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Abstract

thuder the AT operating system, many tools and libeadies ate widely availabile Toe applicationsin comgpnn
geaphion Mowever they canmat e easihy indegrated in e coberent pogoamming eovionmest i

poetmenta an aboort aeented apgems bt e gonaton B ol a fowmewark o develapem who necd e i
Deat T buth X Window amd goeal 1G5 X Winduw atsength atands
todevelup Graphical User Tnterfaces (GUT) with a standate Took and feel; but it lacks
funetions. On the uther hand, geal’ HGS ian powerfl language for 2 or 3 dimensional graphies programming.

Pn Lol kitag comsiating in (ol

e geaphioos

bt it does not provide high Tevel primitives for the user waterdace. X Window and geal 1HGS are diflioalt o
be mastered and aee ton much dilferent to he jntegeated in a single application. We developed an A pplication
Framewnark, hased on a C4 o class hierarehy,
enviranment fur building user interfaces.
leta X Windows and gral'lHIGS comununicate, but alan ceeaten & new, single,
maln henefite gatned by Tocwae seer o ont ol in Tearning copeon s fn deve
teduetlion of the ende abze, Thanks o Ui olifect odented approach, U ceaulting code tnenster to el st 1
maintaing 1Cin alsa ensily extensible and rensable, S far, the libeary fornses on 21 graphic programming. A1
the same time, an lnteractive User Interface Builder is under development, With this last tool, programmers
will be able Lo create applications using mainiy the monse.

hat provides hoth advanced geaphies capahilitiea and & powerlul

ith respect tn ather tools, this Application Framework not only
BrAmming environment. e

nenl Hinea, aml oa signilioan

1  Introduction

Many tonls and libraries are widely available for applications in computer graphics, under the Unix operating

system and its IBM implementation, AIX, They usnally can be classi
X Windows based tools nre cammonly

< in two distinet classes: on the one band,

wsed to build graphical oser interfaces, with a standard fook and Lol

Bt they dack in poare geaphical Tumctions. On e other hand, ndvanced grnphics in achieved by Bilwaoe s (oe
PIIGS and GL) that doowot provide Wigh Jevel primsitives Tor e nser intetnee, siuch ns bitbons, mon o
X Window and gral 1HGS are dillicolt to be mnstered and ave too mmeh different o be integoted inoa o
applieation (a tutorial about this subject can be found in (1]).

Graphical applications usually consist of Lwa main parts: a first one to manage the user interfac e, and o
second one Lo process commands and data [4]. Mast of the code neederd ta manage Ue interaction and the geaphioal
display is application independent. Standard proceduees and algorithms can he implemented to nccompbioh thie

Basie clements of the nser interface, such as huttons, menus, and windows, are “physical” objects ot e

on the sereen and are “manipulated” interactively, An object oriented approach seems to be the natuial aml
obvions solution.

Starting from a proper sel of classes providing skeletons of user interfaces, complete applications can be
inherited, by adding new functions and tuning the behavior of existing objects. This is what we call an Applic ation
Framework [2]. This paper presents a C++ Application Framewark that encapsulates both X-Windows and
PITIGS in a coherent programining environment, All the features described here have been implemented and
used to develop several applications. “I'hie package runs on TBM Rise System /6000 workstations, equipped with
AlXwindows and gral’ 1108,
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2 Design of the Application Framework

Fhis gt caiginated within the THA Tl ientific and Technionl Solution Centery (o answer aoine specific
Lasie issne was Lo provide a framework hoth to build 2D graphical nser interlaces and to serve as a
awd dehugging toolin an industrial teseaceh environment, AL he sime time, users of the lbrary had
no experience i Object Oriented Programming and were not accustomed Lo the developiment of user interfaces
with X Windows wr ol advanced graphical applications with PHIGS,

Pl dentified aosetaf primary goals, apid prototyping was e fiest, toallow aguick developinent of
debugging tocland of application prototypes, with a standard look aml feel. All the user interfaces muat have
a similar sl and comply Motif [7] and THA SAA CUA [6] guidelines. At the same time, a gradual migration
Lo Q01 was vegquined, o allow Fortran programmers nnd € progianmmers (o migrate smoothly toward Object
Oriented Progranming and rense their ald code. Last, but not least, we wanted to reduee learning tines, i.e.
reduce the elfortrequired Lo learn how to develop user interfaces with X Windows and effective graphical routines
with I'HIGS

Al these issues ded Lo a multi-Inyers architecture, AL the lowest level, two wrappers provide an objeet-
otiented dnteface to the basie AlXwindows nnd gral'HGS libraries. In this way, we oblain a coherent environ.
it Ll e ol th the Tibanries can ensity learn how to develop applioations within the new environinent;
cepbnre preserved i bothocases, Tt i bplementation Ineoctmmely simplifled. A sot

needs, 11

develap

el bbbt belpg v povmngeoent facilitien, md other featnres of geneosl we,
lewity nee Tl ey dnclude tooks L
shical ohjects, and to draw something

Provog e et Jevel classes T G, abject ol Bigher con
innplenent dedepue panels, to B i forme or menus easily, Lo retieve g
interactively

Ve Bighest fevel, skele

application elasses are the core of the Application Framework, In order (o

develop o e progeam, the user st choose the most similare siomple ohject and inherit a new class from it,

Fhese Livers will be deseribed in greater det in the following sections

JoThe N Windown wenppor

Matil aond the N Tntrinsies are widely used Tor developing user interfaees in the Unix world, They support an
object ariented architecture, through the concept of widget [9, 10], even in a not object-oriented language, like
[

Wl ideed toaley

el ol elies cmbedding widgets into C1 1 abjects, We chose this approneh even
Uhomgh et el fih many of them, such as Interviews [8],
are built over M, the lowest N-Windows layer, that does not include widgets. 'This means that the experienced
Motil programmer is set back by the need Lo approach the new library in a different way. We want Lo #ave
skille. Moreover the library developers should re-implement many tasks already accomplished by Molil: Lhis was
beveml o ape Lasty Matif fook and feel and the nae of widgets lins hecome a de facto atandard,

We sl fenred tochild o own Blney instend of uning other aenilnhle setn of lasaes hailt over Motil
widpetncn b the Widpet Wanpper Libwary [3 They doonat 6 well vur weedse inparticabar, ey do not

ries based on X Windaws are available. In Fae

Adidvess (e pecbilem of the integration with geal* 1168,

3.1 The class tree

Fhe tree Db Swidpet objects™ (fignre 1) has ita root in the Core () elass, that encapsulates the core widget,
Aand covers AL widgets, The Dierarchy includes classes obtained in three different ways:

enenpsilntion of nostandard wldget : (his is done by deriving a elass fron tie object thal coeresponds to
its parent in the widget hierarchy, Macros make such process straightforward. This approach ensures full
te usahility of already developed widgets;

classes with extended functions : they are ubtained by inheritance from Lhe class that is Lo be extended. For
example, the StringField.O is derived from the Text.Q and handles an input ficld linked Lo a data variable.
The programmer has no need of rearding Lthe ficld to npdate the variable;
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IFigure 1t Some classes ¢ f the Core O tree |

closses en veral o 8 ines s1 v lass id ifie ain obhjeot that
4 timnes the design uf a new olass identifies a main ¢
cnpsulntm; seve al objects : some t ) o i : ‘
l manages others. The new class can be derived from that of the main object, I'he lllnnﬂgl‘d Olbj: els l-\ll| bie
sor 1 s Vc‘ . rql rl rr‘ " ¢ mai ss is deri o sul oe 20 e 0, the metn cliss
i G lass is derived from the sub Lr » of Composite.l),
inserled as m vmbers. Generally, the n clas - i ) . -
for conlainer widgel o hjects An exampie is the Toolbox. class, a RowColumn. ) that manages a nunihes
Or € Y . oS, s th (0] Tow( (

of DrawnHutton Q.

3.2 The Application.O object

very r .r e developel ires o instance of the ¢ ieation 0 thi
Fivery use interface develop Jd with this library requires at leasl one mstance © the class Application . s
" L] ’l lt",'l o | I .r.u . amer X Wind L] 7. dis i « T ‘ cdnres
hid ‘l. the programme Sindows initialization, lisplay handling and a number of boring proce
1l 1 2

b the traditional Hello Warld program has the following f-m

LJ3|;|F, only the first level classes mentioned above
ginclude <Core 0.h>

main()

{ “
Application 0 appCrapp™)i
Label_0 1b11("Hello World", appl;
app-Start();

}

where the (811 objectis n child Al upp, nn instance o

The main limit of our library is that it does nol vy
ol i ‘ any case
L ia well above our possibilitics. In any e ; vilhe
srators that extinet the widget in o winy Lanpatent b lh'. pie
aboand X Windows Taalkit funetie camily

[ Application O cliss, ) o
cilip all the Tune s ol X Bl and X Windowe Lootha
nowidget hidden e

"Ihin & cach class is related Lo the :
JT'hin barge iy &
it. We developed conversion op :
a consequence, whenever the need arises,

it is posxible to use X |

W
Platabuise Mg

asses, thas Tully supporting the X Windows Resonree

Taor procide methods tooadd new resonrees Lo Lhe
.

4 The gralPHIGS wrapper

PHIGS s peosetfal graphic langoage [5). 10 vittnally answers all the needs of a graphic programmer {except
the user

fari development). Due Lo its complexity, however, it takes I time belore being used properly

and ellectivels e coneepts related to workstations, viewpor s, windows, views, and struetures, are not readily

mastered e namber of toutines and parameters is very high, bt mostapplications actually use ounly a subset
of PGS rontioes and Tunetions,
We o he

ol st suitable subset Tor o purposes (8 dimensional peim

). We took advantage of the
Tact that the poa THGS architeeture is suited for an object oriented implementation. A

approach can e

fomned i 1117 where the problem of integration with X Window, however, is not fully add

L1 The pI"Waorkstation O object

Dl Bt oot e e st gt of gral TGS el AT winsdowa b boon G adesebaganent ol widiet ehiedt

for pvaaaps o PHHTES okt ez e g Winkstation O object
| clase e Tully integrated in the
i Do Voo 6 10 provides a geaphic men, where the donwing is performed with geal' TGS, For example,

I O tree and adds annmber of specific resources to il ancestor,

i implements methads for creating and connecting workstations, assor ialing views lo them, and dealing with
coordinate translanmations.

4.2 'T'he other main objects

The encapsulation of the graphic Tanguage consists of a sel of chsses, hesides the g'Workstation.O:

gl View o PGS philosophy, o view is simply o way (o display a portion of the world (the window) into

are Cangabar e of the workstation (the viewport), T
concepts intuitive and the implementation of panning, zooming, ete., quile ¢

et hods assaciated with this class make these

Struct : thi main advantage of PINGS approach is that the hasic graphic clement is not the pixel (such as
in X Windews), but the structure clement (line, polygon, text, ete.). These elements are assembled into
compley chjects, called structures. They are modifiable at any time, but the programmer does not have to
take care of redrawing the sereen. The Struct class implements Uese concepts, and its methods include all
the 2 dinensional graphic primitives;

Input : PHIGS Aifers powerful input techniques. Different logical devices can be associated Lo the samne physical
. ey can direetly return the input position in the world coordinate system (Locator), or the structure
- e with the pointer (Pick}. Classes derived rom the Toput wmeta-class implement these inpul
devices, They ane Tully integrated with the X-Windows input strategy: all X-Windows and PHICS cvents
e diiven inoasingle quene, managed by the X Server. The apy wion program simply waits for input
events T the X Server. Then, it answers trough the callback mechanism [9]. © en madel is
(I st ~cebution for multi -tasking eavironments, since an idle application (one with an empty event qyeue
and waiting for input only) can be suspended by the system, thus preventing waste of CPU time.

4.3 The functional approach

the library as functions, Compared
y use of useful C++ fcatures, such

Al the graphic primitives, beside being methods of the Struct abject, appe
to gral TGS T tions, they are mueh more casily mastered, thanks to a h

l'l!l“

o M e e b ing aned “defanlt parsme

Wt approach o the library for
g of alrendy developed graphic

We e this approach Tor aonumber ol teasons: (i) o maintain o *

ii) Lo make the pos

those progrannneis not familiae with object otientation
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algorithma casier (according Lo our experience, only a few hours of work are sulficient, in most cases); (i) 1o
oplimize performances, In fact, in applications where a great number of struetures are necessary (hundreds o
thousands), the Struct abject can introduce an nudesited overhend.

5 Iligh-level tools

t of classes, They make it easy to implement tasks, whick

On Lop of these Lwo wrappers, we developed a wid
are common Lo ahinost every progeam. Among theae chnases, Dinloga, Menus nnd Fill in panels are of fundaneo al
Importanee: they implement control of the application uner dinlogue. Tn this way, Ure programmes does et ned
to handle low -lavel events.

All the above clanaes nre of general wae, The libeney nlio has ot of classes, explicitly designed for st
applicationa, In pacticulnr, the fiehd of map processing and recognition [12] was chosenoas a Mteat™ evanple o
applicationa for our framework. In this case, Lhe main class is a gencral purpose map viewer, with navigation
functions and the ability of displaying multiple views of the same map. It also provides navigational tools, such
as zooming and panning, making the implementation of a complete map editor an casy task.

t

6 Application classes

The lowest layera of the library: provide a much higher-level interface than Maotif and PHIGS. However, s
applieations contain a wurpriving amonnt of dupliente code.
Connidering only the minimum features common tooalbonr appliontions, it in trae that ol programe e

deelare an instance of Application. 0]

-

crente one or more widget abjects delining the aser interface;

create the gl Workstation O instance;

initialize the inpul devices;

handle events starting the Application.O by calling its Start{) method.

Most programs perform all these Lasks with only minor changes. A commnonly used approach is to preparce
a lemplate with these steps and use a copy of it as the basis of every new program.

A more powerlul approach is (o caplure in a class an application skeleton that performs these steps
Programmers can reuse the common code in a very simple way: an instance of the class must be declared, o a
new class must be derived from the original one. .

Several advantnges stem from this approach. In fact, when a new elass is derived and new featnres anre
added, it ia very enay Lo go back to the ariginal hehavior, hecanae clianpes nee made only Looa derived chee o
this way, programmers are nnlikely Lo introduce accidental errors in abieady existing code, hecause chiange
only made to the derived class, and Uhe original code is safely cheapsilated inits own class, Enhancements and
fixea of the base class are automatically extended Lo the derived one

The power of this appronch becomen evident when we apply it ton spevilic category of complex applications
In such a case, it ix caay to identify a wide set of common fentures that can be encapralated in an apphoation

clasn,
The libenry el provides only a basic sel of application classes, hut every developuient gronp can ikl
it own apecifle aet in ashorl Gme, Some of the rendy made clanses are:

SimpleApplication : a basic akeleton that provides an emply window, Ti fakes eare of all the initializatione
The programmer must pul all the widget objects needed in the window, and then define the e tion )
performed in response to eventa.

MenuApplication : it provides an application with standard menu handling (based on the TBM §AA CUA
specifications), crror management, help, and message systemn.
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graPhigsAppliention : adds to the preceding age a gl Workstation 0 ohject, with a standard inplementation

slinpnt londting, hiding all initializatione

Conclusions

I the pape e e b aliscussed one oliject ariented approach to the develapment of applications that require
Boath e efleoviee aser intedface ad advineed 200 graphic capabilities,
Wealens A tonl that pies wttention to the peq

unahihity o Gl oh

windustrial vesearch envitomme

re

sl abeady develaped amd Tt migeation of popgeammess G the new techmigues mre of

T

Pl Vb e Draosmewionk s in b v gy sinee Tunes 1002 6thes gronpe of developets are using,

RTINS [ e sl ' i i i
[ poes dest oot wenk inoauselol way, aml their feedbacks ave diiven a nnmber of extensions

and changes toobe archites ture.

Tithis s we have been able to Tullill the most important «
elasees and the conplex abjects provide standarnd Took and feel and unifo
level el ale sinplify the development of goaphic code:s this allows
Our expenien e b

al goals. In particular, the application
1y hetwe

n apph ns. The high

prototyping of new applications.
mmer usually necds three days of work, side by side with an
v A few weeks, he Tully masters the library and uses most

ion to QO s of primary importance for this resalt,

mensbrated that a 0 p)

cxperlouser cDibe Ty, to heeome productive,

af the featnrs o0 OOP The possibility of a geadual migr

toosalve the issues ddentified Conghont (e pager, I pacticale, we feel the
v B the TIAT Tse Systemfeoon

v iberactive nser intecbwe huilier,

RER ek o Bl s with the oo anning, tealaan

workatateas Vet step G e isalibiy af this b wonld L
sl Lo cnpde mte b This will T the sobgect of Totune wink
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