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Abstract. As human-computer interaction extends beyond the destktemeed emerges
for new input devices and interaction techniques. Howeawveamy novel interaction tech-
nigues must be prototyped in a proof-of-concept form, amdscéfer from lowexpressive-
ness their ability to convey the intended meaning is limited. Wesent a new conceptual
framework based oselexelghat allows application designers to match the expreseagn
of the user interface to that of the input device. This alltesuser interface to provide a
fluid user experience despite the limitations of the inpwiake A user study validates the
framework, shows that selexel-based pointing tasks candmeled using Fitts’ Law, and
provides insights for structuring evaluations of prot@ypput devices.

1 Introduction

With the era of ubiquitous computing emerging, computingpteces are moving off the
desktop and extending into our private and public spaces.r€search question is how we
will physically interact with these computing systems: Mlilere be a standard equivalent
of mouse and keyboard in the post-desktop world? To ansvieqtiestion, researchers
have been developing new applications, devices, and otienatechniques for situated
displays [OPCO04]. New input device technologies, such asehntegrated with mobile
phones, can suffer from low expressiveness. Currently, rgelacking the conceptual
frameworks to accommodate input devices with low expressss.

In this paper, we present a conceptual framework that glehdracterizes thexpressive-
nessof relative pointing devices. With this definition, desigaevill be able to structure
user interfaces to match the expressiveness of the inpitedby limiting the selection
resolution of the display, where the selection resolut®imdependent from the display
resolution. To this end, we will introduce the notionsaflexelghat are (to put it simply)
“pixels in selection space.”

2 Motivation

The inspiration behind this work is tH@weeptechnique [BRSBO05] that uses the camera
on a mobile phone to detect motion of the handset in sevemadmiions. This technique
enables many direct manipulation interactions with langelip displays, including cursor
control. Currently, the technique suffers from low sampliates and resolution because
of the limitations of current mobile processors and camandth future improvements in
mobile processing capabilities, the resolution and sargplte will improve. However, we
want to develop applications that can be used today thipsiilide a fluid user experience.
(Note that this problem also occurs when someone uses sthahelsktop input devices with

a very high resolution display.)

3 Background

The expressiveness of input devices was first defined by Gatd[€EMR91] as an evalua-
tion criterion capturing how well the input conveys the imded meaning. Without explicit



guards, a mismatch of expressiveness can cause problehestisdr interface. These prob-
lems were formally described by Card et al. using parameffdrgput devices. Thén pa-
rameter represents the input domain, which describes tsiqath properties of the world.
The Out parameter represents the output domain set of the inputelewhich describes
the values that an input device can produce.
“In the design of input devices, an expressiveness problésesawhen the

number of elements in th@ut set does not match the number of elements in the

In set to which it is connected. If the projection of tBeit set includes elements

that are not in thdn set, the user can specify illegal values; and if theset

includes values that are not in the projection, the userazspecify legal values.”

[CMR91]
For an example of an expressiveness problem, consider l panel overlaying a display
where the resolution of the touch panel (where transdudeesdorm theOut set) is much
less than the resolution of the display (where pixels foredthdomain). If a user wanted
to select an individual pixel, he would not be able to exptkasrequest exactly.
The expressiveness problem is closely related to the probfelevice precision. Pointing
precision characterizes how small of a target can be coemtiniselected with the device.
Quantifying the pointing precision of absolute input degdn terms of screen area is
relatively straightforward. However, quantifying the pisdon of relative pointing devices
is more difficult. Card et al. [CMR91] quantify precision afput devices in terms of bits
using insights from subjective ratings of the difficulty afipting tasks using the mouse
in text editing applications, where the threshold betwessyeand hard tasks lies between
selecting a word and selecting a character; selecting a isdtte hardest easy taskand
selecting a character is tleasiest hard taskThus device precision is defined by Card et
al. as follows:

“We characterize the precision of a device as lfbethat requires the same

amount of time as the easiest hard task of the mouse.” [CMR91]
Here, ID is the Fitts’ law index of difficulty of the pointing task measd in bits. The
problem with this definition is that it requires empiricastiag to determine the precision
of the device, limiting its utility as a design tool. In thiager, we propose a new definition
to quantify the precision of relative input devices basedievice parameters, and show
how this definition can be used to predict changes in pretisithout empirical testing.

4 The Selexel Approach

Our approach is to match the selection resolution of theingenface to the expressiveness
of the input device. This is accomplished by dividing theeser into atomic selectable
elements, oselexelswith a resolution that is independent of the pixel resolutof the
screen (see Fig. 1). By separating selexels from pixels djeesethe range of motion in the
interface to support a smooth and fluid user experience ®irput device in use, while
preserving the screen resolution and information capaditize display.

The traditional conceptual framework for analyzing paigttasks separates the task into
two spaces: motor space and display (or visual) space. Fhiflected by the frequent use
of the control—display (C-D) ratio to describe the relasioip between motion distance in
the physical world (meters) and motion distance on the sdjggels). Our new conceptual
framework adds selection space as a level of indirectiowdst motor space and display
space. Using this framework, a traditional desktop int&xfés a special case where the
selection space is identical to the display space. We natesihce the motor space is
mapped to selection space and not display space, the coot€ptD ratio is replaced
by the notions of Control-Selection (C-S) ratio for the fielaship between motor and
selection space, and Selection-Display (S-D) ratio forrétationship between selection
and display space.

Expressiveness is easily confused with the notion of desgselution. Resolution of an
input device, usually measured in dpi (dots per inch), diessrprecision in motor space;
how small of a movement, in motor space, can be distinguiblga@tie transducer. Expres-
siveness, characterized by selexels (unitless), descpileeision in selection space; how
many distinct positions, in selection space, can one egpms‘reach”, using this input
device in a given timeframe. The length of this timeframd lal discussed below.
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Fig. 1. A sample selexels screen division over a typical desktarfate. It indicates that existing desktop
interfaces may need to be modified to disambiguate selesfithriow precision pointing devices.

5 Related Work

There are many approaches to improving selection perfarenanpointing tasks that in-
crease the size of the cursor. Theea cursorhas an active selection region that spans a
screen area, rather than a single point. Kabbash and Bux&®®5] show that selection of
a point-sized target can be accurately modeled using Faitsby settingi?” to the cursor
width, reducing the index of difficulty for small targets. Wever, area cursors can over-
lap multiple targets, making user selection ambiguous.dé&oet al. [WWBH97] propose
an improved area cursor with an additional hot spot at itterein disambiguate between
multiple closely-spaced targets within the cursor areds Thrsor performs better than the
standard point cursor when targets are far apart, and @#lytto point cursors when tar-
gets are closer together. The Bubble cursor [GB05] dyndiyioesizes the active cursor
region to always encompass exactly one selectable obpcisthearest to the center posi-
tion of the cursor. This effectively changes the width oftduget to the size of the Voronoi
region surrounding the target, maximizing its size in maoaice. This technique is supe-
rior to previous techniques in that it also demonstratesfisnover the point cursor for
densely packed targets. However, for each of these sofytbomsor motion is governed by
pixels, making them unsuitable for tasks for input devicéh Yow expressiveness.

A cursor in the selexel domain is similar to these technidnébat it has an active region
that spans a screen area, rather than a single pixel. Hoveegarsor highlighting a single
selexel is actually a point cursor in selection space, dveagh the active region may span
a screen region in display space. Thus, the techniques gedpmbove should result in the
same performance improvements if applied to targets ircsetespace, but we leave the
experimental validation of this theory to future work.

Several selection techniques have been shown to increagmggerformance by dynam-
ically adjusting the control-display (C-D) ratio [BGBL@®CHEOQ5], sometimes referred
to as cursor acceleration. Pointing performance can beoveprby increasing the control—
display ratio while approaching the target (and therebyaising the distance traveled
in motor space), or by decreasing the control-display ratide inside the target (and
thereby increasing the target size in motor space). In tep we focus on a static C-S
ratio. However, these adaptive techniques should stilgpiGable in the selexels domain



by replacing the C-D ratio with the C-S ratio, but again wevdethe validation of this
theory to future work.

6 The Selexels Framework

A selexel cursor has the same ambiguity problem as the arsaramhen covering multiple
targets, as demonstrated in Fig. 1. There are several sptiogliminate this ambiguity:

— The input device could be restricted to one that supportsrtimenum selexel reso-
lution required for the interface to have no cursor overlamaltiple targets. In this
way, the selexels framework allows us to define device caitfer interacting with
existing applications. However, most desktop applicatiare not compatible with a
grid selection scheme, requiring the standard “one sefebixel” scenario.

— Alternatively, if a situation requires the use of a low psegin pointing device (e.g.,
in the aforementioned case of large public display intévastusing the Sweep tech-
nigue), the layout of the interface could be altered to bepatible with the selexel
resolution of the input device. This can be accomplishedutiin manual rearrange-
ment, or through automatic layout of user interfaces as W(A]. In this way, the
selexels framework allows us to define graphical layout tairgs for applications
designed for low-expressiveness pointing technique® Fsigure Work for more dis-
cussion on this topic.)

— Lastly, drawing inspiration from the Bubble Cursor [GBO#je size of the selexel
in pixels (the S-D ratio) can be dynamically varied to alwagsatain one and only
one selectable target, essentially mapping each selexisétooronoi regions of the
targets on the display, and thereby minimizing the numbesete#fxels in an interface.
A simplified 1D version of this approach is embodied by thébtabinterface, where
a user can cycle the selection focus through the select@fes in an interface, often
by pressing the tab key. The problem with this approach igthigaresulting C-D ratio
(a combination of C-S and S-D ratios) might be unpredictédie@isers, preventing
them from accurately planning their movements. In this pape focus on the case of
a constant S-D ratio.

6.1 Expressiveness of Relative Pointing Devices

We characterize the expressiveness of a relative pointingcel using the precision
of the input technique based on models of human motor pedoce including Fitts’
law [Fit54, Mac92], and the linear speed-accuracy tradg@#H"79]. The reasoning be-
hind our definition can be best explained using the concéptamework presented by
Meyer et al. [MSK"90], which was used to create the stochastic optimized subment
model. This model attempts to reconcile the strengths ¢§’fiaw (better suited to model
spatially constrained tasks, such as cursor positionimgusmouse), and the linear speed-
accuracy tradeoff [SZH79] (better suited to model temporally constrained tasksh sis
cursor positioning using a joystick to control cursor vélgcinto a unified model capable
of expressing a wider range of movement tasks. The stochastimized submovement
model is based on the assumption that the subject attempisttee center of the target
region with their first submovement (see Fig. 2). If the priynsubmovement successfully
acquires the target, then the action terminates. The madigi@ates noise in the motor
system to affect the primary submovement, causing a slighaton from the intended
movement and the actual result. If a miss occurs, then a dacprcorrective submove-
ment will be used, and so on. Thus for a pointing task to bel\ali this model, the input
device must theoretically allow a subject to reach a tangehé primary submovement,
even though noise in the motor system may require additismamovements before the
target is successfully acquired.

We define theexpressivenessf a relative pointing device as the number of
distinct positions a user can express in a single submoviemen

The duration of a submovement is defined by the basic humatioedime. Using Card,
Moran, and Newell's human processor model [CNM83], thedesaction time is approx-
imated byTs., = 7, + 7 + Tm, Or one cycle for each of the perceptual, cognitive, and
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Fig. 2. The optimized dual-submovement model is a variation of fitemzed submovement model with
two submovements. Hypothetical primary submovements anked with a solid line, secondary sub-
movements with a dashed line. (based on Figure 6.8 from [VEK.)

motor processors. This equation approximates the timeéhouser to observe the motion
progressf,), decide on a correction), and perform the correctior(,). For the average
user (“middleman” in [CNMB83]), this sum would result in anpapximate submovement
duration of 240ms.

We define the expressiveness of a relative input device ins@f the motion throughput
of the transducerlp in dots per sec.), and the psychological limits of humanrimiztion
processing in terms of the submovement duratibn, in sec.). Motion throughput de-
scribes the rate at which motion information can be proakbgehe input device. Industry
typically reports the device specifications in terms of deviesolution V4., in dots per
inch) and maximum supported rate of motien,:i.. in inches per sec.). We can use these
parameters to define motion throughput as follows:

D := Ngev * Umotion

Alternatively, the motion throughput can be defined usirgtthnsducer resolutiotVqs.s

in dots per sample) and sampling frequenfy.¢,.. in samples per sec.), assuming a single
transducer per axis of motion. To simplify the definition, fivet define the notion of sample
reach Reach sampie In dots) as the maximum selexel distance that can be reaclzesingle

sample.
Reachsamplc = .5 % (Ntmns - 1)

The scaling factor (.5) is necessary because the transcemaution is split into positive
and negative values along the motion axis. One sample isveito account for the zero
value which has no motion. If positive and negative measergmare separated into mul-
tiple transducers, this equation may require slight adjests. The motion throughput can
then be alternatively formulated as,

Umotion = fsamplc * ReaChsamplc /Ndcv
D = Ndc'u * fsample * Rea/Chsample /Ndev
D = fsample * Rea/Chsample .

We further define the submovement readedch ., in dots) as the maximum selexel
distance that can be reached during a single submovemgp).(



Reachsup := D * Toup

We note thatReachs,, is measured in dots, which is a unitless quantity relatingheo
number of distinct values that can be expressed during acdment.

Expressiveness can then be defined as the set of pd@hthdt a user can express in a
single submovement. For a one-dimensional input deviegjmimg a C—S gain function of
S(t) (i.e. cursor acceleration), we can define expressivendsti@ass:

E := {S(x) :where0 < = < Reachs., andz € Z},

whereZ is the set of all integers. We note that in the case of no C—$@di) = ¢), this
reduces to the set of integers betw&eand Reach ., and the cardinality of the expres-
siveness sellf|) is Reachsus + 1 .

An input device is said to have higher expressiveness whegdldinality of the expres-
siveness set|[E|) is greater than that of another device. We also note thatgihg the
C-S gain function fromS(¢) = ¢ cannot increase the cardinality of the expressiveness
set; instead, it may create unreachable gaps or even deaegpeessiveness if multiple
transducer values map to the same cursor displacementeixesspace. This theoretical
observation fits with the findings of Jellinek et al. [JC90]omxplored second order cur-
sor acceleration using several different C-D ratios on asapbut found no performance
improvements.

6.2 Examples

A case study of specific input devices should serve to ilidstthe theoretical definition
with practical examples. They show how expressiveness earséd as a design metric to
gauge the suitability of a relative input device for a paiée interaction scenario.

Opto-Mechanical Mouse Figure 3 shows the inner workings of an optical-
mechanical mouse. The resolution (dpi) of the mouse is uhéted by the ratios of the
physical dimensions of the ball, the grips, and the disce Tirrent industry standard
for device resolution{,.,) of these mice ranges from 400 to 800 dpi. For this example,
assume that the pulse accumulator is capable of storings&bihformation for each di-
mension of motion, resulting in a transducer resolutidh,{.s) of 256 possible outputs
per sample.
For traditional PS/2 mice, common in the 1990s, the defauit@ing rate under Windows
95 /98 was 40 Hz. Thus, their throughput can be calculatedlkmsvs:
D = (Nt’runs - 1) * .0 % fsamplc
= (256 — 1) *.5 x40
= 5120

Then theirReach s, follows as:

Reachsupy = D * Ty
= 5100 * .240
= 1224

Thus a user would start to have problems with expressivensisg this device with a
screen resolution af225 or higher in any dimension.

Optical Mouse As another example, consider the Agilent Technologies ARGS
optical mouse sensor [AgiO4]. It supports a resolution df dfi, and rates of motion up to
12 inches per second. Thus, its throughput can be calcudatéallows:
D = Nde'v * Umotion
= 400 * 12
= 4800



Fig. 3. An optical-mechanical mouse: (1) Motion across the desksiofface moves the ball. (2) Grips
transfer the ball movement to turn (3) optical encoding sligk) Infrared LEDs shine through the holes.
(5) Infrared sensors accumulates light pulses and corthats into X, Y motion. (Source: Wikipedia)

Then itsReach ., follows as:

Reachgupy = D * Toup
= 4800 * .240
= 1152

Thus a user would start to have problems with expressivensisg this device with a
screen resolution higher thari52 in any dimension. Note that if the resolution of the
sensor was bumped to 800 dpi, then Reuch,,, also doubles supporting resolutions
much higher than 2000 pixels in either dimension.

Analog Joystick Consider a USB analog joystick (shown in Figure 4) that hassa-
lution N¢.qns Of 256 positions on each axis after digital conversion. Tystick measures
absolute tilt in therX, rY) dimensions, but is used as a relative positioning deviceay-
ping tilt to control the velocity of cursor movement. Pamiting a cursor with velocity
control is a temporally constrained task. Modern operaiysiems support sampling such
USB devices at a rate of 125 Hz. Thus the rate of mofibcan be expressed as follows:

D = (Ntrans — 1) .5 x fs
= (256 — 1) %.5% 125
= 15937.5

Then the resultinReach 5., follows as:

Reachgsyy = D x Ty
= 15937.5 % .240
= 3825

This indicates that this particular joystick has a very higipressiveness, notably higher
than the mice examined above. It should be noted that expeesss does not necessarily
indicate that a device can be used with a higher felicity [GNIR To draw conclusions
about the pointing speed (or device bandwidth), it is seéltessary to compare the devices
using an ISO 9241-9 [ISO00] standard empirical evaluatitmwever, the expressiveness
reveals which pointing tasks are possible for the inputaiein a single submovement.



Fig. 4. An analog joystick measures absolute tilt of the stick inrtierY dimensions.

Sweep Sweep [BRSBO05] is an experimental input technique that tleegamera on a

mobile phone to detect relative motion of the phone. Thedat#on is intended to support

novel interactive applications for large public displayke current implementation of this

technique detects relative motion in th&, Y") dimensions with a sample frequencf X

of 12.5 Hz and a transducer resolutiaNf.»s) capable of detecting 9 distinct dots (dis-
placements) per sample. The actual physical sensor inxbim@e is the camera which

has a relatively high resolution. However, for the purpasfesxpressiveness we consider
the output of the motion detection algorithm to be the traed output since those are the
actual values that can affect the cursor. Thus,

D = (Nirans — 1) * .5 f
=(9—1)%.5%125
=50

Then theReach ., follows as:

Reachguyy, = D * Ty
= 50 % .240
=12

Thus the largest resolution that would not result in expvesgss problems would be
13 x 13. This means that the use of this input device with standasktdp resolution
will result in difficulties because of the severe mismatclexpressiveness. This matches
the difficulties expressed in a previous evaluation of the&wtechnique [BRSBO05].

6.3 Expressiveness of Absolute Pointing Devices

For direct surface interaction, such as a touch screenxregsivenesgE| simply maps
to the resolution of the input surface (dpi) multiplied by $ize. TheReach su», however,
can be limited by the physical characteristics of the releparts of the human body, such
as arm length.

7 Practical Application of Selexels

Mismatches in expressiveness can disrupt the user expridiis new method of char-
acterizing expressiveness allows us to identify and restilese mismatches to provide a
more fluid experience. Selexels provide a level of abstadtiat allows us to reduce the
selection resolution of the display to match the expressiss of the input device, without
sacrificing valuable display resolution.



7.1 Usage Scenario

We may apply these concepts to interactions in the domaiargklpublic displays, as
illlustrated in the following scenario.

While Hans is waiting for his train to Berlin, he notices agarpublic display
on the platform displaying advertisements and communitysnéie recognizes
the style of a 2D bar code next to the display. He has prewaustd a similar
barcode to initiate interaction with a demo display in thel@bile showroom. He
takes a picture of the code (just as he had done in the showramah his phone
automatically connects wirelessly to the display via Bha¢h and transfers infor-
mation characterizing its input expressiveness. The sideanent transforms into
an interactive menu with a selexel resolution matched topist device, allowing

Hans to select from several options including: browsingrtees, checking the
weather, or even contributing to an interactive communitiiebin board where
people post images, video, and text. Hans waves his phooegihithe air using
the Sweep technique to select the weather option. A map ah&wer appears
and as he navigates the cursor over different regions, threrdguconditions and
forecast are displayed to the right of the map. It looks Iiepreviously forecast
afternoon showers are no longer a threat in Berlin. Hans tiadis his wife to

invite her to go to their favorite restaurant for dinner oe tfuaint cobblestone
patio.

Shortly after Hans leaves, Maria wants to check up on heetimlboard post from
last week about the proposed new theatre to be built nexettrain station. Her
phone is much older than Hans'’s and the expressiveness 8fatbep technique
is much lower. As she connects to the display, the cursor gemd the menu
options move further apart to adapt the selexel resolutidmecinterface to match
that of her phone. Now she is able to use her more limited plasre pointing

device, yet the system still provides a fluid experience.

This scenario shows how expressiveness can be used todaitar interface on the fly to
the capabilities of the input devices that are used in aqaati interaction. These concepts
may also be useful for scenarios using very high resolutigplays such as those described
in [CRM106].

8 Evaluation

Card, English, and Burr's [CEB78] seminal work showed tle efficiencyof pointing
devices can be analyzed using Fitts’ law [Fit54, Mac92],ahinodels human motor per-
formance by predicting movement time in a pointing task devics:

MT =a+bxID
ID =lo (2-1—1)
- g2W I

whereD is the target distancéV is the target width, andD is the index of difficulty of the
pointing taska andb are empirically determined constants that vary with theattaristics
of the input device. These empirically determined constant affected by a wide variety
of input device characteristics including mass, frictimsolution, sampling rate, lag, and
C-D gain [Mac92]. Changes in any of these parameters will eif&nge the result of the
regression analysis.

In a series of experiments, we attempt to characterize hawtipg tasks are affected by the
relationship between the expressiveness of the input éewid the selexel resolution of the
display. A custom test program allows us to vary the seleesblution of the display, and
vary the expressiveness of input devices by artificiallytiimy the resolution and sampling
rate. The test application hides the system cursor andayis@ point cursor in selexel
space (an area cursor in pixel space) that moves selexe]-appearing to jump from one
selexel position to the next. The application was implemeérnih Objective-C under Mac
oS X.



C-S (Reachsampre) |Selexels |Pixels |S-D C-D
1280 1280 1280 1| 1280
256 256| 1280 0.2 1280
40 40| 1280] 0.03125| 1280
20 20| 1280| 0.01563| 1280

Table 1. By matching the selexel resolution to the C-S ratfiedch sqampie) We maintain a constant C-D
ratio across the test conditions.

9 Experiment 1

Given that the selexel cursor represents a point cursoréxedespace, Fitts’ Law [Fit54]
should be a suitable model for predicting target aquisitior in pointing tasks. However,
the selexel cursor is an area cursor in pixel space. Pregiuaies of area cursors have
demonstrated that selection using area cursors lowersttex iof difficulty for smaller
targets [KB95, WWBH97]. Also, as users have come to expealpiise cursor motion,
the selexel-wise motion may impede or annoy the user. This,jmportant to examine
whether pointing in the selexel paradigm can be modeled tby’ Eaw. This experiment is
specifically designed to examine if the input device expvesgss affects the empirically
determined constants of the input deviaeafdb).

9.1 User Study Design

Using a within-groups design, users were asked to complebeizontal tapping test based
in part on 1ISO 9241-9 [ISO00]. For each test condition, threeseange of target distances
(D = 256, 640, and 1024 pixels) and target widthig & 64 and 128 pixels) were used.
To simulate input devices of varying expressiveness, thipBag period of the mouse was
artificially increased to 20ms to guarantee a constant sagpite for all test conditions.
The transducer resolutiodVi...) of the input device was varied to haveRaach sampie Of
1280, 256, 40, and 20 dots per sample. The selexel resolotitire test Ul was designed
to match theReach sampie O the input devices with selexel resolutions 180 x 800,
256 x 160, 40 x 25, and20 x 13 selexels respectively (selexel sizeslok 1, 5 x 5,
32 x 32, and64 x 64 pixels). By matching the selexel resolution of the Ul (S—Dajgto
the transducer resolution of the input device (C-S rath®,resulting C-D ratio remains
effectively constant (see Table 1) across the differentlitimms.

The cursors were all displayed as point cursors in selexaespexcept for the one selexel
per pixel condition. In this condition, & x 5 pixel area cursor was used instead df a 1
pixel point cursor for visibility. This particular cursotilfmaintained the other properties
of a point cursor in pixel space in that it had an active regibh x 1 pixel at the center of
the cursor, and its motion was pixel-wise.

The pixel placement for target pairs remained constantsactest conditions. However,
the pairs of targets were placed such that some were aligrnibe selexel boundaries and
some weren't (depending on the selexel condition). Whemggetas not aligned to selexel
boundaries, its width may span over several selexels evensize in pixels is much less
than a single selexel.

Both the ordering for the different expressiveness coowtj and the ordering for the dif-
ferent/Ds were varied to reduce learning effects in a within-groupdys A fully crossed
design resulted in a total of 24 combinations/af W, and matchedV;,..s+ selexel reso-
lution pairs. For each combination, 25 target selectiongwequired.

9.2 Participants

10 volunteers (4 females, 6 males) ranging in age from 22 tpa2ficipated in the study.
All of the participants were students (8 computer sciennd, 2 political science) from a
local university.
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Fig. 5. (Left) Index of difficulty calculations in terms of displayxels are not well suited for selexel point-
ing tasks. (Right) The same data reinterpreted with indedf€ulty in terms of selexels provides a strong
correlation. The correlation is strong despite the fact this data is mixed across selexel conditions,
demonstrating that selexel resolution has no impact oncdepérformance as long as the C-D ratio is
preserved. Here the C-D ratio is preserved by matching theesgiveness of the Ul to the expressiveness
of the input device by changing the selexel resolution.

9.3 Equipment

The tapping test was performed using a Logitech M-BJ58 (§pWSB optical mouse,
an Apple 23" Cinema LCD monitor with the display resolutiat £ 1280 x 800, and a
PowerMac Dual 2.0 GHz G5 processor.

9.4 Results

The results from this experiment are shown in Figure 5. Tlaplgs indicate that using
the distance and width in units of pixels results in a vafid< 0.05), but poor model
(R? = 0.71) for selexel pointing tasks. If the same data is reintegutetsing target dis-
tance (D) and target width i) in units of selexels, the model becomes much improved
(p < 0.005, R? = 0.959). An analysis of variance (ANOVA) shows a significant effect
for index of difficulty [F'(15,23) = 42.99, p < 0.0003], and no significant effect for the
expressiveness conditiong'(2, 23) = 1.64, p < 0.28].

9.5 Discussion

These results confirm previous findings [KB95] that show #nat cursors lower the index
of difficulty for small targets, but these results furtheostthat movement time for targets
larger than one pixel can be accurately predicted using ahgelexels to calculate tH&
for selexel pointing tasks.

Another result of this experiment is that selexel-wise wotiad no effect on task comple-
tion time. This is demonstrated by the fact that the mixedltsgan be modeled very well
(R? = 0.959) using a single linear regression.

A more significant result from this experiment is that, cangrto what one might expect,
transducer resolutionN;..s in dots per sample) has no effect on task completion time,
as long as the C-D ratio is preserved across test condifltns result has important im-
plications for evaluating prototype input techniques wabv transducer resolution, such
as the Sweep technigue. As mobile processors and camer@sueoto improve, motion
detection will become more powerful, and the resultinggdarcer resolution will improve.
Using this study as a model, an evaluation can be structwreld that conclusions can
be made about pointing performance of future mobile phosdahatransducer resolution



(dots per sample) continues to rise (assuming all othempetexs, such as C-D ratio, re-
main the same).

The error rates for pointing under selexels were lower th@ntimg under pixels. This can

be explained using the speed-accuracy trade-off sinceatbettwidths effectively expand

to the selexel span of the target, reducing the physicalracguequired for the pointing

task.

10 Experiment 2

To further validate our conceptual framework, it is necessa experimentally verify the
notion of Reach s, the maximum distance that can be reached in the first submave
Based on the conceptual framework, the selexel resolutionld matchReach 5., prevent-
ing any target distances from exceeding the maximum distaffus experiment examines
the effect of target distances exceedigich .-

10.1 User Study Design

This experiment was structured as a horizontal tapping ¥esy similar to Experiment 1.
It used a within-groups design, and reused the parametetarfyet distancel), target
width (W), and target placement. However, in this experiment we tagied the trans-
ducer resolution §irans) to have a constanReach sompic Of 20 dots per sample. With a
sample period of 20 ms, thReach .., can be calculated as follows:

ReaChsub = fsample * Rea/Chsample * Tsub
Reach sy = (1/.020) * (20) * .240
Reachsup = 240

This Reach ., of 240 selexels per submovement was maintained acrossnalitioms.

The selexel resolution of the display (and resulting pixatswas varied as in Experiment
1. As a result the C-S ratio remained constant, while the &#D varied, resulting in a
range of C-D ratios.

The ordering for the different selexel resolutions, anddhaering for the differenfDs
were varied to reduce learning effects in a within-groupsigtA fully crossed design re-
sulted in a total of 24 combinations &f, 1/, and selexel resolution. For each combination,
25 target selections were required.

10.2 Participants

11 volunteers (2 females and 9 males) ranging in age from 2B tparticipated in the
study. All of the participants were students (8 computeersog, 1 political science, and 2
undisclosed) from a local university.

10.3 Equipment

The equipment used was the same as Experiment 1.

10.4 Results

The results from this experiment are shown in Figure 6. Irfitlsegraph, all of the condi-
tions are mixed, resulting in data that is unable to be mabaéng Fitts’ Law f = 0.61).

In the second graph, the same data from the first graph i®rpheted by removing condi-
tions (marked with an “x”) where the target distande) exceeds the submovement reach
(Reach ) to allow comparison with the original data. The second fnagsults in a data
set that can be modeled by Fitts’ Law £ 0.05). Using an analysis of variance (ANOVA),
a binary "reach exceeded” variable has a significant effe¢t,p3)=28.79, p;j0.00003]
showing that target distances exceeding submovement (8acehh ..,;) increase task com-
pletion time.
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Fig. 6. (Left) In this experiment, contrary to the previous expeim the mixed results across experimental
conditions cannot be modeled with Fitts’ Law. (Right) Thensadata is shown with target distances greater
thanReach s, removed (marked as “x”). The conditions where the targetewkced only slightly further
(256 selexels) than the submovement reach (240 selexelsjitirelatively close to the model, indicating
that slight mismatches in expressiveness are only a misoeisHowever, the extreme mismatches in
expressiveness with target distances of (512, 1024) areregtoutliers in terms of target acquisition time.
With these points removed, the data can be modeled by Fitt&' o < 0.05). These graphs combined
indicate that an upper bound to the validity of Fitts’ Law d@npredicted.

10.5 Discussion

In the second graph of Figure 6, the conditions where thetargere placed only slightly
further (256 selexels) than the submovement reach (24Reds)are still relatively close
to the other samples, indicating that slight mismatchexmessiveness are only a minor
issue. However, the extreme mismatches in expressiven#ssanget distances of (512,
1024) are extreme outliers in terms of target acquisitiometi This indicates that target
distances exceedinBeach .., disrupt the user experience and increase task performance
time.

The reader may have noticed that the quality of the inputcgemodel R? = 0.788) is
much lower than that of the previous experiment. This is duthé fact that the data has
mixed C-D ratios across the different experimental cood#ti As mentioned before, the
C-D ratio is one of the input device parameters that is cepthy the Fitts’ law coefficients
(a andbd). Separating the different C-D ratio conditions, as in Fégd, should result in
models that account for much more of the variance in the datsigher R?). Figure 7
demonstrates that this is true except for the condition wigielexel size of x 1, which
contains only target distances greater tli&ach ;. This further indicates that an upper
bound to the validity of Fitts’ Law can be predicted usiRgach sys.

11 Conclusions

Previous characterizations of the expressiveness ofuelaput devices required empirical
testing, limiting their utility as a design tool. We have geated a conceptual framework
to characterize the expressiveness of input devices bastdte@hysical properties of the
hardware, allowing its appropriateness for a particul@raction scenario to be more easily
assessed. Our selexel framework allows the user interéabe tailored (even adapted at
run-time) to match the expressiveness of the input devitkownt sacrificing the screen
resolution, which is important to preserve the informatapacity of the display.

Our experiments have shown that pointing under selexeldeanodeled by Fitts’ Law,
demonstrating that selexel-based motion has no effectsdnparformance time. Experi-
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Fig. 7. This figure demonstrates that separating the data from &iguimto separate charts based on C-D
ratio results in more accurate models (a higRé) for conditions where the targets were witliaach cus .
Note that the condition with target distances greater tRach .., (selexel size ofl x 1) still poorly
correlates with the model despite separation, furthercatdig that an upper bound to the validity of Fitts’
Law can be predicted.

ment 1 further demonstrates that transducer resolutiombasfect on task performance
time as long as the C-D ratio of the Ul is preserved.

In experiment 2, our conceptual framework was validatedXpeementally verifying the
notion of Reach s,». These results demonstrate that the upper bound for thdityadif the
Fitts’ Law model can be predicted based on the physical ptiggeof the input device.
This new conceptual model can help structure the evaluatidnput devices with low
expressiveness.

12 Future work

We are currently working on toolkit support of the selexahfiework, allowing applications
to dynamically adjust their selexel resolution based orirthat device used.

This work has focused on cases where the expressivenesgubfdevices is much lower
than that of the display. However if the expressiveness @friput device is much higher
than the display, sub-pixel selection is possible, butrotbedback mechanisms (external
to the display) are needed to indicate which selexel is ssdec

The selexels framework has the potential to improve thessioiity of user interfaces by
simplifying pointing tasks for people who have normal vistepabilities, but suffer from
motor impairments.
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1992-08 * Rudolf Mathar, Jiirgen Mattfeldt: Analyzing Routing Strategy NFP in
Multihop Packet Radio Networks on a Line

1992-09 * Alfons Kemper, Guido Moerkotte: Grundlagen objektorientierter Daten-
banksysteme

1992-10  Matthias Jarke, Manfred Jeusfeld, Andreas Miethsam, Michael Gocek:
Towards a logic-based reconstruction of software configuration manage-
ment

1992-11  Werner Hans: A Complete Indexing Scheme for WAM-based Abstract
Machines

1992-12  'W. Hans, R. Loogen, St. Winkler: On the Interaction of Lazy Evaluation
and Backtracking

1992-13 * Matthias Jarke, Thomas Rose: Specification Management with CAD

1992-14  Th. Noll, H. Vogler: Top-down Parsing with Simultaneous Evaluation on
Noncircular Attribute Grammars

1992-15  A. Schuerr, B. Westfechtel: Graphgrammatiken und Graphersetzungssys-
teme(written in german)

1992-16 * Graduiertenkolleg Informatik und Technik (Hrsg.): Forschungsprojekte
des Graduiertenkollegs Informatik und Technik

1992-17 M. Jarke (ed.): ConceptBase V3.1 User Manual

1992-18 * Clarence A. Ellis, Matthias Jarke (Eds.): Distributed Cooperation in
Integrated Information Systems - Proceedings of the Third International
Workshop on Intelligent and Cooperative Information Systems

1992-19-00 H. Kuchen, R. Loogen (eds.): Proceedings of the 4th Int. Workshop on
the Parallel Implementation of Functional Languages

1992-19-01 G. Hogen, R. Loogen: PASTEL - A Parallel Stack-Based Implementation
of Eager Functional Programs with Lazy Data Structures (Extended
Abstract)

1992-19-02 H. Kuchen, K. Gladitz: Implementing Bags on a Shared Memory MIMD-
Machine

1992-19-03 C. Rathsack, S.B. Scholz: LISA - A Lazy Interpreter for a Full-Fledged
Lambda-Calculus

1992-19-04 T.A. Bratvold: Determining Useful Parallelism in Higher Order Func-
tions

1992-19-05 S. Kahrs: Polymorphic Type Checking by Interpretation of Code

1992-19-06 M. Chakravarty, M. Kohler: Equational Constraints, Residuation, and
the Parallel JUMP-Machine

1992-19-07 J. Seward: Polymorphic Strictness Analysis using Frontiers (Draft Ver-
sion)

1992-19-08 D. Gértner, A. Kimms, W. Kluge: pi-Red"+ - A Compiling Graph-
Reduction System for a Full Fledged Lambda-Calculus

1992-19-09 D. Howe, G. Burn: Experiments with strict STG code

1992-19-10 J. Glauert: Parallel Implementation of Functional Languages Using
Small Processes



1992-19-11 M. Joy, T. Axford: A Parallel Graph Reduction Machine

1992-19-12 A. Bennett, P. Kelly: Simulation of Multicache Parallel Reduction

1992-19-13 K. Langendoen, D.J. Agterkamp: Cache Behaviour of Lazy Functional
Programs (Working Paper)

1992-19-14 K. Hammond, S. Peyton Jones: Profiling scheduling strategies on the
GRIP parallel reducer

1992-19-15 S. Mintchev: Using Strictness Information in the STG-machine

1992-19-16 D. Rushall: An Attribute Grammar Evaluator in Haskell

1992-19-17 J. Wild, H. Glaser, P. Hartel: Statistics on storage management in a lazy
functional language implementation

1992-19-18 W.S. Martins: Parallel Implementations of Functional Languages

1992-19-19 D. Lester: Distributed Garbage Collection of Cyclic Structures (Draft
version)

1992-19-20 J.C. Glas, R.F.H. Hofman, W.G. Vree: Parallelization of Branch-and-
Bound Algorithms in a Functional Programming Environment

1992-19-21 S. Hwang, D. Rushall: The nu-STG machine: a parallelized Spineless
Tagless Graph Reduction Machine in a distributed memory architecture
(Draft version)

1992-19-22 G. Burn, D. Le Metayer: Cps-Translation and the Correctness of Opti-
mising Compilers

1992-19-23 S.L. Peyton Jones, P. Wadler: Imperative functional programming (Brief
summary)

1992-19-24 W. Damm, F. Liu, Th. Peikenkamp: Evaluation and Parallelization of
Functions in Functional + Logic Languages (abstract)

1992-19-25 M. Kesseler: Communication Issues Regarding Parallel Functional Graph
Rewriting

1992-19-26 Th. Peikenkamp: Charakterizing and representing neededness in func-
tional loginc languages (abstract)

1992-19-27 H. Doerr: Monitoring with Graph-Grammars as formal operational Mod-
els

1992-19-28 J. van Groningen: Some implementation aspects of Concurrent Clean on
distributed memory architectures

1992-19-29 G. Ostheimer: Load Bounding for Implicit Parallelism (abstract)

1992-20  H. Kuchen, F.J. Lopez Fraguas, J.J. Moreno Navarro, M. Rodriguez
Artalejo: Implementing Disequality in a Lazy Functional Logic Language

1992-21  H. Kuchen, F.J. Lopez Fraguas: Result Directed Computing in a Func-
tional Logic Language

1992-22  H. Kuchen, J.J. Moreno Navarro, M.V. Hermenegildo: Independent
AND-Parallel Narrowing

1992-23  T. Margaria, B. Steffen: Distinguishing Formulas for Free

1992-24 K. Pohl: The Three Dimensions of Requirements Engineering

1992-25 * R. Stainov: A Dynamic Configuration Facility for Multimedia Commu-
nications

1992-26 * Michael von der Beeck: Integration of Structured Analysis and Timed
Statecharts for Real-Time and Concurrency Specification

1992-27  W. Hans, St. Winkler: Aliasing and Groundness Analysis of Logic Pro-
grams through Abstract Interpretation and its Safety

1992-28 * Gerhard Steinke, Matthias Jarke: Support for Security Modeling in In-
formation Systems Design

1992-29  B. Schinzel: Warum Frauenforschung in Naturwissenschaft und Technik

1992-30  A. Kemper, G. Moerkotte, K. Peithner: Object-Orientation Axiomatised
by Dynamic Logic

1992-32 * Bernd Heinrichs, Kai Jakobs: Timer Handling in High-Performance
Transport Systems

1992-33 * B. Heinrichs, K. Jakobs, K. Lenflen, W. Reinhardt, A. Spinner: Euro-
Bridge: Communication Services for Multimedia Applications

1992-34  C. Gerlhof, A. Kemper, Ch. Kilger, G. Moerkotte: Partition-Based Clus-
tering in Object Bases: From Theory to Practice

1992-35  J. Borstler: Feature-Oriented Classification and Reuse in IPSEN



1992-36

1992-37

1992-38

1992-39

1992-40

1992-41

1992-42

1992-43

1992-44

1993-01
1993-02

1993-03

1993-05

1993-06

1993-07

1993-08

1993-09

1993-10

1993-11

1993-12

1993-13
1993-14

1993-15

1993-16

1993-17

1993-18
1993-19

1993-20

1993-21

1994-01

*

*

*

*

*

*

*

*

*

*

*

*

*

M. Jarke, J. Bubenko, C. Rolland, A. Sutcliffe, Y. Vassiliou: Theories Un-
derlying Requirements Engineering: An Overview of NATURE at Gen-
esis

K. Pohl, M. Jarke: Quality Information Systems: Repository Support for
Evolving Process Models

A. Zuendorf: Implementation of the imperative / rule based language
PROGRES

P. Koch: Intelligentes Backtracking bei der Auswertung funktional-
logischer Programme

Rudolf Mathar, Jiirgen Mattfeldt: Channel Assignment in Cellular Radio
Networks

Gerhard Friedrich, Wolfgang Neidl: Constructive Utility in Model-Based
Diagnosis Repair Systems

P. S. Chen, R. Hennicker, M. Jarke: On the Retrieval of Reusable Soft-
ware Components

W. Hans, St.Winkler: Abstract Interpretation of Functional Logic Lan-
guages

N. Kiesel, A. Schuerr, B. Westfechtel: Design and Evaluation of GRAS,
a Graph-Oriented Database System for Engineering Applications
Fachgruppe Informatik: Jahresbericht 1992

Patrick Shicheng Chen: On Inference Rules of Logic-Based Information
Retrieval Systems

G. Hogen, R. Loogen: A New Stack Technique for the Management of
Runtime Structures in Distributed Environments

A. Zindorf: A Heuristic for the Subgraph Isomorphism Problem in Ex-
ecuting PROGRES

A. Kemper, D. Kossmann: Adaptable Pointer Swizzling Strategies in
Object Bases: Design, Realization, and Quantitative Analysis
Graduiertenkolleg Informatik und Technik (Hrsg.): Graduiertenkolleg In-
formatik und Technik

Matthias Berger: k-Coloring Vertices using a Neural Network with Con-
vergence to Valid Solutions

M. Buchheit, M. Jeusfeld, W. Nutt, M. Staudt: Subsumption between
Queries to Object-Oriented Databases

O. Burkart, B. Steffen: Pushdown Processes: Parallel Composition and
Model Checking

R. Grofle-Wienker, O. Hermanns, D. Menzenbach, A. Pollacks, S. Repet-
zki, J. Schwartz, K. Sonnenschein, B. Westfechtel: Das SUKITS-Projekt:
A-posteriori-Integration heterogener CIM-Anwendungssysteme

Rudolf Mathar, Jirgen Mattfeldt: On the Distribution of Cumulated
Interference Power in Rayleigh Fading Channels

O. Maler, L. Staiger: On Syntactic Congruences for omega-languages
M. Jarke, St. Eherer, R. Gallersdoerfer, M. Jeusfeld, M. Staudt: Con-
ceptBase - A Deductive Object Base Manager

M. Staudt, H.W. Nissen, M.A. Jeusfeld: Query by Class, Rule and Con-
cept

M. Jarke, K. Pohl, St. Jacobs et al.: Requirements Engineering: An In-
tegrated View of Representation Process and Domain

M. Jarke, K. Pohl: Establishing Vision in Context: Towards a Model of
Requirements Processes

W. Hans, H. Kuchen, St. Winkler: Full Indexing for Lazy Narrowing
W. Hans, J.J. Ruz, F. Saenz, St. Winkler: A VHDL Specification of a
Shared Memory Parallel Machine for Babel

K. Finke, M. Jarke, P. Szczurko, R. Soltysiak: Quality Management for
Expert Systems in Process Control

M. Jarke, M.A. Jeusfeld, P. Szczurko: Three Aspects of Intelligent Co-
operation in the Quality Cycle

Margit Generet, Sven Martin (eds.), Fachgruppe Informatik: Jahres-
bericht 1993
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1994-07
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1994-12
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1994-16
1994-17
1994-18
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1994-26 *
1994-27 ~
1994-28

1995-01 *
1995-02

1995-03

1995-04

1995-05

1995-06
1995-07

M. Lefering: Development of Incremental Integration Tools Using Formal
Specifications

P. Constantopoulos, M. Jarke, J. Mylopoulos, Y. Vassiliou: The Software
Information Base: A Server for Reuse

Rolf Hager, Rudolf Mathar, Jiirgen Mattfeldt: Intelligent Cruise Control
and Reliable Communication of Mobile Stations

Rolf Hager, Peter Hermesmann, Michael Portz: Feasibility of Authenti-
cation Procedures within Advanced Transport Telematics

Claudia Popien, Bernd Meyer, Axel Kuepper: A Formal Approach to
Service Import in ODP Trader Federations

P. Peters, P. Szczurko: Integrating Models of Quality Management Meth-
ods by an Object-Oriented Repository

Manfred Nagl, Bernhard Westfechtel: A Universal Component for the
Administration in Distributed and Integrated Development Environ-
ments

Patrick Horster, Holger Petersen: Signatur- und Authentifikationsver-
fahren auf der Basis des diskreten Logarithmusproblems

A. Schiirr: PROGRES, A Visual Language and Environment for PRO-
gramming with Graph REwrite Systems

A. Schiirr: Specification of Graph Translators with Triple Graph Gram-
mars

A. Schiirr: Logic Based Programmed Structure Rewriting Systems

L. Staiger: Codes, Simplifying Words, and Open Set Condition
Bernhard Westfechtel: A Graph-Based System for Managing Configura-
tions of Engineering Design Documents

P. Klein: Designing Software with Modula-3

I. Litovsky, L. Staiger: Finite acceptance of infinite words

G. Hogen, R. Loogen: Parallel Functional Implementations: Graphbased
vs. Stackbased Reduction

M. Jeusfeld, U. Johnen: An Executable Meta Model for Re-Engineering
of Database Schemas

R. Gallersdorfer, M. Jarke, K. Klabunde: Intelligent Networks as a Data
Intensive Application (INDIA)

M. Mohnen: Proving the Correctness of the Static Link Technique Using
Evolving Algebras

H. Fernau, L. Staiger: Valuations and Unambiguity of Languages, with
Applications to Fractal Geometry

M. Jarke, K. Pohl, R. Démges, St. Jacobs, H. W. Nissen: Requirements
Information Management: The NATURE Approach

M. Jarke, K. Pohl, C. Rolland, J.-R. Schmitt: Experience-Based Method
Evaluation and Improvement: A Process Modeling Approach

St. Jacobs, St. Kethers: Improving Communication and Decision Making
within Quality Function Deployment

M. Jarke, H. W. Nissen, K. Pohl: Tool Integration in Evolving Informa-
tion Systems Environments

O. Burkart, D. Caucal, B. Steffen: An Elementary Bisimulation Decision
Procedure for Arbitrary Context-Free Processes

Fachgruppe Informatik: Jahresbericht 1994

Andy Schiirr, Andreas J. Winter, Albert Ziindorf: Graph Grammar En-
gineering with PROGRES

Ludwig Staiger: A Tight Upper Bound on Kolmogorov Complexity by
Hausdorff Dimension and Uniformly Optimal Prediction

Birgitta Konig-Ries, Sven Helmer, Guido Moerkotte: An experimental
study on the complexity of left-deep join ordering problems for cyclic
queries

Sophie Cluet, Guido Moerkotte: Efficient Evaluation of Aggregates on
Bulk Types

Sophie Cluet, Guido Moerkotte: Nested Queries in Object Bases
Sophie Cluet, Guido Moerkotte: Query Optimization Techniques Ex-
ploiting Class Hierarchies
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1996-09-3
1996-09-4

1996-09-5

1996-10

1996-11 *

1996-12 *

1996-13 *

1996-14 *

1996-15 *

1996-16 ~

Markus Mohnen: Efficient Compile-Time Garbage Collection for Arbi-
trary Data Structures

Markus Mohnen: Functional Specification of Imperative Programs: An
Alternative Point of View of Functional Languages

Rainer Gallersdorfer, Matthias Nicola: Improving Performance in Repli-
cated Databases through Relaxed Coherency

M.Staudt, K.von Thadden: Subsumption Checking in Knowledge Bases
G.V.Zemanek, H.W.Nissen, H.Hubert, M.Jarke: Requirements Analy-
sis from Multiple Perspectives: Experiences with Conceptual Modeling
Technology

M.Staudt, M.Jarke: Incremental Maintenance of Externally Materialized
Views

P.Peters, P.Szczurko, M.Jeusfeld: Oriented Information Management:
Conceptual Models at Work

Matthias Jarke, Sudha Ram (Hrsg.): WITS 95 Proceedings of the 5th
Annual Workshop on Information Technologies and Systems

W.Hans, St.Winkler, F.Saenz: Distributed Execution in Functional Logic
Programming

Jahresbericht 1995

Michael Hanus, Christian Prehofer: Higher-Order Narrowing with Defi-
nitional Trees

W.Scheufele, G.Moerkotte: Optimal Ordering of Selections and Joins in
Acyclic Queries with Expensive Predicates

Klaus Pohl: PRO-ART: Enabling Requirements Pre-Traceability

Klaus Pohl: Requirements Engineering: An Overview

M.Jarke, W.Marquardt: Design and Evaluation of Computer—Aided Pro-
cess Modelling Tools

Olaf Chitil: The Sigma-Semantics: A Comprehensive Semantics for Func-
tional Programs

S.Sripada: On Entropy and the Limitations of the Second Law of Ther-
modynamics

Michael Hanus (Ed.): Proceedings of the Poster Session of ALP96 - Fifth
International Conference on Algebraic and Logic Programming
Michael Hanus (Ed.): Proceedings of the Poster Session of ALP 96 -
Fifth International Conference on Algebraic and Logic Programming:
Introduction and table of contents

Ilies Alouini: An Implementation of Conditional Concurrent Rewriting
on Distributed Memory Machines

Olivier Danvy, Karoline Malmkjer: On the Idempotence of the CPS
Transformation

Victor M. Gulias, José L. Freire: Concurrent Programming in Haskell
Sébastien Limet, Pierre Réty: On Decidability of Unifiability Modulo
Rewrite Systems

Alexandre Tessier: Declarative Debugging in Constraint Logic Program-
ming

Reidar Conradi, Bernhard Westfechtel: Version Models for Software Con-
figuration Management

C.Weise, D.Lenzkes: A Fast Decision Algorithm for Timed Refinement
R.Domges, K.Pohl, M.Jarke, B.Lohmann, W.Marquardt: PRO-
ART/CE* — An Environment for Managing the Evolution of Chemical
Process Simulation Models

K.Pohl, R.Klamma, K.Weidenhaupt, R.Domges, P.Haumer, M.Jarke: A
Framework for Process-Integrated Tools

R.Gallersdorfer, K.Klabunde, A.Stolz, M.Efimajor: INDIA — Intelligent
Networks as a Data Intensive Application, Final Project Report, June
1996

H.Schimpe, M.Staudt: VAREX: An Environment for Validating and Re-
fining Rule Bases

M.Jarke, M.Gebhardt, S.Jacobs, H.Nissen: Conflict Analysis Across Het-
erogeneous Viewpoints: Formalization and Visualization
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1996-23 *

1997-01
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1997-08

1997-09
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1997-13

1997-14

1997-15

1998-01 ~

1998-02

1998-03

1998-04 ~

1998-05

1998-06 *

1998-07

1998-09 ~

1998-10 *

1998-11 ~

Manfred A. Jeusfeld, Tung X. Bui: Decision Support Components on the
Internet

Manfred A. Jeusfeld, Mike Papazoglou: Information Brokering: Design,
Search and Transformation

P.Peters, M.Jarke: Simulating the impact of information flows in net-
worked organizations

Matthias Jarke, Peter Peters, Manfred A. Jeusfeld: Model-driven plan-
ning and design of cooperative information systems

G.de Michelis, E.Dubois, M.Jarke, F.Matthes, J.Mylopoulos, K.Pohl,
J.Schmidt, C.Woo, E.Yu: Cooperative information systems: a manifesto
S.Jacobs, M.Gebhardt, S.Kethers, W.Rzasa: Filling HTML forms simul-
taneously: CoWeb architecture and functionality

M.Gebhardt, S.Jacobs: Conflict Management in Design

Michael Hanus, Frank Zartmann (eds.): Jahresbericht 1996

Johannes Faassen: Using full parallel Boltzmann Machines for Optimiza-
tion

Andreas Winter, Andy Schiirr: Modules and Updatable Graph Views for
PROgrammed Graph REwriting Systems

Markus Mohnen, Stefan Tobies: Implementing Context Patterns in the
Glasgow Haskell Compiler

S.Gruner: Schemakorrespondenzaxiome unterstiitzen die paargramma-
tische Spezifikation inkrementeller Integrationswerkzeuge

Matthias Nicola, Matthias Jarke: Design and Evaluation of Wireless
Health Care Information Systems in Developing Countries

Petra Hofstedt: Taskparallele Skelette fiir irreguldr strukturierte Prob-
leme in deklarativen Sprachen

Dorothea Blostein, Andy Schiirr: Computing with Graphs and Graph
Rewriting

Carl-Arndt Krapp, Bernhard Westfechtel: Feedback Handling in Dy-
namic Task Nets

Matthias Nicola, Matthias Jarke: Integrating Replication and Commu-
nication in Performance Models of Distributed Databases

R. Klamma, P. Peters, M. Jarke: Workflow Support for Failure Manage-
ment in Federated Organizations

Markus Mohnen: Optimising the Memory Management of Higher-Order
Functional Programs

Roland Baumann: Client/Server Distribution in a Structure-Oriented
Database Management System

George Botorog: High-Level Parallel Programming and the Efficient Im-
plementation of Numerical Algorithms

Fachgruppe Informatik: Jahresbericht 1997

Stefan Gruner, Manfred Nagel, Andy Schiirr: Fine-grained and
Structure-Oriented Document Integration Tools are Needed for Devel-
opment Processes

Stefan Gruner: Einige Anmerkungen zur graphgrammatischen Spezifika-
tion von Integrationswerkzeugen nach Westfechtel, Janning, Lefering und
Schiirr

O. Kubitz: Mobile Robots in Dynamic Environments

Martin Leucker, Stephan Tobies: Truth - A Verification Platform for
Distributed Systems

Matthias Oliver Berger: DECT in the Factory of the Future

M. Arnold, M. Erdmann, M. Glinz, P. Haumer, R. Knoll, B. Paech, K.
Pohl, J. Ryser, R. Studer, K. Weidenhaupt: Survey on the Scenario Use
in Twelve Selected Industrial Projects

Th. Lehmann: Geometrische Ausrichtung medizinischer Bilder am
Beispiel intraoraler Radiographien

M. Nicola, M. Jarke: Performance Modeling of Distributed and Repli-
cated Databases

Ansgar Schleicher, Bernhard Westfechtel, Dirk Jager: Modeling Dynamic
Software Processes in UML
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W. Appelt, M. Jarke: Interoperable Tools for Cooperation Support using
the World Wide Web

Klaus Indermark: Semantik rekursiver Funktionsdefinitionen mit Strik-
theitsinformation

Jahresbericht 1998

F. Huch: Verifcation of Erlang Programs using Abstract Interpretation
and Model Checking — Extended Version

R. Gallersdorfer, M. Jarke, M. Nicola: The ADR Replication Manager
Maria Alpuente, Michael Hanus, Salvador Lucas, Germéan Vidal: Spe-
cialization of Functional Logic Programs Based on Needed Narrowing
W. Thomas (Ed.): DLT 99 - Developments in Language Theory Fourth
International Conference

Kai Jakobs, Klaus-Dieter Kleefeld: Informationssysteme fiir die ange-
wandte historische Geographie

Thomas Wilke: CTL+ is exponentially more succinct than CTL

Oliver Matz: Dot-Depth and Monadic Quantifier Alternation over Pic-
tures

Jahresbericht 1999

Jens Voge, Marcin Jurdzinski A Discrete Strategy Improvement Algo-
rithm for Solving Parity Games

D. Jédger, A. Schleicher, B. Westfechtel: UPGRADE: A Framework for
Building Graph-Based Software Engineering Tools

Andreas Becks, Stefan Sklorz, Matthias Jarke: Exploring the Semantic
Structure of Technical Document Collections: A Cooperative Systems
Approach

Mareike Schoop: Cooperative Document Management

Mareike Schoop, Christoph Quix (eds.): Proceedings of the Fifth Interna-
tional Workshop on the Language-Action Perspective on Communication
Modelling

Markus Mohnen, Pieter Koopman (Eds.): Proceedings of the 12th Inter-
national Workshop of Functional Languages

Thomas Arts, Thomas Noll: Verifying Generic Erlang Client-Server Im-
plementations

Jahresbericht 2000

Benedikt Bollig, Martin Leucker: Deciding LTL over Mazurkiewicz
Traces

Thierry Cachat: The power of one-letter rational languages

Benedikt Bollig, Martin Leucker, Michael Weber: Local Parallel Model
Checking for the Alternation Free mu-Calculus

Benedikt Bollig, Martin Leucker, Thomas Noll: Regular MSC Languages
Achim Blumensath: Prefix-Recognisable Graphs and Monadic Second-
Order Logic

Martin Grohe, Stefan Wohrle: An Existential Locality Theorem
Mareike Schoop, James Taylor (eds.): Proceedings of the Sixth Interna-
tional Workshop on the Language-Action Perspective on Communication
Modelling

Thomas Arts, Jiirgen Giesl: A collection of examples for termination of
term rewriting using dependency pairs

Achim Blumensath: Axiomatising Tree-interpretable Structures

Klaus Indermark, Thomas Noll (eds.): Kolloquium Programmier-
sprachen und Grundlagen der Programmierung

Jahresbericht 2001

Jiirgen Giesl, Aart Middeldorp: Transformation Techniques for Context-
Sensitive Rewrite Systems

Benedikt Bollig, Martin Leucker, Thomas Noll: Generalised Regular
MSC Languages

Jurgen Giesl, Aart Middeldorp: Innermost Termination of Context-
Sensitive Rewriting

Horst Lichter, Thomas von der Maflen, Thomas Weiler: Modelling Re-
quirements and Architectures for Software Product Lines
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Henry N. Adorna: 3-Party Message Complexity is Better than 2-Party
Ones for Proving Lower Bounds on the Size of Minimal Nondeterministic
Finite Automata

Jorg Dahmen: Invariant Image Object Recognition using Gaussian Mix-
ture Densities

Markus Mohnen: An Open Framework for Data-Flow Analysis in Java
Markus Mohnen: Interfaces with Default Implementations in Java
Martin Leucker: Logics for Mazurkiewicz traces

Jirgen Giesl, Hans Zantema: Liveness in Rewriting

Jahresbericht 2002

Jirgen Giesl, René Thiemann: Size-Change Termination for Term
Rewriting

Jurgen Giesl, Deepak Kapur: Deciding Inductive Validity of Equations
Jurgen Giesl, René Thiemann, Peter Schneider-Kamp, Stephan Falke:
Improving Dependency Pairs

Christof Loding, Philipp Rohde: Solving the Sabotage Game is PSPACE-
hard

Franz Josef Och: Statistical Machine Translation: From Single-Word
Models to Alignment Templates

Horst Lichter, Thomas von der Maflen, Alexander Nyflen, Thomas
Weiler: Vergleich von Ansétzen zur Feature Modellierung bei der Soft-
wareproduktlinienentwicklung

Jurgen Giesl, René Thiemann, Peter Schneider-Kamp, Stephan Falke:
Mechanizing Dependency Pairs

Fachgruppe Informatik: Jahresbericht 2003

Benedikt Bollig, Martin Leucker: Message-Passing Automata are expres-
sively equivalent to EMSO logic

Delia Kesner, Femke van Raamsdonk, Joe Wells (eds.): HOR 2004 — 2nd
International Workshop on Higher-Order Rewriting

Slim Abdennadher, Christophe Ringeissen (eds.): RULE 04 — Fifth In-
ternational Workshop on Rule-Based Programming

Herbert Kuchen (ed.): WFLP 04 — 13th International Workshop on Func-
tional and (Constraint) Logic Programming
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