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Abstract 

De'velopment of an automatic interface generator for C++ classes, with graphica.l user in­
terface ( CIG), is reported. CIG is the outcome of a one semester workshop on object oriented 
software development for graduate students. The system is written in e++ and e, under the 
X-Windows environment. This paper gives an overview of the capabilities of the system a.nd its 
design principies. Concluding remarks include comments on CIG uses and lessons learned from 
the project as a teaching experience. 

Keywords: object oriente<.! programming, C++, class hierarchy, graphical user interface, code 
gcucratiou, X- Wiudows. 

1 Introduction 

We feel that the nature of programming is changing. We do no longer think about our programs 
as individual projects where specific software is produccd to meet sorne particular requirement. As 
applications bccomc biggcr aml complcx, thcrc is a growing nccd lo build ou' thc work of othcrs 
as weH as on ours, For many years this was attempted through the use of function libraries. As 
we Iearned to get profit from the advantages of data abstraction, class librarles began to replace 
function libraries. 

Under the seo pe of objcct oriente<.! progranuniug ( OOP), software development consists in using 
objects from existing classes, that send messages one another; and defining new classe~ as needed. 

Class construction involves two stagcs, tha.t is: class interface definition, and> class methods 
implcmcntation. The later is a c~eative task tha.t rcquÍI'es knowlcdgc alHI rcasoning. It is hard 
lo automate. The former is a tedious one; ofteu hours of code .writing are needed to sta.te a few 
synthctic ideas. So, it can be easily automated. , , 

CIG was conceived as a. progra.mming tool allowing graphical specification of C++ class inter­
faces using icons, windows, menus, and dialog boxes with mouse support. Afterwards, the system 
checks consistency on programmer's request and automatically generates code. 

We first describe the goals behind the project and the design principies used; then, the archi­
tecture of the system ís described, and our main results are summarized in the last section. 

2 Background 

The project had two sets of goals: dida.ctic and applicable. Applicable means that the need for a 
toollike CIG was rather evident. In the seque! the didactic goals are discussed. 

Graduate studeuts in our es dcpartment are allowed to take a course Oll the theory of OOP. This 
course is complemente<.! by a one semester workshop on object oriented software develo¡>ment. In 

'This work was partially supported by Gran! Foudecyt 91-0868 and Gran! C-11001 of Fundación Andes. 
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the workshop, top-down design is taught by walking through desigus. Reusability, ma.intainability 
and extensibi!ity of programs is tested by trying to apply these concepts to actual code that solve 
real life problems. The principies of good design and programming are not presented as abstract 
sermons, but as examples in the context of concrete working programa. 

A sccond conccrn of ihe workshop was to teach how to develop software in a team. The project 
was split into modules and cach module was assigncd to a group of two st.udents. During the 
project, the groups were in charge of implementing their module a.nd providing a friendly interface 
to the remaining parts. Sharing code was steadly encouraged to save time and effort. Extensibility 
and ma.iutainability of the modules wcre tested by chaugcs in the design spedfications. 

3 Dcsign Priuciplcs 

Dcsign was one of the major cha.llcngcs proposed in the workshop. A few general guidelines were 
givcn as specificatlons, but everythiug else was desigued by the students. We stressed: 

e Design by objectives: before proposing any solution to specific problems or planning any set 
of tasks, clearly state what are the purposes of the software that is going to be designed. 
Afterwards, take this in mind a.long all the dcsign process. Clear objectives avoid wasting 
time and effort in useless work. 

s Top-down design: every one scems to know what this buzz-word mcans; however, at the 
workshop we dlscovered that each one has a slightly different idea about it. Not withstanding 
this, an effective stratification of the design process was achieved according to different levels 
of abstraction. 

e Object Identification: the question is not "how to find the objects in my problem?", but 
rather "what are the classes of objects with a common behavior in my problem?':'. There is 
no absolute answer which leads to a "software synthesis" teclmique. A suc:cessful selection of 
base classes requíres talent and experience. A general approach a.nd insight, can be found in 
Meyer (6, Scction 14.2, Finding the Classes]. The approach ca.lled by Meyer "decomposition 
cvahmtiou" bccamc particularly fruitful. Sin ce crHicism is casicr than dcsign, wc uscd a rough 
dccomposHiou as a sLartiug poiut. AfLer a few revisions, good dcsigus arisen. 

• Building ou software tools: great emphasis was put .in avoiding to spend time and effort 
developing what already exists or doing by hand what cau be automated. Reading (4] had 
been strongly recommendcd, and its philosophy was repeatedly used. 

Following thc rcconutlCndations in [6, Ch. 2] on modularity, CIG was split in a fcw modules 
regarding: 

0 modular decomposability - this is the most intuitive idea about modularity: decomposing a. 
problem into severa.! subproblema; 

e modular stmcture- modules are build to be freely combined for the production new systems, 
possibly in an environment quite different from the current one; 

® modular understandability - cach module should be readable and understandable indepen­
dently from other modules; 

• modular continuity - a small chauge in the problem specification should lead to slight changes 
in just one or a few modules. 
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s modular protection - the effect of an abnormal condition in one module during execution, 
should remain confincd to this module, or at lea.st it should propagate only to few other 
modules. 

Finally, it should be pointed that all this fine criterla were applied with a few restrictions 
rcgarding real world trade-oifs, mainly arising from a limited availability of man-hours. This led, 
for instance, to g:rouping together software that otherwise would be split in more than one module, 
as will be better expla.ined in the following sections. 

4 Description of the System 

CIG cousists iu four modules: tite user interface, called GUI (for Graphical Usllr Interface); the 
:wtomatic codc generator ACG; thc inputfoutput manager IOM; aud the syuiactic and semautic 
checker that also performs some additional tasks, arbitrarily included in the same module. Due to 
time constraints, the later was designated to pcrform as the communicator among the remaining 
modules; and, in a. /irst prototypc, it cvc11 rcpl:tccd !.he GU! with a comumnd drivcn interface. In 
thc workshop, this module was uained the Master, and so we will call it here. The interaction 
among the modules is depicted in Figure l. 

AGC Master G U I 

l t 1 
Sccoudary G0 storage I O M 

Figure 1: Schematic diagram for the four modules of CIG, and tlteir iuteraction. 

G UI was mainly wr1Hen iu ANSI C [5] aud not in C++, Lo av~id compatii.Jllity problema with 
the code generated by the graphica.l design tools used under X-Wiudows. For this task the too! 
GUIDE (Graphical User Interface Develol>lnent Er~vi!'onmcut) ofOpen Look [7] was used. GUIDE 
allows to "draw" interactively the interface, generating code that can be compiled under X-Windows 
usiug the XVicw Toolldt a.nd ihe standard X librados (8]. GUI is dcscribcd in scctiou 4.1. 

The other three niodules wete coded in C++ [9), the Master was implem<:nted with the aid 
of Lex aud Yace [2] ( compilcr construction tools available in Unix), lO M built 011 the standard 
libraries, and AGC was designed and coded as most text processing utilities. 

At user's request, GUI tells Master which classes are in the hierarchy to be created, which 
instance variables tl1ey llave, whlch are thelr methods, and what are the inherita.uce relationships 
among the classes. Besides, GUI may ask to perform a consistency checking for the proposed 
hierarchy, and one or several of the following tasks: storing a hierarchy in a file; deleting a llierarchy 
stored in a f!le; retrieving a hlerarclty from a file; rcading the names of the files in the current 
directory; chauging the current directory; or generating code for a class or a set of classes. 

Master passes the iuformation received from GUI to AGC, oue class at a time, and the la.ter 
gcnerates the code in ¡tu object of tite class "File". This File can be passed to Master that routes 
it toward IOM whicll stores it in a. class library. IOM is able to store in a file the code generated 

131 



within ClG, to retl'ieve old hierarchies for modifications, to update old hierarchies modilied duriug a 
sesslon, and to store new hierarchies created during the session. The following subsectious describe 
each module. 

4.1 The Graphical Interface 

Since CIG was designed to case 1tlte dcvelopment of class libraries, thc effc~tiveness of its user 
interface is a.n essentia.l pa.rt of tbe syslem. The system provides severa! services that were assigned 
to differcnt modules, but Lhc distribution of ta.sks ami the interface for most of these modules is 
unknown to GUI. The user interface only dia.logs with the Master module which is in charge of a.ll 
the interna! interaction of the system. 

Regarding the user, it is assumed that he/her is familiar with a window environment with 
mouse support such as X Windows, MS: Windows or the Macintosh user interface; that knows how 
to develop C++ class librarles, using conventional programming techniques; and that understands 
che representation of class h.ierarchies by means of a directed, acyclic graph. Familiarity with 
graplúcal user intex·faces developed under Open Look is desirable, but is not a must. 

It would be desirable a user intcrf.:1.ce that prevents or detects errors in the specifications given 
by the user. liowever, there are er.rors and inéonsistencies hard to detect. Therefore, additional 
checkings must be performed by other module in the system. The later should work like no 
vedfication is provided by the user interface, and GUI should only take care of t~e errors that are 
easy to prevent and that ma.y save time and effcirt in a later debugging procesa. 

The main objective in designing GUI was to provide the' user with a simple tool for expressiug 
the structure and the behavior of the classes needed. Simple means a short learning time, with 
natural and intuitive interaction. Simplicity was seek by reducing thé. number of options provided. 
There is an obvious trade-off between simplicity and usefulness; we tried to·include every essentia.l 
option to the user, but not more, sacrificing completeness. 

When CIG is ínvoked, it produces the opening of the main window, which is the parent for a.ll 
the rema.ining windows. Edition is controlled by a set of menus available in the main window. 

Figure 2: Main window. 
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4.Ll The Main Window 

This window has a bar with tlnce buttons namcd (see Figure 2): 

e Ilierarchics: opcns a sccond rncnu for hicrarchy handling. Its options are: 

- Ncw: opcua' a llCW cmpty cdHion wiudow to crcatc a new hicrarchy. 

- Load: allows to load frorn a file an already existing luerarchy. The user is prornpted to 
entcr the hierarchy's name in a dialog box. 

Savc: allows to savc to a file onc, scveral, or all Lhc hicrarchics wHh which thc uscr is 
working. 1'he details are controlled wit!t thc aid of a dialog box. 

S ave as: allows to renarne a hierarchy and to create a copy of a hierarchy with a different 
narne. 

Close: allows to close one, severa! or al1 the hierarclues with wluch the user is working. 
The names of the hierarchies are selected. from a !ist. 

1 

® Gencode: this option gives a directive to gimerate code for one or several classes of a hierarchy. 

o Exit: provides a quick way to close al1 the windows, saving al1 the new dataand finishing the 
session. 

nenemeooo 

.Figure 3: EdHion wiudow. 

4.1.2 The Edition Window 

1 pub!ic jlln;.tf!cted 1 prl~sW j 

J ncrmal( 11lrtualj 

This window has five icons that represent the available operations for dealing with the classes of a 
hierarchy. Desides these icons, two sets of exclusive buttons define the inheritance relation between 
the classes. 

The icons ( sec Figure 3) allow thc user to crea te a new class; destroy a class; open a dialogue 
box to d"clare iuHI.a,ucc val'ia.bles a.ud rncthods; crca.tc an inherita.ucc anow l.o Jiu k a. pair of cla.sst•s; 
and dcstroy an inhcritance arrow. 
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Hh!lrarchles DnltHilmr: Clau: 

Claiis Nl!.m01 -"'No:o:n.,•m=•----

Neme: -------
Comment: 

1 publk 1 prlvatl!l J protllcttd f 1 cotua 1 

.__ ____ _,,,; : l•::.rt)) 
Nom11: .._ ______ _ 

Camm~Bnt: 

1 publlc 1 prlva.te 1 protsd1d 1 

1 normal j virtual 1 frlend 1 

Typo: (!!) vold 

Figure 4: Class infonnation. 

A dialog box opens when clicking over the class icon (see Figure 4), where the following in­
formation about the class is available: the name of the ~lass (every dass, when created, is called 
"noname"); the names of the instanc~ variables; a comment attaclted to each variable; the type 
of the variable; any legal qualifier; the section (public, prívate, protected) to whiclt the variable 
belongs; and for each method and their arguments, similar information as that for the instance 
variables. 

4.2 The Master Module 

The main purpose of tlae Master module is to check consistency oí user defined hierarchies. Ideally, 
it should be an objc~t c.apable of rccciviug a "check" mcssagc aud a pointcr Lo a hicrarchy, and 
should return a list of diagnosis mcssages. llowever, as a:lready explained, the same module was 
put in charge of sevcral additional tasks. 

4.2.1 Consistency checking 

A consistency check!!r should only verlfy that the coded information is complete and non coutra.dic­
tory. Sorne of the consistency rules are already Í!Ilplicit in the user interface. The consisteucy check 
iucludes several aspects, being someof them implemcnted in the first version of CIG. For example, 
consistent use of types; name uniqucness; potentia.l problema in multiple inheritance; connectivity 
of the class hierarchy; etc. Most of the consistency problems are due to sorne peculiarities of the 
C++ language wlúch are not usually wcll known by the user (3]. 
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4.2.2 The additional tuks of "Master" 

· '.Desid~ cll.ecldng consistency in the specifications given by use:r, the Master module dialogues with 
¡\" thfl ACG and IOM modules in order to: 

" gcncratc ami storc codo for a class or sct of dasscs; 
. . 

" ma.nage files aml directories in onler to stme convenlently tite informatiou on daza hierarchies, 
without needing to exit the application nor opening ail additional window. 

At present, GUI crea.tes the rema.ining three modules of the system as unique objects of their 
cla.ss. In a future versiou of tbe system, it is planed to create first the Master, whlch will create GUI, 
ACG, and IOM objects besides a separa.te module exdusively in cha.rge of consistency checking. 
Under tlús scheme, it would be possible to create more than a. single object of ea.ch class (say, severa.l 
identi~a.l modules) fox: assigning the tasks with more fiexibility a.nd running severa! processes. 

J 
4.3 The Automatic Code· Generator 

The automatic géneration of C++ code is done by the ACG module. ACG receives from "Master" 
the spedfi<:ations received from the user, one da.ss at a. time. This information is structured in su eh 
a way tbat ACG only needs to pass once over the data. while it "fills on the bla.nks" to generate 
the code. Since CIG is intended only to create the interface for the dasses, all the ·methods are 
declared "c..xterna.l", or the implementation ls substituted by the comment: "Here should be placed 
the implementation." Tlle user chooses one of these options. 

4.4 The InputjOutput Module 

The interaction of CIG with the file system is done exclusively through IOM, the Input/Output 
module. IOM dialogues ouly with "Master", oiTering the following services: 

~ Storing all the information concerning one hierarchy in a singleiphysical file. 

" Deleting onc or severa! files conta.ining infonnation on lllerarchics. The fLJ.cs are sclcctcd with 
the mouse, fl·om the list of files in tlle current directory. 

e Retrieving a file with the information about a hicrarchy. The file is selccted with the mouse, 
fl·om the list of files iu the current directory. 

1 ' 
® Storiug the C++ code generated by ACG in a file of a specified directory. 

<> Listing a.ll the files with iufonua.tion about class hiera.rchies which belong to the current 
dlrectory, a.nd listing a.ll the subdirectories in the current directory. 

* Warning when a request is going to cause the overwriting of a.n existing file, a.nd a.sking if the 
old fUe should be copied before saving the new one. 

5 Condusions 

Tite desigu a.nd imp!cmentation of C!G iu a workshop on objcct oricntcd soflware devclo¡¡mcnt 
a.Jlowed to dra.w severa.! va.lua.ble conduslons frotn a. didactic scope and from tlte analysis of the 
system value as a. CASE tool. 

Looking at the project as a teaching experience, the main conclusions are the following: 

135 



" A theoretica.l course on OOP is not enough to prepare graduate CS ·studcnts to devclop 
software with tbis innovative approach. This is true even when the course included homework 
and small projects on the practica.l aspccts of the subjcct. We found that important conccpts 
are misunderstood, the value of otlu!r concepts is neglected, and several central ideas are 
rcjectcd due to misconccpts and prejudices. 

" Almost all the students that took part in tbe workshop are not well prepared to work in a. 
team. Usually they fail to explain their design decisions to members of the other groups, 
they avoid discussing a.bout 1tlieir own ide~ by giving up without arguing or defending their 
points of view, and they refuse to establish deadlines for their work, rising several bottlenecks 
during the project. 

e During the project, most of the studcuts showed a remarka.ble positive evolutiou regarding aii 
of the above meutioned problems. We believe that such courses may significatively con tribute 
to the shaping of well tra.ined engineers that will be able to participa te in complex software 
projecta. 

Additiona.lly, CIG has attracted the interest of many people involved in software development; 
it seems to rea.lly be a useful tool with a friendly user interface. However, a.t present, CIG is 
still a prototype. Sorne important features are not yet implemented or are implemented in an 
unsatisfactory form. Finally, the user interface is hardly portable since it was mainly developed 
with the aid of XView. The project included a Windows 3.0 version of GUI, which is one of the 
future research li~~s .. Jrhe present state of CIG, besides being a very interesting teaching experience, 
should be regarded as an advanccd prototype which may be used to test techniques of stepwise 
refinement, while the product itself dcserves further efforts to reach a productíon leve!. For example, 
to include Dooch's notation (1) in the graphical representation. 
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