1Working Paper SeriesISSN 1170-487XA Teaching and Support Tool for Building FormalModels of Graphical User-Interfacesby Steve ReevesWorking Paper 95/21August 1995' 1995 by Steve Reeves.Department of Computer ScienceThe University of WaikatoPrivate Bag 3105Hamilton, New Zealand

2A Teaching and Support Tool for Building Formal Models ofGraphical User-InterfacesSteve ReevesDepartment of Computer ScienceUniversity of WaikatoHAMILTONNew Zealandstever@waikato.ac.nzAbstractIn this paper we propose the design of a tool that will allow the construction of a formal, textual descriptionof a software system even if it has a graphical user-interface as a component. An important aspect of this designis that it can be used for two purposes�the teaching of predicate calculus and the formal specification ofgraphical user-interfaces. The design has been suggested by considering a system that has already been verysuccessful for teaching predicate logic, namely Tarski�s World.1. IntroductionThere are now many, well-documented uses offormal specification in the program developmentprocess�Diller, 1994; Dromey, 1989; Gries, 1981are a few of the many texts in this area�that showthat not only is formal specification of softwaredesirable (and in many cases necessary, especiallyin the safety-critical field), for all the well-rehearsedreasons (efficiency of construction, demonstrationof correctness and ease of maintenance), but it putsthe design, construction and use of software on abasis that truly allows us to speak of softwareengineering as a discipline that is as principled,successful and well-founded as other branches ofengineering such as civil and mechanical.However, there is one area of great importancewithin software engineering that is particularlyproblematical. It is where the graphical meets thetextual. Currently, the methods of formalspecification which are used for describing thefunction of software (what it does, not how it doesit) are textual and give us a basis for reasoningabout the function of the software. When wedescribe the graphical user-interface part of somesoftware system we currently have a problem,though. Although we can describe the interaction(via dialogues, say) in a way similar to the way inwhich we can describe the other parts of thesystem, we cannot similarly describe the way thesystem

looks, i.e. we cannot say what it displays ateach stage during a dialogue, at the same level ofabstraction and formality.We can, of course, say how it displays what itdisplays by providing the code to do it. We coulddraw pictures of what it displays, or describe whatit displays in English, say. These are not, however,ways of describing what the display looks likewhich are at the same level of abstraction andformalization as the ways we have of describing thefunction of the software. Formally, the displays aresecond-class citizens.Putting this another way, since we are talkingabout stages prior to implementation here, we donot want to have to describe the look of oursystems by using any programming or other suchlow-level notation, since that says how the look ofa display comes about, not what the look is.However, we do want the description of what thesystem looks like to be formal, since later we wantto reason about it and, in particular, to prove thatthe implementation of the system really does looklike what the designers and specifiers said it shouldlook like.Put simply, we have the problem of formallydescribing in words and symbols, i.e. textually,what something looks like.

3This work is motivated by what appears to be agap in current work on the use of formalization ininterfaces. There has been much good work done inthis area in recent years and particularly appealingis the work described in, for example, Harrison andThimbleby (1990).However, though most parts of a system mightbe formally described, the display, i.e. what thescreen shows, never seems to be (apart from at thelevel of implementation, but we have already saidthat is not what we want when doingspecifications). A good example of this is the verywell-presented paper (Harrison and Dix, 1990)where the set �D� is used within discussion offormal specifications for interactions, where D isthe set of displays. Algebraic properties of D arediscussed in various parts of the paper, but theelements of D themselves are never discussed,though we are told that a display, i.e. an element ofD, is �a visual representation of some or all of thestate...and might be, for example, an array of pixels(the details are not important)�. This is verydefinitely relegating displays to a lower-level, andwe have no hope of reasoning about them.Another paper in the same collection(Alexander, 1990) goes some way towardsovercoming the problem by allowing a designer tosee how the interaction of a dialogue causeschanges in a display, but it still leaves open theproblem that what the display looks like cannot bereasoned about within the specification. A pointfrom Lieberman, that it is difficult for designers tovisualize a dialogue from a static description, isused in Alexander (1990); we would paraphrase thisby saying that it is also difficult for a designer tovisualize a display from a low-level description.All this work is really focussed on formallydescribing dialogues, not with describing what eachstage of a dialogue looks like, which must surelybe important for the designer.Such a gap in otherwise useful work issomething that we hope to suggest a plug for inthe rest of this paper. We aim to show one waythat might help to bridge the current gap betweenthe textual nature of designs and formalspecifications and the graphical nature of the lookof a system. The way we suggest looks, at first,very surprising. We consider a piece of softwarethat has been developed over several years with theaim (which it achieves very well�see Goldson,Reeves and Bornat (1993) for a discussion) ofsupporting the teaching of formal logic toundergraduates (and senior school and collegestudents).This might seem to be far removed from theproblem being addressed so in order to be clear thissoftware will be illustrated in the next section.Before we go on to that we need to explore theother reason for proposing this system, which isthat it can be seen as a more computer science-oriented version of Tarski�s World.Rather than, as we shall see in the next section,using an application-neutral world of geometricallyshaped blocks (cubes, dodecahedra and tetrahedra),we propose that computer science students wouldbe more motivated by working in a world ofgraphical user-interface components. They wouldbuild pictures of graphical user-interfaces and thenconstruct first-order logic descriptions of thosepictures. So, rather than describing and reasoningabout the blocks they would deal with buttons,menu items and windows, for example.Tarski�s World has proved to be very successfulas a vehicle for teaching logic to first-yearcomputer science undergraduate students�we wouldhope that making the world more relevant tocomputer science, and so providing moremotivation, would mean that this tool was evenmore successful as a teaching tool for first-orderlogic.Having looked at Tarski�s World, as it stands,in the next section, in the third we will look athow some of the ideas behind the software describedin section two can help with our problem ofproviding formal, textual descriptions of the lookof systems.

4

5

6

7Open...New...Close...Delete...

Files...Figure 3.1

Figure 3.2cdefaFiles...Open...New...Close...Delete...b1. FrontOf(b,a) � Text(b, �Delete...�)

2. Above(c,b) � Text(c, �Close...�)

3. Above(d,c) � Text(d, �New...�)

4. Above(e,d) � Text(e, �Open...�)

5. Above(f,e) � Text(f, �Files...�) � Dark(f)

Figure 3.3Above is given an example of how such adescription building enterprise might look. Figure3.1 is the menu that we want to specify. In ananalogy with Tarski�s World, we can imagine themenu expressed in its component parts as in figure3.2. By viewing the situation in 3.2 from the frontwe see the menu as required in 3.1.We can then go on to build a description of thesituation in 3.2, as given in figure 3.3. Notice that,as we want with specifications, the description isan abstract form of the menu in the sense that somethings are left out; we do not need to give all of thedetail (like exact positions) of the menu in order tousefully specify it. Later, of course, during therefinement process (the process that takes us from aspecification to an implementation) a programmerwill have to be specific about such things.However, the point of specifying is that we canleave out any unnecessary detail, i.e. performabstraction, in order see clearly what is being askedfor. In particular, we do not have to say how themenu is drawn, just what is drawn.At each stage of building the description thesystem can be used, just as in Tarski�s World, tomake sure that the sentences added to thedescription are all true in the situation beingdescribed. If it ever turns out that this is not thecase, then the game can be played to find out why.In this way, the user can build-up as strong adescription as they like for passing on, as a formal

8specification, to the software engineer. Later, thesoftware engineer can strengthen the description, ifnecessary, since they will still have the situationbeing modelled. They can also take a descriptionand, by building a situation which makes all thesentences in the description true, show a clientwhat the specified graphical user-interface will looklike.As a second example, given the sentences (withapproximate translations) in figure 3.4, consideredas a specification, we might design a dialogue boxthat meets them as shown in figure 3.5. Thiswould be the usual way, following the model of theTarski�s World exercises, that the tool would beused for teaching.If it were being used to support formalization ofa display then the opposite would happen. Thedesigner would, in this example, construct a pictureof the dialogue box and then start to writesentences, checking their truth as they went, andgradually build-up a correct description at whateverlevel of abstraction they thought appropriate for theproblem in hand.In the simple examples here we have confinedourselves to simple relations between objects in asituation (FrontOf, Text); clearly we will wish tohave available other relations, such as those that fora button, say, describing not just its physicalattributes but the way it is linked with the programbeing built.What we have here, then, is a way of formallyand textually, describing the look of a display atcertain points during the dialogue, or otherinteraction, with a user. This is done at the samelevel of abstraction as we would usually want towork when specifying systems. The fact that it istextual allows us to use the sorts of methodsdiscussed in section one. The fact that it is formalallows us to reason (either within or outside thesorts of systems mentioned in section one) aboutthe look of the display. The display is now,formally, a first-class citizen.

$x$y(Button(x) � Button(y) � x„y)There are atleast two buttons

$x(Text(x,�Input the name of the file�))There is a text box containing

�Input the name of the file�

$xEditBox(x)There is an edit box

"x"y((EditBox(x) � $zText(y,z)) fi Above(y,x))The text is above the edit box

"x"y((Button(x) � ´Button(y)) fi Above(y,x))The buttons are at the bottom

$x(Button(x) � Text(x,�OK�))There is a button with �OK� on it

$x(Button(x) � Text(x,�Cancel�))There is a button with �Cancel� on it

Figure 3.4

Input the name of the file

OKCancelFigure 3.5

94. ConclusionsWe have proposed a way of helping a designerbuild-up a formal, textual description of a display.The argument that this really

is a help is basedon the fact that the design for the system has grownout of experience with Tarski�s World, which hasbeen designed and used for teaching first-order logicto students�a job which it does exceptionallywell. All of its qualities will be expressed in theproposed system too.We have also suggested that it can be used as asupport for teaching logic which is more relevantto computer science because its �subject matter�will be graphical user-interface components.The next step is to implement a prototype of asystem which performs this function in much thesame way as Tarski�s World does for designers ofblocks worlds. This would allow us to build andexperiment with, in a natural way, formaldescriptions of displays for graphical user-interfaces.Following our experience with tool buildingpreviously, we will be using the MacProlog321environment on a Macintosh to construct the tooldescribed in this paper. It should be noted that thisenvironment already has a facility which allows theuser to construct a display and then automaticallyproduces the code that represents that display. So,with the addition of the tool described in this paperwe will be able to generate both the low-level, codedescription of a display and also (utilizing thedesigner�s intelligence) the high-level, abstractdescription too.Finally, in order to check the truth of a sentencein some situation the tool will, of course, have tobe able to do some theorem-proving. Moreprecisely, the tool will gradually construct (aselements are added to the display) an atomicdescription (a description using just atomicsentences) of the display, i.e. a theory, T. Then, foreach sentence s in the designer�s description thetool will have to show that T p s, i.e. that s is truein the theory T. The technology for the underlying

1MacProlog32 is a trademark of LogicProgramming Associates, Studio 4, Royal VictoriaPatriotic Building, Trinity Road, LONDON, SW183SX, England.theorem-prover is not too important�due to ourprevious experience we have chosen to use asemantic tableau-based method (Reeves and Clarke,1990).A final remark: because of the way in whichmany curricula are designed, which in itself is areflection of the way in which the designers weretaught, the �specialisms� of user-interface design onthe one hand and formal methods on the other donot often both feature amongst the skills of ourstudents (or teachers). The tool described in thispaper, we believe, will help to bridge this gap.To have user-interface designers who appreciatethe usefulness, precision and conciseness of formaldescriptions and to have formal software engineerswho have an appreciation of the requirements ofusers in their interactions with computers is surelya goal of those of us who educate tomorrow�scomputer scientists.ReferencesAlexander, H. Structuring Dialogues using CSP. InFormal Methods in Human-ComputerInteraction, edited by M. Harrison and H.Thimbleby, Cambridge University Press, 1990.Barwise, J. and Etchemendy, J. The Language ofFirst-Order Logic. Center for the Study ofLanguage and Information, 1991.Diller, A. Z An Introduction to Formal Methods.Wiley. 2nd. edition, 1994.Dix, A., Finlay, J., Abowd, G. and Beale, R.Human-Computer Interaction. Prentice Hall,1993.Dromey, G. Program Derivation The Developmentof Programs from Specifications. Addison-Wesley, 1989.Goldson, D., Reeves, S. and Bornat, R. A Reviewof several systems for the Support of Logics.The Computer Journal, volume 36, number 4,1993.Goldson, D. and Reeves, S. Review of "TheLanguage of First-order Logic" by Barwise andEtchemendy. The Philosophical Quarterly,Blackwells, Oxford, April 1994.Gries, D. The Science of Programming. Springer-Verlag, 1981.Harrison, M. and Thimbleby H. (editors). FormalMethods in Human-Computer Interaction.Cambridge University Press, 1990.Harrison, M., Dix A. A State Model of Directmanipulation in Interactive Systems. In FormalMethods in Human-Computer Interaction, editedby M. Harrison and H. Thimbleby, CambridgeUniversity Press, 1990.Reeves, S. and Clarke, M. Logic for ComputerScience, Addison-Wesley, 1990.