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ABSTRACT

Design, implementation and test of a communication net-
work require the use of tools allowing the execution of sim-
ulations accurate enough to enable: a) the assessment of
the correctness of the algorithms that govern the behavior
of the nodes; b) the simulation of actual operating condi-
tions in terms of accuracy of channel and mobility models,
as well as of traffic conditions and network usage, in order
to verify compliance with the QoS parameters; ¢) simula-
tion code reusing on target devices. Simulation of Mobile
Ad-hoc NETworks (MANETS), designed for civil and or mil-
itary use is particularly challenging, due to high number of
nodes, different mobility and channel models and different
types of traffic and QoS requirements, and led to the design
of several network simulators. Among them, OMNeT++,
OPNET and ns-3 are arguably the most popular ones for
scientific and industrial activities. Each of the above simu-
lators is characterized by specific advantages and drawbacks,
as well as different available models. Although they share
an approach based on discrete event simulation, they are
significantly different in the way the user provides inputs,
collects outputs and builds his/her own models.

In this paper we propose a methodology to store simulation
data in a distributed and scalable storage system that is ex-
ploitable in any of the above listed simulators. Furthermore,
the paper illustrates a way to apply the proposed method-
ology to an emulation environment.

1. INTRODUCTION

Simulation experiments are widely used in the domain of
the Mobile Ad hoc Networks (MANETS) to evaluate the re-
sults of the design activities. These experiments must model
the network topology, network traffic, and the routing and
other network protocols. In addition, the wireless and mo-
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bile nature of MANETS necessitates consideration of node
mobility, physical layer issues, including the radio frequency
channel, terrain, and antenna properties, and, perhaps, en-
ergy and battery characteristics. Node mobility, coupled
with physical layer characteristics, determines the status of
link connections and, hence, the network’s dynamic topol-
ogy. Link connectivity is an important factor, if not the
most important factor, affecting the relative performance
of MANET routing protocols. Accurate models are needed
in order to realize high fidelity simulations; also, different
models must be used at the same time to realize realistic
scenarios.

In the following, a brief review of typical simulation settings
adopted in the analysis of MANETS is provided. As mo-
bility models are concerned, the random waypoint model is
one the most commonly used mobility models for simula-
tions of MANETS [16, 39, 40, 17, 19, 28, 31, 32, 43]. This
model is implemented in three popular simulation tools, ns-
2 [26], QualNet [13], and OPNET [11]. Computational re-
sources required to compute node positions and determine
link connectivity can be relatively high, thus increasing the
cost of simulation. In [15] the authors have investigated
the influence of three mobility models on the performance
of ad hoc network routing protocols (AODV and GPSR).
As a benchmark, the first model used is the popular ran-
dom waypoint mobility model. The second model is based
on a vehicular traffic simulator. Finally, as third model,
the authors propose a novel mobility model based on vec-
torized street maps and speed limit information extracted
from a geographic information system. The vehicular mo-
bility traces used in [15] are available at ETH Zurich, where
was developed a Multi-agent Microscopic Traffic Simulator
(MMTS). MMTS models the behavior of people living in a
specific area, reproducing their movement (using vehicles)
within a period of 24 hours [41], [42]. Around 260.000 vehi-
cles are involved in the simulation with more than 25.000.000
recorded direction/speed changes in an area of around 250
km for 260 km. In [38] the authors investigate the impact
of realistic radio propagation settings on the evaluation of
VANET-based systems, using the JiST/SWANS simulator
[14] and rely on STRAW [20] to model vehicular mobility.
All simulations are conducted on a map of the same region
of Chicago, bounded on the east side by Lake Michigan and
on the south by the Chicago River. The field extends about
1.6 Km to the west and 1.1 Km to the north, giving an area



of about 1.76 Km2. The area contained 331 road segments
with a total length of 60 Km. The simulation also included
150 nodes on the field at random intersections, and selected
25 of these nodes as transmitters. Each node sent a beacon
on average every b seconds, and the transmitting nodes has
injected a message with average size of 10 KB approximately
every 60 seconds. Another aspect relevant to MANET de-
sign is the measure of the overhead of traffic signaling due
to routing activities. In [46] a mathematical and simula-
tive framework is presented for quantifying the overhead of
reactive routing protocols, such as dynamic source routing
and ad hoc on-demand distance vector, in wireless variable
topology (ad hoc) networks. The authors have considered
five networks of size 49, 121, 225, 361, and 529. Every node
is placed at the intersection of a square Manhattan grid.
Here, nodes have fixed positions without any movement for
the entire simulation. Different field sizes was chosen for dif-
ferent network sizes; 1400 m by 1400 m field has 49 nodes;
2200 m by 2200 m for 121 nodes; 3000 m by 3000 m for 225
nodes; 3800 m by 3800 m for 361 nodes; and 4600 m by 4600
m for 529 nodes. The simulator used was ns-2.

The above overview on the complexity of MANET simula-
tions, which is represented from heterogeneity of the mod-
els and of data, is useful to understand the need to have a
system to store the results derived from a simulation and
a methodology conceived to improve the computational re-
sources by means of emulation tools.

In the present work we focus on two problems which con-
cern the simulations of MANETS networks: the storing of
the simulation data and how to improve the experiment by
means of emulations resource. The paper is organized as fol-
lows: Section II presents a methodology and an architecture
to store data in a scalable database; in the Section III the
proposed methodology is extended to emulation domain; fi-
nally, the paper closes with the conclusions and future works
discussed in Section IV.

2. PROPOSED METHODOLOGY

In order to improve the analysis of data provided from a
MANET simulation the following items should be taken into
account:

e All the simulator used to simulate MANET networks
are discrete event simulator;

e The data are heterogeneous: a qualitative and non ex-
haustive list follows:

e statuses of finite state machines;
e routing tables;

e Packet Error Rate;

e Signal to Noise Ratio;

e end-to-end delay

e Each one of data provided from a MANET simulation
is generated in asynchronous way;

e The amount of data generated from MANET simula-
tions is large, due to:

e the complexity and heterogeneity of models;
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e the simulation time, which for realistic simulations it
could be tens or hundreds of hours.

Also, we want to remark the following Critical Success Fac-
tors (CSF) [18] for the development of a Software (SW) con-
ceived to store MANETS simulation data:

e The use of the interface in order to exchange data be-
tween the simulation and the storage system;

e The use of the scalable storage;

e The use of a methodology to acquire information of
measure that is:

— reusable across multiple network simulators and
on different platforms (Windows, Linux, Mac OS
X);

— valid for different types of measurement.
With the aim to take into account all the previous con-

straints, we have defined a methodology to realize the stor-
age of the simulation data, named MANET Simulation Data

Storage Methodology (MSDSM). The guidelines of our method-

ology are listed below:

e The measurement information must be collected in
XML format via a serialization process of the object
which includes the information;

e The buffer which includes the XML string must be
sent on a [P connections to a System, System for Stor-
age Management, (SSM) which has in charge the man-
agement and the archiving of XML data to a scalable
storage system;

e Fach data XML string must have an header which
must be used to classify the data and to select a prop-
erly rule for the archiving;

e The SSM system must be able to do the following op-
erations:

— Classification of the data XML string;
— Selection of a properly archiving rule;

— change of the data XML string in a sequence of
bytes;

e Storage of the sequence of bytes in a scalable storage
system;

Using MSDSM, we have conceived a three tiers architec-
ture [24] for a Software Connector (SC) [37] as shown in
Figure 1.

The test environment is made up from the elements listed
below:

e a Windows machine which hosts:

— amain process which provides a XML data string;
the string is got by means of a serialization opera-
tion applied to a prototype of a class which mod-
els a routing table; both "main” and class routing
table were implemented using the C++4 language;

— an object, named ClsTst, which implements the
SAP, coded using Java language;
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Figure 2: Test Environment.

— an object, named WrapperHBASE, which imple-
ments the Al coded using Java language;

— a process, named ClientServer, which implements
the SSM, coded using the Java language;

e a Linux machine, which hosts a scalable Database (DB),
HBASE, configured in pseudo distributed mode [25],
[29].

The "main” process shown in Figure 2 plays the role of
a generic process used to simulate the protocols stack of a
node of a MANET; in the test environment this was a sim-
ulator implemented in OMNeT++ [10]. At the same time,
the main process executes the serialization of a routing ta-
ble class. To do that, it uses library utilities of the Common
Language Runtime [2]. After the serialization, the process
uses the method "callWHBASE” of the class ClsTst to ac-
cess the storage service; the called method receives the XML
data string and calls the method "callSendBufferSer” of the
class WrapperHBASE to send the XML data string via an
IP connection to java process ClientServer [12]. When the
ClientServer receives the data, it uses the HTABLE utilities
to write a new table with the new data in the scalable stor-
age system, HBASE. Following the insertion of simulation
data into the HBASE database, such data can be retrieved
by means of queries, and shown in any web-browser, or used
as an input to any post-processing library for further analy-
sis or generation of plots and tables. In the following section
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we will extend this methodology in order to propose a more
general methodology applicable to a unified domain of sim-
ulation/emulation.

3. EXTENSION OF MSDSM TO UNIFIED
SIMULATION/EMULATION ENVIRON-
MENT

Using Tissue Methodology (TM) [21], this section pro-
poses an extension of the MSDSM methodology, in order to
use MSDSM in a unified domain of simulation/emulation for
MANETSs networks. Emulation is a hybrid approach that
combines hardware and software where some components
are implemented on real hardware (e.g. Motes, [8]) and
some are simulated (e.g. links, traffic, etc.). Even if a large
number of performance evaluation tools are available for a
specialized class of MANETS, the Wireless Sensor Network
(WSN), none of them simultaneously supports simulation,
emulation and testbed implementation. Recent studies re-
vealed that results obtained from simulation, emulation and
testbeds were significantly different for the same scenarios
[30]. Few studies have already realized the importance of an
integrated tool that supports modeling, simulation, emula-
tion and testbed implementation for algorithm validation,
performance evaluation and proof-of-concept implementa-
tion in WSNs at different stages ([30]). At the same time
experimentation is not yet a mature methodology in the con-
text of ad-hoc networks: results are often non reproducible
and hard to explain. In most cases it is nearly impossible to
validate the measurements and to isolate external influences
from the actual behavior of the investigated algorithm. Fur-
thermore there are no benchmark settings and there exists
no "best-practice” for conducting experiments. This makes
it very hard to compare the results of experiments from dif-
ferent research groups. A significant effort to solve these
problems is necessary to provide credible and comparable
results and to encourage researchers to validate their ideas
in real-world settings [33]. Some of the critical factors which
rise from the merge between simulation domain, emulation
domain and test bed, are listed below:

e the usability of the same data structures both for sim-
ulations on host PC and for implementation inside tar-
get devices;

e the usability of the same communications techniques
both for simulations on host PC and for implementa-
tion inside target devices;

e the usability of the same architecture both for simu-
lations on host PC and for implementation inside to
target devices;

e the management of the processing nodes.

Tissue Methodology (TM) [22] aims to define an architec-
ture that takes into account the previous critical factors.
The methodology proposed in [22] emphasizes the following
modelling paradigms:

e modular programming [34, 44, 23];
e patterns programming [27];

e events oriented programming [35];
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Figure 4: Use of the Tissue Pattern to model a Pro-
tocols stack.

e fractal programming [3];

Using TM, the design is run out by means of the design
patterns that are named Tissue Patterns (TP), structured
as shown in Figure 3. The TP has the aim of enabling the
design by using three basic modules able to:

e receive and generate events (H);
e process events (P);
e storing a state space or other information (S);

e increase their ”skills” through interaction with other
units or reconfiguration.

The growth of tissues is achieved through the repetition of
basic units, as well as of fractal structures; the link between
H, S and P is represented by functional calls, an access to
remote resources, or any communication protocol. The ba-
sic units can be used to build macro structures that can be
in turn used for growing a tissue. Following this approach, a
protocol stack can be rethought as shown in Figure 4 where
a model made up of a basic TP is presented; each of the H
modules receives events from other layers and, at the same
time, it generates events towards other layers. Each event
in each layer is processed by the P module. The data ex-
changed between two layers, or the data needed by a P mod-
ule, are stored in the S module. It is worthwhile mentioning
that each S module represents a system to store data (e.g. a
bank of memories, a remote data source). The P module, or
the H module, may retrieve a specific data set, through an
identification code. Through this code, the module, which
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needs to use the data set, receives a handle; this handle en-
ables the use of the data set in read/write mode as exempli-
fied in Figure 5. Using the TM we have defined a hardware
(HW) /software (SW) platform (see Fig. 6) that enables to
reuse the MSDSM methodology in hybrid domain of simu-
lation/emulation. The platform is formed by the following
modules:

e P1, and P2: it is a processing unit able to execute
C++ Language program and a Java Virtual Machine,
so a Java language program [36];

e S:it is an storage embedded system (e.g. flash memory,
SDRAM);

e H: it is an Arbiter Dispatcher; it has the aim to man-
ages the classification of messages and to forward each
message at correct addressee; the addressee may be
bus arbiter or 10 device

e H1, H2, H3, H4: they are bus arbiters;
e H5, H6, H7, H8, H9: they are IO device;

If we assume that the architecture of a single node in the
network is developed using the basic Tissue Pattern, and if
each element of each TP is able to generate an XML data
string, in order to reuse the MSDSM is enough to link the
SAP of MSDSM to each Basic TP, as shown in Figure 6.
The AI and the SSM may be implemented using the Java
Embedded [4], executable on a ARM processor, as depicted
in Figure 7. This figure shows three half-planes; one con-
tains the embedded storage system, S; another is devoted
to the processing units, that is P1 and P2; the last is ded-
icated to Handler modules, or else H and H1-H7. P1 is
devoted to execute the Al while P2 is in charge to execute
the SAPs. Communications between different elements of
the architecture are provided by the Message Passing Inter-
face (MPI) [7]. There are many versions of this standard,
and one of these supports real time operation [45]. By using
Message Passing Interface, each element of TP, which be-
longs to simulation domain or emulation domain, may send
XML data strings to Al therefore to SSM and finally to SSS.
Furthermore, each basic TP may be moved from host PC to
platform and viceversa.

4. CONCLUSIONS
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In this paper we have provided a methodology, MSDSM,
to store simulation data in a distributed and scalable stor-
age system and a list of the required tools to implement
MSDSM. We have integrated all tools in a single tool chain;
all the tools used are available as open source frameworks
or packages. In order to verify the integrability of the tools,
we have implemented the use case depicted in the Figure 2.
Specifically, the SAP receives an XML data string and for-
wards it to an Acquisition Interface; inside that, the XML
data string is formatted and it is sent to a remote System
Storage Management. The SSM executes the following op-
erations: it classifies the string, it selects a storing rule, it
converts the string in a sequence of byte and stores it in
scalable remote database. However, the SSM showed in the
Figure 2 is a single thread application. In order to man-
age a simulation scenario which contains many "main” one
for each protocol stack that is simulated , is need to have a
multi thread SSM. As future work, we will develop a multi
thread SSM application by means of Apache MINA [1] in our
tools chain. At the current state, the MSDSM methodology
is applicable to all MANET simulators using the C/C++
language such as OMNeT++ [10], OPNET [11], and ns-3
[9], and on every platform (Windows, Linux or Mac OS X)
because the SAP is usable via JNI [5] from C/C++ code.
Using the Tissue Methodology, we have extended the use
of the MSDSM to simulation/emulation domains by means
of a HW/SW architecture that was conceived for applica-
tions inside of the simulation/emulation domain; moreover,
we have shown how to apply MSDSM on this architecture.
Further developments are the implementation of an environ-
ment for concurrent execution of processes which models the
protocols stack, using the JNI and JGROUPS [6], [36]. In
addition we plan to evaluate the performance of the MPI
application conceived for the simulation/emulation domain
as described in [36] using the architecture of Figure 7.
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