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1. IDENTIFICATION 

Please provide the following identification information: 

Title of proposal:  Automatic Design of Personal Universal Controllers 
Name of principal investigator:  Brad A. Myers 
Name of university or institution:  Carnegie Mellon University 
Department: Human Computer Interaction Institute 
Date of submission:  March 30, 2001 
Technical committee:  AIM 

 

2. RESEARCH OBJECTIVE 

2.1 PROBLEM 

We propose to investigate how various kinds of handheld devices can be used to control all kinds 
of home, office and factory equipment. Increasingly, home and office appliances, including 
televisions, VCRs, stereo equipment, refrigerators, washing machines, thermostats, light 
switches, clocks, telephones, copiers, and factory equipment, have embedded computers, and 
often come with remote controls. However, the trend has been that as appliances get more 
computerized with more features, their user interfaces get harder to use [Brouwer-Janse 1992]. 
Some appliances need thirty or more buttons to cover all of their functions. This complexity can 
make even relatively simple tasks, like setting the clock on a VCR, so difficult that people avoid 
them. Even simple appliances can be hard to use if the interface is unfamiliar to the user; when 
traveling, many people are stumped by the user interface for setting the alarm on the clocks in 
hotel rooms, so they arrange for a wake-up-call instead. 

Meanwhile, another trend is that people are increasingly carrying computerized devices that can 
communicate. People have cell-phones, pagers, personal digital assistants (PDAs) such as the 
Palm Pilot or PocketPC, and even watches that can communicate using various wireless 
technologies including infrared (IR) and radio. The advent of the BlueTooth short-distance radio 
network [Haartsen 1998] is expected to enable many devices to communicate with other devices 
in the vicinity. 

Our proposal is that when users point their own handheld at an alarm clock in a hotel room, at a 
photocopier in an office, at a machine tool in a factory, at a VCR at home, at a piece of test 
equipment in the field, or at almost any other kind of appliance, a description of control 
parameters will be sent to the handheld. The handheld will use this information to create an 
appropriate control panel, taking into account the properties of the controls that are needed, the 
properties of the handheld (the display type and input techniques available), and the properties of 
the user (what formats are familiar for various tasks, what language is preferred, how big the 
buttons should be based on whether the user prefers using a finger or a stylus). The user can then 
control the appliance using the handheld. The appliance will not need to dedicate as much in 
displays and buttons for the user interface, since it will only need to contain a description of its 
capabilities and storage for the current settings, along with hardware for wireless communication. 
The handheld software will use intelligent techniques to create useful and appropriate interfaces 
that are customized for each user. 
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The approach we propose will help ensure that the resulting user interfaces on the handheld will 
be easy to use. First, we are creating control panels by hand for various types of handhelds and 
various appliances. We will then perform user studies to validate and improve these designs. A 
preliminary study suggests that this has the opportunity to be spectacularly successful. For 
example, our prototype of control panels for a stereo and an office telephone enabled users to 
complete complex tasks in one-half the time and with one-fifth the errors compared to using the 
manufacturer’s interfaces [Nichols 2001]. The hand-designed user interfaces will guide the design 
of a specification language that will describe the functionality of the appliance at a high level. 
The next phase of the research will be to create software that will automatically design interfaces 
from the specification language for different appliances. Throughout, we will be performing user 
studies to evaluate and improve the usability of the automatically generated interfaces. 

We call our approach the “Personal Universal Controller” (PUC). A key feature is that, unlike so-
called “universal remotes” that are available today such as the Phillips Pronto [Philips 2001], our 
proposed controller will be self-programming. Today’s remotes are either pre-programmed in the 
factory with a subset of the features of some specific appliances, or else the user is required to 
laboriously hand-program the remote with each desired function of each appliance. In contrast, 
our proposed remote will engage in a two-way exchange with the appliance, first uploading a 
description of the appliance’s functions, then creating a control panel automatically, and finally 
sending appropriate control signals to the appliance as the user operates the control panel. 

2.2 MOTIVATION 

An important motivation for the proposed research is the increasing complexity of consumer and 
business appliances. Most appliances have many unused features since consumers find it difficult 
to master the basic functions of some of these appliances, never mind the sophisticated features. 
One reason is that appliances must economize on buttons and displays, and therefore they often 
reuse the same buttons for multiple functions. Often, pressing and holding a button will perform a 
different operation than a quick tap, but usually there is no indication of this on the button’s label. 
Many appliances have invisible temporal modes that change the meaning of buttons. Indicators of 
appliance state can be confusing. In addition, there is little standardization of the labeling, 
placement or behavior of the controls on consumer appliances. The increasing computerization of 
equipment can only make this problem worse, as it becomes cheaper to embed sophisticated 
computing in even the smallest appliances. Today enormous processing power can be very 
cheaply embedded in devices as simple as a light-switch, but providing a good user interface for 
that processor is still a significant expense. Many appliances today come with custom remote 
controls, which themselves may be poorly designed. Furthermore, the consumer is faced with the 
familiar problem of having dozens of incompatible remote controls to deal with. 

A CHI’92 panel stated: 

User interfaces for consumer products are notoriously bad. … [The causes include] 
designs that are modeled after the user interface of computer systems, … [and a] rigid 
system of constraints on display size, memory, cpu power, input devices, conditions of 
use, component price, mechanical compatibility, manufacturability and serviceability. 
[Brouwer-Janse 1992] 

Most appliances probably do not get the extensive usability testing [Nielsen 1993] that might help 
identify usability problems early in the design phase. Hugo Strubbe from Philips says: 



AUTOMATIC DESIGN OF PERSONAL UNIVERSAL CONTROLLERS page 3 

Human factors techniques have been tried successfully on TV interface prototypes. 
However, such work typically has little effect on products. Designs made by human 
factors people are often more expensive than those made by engineers. Cost is an 
important purchase criterion for consumers. They rarely evaluate ease-of-use in the 
shop. Therefore, one cannot charge extra for it. Consumers who are unable to use the 
product at home accept this as their fault and do not return the product. The consumer 
has to be taught to insist on ease-of-use, and our human factors work does not directly 
contribute to this [Brouwer-Janse 1992, p. 289]. 

2.3 MOTIVATION FOR AUTOMATIC DESIGN OF PANELS 

The most interesting and challenging part of the proposed research is to automatically create 
panels of controls for appliances. Most remote controls today are pre-programmed in the factory 
for one or two appliances. For example, most VCR remotes can also control TVs. This approach 
is clearly not scaleable to many appliances, and the remotes often only cover the basic functions 
and omit useful features the consumer might want (e.g., my newest VCR remote does not have a 
“mute” button for the TV). The other approach used today for multi-device “universal” remotes 
requires the consumer to laboriously hand-program each function of the remote. For example, 
with the Phillips Pronto “universal” remote control [Philips 2001], and Pacific Neo-Tek’s “Omni-
Remote” software [Pacific Neo-Tek 2000] for the Palm, the user must have the old remote for the 
appliance to be controlled. The old remote is aimed at the controller, and, for each operation to be 
provided on the controller, the user must specify a button on the controller and then push the 
corresponding button on the old remote. In contrast, the proposed PUC will be able to create a 
control panel for new appliances without requiring any programming by the user. 

One approach might be to have the appliance send a fully-designed control panel to the remote 
control. This is similar to the philosophy of Jini [Sun 2000], which sends a complete 
implementation of the user interface for the requested service. For the appliance control 
envisioned here, sending a pre-defined panel would not work because of the wide range of 
handheld mobile devices, with vastly different input and output capabilities. We want to support 
cell-phones with 8-line displays and 14 buttons, monochrome and color Palm OS devices with 
160x160 pixels and a touch screen, color Pocket PC devices with 240 x 320 pixels, etc. In the Jini 
model, the appliance would need to provide many different control panels, each tuned for a 
different kind of handheld. Another problem is that each type of handheld may have its own 
conventions for how interactions should be performed, and the downloaded interface would not 
be able to take these into account. Furthermore, the appliances we want to control are expected to 
last for many years whereas the features of handhelds change every year. For example, we would 
want the same appliance that can be controlled by a PDA to work with a future controller built 
into a watch, which might have a new kind of round display and only four buttons. Finally, this 
approach does not allow the designs to be customized to be familiar to the user, since each 
appliance will have their own independent design. 

Therefore, we propose to have the appliance send to the controller a high-level specification of 
the parameters and operations of the device, and have the controller automatically create a user 
interface based on this specification. This will enable the same specification to be used by 
controllers with significantly different characteristics. The automatic generation of the user 
interface will take into account the input and output capabilities of the controller along with user 
preferences and other information. Users might specify, for example, that they want bigger 
buttons and bigger labels because they want to press them with a finger, or alternatively that they 
prefer smaller buttons so more will fit on the screen at the same time. Since the display on the 
handheld is likely to be bigger than on the appliance, longer names and even help text can appear 
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on the controller. If automatic machine language translation is available, the user might be able to 
request a French or Japanese interface, and have the textual labels translated by the controller.  

Another important advantage of automatic generation is that the controller can impose 
consistency across all the appliances that are controlled. For example, both a phone and a clock 
radio have a volume control, so panels for both should use the same widget for volume and put it 
in the same place. A controller on a Pocket PC will use the standard widget for setting the volume 
(a slider next to a speaker icon), but on a Palm, the volume usually is represented as a pop-up 
with a few choices. Similarly, when the controller is pointed at a clock from any manufacturer, 
the same control panel should appear on the controller. 

Dynamically created user interfaces to networked appliances, such as telephones, enable new 
kinds of services to be automatically incorporated into the user interface even after the appliances 
have been deployed. For example, if the phone system starts offering a new service, this might 
automatically appear as a new, labeled button on the PUC, rather than requiring the user to 
remember to press some arbitrary three-digit code. 

2.4 RESEARCH HYPOTHESIS 

We hypothesize that automatically created control panels on a personal universal controller for 
appliances can be easier to use than the manufacturer’s interfaces, possibly approaching the 
quality of carefully hand-designed user interfaces. 

2.5 TESTING AND VERIFICATION 

An important component of the proposed research will be to perform user tests throughout the 
development. We are currently performing user tests on hand-designed user interfaces. 

First, we did a paper-prototype study to see if we were on the right track. We compared the 
manufacturer’s interface to a paper-prototype [Rettig 1994] of our Palm interfaces for the AT&T 
telephone and the Aiwa stereo. (More details of the experiment are published elsewhere [Nichols 
2001].) Figure 1 shows four screens used in the study. We chose these two appliances because 
both are common and combine several functions into a single appliance. The Palm interfaces 
cover all of the features of these appliances, as described in their user manuals. Subjects were 
asked to work through one list of tasks for the stereo and another list for the phone. We recorded 
the number of missteps and the number of times external help was required while the tasks were 
performed. 

The results of the study indicate that subjects made fewer missteps and asked for help less using 
the prototype handheld interfaces than using the actual appliances. All of the results are 
statistically significant at the p < 0.001 level using a unpaired t-test. On average, the Palm user 
interface subjects made about 1/5 the errors (missteps). This indicates that the prototype handheld 
interfaces were more intuitive to use than the actual interfaces. Further, the average time to 
complete the tasks was about twice as long with the real appliance interface as with the Palm 
prototypes.  

Encouraged by these results, we are now performing a comparison of hand-designed control 
panels for the same devices running on a Compaq iPaq handheld running the Microsoft PocketPC 
operating system. These handhelds have bigger screens, and our implementation (in Embedded 
Visual Basic) is revealing some interesting issues about the feedback on remote controls. 
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Next, we will be working on the software to automatically create interfaces. We will continually 
test and refine the automatically generated interfaces in tests similar to those above. In addition to 
the stereo and telephone, we propose to test a copier and other appliances. We hope our sponsors 
will help us decide on the appropriate devices to study. 

   
     
 

   
 

Figure 1. The actual devices (left) and some hand-drawn control panels for the Palm for the 
AT&T phone (top) and AIWA stereo (bottom). 

2.6 POTENTIAL FOR INDUSTRY 

Having a working Personal Universal Controller will have significant impacts on industry, and 
may significantly increase the use of Intel processors in appliances. Manufacturers will be 
motivated to make smarter appliances, since users will be more able to use the advanced features. 
People will get more benefit out of their appliances and will be likely to upgrade to models 
supporting controls by PUCs. Sales of handhelds that can be used as PUCs would also expand 
significantly. 

If the proposed research is successful, it will have benefits beyond just remote control devices for 
appliances. The proposed research will help further the cause of separating the user interface from 
the application code, which has been a basic goal of user interface software research from the 
beginning. Using a high-level specification of the functionality to guide the automatic design of 
the user interface may be useful for many other kinds of applications, besides remote controllers. 
Future mobile and handheld devices will have increasingly diverse user interface characteristics, 
and yet can run the same software (for example, if the software is written in a portable language 
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such as Java). Therefore, it will be increasingly important for the user interface to automatically 
adapt to whatever platform it is on. The techniques developed as part of the proposed research 
may identify ways to create a more general user interface generator for many portable 
computerized applications. 

3. RELATIONSHIP TO OTHER RESEARCH & PRACTICE  

3.1 RELATED WORK 

There are many different classes of systems that are related to the proposed work.  

A number of research groups are working on controlling appliances from handheld devices. 
Hodes proposes a similar idea to our PUC, which is called a “universal interactor” that can adapt 
itself to control many appliances [Hodes 1997]. However, their research seems to have focused 
on the system and infrastructure issues rather than how to create the user interfaces. Their later 
paper describes the “rvic” system [Hodes 1999] that allows a Palm pilot or laptop to remotely 
control the audio/video equipment in a meeting room, but the control panels are hand-designed 
and hard-coded into the Palm program. The Stanford iRoom project [Fox 2000] also supports 
using the PDA as a remote control, and they tried two designs: one with the remote control hand-
coded on the Palm, and the other using Web forms displayed by a standard Web browser on the 
handheld. In both cases, the programmer designed the control panels in advance. An IBM project 
[Eustice 1999] describes a “Universal Information Appliance” (UIA) that might be implemented 
on a PDA. The UIA uses an XML-based language called MoDAL from which it creates a user 
interface panel for accessing information. However, the MoDAL processor apparently only 
handles simple layouts and its only type of input control is text strings. 

The Xweb [Olsen Jr. 2000] project is working to create technologies that can create customized 
interfaces that are appropriate to the interests of the user. The goal is to separate the functionality 
of the appliance from the device upon which it is displayed. Xweb defines an XML language 
from which user interfaces can be created. Another XML language for user interface design is 
UIML [Abrams 1999], from which user interfaces can also be created. 

Other projects have looked at the general issues with PDAs and stationary devices working 
together, including the original Xerox ParcTab [Want 1995] system, Rekimoto’s many systems 
[Rekimoto 1997][Rekimoto 1998][Rekimoto 1999], and our Pebbles system [Myers 1998][Myers 
2000a][Myers 2000b][Myers 2001]. In these, the user interfaces for the PDA have been hand-
designed. 

With respect to automatic design of user interfaces, the WML language for WAP phones is 
relevant, since it leaves some aspects of the user interface for the phone to decide. However, in 
practice most of the design must be included in the WML specification. There were a number of 
research systems that looked at automatic design of user interfaces for conventional computers. 
These sometimes went under the name of “model-based” systems [Szekely 1993]. Here, the 
programmer provides a specification (“model”) of the properties of the application, along with 
specifications of the user and the display. This approach was moderately successful at 
automatically creating dialog boxes [Kim 1993] [Vander Zanden 1990] and creating complete 
interfaces in a limited range [Olsen Jr. 1989] [Frank 1993] [Szekely 1993]. The ITS system from 
IBM was used to create all the screens for the information kiosks at the EXPO’92 worlds fair 
[Wiecha 1989][Wiecha 1990]. Of particular note is the layout algorithm in the DON system that 
achieved a pleasing, compact, and logical placement of the controls [Kim 1993]. Other systems 
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focused on the initial creation assuming a designer would edit the resulting user interface [Foley 
1988] [Singh 1989]. We plan to extend these results to create panels of controls on handhelds. 

One problem with many of these model-based systems was that the automatically created user 
interface was often not as good as a person could create, and therefore required intervention to fix 
the resulting interface or else fix the rules with special cases. Another problem is that the 
specification became quite large with much extra information needed for the layout algorithm to 
do a good job. Writing this specification became quite burdensome to the designer, often more 
difficult than just programming the interface by hand. We feel that our proposed system will 
avoid these problems because we will start off with high-quality user interfaces from which the 
specification language features will be designed, and we can use the restrictions of the control 
panels to simplify the specifications. Controller interfaces are simpler than other kinds of 
interfaces since they are constructed mainly of buttons and selection lists, grouped appropriately 
on the screen. Understanding the groupings solves much of the layout problem, which is a key 
issue that will be addressed in our specification language. 

3.2 LONG TERM RESEARCH 

The problem of automatically creating user interfaces has clearly been studied for many years, 
with only minor successes, and has had little impact on commercial approaches. This long-
standing unsolved problem will be the focus of the proposed research. 

3.3 OUR RESEARCH STRENGTHS 

We feel we can make headway on this difficult research problem due to our significant 
contributions to many areas of user interface software and intelligent user interfaces. The research 
proposed here will be performed as part of the Pebbles project [Myers 2001] 
(http://www.pebbles.hcii.cmu.edu), which is investigating the many ways that handheld devices 
can be used at the same time as other computerized devices. As part of the Pebbles project, we 
have looked at multiple PDAs connected to a PC to support meetings [Myers 1998]. In other 
research, we are investigating how a PDA can be equally useful for an individual to augment the 
Windows user interface for desktop applications [Myers 2000b]. We performed a study that 
showed, for example, that the PDA could be used very effectively as a scrolling device for 
desktop applications [Myers 2000a]. The software we have developed as part of the Pebbles 
project is mostly available for free download from our web site. One Pebbles application, the 
SlideShow Commander, was recently licensed to a company for commercial sale 
(http://www.slideshowcommander.com) and has sold thousands of copies already. We anticipate 
that the technology developed as part of the proposed research will similarly be widely distributed 
for free or commercially. 

We have also worked in the area of User Interface Software. As part of the Garnet system 
developed in the late 1980s, Brad Vander Zanden and I investigated automatic creation of user 
interfaces [Vander Zanden 1990] which is of particular relevance to the proposed research. 

4. RESEARCH POTENTIAL IMPACT 

The exciting vision of the Personal Universal Controller proposed by this research can clearly not 
happen until all appliance manufacturers adopt a consistent standard for communicating with the 
PUC, and agree on the specification language for the appliances. It is not expected that this would 
happen during this research project. However, the goal of this project is to investigate the format 
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and content of such a specification and algorithms that might be used to generate the interfaces. 
We hope that this research will help motivate the manufacturers to adopt such a standard, and we 
would be willing to help with the standardization effort. 

In the short term, there will clearly not be appliances that are built to communicate with our 
Personal Universal Controller. We will be able to test and evaluate our research progress using 
simulations of the specifications that the appliances would return, and then simulations of the 
control of the appliances. However, it will be much more interesting and exciting to be able to 
demonstrate the actual control of some appliances. Increasingly, we expect this to be possible. 
For example, a 3Com Corporation project has created a Palm remote controller for an Internet 
phone [Dalgic 2000] which we might be able to use. With BlueTooth, more and more devices 
should be able to participate in two-way communication with a PUC. We hope our sponsors will 
help us find devices that we can control. 

5. RESEARCH PLAN 

5.1 DELIVERABLES 
Deliverables from this effort will include: 

• Hand-designed screens for various devices, along with prototype implementations of the 
screens for testing purposes. 

• The general specification language for device parameters, which might serve as the 
beginnings of a standard. 

• A software application running on multiple platforms (probably Palm, PocketPC, and 
maybe WAP phone) that takes the specification language and produces high-quality user 
interfaces. 

• Simulated and actual control of devices using the generated control panels. 

• Papers and reports describing the research results. 

5.2 SCHEDULE 

In the first six months of the research, we propose to further study hand-designed control panels 
for various kinds of PUC devices and for various platforms. From this, we will spend six months 
developing a specification language that can adequately represent the complexities of the control 
panels needed for real appliances. In the second year, we will begin the design and 
implementation of the automatic layout algorithms. At the same time, we will begin working with 
some real appliances that can be remote controlled, and working on having them describe their 
features using our specification language. In the third year, we plan to port the automatic 
generation algorithm to multiple platforms with different characteristics, and to demonstrate 
remote control of real devices. Throughout, we will be performing user studies of the interfaces to 
evaluate and refine the designs. 

5.3 TECHNOLOGY TRANSFER 

Our research group has a long history of producing systems that are made generally available and 
are widely used. The Amulet toolkit (http://www.cs.cmu.edu/~amulet) was used by hundreds of 
research and commercial projects and is still being downloaded over 100 times a month. Our 
current Pebbles project has produced software that is being downloaded about 200 times a week, 
and one application has been licensed for commercial sale. We expect that the results of the 
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proposed work to also be widely distributed. We would work with manufactures and our sponsors 
to identify ways to get more appliances to support a specification like those we develop to enable 
PUCs. 

5.4 PERSONNEL AND BUDGET 

The key personnel involved will be Brad Myers and PhD student Jeff Nichols. 

Budget for Intel Proposal   Year One Year Two Year Three   

    6/1/2001 6/1/2002 6/1/2003 Project 

    5/31/2002 5/31/2003 5/31/2004 Totals 

Personnel  Term         

Graduate Student (SCS)  Academic Year $40,257 $42,273 $44,388 $126,918 

Graduate Student (SCS) Summer $4,950 $5,199 $5,457 $15,606 

Myers, Brad at 7.5% Calendar Year $8,843 $9,154 $9,477 $27,474 

Total Personnel   $54,050 $56,626 $59,322 $169,998 

FT Benefits  $2,157 $2,237 $2,343 $6,737 

Total Personnel and Fringe   $56,207 $58,863 $61,665 $176,735 

Operating Expenses           

Copying and Publishing 0.20%   $114 $114 $126 $354 

Long Distance Calls 1.00%   $563 $585 $615 $1,763 

Postage 0.20%   $114 $114 $126 $354 

Computing Facilities 6.90%   $3,877 $4,063 $4,251 $12,191 

Total Operating Expenses   $4,668 $4,876 $5,118 $14,662 

Overhead 56.00% not charged -- -- -- -- 

HARDWARE   $10,000 $10,000 $10,000 $30,000 

TOTAL SPONSOR COSTS   $70,875 $73,739 $76,783 $221,397 

6. ADMINISTRATIVE MATTERS 

All prototypes, papers and results of the proposed research will be made available to Intel for 
their internal evaluation. The intellectual property resulting from this research will be owned by 
Carnegie Mellon University, and we will negotiate with our sponsors about licensing. 

Here is the administrative information: 

Researcher’s Name Brad A. Myers,   Senior Research Scientist 
Researcher’s Organization: Carnegie Mellon University,   http://www.cmu.edu/ 

Researcher’s Department: Human Computer Interaction Institute 
http://www.hcii.cmu.edu/ 

Researcher’s Contact: Human Computer Interaction Institute 
School of Computer Science 
Carnegie Mellon University 
Pittsburgh, PA  15213-3891 
Phone: (412) 268-5150,   FAX: (412) 268-1266 
Email: bam+@cs.cmu.edu 
www: http://www.cs.cmu.edu/~bam 

University Foundation or Technology 
Development Office authorized to process 

the grant/gifts and intellectual property 
issues: address, phone, email. 

Robert Kearns 
Sr. Research Administrator 
Office of Sponsored Research 
Carnegie Mellon University 
5000 Forbes Avenue 
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Pittsburgh, PA 15213 
tel: 412-268-5837,     fax: 412-268-5841 
email: rk2a@andrew.cmu.edu 

Shipping address and contact for possible 
donation of equipment 

same as Researcher’s contact 

7. PERSONAL DATA 

Brad A. Myers is a Senior Research Scientist in the Human-Computer Interaction 
Institute in the School of Computer Science at Carnegie Mellon University, where he is 
the principal investigator for various research projects including: the Pebbles Handheld 
Computer Project, Silver Multi-Media Authoring, Natural Programming, User Interface 
Software, and Demonstrational Interfaces. He is the author or editor of over 200 publications, and 
he is on the editorial board of five journals. He has been a consultant on user interface design and 
implementation to over 40 companies, and regularly teaches courses on user interface software.  
Myers received a PhD in computer science at the University of Toronto where he developed the 
Peridot UIMS.  He received the MS and BSc degrees from the Massachusetts Institute of 
Technology during which time he was a research intern at Xerox PARC. From 1980 until 1983, 
he worked at PERQ Systems Corporation. His research interests include handheld computers, 
user interface development systems, user interfaces, programming by example, programming 
languages for kids, visual programming, interaction techniques, window management, and 
programming environments. He belongs to SIGCHI, ACM, IEEE Computer Society, IEEE, and 
Computer Professionals for Social Responsibility. URL: http://www.cs.cmu.edu/~bam 
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Mouse,” Proceedings CHI’2000: Human Factors in Computing Systems. April 1-6, 2000. The Hague, 
The Netherlands. pp. 41-48. 
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