Making Prolog More Expressive, Journal ofLogic Programming, 1, 3, pp. 225-240, 1984[Lowry & Duran 90] M. Lowry, R. Duran, Knowledge-Based Software Engineering, in: A.Barr, P. R. Cohen, E. A. Feigenbaum (Ed.),^(Eds.), The Handbook ofArtificial Intelligence, Addison-Wesley, Reading, pp. 242-322, 1990[Lowry & McCartney 91] M. R. Lowry, R. D. McCartney, Automating Software Design, AAAIPress and MIT Press, 1991[Macias & Pulman 92]B. Macias, S. Pulman, Natural Language Processing for RequirementsSpecifications, in: F. Redmill, T. Anderson (Eds.), Safety-CriticalSystems, Current Issues, Techniques and Standards, Chapman & Hall,pp. 67-89, 1993[Meyer 85]B. Meyer, On Formalisms in Specifications, IEEE Software, vol. 2, no. 1,pp. 6-26, 1985[Nadjm-Tehrani 89]S. Nadjm-Tehrani, Contributions to the Declarative Approach toDebugging Prolog Programs, Thesis 187, Department of Computer andInformation Science, University of Link�ping, 1989[Nielson & Nielson 90]H. R. Nielson, F. Nielson, Eureka Definitions for Free — DisagreementPoints for Fold/Unfold Transformations, Proceedings of ESOP ’90, LNCS432, 1990, pp. 291-305[Pereira & Shieber 87]F. C. N. Pereira, S. M. Shieber, Prolog and Natural-Language Analysis,CSLI, Lectures Notes 10, 1987[Proietti & Pettorossi 90]M. Proietti, A. Pettorossi, Synthesis of Eureka Predicates forDeveloping Logic Programs, Proceedings of ESOP ’90, LNCS 432, 1990,pp. 306-325[Pulman 94] S. Pulman, Natural Language Processing and RequirementsSpecification, Presentation at the Prolog Forum, Department ofComputer Science, University of Zurich, February 1994[Reubenstein & Waters 91] H. B. Reubenstein, R. C. Waters, The Requirements Apprentice:Automated Assistance for Requirements Acquisition, IEEE Transactionson Software Engineering, 17, 3, pp. 226-240, 1991[Rich & Waters 86] C. Rich, R. C. Waters (Eds.), Readings in Artificial Intelligence andSoftware Engineering, Morgan Kaufmann Publishers, Inc., 1986[Rich & Waters 90] C. Rich, R. C. Waters, The Programmer’s Apprentice, ACM Press &Addison-Wesley Publisher. Corp., 1990[Scacchi 94]W. Scacchi, Process Models in Software Engineering, in J. J. Marciniak(Ed.), Encyclopedia of Software Engineering, John Wiley & Sons Inc.,1994[Slonneger 93]K. Slonneger, Executing Continuation Semantics: A Comparison,Software - Practice and Experience, 23, 12, pp. 1379-1397, 1993

— 23 —[Smith 90a] D. R. Smith, KIDS — A Knowledge-Based Software DevelopmentSystem, in: M. R. Lowry, R. D. McCartney (Eds.), Automating SoftwareDesign, AAAI Press and MIT Press, 1990[Smith 90b] D. R. Smith, KIDS: A Semiautomatic Program Development System,IEEE Transactions on Software Engineering, 16, 9, pp. 1024-1043, 1990[Steels 88]L. Steels, Components of Expertise, AI Magazine, 11(2), pp. 28-49, 1990 [Swartout & Balzer 82]W. Swartout, R. Balzer, On the Inevitable Intertwining of Specifica-tion and Implementation, CACM, vol. 25, no. 7, pp. 438-440, 1982[Tyszberowicz & Yehudai 92] S. Tyszberowicz, A. Yehudai, OBSERV - A Prototyping Language andEnvironment, ACM Transactions on Software Engineering andMethodology, 1, 3, pp. 269 - 309, 1992[Wing 90] J. M. Wing, A Specifier’s Introduction to Formal Methods, IEEEComputer, 23, 9, pp. 8-24, 1990[Zave & Yeh 81]P. Zave, R. T. Yeh, Executable Requirements Specification forEmbedded Systems, Proceedings of the 5th International Conference onSoftware Engineering, pp. 295-304, San Diego, 198110AppendixSimpleMat [Fuchs 89]This is a description of a simple money-dispenser called SimpleMat. The descriptionspecifies the user interface, and in addition makes some assumptions about themechanisms behind the user interface.CardsThe customer has a card that carries the following machine-readable data: the cardnumber, the check code, and the maximum amount of money that can be withdrawn.Personal CodeCustomers have personal codes for their cards. The personal code is a fixed length (n)number that is used by a trap door algorithm to calculate a number which should beidentical to the check code on the card.AccessThe customer introduces his card, which is read by the SimpleMat. The card number ischecked for validity and whether it is currently active. If the card cannot be read, hasan invalid card number, or is not currently active it is rejected with the message’Invalid Card’. Otherwise the access door of the SimpleMat is opened and the message’Enter Your Personal Code’ is displayed. The customer enters the personal code. Thecode is checked for validity by a trap door algorithm that should result in the checkcode stored on the card. If the personal code entered is not correct the SimpleMatdisplays the message ’Incorrect Code. Transaction Terminated. Card Retained’ and thedoor of the SimpleMat is closed. The SimpleMat retains the card.TransactionsIf the correct code has been entered the SimpleMat displays the following message¥Withdraw Money Without Receipt- Key A¥Withdraw Money With Receipt - Key B¥Terminate Transaction- Terminate

— 24 —Selection B will not be displayed if there is no paper to print the receipt.By hitting the appropriate key the customer can execute one of the followingtransactions.¥Key A: Withdraw money without receipt.The customer pushes key A and the message ’Enter Amount To Be Withdrawn’is displayed. If the amount entered exceeds the maximum amount theSimpleMat displays ’Enter Smaller Amount’ and the customer can reenter theamount s/he wants to withdraw. If the amount entered does not exceed themaximum amount the SimpleMat displays ’Amount is Being Prepared. RetractCard’ and expels the card. Finally, the amount of money is prepared andpresented to the customer. Then the SimpleMat closes the door.¥Key B: Withdraw money with a receipt.As in point 1, only that after expelling the card and before the money is presenteda receipt is printed and expelled which contains the amount of moneywithdrawn, the card number, the SimpleMat number and address, and the timeand date. The SimpleMat closes the door.¥Terminate: Terminate transaction.If the customer pushes the key ’Terminate’ the message ’TransactionTerminated. Retract Card’ is displayed, and the card is expelled. The SimpleMatcloses the door.