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ABSTRACT 
User Interface Description Languages (UIDL) are lan-
guages used in Human-Computer Interaction (HCI) in or-
der to describe User Interfaces (UI) independently of any 
implementation technology. These languages can be used 
effectively and efficiently when proper software is availa-
ble. In this paper a suite of software tools is introduced. 
This suite of tools is useful for supporting Reverse Engi-
neering activities of UIs. Prototyping, evaluation and speci-
fication of user interfaces are enabled by using our suite of 
tools: GuiLayout++, PureXML, reTaskXML, and 
AcauiXML. 

Author Keywords 
Model-based, user interfaces, legacy applications, reverse 
engineering, UIDL. 

General Terms 
Measurement, Design, Human Factors, Languages. 

Categories and Subject Descriptors 
D.2.2 [Software Engineering]: Design Tools and Tech-
niques – user interfaces. H.5.2 [Information Interfaces 
and Presentation]: User Interfaces, Graphical User Inter-
faces (GUI). 

INTRODUCTION 

Engineering is the process of designing, manufacturing, as-
sembling and maintaining products and systems. There are 
two types of engineering, forward engineering and reverse 
engineering. Forward engineering is the traditional process 
of moving from high-level abstractions and logical designs 
to the final implementation of a system. The process of du-
plicating an existing part, subassembly, or product, without 
drawings, documentation, or a computer model is known as 
reverse engineering. 

Reverse engineering is now widely used in numerous ap-
plications, such as manufacturing, industrial design and 
jewelry design and reproduction. For example, when a new 
car is launched on the market, competing manufacturers 
may buy one and disassemble it to learn how it was built 
and how it works. In software engineering, good source 
code is often a variation of other good source code. 

In this last scenario, in software development, designers 
give shape to their ideas by using high and low prototypes 
by using paper and pencil, interactive paper prototypes, 

programmed façades, and prototype-oriented languages, 
but a set of models are needed to develop a final applica-
tion. The fidelity of the prototypes previously described 
ranges from low to high. Does fidelity affect a prototype’s 
usefulness as a testing tool? Most usability experts agree 
that low-fidelity prototypes are very useful in the early 
stages of design. 

Reverse engineering provides a solution to this problem, 
because the final user interface model may be the source of 
information for other models, for instance, concrete user 
interface, abstract user interface or another. All those mod-
els are considered in traditional model-based and model-
driven user interface development environments. 

In this paper reverse engineering, prototyping and model-
based user interface development techniques are used joint-
ly in order to provide facilities for user interface develop-
ment of legacy application. Following are some of the rea-
sons to use reverse engineering in user interface develop-
ment: 

 The original source code and developers no longer ex-
ists. 

 The original developers of an application no longer 
maintain the product, and the software may become ob-
solete. 

 The software application design documentation may be 
lost or never existed. 

 We want to eliminate or modify some bad features of 
an application.  

 Exploring new alternatives to improve software per-
formance and features. 

 Documentation  

This paper is organized as follows. Section 2 describes and 
provides an overview of related works with Reverse Engi-
neering. Section 3 introduces the main contribution of this 
paper, a software tool for supporting reverse engineering 
by using prototyping and user interface description lan-
guages. With this tool presentation and navigation models 
associated with a model-based user interface development 
environment can be achieved. Finally, a section related to 
discussion and conclusions is included. 
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RELATED WORK 
Reverse Engineering (RE) has been an active research top-
ic for some years now. RE has been applied to many differ-
ent fields. Regarding Computer Science, it has been applied 
to both hardware and software systems. First, to focus our 
work, the term RE will be discussed. The most widely-
known taxonomy for RE is [2]. In this work the authors 
present a taxonomy that illustrates the different paths that 
software development can follow. Reverse engineering is 
the process of analyzing a subject system to: (1) Identify 
the system’s components and the interrelationships and (2) 
Create representations of the system in another form or at a 
higher level of abstraction. Thus, RE is supposed to happen 
from implementation to design and from design to re-
quirements. Furthermore, RE can also happen at the same 
development stage. In this case, some different operations 
are identified: Restructuring, Reengineering, Redocumen-
tation and Design Recovery. Restructuring is the transfor-
mation from one representation form to another at the same 
relative abstraction level, while preserving the subject sys-
tem’s external behavior (functionality and semantics). 

It does not involve modifications because of new require-
ments. On the other hand, Redocumentation is the creation 
or the revision of a semantically equivalent representation 
within the same relative level of abstraction. Such as the 
pretty printers for code. Reengineering is the examination 
and alteration of the subject system to reconstitute it in a 
new form and the subsequent implementation of the new 
form. It generally includes some form of reverse engineer-
ing followed by some form of forward engineering or re-
structuring. Finally, in Design Recovery domain 
knowledge, external information, and deduction or fuzzy 
reasoning are used to identify meaningful higher level ab-
stractions beyond those obtained directly by examining the 
system itself. In [4] a multi-path development process for 
user interfaces was introduced.  In this process, user inter-
face design could begin at different entry points in the pro-
cess, not necessarily staring from the first or last stages. RE 
was also considered in this approach. 

When working with legacy systems user interfaces all three 
RE operations are very useful. i.e.Restructuring could be 
used to port the user interface from one target platform to 
another. This issue was addressed in VAQUITA [1]. In 
VAQUITA HTML contents were reverse engineered to be 
ported to another target platform. The main limitation of 
VAQUITA was its dependency on HTML. An on-line ver-
sion of VAQUITA, namely ReversiXML, is also available 
[10]. WebRevEnge [8] also supports HTML Reverse Engi-
neering. Nevertheless, WebRevEnge obtains the corre-
sponding CTT task model. User interface Reengineering 
goes one step beyond, as it considers making changes in 
the functionality. An example would be using one of the 
tools aforementioned supporting restructuring, i.e., VAQ-
UITA, and then add some extra functionalities before port-
ing to another target platform. 

Obviously, to support actual RE, more than the user inter-
face should be reversed engineered. This includes func-
tional core and databases. i.e., it has been applied to mi-
grate legacy databases [7]. 

Model driven techniques applied to user interface design 
look promising for RE, because of the clear separation of 
concerns that it exhibits. When applying RE the different 
facets of an application must be processed. Having a clear 
separation of concerns can help in this process. Further-
more, in the goals of these model-driven approaches for 
user interface design restructuring and reengineering are 
two purposes usually considered. Starting from a set of 
models, the aim is generating the user interface for differ-
ent target platforms, supporting restructuring to accommo-
date the user interface to the peculiarities of each platform 
(an in general each context of use). The original set of 
models could be modified afterwards, for instance, to re-
move obsolete functionalities. 

The creation of the models required in any model-driven 
approach is an interesting issue. A visual syntax can greatly 
improve the usability of a notation. Directly creating the 
models, i.e. by using an XML syntax, can be error prone 
and slow. Different tools have been used so far for visually 
designing these models, including IdealXML[5], Sketchi-
XML [3] or CTTE (http://giove.isti.cnr.it/ctte.html). Ide-
alXML support the automatic generation of abstract user in-
terfaces out of task models, enabling the user the rapidly 
create user interface prototypes. This idea was combined 
with some automatic evaluation techniques in Gui-
Layout++ [6]. In this tool, some RE support was already 
included. The designer loads a screenshot of the user inter-
face, and then he draws on it the different widgets and are-
as identified in the screenshot. Finally, these elements were 
used to automatically generate an abstract user interface. 

In this work we use an approach similar to the one we used 
on GuiLayout++, but in this case we aim at reverse engi-
neering the user interface to generate the concrete user in-
terface, including both the widgets, layouts and navigation.  

REVERSE ENGINEERING USER INTERFACE FOR LEG-
ACY APPLICATION 
Aiming at supporting RE for user interface design a suite 
of tools has been developed. These tools support the re-
verse transformation between the usual models used in user 
interface development. 

Currently, these tools work individually, and they inter-
change the models they used by means of an XML specifi-
cation expressed in UsiXML. Nevertheless, we are working 
in a unified tool to make easier their use. In Fig. 1 the tools 
developed and the models they manipulate are illustrated. 

Fig. 1 shows the main models linked to user interface de-
sign. Reading the figure from left to right a forward devel-
opment of user interfaces can be observed (forward engi-
neering). On the other hand, reading the figure from right 
to left reverse engineering can be observed. 
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Figure 1. Suite of tools and reverse engineering of 

UI process. 

The suite of tools currently developed is: 

 reTaskXML: is tool that tackles reverse engineering an 
abstract specification of a user interface to obtain the 
corresponding task model (see Fig. 2). 

 AcauiXML: is a tool that supports reverse engineering a 
concrete user interface model to obtain a corresponding 
abstract user interface. UsiXML syntax is used for this 
purpose (see Fig. 3). 

 PureXML: is a tool that supports loading user interface 
screenshots, from a user interface design or an existing 
application, and creating prototypes for those screen-
shots. These prototypes are then used to obtain a con-
crete user interface expressed in terms of UsiXML (see 
Fig. 5). 

 GuiLayout++ [6]: is a tool that supports the creation 
and evaluation of user interface prototypes (both low 
and high fidelity). The prototypes created are then used 
to generate the corresponding abstract user interface 
specification in UsiXML language (see Fig. 4). 

 

 
Figure 2. reTaskXML: from abstract user interface to 

task model. 

The reverse engineering process 
As aforementioned, different situations can arise promoting 
the use of reverse engineering techniques. Legacy applica-
tions are one of the most usual situations when one would 
use reverse engineering. i.e., the designer would like to 
move the user interface of a legacy application from a 
character-based screen to a graphical one, or we could re-
quire retargeting the legacy application from standard desk-
top PC to the web. 

This process can be supported by our suite of tools to help 
the developer in the reverse engineering process. 

In Fig. 1, the process is depicted. In the beginning the de-
veloper has only a screenshot of the legacy application. 
This screenshot can be loaded into GuiLayout++, where 
the designer can assess some metrics in the screenshot. i.e., 
the uniformity in the alignment in the layout of the compo-
nents or the percentage devoted to each task can be ana-
lyzed. The different areas used for each purpose and its 
layout are specified by drawing boxes of the corresponding 
type. The different types of boxes are marked in different 
colors (see Fig. 4a). Then, the designer can change the 
screenshot to address the issues detected by GuiLayout++. 
An example of one of the metrics computed by Gui-
Layout++ is shown in Fig. 4b. The graph in this figure dis-
plays the results for the metric to assess the amount of 
space devoted to each purpose in a web page. This is one 
of the metrics proposed in [11]. Alternatively, the designer 
can directly load a screenshot in PureXML (see Fig. 5). 

In PureXML, the designer loads a screenshot. In the exam-
ple used in this paper, a well-known printing dialogue is 
used. Then the designer used the widget palettes provided 
(see the right part in Fig. 5) to add widgets. These widgets 
are organized in tabs, so they can be more easily found. 
Their Look&Feel takes inspiration from Balsamiq [9]. The 

designer uses Drag&Drop to 
drag the corresponding widget 
into the screenshot, and then he 
adjusts its size to the real one in 
the screenshot. i.e., when the de-
signer finds a dropdown list in 
the screenshot, a dropdown list is 
dragged from the List,Trees and 
Tables tab of the widget palette, 
and then its size is adjusted. The 
designer proceeds for all widgets 
in the screenshot. Notice how a 
tree is created simultaneously to 
represent the widgets added to 
the screenshot (see the top left 
part in Fig. 5). One important is-
sue that PureXML addresses is 

navigation. A user interface is 
usually composed of more 
than one window, and there-

fore more than one screenshot. 
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Figure 3. AcauiXML: from concrete user interface to 

abstract user interface. 

Thus, in PureXML the designer can load many screenshots. 
They are shown in the same place as the tree in the left part 
of the window. The designer can toggle both views by us-
ing the tabs Design and Navigation. 

In the example in the bottom left part there is a window 
where the designer has modeled a transition from Proper-
ties button to the Properties dialogue window. In the prop-
erties of the transition the designer can specified the events 
that trigger the transition. Thus, the designer is supported in 
modeling which widgets the user interface is composed of, 
and how the user navigates from one window to another.  

By selecting any widget added, the designer can specify 
some properties of the widget. The set of properties sup-
ported is taken from the current UsiXML 2.0 concrete user 
interface draft. Thus, the designer can specify attributes 
such as, the fonts, the colors, etc. All the project can be 
saved in UsiXML 2.0 concrete user interface XML syntax. 
This output can be then used in AcauiXML. 

AcauiXML takes a concrete user interface specification 
and it obtains an abstract user interface (see Fig. 3). The 
visual syntax currently used is the same one we designed 
for IdealXML. 

Finally, the abstract user interface generated by AcauiXML 
can be used to obtain a task model. The task model is a per-
fect starting point for reengineering an application, and 
starting from the task a forward engineering process to 
produce a new application out of the starting legacy one. In 
this task model unused features could be removed, and 
some extra features could be added. 

DISCUSSION AND CONCLUSION 
Currently, user interface description languages present 
many challenges and difficulties, among these challenges 
are the following: effective, efficiency and satisfactory 
software tools for supporting prototyping, evaluation and 
developing. But, many times developing must be done fol-
lowing a reverse path.  

 

 

 

 
Figure 4. GuiLayout++: prototyping and assessing the 

user interface: (a) Prototyping, (b) Assessing. 
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In this paper a suite of tools is introduced. These tools are 
related to evaluation and reverse engineering. Prototyping 
is used in some of these software tools also. We identified 
a good joint-venture in the combination of prototyping and 
UI description languages. Prototyping is a very good com-
mon ground to communicate stakeholders involved in a de-
velopment, between them, for instance, designers, final us-
ers, clients and developers. 

Moreover, prototyping and evaluation are key elements in 
any user-centered design technique. GuiLayout++ is useful 
in this scope, we can specify applications and we can eval-
uate what space distribution is used. In a similar scenario, 
PureXML is introduced. By using PureXML, concrete spec-
ifications of user interfaces can be built. 

We identified an agile tendency in the development of user 
interfaces and software products in general. Under this 
point of view, several activities in the development process 
can be done simultaneously. Prototyping, specification and 
evaluation activities should be supported by available tools. 
In this paper a suite of tools with this premise in mind was 
introduced. 

Additional improvements in our suite of tools can be con-
sidered. Previous software tools were done independently 
and integration efforts are considered in this moment.  

 
Figure 5. PureXML: from final user interface to con-

crete user interface: (a) The editor window tabs (Design 
and Navigation), (b) The tabs for the UI component 

palette. 

 

A previous version of UsiXML was used for developing 
some previous software tools, namely 1.8, but a new re-
lease and review of this language will be made soon offi-
cially available and modifications and updates will be 
done. Therefore, some of our tools require some updating 
efforts 

Reverse engineering is an interesting path in the specifica-
tion, modification and optional development of software 
tools. In this sense, additional efforts will be done in the 
forward engineering direction. That is, suite of tools intro-
duced in this paper will be integrated with idealXML[5] in 
order to provide a new version from previously non-
documented or available software products. 
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