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PREFACE

The scientific orientation of the VCHC) '93 corresponds to the mainstream
HCI research spectrum which is represented by this year's prime events:
INTERCHI '93 in Amsterdam and HCI "93 in Orlando.

The motto of the Viennese conference FIN DE SIECLE affiliates Vienna's
intellectual tradition to the field's progressive development at the end of this
century: Vienna in the FIN DE SIECLE was a place of intensity, disputes
and rapid development in culture, politics and science. MODERNISM
provoked hoth the morat-scientific tradition as well as the aesthetic-aristo-
cratic ideal. By absorbing the fashionable peetic and plastic culture of all
Europe in his language glowing darkly with purple and geld, the adolescent
narcissus Hugo von Hofmannsthal became the ido! of Vienna's cuiture-
ravenous intelligentsia. Karl Kraus, the city's most acidulous moralist, poured
contempt upen "THAT GEM-COLLECTOR" Hofmannsihal, who "FLEES
LIFE AND LOVES THE THINGS WHICH BEAUTIFY (T At that extra-
ordinary iime and location much of modern culture and thought was born out
ol a crisis of political and socia! disintegration. FREUD, MAHLER,
SCHNITZLER, KLIMT were all working within a few steps from one
another. ADLER, LOOS, SCHOENBERG at the same time discovered and
developed their talents. KOKOSCHKA, SCHIELE and WITTGENSTEIN

spent an inspiring youth then.

A century later, in today's fin de siécle, the VCHCI emphasizes on showing
that HCI

- is more than AN AREA TO BEAUTIFY interaction with computers

- PROVOKES DISPUTES among its different contributing fields

- does not FLEE THE VITAL QUESTIONS for people using computers
- provides RADICALLY NEW opportunities for users
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it is a pleasure {0 thank the inviled speakers

Wililam Buxton Xerox PARC & University of Toronio
Tom Hewett Drexel University

tor accepting our invitation o give a keyncte talk.
We are most grateful to the {ollowing cooperating organizations and their

representatives:
ACM-SIGCHI Robert Jacol, Tom Hewelt
3CS8 Victoria Bellotti
4 Horst Oberguelie
FIPTC 13 Brizn Shackel
0CG Gunter Haring

Scientists and engineers from industry, academia, and major research
institutes from 19 countries have confrituted to the Vienna Conference on
Human Computer Interaction 1993 (VCHC! '63). All full papers have been
judged by at least three members of the Programme Commitiee on iechnicai
soundness, originality and innovativeness of work, imporance and
relevance to HCI research, clarity of presentation and methods as well as
credibility of resuits. Only submittals of high scientific quality were accepted
as papers. Posters have been selected on the basis of potential interes? of
VCHCI attendees. All contributions address the iatest research and
application in the human aspects of design and use of compuling systems.
The accepted contributions cover a large figld of human computer
interaction including design, evaluation, interactive architectures, cognitive
models, workplace environment, as well as HCI apolication areas.

We wish to thank the authors and the members of the Programime
Commitlee who so diligently contributed to the success of the conference
and the direction of these proceeadings.

Thormas Grechenig Manfred Techeligi
University of Technoicgy vienna University of Vierna

August 1893
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Integrating Interactive 3D-Graphics into an
Object-Oriented Application Framework

Dominik Eichelberg and Philipp Ackermann
University of Zurich, Department of Computer Science, Mulii-Media-Lab
Winterthurersirasse 190, CH-8057 Ziirich, Switzerland
¢-mail: eichel@ifi.unizh.ch, ackerman@ifi.unizh.ch

Abstract, This paper describes the integration of 3D graphics into the visual
2D part of an application framework, Most object-orienied application frame-
works are built to case the development of interactive graphical applications
that use direct manipulation techniques. This study is based on the object-
oriented application frumewaork ET++ Lhat provides predefined visual classes
for text, 2D graphics display, and standard user interface components. We ex-
tended ET++ 1o support 3D graphics in a general way. It is now possible to
integrate 3D graphics objects which may be placed wherever other visuval
objects can go, i.e. in scrollable views, as building blocks in dialogs or graphics
edilors, as characters in text editors, as itemas in lists or pop-up menus, etc, As 2
consequence 2D and 3D graphics ase dealt in a uniform way. Interaction tech-
niques on 3D graphics objects and 3D user inter{ace components are supported.

Keywards: intcractive 3D graphics, user interface, C++,
_ object-oriented application framewark, BT+t~

1. Intro.duction

Graphical user interfaces with direct manipulative interaction techniques based on 2D
graphics are widely used in today’s coraputer applications and have replaced com-
mand language and menu dniven programs. Integrating new media such as 3D
graphics, audio, and video into human compuier interaction ¢an encich the user’s
abbilitics to process complex context. The implementation of such interfaces often
requires great efforts. The reajization of modern user interfaces tend to consume a
great part of a project time. The developiment of object-oriented application frame-
works was very successful in reducing the complexity of 2> user interface program-
ming. Examples are MacApp™ [Schmucker89], Interviews {Linton89], ET++
[Weinand&91, and NeX'TStep™ {NeX192}. The purposc of our study is to investigate
whether these object-oriented techmgues are also suiable for multimedia extensions
of the user interface. These extensicons increase the accessibifity and usability of
computer applications that process complex data. In order 10 do these explorations the
object-oriented application framework ET++ [Gamma88, Gamma%2, Weinandg9,
Weinand92] is used. ET++ was choscn because 1t is highly portable, 1t 1ntegrates
many features in a scamless fashion, and its sonrce code 1s available in the public
domain. As a first step of the mulumedia extension the 2D graphics model of ET++
was extended to 3D graphics. In this paper we explain our motivation 1o integrate 2D
and 3D graphics, intreduce the object-onicoled framework ET++, and present our
approach 1o extend it with interactive 3D graphics.
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2. Integrating 2D and 3D Graphics into the User Interface

The interactive direct manipulation paradigm of ioday’s user interfaces is suongly
coupled with the presentation and visnalization of daia obrjects. The information which
is modeled and manipulated in applications becomes more and more complex as the
processing power of workstations increases. New media such as interactive 3D
graphics, animations, aodio, and video are infroduced in multimedia systems o allow
richer presentaton of complex data. It is extremely cosdy 1o implement user interfaces
hased on direct manipuiation techniques for these new media. It takes a good deal of
thought and care to create uscr interface componenis that combine visualization and
manipulation of these media into useful and reusable software.

Not long ago 3D graphics was a field for specialisis. They ofien were program-
mers and users of vheir programs in one person. They were not interssied in software
srgonomics, instead they concentrated their work on optimizing graphics perfor-
mance. On the other hand there is little help in 3D graphics libraries for 2D interaction
elements like pop-up and pull-down menus, battons, shiders, scroli-bars, and so on. As
a consequence, ad hoc solutions with no or separated 2D user interface components
were developed. Today, 3D graphics is available on low cost workstations and users
are not compuler specialists that are satisfied with an ad hoc user interface. This
means that 213 user interface components must be merged seamlessly with 3D
graphics. In doing s0 it is even possible to add new 3D interacion components into
the user interface. Realizing the interaction elements as a set of cooperative classes in
an object-orienied framework will increase the software reasabilty.

3. The Object-Oriented Application Framework ET++

ET++ 15 an object-oricnted class hibrary integrating user interface building blocks,
basic data structures, support for object input/output, printing, and high lavel applica-
tion framework components. It eases the development of interaciive textual and
graphical applications with direct manipulation and high semantic feadback. ET++ is
implemented with the programming language C++ and uses abstract classes as a
partability layer and interface protocol w concrete window and operating Systems
(Figure 1). It is available for UNIX and ¥YMS and rans either with SunView or with
K11 window system.

in the domain of user interaction ET4++ supporis direct manipuiation, efficient
flicker-free screen update, multi-undoalds commuands, and a flexible mechanism 10
compose visual objects with declarative layvout specification and automatic object
positioning, Standard interaclion components like pop-up and pull-down menus,
butrons, scroll-bars, eic. are included as predefined classes thal can be extended
through inheritance. The application framework part of ET++ consisis of absiract
classes for the following concepts; application, manager, document, view, and
command. These abstract classes define 2 gencric apphcation with predefined func-
tonatity that will be inherited by the respective subclasses of a concrete application.
According 10 [Schrmucker89) an applicalion [ramework is a set of interconnected
objects that provides ihe basic functionality of a working application, but which can
he easily specialized (through subclassing and inheritance) into individual applica-
uons. An application (ramework not only aliows the reuse of code as z class library,
but also the reuse of design struclures, because the dependencies belween objects are
preimpiemented through predefined object composition possihilitics, event dis-
patching mechanism and message flow conwol. The following functionatity will auto-
matically be part of any ET++ application:
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= creating, saving, and opening of documents with a file dialog

= handling of several documents in different windows by one application

« scrolling of views throogh scroll-bars with auto-scrolling feature

» automatic layout management of visual components

+ mouse and keyboard event handling

« multi-undoable commands

« clipboard cut/copy/paste, drag and drop

» flicker-free drawing with double-buffering

» device-independent printing

« change propagation _

- program inspection by a programming environment based on run-time class infor-
mation

Any extension of ET++ must be aware of this funcrionality and avoid conflicts with

the sophisticated gencric behavior of the application framework, In order 0 develap

3D graphics applications with ET++ to use its interface components and cvent

handling mechanism, it 15 necessary 10 integrate 3D concepis into the application

framework. The closer they fit into the philosophy of the framework, the better they

will be usable by the programirier.

Programming Emrironmem” Appiication [ Applicauons
Application Framework Classes Graphical Building Blocks ETe+ Class
Application, Manager, EventHandler, ¥Object, Hierarchy
Document, Window, View, CempositeVukjecr, Clipper,
Command, Dialog, . Scroller, Slider, Button, ..
Basic Building Blocks
OkbJject, Class, Point, Rectangle, Collection, Text, Time, ..
{Graphics) Port (Operating) System|  Posabitiy
Erinter Port | Window Pari / Window System Layer

l A A P [N A W 4 N U

PN
PEX/PHIGS+ "

PostSeri t=u1
R | _ 3D Graphics D8 |
[ picT ] TN N

Inventar™ 30
' Graphics DB

[L/\_/\L Concrete
System
UNIX™ Sysiem V]~ Sys
—
| SunOS™ ]
e .
[ pEC vMs™ |

*planmned

Binding

Fig. 1. The system architecture of ET++.

4. Concepts of Integrating 2D and 3D Graphics

Support {or new media, such as 3D graphics, audio, and video, is added to workstation
hardware so quickly that monglithic software is obsolste within a short time. The
¢xperience with ET++ has shown that good object-oriented design can oblain
extensibility even for large and complex soltware systerns. The extensibility and
adaptability of ET++ is guaranieed by a ponability layer (Figure 1) which consists of
abstract classes defining method protocols. Beside code reuse, inheritance is used to
propagate commaon method protocels in order 1o ensure flexiblg object composition.
Concrete behaviour is realized in subclasses of the abstract classes. There exist
concrele classes for specialized operating systems, window systerns, and printers.
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The ET++ class hierarchy only operateg with the abstract classes of the portabitily
layer and is therefore completely independent of a specific system environmens.
Dynamic binding is used to couple an abstract inierface to a concrete reaiization, This
architecture makes it easy to create adaptor classes for other system resources such as
3D graphics. The two following possibilities to integrate 3D graphics in the object-
oriented application framework ET+H+ were investigated:

a) Creating a New Window for Each 3D View

Window systems such as the X11 Window Sysiem [Scheifler90f allow the

allocation of windows not caly for standard windows with their own borders, but

also for many separate graphical objects in the main window. In the X1 toolkit these
subwindows are called widgets and form a window hierarchy. By defining a widget
for each 3D view it is possible to render 3D graphics in a separate window without

disturbing the 213 past of the framework. There ase some disadvantages inbarent 10

such 31 interface obiects:

s 3D object views are restricted to be reclangular on the ZD display since most
window systems do not provide arbitranly shaped windows.

+ A 3D object cannot be coverad by a visual object which is not a window.

» A 3D object cannot intersect 3D objects in a different widget or window.

» In ET++, standard visual chjects are not windows, and define their own methods
for chipping, layout management, event handling, and cut/copy/paste. Prablems
arise in implementing these methods for visual objects being windows {(e.g. the
svent distribution mechanism of ET++ 5 disturbed by windows),

by Combining 2D and 3D Rendering in the Same Window
Rendening 2D and 3D graphics in the same window allows a flexible combination
of the two rendering modes. In this approach 3D objects can overlay or be overlaid
by 3D obiects and intersect other 3D objects.

The visible part of an ET++ application is hierarchically composed of visible objects
calicd VQbjects. In ET++, a VOhject is not a window. Therefore, the second approach
of combining 2D and 3D graphics in the same window is prefested. By deriving a new
visible 3D object class VIDOhject from VObject, the integration of 3D graphics in the
framework is seamless. The class V3D Ghject provides all necessacy functionality o
work with the 2D part of ET++, e.g. it has methnds for drawing, clipping and manipe-
1ating (resizing) the 2D content reclangle, In addition 1o the VOhject, it defines para-
meters required for 3D visualization, such as camera position, zooming, twist, light
source, cic. It also implements direct manipulaticn operations (or these parameters.
The abstract class V3D Object must be overwrillen 10 implement a concrele 3D view.

5. Implementation

For the reasons meniioned above, the second approach combining 2D and 3D graphics
in the same window was implemented on Silicon Graphics IRIS workstations using
the Graphics Library (GL) [SGIFI11. GL was chosen because i1 supporis tmmediate-
mode rendening. Immediaie-mode rendering displays graphical primitives directly intw
the framebuffer of the sercen, where retained-mode sendering collects graphical pri-
milives in a database (display list) and sedisplays the dawzbase every time it is chan-
ged, Other 3D graphics librarics like PHIGS+/PEX strongiy recommend the use of re-
tained mode rendering. Since most of the 2D graphics libraries support only imme-
diatc-mode rendering and the 2D rendering of ET++ 1s based on this drawing model,
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an immediate-mode drawing approach was chosen for the 3D graphics, too. This
allows ET++ t0 have {ull control over all drawings which is imporiant for animations
in double buffer mode. It is generally agreed that GL will become an open standard for
3D graphics under the name OpenGL™. OpenGL ts announced as a 3D extension for
the X Window System and Windows NT on many hardware platforms {Foley92).

In the current version of GL it is not allowed 1o mix GL. rendering with drawing
by an additional 2D graphics library in the same window. For this reason ali 2D
graphics methods of the ET++ application framework had to be implemented using
GL. All drawing in ET++ uses methods defined in the abstract class Fort. The
drawing methods of Port arc specialized for window sysiems in a subclass called
WindowPort, and for printing in a subciass PrinterFPort {see Figure 2), The methods of
WindowPort arc specialized for a specific window system in a subclass of Window-
Port. These virtual C++ methods are bound dynamically at run-time so that the actual
and speciaiized window or printer port instance can be assigned to a giobal port
variabie. There exists for example a X WindowPort for the X Window System. This
system architecurre of ET++ makes it possible o implement a new class GLFPors
inherited from WindowPor: which implements all drawing routines of ET++ with GL..
We use GL in mixed-mode, which means that the input cvent handling and window
managemeni is done by the X Window System whereas the content of the window is
rendered by GL. Beside standard drawing routines for line, rectangle, oval, polygon,
ele. there exist Font and Bitmap classes 1o handle characier and image drawing. In the
GLPort they are all implemented with routines from the GL graphics Yibrary,

For the 31 extension of ET++, the
class Port was extended by absiract 3D i
graphics methods which are imple- |
mented in concrete terms in the '
GLPorr. Al 3D rendering s based on |~

XWiadowiort |

“SunViewPort |

3D methods of the extended Port class.
This will in the future allow to imple-

ment other derivations of the extended ~ Fig. 2. The inheritance hierarchy of the
class Port, e.g. a PEXPort. class Port which functions as a graphics

portability tayer.

The class V3D Objecr is a subclass of the abstract class VQbjecr which defines the
protocols for drawing, automatic layout management, and ¢vent handling of all visual
objects in ET++. VIDQbject overwriles the method DrawAit of the class VObject. The
framework calls this method every time a VObyecr should draw isell. In this method,
V3DObjecr initialises the 3D drawing mode (e.g. aclivates the Z-buffer for hidden
surface removal), sets the clipping region 10 the content rectangie, and places the
camera and possibly defined light sources. Then 1t calls the method Draw, which
should be overwritter in a subclass of V3D0O#/ect 10 implement a specific graphical
appearance. The method Draw uses 3D methods of the class Port in order to define
3D graphics. V3DQhject provides direct manipulation inleraction by mouse move-
ments on the V3DObjecr for camera and light positioning. By double-clicking the
middle mouse button on a V3DObject, a cameraflight control window opens which
altows the inleractive maniputation of the camera and light positions in front, top, side
and perspective views in the coordinale system {Figure 3). The change propagation
mechanism will automatically update ali dependent views of the cameraflight control.
This functionality is implemented in V3D0bjeer and is inheriled by ail its subclasses.
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6. Sampie Apptications

To prove the flexibility of the V3D3bject approach several reusabie classcs and
applications were written using the new 3D features of ET++. The application shown
i Figure 3 visualizes a bone thay is sampled by a computer tomograph. The applica-
tion has various interaction components created with the 2D part of ET++. These
sliders, buttons, and menus interact with the 3D model. The view of the 3D data is
created by a derivation of the class V3DObject. The user ¢an rotate the bone by
pressing the middle mouse button and dragging the mouse. These movements arc
commands and are therefore undoabie. By double-clicking the 3D view, a separate
camergflight control window appears where the position of the camera and the light
can be changed interactivaly. Al these features are inherited from the class
V3DOhject. For this appiication the 3D view only provides the drawing of the poly-
gons. This is done by overwriting the method Draw of the super class V3DO#bject.
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Fig .3. An application that visualizes medical data and displays a camera/tight
editor n a separate window,

The flexibility of objects inherited from |
V3DObject is shown in Figure 4. Since a menu-
item in ET++ must be a V@bject and a
V3DObject 1s derivated from VQO&jeci, 11 is
nassible 10 integrate 3D graphics in menus,
Obviously it can also be pari of a dialog box,
Until now V3DQGject bave not been overlaid
by other visual objects. This ability is shown in
the extension of the application draw, which in
its 2D version 15 shipped with ET++ as a
sample application. In Figure 5, 213 and 3D
graphics objects are integrated in one view and . :
can be positioned, sized, and arranged in any ¥ig 4. ASD meny iem.
order. It is even possible to insert 312 objects in ext as shown m Figure 6. While
cdiuing, the V3DObject wilt flow with the texi, and cut/copy/pasie operations are

S




possible. The extent of the 3D object can be cxpanded or reduced within the text by
mouse controd while the text layout adopts automatically. The text, inctuding the 3D
graphics, can be saved 1o and loaded from hies.

Fig. 5. V3DObjects can overlay or be overlaid by other VObjects.
V3DQObjects can imersect other VIDQhjects.
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Al 3D graphics that are scen in Figures 3 10 O are nod images but active objects
thai can be manipulated in an interactive way with mouse events upon the V2DOEject
or in a separate camera/light control window,

7. Three-Dimensional User Interface Components

With the presented 3D extention of ET++ it 15 possible 1o realize 3D user inierface
components, The main problem of user interaction upon 3D data is the use of two
degrecs-of-freedom devices such as mouse or tablet 10 manipulate three degrees-of-
freedom data, The functions of mouse movements on 3D views are currently switched
with modifier keys and pressing one of the three mouse buttens. This is not an elegant
solution because of its different states and modi. Depending on the state of the
modifier keys and pressed mouse button it reeans seiecting, selecting subelement,
moving, streiching, rotaing, camera moving, 200ming, twisting, 2ic.

To address this problem, a 3D user interface component was realized that 1epre-
sents a joystick. Although the mouse movemens are siill iwo-dimensional, the visual
feedback gives a thiree-dimensional fegling of the interaction. The joystick is selected
by positioning the mouse cursor over the knob of the joystick and pressing the left
mouse button. Moving the mouse while holding the mouse button wili deflect the
joystick and will coniinuosly generale control values. Angle and orientation of the
slick relating to the neutral position are compuied and considered in the data manipu-
lation and feedback visualization. Releasing the mouse bulton causes the joystick to
move back (o its newtral position and to stop generating contral values.

The application e(gepid visua-
lizes the carth and shows the ef-
fect of varying gravitalion (Figure
7). The control values of joysiick
interaction are mapped to camera
position changes. Angle and dis-
tance of the joystick deflection de-
fermine spin orientaticn and
turning speed of the camera rola-
tion. We considered two display
possibilities of the joystick: the
view from top allows to adapt the
mouse movemenis to the deflec-
tion of the joystick (Figure 8, left
side}. But in its neusral position, it
is hardly recognized as a joystick.
A perspective view of the joysuck {|]
allows this recognition in the |
onginal state, but makes the reac-
tton of the joystick o mouse
meovemenis less intitive (Figure
g, right side}. Until now, no
decision was made which joystick
view is hetter suited 1o mieraction
and therefore, the user has the -
posibility o switch the view by  Fig. 7. Visualization of the geoid. A jovsuck
pressing the middle mouse button. changes the camera view point,
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fop view, neutral position perspective view, neutral position

top view, maniputated perspective view, manipulated

Fig. 8. Different views of the Joystick user interface component.

8. Conclusions and Future Work

The 3D graphics extension of the object-oriented application framework ET++ is
seamicssly integrated into the 2D graphics part of the user interface. ET++ gives the
opportunity to develop applications which combine intcractive 2D and 3D graphics in
a general way. Therefore, It can be used as an experimental development environment
for new user interface components in order to design intuitive 3D vispalization and
interaction clements, The presented 3D exiension of ET++ still lacks full 3D graphics
support, ¢.g until now there exist no compleie 3D modelling facilities and the problem
of printing 3D graphics has not yel been addressed. In spie of this, we are satisfied of
having proved the applicability of integrating 2D and 3D graphics seamlessly by
implementing all drawing methods on a 3D graphics library. The performance of
interactive 2D and 3D graphics is reasonably good on workstations such as the Silicon
Graphics Indigo. Moreover, we want io emphasize that this kind of 3D graphics exten-
sion is extremely open because it will always be possible to enhance its implemen-
tauon wathout mterfering with the funcuonaliy of the application framework. Re-
usable classes were developed which are based on the 3D exteasion of the ET++
graphics port.
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Future work includes vefining of the presented 3D graphics ciasses, improving e
modelling classes, and adding animation mechanisms in order 10 deline time dynamic
behavior. Currently we are developing classes for time synchronization, which handle
different media such as 2D and 3D graphics, camera, audic, and MIDI] objects with the
same methed prowcel. Media presentations arc regarded us hicrarchical compositions
of time objects that define scrial or parallel synchronization of the inserted media
objects.

9. Availability

The obieci-oriented application framework ET++ is public domain and distribuied by
anonymous fip ai iamsun,unibe.ch. The distribution includes ati C++ source code and
somc sample applications. The usual educaticnal and non-prafit resirictions apply.
The 3D graphics extension of ET++ which is discussed in this paper will be added 10
the public domain in a future ET++ release.

149, Acknowledgements

Thanks are due tc André Wemnand and Ench Gamima, which are ihe principat
designers and deveiopers of ET++. Peter Stucki and Martin Diirst gave helplul
comments on a deaft of this paper. Thanks go to Urs bleyer, who has developed an
carly non-object-oriented version of the geoid application [Mcyer89],

References

{Foley92} James Foley {chairman): 30 Graphics Standards Debate: PEX versus
OpenGL;, Proceedings of SIGGRAPH '92, int Compuier Graphics, 26, 2 {July
1992), ACM SIGGRAPH, New York, 1992, pp. 408-409,

[Gammaig) E. Gamma, A. Weinand, R. Marty: EM++ ~ An Object-Oriented Application
Framework in C++; in Proc. EUUG, pp. 159-174, Cascais, Portugal, 3.7
Okrober 1988,

FGammal2] E. Gamma: Objektorientierie Software-Lniwicklung am Beispiel vorn ET++;
Springer Yerlag, Berlin 1992.

iLinton89} Mark A. Linton, John M. Viissides, Paul R. Calder: Comonsing User [nterfaces
with fnterviews; in IEEE Computer Vol. 22(2):8-22, Februar 1984,

[Meyer89) Urs Mever: Modellbildung und Animation eines Geoids, in: M. Paul (Hrsg.),
Proceedings GI-19. Jzhrestagung {, Compulergestiizier Arbeitsplatz, pp. 452-
4359, Minchen, Okiober 1989, Spinger Verlag, Berlin 1989.

NeXT92] NeXT Computer Inc.: NeXTStep Developer's Library; Addison-Wesley,
Reading MA, 1992,

{Scheifler90)  R. Scheifler, J. Geitys: X Window Sysiem: the complete reference 10 X lib, X
pratocol, ICCCM, XLFD; 2nd Edition, Digitz) Equipmen Cotporaiion, 1990,

{Schmucker89 Kun }. Schmucker: Object Oriznied Programming for the Macintosh; Hayden,
Hashrouck Heights, New Jersey 1989,

[SGI91] Graphics Library Praogramming Guide, Stiicon Graphics Computer Systems,
Mountain View, California, 19G1.

Weinand8%) A, Weinand, BE. Gamma, R. Marty: Design and finplementation of ET++, a
Seamless Objeci—Oriented Application Framework, Struciuted Programming,
Vol. 10, No. 2, Junc 1989, pp. 63-87,

{Weinand®2j  André Weinand: Opjektoriantierte Architekiur fﬁr'grcaphische Benutzer-
oberfldchen — Realisierung der portablen Fensiersystiemschinitstells von ET++;
Springer Yerlag, Berlin 1992,





