Pharos: An Application-Oriented
Testbed for Heterogeneous
Wireless Networking
Environments

Drew Stovall, The University of Texas at Austin
Nicholas Paine, The University of Texas at Austin
Agoston Petz, The University of Texas at Austin
Justin Enderle, The University of Texas at Austin
Christine Julien, The University of Texas at Austin
Sriram Vishwanath, The University of Texas at Austin

TR-UTEDGE-2009-006

© Copyright 2009
The University of Texas at Austin




Pharos: An Application-Oriented Testbed for
Heterogeneous Wireless Networking Environments

Drew Stovall, Nicholas Paine, Agoston Petz, Justin Enderle,
Christine Julien, and Sriram Vishwanath
The University of Texas at Austin
) ~Austin, Texas, USA _
{dstovall, npaine, agoston, justin.enderle, c.julien, theory}@mail.utexas.edu

ABSTRACT

This paper presents the Pharos mobile computing testbed
which focuses on application-driven validation of pervasive
computing research using real hardware and real mobility.
Pharos enables meaningful and reproducible validation at
all levels of the network stack, including mobility model-
ing, routing protocols, coordination, application support,
and system configuration. At the same time, the testbed
maintains links with software simulation to facilitate the
development of meaningful models to reflect actual physi-
cal network behaviors and constraints. Such an application-
oriented mobile testbed is critically important to bridge the
disconnect between theoretical or statistical modeling and
practical evaluation.

Categories and Subject Descriptors

D.2 [Software Engineering]: Miscellaneous; B.8 [Hardware]:

Performance and Reliability; C.4 [Computer Systems Or-
ganization]: Performance of Systems

General Terms

Pervasive Computing, Mobile Computing

Keywords

Pharos Project, Proteus, Pervasive Computing, Mobile Com-
puting, Physical Simulation

1. INTRODUCTION

The increasing prevalence of mobile and pervasive com-
puting applications necessitates methods and tools to sup-
port rapid development, validation, and evaluation of ap-
plication deployments. Theoretical research and algorithm
development for mobile computing have generated a large
number of solutions to real problems for the mobile and per-
vasive computing domains. These solutions are commonly
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evaluated rigorously through the application of mathemat-
ical arguments or statistically through the use of software
simulations. Some projects have taken steps to validate
simulation results with performance in a live network [15,
20], and the results of these studies have clearly shown that
there is a significant difference between theoretical or sim-
ulated results and empirical ones [1, 18]. However, these
live network results have, to date, served mainly to discredit
simulated results; they are typically used to offer minimal
guidance on how radios or certain protocol structures may
perform in real-world conditions. The experiments remain
difficult to reproduce and have not been exercised for real
protocol or application evaluation or comparison.

Our goal is to bridge the gap between theoretical research
(at all levels of the network stack, but focusing on application-
level concerns) and experimental research for mobile com-
puting. Specifically, evaluations of mobile computing have
focused on performance in simulation, but the simulators
make modeling assumptions that tend not to hold in live net-
works [1, 18]. To address this, results from simulation should
be coupled with a validation of the complete product, from
the application and its operating scenario down to the mobil-
ity platform and physical radio [2]. Previous testbed efforts
have a similar goal. For example, many wireless testbeds
exist for measuring the impact of radio propagation in real
deployments [4, 10, 11, 12, 21, 22, 26] and connecting those
measurements with simulation [19]. As a general rule, these
testbeds do not explicitly account for mobility, though some
mimic the movement of the devices by attenuating the radio
signals [27, 28, 31]. A few testbeds support actual mobil-
ity of nodes, but often lack reproducibility of experiments
due to the fact that the mobility is itself ad hoc and not re-
peatable [23]. Others focus specifically on low-level network
measurements and do not consider supporting applications
and their metrics [5]. Most closely related to our effort is
MiNT-m [9], which has physically mobile nodes connected
to a simulator with the potential for repeatable experiments.
However, the scale of this testbed is limited by the choice of
technologies, which require indoor operations.

In this paper, we introduce a mobile computing testbed
that focuses on the evaluation of mobile applications at all
levels (from the mobile device and its physical radio up
through the network stack to tailored application function-
ality) in live networks. Our fundamental building block, the
Proteus' node, is an autonomous mobile system whose soft-

'Proteus: a person or thing that readily changes appear-
ance, character, principles, etc., or, from mythology, a sea
god noted for his ability to assume different forms.



ware and hardware are both highly changeable. The testbed,
Pharos® (Section 3), connects small scale results generated
in a live network of the Proteus mobile nodes to large scale
results generated in a robust, grounded network simulator.

Specifically, we aim to i) provide a platform that allows
experimental reproducibility within some quantifiable range;
11) allow comparisons among mobile and pervasive comput-
ing solutions; and iii) offer swift validation of solutions in
a full-scale physical pervasive computing system. Overall,
our novel contribution is a preliminary description of the
application-oriented Pharos testbed (Section 3), a descrip-
tion of a first set of experiments (presented in Section 4),
and some early results from these experiments (Section 5).

2. METHODOLOGY

In the “real-world,” user perception of network perfor-
mance is measured by application responsiveness in the con-
text of the assembled system. Ultimately the goal of mo-
bile and pervasive computing research is to increase this
perceived performance. As with any formal endeavor, re-
searchers first hypothesize that a new approach to some part
of the overall system will improve this metric (e.g., a new
routing protocol will deliver messages more quickly). The
researcher then attempts to test the hypothesis by charac-
terizing the effects of the new solution. Unfortunately, test-
ing new components in a system as complex as a mobile or
pervasive computing environment is nearly intractable.

To compensate, we introduce abstractions of the system’s
more complex aspects. Simplifying inputs, outputs, and
other context parameters can lead to a reasonably correct
model of the environment. This model can then be used to
execute and evaluate the proposed solutions quickly, consis-
tently, and routinely. However, these assumptions and sim-
plifications can also lead to highly inaccurate results that
make evaluation or simulation efficient but lead to conclu-
sions that fail to hold in the real world [18]. In evaluating
the behavior of a new component solution, we focus on four
critical aspects: the accuracy, reproducibility, comparability,
and swift validation of the measurement task.

Accuracy. Complex models targeted at specific aspects
of the environment can achieve reasonable similarity for par-
ticular pieces of the system [19]. However, we still can not
confirm that computational models are accurate represen-
tations of the entire mobile or pervasive computing system.
To address this limitation, Pharos dispenses with as many
levels of abstraction as possible. By using real hardware in
a real environment, we ensure that results produced by our
live networks are as accurate as possible.

Reproducibility. Increased accuracy comes at the ex-
pense of execution time and reproducibility. A certain
amount of the time required to execute experiments in live
networks is unavoidable. We can minimize the remaining
time through logistical and procedural techniques, eventu-
ally reducing testbed experiments to routine operations con-
ducted on a regular schedule. This will generate sufficient
data to formulate quantitative limits on operational repro-
ducibility for live network experiments. This is not the only
aspect of reproducibility. To enable external reproduction of

2Pharos: any lighthouse or beacon to direct sailors, or, from
mythology, the mythical home of the sea god Proteus.

results, COTS? equipment and standard APIs* are preferred
to custom components; details of any custom elements must
be made available to the community for duplication.

Comparability. Efforts to increase external reproducibil-
ity are also motivated by the desire to compare components
fairly and quantitatively. For example, by using a popu-
lar and externally maintained API, alternate mobility plat-
forms may be substituted with minor (if any) changes to
other components. This approach extends to choosing an
operating system, network interface hardware, environmen-
tal sensors, etc. Thus, when an experimenter wishes to in-
vestigate the difference between the behaviors of two similar
components at any level of the testbed, we reduce the num-
ber of external changes required. This reduction directly
contributes the validity of the experimental results.

Swift Validation. The seamless and easy interchange of
software components (e.g., routing protocols) will provide
the basis for rigorous and quantitative validation of new so-
lutions. To establish the required data, we will replace any
software simulation components with actual COTS compo-
nents that they mimic (e.g. 802.11b NICs). The remaining
software components are reused directly in the live network.
This reuse ensures that the behavior executed in software
simulation is exactly reproduced in the live network. Any
two components under comparison are thus afforded the
same benefits and hindrances, making the analysis of the
relationships between them more justified and valid.

3. THE PHAROS PROJECT

To address the concerns above, we have founded the
Pharos Project [24], whose goal is to create a platform for
interdisciplinary experimental research for mobile and per-
vasive computing. In particular, the Pharos project aims
to create repeatable experiments for environments with mo-
bile participants that have heterogeneous capabilities. This
over-arching goal includes work on a variety of software en-
gineering, hardware, and even project management topics.
Since this scope is so broad, we do not attempt to detail
all of the facets of the project here. Instead we provide an
overview of the hardware with a few examples.

The centerpiece of Pharos is the Proteus mobile node [25],
which is the individual participant in the environment. The
Proteus design focuses on componentization and reuse of
COTS equipment to maximize both robustness and flexibil-
ity. Each robot is inexpensive, easy to manufacture, and
simple to work with. Below we discuss the details of the de-
sign in three major functional sections, shown in Figure 1:
mobility, behavior, and interaction.

To reduce the coupling between components in Proteus
nodes, well established APIs are used whenever possible. For
example, the popular Player/Stage API [3] allows movement
definition (e.g., drive forward) to be fully differentiated from
the hardware implementing the behavior (e.g., the Segway).
This approach also extends to the interface between Pharos
and experimental behaviors such as routing protocols or mo-
bility models. Details of these adaptation mechanisms are
discussed in the next section. As shown conceptually in
Figure 2, once these behaviors are adapted to the Proteus
nodes, the complete pervasive system is assembled in the
real world and experimental data can be collected.
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