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Abstract

In this paper a new metho d for the non-in vasive adaptation of
user interfaces is presented. The main idea is not to implement
the user interface toolkit as an API, but instead as an object
�le that rede�nes the functionalit y of the API of an already
existing toolkit in a generic way based on a so-called preloading
technique. Compared to common approaches, the presented
metho d allows us to evaluate protot ypical user interfaces with a
large number of real-world applications with very little e�ort. If
the protot ype proves useful, the new user interface is instan tly
available for all applications based on the rede�ned toolkit,
which signi�can tly simpli�es the spreading of new interaction
techniques and ideas. We illustrate the procedure by means of
adapting the user interface of a 3D graphical application based
on a widely used toolkit for use on handheld computers.

Keywords: user interfaces,UI protot yping, UI retar-
geting, UI evaluation, menu navigation

1 In tro duction

The commercial successof small mobile computers
like PDAs (personal digital assistants) or intelligent
mobile phones makes ubiquitous computing a real-
it y. The increasing availabilit y of wirelesscommuni-
cation environments in the form of WLAN, UMTS, or
BlueTooth networks will further increasethe perva-
sive character of mobile computers. The most signi�-
cant di�erence betweendesktopcomputersand hand-
held computers is not computing power, but screen
size. It is often impractical to simply apply the stan-
dard user interface for desktop computers to a small
screen. Therefore, a lot of research has been con-
ducted on how e�cien t user interfaces can be de-
signed for mobile computers. Nevertheless, no real
standard has been established for mobile computers
that could be compared to the widespread use of
the WIMP (windows, icons, menus, point-and-click
devices) paradigm on desktop computers. In fact,
a kind of \blindness" of the academia with respect
to this problem is asserted (Kuutti 1999). On the
other hand, a trend is establishedtowards specialized
user interfacesdepending on the speci�c applications
(Want & Borriello 2000).

Therefore, the design of a new kind of user inter-
faceswill remain an important task for the future of
mobile computing. Wethink that both device-speci�c
and application-speci�c interfaceswill keepon being
developed. On the other hand, much work and �nan-
cial resourcesare put into the development of existing
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software. Therefore, techniques to adapt the user in-
terfaces of existing programs to the requirements of
mobile computers are of high importance.

In this paper, we present a technique for substitut-
ing the user interface of already existing software in a
non-invasive way. This approach is basedon so-called
preloading and allows changing the behavior of a pro-
gram by a mere replacement of functionalit y during
the loading and dynamic linking phase. We think
that this method has several important bene�ts.

First, protot ypical implementations of user inter-
facescan be evaluated using any number of real-world
applications with constant implementation e�ort. It
is not necessaryto use simple example applications
developed speci�cally for this purpose. Following
the presented approach, testing various alternativ es
is simpli�ed and many problems are found sooner.
The resulting insights speed up the evolution of the
user interface.

Second,only one version of an application is nec-
essary for both desktop computers and handhelds.
Neither recompiling nor relinking the application is
required. A device-dependent user interface is merely
basedon changing the preloadedlibrary .

Furthermore, it is a well-known problem that in-
novative ideas for interaction techniques and user
interfaces only gradually �nd their way into mass-
market products. This can be easily veri�ed by ex-
amining somesoftware products that are available in
nearly every household,e.g.,word processorsand web
browsers. Using the approach of this paper, this could
change signi�cantly . If the protot ype proves useful,
the new user interface is readily available for the ap-
plications basedon the rede�ned toolkit. Hence, no
work is required to adapt every single application, so
the user interface designer may �nd his work used
and accepted by many users not before long. This
may even be true for commercial applications, since
our generic approach is applicable even if no source
code is available.

To take advantage of these bene�ts the API of a
widely used user interface toolkit needsto be rede-
�ned. In this paper, we focus on a protot ypical ex-
ample of a 3D graphics application.

The subsequent sections of this paper are orga-
nized as follows. Section 2 discussesprevious and
related work. Section 3 describes the concept of
preloading and thus lays the foundation for under-
standing the generic approach of Section 4. In Sec-
tion 5, the new methodology is demonstrated by an
exampleapplication. Section6 shows our experiences
with the evolution of the redesignedtoolkit. In this
section, the bene�ts of the described approach be-
come apparent for a typical application. Section 7
discussesthe general applicabilit y of our technique
and Section 8 concludesthe paper.



2 Previous W ork

Designof e�ectiv e user interfacesfor mobile devicesis
a very activeareaof research. CPU power, bandwidth
and screenreal estate are big issuesthat complicate
developments in this area.

The problems speci�c to menus on such devices
are discussedin (Han & Kwahk 1994), where the fo-
cuslies on the e�ciency reduction whenmenus are di-
rectly transposedfrom desktop applications to hand-
held devices. Other approaches point out methods
to restructure such menus in order to overcomespa-
tial restrictions: (Marsden & Jones2001) proposea
graph-structured interface and (Marsden et al. 2000)
investigatehow standard computer sciencealgorithms
for e�cien t data accesscan also be used to design
e�cien t user interfaces. However, these structural
changesare not feasiblein our casesincewe aim at a
structurally equivalent, fully automated transposition
of desktop menus onto mobile devices.

Additional referenceson how to implement userin-
terfacessuitable for portable devicescan be found in
(Grundy et al. 2002), which describes the procedure
and outcomeof making a groupwareapplication avail-
able for web-interface-capablemobile devices.A valu-
able sourceto pinpoint the di�erences betweendesk-
top and mobile computers is (Eisenstein et al. 2001).
They alsodemonstratehow to develop interfacessuit-
able for the latter.

User interaction concepts, however, are usually
tested by implementing applications devoid of real
functionalit y. In these tests, the e�ects of new tech-
niques on the interaction rate and accuracy achieved
by several people are determined. In (McGu�n &
Balakrishnan 2002)research on the e�ects of expand-
ing (i.e. growing in size) icons on selection perfor-
manceis presented. The tests were performed with a
mock toolbar containing iconswhich do not represent
real commandsand therefore are painted with easily
distinguishable patterns.

A similar approach with dummy interfacescan be
found in (Myers et al. 2002), where an experiment
was conducted to comparelaser pointers to other in-
put devices,such asa standard mouse. This test only
madeuseof a window displaying two regionsof vary-
ing size and distance to compare performance and
error rate. Also (Accot & Zhai 2002) present a user
study with a minimalist interface of few geometric
objects without the context of a window system.

Thesetest casesareconstructed from well-founded
research, but stop short of experiments with exist-
ing user interfaceswhich in our opinion can bring up
further, maybe application-speci�c, shortcomings of
experimental approaches.

A facilit y that is comparableto our approach, but
less powerful, can be found in Java in the form of
switchable Look & Feels (SUN 2002). Thesewere in-
tro ducedasa meansfor redesigningall of the UI com-
ponents Java Swing providesaswell asmimicking the
Look & Feel of the platform a certain Java program
runs on. The functionalit y and engineof customized
components remain untouched, however. The coun-
terpart speci�cally designedfor mobile devices,Java
2 Micro Edition, does not contain comparable GUI
functionalit y and therefore is not of interest in this
context.

Like Java Swing, the Qt toolkit (Trolltech 2002)
also supports switching between the Look & Feels of
the supported platforms (plus custom ones). A ben-
e�t of Qt/Em bedded for mobile devicesis the avail-
abilit y of the whole functionalit y.

Our approach for delivering applications to hand-
held devicesis basedon (Stegmaieret al. 2002)and is
similar to (Citrin et al. 1997),making useof a remote
server for CPU-intensive calculations and using the

mobile deviceonly to display results and gather user
input.

3 Preloading Libraries

If we want to replacea user interface, we usually need
to change the sourcecode of the application. How-
ever, we aim at a more genericapproach which does
not require accessto the sourcesof the target appli-
cation.

A toolkit's functionalit y can be provided by means
of a static or a shared library . When provided as a
static library , the toolkit's functionalit y is included
in the executableof the application. This approach,
therefore, has the advantage that the toolkit func-
tionalit y is available even when the application is run
on a host that is missing the toolkit. On the other
hand, any application that is linked statically against
a library will not bene�t from library updates un-
lessbeing relinked. In contrast, applications that are
linked dynamically at runtime will bene�t from up-
dates automatically. Why is this? When linking dy-
namically, only referencesto libraries areplacedin the
executable. The library code itself then is provided
at runtime by mapping the object �le into the appli-
cation's addressspace. Obviously, this approach is
bene�cial not only when replacing libraries, but also
is much more memory e�cien t, since a single copy
of the library is su�cien t in main memory as well as
secondarystorage. For this reason, runtime linking
is the dominating approach to make the functionalit y
of a library available to an application.

As has been said, when using shared libraries,
function referencesare resolved at runtime. There-
fore, it is not astonishing that most systemsthat pro-
vide this mechanism also provide a second mecha-
nism for controlling the resolving processretrospec-
tiv ely. This secondmechanism is sometimescalled
preloading. With preloading it is possibleto rede�ne
library functions neededby an application in a sepa-
rate object �le and to force the application|usually
by setting an environment variable to the object �le's
path|to use these functions instead of the original
ones. The original functionalit y is not lost during
this process,so the rede�ned functions do not have
to reimplement the complete set of featuresprovided
by the original.

All this can be done without having to recompile
or even relink the application. Therefore, preloading
is the ideal choice for the intended automatic adap-
tation of user interfaces. In addition, the preloading
approach has the advantage that the adaptation will
still work, even when the toolkit is updated, and does
not require sourcecode availabilit y. Both the appli-
cation and the toolkit can be treated as black boxes.
Theseare important advantagescomparedto a solu-
tion that modi�es the toolkit library directly.

A similar technique to the above UNIX-based ap-
proach for replacing library methods is available for
Windows. A description of this so-calledDLL hooking
canbe found in (Hunt & Brubacher 1999). Hence,the
following processcan be usedon Windows platforms
as well.

4 Generic User In terface Con version

In this section, an overview of our genericconversion
of user interfaces is presented. To avoid an reim-
plementation of existing applications a method for
non-invasive conversion is used. The aforementioned
preloading technique allows altering important parts
of the existing toolkit methods and makesthe newde-
sign available to every application basedon the mod-
i�ed toolkit.



To build a new user interface designand behavior
basedon an existing toolkit the programming inter-
faces must be the same. This means that the new
user interface is forced to get by with and return the
samekind of information as the original toolkit. The
following aspects have to be covered by the preload
library: analyzing the structure of the original user
interface; storing this structure; and replacing some
or all parts of the original user interface.

Typically, a toolkit provides functions to de�ne
the structure and contents of the user interface, e.g.,
menus, dialogs, window elements, and callbacks for
mouseevents. Thesefunctions have to be replacedby
the preload library . In this way, the modi�ed toolkit
can be made aware of the contents of the interface.
Which functions are preloadeddependson the actual
implementation. Often only some parts of the user
interface are to be changedand accordingly only the
relevant functions have to be replaced. Other parts of
the original toolkit may just be reusedbecausethey
are not lost as a result of the preloading approach.

This analyzing step is tightly coupledwith the sec-
ond step: storing the information for later usage. A
separatedata structure has to be establishedto hold
the information for rebuilding the modi�ed parts of
the user interface.

Finally, this data structure is usedto replaceparts
of the original user interface by modi�ed versions.
Here, the toolkit functions that provide the actual
display and event handling may be preloaded. Once
again, only modi�ed parts of the user interface could
be preloadedand other parts could the reused.

Wewould like to point out that preloadingrequires
neither the source code of the application nor the
toolkit libraries and that they have not to be altered
in any way. This makes preloading a very powerful
and generictool. Moreover, the extent of the preload
library largely depends on the extent of the desired
modi�cations: developing a preload library can be
very easy if the user interface shall be changed only
in few parts; on the other hand, a completeredesignof
a complexuser interfacecan be very time-consuming.

5 Application to Op enGL and GLUT

To illustrate the application of the above genericpro-
cedure to a real-world problem, an example is de-
scribed in detail in this section. This examplehelpsto
understand the necessaryimplementation steps out-
lined above and cananalogouslybe applied to convert
other user interfaces. The example shows the adap-
tation of a particle animation system(Monnier 1998)
from a desktop environment to a handheld computer
and is valid for all applications basedon OpenGL and
GLUT. Figure 1 shows the �nal result running on an
Compaq iPAQ.

OpenGL (Neider et al. 1993) is|together with
DirectX|one of the two dominating programming in-
terfaces for graphics hardware and very widely used
by the visualization and computer graphics commu-
nit y. OpenGL usually is provided in three libraries:
the core routines for drawing points, lines, setting
colors, etc., the utilit y routines (GLU) to simplify
common tasks that are complicated using the core
routines, and a window system independent toolkit
(GLUT). GLUT's (Kilgard 1996) main functionalit y
is the creation of menus of arbitrary depth. It is quite
limited, but since it is available on all OpenGL in-
stallations, it has been used to implement the user
interface of countless applications.

By using recent developments in remote visualiza-
tion (Stegmaier et al. 2002), it is now possibleto in-
teract with and display the output of OpenGL-based
visualization applications on handheld devices. In

Figure 1: Adapted UI running on an iPAQ

this way, even sophisticated 3D graphics applications
becomefeasibleon mobile computers without requir-
ing any modi�cation of the applications. Although
the performance issue is solved, the problem of an
e�cien t user interface remains. Since GLUT menus
are very space-ine�cient (see Figure 2), interaction
with GLUT-based applications is quite inconvenient.
In this section, a redesignof the menus provided by
GLUT is described. We focuson two objectives: con-
stant spacerequirements for the display of the menu
and a reduction of the number of required user input
actions.

5.1 Structure of the Mo di�ed Men u

For our application we had to �nd a navigable menu
element suitable for pen-basedmobile devicesthat is
not asspace-consumingasGLUT context menus and
which does not require two or more mousebuttons.
Since we did not want to reimplement existing ap-
plications, we applied the method for the automatic
conversion of the existing menu interface from the
previous section to design a selection element suit-
able for PDAs. Existing menu handler methods can
be changed easily and the new design can be made
available to every application basedon the modi�ed
toolkit. This permits comprehensive user studies of
many menu variations on real applications. A �nal
evolution o�spring can be seen in Figure 3. Com-
pared to the conventional menu of GLUT the alter-
native user interface consists of a transparent menu
consumingonly a constant amount of space.It canbe
resizedand moved by dragging the widget's corners.
The protot ype is navigable via two approaches.

The �rst is to start menu navigation by pressing
inside the menu rectangle and holding the pen down.
By moving the pen or mouseup and down, the user
can scroll through the entries on this level. But in-
steadof using a planar navigation wherethe selection
stops at the last entry at this level, a cylindrical type
navigation similar to (Dachselt & Ebert 2001) is em-
ployed. This means when the user reaches the last
entry , but goes on moving down, the �rst entry will
be reached, and vice versa. This might be a bit con-



Figure 2: Original GLUT menu Figure 3: Example of alternativ e user interface

fusing at the beginning but oncethe user is aware of
this feature selectiontimes are very likely to decrease.
A small marker on the right boundary indicates if the
current entry leadsto submenus. The user can reach
a submenu by moving the pen (in pressedstate) to
the right. The user can return to the upper level by
moving to the left.

The secondnavigation method is suppliedby small
colored shortcut icons at the upper boundary of the
menu button. By pressingtheseshortcuts in the right
order a unique color code can be composedidentify-
ing each menu entry . The color code of the current
entry is shown at the bottom boundary of the button,
which allows power usersto learn and memorizeit for
future navigation. The position of an icon in the bot-
tom row corresponds to the menu level. Pointing at
the according icon in the lower row allows the user
to reach higher hierarchy levels of the current menu
branch directly.

To obtain such an extensive rearrangement, the
user interface programmer needsto deconstruct the
original toolkit and expand the handling routines by
the new features. The following two subsectionswill
explain this procedure in more detail.

5.2 Programming GLUT Men us

GLUT supports ordinary cascading pop-up menus.
The functionalit y is basic but suitable both for con-
trolling our application as well as for understanding
the preloading approach.

glutCreateMenu initializes a new menu and reg-
isters a callback function. Callbacks are a com-
mon programming technique, especially in GLUT.
Other APIs use mechanisms like signals and slots
(Trolltech 2002). In a way, these are comparable
approaches and, therefore, implementation is rather
similar. glutAddMenuEntry or glutAddSubMenuare
then usedto add menu entries or further submenus to
the createdmenu structure. A unique identi�er must
be provided which allows the callback function to dif-
ferentiate the menu items selectedby the user and
to perform the desired reaction. By establishing the
described construct the programmer doesnot have to
take care about low level event handling, sincethis is
accomplishedautomatically by GLUT.

5.3 Rede�ning the Toolkit

The information about the structure of the origi-
nal toolkit has to be stored while the menu is con-
structed by preloading the appropriate functions. In
the case of GLUT these are the above mentioned

functions glutCreateMenu , glutAddMenuEntry , and
glutAddSubMenu. For our purposewe have to de�ne
structures of our own and we have to reimplement the
GLUT menu organization in parts. Since our appli-
cation is displayed on a PDA where only one mouse
button|the pen|is available, the menu interactions
interfere with the interactions controlled by the left
mousebutton. This demandspreloading of all mouse
functions, i.e., the mousebutton and mousemotion
callbacks of GLUT. Some mouse events have to be
intercepted depending on whether the mouseor pen
is pressedor releasedover or besidethe menu widget.

The rendering routine of the menu widget is sim-
plest attached to glutSwapBuffers which is normally
called after all drawing actions describing the main
scenewere performed. Transformation matrices and
attributes that are altered have to be saved before
and restoredafter the menu is drawn becausegraphic
libraries like OpenGL are implemented asa state ma-
chine.

If needed, initialization can be appended to the
glutInit call. The remaining task is the implemen-
tation of the new behavior and design which is alle-
viated by the fact that existing toolkit functionalit y
can be reused.

6 Bene�ts on Ev olution

We started implementating our user interface with
a roughly sketched protot ype carrying out the pro-
cedure described above. The user interface provides
fundamental menu navigation and allows the user to
move and resize the menu widget. This protot ype
and somemilestonesof the subsequent evolution are
depicted in Figure 4.

The �rst improvements originated from the au-
thors' ideas. Theseimprovements included the useof
hue and saturation to clarify the current position in
the menu hierarchy. However, the remaining enhance-
ments resulted from accompanying user studies with
a wide variety of applications. It is this variety that
revealedmuch more design 
a ws than using the tra-
ditional approach that employs only a single|ma ybe
even arti�cial|application. The following examples
demonstrate this issue.

The protot ype as it was presented to the users
during the �rst study did not provide any form of
feedback when selecting a menu entry . Taking the
above-mentioned particle animation systemas an ex-
ample, it is obvious that changing the particles' color
provides instant feedback. In this case,an additional
feedback mechanism for the menu is not required. On
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Figure 4: Evolution of our UI: a) initial protot ype,
b) hue/saturation represent entry position/hierarchy
level, c) colored/gray framed button in releasedand
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con�rm selection, e) bitmap fonts improve readabil-
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lines improve clearness,i) resize/move widgets �tted,
small triangle denotessubmenu

the other hand, switching between the various dif-
ferential equation solvers will not be apparent unless
explicitly acknowledgedby the menu.

Another problem was discovered due to the fact
that the menu was evaluated using applications with
di�eren t initial window sizes.Originially , only vector
fonts were usedto draw the entry labels. The reason
for this is that it is improbable that a single menu
size is ideally suited for all window sizes. Therefore,
setting the initial menu size to a constant percent-
ageof the application window width becamepossible
without getting a presentation of unpleasant propor-
tions. However, oneuserselectedan application with
extremely small window dimensions for evaluation,
which led to correct but|due to aliasing artefacts|
unreadablefonts. The solution is to usebitmap fonts
as soon as the menu height falls below a prede�ned
threshold.

Hence,the presented approach allows more exten-
sive evaluations of protot ypical user interfaces while
still reducing development cycles signi�cantly . This
is further promoted by the fact that every user can|
and will|use the kind of application heusually works
with for evaluation. Therefore, a broad range of ap-
plications is included in the study in a natural way.

7 Results and Limitations

The proposedmethod is not suitable for making sig-
ni�can t changesin the interaction style (e.g. an ap-
plication cannot be retro�t with a Multiple Docu-
ment Interface becausethe program lacks the inter-
nal handling structures). Its strengths lie in replac-
ing only parts and reusingthe rest of the original GUI
toolkit library . In our exampleweneedapproximately
the samenumber of code lines as the original GLUT
menu section,which is about 1000lines long. Despite
providing additional functionalit y, we get by with the
sameamount of codeby recycling function calls of the
preloadedAPI where possible. In particular, further
applications can bene�t from the new functionalit y
without additional e�ort.

In order to adopt this technique the programmer
at least needsa basic knowledgeof the GUI API and
the interfacesof the functions to be preloaded. Even
though it is possible to alter closed source GUI li-
braries (not to be confusedwith closedsourceappli-
cations), it might be extremely di�cult since major
changesin a complex GUI require an understanding
of the internal API structure. Sophisticated GUI li-
braries may also increasethe overhead for applying
preloading.

8 Conclusions

In this paper wehavepresented a way for non-invasive
adaptation of user interfaces. The proposedmethod
canbeuseful in di�eren t ways, be it for testing newin-
terface conceptson existing software, be it for adapt-
ing software for optimal remote use, or be it for up-
dating outdated interfaces.

Sincethe changeof the userinterface is completely
decoupledfrom the actual application and the toolkit
(black box approach), comprehensive userstudiesare
possible even on production software. Applications
can be retargeted on execution for speci�c devices,
e.g., making an application suitable for desktop and
handheldcomputersalike. Another application of the
proposedmethod could be the adaptation of old Win-
dows programs in such a way that all the obsolete
MFC calls are mapped to the current version of the
MFC, o�ering old applications, e.g.the bene�ts of the
updated �le dialogs. The visual consistencyof such
old applications with the rest of the desktop can also
be attained.

The approach described in this paper has only
been applied to a simple user interface, but can
equally be transferred to more complex toolkits. The
only requirement is to identify the methods invoked
for the construction of the interface in order to re-
place these with improved/adapted versions. The
presented technique works on common UNIX plat-
forms (preloading) as well as under Windows (DLL
hooking).
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