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Abstract. In recent years numerous Web application modeling lan-
guages have been developed and others improved. There has, however,
been little research on how these languages may be simulated. Simula-
tion of models constructed using design languages allows early evaluation
and prevents unnecessary Web code development and implementation.
It can therefore significantly reduce the design cycle time and cost. This
paper introduces a Web application simulation model framework that
was designed to be compatible with existing modeling languages. This
was accomplished by specifically identifying the objectives of a simu-
lation language and contrasting this with those of design models. The
simulation model supports analysis of simulations from four key Web ap-
plication perspectives (and hence the model is constructed around these
perspectives) namely: presentation, navigation, functionality and con-
tent. We argue that with this approach substantial inferences about the
quality of the design can be drawn from simulation of the Web applica-
tion model.

1 Introduction

Web applications projects have reached a level of complexity that demand mod-
eling techniques to tackle their design intricacies. Several modeling languages
such as OOHDM [1], UML [2] and WebML [3] have been proposed as aids to
Web application design, development, and implementation. Although these mod-
eling languages provide an overview of the system, there is still the need for some
coding to get a first glimpse of the interaction amongst the systems components.

A desirable approach would be to simulate the design without any imple-
mentation whatsoever. Simulation has been widely and successfully used in
the hardware design field. In fact, Hardware Description Languages (HDLs)
such as VHDL (Very High-Speed Integrated Circuit Hardware Description Lan-
guage) [4,5], are considered an indispensable modeling tool. Simulation of VHDL
models is performed without a physical implementation thereby reducing both
cost and design time. But if modeling of Web applications has been thoroughly
addressed, simulation of the models themselves is little researched. So far, sim-
ulation has only been used to evaluate Web systems performance [6, 7, 8].
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We feel that Web modeling languages have reached a maturity level that
permits the present attempt of defining a framework for Web application simu-
lation. We aim to build the foundations of a simulation model based on a Web
Description Language (WDL), developed specifically to assist on the simulation
process, permitting the assessment of Web application designs regardless of the
modeling language chosen.

The next section describes the WDL Simulation model, and in section 3
we outline the objectives, input stimuli, results, and analysis of the simulation.
Finally Section 4 makes a brief summary and draws conclusions.

2 The WDL Simulation Model

Simulation consists on the observation of a system’s response over time when a
known set of stimuli is present at its inputs [9, 10]. In this paper, simulation is
regarded as the evaluation of the extent to which the Web application design
(represented using some modeling notation) supports interaction with the user,
and aims to monitor and draw inferences of what occurs internally.

To simulate a design a description of its components has to be available. To
deal with the specificities of Web applications a description language (WDL) was
developed which captures both the structural and dynamics of each component,
similar to VHDL, where for each component a definition of the interface and
functionalities is explicitly declared. The main purpose of WDL is not to model
the Web application but to enable the simulation.

For the designer the most important aspects of the application that need to be
assessed are its graphical interface, the navigation network structure, the scripts
interface and workflow, and data exchanged among the components. In fact,
existing models such as the Dexter Hypertext Reference Model [11], HDM [12],
and WebML [13, 14], tend to decompose systems along these lines [15] empha-
sizing the use of different layers to tackle distinct aspects of Web applications.
For this reason, our simulation model focuses on four different perspectives cor-
responding to four different layers, namely: presentation, navigation, functional,
and content, as Fig.1 shows. Also a User Interaction Model was considered to
reflect the possible actions that may be undertaken by a user, restricting the
simulation stimuli to a well known set. Each layer, being an orthogonal aspect
of the design, enables analysis from a distinct point of view. Simulation on these
four layers requires the ability of the modeling language to describe in detail
components structure, workflow, and behavior, and, therefore, a set of require-
ments must be met for a high degree of accuracy simulation. If, however, the
modeling language used does not encompass all the requirements, it does not
automatically preclude simulation but will imply a lower simulation detail. The
set of requirements the modeling languages should meet are enumerated and
described in [16].
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Fig. 1. The WDL Simulation Model

3 Layer Definition

The Presentation Layer – Simulation relies on its stimuli to evaluate the
system under analysis. Since the system is a Web application, its change in state
is essentially due to user inputs through the graphical interface – the Presentation
layer. Our simulation model reflects this by wrapping the Presentation layer
around the remaining preventing the user to directly interact with them.

This layer deals with the description of the page’s look and feel, namely the
user data input components, information components, and hyperlinks. However,
it does not attempt to interpret the user actions; its semantics are dealt with on
the remaining layers. As a consequence, user actions that potentially alter the
state of the system are initiated on the Presentation layer but acquire significance
and meaning on the remaining layers. Stimuli of this layer come mainly from the
user interaction through interface components – concrete and clearly identified
HTML elements with well-defined structure and behavior.

Results from the simulation are essentially the rendering of the model’s
graphical user interface description by displaying the active pages, and the in-
teraction with the remaining layers – the navigational consequences of the user
browsing, the functional script outcomes, and the data included and displayed.
Assessment of the user interface is this layer’s simulation main purpose, namely
the graphical realization of hyperlinks and data input elements. Furthermore,
the interface may pose some interaction limitations, namely on a data input
level, which must be properly assessed by the designer.

The Navigation Layer – On this layer, pages are considered as macro
blocks or abstractions of the pages displayed by the Presentation layer – they
are simply containers of navigation components. Simulation of the navigation
path through the Web pages set due to the user interaction with the interface
via the Presentation layer is performed. It is on this layer that some of the
signals that trigger script processing have their origin. Simulation performed on
this layer is driven by user interaction with the displayed components of the
Web application. The user interacts with the pages on the Presentation layer
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and the possible actions performed belong to a well-defined finite set - following
hyperlinks, mouse actions or buttons selection. Stimuli that drive the simulation
are a generalization of the inputs in stereotyped categories such as clicking on
links or the action of submitting data to the server, and script actions that imply
navigation changes. However, the specific data input contents from the user are
not considered in this layer - that will be dealt with on the Functional layer.
Throughout the simulation the designer may observe the different navigation
paths the user has available to chose from due to changes in the active pages.
Different windows are opened in response to diverging navigation trails and,
consequently, several new links become available. The designer may trace which
user actions led to the opening, activation or closing of a specific window, and
the correspondingly set of navigation elements available. One of the goals of
simulating this layer is the verification of the navigation flow and assertion of
the navigation path due to user and script actions.

The Functional Layer – It is on this layer that the application acquires
its dynamic aspect and where the client and server-side scripts are managed.
Furthermore, this layer interacts with the Presentation layer for dynamic page
construction, and with the Navigation layer for internal changes in the active
pages. Data input in Web forms as well as any state information are the principal
sources of information obtained from users. Scripts process this data from the
Presentation layer and stored data from the Content layer, and are triggered
by other scripts or by user action via the Navigation layer. Resulting from the
simulation, data flow exchange between the script components and components
on the remaining layers are observed. The data used by a specific script and its
results are also displayed. What scripts are running at a particular point in time
and their contribution to the overall Web application dynamics are another of the
simulation results. Furthermore, the assessment of the process workflow assures
that the Web application dynamics is in agreement with the design requirements.

The Content Layer – All data stored on the system is managed by this
layer which is a main information resource of the Functional and Presentation
layers. It manages all the data used by the Web application – whether from
databases, files, or more volatile data such as Web session variables. The stimuli
of the content layer simulation are the data write and read command set such
as a database write operation or reading a client’s cookie ID.

The information flow amongst the different layers and all the actions that
involve data manipulation are displayed, enabling assessment of the Web appli-
cation content management.

4 Conclusion and Future Work

A framework for the simulation of Web application design models is presented.
By using a Web Description Language that maps the design into an enumeration
of the structural and behavioral characteristics, the WDL Simulation model is
able to evaluate the design from four orthogonal perspectives, namely: Presen-
tation, Navigation, Functional, and Content, which relate to the four important
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analysis a designer has to conduct to verify the Web application and validate its
requirements. By simulating the application directly from the model, and with-
out any code implementation, substantial project time reduction is achieved.
A prototype is being developed to simulate designs using several modeling lan-
guages such as UML or WebML. Furthermore, the next logical step is to use
WDL to automatically synthesize the code. This, as it happens in the hardware
design field, would provide designers with powerful tools for the development
of complex Web applications. A fuller description of the layers and especially
the interfaces between them is available in an extended version of this paper
published as an Technical Report [16].
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