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Presentación

Quisiéramos aprovechar estas ĺıneas para daros la bienvenida a las XX Jornadas
de Paralelismo, que tienen lugar en A Coruña entre los d́ıas 16 y 18 de septiembre de
2009. La celebración de este evento supone una vez más, y ya van veinte, el encuentro
de numerosos investigadores para intercambiar experiencias y presentar ponencias que
reflejan su trabajo en el ámbito de la arquitectura de sistemas de computadores.

El número de asistentes a las Jornadas de Paralelismo ha ido creciendo con cada nue-
va edición. En este año se han recibido 119 art́ıculos, y el número de participantes con el
que contamos asciende a más de 170. Finalmente el programa ha quedado estructurado
en más de 20 horas de trabajo, repartidas en 24 sesiones que cubren los temas siguien-
tes: tecnoloǵıas grid y plataformas distribuidas; aplicaciones; redes y comunicaciones;
arquitecturas, algoritmos y aplicaciones sobre aceleradores hardware; arquitecturas de
procesador, multiprocesadores y chips multinúcleo; algoritmos y técnicas de programa-
ción paralelas; compilación para sistemas de altas prestaciones; docencia en Arquitectura
y Tecnoloǵıa de Computadores (ATC); y evaluación de prestaciones.

Contamos en esta edición con dos conferencias plenarias, impartidas por los profe-
sores Mark Baker, de la Universidad de Reading (Reino Unido), sobre Cloud Computing
y sus servicios, y Enrique Quintana-Ort́ı, de la Universitat Jaume I, sobre técnicas su-
perescalares en la construcción de bibliotecas numéricas para procesadores multinúcleo
y GPUs. Además tendremos la oportunidad de asistir a dos sesiones técnicas imparti-
das por HP España y Bull España, y a la asamblea de la Sociedad de Arquitectura y
Tecnoloǵıa de Computadores (SARTECO).

El programa de las Jornadas incluye también dos mesas redondas sobre asuntos que
actualmente están provocando un intenso debate entre la comunidad universitaria. La
primera de ellas trata sobre cómo trasladar las fichas del Grado y Master en Informáti-
ca a los nuevos planes de estudio. La segunda mesa redonda abordará el tema de la
transferencia de conocimiento universidad-empresa.

No queremos acabar esta presentación sin mostrar nuestro agradecimiento a todos
los organismos y entidades, públicos y privados, que han colaborado en el desarrollo de
estas Jornadas, en concreto, a la Universidade da Coruña, al Concello de A Coruña, a
la Xunta de Galicia, al Ministerio de Ciencia e Innovación, a la Red Gallega de Compu-
tación de Altas Prestaciones, a la Red Mathematica Consulting & Computing de Galicia,
a las compañ́ıas HP y Bull, y finalmente a todos los miembros del Grupo de Arquitectura
de Computadores de la UDC que han brindado su apoyo para la organización de este
congreso.

Finalmente, queremos agradecer vuestro interés y participación en estas XX Jorna-
das de Paralelismo, que esperamos cumplan con vuestras expectativas.

Comité Organizador de las
XX Jornadas de Paralelismo
A Coruña, 16-18 de Septiembre de 2009
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O. López, M. Mart́ınez-Rach, P. Piñol, M.P. Malumbres y J. Oliver . . . . . . . . . 105
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Gómez-Pulido y J.M. Sánchez-Pérez . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

MapReduce Implementation of High Resolution Irradiation Model
S. Tabik, L.F. Romero, O. Plata y G. Bandera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

Solving Half Billion Unknowns with High Scalability Multipole Method
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J. Lamas-Rodŕıguez, M. Bóo, D.B. Heras y F. Argüello . . . . . . . . . . . . . . . . . . . . . 349

Compilación para sistemas de altas prestaciones

Paralelización Especulativa de la Triangulación de Delaunay
A. Garćıa-Yágüez, D.R. Llanos, D. Orden y B. Palop . . . . . . . . . . . . . . . . . . . . . . . 355
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Automating the Modeling and Simulation
Life Cycle of Mobile Ad hoc Networks

P. Pablo Garrido, Manuel P. Malumbres, Jesus Llor, Esteban Torres1 ,

and Carlos T. Calafate2

Resumen— The use of simulation has grown in the
networking field, specially for Mobile Ad hoc Net-
works (MANETs). Simulation plays a very important
role when evaluating routing protocols. However, the
validity of published simulation results has been ques-
tioned by several authors. One of the main reasons
exposed in the research literature is related to topol-
ogy modeling, since the specific scenarios chosen have
a great impact on simulation results. Most simula-
tion studies usually pick a few randomly generated
simulation scenarios leading to a lack of credibility of
such works. Several works have been carried out re-
cently in which the authors define a set of metrics and
propose several recommendations for properly choos-
ing the simulation scenarios. However, it is almost
impossible to follow those recommendations without
the support of specific tools, specially when network
nodes are mobile. In this paper, a simulation frame-
work is presented supporting both topology model-
ing and the simulation automation based on the OP-
NET Modeler simulator. The proposed set of tools
is helpful at constructing rigorous MANET scenarios,
as well as at performing other necessary tasks such
as running simulations, extracting the selected data
from the simulation results, and generating graphs
and reports. These tools have been ported to the
most common platforms, and can be executed either
sequentially or in parallel on a Condor cluster.

Palabras clave— Modeling, Simulation Life Cycle,
Automation, OPNET Modeler, Condor

I. Introduction

MOBILE Ad hoc Networks (MANETs) are com-
posed by a group of wireless stations that com-

municate with each other to form a network. This
kind of networks does not require any sort of infras-
tructure. Instead, a source node can communicate
with a destination node directly (if both are within
the communication range) or through a set of inter-
mediate nodes that forward any incoming packet to
the next neighbor in the established path (multihop).

Implementing a real MANET scenario is costly
and both resource and time consuming. On the
other hand, these networks are mathematically in-
tractable [1]. So, most published research works
about MANETs use simulation tools [2], but the reli-
ability of such simulation studies has been questioned
[3], [4], [5].

Modeling appropriate scenarios and realistic mo-
bility patterns is an important task when simulating
MANETs, since small differences in the scenario’s
topology have a large impact on routing algorithms,
as stated in [6] and [7]. However, the scenarios are

1Dpto. F́ısica y Arquitectura Computadores, Univ.
Miguel Hernández, e-mail: {pgarrido, mels, jllor,
esteban.torres}@umh.es.

2Dpto. Informática de Sistemas, Univ. Politécnica Valencia,
e-mail: calafate@disca.upv.es.

usually randomly generated in much of the research
works without any kind of validation, leading to a
lack of accuracy. So, a way to characterize and vali-
date simulation scenarios prior to evaluating routing
protocols is required. This problem has been widely
addressed in the literature [2], [7], [8], [9], [10], [11].
For example, two metrics are used in [8] for con-
structing valid MANET scenarios in order to evalu-
ate routing protocols: (1) average shortest path hop
count, and (2) average network partitioning. Some
metrics are defined in [10] in order to quantify the
partitioning degree too.

However, putting into practice the suggestions
given in such works is quite complicated without the
help of adequate software tools. According to [2],
some of the most commonly used simulator tools for
modeling wireless networks are ns-2 [12], GloMoSim,
and OPNET Modeler [13]. However, the OPNET
Modeler simulator is not as extended as ns-2, and
such kind of tools is not available. Thus, in this pa-
per we present a simulation framework that is able
to meet these research goals.

The remainder of the paper is organized as fol-
lows. Firstly, an overview of the developed simula-
tion framework is presented in section II. In Sec-
tion III, the modeling of MANET scenarios and the
methodology for running a set of simulations are de-
scribed. Section IV describes how to process the re-
sulting data from the simulations in order to generate
graphs and reports that make easier the analysis of
such data. Finally, conclusions are drawn in Section
V, along with references to future work.

II. Framework overview

This paper presents a set of tools developed specif-
ically for the OPNET Modeler simulator in order to
automate, not only the modeling, but also all the
phases involved with the simulation cycle. The spe-
cific purpose of each one is briefly described on the
following:

• simul topogen: this is a topology generator that
follows some of the recommendations proposed
in the literature in order to build appropriate
MANET scenarios.

• simul simul : used for running one or several sim-
ulation sets, specifying, for example, different
random number seeds or a list of values for some
parameter.

• simul data: used for extracting data from all
the binary files obtained as result of running the
simulation sets. This program invokes another
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program called, ov2txt, which extracts data from
the result file (.ov) for each individual simulation
and saves it to a text file.

• simul graphs: used for generating graphs from
the extracted data.

• simul reports: used for building a report for each
programmed simulation set.

All these tools are command-line programs and
were developed using the C programming language.
This has allowed to migrate them easily to several
platforms such as MS-Windows, UNIX-like systems
(e.g. Linux), or MacOS X. However, running some of
these programs will be only possible if the OPNET
Modeler has been ported to that specific platform.
Currently, it is available for MS-Windows and Linux
(since v11.5). For example, the simul topogen tool
needs the External Model Access (EMA) package
from OPNET in order to building MANET scenar-
ios, and the simul simul tool invokes the op runsim

program to run each simulation from the command
line. The same applies to the simul data program
because the program ov2txt is invoked, requiring the
EMA package too.

On the other hand, the remainder tools do not
need the OPNET Modeler simulator, and so they can
be executed on a different platform if necessary. In
particular, simul graphs can be executed on any plat-
form in which either the R package [14] or gnuplot
[15] are available. About the simul reports tool, this
only needs a LATEX[16] distribution, which is avail-
able in many platforms.

Finally, all the developed tools are able to work
both sequentially and in parallel when a cluster sys-
tem is available (e.g. Condor [17]). This is achieved
easily by specifying a simple option from command-
line, drastically reducing the time spent in each step
of the whole process.

III. Modeling and Simulation

A. Modeling MANET scenarios

Network simulators typically receive a scenario as
input, which, in the particular case of MANETs, de-
scribes the mobility pattern of a group of nodes.
Both the OPNET Modeler simulator and the pro-
posed simul topogen utility allow the user to ran-
domly set the initial node placement within a specific
area, as well as setting a mobility profile.

With regard to the mobility pattern of nodes, sev-
eral mobility models have been proposed [18], but
only a few are available in OPNET Modeler. With
OPNET Modeler it is possible to use either a cen-
tralized or a decentralized approach when modeling
the mobility pattern. In the centralized approach,
a common mobility profile is used for all the nodes,
and a ’Mobility Config’ object is needed. This ob-
ject holds the random mobility parameters for the
Random Waypoint mobility model (RWM), namely,
the area of the movement, the speed, and the pause
time. This is the most common mobility model
for MANETs [8], [19]. The random path followed

by each mobile node is recorded in an ASCII text
file (with a .trj extension) by running a simulation.
If more flexibility is required, the decentralized ap-
proach is more adequate, allowing to define a distinct
profile for each node.

When executing one simulation, one random num-
ber seed must be specified. Thus, to ensure the sta-
tistical validity of the obtained results, it is necessary
to repeat the experiment with distinct random seeds.
However, changing the seed affects the trajectory fol-
lowed by the mobile nodes. In order to use the same
trajectory independently of the random number seed
used, the generated trajectory file for each node us-
ing the centralized approach should be assigned to
the corresponding mobile node using the ’trajectory’
attribute. OPNET Modeler offers an option to do
this assignment.

Although, all the aforementioned options within
OPNET Modeler are useful, when it is necessary to
generate a great number of MANET scenarios, doing
it manually can be a tedious task and prone to error.
Our simul topogen tool does all those steps automat-
ically for a specified list of seed values, generating a
distinct scenario and trajectories for each one. An-
other drawback of manually doing these tasks within
the OPNET Modeler environment is that there is no
way of knowing if the scenarios generated are valid
for conducting a rigorous research, specially in the
presence of mobility. The position of nodes is a crit-
ical factor because one or more of them could be
isolated. This is specially true in the case of static
scenarios where the position of nodes provokes net-
work partitioning. For example, if some nodes are
isolated, they will not be able to communicate with
each other during all the simulation time nor receive
broadcast messages. In an dynamic scenario, this
problem can also occur at any time due to the mo-
bility of the nodes, but it is usually temporary.

Due to these issues, some researchers have pro-
posed some recommendations when choosing the sce-
narios for simulation. For example, as stated in [8],
in order to rigorously test a MANET routing proto-
col, the scenario should meet two standards: (1) the
average shortest-path hop count needs to be large,
and (2) only a small amount of network partitioning
should exist. Therefore, the proposed simul topogen

tool takes into account such recommendations and
checks the validity of any generated scenario.

The simul topogen tool computes the average
shortest-path hop count and several metrics defined
in [8] and [10] in order to determine the network par-
tition degree for each scenario generated. In short,
the four metrics considered in simul topogen are de-
fined as follows:

• Average shortest-path hop count (AHC): the
smallest number of hops along any path between
each pair of nodes, taking into account the trans-
mission range. The minimum value is 1, indi-
cating that every pair of nodes are direct neigh-
bours. Although the average number of hops is
more commonly used when evaluating the per-
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formance of a protocol, this metric is more con-
venient to check for the validity of the generated
scenarios because it is not protocol dependent.

• Average Network Partitioning (ANP): the pro-
portion of node pairs with no communication
path available. The optimum value for this met-
ric is 0%, indicating that there is no partitioning
degree and so all the nodes are able to commu-
nicate with each other.

• Average Number of Groups (ANG): the number
of partitions that exist in the network. If this
value is 1, all nodes are in the same group, that
is, there is no isolated node.

• Average Partition Size (APS): the average num-
ber of nodes in each partition. The greater the
size of a partition, the higher connectivity and
lower partitioning degree of the network. If this
value is exactly the number of nodes, all of them
are in the same group. On the other hand, if this
value is 1, each node is isolated from the others.

All these metrics are computed not only in the
initial state, but also during the simulation time,
being defined as the average value. Finally, the
best scenarios are chosen in order to meet these
two standards. The essential characteristics of the
simul topogen tool are shown by means of the fol-
lowing example:

simul_topogen -p myproject -m mynetwork

-seeds 1 50 1

-nodes MOB node*

-area 0 0 1900 400 0 0

-mobility 5 0 0 0 1

-checkpartition 250

-duration 300

-select 10 ANP ASC n

-export rh ..\trajectories

In this case, the template scenario to be tested is
read from the ’mynetwork’ model within the OPNET
Modeler project ’myproject’. The values following
the -seed argument are the seeds to be used, that
is, the number of scenarios to be tested: from 1 to
50 by increments of 1 (50 seeds). Then, the net-
work nodes to be randomly placed are specified; they
can be either mobile nodes (MOB) or fixed ones (FIX),
and those which name starts with ’node’. The spec-
ified nodes will be placed in a rectangular flat area
sized 1900x400 meters. A 3D volume can be set too
specifying the altitude range in the last two values
of the -area parameter. Then, the RWM mobility
model parameters are specified with the -mobility

option in this order: speed, pause time, start time,
stop time, and frequency. In order to check the net-
work partitioning degree, the communication range
is specified in the -checkpartition argument (250
m.). The simulation time (-duration) is set to 300
s. Then, with the -select option, the scenarios to
be choosen are specified; in this case, they will be
sorted by one of the evaluated metrics (ANP) in as-
cending order, and only the top 10 scenarios out of
50 generated will be selected, discarding those sce-
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Fig. 1. Snapshot during a simulation (top) and trajectories
followed by nodes (bottom)

narios which present more than one partition at the
initial state.

Finally, the trajectories followed by each node can
be exported to a single ASCII file readable either
by the R package or by MS-Excel. The destination
path for this file can be specified too. In addition,
the simul topogen utility is able to generate a set of
graphical files showing the position of the nodes at
any time and for each of the selected scenarios, that
is, all the snapshots along the simulation time. Fur-
thermore, the trajectories followed by all the nodes
or a group of them can be exported to graphical files
too, by post-processing the trajectory file generated
previously. So, the user can choose any of the graphs
generated for including them into a report or research
paper outside of OPNET Modeler simulator (see Fig-
ure 1). However, OPNET Modeler includes an ani-
mation viewer that can be used to visualize the move-
ment of the nodes during the simulation. All these
facilities could be very useful in order to implement
and verify a new mobility model, in a similar way
than the iNSpect [20] utility does.

Depending on the simulation study to be con-
ducted, the researcher could need to choose the best
or worst scenarios. This can be done by simply spec-
ifying any of the computed metrics and the order of
sorting (ASC or DESC) in the -select option.

B. Running simulations

Within the OPNET Modeler GUI, when the
user runs a simulation, the op runsim program is
launched in the background. This program can also
be executed from the command-line too by the user,
specifying the appropriate arguments. However, this
should be done for every simulation within the whole
simulation set, that is, varying the random number
seed, the scenario, traffic load, etc.
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In order to automate this manual process, and to
avoid human errors, the program simul simul has
been developed. The purpose of this tool is to run
a set of simulations outside the OPNET Modeler
environment in an unattended manner, either se-
quentially or concurrently. The program receives an
ASCII text file as input, including the different pa-
rameters for the simulations to run, and these are
launched by invoking the op runsim program with
the appropriate arguments each time. The usage of
this program is the following:

simul_simul -f simuls.txt

[-cluster 20] [-distributed]

The input file ’simuls.txt’, which is specified
through the -f option, is a tab-delimited file, and so
it can be edited within the MS-Excel application for
convenience. Each line corresponds to an indepen-
dent simulation set, and each column to the argu-
ments to the distinct simulations within the simula-
tion set. Columns include mainly a list of random
number seeds, and several lists of comma-separated
values, which will be the varying arguments between
simulations. Usually only one of these arguments is
the varying value, being the value shown at the ab-
scissas axis in the graphs (e.g. traffic load).

Optionally, if a Condor cluster system [17] is avail-
able, the simulation set could be run concurrently
specifying the option -cluster along with the maxi-
mum number of simultaneous simulations, which has
to be less or equal than the number of the cluster
processors available. However, since each simulation
needs the appropriate license, this value is limited by
the number of OPNET licenses available too. The
user only needs to specify the -cluster option, and
the program automatically generates the necessary
submit job files to launch all the simulations. That
is, the user does not need any knowledge about the
Condor system.

This should not be confused with the Simulation

Partitioning concept [21], in which a single simula-
tion is distributed onto a number of different ma-
chines in order to achieve a greater simulation scale
than on a single machine. In fact, the OPNET Mod-
eler has a preference that can be enabled or disabled
to specify whether each simulation should be run se-
quentially or in parallel on several processors. By
default, this preference is disabled; to enable the par-
allel preference from the simul simul tool, the option
-distributed should be specified in the command
line.

IV. Result processing

A. Extracting data

All the statistics resulting from the OPNET Mod-
eler simulations are stored in a single output vector
file (file type suffix .ov). This is a binary file that
must be converted to a text file in order to be im-
ported and processed by external software like the R
package, gnuplot, or MS-Excel, for example, in order
to graphically present the data (see Section IV-B).

OPNET Modeler allows the user to export the col-
lected statistics in three different ways:

1. Executing the ’Export Data to Spreadsheet’ op-
eration after showing a specific statistic within
the Results Browser. By using a graph template
several statistics can be exported at once; how-
ever this process takes a long time when dealing
with a great number of simulations.

2. Using the op cvov.exe and op cvos.exe util-
ities available within OPNET Modeler since
v14.0. Unfortunately, these are not available for
previous versions.

3. By means of a self-designed C program which
uses the External Model Access (EMA) pack-
age. This is the most convenient option because
the process has been customized in order to be
totally unattended, and it is available for any
OPNET Modeler version.

Two different tools were developed for this pur-
pose: (1) ov2txt, which uses the EMA package and
exports several specified statistics from the output
vector file (.ov) to a single ASCII text file, and (2)
simul data, which invokes to ov2txt for each simula-
tion in a simulation set. Although all this functional-
ity could have been implemented in a single program,
doing it in this way allows to parallelize the process
using a cluster, as it will be explained later.

The use of the simul data program is very sim-
ple, since it receives exactly the same input file than
simul simul (see Section III-B). For example:

simul_data -f simuls.txt -x @stats.txt

[-cluster 96]

This program interprets the simulations set de-
fined in the input file ’simuls.txt’ and then iterates
building the appropriate arguments for ov2txt invo-
cation for each simulation. As it can be seen from
the example, in addition to the input file it is nec-
essary to specify the statistics to be extracted with
the -x option. Although it is possible to give a list of
numbers, the most convenient way is to specify a file
name which contains the names of the selected statis-
tics, as appear within the OPNET Modeler environ-
ment. For example, the file ’stats.txt’ contains the
following:

time (sec.)

Wireless LAN.Throughput (bits/sec)

Wireless LAN.Delay (sec)

AODV.Number of Hops per Route

Finally, this program can do its task in parallel if
the -cluster option is specified. In this case, each
invocation to ov2txt will be a process, and the max-
imum number of simultaneous processes will be lim-
ited by the number of processors available and by the
value specified in the command-line. Again, it is not
necessary for the user to know anything about how
to launch jobs in Condor, as this program generates
all the necessary job files and submits them.
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Fig. 2. Examples of graphs generated by simul graphs

B. Generating graphs

The simul graphs tool focuses on generating
graphs from the data extracted previously. All the
exported data for any individual simulation within a
simulation set are taken into account. The usage of
simul graphs is very similar to the previous ones:

simul_graphs -f simuls.txt graphs.txt

[-ci 90] [-gnuplot] [-cluster 96]

Again, ’simuls.txt’ is the simulation file ex-
plained before, and ’graphs.txt’ is the graphs file,
which is another text file describing each graph to be
generated. If the -ci option is specified, confidence
intervals will be computed and shown in the plots
using the confidence level specified (90, 95, 99, . . . ).

The format of the graphs file is very similar to
the simulations one because it is an ASCII text tab-
delimited file. So, both can be edited as a spread-
sheet for convenience. The most relevant data in-
cluded in the graphs file are: title and subtitle, the x
and y axis titles, the column number for the abscissa
values within the data files, the column numbers for
any of the data series to be plotted and the corre-
sponding serial names to be included in the legend.
Additionally, the limits of the graph, the position of
the legend, and the kind of graph to be generated.
Currently, only two graph types are supported: lines
and stacked bars (see Figure 2).

The graphs are generated by means of some pre-
defined and parameterized R scripts [14], thus the
user does not need to know the R language to ob-
tain the graphs. However, the user can modify the R
scripts in order to custom the output if needed. Each
graph is generated in two graphic formats, namely,
Encapsulated PostScript (EPS) [22] and Portable
Network Graphics (PNG) [23]. The EPS graph files
are vectorial format and it is the recommended for-
mat to be included when writing a research paper,
whereas the PNG graphs are recommended to be in-
cluded in MS-Power Point presentations.

On the other hand, if -gnuplot is specified, gnu-
plot [15] script files will be generated and executed.
In this case, the same graphs will be generated again,
but with a distinct appearance. The formats gener-
ated are: EPS, PNG, or Scalable Vector Graphics
(SVG) [24]. We are planning to include more dis-
tinct outputs (e.g., Matlab or xgraph). In this way
the user can choose the desired graphics package, and
modify the automatically generated scripts without

editing and recompiling the software.

As the previous programs, simul graphs can be ex-
ecuted in parallel in a Condor system by specifying
the -cluster option, drastically reducing the time
spent in this process. In this case, each invocation
to a R or gnuplot script file will become a process in
the Condor system.

C. Generating reports

Finally, the last program presented allows to put
all the graphs and the summarized data used for each
graph together in a single document. That way, the
user can analyze the results in both a visual and in
a numerical way more easily. The program in charge
of doing this task is simul reports, whose usage is the
following:

simul_reports -f simuls.txt graphs.txt

[-outputprofile {pdf|dvi|dvi-ps|dvi-ps-pdf}]

where ’simuls.txt’ is the same simulation file
used in all the previous steps, and ’graphs.txt’

the same graphs file used for simul graphs.

The result of this program is a single document per
simulation set, generated using the LATEX document
preparation system [16]. Firstly, the simul reports

builds a source file (with a .tex extension) on the fly.
Then, depending on the output profile specified with
the -outputprofile option, the source file is com-
piled into one of the following formats: Portable Doc-
ument Format (PDF, by default), Device Indepen-
dent format (DVI), Postscript (PS) or PDF through
Postscript. There exist viewers for all of these file
formats for the most common platforms. The graph-
ical format included in the final document (e.g. PNG
or EPS) depends on the output profile chosen, but
all of them must have been generated previously by
simul graphs. Finally, if the user knows the LATEX
language, the source file generated can be modified
or included in his/her own documents.

V. Conclusions and future works

Although simulation is the most common tech-
nique used for testing MANET routing protocols,
it is necessary to validate the scenarios generated.
Some recommendations and metrics have been pro-
posed in the literature in order to characterize simu-
lation scenarios. However, putting such suggestions
into practice is very difficult without the support of
adequate software tools. The framework presented in
this paper is very effective and useful when simulat-
ing MANET experiments using the OPNET Modeler
simulator.

The first of the simulation tools is a topology gen-
erator which considers some of the metrics suggested.
The best scenarios (or the worst ones) of a set of ran-
domly generated scenarios can be chosen, depending
on one of the metrics evaluated. More metrics could
be easily added if needed. In addition, it also plots
the selected scenarios, including both the initial state
and the trajectories followed by each mobile node.
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The remainder tools aim at simplifying the simu-
lation process and the subsequent analysis of results.
They provide utilities for automating tasks such as
running simulations, extracting relevant data, gen-
erating graphs, and building reports including both
the data and graphs previously generated. All these
tasks can be done outside the graphical interface of
OPNET Modeler, in batch mode on the most com-
mon platforms.

About the usability of these tools, although all of
them are used from command-line and there is no
graphical interface, they are very easy to use, as their
syntax is very similar. Moreover, the tools support
the use of clusters of workstations for parallel pro-
cessing, improving dramatically their running times.
Finally, the user does not need to know anything
about the R package, gnuplot, LATEX, nor the Condor
system. Thus, this framework has a weak learning
curve.

As future work, it could be interesting to be able
to export the topology and trajectory files generated
(.trj files) by simul topogen to other simulators like
ns-2. This would allow to compare the simulation
results against other simulators, further validating
the obtained results.

The set of tools can be downloaded from the Gat-
com web site (http://atc.umh.es/gatcom/), although
they are still under active development.
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