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ABSTRACT 
This paper describes an XML-based language for describ-
ing the functions of appliances, such as televisions, VCRs, 
copiers, microwave ovens, and even manufacturing equip-
ment. Our description language is designed to be concise, 
easy to use, and contain no presentation information. It has 
been used to describe more than twenty diverse appliances. 
The functional descriptions written in our language are 
used to automatically generate remote control interfaces for 
appliances. We have used these descriptions to generate 
both graphical and speech interfaces on handheld com-
puters, mobile phones, and desktop computers.  
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INTRODUCTION 
It has long been a goal of researchers to develop a user 
interface description language (UIDL) that can describe a 
user interface without resorting to low-level code. A UIDL 
can reduce the amount of time and effort needed to make 
user interfaces by providing useful abstractions and sup-
porting automation of the design process. For example, this 
might allow the same interface description to be rendered 
on multiple platforms. In this case, a UIDL is particularly 
beneficial because most of the code and implementation 
time is spent on the user interfaces in today’s desktop ap-
plications. Without a multi-platform UIDL solution, even 
more will be required as applications become more distrib-
uted and user interfaces to those applications are needed on 
multiple platforms. 
We are developing a UIDL for describing appliance user 
interfaces as part of our work on the personal universal 
controller (PUC) project [7]. The goal of the project is to 
provide users with user interface devices that can remotely 

control all of the appliances in the users’ environments. We 
imagine that these user interface devices would use a vari-
ety of platforms, including handheld devices with graphical 
interfaces and hidden PCs with speech recognition soft-
ware. To remotely control an appliance, the user interface 
device engages in two-way communication with the appli-
ance, first downloading a description of the appliance’s 
functions written in our UIDL, and then automatically cre-
ating a high-quality interface. The device sends control 
signals to the appliance as the user interacts with the inter-
face, and also receives feedback on the changing state of 
the appliance. 
The UIDL that we have designed, which we often refer to 
as our appliance specification language or just specification 
language, is a very important part of the PUC system. Not 
only must it describe the appliance in sufficient detail for 
the interface generators to create a high-quality interface, 
but it must be concise and short enough to be efficiently 
transmitted across wireless networks and parsed by embed-
ded computing devices. Our specification language must 
also be descriptive enough to cover the complete function-
ality of any appliance, so that a PUC device can generate a 
complete user interface. Finally, the language needs to be 
abstract enough so that interfaces can be generated on mul-
tiple platforms from the same appliance specification. 
This paper starts by discussing related work, both to our 
UIDL and the PUC system as a whole. Then we elaborate 
on the design principles for our UIDL, followed by a de-
scription of a study we conducted to inform our design. 
Then the language is described in detail, followed by some 
brief analysis of the strengths and weaknesses we have 
found in the current design.‡

RELATED WORK 
A number of research groups are working on controlling 
appliances from handheld devices. Hodes, et. al. propose a 
similar idea to our PUC, which they call a “universal inter-
actor” that can adapt itself to control many devices [4]. 
However, their research focuses on the system and infra-
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structure issues rather than how to create the user inter-
faces. An IBM project [3] 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 Stanford ICrafter [12] is a 
framework for distributing appliance interfaces to many 
different controlling devices. While their framework sup-
ports the automatic generation of interfaces, their paper 
focuses on hand-generated interfaces and shows only one 
simple automatically generated interface. They also men-
tion the difficulty of generating speech interfaces. 
The Xweb system [10] is an infrastructure that supports 
automatic generation of user interfaces from abstract de-
scriptions, and supports multiple generation platforms, 
including speech. The PUC extends these ideas by adding 
more detail in the specification language and supporting 
more features in the automatic interface generation process. 
The INCITS/V2 [20] standardization effort is developing 
the Alternative Interface Access Protocol (AIAP) to help 
disabled people use everyday appliances with an approach 
similar to the PUC. AIAP contains a description language 
for appliances that different interface generators use to cre-
ate interfaces for both common devices, like the PocketPC, 
and specialized devices, such as an interactive braille pad. 
We are collaborating with the V2 group and they have in-
corporated many of our language ideas into their standard. 
A number of research systems have looked at automatic 
design of user interfaces for conventional applications. 
These sometimes went under the name of “model-based” 
techniques [16]. Here, the programmer provides a specifi-
cation (“model”) of the properties of the application, along 
with specifications of the user and the display. Of particu-
lar note are the layout algorithms in the DON [5] and 
TRIDENT [18] systems that achieved pleasing, compact, 
and logical placements of controls. We extend these results 
to create panels of controls on significantly different hand-
helds, without requiring designer intervention after the 
interfaces are generated. 
UIML [1] is an XML language that is designed to provide a 
highly-device independent method for user interface de-
sign. UIML differs from the PUC in its tight coupling with 
the interface. Designers using UIML can define the types 
of components to use in an interface and the code to exe-
cute when events occur. The PUC specification language 
leaves these decisions up to each platform’s interface gen-
erator. 
Recently a new general purpose language has been intro-
duced for storing and manipulating interaction data. The 
eXtensible Interface Markup Language (XIML) [13] is an 
XML-based language that is capable of storing most kinds 
of interaction data, including the types of data stored in the 
application, task, and presentation models of other model-

based systems. XIML was developed by RedWhale Soft-
ware and is being used to support that company’s user 
interface consulting work. They have shown that the lan-
guage is useful for porting applications across different 
platforms and storing information from all aspects of a user 
interface design project. 
It is common to find task information included in abstract 
UIDLs, though the PUC language does not yet include 
such information. Paterno’s ConcurTaskTrees [11] is one 
such language, which has a graphical notation and allows 
the specification of concurrent tasks (not possible in earlier 
languages). ConcurTaskTrees also allows the specification 
of who/what is performing the task, whether it be the user, 
the system, or an interaction between the two. 

DESIGN PRINCIPLES 
Before and during the design of the specification language, 
we developed a set of requirements and principles on 
which to base our design [8]. Some of the principles are: 
Descriptive enough for any appliance, but not necessarily 
able to describe a full application. We found that we were 
able to specify the functions of an appliance without in-
cluding some types of modeling information that earlier 
systems included, such as task models and presentation 
models. This is possible because appliance interfaces al-
most always have fewer functions than a typical 
application, and rarely need direct manipulation techniques 
in their interfaces. 
Sufficient detail to generate a high-quality interface. We 
conducted a user study to determine how much detail 
would be needed in our specification language. Note that 
this principle is different than the first. It would have been 
possible to completely describe the appliance without read-
able labels or adequate grouping information that is needed 
for generating a good user interface. For example, the Uni-
versal Plug and Play (UPnP) standard [17] includes an 
appliance description language that does not include suffi-
cient detail for generating a good user interface. 
No specific layout information should be included in the 
specification language. We wanted to ensure that our lan-
guage would be general enough to work for interface 
generators running on a wide-variety of platforms. Another 
solution for addressing the multi-platform problem is to 
include multiple concrete interface descriptions in the ap-
pliance specification (the INCITS/V2 standard [20] and 
ICrafter [12] support this approach). We chose not to take 
this approach, because it does not support future platforms 
that cannot be anticipated at design time. This approach 
also makes it difficult to support many of the expected 
benefits of automatically generating interfaces, such as 
adaptation and personalization. 
Short and concise are very important principles for the 
design of our language. Appliance specifications must be 
sent over wireless networks and processed by computing 
devices that lack the power of today’s desktop machines. 



To ensure performance is adequate, the specification lan-
guage must be concise. Why then choose a verbose format 
like XML as the basis for our language? We chose XML 
because it was easy to parse and there were several avail-
able parsers. XML is also a very compressible format, 
which can reduce the cost of sending specifications over 
the network, though our system does not use any compres-
sion. 
Only one way to specify any feature of the appliance is 
allowed in our specification language. This principle makes 
our language easy to author and easy to process by the in-
terface generator. It also makes it impossible for an author 
to influence the look and feel of user interfaces by writing 
their specification in a particular way. Some examples of 
design choices influenced by this principle are shown later. 

PRELIMINARY USER STUDIES 
These principles guide the design our language, but do not 
suggest what information should be included or what level 
of detail is needed to automatically generate a high-quality 
interface. In order to determine what content should be 
included in a specification, we hand-designed several re-
mote control interfaces for existing appliances. Then user 
studies were conducted to compare the hand-designed in-
terfaces to the manufacturers’ interfaces (described in more 
detail in [6]). This approach allowed us to concentrate on 
the functional information that should be included as con-
tent in the specification language. It also showed that a 
PUC device could be easier to use than interfaces on actual 
appliances.  
We chose to focus on two common appliances for our 
hand-designed interfaces: the Aiwa CX-NMT70 shelf ste-
reo with its remote control, and the AT&T 1825 
telephone/digital answering machine. We chose these two 
appliances because both are common, readily available, 
and combine several functions into a single unit. The first 
author owns the Aiwa shelf stereo that we used, and the 
AT&T telephone is the standard unit installed in many of-

fices at Carnegie Mellon. Aiwa-brand stereos seem to be 
particularly common (at least among our subject popula-
tion) because ten of our twenty-five subjects owned Aiwa 
systems. 
We created our hand-designed interfaces in two phases, 
initially on paper for the Palm platform and later as Visual 
Basic implementations on a Microsoft PocketPC (see 
Figure 1). Each interface supported the complete set of 
appliance functions. At each phase, we iteratively im-
proved the interfaces with heuristic analyses and performed 
a user study. The user study in each phase was dual-
purpose: to compare our hand-designed interfaces with the 
interfaces on the actual appliances and to find problems in 
the hand-designed interfaces. 
The comparison study in both phases showed that our 
hand-designed interfaces were much better than the manu-
facturer’s interfaces on the actual appliances [6]. In both 
studies users were asked to perform a variety of simple and 
complex tasks.  Some simple tasks were dialing the phone 
or changing the volume on the stereo, whereas some com-
plex tasks were programming a list of tracks into the 
stereo’s CD player or copying a message between two of 
the four mailboxes on the telephone’s built-in answering 
machine. We found that for both hand-designed interfaces, 
Palm paper prototypes and PocketPC implementations, 
users completed tasks in one-half the time and with one-
half the errors as compared to the actual appliances [6].  
The large differences in this study can be attributed to 
problems with the appliance interfaces. Most of the prob-
lems users had with the built-in appliance interfaces could 
be traced to poor button labels and inadequate interface 
feedback. Both appliances had buttons with two functions, 
one when the button was pressed and released and one 
when the button was pressed and held. Our subjects rarely 
discovered the press and hold function. The stereo also had 
buttons that changed function with the appliance’s mode.  

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 1.  Hand-designed interfaces for the phone (a-b) and stereo (c-d) on the Palm and PocketPC. The Palm interfaces are paper prototypes, 
whereas the PocketPC interfaces were actually implemented in Microsoft’s embedded Visual Basic. 



Interface Analysis 
Once we were confident that our interfaces were usable, we 
analyzed them to understand what functional information 
about the appliance was needed for designing the inter-
faces. This included questions such as “why are these 
elements grouped together?” or “why are these widgets 
never shown at the same time?” These are questions that 
might suggest what information should be contained in the 
specification language. 
As we intuitively expected, grouping information was very 
important for our hand-designed interfaces. We noted that 
grouping information could generally be specified as a tree, 
and that the same tree could be used for interfaces of many 
different physical sizes. User interfaces designed for small 
screens would need every branch in the tree, whereas large 
screen interfaces might ignore some deeper branches. 
We also found that grouping is influenced by modes. For 
example, the Aiwa shelf stereo has a mode that determines 
which of its components is playing audio. Only one com-
ponent can play at a time. In the stereo interfaces shown in 
Figure 1c-d you will note that a tabbed interface is used to 
overlap the controls for the CD player, tape player, etc. 
Other controls that are independent of mode, such as vol-
ume, are available in the sidebar. Unlike regular grouping 
information, information about modes gives explicit ideas 
about how the user interface should be structured. If two 
sets of controls cannot be available at the same time be-
cause of a mode, they should probably be placed on 
overlapping panels. We designed dependency equations to 
describe appliance mode information in our language. 
We also noticed that most of the functions of an appliance 
were manipulating some data in a definable way, but some 
were not. For example, the tuning function of a radio is 
manipulating the current value of the radio station by a pre-
defined increment. The seek function also manipulates the 
radio station value, by changing it to the value of the next 
radio station with clear reception. This manipulation is not 
something that can be defined based on the value of a vari-
able, and thus it would need to be represented differently in 
our language. 
Each of our interfaces used different labels for some func-
tions. For example, the Palm stereo interface (see Figure 
1c) used the label “Vol” to refer to volume, whereas the 
PocketPC stereo interface (see Figure 1d) used “Volume.” 
We expected that this problem would be even worse for 
much smaller devices, such as mobile phones or wrist-
watches. Thus we felt it would be important for our 
specification language to include multiple labels that an 
interface generator could choose between when designing 
its layouts. 
Finally, we found that all of our interfaces used some “con-
ventional” designs that would be difficult to specify in any 
language. At least one example of a conventional design 
can be found in each of the panes in Figure 1: (a) shows a 
telephone keypad layout, (b) uses standard icons for previ-

ous track and next track, (c) shows the standard layouts and 
icons for play buttons on a CD player, and (d) uses the 
standard red circle icon for record. We recently developed 
a solution for addressing this problem called Smart Tem-
plates [9], which will be discussed in the next section.  

SPECIFICATION LANGUAGE 
The PUC specification language is XML-based and in-
cludes all of the information that we found in our analysis 
of the hand-designed interfaces. This section describes the 
features of our language and shows examples of how each 
feature is used. A language reference can be downloaded 
from our project web site: 
http://www.cs.cmu.edu/~pebbles/puc/specification.html 

State Variables, Commands, and Explanations 
Our specification language supports three primitive ele-
ments for describing the functions of an appliance. We 
discovered from our PocketPC implementations that most 
appliance functions could be represented as state variables. 
Each state variable has a given type that tells the interface 
generator how it can be manipulated. For example, the ra-
dio station state variable has a numeric type, and the 
interface generator can infer the tuning function because it 
knows how to manipulate a numeric type. Other state vari-
ables include the current track of the CD player and the 
status of the tape player (stop, play, fast-fwd, etc.). 
As mentioned above, we discovered that state variables are 
not sufficient for describing all of the functions of an appli-
ance, such as the seek button on a radio. The seek function 
must be represented as a command, a function whose result 
cannot be described easily in the specification. Figure 2 
shows examples of both state variables and commands. 
Commands are also useful when an appliance is unable to 
provide state information to the controller, either by manu-
facturer choice or a hardware limitation of the appliance. 
For example, up and down commands might be used for 
volume if the appliance cannot support an integer-typed 
state variable. In fact, the remote control technology of 
today can be simulated on the PUC by writing a specifica-
tion that includes only commands. Any state information 
must then be shown on the appliance’s front panel. 
Our specification language also has a feature called an ex-
planation. Explanations are static labels that are important 
enough to be explicitly mentioned in the user interface, but 
are not related to any existing state variable or command. 
For example, an explanation is used in one specification of 
a shelf stereo to explain the Auxiliary audio mode to the 
user. The mode has no user controls, and the explanation is 
used to explain this. Explanations are used very rarely in 
the specifications that we have written. 

Type Information 
Each state variable must be specified with a type so that the 
interface generator can understand how it may be manipu-
lated. For example, the Controls.Mode state in Figure 2 has 



 
<?xml version=”1.0” encoding=”utf-8”?> 
<spec name=”MediaPlayer” version=”PUC/2.0”> 
  <labels> 
    <label>Media Player</label> 
  </labels> 
 
  <groupings> 
    <group name=”Controls” is-a=”media-controls”> 
      <labels> 
        <label>Play Controls</label> 
        <label>Play Mode</label> 
        <text-to-speech text=”Play Mode” 
                        recording=”playmode.au”/> 
      </labels> 
 
      <state name=”Mode”> 
        <type> 
          <enumerated> 
            <item-count>3</item-count> 
          </enumerated> 
          <valueLabels> 
            <map index=”1”> 
              <label>Stop</label> 
            </map> 
            <map index=”2”> 
              <label>Play</label> 
            </map> 
            <map index=”3”> 
              <label>Pause</label> 
            </map> 
          </valueLabels> 
        </type> 
 
        <labels><label>Mode</label></labels> 
      </state> 
 
      <group name=”TrackControls”> 
        <command name=”PrevTrack”> 
          <labels><label>Prev</label></labels> 
 
          <active-if> 
            <greater-than state=”PList.Selection”> 
              0  
            </greater-than> 
          </active-if> 
        </command> 
 
        <command name=”NextTrack”> 
          <labels><label>Next</label></labels> 
 
          <active-if> 
            <less-than state=”PList.Selection”> 
              <ref-value state=”PList.Length”/> 
            </less-than> 
          </active-if> 
        </command> 
      </group> 
    </group> 
 
    <list-group name=”PList”> 
      <state name=”Title”> 
        <type><string/></type> 
        <labels><label>Title</label></labels> 
      </state> 
 
      <state name=”Duration” is-a=”time-duration”>
        <type><integer/></type> 
        <labels><label>Duration</label></labels> 
      </state> 
    </list-group> 
  </groupings> 
</spec> 

Figure 2. A sample specification for a media player with a few 
basic functions and a play list.  
 

an enumerated type. We define seven primitive types that 
may be associated with a state variable: 

• binary 
• boolean 
• enumerated 
• fixed point 

• floating point 
• integer 
• string 

 
Many of these types have parameters that can be used to 
restrict the values of the state variable further. For example, 
the integer type can be specified with minimum, maximum, 
and increment parameters. 
It is important to note that complex types often seen in pro-
gramming languages, such as records, lists, and unions, are 
not allowed to be specified as the type of a state variable. 
Complex type structures are created using the group tree, as 
discussed below.  

Label Information 
The interface generator must also have information about 
how to label the interface components that represent state 
variables and commands. Providing this information is 
difficult because different form factors and interface mo-
dalities require different kinds of label information. An 
interface for a mobile web-enabled phone will probably 
require smaller labels than an interface for a PocketPC with 
a larger screen. A speech interface may also need phonetic 
mappings and audio recordings of each label for text-to-
speech output. We have chosen to provide this information 
with a generic structure that we call the label dictionary. 
Each dictionary contains a set of labels, most of which are 
plain text. The dictionary may also contain phonetic repre-
sentations using the ARPAbet (the phoneme set used by 
CMUDICT [2]) and text-to-speech labels that may contain 
text using SABLE mark-up tags [15] and a URL to an au-
dio recording of the text. The assumption underlying the 
label dictionary is that every label contained within, 
whether it is phonetic information or plain text, will have 
approximately the same meaning. Thus the interface gen-
erator can use any label within a label dictionary 
interchangeably. For example, this allows a graphical inter-
face generator to use a longer, more precise label if there is 
lots of available screen space, but still have a reasonable 
label to use if space is tight. Figure 2 shows the label dic-
tionary, represented by the <labels> element, for a number 
of states. The dictionary for the Controls group has two text 
labels and a text-to-speech label. 

Group Tree 
Interfaces are always more intuitive when similar elements 
are grouped close together and different elements are kept 
far apart. Without grouping information, the play button for 
the CD player might be placed next to the stop button for 
the Tape player, creating an unusable interface. We avoid 
this by explicitly specifying grouping information using a 
group tree.  
We specify the group tree as an n-ary tree that has a state 
variable or command at every leaf node (see Figure 3). 



State variables and commands may be present at any level 
in the tree. Each branching node is a “group,” and each 
group may contain any number of state variables, com-
mands, and other groups. We encourage designers to make 
the group tree as deep as possible, in order to help space-
constrained interface generators. These generators can use 
the extra detail in the group tree to decide how to split a 
small number of controls across two screens. Interface gen-
erators for larger screens can ignore the deeper branches in 
the group tree and put all of the controls on one panel.  

 
Figure 3. A sample group tree for a shelf stereo with both a CD 
player and radio tuner. The black boxes represents groups and the 
white boxes with text represent state variables. The mode variable 
indicates which source is being played through the speakers. 

Complex Types 
Our specification language uses the group tree to specify 
complex type structures often seen in programming lan-
guages, such as records, lists, and unions. We chose this 
approach because we felt it simplified our language, and 
followed the principle of “one way to specify anything.” If 
we had chosen to specify complex types within state vari-
ables, then authors could have specified related data either 
as a single variable with a record data type or as multiple 
variables within a group. 
To support complex types, we have added several special 
group tags. Figure 2 shows an example of the list-group 
tag that we added for specifying lists. List groups have two 
implicit variables to track the length of the list and the cur-
rent selection(s). State variables that are specified within 
the list group will have multiple values associated with 
them, one for each item in the list. Multi-dimensional lists 
can be created by nesting list groups. We have also devel-
oped a special dependency operator for lists that can be 
true if all items, any items, or no items in the list match a 
dependency equation. The union-group is similar to the 
list-group, but acts like a union from the C program-
ming language. 

Dependency Information 
The two-way communication feature of the PUC allows it 
to know when a particular state variable or command is 
unavailable. This can make interfaces easier to use, because 
the components representing those elements can be dis-
abled. The specification contains formulas (see the 
<active-if> element in Figure 2) that specify when a state 
or command will be disabled depending on the values of 
other state variables, currently specified with several types 
of dependencies: equal-to, greater-than, less-than, defined, 
and others. Each state or command may have multiple de-
pendencies associated with it, combined with the logical 
operations AND and OR. These formulas can be processed 
by the PUC to determine whether a component should be 
enabled when the appliance state changes.  
We have discovered that dependency information can also 
be useful for structuring graphical interfaces and for inter-
preting ambiguous or abbreviated phrases uttered to a 
speech interface. For example, dependency information can 
help the speech interfaces interpret phrases by eliminating 
all possibilities that are not currently available. The proc-
essing of these formulas is described elsewhere [7]. 

Smart Templates 
A common problem for automatic interface generators has 
been that their interface designs do not conform to domain-
specific design conventions that users are accustomed to. 
For example, an automated tool is unlikely to produce a 
standard telephone keypad layout. This problem is chal-
lenging for two reasons: the user interface conventions 
used by designers must be described, and the interface gen-
erators must be able to recognize where to apply the 
conventions through analysis of the interface specification. 
Some systems [19] have dealt with this problem by defin-
ing specific rules for each application that apply the 
appropriate design conventions. Other systems [5] rely on 
human designers to add design conventions to the inter-
faces after they are automatically generated. Neither of 
these solutions is acceptable for the PUC system. Defining 
specific rules for each appliance will not scale, and a PUC 
device cannot rely on user modifications because its user is 
not likely to be a trained interface designer. Even if the 
user was trained, he or she is unlikely to have the time or 
desire to modify each interface after it is generated, espe-
cially if the interface was generated in order to perform a 
specific task. 
We have developed one solution to this problem called 
Smart Templates [9], where the PUC specification lan-
guage’s primitive type information is augmented with high-
level semantic information. For example, the media-
controls template defines that a state variable with par-
ticular attributes controls the playback of some media. 
Figure 2 shows how the media-controls Smart Tem-
plate is indicated using the is-a attribute in our 
specification language. PUC interface generators can use 
the information added by a Smart Template to apply design 
conventions and make interfaces more usable. If an inter-
face generator does not recognize a template however, a 



 

Figure 4. Media controls rendered for a Windows Media Player 
interface on each of our three platforms. At the top is the desktop, 
the middle is PocketPC, and the bottom shows Smartphone. The 
Smartphone control maintains consistency for the user by copying 
the layout for the Smartphone version of Windows Media Player, 
the only media player application we could find on that platform. 
This interface overloads pause and stop onto the play button. 

 

Figure 5. Different arrangements of media playback controls 
automatically generated for several different appliances from a 
single Smart Template (media-controls). 

user interface can still be created because Smart Templates 
are constructed from the primitive elements of our specifi-
cation language. Figure 4 shows the same instance of a 
Smart Template rendered on different platforms. 
An important innovation is that Smart Templates are pa-
rameterized, which allows them to cover both the common 
and unique functions of an appliance. For example, the 
media playback template supports play and stop, but also 
optional related functions such as next track for CDs, fast-
forward and reverse-play for tape players, and “play new” 
for phone answering machines (see Figure 5). Smart Tem-
plates also give appliances the flexibility to choose a 
functional representation that matches their internal imple-
mentation. For example, our time-duration Smart 
Template allows single state variables with integer or string 
types, or multiple state variables (e.g. a state for hours and 
another for minutes). 
We have built a preliminary implementation of Smart Tem-
plates into the existing PUC system. So far the PUC 
supports a few Smart Templates: media-controls, 
time-duration, image, and image-list. We plan to 
implement many more, including date, mute, power, and 
volume. We expect that some Smart Templates will natu-
rally combine with others to create new templates. For 
example, date and time are often used together, as are vol-
ume and mute. We hope to implement Smart Templates in 
such a way that templates can be flexibly combined with 
less work than creating a new template from scratch.  

EVALUATION 
We have not yet conducted any formal evaluation of our 
specification language, but we have used it to specify more 
than twenty appliances ranging from stereos and telephones 
to elevators and car navigation systems. We have used 
those specifications as the basis for generating graphical 
user interfaces on PocketPCs, Microsoft Smartphones, and 

desktop computers, and speech user interfaces using the 
Universal Speech Interfaces framework [14]. This section 
informally discusses some strengths and weaknesses that 
we have found with the language. 
The main strengths of the language come from the design 
principles that we started with. Appliance descriptions are 
often a reasonable size, even for our largest and most com-
plicated appliances. Our specification for an Audiophase 
5CD shelf stereo system, which has more than 50 states, is 
25KB. The specification for the GM Yukon Denali naviga-
tion system, which has more than 80 states, is 41KB. These 
sizes are perfectly reasonable for transmission and process-
ing on the devices we are targeting. 
Our language also seems to be reasonably easy to learn. 
Four undergraduate students have learned the language 
over the course of the project. Each student picked up the 
basics of the language in a day and was proficient within 
about two weeks. The most difficult aspects of writing an 
appliance specification are determining the appliance’s 
variables and commands, and designing the group tree 
structure. We believe these aspects are difficult in general, 
and do not represent weaknesses in our design. 
The main weakness of the language is the lack of any task 
information. For many appliances this is not a problem 
because all of the tasks have only one step. For example, 
“play the tape” or “increase the volume.” With complex 
appliances, such as a car navigation system, this is not al-
ways the case, and the lack of task information may lead to 
lower quality generated interfaces for these appliances. 

FUTURE WORK 
We are planning to conduct a formal evaluation of the 
specification language and interface generators as part of 
the first author’s thesis work. This will involve specifying 
more complex appliances and further testing the descrip-
tiveness of the language. 



We are planning a new feature of the PUC system that will 
generate a single user interface for multiple appliances that 
have been connected together. One example of a use for 
this feature is a typical home theater, which includes sepa-
rate VCR, DVD player, television, and stereo appliances, 
but might be more easily thought of as a single integrated 
system. A PUC interface for a home theater would ideally 
have features like a “Play DVD” button that would turn on 
the appropriate appliances, set the TV and stereo to the 
appropriate inputs, and then tell the DVD player to “Play.”  
This feature will require some additions to our language to 
describe how appliances are connected together. Task in-
formation will also be required to support features like the 
“Play DVD” button, but the task information will be dis-
tributed among each of the different appliances. This is 
different from previous task languages [11] which have 
assumed that all task information is available in one loca-
tion. Designing and building this distributed task language 
is a major area of future work for the PUC project. 

CONCLUSION 
We have discussed a language for describing appliances. 
The language is the basis for a system that automatically 
generates remote control user interfaces. We have used our 
specification language to describe more than twenty appli-
ances from telephones to elevators to vehicle navigation 
systems. We have also written software that uses our lan-
guage to automatically generate graphical user interfaces 
for handheld computers, mobile phone, and desktop com-
puters, and speech interfaces using the Universal Speech 
Interfaces framework. We believe that the PUC specifica-
tion language is at the appropriate level, and contains the 
right features to be successfully used for virtually all appli-
ances and for many other tasks as well. We would welcome 
widespread adoption of the PUC specification language 
and collaboration with others. 
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ABSTRACT 
The development of web applications for mobile and other 
non-desktop devices using established methods often 
requires a tremendous development effort. A major 
challenge therefore is to find sound approaches enabling the 
cost efficient application development for multiple devices 
of varying technical characteristics. Newer approaches are 
based on a device independent mark up language, which is 
then adapted to meet the special characteristics of the 
accessing device. This paper describes our approach to 
single authoring, which was developed in a large European 
research project1. The CONSENSUS project has developed 
a device-independent language profile based on XHTML 
2.0 and XFORMS 1.0 and implemented a compliant 
rendering engine. In this paper we will describe our 
approach to enable single authoring and summarise the 
lessons we have learnt. 

Keywords 
Single authoring, Device Independence, Pagination, 
Adaptation 

INTRODUCTION 
The WWW has established itself as one of the most 
important sources for information and as a perfect 
infrastructure for applications, which need to be accessible 
from anywhere. Web-enabled devices potentially offer 
access to the globally adopted infrastructure. But currently, 
most web content is optimised for the usage on a PC. This 
is still true despite the efforts of the Web Accessibility 
Initiative [1] which covers the universal accessibility of web 
content. As more and more non-desktop devices enter the 
market, a convenient way to access web content and web 
applications using such devices is required. The industry 

                                                           
1 IST-Programme / KA4 / AL: IST-2001-4.3.2. The project 
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addressed that requirement for a limited set of applications 
particularly in the B2E (Business-to-Employee) domain by 
developing device specific versions of those applications. 
Such an application-specific approach tends to be too costly 
and not manageable if scaled to a large number of diverse 
devices and applications. Therefore, more generic ways to 
prepare web content in a device-independent way are 
necessary. 

Various approaches have been proposed to address this 
challenge. Some of them (e.g. [2, 3]) automatically compile 
web content to fit on a target device. These approaches are 
based on HTML and deploy heuristics in addition to tag 
information to extract structure information, caused by the 
fact that HTML does not provide the necessary semantics 
needed to perform the conversion to other mark up 
languages. Therefore, other approaches replace HTML by 
another, semantically richer mark up language to serve as a 
basis for adaptation [4, 5, 6]. However, none of these 
proposals is standards-based and they were therefore not 
widely adopted in the market. To open the path for a widely 
adopted device-independent mark up language for 
authoring web content, two considerable efforts have been 
launched: a) The W3C chartered the Device Independence 
Group to establish specifications supporting single 
authoring, b) a consortium of six European companies, 
named CONSENSUS [7], has built a prototype which 
implements authoring and conversion tools for a Renderer-
Independent Markup Language (RIML), specified by this 
consortium as well. Both efforts cooperate intensively. The 
ultimate vision of device independence as stated in the 
charter of the W3C Device Independence working group 
[8] is to provide “Access to a Unified Web from Any 
Device in Any Context by Anyone” .  

REQUIREMENTS FOR DEVICE INDEPENCE 
The requirement to feed a multitude of web browsers with 
content from the web in a uniform way is not new. The 
W3C recognised this requirement and evolved HTML not 
only to meet XML compliance (resulting into XHTML 1.0 
and XHTML 1.1), but also catered for a better separation of 
content from presentational aspects. 



Currently, there are three more prominent examples of how 
the newest XHTML specification, coined XHTML 2.0 
Working Draft [9], addresses the above requirement. 

First of all, the W3C HTML Working Group did the bold 
step to remove all input-related mark up, such as the well-
known HTML input element, completely. Instead, all user 
interaction is now delegated to a separate specification 
called XFORMS 1.0 [10]. Taking a closer look on 
XFORMS, one recognises it attains a new level of 
abstraction. An author now expresses the intent, for 
example, that a user is expected to select one out of many 
items, but not the exact presentation of the list of items any-
more. The select element may be presented as radio buttons 
or a drop down box or in any other way at the discretion of 
the browser which interprets the mark up. Other relevant 
features of XFORMS are described elsewhere [10]. 

A second feature of XHTML 2.0 which underlines the 
separation of presentation from content is the new way to 
express content structure. The content is expected to be 
structured by the author as a consecutive nested list of 
sections. Each section may bear a heading, however, 
headings do not have an explicit weight anymore, but there 
is only a general h element left. The weight of a heading 
results from the nesting level of the section it is associated 
to. XHTML 2.0 leaves it to the interpreting browser to 
present the heading in a proper format. 

Finally, XHTML 2.0 deprecates the use of formatting 
directives such as displaying text in bold or italic in favour 
of using Cascading Stylesheets (CSS) [14]. The use of CSS 
is a further development which supports development of 
device-independent content as we will see. 

Despite the advances of the XHTML specification outlined 
above, the Consensus project identified shortcomings which 
prevent the use of XHTML 2.0 as the only means to express 
content in a device-independent way. Several other projects 
[18, 19, 20] also tried to fill these gaps by adding 
proprietary mark up, whereas the Consensus project strives 
for a standardised way to close the gap.  

The shortcomings which we identified can be attributed to 
the following areas: 

Pagination, which is also called decomposition, is a quite 
familiar concept in the printing domain. Pagination occurs, 
when the document’s content does not fit on a single 
page/screen. If that case happens, the content is split into 
two or more chunks, each of them fitting on a single 
page/screen. For non-interactive content i.e. printed pages, 
the content will be split when the page is full and page 
numbers are inserted to provide a basic means of 
navigation. Specifications such as XML Print [17], CSS3 
Paged Media [13], and XSL-FO [12] address that. 

For interactive content, decomposition techniques known 
from printing are not sufficient for several reasons: a) 
generated navigation in form of page numbers does not 
provide good usability when exploring highly structured 

content such as output from a portal page. b) The 
pagination of forms carries additional usability issues as 
everyone who filled multiple consecutive forms in a web 
application can imagine. c) Tables need particular attention, 
since the distribution of content organised in tables across a 
sequence of screens may not reflect the intent of the author 
anymore or can be just inappropriate for display capabilities 
of certain devices. 

Navigation. As indicated above, Pagination requires means 
to navigate between the pieces the original content was split 
into. Navigation links should be generated automatically 
during pagination, but authors may want to influence 
placement and appearance of the additional navigation. The 
application may already generate a similarly structured 
output, such as a partial list of search results. Application-
generated navigation can interfere with the additional 
navigation generated by pagination. 

Layout. For PC-based browsers, a sophisticated layout, 
based on deeply nested HTML-tables, may be suitable for 
proper presentation of content. However, for most of the 
mobile devices, a much simpler layout needs to be applied 
due to the limited screen space. To support a meaningful 
pagination of content it is furthermore desirable to be able 
to specify layout areas, to which content is associated 
dynamically. Some of these areas i.e. their content might be 
repeated on each page or screen, similar to running headers 
or footers, to allow for navigation bars, screen titles, or 
copyright notices. 

Voice. Finally, although XHTML 2.0 remarkably provides 
already guidance on how a table could be presented aurally, 
there is not much more support to present XHTML as 
voice. To compensate for that, the XHTML + Voice 
specification [16] was proposed, which basically allows for 
the insertion of VoiceXML into XHTML. However this is 
rather integration on a technical level and does not solve the 
problem of device-independence with respect to voice as 
such. 

Currently, XHTML 2.0, despite its recent advances, does 
not really address the above list of problems. The language 
profile RIML, defined by the Consensus project [7], claims 
to provide a solution for these problem domains. The claim 
is supported by an implementation of a compliant rendering 
engine and associated field trial carried out with the help of 
usability experts. 

Renderer Independent Markup Language 
The RIML specification addresses the problem areas 
outlined above as follows: 

Layout 
To support a dynamic arrangement of content into varying 
layouts, RIML explicitly defines a layout element in the 
head of a document rather than mixing content and layout in 
the body. The layout consists of a hierarchy of containers, 
where content can be placed. Content is bound to layout via 
named sections. This is a similar concept as in XFORMS, 



where the “content”  of a form (called “model” ) is placed in 
the head, and bound via reference to the presentational part 
of a form in the body. 

RIML specifies a very simple set of layout containers, 
which are a) row, b) column, and c) frame as the innermost 
container. Beyond row and column, RIML provides a third 
type of container which is named “grid” . The grid delegates 
the actual layout to the interpreting browser or adaptation 
process by just expressing a preferred layout (for example, 
columns), but allowing the interpreter to arrange the content 
differently if suitable on the target device. 

Layout containers in RIML can be paginating or 
nonpaginating. Paginating containers allow their content to 
be distributed on consecutive screens, whereas the non-
paginating containers repeat their content on every screen 
(i.e., header, footer). 

With help of these simple layout concepts, we were able to 
arrange content for a wide variety of devices in meaningful 
way. 

Figure 1 and Figure 2 in the sequel of this documents show 
example layout definitions in RIML mark up and the 
resulting output of the respective browsers, when the mark 
up has been processed by the adaptation engine. The 
Communicator was emulated by a common PC-browser 
here. Furthermore both examples show the use of 
pagination directives.  

Pagination 
Similarly to a written document, where an author can 
enforce a page break or leave the determination of best 
page break to the interpreter, the project discussed 
intensively whether such directives should be provided by 
the author. The outcome of the discussion, accompanied by 
several experiments, was that RIML does not provide 
explicit pagination directives for the author similarly to a 
“begin-new-page-here”  directive, because such directives 
do not support device-independent authoring.  

Instead of this, we defined a predictable behaviour of RIML 
mark up interpreters when tables or sections are 
encountered, which do not fit on a single screen. Examples 
of such rules are: a) keep those parts of a table together 
which are enclosed by a tbody element, b) avoid splitting 
sections. If these example rules cannot be applied because 
the resulting amount of content is still too large, further 
decomposition rules apply. The important point here is to 
delegate the “best”  method to paginate to the interpreting 
system rather than allowing the author to “hardcode”  such 
directives. The content of the menu and navigation frames 
(menu-frame, nav-frame) appears on every paginated 
screen, whereas the content of the content frame gets split. 

Navigation 
Opposite to pagination, our studies and practical 
experiments revealed that authors need means to control the 
type and appearance of so-called generated navigation. That 
is navigation which is optionally inserted into the presented 

output when pagination occurs. Authors want to be able to 
determine: a) where on the screen the navigation is 
displayed (top, bottom, sidebar), b) how it is displayed (text 
or image), c) how much of it is displayed (just “next”  and 
previous”  or all related links). The latter directive is 
particular important in case of deeply structured content 
such as a portal page, where a user may navigate from 
portlet to portlet (assuming these are distributed across 
several screens), but also within a portlet, which content 
was paginated. RIML therefore introduced a navigation 
directive called “scope” . 

An example of how to use navigation directives can be 
found at the bottom of Figure 2. 

Voice 
One of the most challenging topics of the project was voice 
support. Other than XHTML+Voice [24], we aimed for a 
more abstract way of voice integration by interpreting 
existing XHTML mark up in a suitable way to produce 
voice output. However, voice is extremely different from 
visual presentation and input, so that we had to add some 
extra support for voice interaction. Experiments revealed 
that using RIML’s layout, pagination, and generated 
navigation concepts for voice interaction was not really 
feasible. Theoretically, it may be possible to generate a 
menu, providing a voice dialogue stating the available 
choices from the hierarchy of nested sections. However, 
practical experiments revealed, that the usability of such an 
approach would be unsatisfactory. Instead, the nl 
(navigation list) element of XHTML2 is used to specify 
such menus, so that the voice system can tell the user the 
available choices. For graphical browsers these menus are 
rendered as a table or a list of menu options. This matches 
the original XHTML2 semantics [10], even though default 
behaviour is slightly different (no folding). 

Additionally, a voice-specific dialog element (global menu) 
in the document header can be used to define voice 
navigation options that are always available, e.g. so that the 
user can start a new search by saying “search”  at any time. 
Therefore, for voice interaction, RIML’s layout and 
pagination directives are ignored, and the author must 
provide a navigation list and possibly a dialog element 
instead. 

Content Selection 
Ideally, an author would produce documents, which fit all 
available user devices thanks to the power of RIML and 
intelligent adaptation mechanisms. However, there is 
always the issue of how to handle the control over the final 
presentation. Usually authors want to influence the final 
result on the device and therefore need a way to maintain 
control of the appearance if they wish. 

Beyond that, authors may want to provide different 
resources for different classes of devices. Such resources 
can be for example a long text versus a short text, or 
different versions of a corporate logo. To support such 



requirements, a number of languages already provide so-
called content selection [11, 15]. For RIML we adopted and 
extended the content selection as defined by SMIL. 

The application of content selection allows the author to 
conditionally include certain content. The conditions can be 
specified as a function of device properties such as the 
width of the screen.  

Field trial results 
The distinguishing factor of the Consensus project 
compared to many other attempts in the problem domain 
was the inclusion of usability experts from the very 
beginning and practical experiments up to real field trials 
with existing applications ported to RIML. That allowed us 
to assess whether our specification (and also the matching 
implementation) is practical. One of the main goals of 
Consensus was the development of usable applications. 
Therefore it is crucial that the user interfaces of applications 
coming from the adaptation engine produce a sufficient user 
experience. In order to evaluate whether RIML reached this 
goal we have done a field trial. The field trial tests were 
performed at the connection speeds provided by GSM, 
GSM HCSD, and GPRS. This approach was chosen in 
order to create a test situation that is as realistic as possible, 
e.g. to take response times into account. Audio and video 
signals from all tests were recorded. User actions on the 
devices were filmed. The problems that occurred can be 
summarised in the following four categories: 

Fold problems: users did not scroll beyond empty lines on 
devices with small screens so they missed content; in 
addition to that a kind of “vertical fold problem” occurred: 
when a navigation bar is not considered for the usage on 
narrow screens by the developer the users have to scroll 
vertically to get all navigational functions which has not 
been recognized by the users – so they missed important 
navigation. 

Mandatory input fields: text fields used to enter dates or 
time where rather cumbersome for users who used a mobile 
phone due to the input modality. This problem resulted 
mainly from the fact, that the implementation was limiting 
the use of optimal input controls for certain data types (see 
also the lessons learnt section). 

Layout problems: the automatic adaption of the layout has 
not always resulted in an optimal use of the screen real 
estate, which was mainly caused by the limited pagination 
algorithm of the implementation. 

Overall Results 
During the tests following two main questions have been 
answered: 

Is the development of mobile applications with RIML 
supported by the Consensus tools faster than the 
development with native (already avail-able) tools? 

Is it possible to develop usable applications that meet high 
quality standards with RIML and the Consensus tools? 

The answer to both questions is YES, if an iterative design 
process is applied (prototyping, test, implementation, test, 
final implementation) and if the developers consider all the 
restrictions of the targeted devices already at the beginning 
of a development project. In particular this result is 
promising because RIML and the Consensus tools are only 
prototypes, because the developers had rather little time to 
become familiar with RIML and with the tools and because 
the applications had to be developed under tight time 
constrains. 

The overall goal of the project was to find ways to lower 
the costs for providing web content to a multitude of 
primarily mobile devices while maintaining a high degree 
of usability. The field trial basically confirmed that our 
approach fulfils the promise. The field trial also provided us 
with a wealth of “ lessons learned” , which are shared below.  

Lessons learnt 
Content control 
The SMIL-based content control attributes provided with 
RIML proved to be especially useful for controlling layout. 
A typical application of content control is that an author 
specifies a layout for mini-screen devices, portrait-screen 
devices, PDAs, and PCs. A perfect browser or adaptation 
system may not need such author provided layout 
alternatives. However, today’s adaptation mechanisms, 
including those provided by the Consensus project, cannot 
derive a highly usable presentation from one layout only. 
The W3C Device Independent Group is working on a 
specification for Content Selection which is similar to 
RIML, but includes XPATH-based notation expressing the 
conditions. This underlines our finding that Content 
Selection is a necessary ingredient for device-independent 
authoring. 

Pagination 
It is probably not surprising that pagination was found to be 
a useful feature, both for forms and for general content. 
Pagination of tables is worth to be mentioned especially, 
however. Static content can be paginated relatively easily, 
but application-generated data is harder – the pagination 
algorithm would then have to be built in to the application. 
Such application-generated data frequently takes the form 
of a table, so being able to automatically paginate tables 
(and retain column headers on subsequent pages) is 
essential. 

Layout 
The separation of content and layout in RIML proved to be 
effective. For voice interaction, the layout is ignored and 
only the content is “ read to the user” . Since layout is more 
related to styling than to content, there is currently a 
discussion in the Device Independence group of the W3C 
whether layout should be rather expressed by a set of new 
CSS directives instead of adding XML mark up to 
XHTML. 



In order to effectively separate content and layout, both 
should be loosely coupled. This also aids the cooperation of 
content author and layout designer. While the method of 
referring content to layout regions was sufficient for our 
example applications, in hindsight this type of coupling is 
too tight and a more flexible one should be employed. An 
intriguing possibility would be to use separate bind 
elements that refer to content using XPath expressions, 
similar to those in XForms. 

We were not able to test the promising concept of “grid”  
within the course of the project anymore - a layout 
container which expresses a preference for arrangement of 
content, but leaves the eventual arrangement to the 
interpreter (adaptation engine or browser). For example, 
content could be arranged vertically for portrait type 
screens and horizontally for landscape screens. In many 
cases a grid layout would make it unnecessary to provide 
different layouts for different screen types. 

XForms Event Support 
In order to support as many different devices as possible, 
one cannot require too much from the client devices 
regarding the supported mark up. In particular it cannot be 
assumed that scripting is always available, since scripting 
support considerably increases the browser’s footprint. This 
limits the possibilities for XForms support when using a 
server-side XForms processor. While the server-side 
approach is still feasible, some XForms features cannot be 
fully supported, especially events. Even for those features 
that can be implemented on server side, the long latency in 
mobile networks would severely reduce usability. Consider 
the classic credit card example, where input fields for credit 
card information are dynamic and appear only once credit 
card has been chosen as the method of payment. When 
using a server-side XForms processor and a GPRS data 
connection, there would be a very noticeable delay between 
selecting the credit card option and the appearance of the 
fields for credit card information. 

Nevertheless, in field trials authors lamented the lack of 
event support. They would have liked to be able to e.g. 
instantly react when the user selects a particular choice 
from a drop-down list, which is the common case when 
using HTML forms. In general, any advanced user interface 
functionality requires some sort of event support. 

Strong typing 
The usability of XForms in an environment with a multitude 
of client device types depends to a large extent on how well 
implementations support different data types, especially for 
voice interfaces. For example, consider the date data type. 
As long as validation is done correctly, a fully conformant 
XForms client can still use the standard string input field 
for entering a date, requiring the user even to enter the 
separator characters himself. If only this minimal support 
for date input is provided, using a phone keypad to enter the 
date will result in a poor user experience. A better 
implementation will let the user enter the day, month and 

year into separate fields, and really good one will provide a 
specialized calendar tool for selecting a date. 

Good input optimization based on data types is crucial for 
mobile devices. Not only the input facilities are more 
limited (such as a phone keypad), but they are frequently 
used in situations (e.g. while walking) where the user 
cannot spare his full attention for the application. These 
usage scenarios are particularly unforgiving of suboptimal 
user interfaces. 

Voice interfaces are a special case. Current state-of-the-art 
speaker-independent speech recognition systems aimed for 
the use over telephone lines cannot interpret arbitrary 
speech; instead, the system has to know the possible input 
alternatives in advance. The set of possible input 
alternatives and their semantics is called a grammar 
(loosely defined). A grammar must be provided for each 
and every input control in a form, if a voice interface is to 
be used. However, if the data type for the input control is 
known, a grammar can be provided by the system 
automatically. For example, if the data type is date, a 
grammar might include words such as “January” , 
“ tomorrow” , “ first” , etc. 

Processing chain 
Modelling the RIML adaptation engine as a chain of 
processors (a common way of modelling XML processing) 
allowed us to separate concerns like content selection, 
pagination and mark up mapping. This separation kept the 
complexity at a manageable level. However, in order to 
paginate XForms, pagination and XForms processing had to 
be integrated to some degree, and this resulted in one of the 
most complex modules of the prototype implementation. 

Advanced pagination algorithms 
As mentioned earlier, pagination is very useful. However, 
while conceptually simple, there are severe difficulties in 
implementing a good pagination algorithm when a range of 
different mark ups can be produced. Essentially, the 
pagination algorithm needs to know how much screen real 
estate a certain string of RIML content will take, once it has 
been converted to target mark up. This is obviously a highly 
non-trivial calculation, and the exact answer depends 
actually on the browser implementation of the client. The 
Consensus prototype implementation provided a very 
simple algorithm that essentially counted characters. Even 
this simplified pagination provided useful results, but 
sometimes fine-tuning of content was necessary to make the 
pagination work right. A more advanced algorithm that 
would have taken the properties of different mark up 
languages and tags better into account would have removed 
the need for fine-tuning. As such an algorithm would 
essentially be an expert system for the rendering behaviour 
of different mark up languages, it was not possible to 
develop it in the scope of the Consensus project. 



Input data issues 
A server-side XForms processor converts XForms to forms 
in the target mark up, such as HTML or WML (outbound 
data). It also converts name-value pairs in the submitted 
form data (inbound data) to XML, which is then sent to the 
application. Mark up mapping is the process that does the 
aforementioned conversions. A mark up mapper should be 
able to process both outbound and inbound data. In 
Consensus only the former was possible, and a standard 
form data submission protocol had to be followed by all 
mappers. This meant, among other things, that each 
instance data item had to map to exactly one form control in 
the target mark up (as the submission protocol implicitly 
assumed this).  This limitation, however, made it impossible 
to do a good date input. The instance data had one item of 
type date (as it should). By default it is mapped to a single, 
free-form text input field, which is not exactly good 
usability. Optimally, this would have been mapped to three 
input controls, one for day, month and year each, possibly 
using selection lists. However, this would only have been 
possible with a mapper that would also have been able to 
convert the inbound data, mapping the three form data 
items to one instance data item. Another possibility would 
be a calendar tool, but it would have to be implemented 
wholly on server side (without scripting). 

Voice 
Our experiences in the trial were that voice browsers were 
not standardized enough yet to make it possible to provide a 
single VoiceXML mapping. Rather, separate mappings 
were provided for different voice browsers. Furthermore, 
mapping generic XForms forms to voice is not possible as 
the technology does not yet support free-form input (i.e. the 
basic input field without any typing) with speaker-
independent voice recognition. The current design requires 
the inclusion of grammars for each form. However, when a 
data type is known, a grammar could often be automatically 
provided for it, as we noted earlier. In some cases though, 
the application must always provide the grammar. For 
example, in a phonebook application the grammar for the 
name input field is the set of names in the phonebook, 
which obviously must be provided by the application. 

Conclusions 
The Consensus project addressed the problem of content 
authoring for a large range of devices in a comprehensive 
way. We defined not only a language profile based on 
newest standards, but also usability guidelines which were 
partially implemented in a matching adaptation engine. The 
project concluded with a field trial in which we tested the 
language profile and its implementation with a real 
corporate application and real employees, proving the 
feasibility of the approach. The field trials showed that 
applications developed with RIML can be very usable with 
a range of devices. However, achieving good usability 
required an iterative design process (prototype, test, 
redesign, test, final design) just as it would for any 

application. RIML is not a silver bullet for developing 
applications with a good usability in one shot; rather it 
reduces the burden for achieving good usability over a 
range of devices by solving many well-known usability 
problems on the language/platform level. 

In summary, the single-source authoring approach is 
feasible at least for data-driven applications such as 
enterprise web applications, and it clearly shows promise 
for reducing the cost of producing device-independent 
applications. 
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Figure 1: Layout and Pagination Example - Device Class 4 - Communicator-like Device

<riml:layout eccda:minScreenSize="490x165" eccdc:deviceClassOneOf="DeviceClass4"> 

  <riml:row riml:id="main-row"> 

    <riml:frame riml:id="menu-frame" riml:paginate="false" /> 

    <riml:column riml:id="main-col"> 

      <riml:frame riml:id="content-frame" riml:paginate="true" /> 

      <riml:frame riml:id="nav-frame" riml:paginate="false" /> 

    </riml:column> 

  </riml:row> 

</riml:layout> 

content-frame

nav-frame

column - main-col

row - main-row

menu-frame

content-frame

nav-frame

column - main-col

row - main-row

menu-frame



 

 

Figure 2: Layout and Pagination Example - Device Class 2 - Series 60-like Device 

<riml:layout eccdc:deviceClassOneOf="DeviceClass2"> 

  <riml:column riml:id="main-col" > 

    <riml:frame riml:id="menu-frame" riml:paginate="false" /> 

    <riml:frame riml:id="content-frame" riml:paginate="true" /> 

    <riml:frame riml:id="nav-frame" riml:paginate="false" /> 

  </riml:column> 

</riml:layout> 

column – main-col

menu-frame

content-frame

nav-frame

column – main-col

menu-frame

content-frame

nav-frame

<section id="navi" riml:frameId="nav-frame"> 

  <riml:navigation> 

    <p class="Navigation"> 

      <riml:navigation-links riml:scope="content-frame" riml:links="previous" 
        riml:linksValue="relative-order"/> 

      <riml:navigation-links riml:scope="content-frame" riml:links="next" 
        riml:linksValue="relative-order"/> 

    </p> 

  </riml:navigation> 

</section> 
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ABSTRACT
This work approaches dynamic multi-modal application in-
terfaces from a new point of view. The ongoing diversifica-
tion of the user base and technology lays the foundation for
the need of an holistic adaption infrastructure. Only design-
ing individual adaption methods is not sufficient anymore.
Providing such an infrastructure along with an open refer-
ence implementation is the objective of the Generalized In-
terface ToolKit (GITK) project. The software can generate,
adapt and exchange interfaces at runtime. It works on var-
ious platforms and comes with several interface renderers.
The solution is based on XML technology and defines an
own markup language called Generalized Interface Markup
Language (GIML).

Author Keywords
adaptive systems, adaptable systems, dynamic multi-modal
application interfaces, UIMS

INTRODUCTION
In the last years a new development took place in our world.
This work refers to it asdiversification. It shows as two
separate effects:

• ”technification” of all areas in life
Humans are outnumbered by technical devices already or
real soon! Already these days it is nearly unavoidable to
get in touch with technology. Therefore technology must
be made accessible to everyone, everywhere and at every
time not just physically.

• ”computerization” of devices
Many technical devices are more often multi-purpose ap-
pliance like computers. They have facilities for interaction
and share basic common tasks.

So the challenge is to enable all the technology to all the
people. This leads to a multi-dimensional adaption prob-
lem. The presumption that can be made here is, that software
needs to adapt much more than it already does. Adaptation
needs to work in a media-neutral fashion. It should be un-

derstood as a continuous process and not as something that
happens once.

Interaction
This work deals with interfaces (see section Interfaces later
in this article). Interfaces exist for the purpose of allowing
interaction.

DEFINITION 0.1 (INTERACTION). Interaction is the pro-
cess of two or more systems exchanging data to perform a
task.

Participants of an interaction are calledinteraction partners
or interactors. An interactor is a system with a variety of
input and output channels. Each of these channels can sub-
mit data or stimuli of a certain type (like e.g. sound , visu-
als or touch). These submissions are subject to interpreta-
tion by the receiving system. The sum of the bandwidth

Interaction
Partner

Interaction
Partner

Interaction Channel Input Port

Output Port

Figure 1: undisturbed interaction scenario

of the interaction channels defines thepotential interaction
capabilitiesof the system. These potential capabilities can
only be used in the optimal case, where no obstacles hinder
the interaction. The environment has such a blocking effect.
Therefore theeffective interaction capabilitiesare what re-
mains after the varying blocking effect of the environment
has been taken into account. [Stary, 1996, Dix et al., 1997]
It is obvious that the chances for successfully establishing

enough links for an efficient interaction are not very good in
the case shown in figure2.
This work focuses on human-computer interaction and computer-
computer interaction. To assure effective interaction, adap-
tion is needed. For human-computer interaction it is desir-
able that the computer adapts to the needs of the human in-
teraction partner. Using adaptive interfaces in the fields of
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Figure 2: interaction scenario with environmental influence

computer-computer interaction allows to easily reuse an ap-
plication in a different environment.

Adaption
Adaption is a key concept in this work, but also in the real
world. Therefore a definition for the context of this work is
required.

DEFINITION 0.2 (ADAPTION). Adaption is the process
of changing an object so that it complies to given require-
ments.

One conclusion from this definition is that the object needs
to be adaptable at all. It needs to offer different modes of
operation that can be matched with the requirements. There
are two kinds of adaption:

• passive adaptionor adaptable system= system will be
manually adapted by an external entity

• active adaption or adaptive system= system adapts it-
self automatically

[Fink et al., 1996]
Adapting an object needs knowledge about what changes are
necessary for a desired effect. The overall knowledge re-
garding to adaption can be broken down on the base of single
aspects.

DEFINITION 0.3 (ADAPTION METHOD). An adaption re-
garding to one single aspect of the adaption object is the
application of an adaption method. The method describes
which changes are needed for specific requirements.

The design of a good adaption method for human users re-
quires knowledge from fields like cognitive science and psy-
chology.
As presumed earlier in this article software needs to adapt.
More precisely the interfaces are theobjectsto be adapted.
The adaption process is controlled by parameters, theadap-
tion requirements. In the case of this work these require-
ments areadaption profilesand consist ofenvironment pro-
filesanduser profiles.

DEFINITION 0.4 (USER PROFILE). The user profile de-
scribes the adaption requirements of the user and consists of

the following parts:

• the interaction capabilitiesof the user as a communica-
tion partner. Interaction capabilities are a compound of
the sensorical and motorical capabilities.

• the interests and preferencesof the user relating to the
style of the interaction.

• the knowledge and competenceof the user regarding to
the task.

Defining an individual user profile is calleduser modeling.
[Fink et al., 1997]

DEFINITION 0.5 (ENVIRONMENT PROFILE). The envi-
ronment profile describes a filter that applies to the capabil-
ities part of the user profile. It temporarily restricts or even
blocks certain interaction capabilities of the user.

While the user profile can be seen as an object with nearly
static properties, the environmental profile needs to be con-
sidered as highly dynamic.
To adapt an interface usually multiple adaption methods need
to be applied. It sounds sensible to define anadaption in-
frastructurethat handles the application of adaption meth-
ods. Designing such an infrastructure requires engineering
skills from the area of computer science. Therefore the sepa-
ration into adaption methods and adaption infrastructure re-
flects the relation to different areas in science.
Figure3 graphically shows the relation of the previously de-
fined terms for the scenario of human-computer interaction.
Finally a short summary can be given:

Interaction Partner
Application
Adaption Object

Interaction Partner
User

Environment

Aspect to adaptenvironmental Loadpotential Capabillity

Adaption
Method

Adaption
Method

Adaption
Infrastructure

perform Adaption

control Adaption

stpada

setucexe

Adaption
Profile

observes

Figure 3: schematics of adaption and involved components

• the users’ potential capabilities plus the current environ-
ment form the adaption profile

• the adaption profile controls the adaption process

• the adaption infrastructure provides means to read the pro-
file and to choose and execute the respective adaption method

• the adaption method performs the adaption of one aspect
of the application interface according to the requirements
given by the adaption profile

[Stary, 1996, Dix et al., 1997]



Interfaces
DEFINITION 0.6 (INTERFACE). An interface provides

well defined access to functionality of an object from out-
side. It appears as a layer between two parties and aids
their interaction.

In [Phanouriou, 2000b] an interface is separated into four
aspects:

• structure: the organization of interface objects

• content: resources used in the interfaces such as label
texts and shortcut metaphors

• style: the presentation of interface objects

• behavior: defines the action to be performed on interac-
tion with the interface objects

The application needs to provide structure, behavior and con-
tent. The presentation and choice of the content (e.g. for
i18n) is dependent on the modality of the interface and the
user profile. Therefore these aspects will be chosen by the
adaption infrastructure. Finally style is an aspect that should
be provided and handled by the adaption infrastructure.

Interface models
In the past various models for decoupled interface architec-
tures have been suggested. A general criticism on models
such as Seeheim, Arch, MVC and PAC is, that they aim to
model adaptive systems, but do not represent the adaption
process as such. These models only decouple components,
but lack a definition of how adaption is driven (how to cou-
ple the right component-instances at run-time). Seeheim and
Arch span a series of components between user and applica-
tion, neglecting that there is an environmental influence af-
fecting the interaction and that a user might carry out several
tasks synchronously. In the past, when the models such as
Seeheim and Arch have been defined, these two effects were
hard to take into account for technical reasons or were less
important. This has changed in the present. [Pfaff, 1985,
various contributors, 1992]

Existing approaches
The goals of this work are similar to those of other projects.
A big share of them either became dormant (AUIML) or
seemingly have been discontinued (XIML). Another group
of projects focuses on adaptive hypermedia applications. These
projects usually develop adaption methods for their purpose
and then an infrastructure to drive them. Furthermore there
are solutions such a UIML and XUL which are active. XUL
focuses on graphical interfaces only. It mainly serves as a
operation system portability layer. Interfaces generated by
UIML and XUL can not change their modality at runtime.
With UIML the developer needs to specify all target inter-
face variants that should be available later. Both languages
use XML as a ”input file-format”. [Phanouriou, 2000a, Hy-
att, 2000]. Finally some projects are quite similar like W3C
XForms, but started in parallel or later as this work. XForms
maintains separate XML documents for content and inter-
face [Dubinko et al., 2003]. All approaches mentioned above
have in common that they do not aim to provide a system,

where interfaces can be adapted or even exchanged at run-
time.

Aim of this the GITK project
The previous sections motivated that it is useful to distin-
guish between theadaption infrastructureandadaption meth-
ods. They further showed that an adaption has a multi-dimen-
sional nature. Therefore a holistic approach to adaption is
needed. Applications using this technology would then be
adaptable, as they will use a pure functional interface de-
scription as an input and leave the generation of a concrete
interface to the system.
In parallel more research is required in user modeling to de-
fine rich user profiles that can control the adaption process.
This would turn the adaptable systems into adaptive systems.
This work focuses on providing a fundamental adaption in-
frastructure, with a strong decoupling of application logic
and interface presentation. On top of that a limited num-
ber of adaption methods will be implemented as a proof-of-
concept. However it is not the objective of this project to
develop new adaption methods, nor evaluating them.

THESIS
This work will show, that:

THESIS 0.1. By limiting the presentational complexity a
much greater universality can be achieved.

THESIS 0.2. There is no reason for adaptive solutions to
mainly concentrate on graphical presentation.

THESIS 0.3. It is possible and even desirable to separate
style related description from functional interface descrip-
tion.

THESIS 0.4. An interface can be generated, without the
application needing to provide adaption profiles for differ-
ent targets. In other words: even adaption methods can be
generalized.

THESIS 0.5. It is possible and preferable to always have
a default behavior, that can be overridden by adaption, in-
stead of only relying on the adaption.

THESIS 0.6. A solution can be based on many standard-
ized and well established technologies. In fact it can glue
many specific solutions together, which already exist.

THESIS 0.7. Beside humans an application can be an end-
user as well and therewith benefit from an adaptive solution.

THESIS 0.8. Adaptive technology is necessary for every-
one and not just for minorities (like elderly or disabled peo-
ple).

SOLUTION
The solution presented in this work is called Generalized In-
terface ToolKit (GITK) and consists of three parts:

• an architecture related to the arch model that fits with the
formerly defined adaption structure



• a domain independent markup-language that is called Gen-
eralized Interface Markup Language (GIML)

• a domain independent interface object hierarchy that is
based on a canonical interface object naming scheme

Libgitk

API

Core

Wrapper

Transform.
Plugins

Application
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Plugins

PerlJavaC++

PerlJavaC++C

Defs PrefsI18n

Gtk+
Graphics

Mouse/Keyb.
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Keyboard

Web
Graphics

Mouse/Keyb.

Domain

Figure 4: GITK architecture

The architecture part as shown in figure4 has been imple-
mented as a multi-layered software system. As a major dif-
ference to approaches like UIML, GITK not requires domain
specific adaption of interfaces. The required domain spe-
cific knowledge is captured in the design of the rendering
component. This sounds like a more practical approach as
the application developer usually not has the knowledge and
resources to cover all possible target domains. When design-
ing a rendering component specialists can be included in the
development team. The architecture presented here, can be
extended, to allow applications to provide hints to the do-
main specific adaption on demand. This would be necessary
when a generic solution is not enough.
A second key difference is that the XML interface descrip-
tion is used as an active dialog model. That means that the
adaption processing heavily relies on XML technology such
as XSLT, XPath and XML Namespaces. The advantage of
this is, that there is no discontinuity in the use of technology
that is processing the model in the transformation pipeline
(see figure5). The pipeline itself is maintained by the core
library. This includes construction of a pipeline for a spe-
cific renderer, executing it and synchronizing both ends. At
run-time the application feeds a dialog description into the
pipeline. This serves as a structure onto which all variable
aspects of an interface are overlaid. Then the core library ini-
tially applies all transformations to build the dialog descrip-
tion that the renderer understands. Each step of the pipeline
adds or reconfigures aspects of the interface towards the re-
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Figure 5: GITK processing pipeline

quirements of the user. When the user works with the in-
terface, all state changes such as navigation and data-entry
are written back to the XML dialog model by the renderer
(at the renderers end of the pipeline) and are synchronized
with the applications end of the pipeline by the core library.
This mechanism decouples the application and the interface
instance even at runtime.
GIML is defined by a document type definition (DTD). This
is currently being exchanged with W3C Schema. The markup
language uses namespaces to separate the various aspects of
dialogs (see section Interfaces) and namespaces do not work
well with DTDs.
All interface objects are identified by a type. The type hier-
archy uses only functional names. Thereby a ”push button”
becomes an ”action”, as when used e.g. in the voice domain
a ”push button” is not a meaningful concept. This abstrac-
tion layer allows each renderer to associate a domain depen-
dent representation with the domain independent name.
Figure6 shows an example dialog definition. One can see
that the GIML is relative terse. It is important to note that
the example only shows the input document. The application
adds dynamic aspects like behavior at run-time by using the
ore library API. The GITK software package comes with an
introspection mechanism to look inside the XML pipeline at
run-time.
This work comes with a free reference implementation. It is

available as an active open-source project athttp://gitk.source-
forge.net. The system is light-weight and portable. It is de-
veloped mostly in C and requires only a few libraries like
glib and libxml2. It has been successfully tested on several
Unix/Linux and Windows systems. The project consists of
a core package, various renderers (text, gtk, opengl, phone,
...) and a set of examples. The core package comes with a

http://gitk.sourceforge.net
http://gitk.sourceforge.net


<?xml ve rs i on=” 1 .0 ” encod ing =”UTF−8” ?>
<!DOCTYPE giml SYSTEM ” h t t p : / / g i t k . s o u r c e f o r g e . n e t / g iml . d td ”>
<!−− $ I d : g i t k H e l l o U s e r m a i n . xml . in , v 1 . 7 2 0 0 4 / 0 4 / 0 1 1 2: 17 :27 e n s o n i c Exp$
∗ @f i l e g i t k H e l l o U s e r m a i n . xml
∗ @author S t e f a n Kost<enson ic@users. s f . net>
∗ @date Thu Jan1 7 1 1: 22 :38 2002
∗
∗ @brie f main d i a l o g f o r g i t k H e l l o U s e r. c
∗ @ingroup g i t k e x a m p l e s
∗
−−>
<giml xmlns=” h t t p : / / g i t k . s o u r c e f o r g e . n e t / ”

xmlns :dc =” h t t p : / / p u r l . o rg / dc / e l e men ts / 1 . 1 / ”
xm lns : i 18n =” h t t p : / / apache . org / cocoon / i18n / 2 . 0 ”>

<d ia l og>
<meta>

<d c : t i t l e><i 1 8 n : t e x t>query u s e r i d e n t i t y</ i 1 8 n : t e x t></ d c : t i t l e>
</meta>
<d i a l o g w i d g e t s>

<d i a l o g w i d g e t i d =”Okay”/>
<d i a l o g w i d g e t i d =” Cance l ”/>

</d i a l o g w i d g e t s>
<widgetgroup>

<l a b e l><i 1 8 n : t e x t>i d e n t i t y</ i 1 8 n : t e x t></ l a b e l>
<widge t i d =”UserName” t ype =” c h a r a c t e r i n p u ta l p h a b e t i c ”>

<l a b e l><i 1 8 n : t e x t>u s e r name</ i 1 8 n : t e x t></ l a b e l>
<d i s a b l e d>t r u e</d i s a b l e d>

</w idget>
<widge t i d =” Sex ” t ype =” o p t i o n c h o i c es i n g l e c o m p a c t ”>

<l a b e l><i 1 8 n : t e x t>sex</ i 1 8 n : t e x t></ l a b e l>
<o p t i o n s>

<op t ion><i 1 8 n : t e x t>male</ i 1 8 n : t e x t></op t i on>
<op t ion><i 1 8 n : t e x t>f ema le</ i 1 8 n : t e x t></op t i on>

</o p t i o n s>
</w idget>

</w idgetgroup>
</d i a l og>

</giml>

Figure 6: GIML dialog example

browser based management console, that allows to inspect
the internals of the system and to simulate changes in the
adaption requirements. [Kost, 2003]

CONCLUSION
The article started with a theoretical foundation. The terms
related to interaction and adaption have been precisely de-
fined. The problem analysis showed that the adaption prob-
lem has a multi-dimensional nature. This finding even more
justified the separate exploration ofadaption infrastructure
andadaption methods. Then the objective of adaption - the
interface - has been covered.
In the previous section a new adaption infrastructure that is
able to integrate all kinds of adaption methods has been in-
troduced. It is important to note that not only the XML lan-
guage as such solves the problem of an abstract interface
architecture. The interplay of language and architecture is
what provides a flexible system. GITK reaches this goal
by its pipeline concept and the intensive use of XML tech-
nology. The presented solution meets the requirements to
design a holistic approach towards adaption. The included
examples show the adaptability and the partial adaptiveness.
The choice of examples outlines the kind of applications the
GITK approach is useful for - administration tools, infor-
mation management (CMS,PIM) software - all applications
where a highly available clean interface matters more than a
polished interfaces presentation. A second target group are
rapid prototyping systems, as for these GITK can act as a
interface prototype run-time environment. It would be in-
teresting to research if a GITK interface description can be
generated from an UMLi (Unified Modeling Language for
Interactive Applications) model or even from a XML schema
definition [Norman W. Paton and Paulo Pinheiro da Silva,
2002, Sperberg-McQueen and Thompson, 2004].
The current state of the project mainly affects software de-
velopment and not yet the user, as it focuses on the adaption
infrastructure and not the adaption methods.

FUTURE
To turn adaptable applications into adaptive systemsuser
profilesare needed. User modeling and the ongoing tech-
nological development contribute towards that. Furthermore
future devices will have moresensorsto read from the envi-
ronment.
Integrating such dynamic profiles and related adaption meth-
ods into the GITK infrastructure will extend the solution to-
wards more kinds of applications.
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ABSTRACT 
The ever increasing variety of devices available to users 
means that it is not economically viable to develop tailored 
user interfaces for each device. This paper describes an 
XML Vocabulary, Abstract User Interface Markup 
Language (AUIML), which has been developed to allow 
some classes of interactive application to be developed 
once and adapted to run on a wide variety of device types. 
The language does not take the lowest common 
denominator approach while using abstraction to describe 
the user interface.  This allows device dependent adaptation 
to take place when rendering. 

Categories and Subject Descriptors 
D.3.3 [Programming Languages]: Language Constructs 
and Features – abstract data types, constraints, control 
structures . 

H.5.2 [Information Systems ]: User Interfaces – Graphical 
User Interfaces, Interaction styles (e.g., commands, menus, 
forms, direct manipulation). 

Keywords 
User interface, device independent, design, languages 

INTRODUCTION 

This paper describes an XML vocabulary, Abstract User 
Interface Markup Language (AUIML), which has been 
designed to allow the intent of interaction with a user to be 
defined. This is in contrast to the conventional approach 
that has focused on the appearance of the interaction in 
terms of Graphical User Interface (GUI) widgets. This 
"intent based" approach allows task designers to 
concentrate on the semantics of the interactions without 
having to concern themselves with which particular device 
types that need to be supported. 

AUIML allows for device independent encoding of 
information needing to be exchanged between users and 

systems. This information, and its structure including 
validation rules, relationships, etc., can be encoded once, 
independent of the target devices, and subsequently 
rendered on different form factors using device dependent 
rendering. The latter is accomplished with an AUIML 
renderer on each device. 

AUIML is a Model-View-Controller (MVC) language.  An 
AUIML renderer provides a view and controller model, 
paired with the data model defined in the application’s 
XML, to protect the application from any differences 
between devices. 

AUIML was also designed to satisfy related requirements 
for internationalization and accessibility. The support for 
these features are not described in detail in this paper but 
were simple to accommodate within the intent based 
approach taken.   

This work originated from an IBM® internal project called 
Druid [1] and was designed to simplify the development of 
applications to perform system and user administration, and 
hence supports quite sophisticated tasks. All of the 
relatively simple “form type” applications are encompassed 
by this work, such as  those defined using HTML forms. 

PROBLEM 
The advent of Pervasive Computing has introduced a broad 
spectrum of devices and form factors on which applications 
can potentially run. While there has been some 
convergence in recent years in technologies that can be 
used to develop user interfaces for these devices, there are 
still some significant differences. The platform specific 
toolkits vary considerably. Web browsing technologies 
have, to an extent, started to converge on an 
HTML/XHTML variant, but they still have significant 
differences and authors still tend to write separately for 
each class of device. 

Many users today use several different devices, such as 
mobile phones, laptops, and hand held devices, each with 
their own user interface and applications.  It is the user who 
must shoulder the burden of learning each, and maintaining 
data that exists in different forms and formats on each 
device. Obviously this is not ideal from the user standpoint, 
since learning requirements increase from inconsistencies 

 

 

 



and maintenance increases from data redundancies. These, 
in turn, slow the rate of adoption of new technologies that 
could benefit the user, and narrow the potential market for 
new devices to early adopters and technologists. 

From the development perspective, different challenges 
exist. In the 1990's cross platform applications were quite 
narrowly defined as running on at least two different 
operating systems. This simple definition has applied to 
both client and server based software.   

Even with similar operating systems  and similar hardware 
platforms, it has proved difficult to develop software that 
runs on more than one platform. One particular area of 
difficulty is the support for the multitude of GUIs and the 
APIs used to create them. 

For certain classes of application this process has been 
greatly simplified in recent years, first by the World Wide 
Web and HTML, and subsequently by Java™ and its Write 
Once Run Anywhere (WORA) promise. Unfortunately, 
Write Once Run Anywhere did lot live up to its promise for 
user interfaces. Each form factor has different input and 
output technologies and devices. If screens exist, they 
come in many different sizes. This has led to different user 
interface requirements, and the necessity to develop unique 
code for at least the user interface on each specific form 
factor. This is not ideal from the developer standpoint, leads 
to inconsistencies and increased development costs and 
maintenance, and slows the delivery of new technologies to 
the user. 

From the viewpoint of technology companies, slower 
adoption and increased costs increase the risk of new 
developments and lower profit expectations. Because of 
this, some promising technologies may never move from 
research departments to development and manufacturing.  
User companies do not gain the benefits of the new 
technologies, postponing benefits which might otherwise 
be realized sooner. 

How does AUIML help? 

AUIML is an XML vocabulary that has been designed to 
allow the intent of user interaction to be defined. This is in 
contrast to the conventional approach to user interface 
design which has focused on appearance in terms of GUI 
widgets. This intent based approach allows user interface 
designers to concentrate on the semantics of the 
interactions without having to concern themselves with 
which particular device types need to be supported.  

The intent based approach provides a great deal of 
flexibility by allowing decisions on the most appropriate 
presentation to be taken by the device dependent renderer. 
For example, should a choice need to be made by a user, the 
intent model will merely state the list of alternatives, a 
default, and how many choices are allowed.  This will allow 

a device dependent renderer to exploit the resources 
available on the device in the most effective manner.  

Using AUIML, the same application can now be rendered 
on Java Swing, web servlet, web portal, PDA, and WAP 
devices.  An example of a WAP-based cell phone rendering 
is shown below. 

 

 

History 
A foundational requirement for AUIML was to support the 
functionality already available in IBM’s system 
management user interfaces.  These interfaces were 
originally written using the C++ language and its class 
libraries on Microsoft Windows®.   

While the widgets and functionality were rich, the 
application code was not portable to other platforms.  The 
user interface leveraged features only available with the 
platform widgets, so its user interface was not portable.   

XML was also starting to come to fruition at this time, and 
the IBM Rochester lab developed a new XML vocabulary, 
named Panel Definition Markup Language (PDML), to help 
build portable Java Swing applications quickly. Java 
allowed an application’s code to easily move between 
platforms while XML provided a language independent way 
to persist the user interface definition.   

XML provided a further benefit since it was easily tooled.  
A user interface builder was created to automatically 
generate the XML for a constructed user interface.  PDML 
developers could visually develop rich user interfaces 
without knowledge of Java Swing or the other underlying 
technologies being used.  While this greatly increased 
programmer productivity and code portability, PDML’s 
design made it difficult to migrate to the web or pervasive 
devices.  

PDML used Java Swing controls and properties, which were 
rich with features not available on other platforms.  The 
controls were placed at exact pixel locations on the panel, 
which was inflexible for providing a meaningful panel to a 
smaller screen on a pervasive device.   



The data model and controller in PDML also had multiple 
flaws preventing it from working on different devices.  The 
data model operated on Java Swing objects, which were not 
available in pervasive or web environments.  PDML 
required model updates be displayed on the user interface 
immediately, which is not always possible in pervasive and 
web environments. Furthermore, it required user interface 
events to be known to the application as soon as they 
happened, which is difficult in a client-server application.  
These requirements greatly restricted PDML’s flexibility in 
moving to other devices. 

Nevertheless, there existed hundreds of PDML panels that 
needed to be used on web and pervasive devices with as 
little impact to application code as possible.  The panels 
needed to lose little functionality when displaying on their 
original device, while still remaining flexible enough to 
display on various devices.   

AUIML  
AUIML is also an MVC XML language, but its view and 
controller is delegated to different device dependent 
renderers.  Each renderer handles the presentation and user 
interaction appropriate for its targeted device.  The model is 
common between all device dependent renderers and 
protects the application code from the differences in the 
devices.  Because application code is written in Java and 
AUIML, it is both platform and device independent. 

Data Model 
AUIML is focused more on the application’s intent rather 
than its exact appearance.  The XML vocabulary consists of 
many simple data types and data structures to gather and 
output data for the panel.  AUIML does not require 
presentation information to be specified since the device 
specific renderers gather and output the data appropriately 
for the device.  These data types are basic types that can be 
supported across all devices: string, number, date, time, 
image, audio, and boolean.  The presentation for each may 
vary for the device, but the application using the data model 
does need to be aware of this. 

For instance, a restricted number input field in Java Swing 
may display as a slider control where the user moves a 
marker between the various possible values.  The same 
input field on the web or on a pervasive device may request 
the input using a text entry field with a description of the 
valid number range.  In both cases, the renderer ensures the 
input validates correctly before persisting it to the data 
model.  This prevents the application code from caring 
about how the data is collected and also frees it from 
ensuring the data is valid. 

Data state and validation is controlled by properties on the 
data type specifying whether the data is visible, read-only, 
disabled, requires a value, or is constrained to a minimum or 
maximum value or length. 

AUIML also has data structures for trees, tables, choices, 
and panel aggregations.  Each of these is a collection of the 
basic data types.  A tree is a hierarchical collection of the 
basic data types.  A table is a tabular display of the basic 
data types, and choices allow a selection of one or more 
data type values.  While a panel is a collection of basic 
types, a panel aggregation is simply a collection of panels.   

This focus on the data allows the intent of the application 
to be provided without presentation information.  Since the 
intent lacks presentation details, it is portable between the 
different form factors and devices. 

All data objects bind to a Java Bean, which allows the 
application to exchange data with the common data model.  
The bound bean is notified at the appropriate time to load 
and save its data and acts as both a data source and a data 
store to the common data model. 

The bean has the final say on whether the data is valid or 
not.  It is possible for user entered data to comply with all 
validation guidelines known to the renderer, but the input 
will not be valid when considered in the context of other 
data.  When this happens, the bound bean can reject the 
data and the renderer will request the user to modify the 
entry so it conforms. 

Interaction 
User interaction with the device is also abstracted.  Events 
may be raised when an input field is completed, a panel is 
initially displayed, or the user requests an action through a 
button or menu selection.  In each of these cases, the 
application code is notified of the event and can take 
appropriate action. 

Different device renderers may defer the activation of the 
event until it is convenient.  A web device may not be able 
to immediately notify the application that data entry was 
completed for a field.  Instead, it must defer the notification 
until another server request is made by the client.   

Actions are events with a special meaning in AUIML.  They 
may signify that data entry is complete for the panel and 
data should be persisted back to the data store.  They may 
also request help text, or signify that special action handling 
code should be invoked.  Regardless of their task, actions 
are always invoked immediately within the application and 
never deferred. 

AUIML also supports automating events based on the 
state of the data model.  These events automatically take an 
action upon data elements in the model when the user 
changes data.  The most common case is to disable or hide 
data elements when another data element is selected or 
unselected.  The device can usually handle these special 
events without ever executing application or server side 
code.  This allows the user interface to demonstrate 
automatic behaviors based on the data model. 



Presentation 
Developers desire to create the richest user experience 
possible for their targeted platforms.  Each rendering device 
has display capabilities and guidelines that cannot or 
should not be matched by other rendering devices.  
AUIML’s abstraction of the device rendering prevents the 
developer from controlling the device’s presentation in a 
way that may increase the usability of the application on 
that platform.   

For this reason, AUIML provides the application developer 
some presentation flexibility by surfacing predefined 
presentation attributes.  Implementation of any particular 
presentation attribute by a renderer is not guaranteed, but it 
does allow the developer to signify their preferences for 
data element presentation.   

The properties are only preferences, as not all devices may 
be capable of accommodating them.  For instance, the 
developer may request that a date data element be 
presented as a calendar widget.  This particular widget may 
not be available on a pervasive device, so a simple entry 
field would be displayed instead.  Since data input 
validation and event generation behave the same in both 
cases, the application code does not need to know if the 
presentation preference was followed.   

The presentation attributes are specified in a format similar 
to that already used for Cascading Style Sheets (CSS) and 
are provided independently of the AUIML XML definition.  
This independence allows different collections of attributes 
to be used for the same XML definition and keeps 
presentation specific attributes out of the data model.  
When the application is translated to other languages, the 
presentation attributes may be customized for each 
language without negatively impacting the application or its 
model. 

Tools 
AUIML can be easily generated with a visual XML builder, 
much like PDML.  The tooling will automatically create 
beans bound to data objects and generate template code for 
manipulating the data model.  The user interface is built 
using an embedded version of the Swing device renderer, 
although other renderer types could be plugged in as well.   

Properties in the tool are divided into two categories, data 
and presentation.  Presentation properties are discouraged 
although they are made available if the developer has a 
strong display preference. 

The ability to tool the user interface XML rapidly decreases 
the cost, time to develop, and maintenance of the user 
interface.   The AUIML tooling allows the user to preview 
their work in each device renderer as they define the 
interface.  This provides affirmation that the intent of the 
application is adequately migrating to the targeted device. 

EXAMPLE 
The following is a simple example of a panel and its 
rendering in HTML 

 

 
 
The above figure is generated from the following AUIML 
XML definition.  The XML defines a DATA-GROUP that 
defines the container.  Each control is represented by a base 
data type, which has basic properties and a CAPTION.  The 
CAPTION element provides descriptive text for data 
elements . 

 
<AUIML VERSION="AUIML:1.2"> 
 <DATA-GROUP NAME="Name"> 
  <CAPTION> 
   <META-TEXT>Person's complete name</META-
TEXT> 
  </CAPTION> 
  <STRING NAME="Title" ENUMERATION="OPEN"> 
   <CAPTION> 
    <META-TEXT>Title</META-TEXT> 
   </CAPTION> 
   <VALID-VALUE NAME="Mr"> 
      <VALUE>Mr.</VALUE> 
   </VALID-VALUE> 
   <VALID-VALUE NAME="Mrs"> 
      <VALUE>Mrs.</VALUE> 
   </VALID-VALUE> 
   <VALID-VALUE NAME="Ms"> 
      <VALUE>Ms.</VALUE> 
   </VALID-VALUE> 
   <VALUE>Mr.</VALUE> 
  </STRING> 
  <STRING NAME="FirstName"> 
    <CAPTION> 
      <META-TEXT>First Name</META-TEXT> 
    </CAPTION> 
    <VALUE>Roland</VALUE> 
  </STRING> 
  <STRING NAME="Initial" MAX-LENGTH="1"> 
    <CAPTION> 
      <META-TEXT>Initial</META-TEXT> 
    </CAPTION> 
    <VALUE>A</VALUE> 
  </STRING> 
  <STRING NAME="LastName"> 



    <CAPTION> 
      <META-TEXT>Last Name</META-TEXT> 
    </CAPTION> 
    <VALUE>Merrick</VALUE> 
  </STRING> 
  <ACTION NAME="OK" TYPE="COMPLETE"> 
    <CAPTION> 
      <META-TEXT>OK</META-TEXT> 
    </CAPTION> 
  </ACTION> 
  <ACTION NAME="Cancel" TYPE="CANCEL"> 
    <CAPTION> 
      <META-TEXT>Cancel</META-TEXT> 
    </CAPTION> 
  </ACTION> 
   </DATA-GROUP> 
</AUIML> 
 
AUIML Toolkit 
AUIML has recently been released for trial usage on IBM’s 
alphaWorks site [2].  The AUIML Toolkit includes the 
previously mentioned AUIML Swing renderer and AUIML 
HTML renderers.  The AUIML HTML renderer can be used 
in IBM Websphere® Application Server version 5 and 
above.   

The toolkit also contains a version of the AUIML HTML 
renderer that will render AUIML in IBM Websphere® Portal 
Server version 5.  This version of the AUIML HTML 
renderer has implemented portal interfaces to allow the 
AUIML application to be hosted as a portlet.  In every other 
respect, it is the AUIML HTML renderer. 

An Eclipse-based XML builder is also included in the 
AUIML Toolkit.  It provides What You See Is What You 
Get (WYSIWYG) editing of the AUIML panels using the 
AUIML Swing renderer.  The AUIML panel must be 
previewed to see its presentation in the AUIML HTML 
renderer. 

EXPERIENCES 
Lessons were learned in many areas during the 
development of AUIML and its renderers.  While the user 
interface definition is protected from differences between 
the devices, the user interface implementation by the device 
dependent renderers is not.  Also, there are continual 
tradeoffs between leveraging the capabilities of a single 
device and keeping the programming model common 
between all devices.  

Common Denominators 
Creating an XML vocabulary that applies equally well to all 
devices usually requires a common denominator approach.  
While this approach allows the vocabulary to move laterally 
across the devices, it does not allow the application to 
leverage the deep presentation capabilities of the device.  In 
order to maintain the presentation capabilities that PDML 
provided, we required a property mechanism, similar to CSS, 

which could be ignored by devices that did not support any 
single presentation property. 

Conversely, using the common denominator approach 
without presentation customization can be a benefit.  Less 
customization of control appearance leads to more 
consistent controls and behaviors across the interface and 
across the platforms.  For this reason, the AUIML tooling 
and language does not require, or even encourage, the use 
of presentation properties.  The correct level of 
customization is left to the user interface designer. 

Renderer Consistency 
The data model may be common between all devices, but 
the device dependent renderers must fill and interact with 
the data model in exactly the same way or the application 
will fail.  Even with behavior specifications and cross-
renderer communication, the various AUIML device 
renderers sometimes behaved differently for data validation, 
user messages, and program flow.  While these were 
program defects in the renderers, the problem deserves 
special care and consideration for all interpreted user 
interface XML languages. 

Interaction levels on different devices differ greatly.  A web 
or pervasive device may not always be connected to the 
application and may only communicate during request-
response cycles.  This was the case for the AUIML HTML 
device renderer and caused it to diverge from Swing in some 
interaction behaviors. 

User events in Swing could be applied to the model 
immediately and the changes in the model would be 
surfaced back to the user interface immediately.   HTML 
requires a queuing or delaying of interactions until the next 
request-response cycle.  If a model change was made on the 
server, the client would not become aware of this change 
until the next server request.  Since the clients are 
disconnected from the server, there is no guarantee there 
will even be another request.   

The AUIML HTML renderer queued events that did not 
need to be issued immediately and queued all updates to 
the user interface.  The user could force these events to 
happen immediately by pressing a button on the HTML 
user interface.  AUIML takes into account the interactivity 
of different devices and will provide additional widgets 
such as this button when necessary.  This may add artifacts 
to the user interface, but it allows a single application to run 
across environments with less regard for interaction 
differences. 

Pervasive Devices and Small Form Factors 
Tables and trees were the most difficult controls to render in 
a constrained space for PDA and WAP devices.  The 
device dependent renderer chose to break down the 
presentation of these data elements into index, row, and 
record views.  For example, the user can navigate through 
grouped table rows using the numeric keys on a cell phone.   



The rows are grouped into a set of row indices for 
navigation as shown below. 

 
When selecting a group of rows, the row index lists the key 
text for that row. After choosing the desired row, the details 
for that row are shown.   Buttons are added by the device 
dependent renderer to allow the user to move forward and 
backwards in the navigation hierarchy. 

Trees show nodes that contain child node elements.  When 
a node is selected, the child nodes are displayed.  A 
restriction for this renderer is that true model selection of 
nodes is not allowed since the selection operation actually 
maps to an expansion function. 

 

XForms 
The experience gained during the design of the language 
and the development and deployment of the various 
AUIML runtime environments provided valuable experience 
for IBM to draw on in its participation in the World Wide 
Web Consortium XForms [3] and Device Independence [4] 
Working Groups. 

A full comparison between AUIML and XForms  [5] is not 
appropriate in this paper but some similarities are apparent. 
The use of abstract user interface widgets and offering the 
user the opportunity to choose from a set of alternatives, 
<CHOICE> in AUIML and <xforms:select> in XForms , is 
one similarity.  Abstract event handlers , <WHEN-
SELECTED> in AUIML and <xforms:action 
ev:event=”xforms-select”> in XForms, is also similar 
between the two technologies. 

Significant differences exist, however. In AUIML there is an 
implicit binding to the instance data as well as an explicit 
binding using the BINDING attribute, but there is no 

definition of how that binding works since that is 
determined by the runtime. XForms has an explicit definition 
of the instance data to which the user interface is bound.  
XForms also builds on XML Schema [6] for its data typing 
and augments it with XForms dynamic constraints.  At the 
time AUIML was defined, there was no XML Schema and 
only DTDs were available.  AUIML defined a small number 
of primitive data types that could be used.  Although 
AUIML preceded XML Schema, its base types are very 
close to the corresponding built-in primitive types.  AUIML 
also allowed dynamic constraints, properties such as the 
minimum and maximum value of a number that can be 
updated at run time.  While there is no sophisticated 
dynamic constraint language defined (XForms uses XPath 
for this purpose), the application can access and update the 
constraints.  In the AUIML toolkit the application and data 
model are written in Java, so a great deal of power is 
available to the AUIML application developer. 

SUMMARY 
By encoding the user and system interactions independent 
of the target platform, and standardizing these across 
devices, AUIML provides the following benefits. 

Users benefit from a single, consistent user experience.  
Removing inconsistencies reduces learning time, not only 
between applications but across multiple devices as well. 
This, in turn, can enable accelerated deployment of new 
applications on existing and new devices. 

Developers only need to write the user interaction once, 
instead of for each different device and form factor. This 
reduces development time, cost, and maintenance.  Since 
applications work with a common data model, the 
application remains unaware of its current device. 

Application developers can provide presentation 
preferences to leverage platform features that extend 
beyond the basic data model.  This flexibility allows a 
developer to specify presentation features when they will 
improve the application’s ease of use. 

Since an application using the common data model is 
abstracted from its device, it remains flexible to move to new 
devices as they arrive in the future.  Changes in user 
interface technology can be immediately leveraged by all 
AUIML applications as soon as a new renderer is created.  
Instead of n-number of applications that need to be 
migrated to new devices, only one renderer must be 
migrated for all applications to leverage a new device. 

In addition, AUIML can also facilitate future GUI standards 
compliance.  AUIML currently enforces user interface 
standards for all applications on a device.  Future standards 
added to AUIML will automatically update all applications 
on a device to the new standard. 

The interpretation of the AUIML XML by various device 
renderers provides AUIML applications with both platform 
and device independence.    
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ABSTRACT 
In the context of Multiple User Interface (MUI) 
generation, this paper presents the AMF architecture on 
which a method relies for the adaptation of interactive 
applications to the specific characteristics of a targeted 
context. In our model-based approach, we use a library of 
task patterns and interaction patterns to adapt the 
interaction model of the application.  
For the description of AMF architecture, we use an XML 
file that ensures the link between the tasks model and the 
functional core of the application. An engine parses and 
processes the file to run the application. 

Keywords 
Multiple User Interface, design patterns, model-based, 
AMF, XML based language.  

INTRODUCTION 
Everyday, new platforms are emerging with new 
characteristics and new interaction capabilities. The 
traditional classification (PC, mobile phone, PDA, 
interactive TV…) is not sufficient to generate MUI for 
interactive applications. We must not propose the same 
interface for a PDA with a small coloured screen and a 
keyboard and another one with a larger screen and a stick. 
These last years, many researches have been led on 
Multiple User Interface (MUI) generation processes. The 
model-based approaches seem to be the most promising. 
In classical software engineering, models like MVC [4] 
have been exploited for a long time. Recently, user 
models or task models have been introduced to help for 
the generation of MUI. Whereas these models can be 
easily described with XML, it is not the case with MVC. 
According to us, it is very important to be able to also 
model with a portable file the interaction model. 
Indeed, the interaction model is one of the most important 
models to consider because, on the one hand, it manages 
the interaction between the user and the application, and 
on the other hand, it ensures the link with the functional 
core of the application. This model was often neglected in 

the steps of MUI generation.  
In this paper, we present the basis of a new approach that 
integrates the interaction model and the platform model 
into the design and generation processes. 
The adaptation process forces the designer to 
clarify/explain the links between the task model, the 
interface model and interaction model. For the description 
and the adaptation of the interaction model, our approach 
relies on the AMF architecture (Agent with Multiple 
Facets), which has been created in 1997 for modelling 
common interactive applications [12]. Indeed, AMF 
presents the following advantages that will be deeply 
discussed: 
• The multi-facets concept is very interesting 

especially for multiple presentation definitions. 
• The XML description of AMF models allows the 

definition of an abstract interaction model and 
patterns of interaction. 

• A run-time engine is able to execute an AMF model 
and allows switching dynamically from a specific 
model or sub-model to another. 

RELATED WORKS 
To design and implement MUI [9] interactive software, 
the first approaches were based on description languages 
like UIML [1] and XIML (RedWhale) [15]. These 
languages organize adaptation processes in two levels or 
steps: an abstract level and a concrete level corresponding 
to the implementation in HTML, Java or WM. If this 
approach certainly represents a progress, we think that the 
proposed abstractions are still insufficiently generic. 
Mainly it imposes a particular style of interaction, i.e. this 
abstract level specifies, for example, a button that will be 
concretised under different forms (aspect, position, etc.), 
but mandatory imposes the use of button while neglecting 
the other forms of interaction more adapted for a given 
platform as the vocal recognition or use of physical 
button. In this way, abstract level is portability oriented 
and not plasticity [9] oriented. 
Newer approaches try to define a component-based 
framework that will allow runtime migratable user 
interfaces, which are independent of the target software 
platform, the target device and the interaction modalities 
[5]. In these frameworks, the user interfaces are merely 
considered as a presentation of a single service or of more 
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functionally grouped services. These kinds of solutions 
are more powerful than the language-based ones but, as 
they do not use task models, they are not able to filter the 
functions that cannot be used in a specific context.  
Other approaches mainly focus on the task model [7][11]. 
They filter a generic task model in order to define an 
abstract user interface and later build a concrete user 
interface. The Abstract user interface is described in terms 
of Abstract Interaction Objects (AIOs) [14] that are latter 
transformed into Concrete Interaction Objects (CIOs) 
once a specific target has been selected. Calvary et al. 
defined a unifying reference framework for multi-target 
user interfaces [2]. This framework tries to give a global 
view of the multiples approaches on MUI. 
The improvement is important. However, these methods 
do not explicitly define an interaction model. As a 
consequence, they are very efficient for modelling basic 
interactions but are limited for modelling more 
sophisticated ones like “drag and drop”. Currently they 
are dedicated to graphical interaction and need to be 
extended to manage multimodal and multi-style 
interactions. 
THE GENERAL APPROACH OF MUI GENERATION 
To allow a more important variation at the interaction 
style level as well as at the implementation level, it is 
necessary to introduce a richer and generic description 
and to replace the language-based approach by an 
architecture-based approach [10]. In the AMF approach, 
we propose to start with a task model and to map it to an 
architecture-based abstract interaction model expressed in 
AMF, then to concretise this one in relation to the 
characteristics of the working platform. Once the concrete 
interaction have been chosen, the degrees of freedom 
available allow an ultimate adaptation to the user and the 
environment. 
Our approach consists in organizing the MUI generation 
process in 4 phases (Fig 1):  
• Abstract application definition phase, 
• Interaction styles selection phase, 
• Concrete interface generation phase, 
• Final adaptation phase. 
 

The first phase consists in modelling the generic task 
model and the abstract interface model, and defines the 
links between these two models and the abstract 
interaction model of the application. The designer builds 
these models once for all. 
The second phase aims at dynamically generating the 
components of the interface that are adapted to the target. 
This phase is activated when a target (that is a triple 
< user, environment, platform > [13]) is running the 
software. The process consists in transforming the 
previous models with an adaptation engine. For the 
adaptation, this engine considers two extra components: 
the platform model and a library of task and interaction 
patterns. 
We can summarize the work of the adaptation engine in 
three points: 
• It removes non-realizable tasks from the generic 

task model (e.g. removes a “print” task if the system 
does not detect a printer connected to the target).  At 
this stage the engine also removes the elements of 
the abstract interface that are closely related to the 
removed tasks. 

• According to the input devices of the target, the 
mechanism replaces each abstract task by a concrete 
task using a “task patterns” library (e.g. moving 
element with a pointing device). 

• In parallel, the engine enriches the XML description 
of abstract interaction model by inserting the 
patterns that are associated to the task patterns using 
an “interaction patterns” library.  

The third phase aims at generating a concrete interface 
where all the resources that will be used are selected but 
where the final parameters (layout, colour, volume…) are 
not set. 
According to the characteristics of the devices (size, 
resolution, capacity…) and the user preferences, a second 
engine selects among potential resources for each element 
of the semi-concrete interface, the ones that are more 
appropriate to the circumstances of use. The dependencies 
that have been defined between the domain objects are 
considered so that the choices are coherent. 
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BASIC DESCRIPTION OF AMF 
A large number of architectures for Interactive Software 
have been described, e.g., MVC (Model-View-Controller) 
[4], PAC (Presentation-Abstraction-Controller) [3], ADC 
(Abstraction-Display-Controller) [6]. Most of these 
architectures are based on the traditional view of 
interactive software, namely the view that an interactive 
software system can be separated into the application and 
the user interface. The application part contains the 
functionality of the software and the user interface part 
contains the representation of this functionality proposed 
to the application user(s).  
AMF is a multi-agents and multi-facets architecture 
model that specifies the software architecture of an 
interactive application. It enables the design of reusable 
elements. It can be extended and adapted to the need of 
specific applications. The AMF model can be seen as an 
upgrade of the PAC and MVC models. It combines the 
conceptual powerfulness of multi-agents architectures 
such as PAC while providing an operational 
implementation schema, which is a key factor of the 
success of MVC.  
Fundamentally, AMF provides four key features: 
• It generalizes the concept of facet, extending their 

number from 3 in both MVC and PAC to n, i.e. an 
open-ended set of useful facets (e.g. Cooperation in 
CSCW); 

• It formalizes the control components; 
• It fits well with task modelling approaches and 

design patterns; 
• It defines an API and relies on a powerful runnable 

engine. 
 

AMF provides a graphical formalism that represents the 
structure and specifies the temporal sequence of 
processes. Finally, a Java implementation of an AMF 
engine enables the execution of an AMF model coupled 
to applicative classes. 
The class ‘agent’ is the basic component of AMF models. 
Each agent is made of facets and control administrators. It 
can imply other agents. Each class agent can generate 
several instances. Each facet incorporates logical 
communication ports and is associated to an applicative 
class where some functions, called «daemons», are 
mapped to the ports. 
AMF proposes a unified formalism to model control 
components because such formalisms are rare and usually 
difficult to use in real contexts (see Petri nets for 
instance). Yet, these components are the major pieces of 
architectural models and it is of great importance to 
provide an efficient modelling tool. The control 
component of each agent is its main part because it 
manages all the communications between the facets of the 
agent and other agents. AMF defines 2 kinds of elements: 

• At the Facet level, communication ports present the 
services that are offered by the facet and the ones 
that are needed (respectively input and output 
ports). 

• At the Agent level, control administrators are 
connecting communication ports. These 
administrators can easily be standardized (OR, 
AND, Sequence, etc.) and extended to handle 
complex controls such as multi-user synchronization 
or interaction tracking. 
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Figure 2. Basic elements of AMF architecture 

We briefly introduce 2 special features of the control 
administrators: 
• After being activated, a target port is always 

returning a message to the source port. This 
“acknowledgement” message is generally ignored 
but it can be used to return data to the source port. 
When it is the case, the control administrator is 
represented with a black triangle (see figure 3a). 

• The possible existence of multiple instances of a 
unique class drove us to provide a default 
mechanism that broadcasts messages from a control 
administrator to the target ports of all the instances 
of an agent. To be able to activate a specific 
instance of an agent, we add an optional parameter 
to the activate function in order to explicitly define a 
target agent. The identity of the agent is usually 
known only during runtime. So we do not need a 
new type of administrator but only a new activation 
technique. Yet, for a better understanding of the 
visual model, our advice is to add a little vertical bar 
at the end of the administrator to explain that a 
filtering is done on the target agents (see figure 3b).  
 Filter Message  Return Message 

(a) (b)  

Figure 3. Return and Filter features of control administrators.  

Finally, a Java implementation of an AMF engine enables 
the execution of an AMF model coupled to applicative 
classes. 



The AMF Model can be published using an XML 
notation. Here is the Document Type Definition we use:  
<?xml version="1.0" encoding="UTF-8"?> 
<!ELEMENT Agent (Agent*, Administrator+, Facet+)> 
<!ATTLIST Agent 
 Name CDATA #REQUIRED 
 Sub-agent CDATA #REQUIRED 
 Type CDATA #REQUIRED 
> 
<!ELEMENT Administrator (Sources+, Targets+)> 
<!ATTLIST Administrator 
 Name CDATA #REQUIRED 
 Type (Simple | Return | Filter | ReturnFilter | Sequence) 
#REQUIRED 
 TypeAC (Abstract | Concrete) #REQUIRED 
> 
<!ELEMENT Targets EMPTY> 
<!ATTLIST Targets 
 Name CDATA #REQUIRED 
> 
<!ELEMENT Sources EMPTY> 
<!ATTLIST Sources 
 Name CDATA #REQUIRED 
> 
<!ELEMENT Facet (Port+)> 
<!ATTLIST Facet 
 Name CDATA #REQUIRED 
 Type CDATA #REQUIRED 
> 
<!ELEMENT Port EMPTY> 
<!ATTLIST Port 
 Name CDATA #IMPLIED 
 Type CDATA #REQUIRED 
 TypeIO (2 | i | o) #REQUIRED 
 TypeAC (Abstract | Concrete) #REQUIRED 
 DaemonName CDATA #REQUIRED 
 FacetName CDATA #REQUIRED 
> 
 
The AMF Engine 
The goals of the AMF are to help design, implementation, 
use and maintenance. Our approach consists in combining 
both multiagent view (like PAC) and layered view (like 
Arch). The multiagent view is used during the design and 
a layered technology is used for implementation.  
Actually, agents are dual entities: one part located into the 
AMF engine manages the control of the interactions while 
another one, on the application side, manages both 
widgets for interactivity and real domain-dependent 
abstractions.  
The 5 levels of Arch model are present: 

Application
Abstraction

Application
Presentation AMF Engine

Control

AbstractionPresentation 

 

Figure 4. The Layers of the AMF implementation 

To implement AMF architecture, we built an engine that 
manages all the AMF objects (agents, facets, ports and 
administrators) and their communications. The external 

elements, which are both objects that define the functional 
kernel of the application and objects that use a graphical 
toolkit, are linked to the AMF objects. For instance, each 
communication port is associated to a function called 
daemon in the Application side. This daemon is 
automatically triggered when the port is activated. 
At runtime, for each user’s action (button pressed, menu 
selection…), the corresponding event received by an 
application object (i.e. the one that manages the window) 
activates an output port of the associated AMF agent in 
the engine (  symbol in the graphical models). At the 
end of the control processing, input ports are activated 
and their daemons are run.  
AMF concepts can be compared to ones of Java Beans. 
Indeed, facets are components (Beans) that are able to 
present themselves (with their ports) and that 
communicate by sending and receiving messages. Ports 
and administrators are very similar to listeners and 
adapters (in fact, the Java implementation of AMF uses 
them). However, AMF relies on a sophisticated engine so 
that programmers can use predefined components, such as 
standard administrators, which are real objects and not 
only java interfaces.  
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Figure 5. Links between AMF objects inside the engine 
and application classes outside. 

THE AMF DESCRIPTION OF AN ABSTRACT 
INTERACTION MODEL  
To illustrate our approach, we are considering a classical 
game called «The Towers of Hanoi » (figure 6), which 
consists in moving rings of different sizes to reach a goal. 
The rings are stacked up on three stems; they have an 
initial position and should be moved to reach a target-
position. The shifting must respect the following rules: 
only one ring can be moved at a time and a ring with a 
given size cannot be placed upon a ring of a smaller size. 
There are three types of object in this application: the 
game which contains the rule and the other objects, the 
stem (with three instances) upon which the rings are 
slipped and the ring (with 3 to 5 instances according to 
the complexity of the game). The interaction consists in a 
succession of operations: the selection of the ring (on the 
top of a stem) followed by the shifting, then the validation 



of the move (respect rule) and finally, the detection of the 
end of the game.  

 

1 2 3

 
Figure 6. “The Towers of Hanoi”application 

The first step for the designer consists in defining a 
generic task model. The Task Model is a tasks tree that is 
hierarchically organized. Various formalisms have been 
proposed to model the task model. We use the CTT 
notation and CTTE editor [9] for its description and 
modeling. In our approach, the Generic task model 
contains regular nodes corresponding to common tasks 
and abstract nodes that will be "specialized" later in 
relation with the context of use (e.g. a “Selection&Move” 
node that will be specialized by a “Drag & Drop” sub-
tree). Figure 7 presents the Generic task model of “The 
Towers of Hanoi” using a CTT notation. 
 

 

Figure 7. Generic Task Model of “The Towers of Hanoi” 

 
From the generic task model we can establish the abstract 
interaction model of the application. This model is an 
AMF description that contains abstract ports. These ports 
represent functionalities that can be executed differently 
according to the specifications of the target.  
Figure 8 represents the abstract interaction model of “The 
Towers of Hanoi” game. After a move, if it is a valid one 
(Validate_move ports), the scene must be re-painted 
(Refresh ports). The task of selecting and moving a ring 
in this model is abstract (elements are represented with 
dotted lines). Indeed, this action can be carried out 
differently according to the means of interaction that are 
available on the given target: a mouse, then the user may 
drag & drop, or a keyboard, then he/she will type the 
number of the source stem and after the target stem’s one. 
To skip from an abstract interaction model to a concrete 

model, we need to replace abstract ports using the 
patterns. 
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Figure 8. Abstract Interaction Model of “The Towers of 
Hanoi” 

Here is an extract of the XML description of the AMF 
abstract model for the “Towers of Hanoi” application. We 
only detail the Ring agent. Note that the 
“selection_move” port is an abstract port. In addition, the 
names of the elements are rich (“#” symbols are used by 
the engine) so that we can use dynamic links. 
<?xml version="1.0" encoding="UTF_8"?> 
<!DOCTYPE Agent SYSTEM "amf.dtd"> 
<Agent Name="GAME" Sub-agent="1" Type="game"> 
 <Agent Name="STEM" Sub-agent="1" Type="stem"> 
  <Agent Name="RING" Sub-agent="0" Type="ring"> 
   … 
   <Administrator     
   Name="Test_Select#RING#STEM#GAME"  
   Type="Return" TypeAC="Abstract"> 
    <Sources     
  Name="Selection_Move#PRESENT#RING#STEM#GAME"/> 
    <Targets     
   Name="Test_Select#ABSTR#RING#STEM#GAME"/> 
   </Administrator> 
   <Facet Name="ABSTR#RING#STEM#GAME"  
   Type="abstr#ring#stem#game"> 
    <Port     
   Name="REFRESH#ABSTR#RING#STEM#GAME"  
  Type="refresh#abstr#ring#stem#game" TypeIO="2"  
   TypeAC="Concrete"    
   FacetName="ABSTR#RING#STEM#GAME"  
   DaemonName="refresh"/> 
    <Port     
   Name="TEST_MOVE#ABSTR#RING#STEM#GAME" 
   Type="test_move#abstr#ring#stem#game" TypeIO="2" 
   TypeAC="Concrete"    
   FacetName="ABSTR#RING#STEM#GAME"  
   DaemonName="test_move"/>    
    … 
    <Port     
   Name="Refresh_all#PRESENT#RING#STEM#GAME" 
   Type="refresh_all#present#ring#stem#game" TypeIO="2" 
   TypeAC="Concrete"    
   FacetName="PRESENT#RING#STEM#GAME"  
   DaemonName="refresh_all"/> 
    <Port     
  Name="Selection_Move#PRESENT#RING#STEM#GAME" 
   Type="selection_move#present#ring#stem#game"  
   TypeIO="i" TypeAC="Abstract"   



   FacetName="PRESENT#RING#STEM#GAME"  
   DaemonName="null"/> 
   </Facet> 
  </Agent> 
  … 
</Agent> 
 
THE INTERACTION PATTERNS 
The AMF model is a part of the «design patterns» 
approach because some combinations of agents – facets – 
ports constitute potential patterns that can be isolated and 
described.  
Thus, we have defined several patterns related to 
interaction means (mouse, keyboard…) that are used to 
interact with the application in different contexts. For 
sure, other patterns may be defined. 
As an example we present hereafter an interaction pattern 
used for a task of selection and removal of an element 
among a set of elements located into a container (Fig 9). 
This pattern is applied if the interaction is done with a 
mouse. 
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Figure 9.  The graphical  “Select and Move” Pattern for 
a mouse.  

For this pattern we have the following XML description: 
<?xml version="1.0" encoding="UTF-8"?> 
<!DOCTYPE Agent SYSTEM "amf.dtd"> 
<Agent Name="CONTAINER" Sub-agent="1" Type="container"> 
 <Agent Name="ELEMENT" Sub-agent="0" Type="element"> 
  <Administrator Name="Refresh#ELEMENT#CONTAINER" 
  Type="Simple" TypeAC="Concrete"> 
   <Sources     
  Name="REFRESH#ABSTR#ELEMENT#CONTAINER"/> 
   <Targets     
  Name="REFRESH#PRESENT#ELEMENT#CONTAINER"/> 
  </Administrator> 
  … 
  <Facet Name="PRESENT#ELEMENT#CONTAINER"  
  Type="present#element#container"> 
  … 
   <Port       
   Name="MOVE#PRESENT#ELEMENT#CONTAINER" 
   Type="move#present#element#container" TypeIO="i" 
   TypeAC="Concrete"      

   FacetName="PRESENT#ELEMENT#CONTAINER" 
   DaemonName="Move"/> 
   <Port       
  Name="SELECTION#PRESENT#ELEMENT#CONTAINER" 
   Type="selection#present#element#container" TypeIO="2" 
   TypeAC="Concrete"      
   FacetName="PRESENT#ELEMENT#CONTAINER" 
   DaemonName="Selection"/> 
  </Facet> 
 </Agent> 
 <Administrator Name="Refresh#CONTAINER" Type="Simple" 
 TypeAC="Concrete"> 
  … 
 <Administrator Name="Move#CONTAINER" Type="Filter" 
 TypeAC="Concrete"> 
  <Sources Name="MOVE#PRESENT#CONTAINER"/> 
  <Targets       
  Name="MOVE#PRESENT#ELEMENT#CONTAINER"/> 
 </Administrator> 
 <Administrator Name="Drop#CONTAINER" Type="Filter" 
 TypeAC="Concrete"> 
  <Sources Name="UP#PRESENT#CONTAINER"/> 
  <Targets       
  Name="DROP#PRESENT#ELEMENT#CONTAINER"/> 
 </Administrator> 
 <Administrator Name="Selection#CONTAINER"   
 Type="ReturnFilter" TypeAC="Concrete"> 
  <Sources Name="DOWN#PRESENT#CONTAINER"/> 
  <Targets 
 Name="SELECTION#PRESENT#ELEMENT#CONTAINER"/> 
 </Administrator> 
 … 
 <Facet Name="ABSTR#CONTAINER" Type="abstr#container"> 
  <Port Name="GET_POS#ABSTR#CONTAINER"  
  Type="get_pos#abstr#container" TypeIO="i"   
  TypeAC="Concrete"   FacetName="ABSTR#CONTAINER" 
  DaemonName="Get_pos"/> 
  <Port Name="VALIDATE#ABSTR#CONTAINER"  
  Type="validate#abstr#container" TypeIO="2"   
  TypeAC="Concrete"   FacetName="ABSTR#CONTAINER" 
  DaemonName="Validate"/> 
 </Facet> 
 … 
</Agent> 
 
 
INTERACTION MODELS ADAPTATION 
The adaptation engine replaces the abstract tasks with a 
concrete task and the interaction pattern that is related to 
the task is inserted into the abstract interaction model of 
the application. This replacement is done according to the 
characteristics of the target. Hence, concrete ports and 
concrete administrators will replace the abstract ports that 
are inside the abstract interaction model. 
A name-based approach is used to replace the generic 
names (CONTAINER & ELEMENT) by the concrete 
ones (STEM & RING).  
If we consider the Towers of Hanoi example running on a 
platform with a mouse, the pattern presented in the figure 
9 will be instanced. A name-based rule enables to 
maintain the link between the ports and the interface 
element that receives the action. Then, the pattern 
replaces the abstract ports in the interaction model of the 
application. This process produces a final interaction 
model of the application (figure 10). 
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Figure 10. Concrete interaction model of the Towers of 
Hanoi with a mouse 

Here is an extract of the XML description of the AMF 
concrete model for the application. The DaemonName 
fields of the concrete ports are method names of the Java 
classes defined by the developer. 
 
<?xml version="1.0" encoding="UTF-8"?> 
<!DOCTYPE Agent SYSTEM "amf.dtd"> 
<Agent Name="GAME" Sub-agent="1" Type="game"> 
 <Agent Name="STEM" Sub-agent="1" Type="stem"> 
  <Agent Name="RING" Sub-agent="0" Type="ring"> 
   <Administrator Name="Refresh#RING#STEM#GAME" 
   Type="Simple" TypeAC="Concrete"> 
    <Sources     
   Name="Refresh#ABSTR#RING#STEM#GAME"/> 
    <Targets     
   Name="Refresh#PRESENT#RING#STEM#GAME"/> 
   </Administrator> 
   <Administrator     
   Name="Refresh_all#RING#STEM#GAME"  
   Type="Simple" TypeAC="Concrete"> 
    <Sources     
   Name="Test_Move#ABSTR#RING#STEM#GAME"/> 
    <Targets     
   Name="Refresh_all#PRESENT#RING#STEM#GAME"/> 
   </Administrator> 
   … 
     
    <Port     
   Name="DROP#PRESENT#RING#STEM#GAME"  
   Type="drop#present#ring#stem#game" TypeIO="2"  
   TypeAC="Concrete"    
   FacetName="PRESENT#RING#STEM#GAME"  
   DaemonName="Drop"/> 
    <Port     
   Name="MOVE#PRESENT#RING#STEM#GAME"  
   Type="move#present#ring#stem#game" TypeIO="i"  
   TypeAC="Concrete"    
   FacetName="PRESENT#RING#STEM#GAME"  
   DaemonName="Move"/> 
    <Port     
   Name="SELECTION#PRESENT#RING#STEM#GAME" 
   Type="selection#present#ring#stem#game" TypeIO="2" 
   TypeAC="Concrete"    
   FacetName="PRESENT#RING#STEM#GAME"  
   DaemonName="Selection"/> 
   </Facet> 

  </Agent> 
… 
 </Agent> 
… 
</Agent> 
 

The DaemonName fields of the concrete ports are method 
names of the Java classes defined by the developer. Here 
is the interface of the RingPres class. 
// File : iRingPres.java 
public interface iRingPres 
{ 
 void    Refresh(); 
 void    Refresh_All(); 
 private    Down(MouseEvent arg); 
 private    Move(MouseEvent arg); 
 private    Drop(MouseEvent arg); 
}  
// iRingPres 
 

CONCLUSION 
In this paper we have shortly presented an architecture-
based approach for the generation of Multiple User 
Interfaces. It incorporates the use of task patterns and 
interaction patterns. To describe the interaction model and 
the interaction patterns we used the AMF architecture 
which is composed of an XML description of an AMF 
model and a run-time engine.  
We use AMF to define the interaction model, which 
enables us to obtain an abstract description of the 
interaction model of the application. Processing (filtering 
and enriching) this description with the XML parsing 
mechanisms helps us to concretise the abstract model in a 
progressive way. At the end of the process, we obtain a 
concrete description of the AMF interaction model. A 
Java implementation of an AMF engine enables the 
execution of an AMF model coupled to applicative 
classes. We can now imagine building other AMF players 
(non-java) that will allow the application to the AMF-
XML files. 
This approach is original in the sense that it tries to unify 
the task model, the interaction model and the resources of 
the application, i.e. the functional resources (Java classes 
of the application domain) and interaction resources 
(images, menus…). 
The designer has to specify the task model, the interaction 
model, the java classes (which ensure the various 
interaction styles) and the presentation resources. The 
system analyses these elements and, using interaction 
guidelines and patterns, it maps filtered elements on the 
resources. 



We are aware of the difficulties and limits in considering 
the definition of a process that is wholly automatic. The 
complexity of the problem requires simplifications that 
inevitably lead to stereotyped and non-adapted interfaces 
to the specificity of materials. The introduction of the 
adapted task patterns and the interaction ones may 
decrease the complexity of the issue. However, it is 
obvious that the contribution of the designer should take 
place in this type of process. In this context, we will 
consider the introduction of a constraint definition file. 
The designer defines this file, which is used to restrict the 
modifications upon some elements during the process of 
the dynamic generation of the concrete interface.  
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ABSTRACT 
XML-based user interface description languages (UIDLs) 
have been developed to support user interface portability 
across multiple platforms. UIDLs express various aspects of 
the user interface, including the abstract and concrete 
elements of the user interface, the tasks to be performed by 
the user, and the user interface dialogue. 

We have developed the progression model for expressing 
workflow aspects of an interactive system using an XML-
based language. The progression model considers workflow 
to be a sequence of scenes progressing towards an 
organizational goal. The model allows us to express 
workflow explicitly using a markup language. 

In this paper we present a prototype system, the 
progression analyzer that accepts a progression, renders 
the user interface described by a scene and provides the 
user with a mechanism to monitor, save, recall, reorder and 
coordinate the workflow. 

Keywords 
Workflow, Task Model, User Interface Description 
Language, XML 

INTRODUCTION 
Business organizations use interactive information systems 
to support their business processes. Users require flexibility 
when interacting with the system to contend with changes 
in the business processes, to support differing work 
approaches, and to coordinate the activities of various 
workers. This flexibility can be supported by workflow 
systems.  

UIDLs specify important aspects of the user interface. 
Unfortunately, UIDLs do not express aspects of the user 
interface related to workflow. We have developed the 
progression model [18] to explicitly express workflow as a 

sequence of scenes  called a progression. Our language to 
express progressions is XML-based.  

Our approach is specifically aimed at the development of  
transaction-based interactive systems. A progression in 
this context may be renting a car, filling out a mortgage 
application, or booking a flight. 

In this paper we present a prototype system, the 
progression analyzer, for rendering and interacting with 
progressions. After a discussion of the related work and 
introducing the progression model we describe the 
progression analyzer prototype. We then evaluate our 
approach by showing how it maps to the components 
commonly found in a workflow system, using examples from 
our prototype. We conclude the paper with a discussion of 
future research directions.  

RELATED WORK 
In this section we describe workflow models, task models 
and how task and workflow models differ with respect to 
user interface development. As well we briefly describe 
some current XML-compliant UIDLs.  

Workflow Model 
The workflow model is used to represent the flow of work 
within a department, across a company or to external agents 
[14]. The Workflow Management Coalition (WFMC) defines 
workflow as the automation of a business process, in whole 
or part, during which documents, information, or tasks are 
passed from one participant to another for action, according 
to a set of procedural rules [20]. The details of a specific 
business process are defined in a process definition. This 
includes the sequences of activities and associated 
relationships; start and finish criteria; and information such 
as executers of manual or automated activities, procedural 
rules, and control data. The process definition may also 
include sub-process descriptions. 

Workflow research focuses on approaches to making 
changes during the business process. Procedure-like, 
routine processes that are statically supported are on one 
end of a continuum, and highly unspecified, dynamic 
processes are on the other end [5]. In adaptive workflow 

 

 

 



management systems [13] the procedural rules can be 
changed or created during the process. Some research 
proposes a cooperative hypermedia system, with process 
support through a meta-model, to integrate the efforts 
towards communication, coordination, and cooperation in 
workflow systems [7]. A two -part classification defines 
types of possible flexibilities that may be desired in 
workflow management applications [9]. ‘Flexibility by 
selection’ provides the user some leniency in executing a 
process by offering multiple execution paths. Alternatively, 
‘flexibility by adaption’ provides the ability to add extra 
execution paths through additional functionality and tools 
that allow the workflow type to change and integrate during 
runtime. 

Some workflow concepts that are common in many systems 
have been identified in [12]. This research has focused on 
applying workflow to object oriented systems; the following 
concepts are identified as important to workflow.  

• Monitoring for contributing information about the 
circumstances of workflows during execution;  

• History of workflow actions for evaluation or recovery;  

• Persistence to save the historic information and 
provide access to it;  

• Manual Intervention for changing the order that 
activities are performed in as they are performed;  

• Worklist  to coordinate the activities among the 
workers; 

• Federated Workflow addresses the issue of how  
workflow systems interoperate. 

Task Model 
Task Models are logical descriptions of activities that are 
designed to be carried out in reaching user’s goals in an 
interactive system. There are many different approaches to 
task modeling such as Hierarchical Task Analysis [2], 
GOMS [6], UAN [8], and ConcurTaskTrees [14]. 

Hierarchical Task Analysis (HTA) is based on describing 
the set of goals, tasks and operations in logical structures 
of different levels . GOMS (goals, operators, methods, 
selection) depicts procedural knowledge or ‘how-to-do-it” 
knowledge through fine-grained operators that are 
performed to reach a goal. UAN (User Action Notation) also 
follows a hierarchical structure . It provides a notation for 
designers to describe the dynamic behaviour of graphical 
user interfaces, where the tasks are represented 
asynchronously with operators that denote the temporal 
relationships. The ConcurTaskTrees notation was created 
to support engineering approaches to task modeling. 
Temporal relationships are also incorporated for enabling, 
concurrency, disabling, interruption, and optionality. 
Additionally, synchronized tasks where the output 
information of one task is the input information of another 
are supported. 

In relation to business processes, task models describe the 
paths of activities available to reach the user’s goals. 
Unfortunately, task models often result in large 
specifications with more detail than is necessary for a 
designer. Recent research has investigated annotating task 
models with data artifacts to better support information 
systems and extracting dialog models from the task model to 
better support automated generation of user interfaces [10]. 

Workflow models and a task models both describe how to 
accomplish work or tasks. As identified in [19], they both 
have similar concepts, such as actions/tasks and 
workers/users. Alternatively, [19] points out that workflow 
models are useful for group or organization interaction, 
while task models focus on individual users. This coincides 
with our research that associates workflow models with 
focusing on the management of task accomplishment 
processes. In groups or organizations more direction is 
required to ensure that orderliness and goal 
accomplishment are maintained. Workflow research as 
discussed in [12] goes beyond the actual task and provides 
a meta-level that focuses on how to coordinate the activities 
towards completion and how to examine them thereafter.  

User Interface Description Languages 
Souchon and Vanderdonckt [17] have analyzed a number of 
XML-compliant languages for defining user interfaces 
including UIML [1], AUIML [4], XIML [16], Seescoa XML 
[11], Teresa XML [15], and WSXL [3]. 

User Interface Markup Language (UIML) allows the user to 
specify the user interface in general terms then render it 
according to a style description. Abstract User Interface 
Markup Language (AUIML) focuses on describing the 
desired user interaction in terms of its purpose rather than 
appearance. The eXtensible Interface Markup Language 
(XIML) affords the ability to describe a user interface 
without concern for the implementation. Software 
Engineering for Embedded Systems using a Component 
Oriented Approach (Seescoa XML) defines an XML 
description to express an abstraction of the user interface 
using Java User Interface components. Teresa XML 
provides a facility to support the design and generate a 
concrete user interface for a specific type of platform. Web 
Services Experience Language (WSXL) focuses on a web 
services model to interact with web applications. The User 
Interface Description Languages referenced above do not 
address workflow issues.  

PROGRESSION MODEL 
The progression model [18] incorporates workflow features 
into a markup language specification. This research is not 
concerned with the actual rendering of the user interface as 
is addressed in many other UIDLs. The progression model 
makes explicit the steps and transactions a user makes when 
using a transaction–based information system. As the user 
progresses towards accomplishing a task or goal, the 



progression model infrastructure records each step and the 
state of the transaction.  

Making the steps and transactions explicit allows the user 
to group transactions into batches for later processing, to 
store partial transactions for later editing, and allows the 
user to browse historical progressions. Linking the steps in 
the workflow directly to the transaction provides a means to 
integrate the process model and the data model in one 
coherent model. This enables the support of the flow of 
work for an individual user by supporting new interactions. 
A series of definitions outline the basic aspects of a 
progression. Consequently, new interactions are enabled to 
provide flexible business process support.  

Definitions 
The following definitions describe the key elements of the 
progression model and how they relate to each other. These 
items are graphically depicted in Figure 1.  

Progression. A progression, p, is a sequence of scenes (or 
steps), s, in a process to create a transaction, that is             
p = < s1, … , s n >. 

Progression Interval. A progression interval , pi, is a 
subsequence of a progression or a couple steps. 

Scene. A scene, s, corresponds to a step in a progression. 
Each scene of a progression is associated with the user 
interface, u, current state of the transaction, t, and current 
state of the workflow, w, therefore, s = < u, t, w, >. A scene 
captures the process and associated data as a user performs 
actions throughout a progression.  
User Interface. The user interface, u, is a rendering of the 
user interface for the current scene. The user can perform 
user actions, a, according to the components , such as a text 
field or select box, available in the user interface. 

User Actions. The user actions, a, for a scene are the 
interactions that the user performs within the user interface.  

Transaction. The transaction, t, models the accumulation of 
information at each point in the progression. Each 
transaction is made up of a series of elements, e, that are 
accumulated throughout the progression by user actions, 
that is t = < e i, …, en >. As the scenes change, the element 
additions, deletions, and changes are reflected in the 
transaction. For instance, if the user is filling out a wizard 
form, at every submission the new information is added to 
the transaction. A series of zero or more user actions, a, can 
be performed directly on the transaction. For example, the 
user may want to directly edit a field in the transaction 
rather than going back and editing through the user 
interface.  
Workflow. The workflow , w, is a sequence of scenes  
progressing towards an organizational goal. It identifies the 
scenes that are completed, currently in progress, and not 
yet started. It also defines who is assigned to complete a 

scene. Additionally, it outlines the available workflow 
actions, wa, for the current scene. 

Workflow Action. A workflow action , wa, is an action that 
affects the workflow of the progression. One type of 
workflow action is “transform”, which may send information 
to the transaction and change the user interface to a new 
scene. For example, when the user clicks on a submit 
button, a new scene is generated. The information that was 
entered in the previous scene, such as the text entered in a 
form is reflected in the transaction. The feedback is then 
displayed to the user through the user interface. The other 
type of workflow action deals with interacting with the 
progression. For example, the user can recall a past 
progression, replay a progression, save a progression, and 
so on. 

 

 

 

 

 

 

Figure 1. A progression is a sequence of scenes. The 
rectangles represent scenes that encompass a user 
interface, a transaction, and workflow.  

Benefits of Recording Progressions  
An information system is developed to support an 
organization’s business processes. This requires a high 
degree of flexibility, which has been traditionally difficult to 
support. The process and data information that is captured 
through the progression model can be used to support 
flexible business processes. It is facilitated by displaying 
the transaction to the user, in addition to the original 
interface, accompanied by new functionality. Through 
opening the model to the user in this way, a number of new 
interactions become available to the user. The interactions 
that are enabled include: information orientation, immediate 
updates, historical review, concurrent process comparison, 
progression batching, and progression manipulation.  

Progression Orientation 
By visually observing the transaction, the user is able to 
see the information being built up while the progression is 
enacted. This provides a reference for the user to ensure the 
information is correct. Additionally, foresight into the 
information that is required later in the progression is 
available from the beginning. This allows users to organize 
and anticipate the work required to complete the 
progression. Users that are new to the system now have the 
ability to reduce the unknown aspects of the system. 

Progression Updates 
Direct editing of the accumulated data is available while 
enacting a progression. A user can change information at 
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any time without having to go backward in the progression 
and forfeit the later information, such as in web browsing. 
This also allows the user to keep track of their placement 
within the progression. Updates may not be allowed for 
some information items as the constraints of the system 
must be upheld. Nonetheless, flexibility to make direct 
changes to the information already accumulated is afforded. 

Progression History 
A user has access to the progression history. History 
includes the progression scenes, as well as the transaction 
snapshots. The user can benefit from the ability to change, 
replay, or reuse historical information. Changing the history 
allows the user to move backward in the progression to 
undo actions. Replaying a progression may be useful for 
learning how progressions were previously completed by 
others; remembering what the user did last time they went 
through the progression; or for the supervisor to look at the 
work that an employee has performed. New or infrequent 
users would find the most benefit from this interaction. It is 
also useful for lengthy progressions, to view work that is 
not easily remembered. By saving the history of the 
progression, partial progressions can be closed and 
returned to at a later time or parts of saved progressions can 
be reused in future progressions. This is useful when the 
user is interrupted during a session before they can 
complete the progression. Alternatively, when the work 
requirements are more ambiguous and combinations of 
different progressions are useful. 

Multiple Progressions 
Multiple progressions can be used to process transactions 
concurrently. The ability to duplicate and/or view more than 
one progression at the same time allows for easy 
comparisons without having to lose work that is already 
completed, such as when trying out different scenarios or 
outcomes. The user can go through one possibility, then 
without losing that information try out another scenario. 
The outcomes can be considered in a side by side manner. 

Progression Batches 
Progressions can be applied to multiple items to enable the 
user to perform a progression and have it affect more than 
one selected item in the system. For example, a user can 
perform a progression to change an employee’s salary, but 
have it apply to ten employees. This is beneficial for saving 
time and consistency while managing large amounts of 
information. 

PROGRESSION ANALYZER 
The progression analyzer is a prototype system for 
displaying information about a progression. A progression 
is modeled using a mark-up language. Figure 2 shows the 
outline of the progression model in the markup format. Each 
scene consists of an abstract user interface (aui) with the 
corresponding user actions; a set of transactions with 

possible transaction actions; and finally the workflow with 
available workflow actions.   

The parsed code is interpreted and explicit sections are 
depicted in the progression analyzer interface. Figure 3 
shows a screenshot of the prototype without content. 

 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 3. An outline of the progression analyzer panels . 

The user interface is rendered in the user interface panel. 
From the user interface information, the specific user 
actions are extracted and displayed in the user actions 
panel. The transaction is shown in a table indicating the 
transaction number, transaction structure, and the status of 
the transaction. Any transaction actions that are 
permissible, such as directly edit field, are presented in the 
transaction actions panel. The workflow is presented as  a 
table with the scene number, scene name, worker assigned 
to complete the scene, and status of the workflow scene. 
Then the possible workflow actions, such as reorder and 
history, are displayed in the workflow actions panel. 
Additionally, the mark-up language document is displayed 
in the corresponding panel. 

When the user selects the “transform” workflow action to 
create and display the next scene, the markup language for 
that scene is derived from the previous scene and the user 
actions. The new scene is added to the markup language 
document and displayed in the progression analyzer panels.  

  <progression> 
        <scene> 
              <aui>…</aui> 
              <transactions> 
                    <transaction>…</transaction> 
              </transactions> 
              <workflow> … </workflow> 
        </scene> 
        … 
  </progression> 
 

Figure 2. Skeleton of mark-up language for the progression 
model. 
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User Interface 
The user interface panel shows the rendering of the user 
interface as it appears to the user. It is non-editable and 
intended to show the user the snapshot of the user 
interface at the beginning of the current scene. 

User Actions  
The user actions panel shows the user all the possible 
actions that are available to perform within the user 
interface. The user can interact with the elements on this 
form and perform user actions toward the progression. For 
example, the user can enter some text in a text field or select 
from a select box and so on.   

Transaction 
The transaction panel depicts the transaction in a table. The 
transaction consists of all the required information that is 
accumulated throughout the progression to successfully 
submit and complete the progression. Each transaction is 
numbered for unique identification. There is also a status 
field to indicate the current transaction state, such as 
partial, complete, valid, or invalid. The remaining fields 
depend on the information requirements of the transaction.  

Transaction Actions 
The transaction actions panel displays the available actions 
that the user can perform on the transaction structure itself. 
For example, the user may want to edit a field in the 
transaction directly rather than going through the user 
interface. System constraints may restrict the user from 
performing some transaction actions.  

Workflow 
The workflow panel shows the scenes that are completed 
during a progression. The workflow panel lays out to the 
user the scenes that are completed, the scene to be 
completed next, and the scenes that still need to be 
completed. Each scene is numbered for unique 
identification. The status column provides the information 
on whether the scene is completed, currently being worked 
on, or yet to be completed. The worker column indicates 
which human user is assigned to complete the scene 
actions. This could also be extended to include jobs that the 
system must complete to show the interaction with the 
application.  

Workflow Actions 
The workflow actions panel shows all the possible workflow 
actions that the user can perform during the interaction with 
the user interface. Some workflow actions that we have 
identified as interesting are: move to the previous scene; 
move to the next scene; reorder the scenes within the limits 
of system constraints; transform the scene as the user 
actions are complete; add the transaction to a batch; save 
the partially completed progression; and view the 
progression history. 

THE PROGRESSION ANALYZER AND WORKFLOW 
Manolescu's research [12] maps workflow concepts to an 
object oriented framework. In his research he identified six 
components that are common to workflow systems, namely: 
monitoring, history, persistence, manual intervention, 
worklist and federated workflow. In this section a 
comparison is made between each of these workflow 
components and the progression model using examples 
from our prototype.  

Monitoring refers to gathering information on the state of 
the workflow regarding the progress of the activities within 
the workflow. In the progression model, this relates to 
presenting the user with information on what work has been 
done, what is currently being done, and what work remains 
to be done.  

In the example depicted in Figure 4 and Figure 5, the first 
four scenes are completed in the progression and four 
remain uncompleted. The worker named Jen is responsible 
for completing the last two scenes of the progression. She 
wants to see how far along the other workers are in 
completing the scenes. By viewing the workflow panel, as 
shown in Figure 4, she can see that the first four scenes are 
completed and the fifth is in progress.  

 
Figure 4. The workflow panel depicting the status of the 
workflow. 

Additionally, when she is completing her scenes, she can 
view the buildup of information in the transaction. In Figure 
5 she has just entered the address information and then 
selected the transform workflow action. When she looks at 
the transaction in third scene, she can see the information 
that resulted from her actions in the previous scene through 
the transaction panel. Her address information is added to 
the correct fields in the transaction. 

History refers to recording the actions that were taken 
during the execution of the workflow. This can be used for 
evaluation and analysis, as well as information recovery. In 
the progression model, this history is captured in the 
evolution of the markup language document. The 
progression analyzer is intended to allow access to the 
information through the history workflow action.  

 



 
Figure 5. A transaction near the end of a progression. 

For example, the worker named Dave may want to go back 
to the previous scene to make a change to his user actions. 
He can select the previous scene workflow action, which 
processes the markup language for the previous scene. 
Figure 6 shows the selection of the previous scene 
workflow action.  

 

 

 

 

 

 

 

 

 

 
 

Figure 6 . The workflow actions panel, which is displaying 
the available workflow actions.  

Persistence refers to the storing and accessing of the 
captured history information. This research identifies that 
persistence and history are often combined in traditional 
workflow systems. [12] however, provides a separate 
persistence component, which gives access to the 
database. In the progression model, the information is 
saved in the mark-up document. There are also workflow 
actions that allow partially completed progressions and 
their transactions to be saved, and then recalled at a later 
time.  

For example, the worker named Mark might want to review 
what he did in a previous progression. He would have 
previously selected the “save” workflow action to save the 
partially completed progression. Then when he wants to re-
open the progression he selects the “recall” workflow 
action and the progression is displayed at the point where 
he saved it.  He can traverse through the progression to 
replay his actions using the next scene and previous scene 

workflow actions. Figure 7 shows the file chooser for the 
recall workflow action. 

 
Figure 7. File chooser prompt for the recall button. 

Manual intervention  refers to allowing users or developers 
to change the organization of activities during the execution 
of the workflow. In the progression model, a “reorder” 
workflow action is provided. It allows the user to perform 
the workflow scenes in varying orders. This reordering 
action is limited to the constraints of the system.  

For example, the worker named Tara  may decide that she 
does not have the required information to complete scene 
two – enter credit card information, but she does have her 
personal information, which is required for scene three. 
Therefore, she would like to rearrange the scenes so she 
can complete as much information as possible. She would 
select the “reorder” workflow action to perform the third 
scene before the second. Figure 8 shows the new workflow 
panel resulting from Tara selecting the “reorder” workflow 
action and switching the scenes.   

 

 

 

 

 

Figure 8. The rearranged workflow scenes. 

Worklist refers to the table provided to help manage the 
flow of work amongst human workers concerning assigning 
responsibilities. In the progression model, the workflow 
section indicates the tasks to be completed as grouped into 
scenes with the corresponding worker assigned to the task. 
Also, some circumstances require the system to be a worker 
and complete part of the workflow. Therefore the interaction 
with the application is partially captured as well.  

For example, the worker named Jim may want to determine if 
another worker has completed their part of the progression. 
He can look at the workflow panel and see which worker is 

 

 

 
 

 
 



responsible for a particular scene. He can also see what he 
is responsible for, such as in this scenario, where he is 
required to provide the account information for this 
transaction in the fourth scene. Figure 9 shows the worklist 
of workers assigned to scenes in the workflow panel. 

Federated Workflow addresses the issue of how  
workflow systems interoperate. We have not investigated 
the implications of the progression model and  
Federated Workflow. Expressing workflow with a markup  
language may be conducive to integrating workflow 
systems since the workflow is stated explicitly. 

 

 
   Figure 9. The worklist in the workflow panel 
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Figure 10. A screenshot of a more complex user interface and progression model in the Progression Analyzer. 

 

CONCLUSION 
User interface description languages have been designed to 
specify various aspects of a user interface, such as the 
tasks to be accomplished by the user, the abstract and 

concrete elements in the user interface and the user                            
interface dialog. Workflow aspects, such as coordinating 
and managing tasks, are not modeled by current UIDLs. The 
progression model is an attempt to identify workflow issues 

 



and to integrate workflow into a user interface description 
language. 

We have developed a prototype system, the progression 
analyzer, to help refine the progression mo del and to 
investigate workflow in a UIDL. Explicitly recording and 
manipulating progressions allows us to dynamically change 
the workflow of an interactive system. Benefits include, 
improving the plasticity of an interactive system (workflow  
plasticity), providing a coarser integration with an 
application (transaction-based integration), and additional 
workflow functionality. 

The progression analyzer has provided us a mechanism for 
studying progressions in detail. From this experience, we 
plan to formalize our XML-compliant language to show how 
workflow concepts can be integrated into a user interface 
markup language. 
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