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ABSTRACT
This paper presents a robust simulation environment tar-
geted for researching the complex dynamics of wireless com-
puter networks. The general-purpose DEVS-Suite simula-
tor supports animation with I/O and state trajectories of
wireless computer network models developed using paral-
lel DEVS modeling approach. The simulator offers high-
level model abstraction as compared with simulators such
as ns-2, Omnet++ and OPNET. The combined capabilities
afforded by the robust DEVS-Suite simulator assists in un-
derstanding the fundamentals of wireless network topologies
and the logics of wireless communication protocols. Large-
scale wireless network models can be simulated and evalu-
ated to show the benefits of DEVS formalism performance.

Categories and Subject Descriptors
H.4 [Component-based simulation]: Education and train-
ingNetwork modelsSimulation tools; D.2.8 [Software Engi-
neering]: Metrics—complexity measures, performance mea-
sures

General Terms
—

Keywords
AODV, Modeling and Simulation, DEVS, DEVS - Suite,
Scalability

1. INTRODUCTION
The Ad-Hoc On-demand Distance Vector (AODV) routing
protocol is a widely used routing protocol for mobile ad-hoc
networking [10]. In order to test and evaluate an ad hoc
routing protocol in a real world environment and mostly
in a large scale simulation scenario, utilization of model-
ing and simulation tools is inevitable. Today’s most famous
simulators from commercial vendors such as OPNET[9] and
from academic area as such ns-2[8] and OMNET++[17] are

commonly used by network research community. But, com-
merciality, lacks of system theoretic background, need for
modular and hierarchical design, parallelism and scalabil-
ity issues lead network researchers to develop new modeling
strategies and high performance simulators.

In order to meet current network systems’ demands, a new
discrete event model of AODV routing protocol is developed
based on DEVS formalism. DEVS formalism renders pos-
sible to establish proper and high performance simulation
systems[19]. In this study, an AODV routing protocol for
wireless ad hoc network systems is implemented based on
DEVS-Suite, especially for large scale simulation scenarios
and main features of developed simulation summarized.

DEVS-Suite is a general-purpose, discrete event simulation
environment which supports visualization and tracking ca-
pabilities [6]. This is the new generation of the DEVSJAVA
simulator [1] based on DEVS formalism [19]. This simu-
lator also supports variable structure modeling [5]. The
DEVS-Suite user-interface provides a consistent, efficient,
integrated hierarchical component-based representation of
models with run-time I/O and state trajectories and tab-
ular data visualization. The AODV models developed on
top of DEVS-Suite is the result of using networking theory
as well as software engineering principles. Particular at-
tention is paid to reliability and maintainability in view of
the ns-2 simulator. With the developed AODV simulator,
users can create arbitrary network topologies, experiment
with the models, and in particular track the dynamics of
the network related to routing. DEVS-Suite simulator can
be run on a personal computer as well as online via DEVS-

Suite Web Start [12] which enables e-learning using Java
Web Start technology.

In the remainder of this paper, starting in Section 2, presents
the State of Art and description of the modeling concepts
of DEVS and DEVS-Suite network simulator. In Section 3,
the technics and ideas behind DEVS-Suite AODV simulator
is given together with some features of it. In Section 4,
ongoing research is summarized and we summarize our work
and present some future research directions in Section 5.

2. BACKGROUND
2.1 DEVS Formalism
Network systems exhibit very high level complex, dynamic
and parallel characteristics. Due to this fact, its complex yet



distributed behavior makes modeling effort of the networks
difficult. However, discrete event modeling bringing abstrac-
tion and simplification mechanisms to modeling and simu-
lation discipline facilitates modeling and simulation study
systems such as computer networks demonstrating complex,
dynamic, distributed and unpredicted behavior. The dy-
namics of network systems can be described using discrete
event modeling. This is because the dynamics of the net-
work systems can be characterized in terms of components
that can process and generate events. Among discrete event
modeling approaches, the Discrete Event Systems Specifi-
cation (DEVS) [19] is well suited for formally describing
concurrent processing and the event-driven nature of arbi-
trary configuration of nodes and links forming network sys-
tems. This modeling approach supports hierarchical modu-
lar model construction, distributed execution, and therefore
characterizing complex, large-scale systems with atomic and
coupled models. Atomic models represent the structure and
behavior of individual components via inputs (X), outputs
(Y), states (S), and functions. An atomic model can be
described with,

Atomic model= (X, S, Y, δext, δint, δconf , λ, ta).

The external (δext), internal (δint), confluent (δconf), out-
put (λ), and time advance functions (ta) define a compo-
nent’s behavior over time. Internal and external transition
functions describe autonomous behavior and response to ex-
ternal stimuli, respectively. The time advance function rep-
resents the passage of time. Output function is used to
generate output messages sent through the output ports of
atomic models. Atomic models receive messages which may
cause a series of state transitions and output messages gen-
erated for consumption by other atomic or coupled models.

Atomic models can be coupled together in a strict hierar-
chy to form more complex models. Parallel DEVS, which
extends the classical DEVS, is capable of processing multi-
ple input events and concurrent occurrences of internal and
external transition functions. The Parallel DEVS conflu-
ent transition function provides local control by handling
simultaneous internal and external transition functions. A
coupled model can be constructed by composing models into
hierarchical tree structures. A coupled model is defined in
terms of its constituent atomic and/or coupled models.

A coupled model can be constructed by composing models
into hierarchical tree structures, and is defined in terms of
its constituent (atomic and/or coupled) models. Connec-
tions between different atomic models can be performed by
a coupled model (CM)[3], [19],

Coupled model (CM) =
< X,Y,D,Md|dϵD,EIC,EOC, IC >

The input and output sets X and Y have the same specifi-
cation as those of the atomic model. D is a set of compo-
nent names and Md is set of atomic and/or coupled compo-
nents, and EIC, EOC, and IC are external input, external
output, and internal couplings, respectively. The closure

under coupling feature allows a coupled model to be used
as an atomic model when constructing other coupled mod-
els. Coupled models can be constructed systematically using
the concepts of ports and couplings between them. When
a component sends messages, the (external input, external
output, and internal) couplings between input and output
ports immediately relay the messages from the sender to
receiver components. Upon receipt of messages by atomic
models, the messages are processed, which may result in new
states and generation of new outputs for other models. Par-
allel DEVS is capable of processing multiple input events
and provides control for handling simultaneous internal and
external events. Mathematical DEVS atomic and coupled
models can be concretized in terms of UML. There exist
other implementations of the DEVS specification approach
based on single and multiprocessor environments. Paral-
lel and distributed environments have been developed using
technologies such as HLA [7].

The formal foundation of DEVS, its efficient execution, and
the availability of sequential, parallel, or distributed simula-
tion engines using alternative computational environments
such as CORBA, HLA, and Web-services are important con-
siderations. Furthermore, the DEVS models are extended
with other kinds of models such as fuzzy logic [13].

2.2 DEVS-Suite
DEVS-Suite [6] is the discrete event general purpose sim-
ulation environment based on DEVS formalism and also is
new version of the DEVSJAVA simulator[1]. In addition
of single visualization function of DEVSJAVA, it adds addi-
tional functionality in the form of more tracking capabilities.
DEVS-Suite has some constituent modules such as Simview,
Timeview, DEVS Tracking Environment [15]. DEVS-Suite
can simulate to models specified using the DEVS formalism
[19]. The center piece of the simulator environment is Model
Facade View Control (MFVC) by which simulation data can
be displayed with its animation and viewing of time trajec-
tories separated from the parallel DEVS abstract simulator.

In DEVS-Suite, execution of the models can be tracked as
both the animation of the input/output messages for cou-
pled models and the state changes of the atomic models, as
well as log files. Simulation experiments can be triggered
with test input which are can be selected via a dialogue box
at the beginning of the simulation and time-based trajecto-
ries generated during simulation. At the end of the simula-
tion, statistical outputs and trajectories can also be obtained
for pre-defined phase and sigma state variables. Simulator
has also an option window when loading the model which
includes simview and tracking options. As already men-
tioned, simview is inherited from DEVSJAVA that provides
visualization of DEVS models. However, it is clear that vi-
sualization usually decrease of the performance of a software
system due fact of high resource demands of visual compo-
nents and animation schemes. In DEVS-Suite simulation
modeler, one can toggle the visualization or tracking capa-
bility of the package in case of need for high performance in
large-scale experiments.

2.3 AODV Summary
AODV routing protocol provides unicast, broadcast, and
multicast communication in ad hoc mobile networks [10].



AODV starts a route discovery when a route is needed by a
source node or a node needs to join a multicast node group.
Much of the complexity of the AODV protocol is to de-
crease the number of messages to conserve the capacity of
the network. The routes are always loop-free through the
use of sequence numbers. Nodes use this sequence number
so that they do not repeat route requests that they have
already passed on. Another such feature is that the route
requests have a ”time to live” number that limits how many
times they can be retransmitted. If a route request fails,
another route request may not be sent until twice as much
time has passed as the timeout of the previous route request.
The nodes running AODV maintain a routing table in which
next hop routing information for destination nodes is stored.

In order to model AODV routing protocol and wireless net-
works, many researches have done including DEVS-based
approaches such as [14], [4] and [11]. In addition to DEVS
based approaches, some modeling effort of AODV protocol
has been done as such [18] for power aware wireless net-
works,[16] using ω−calculus approach and [2] using timed
automata.

3. DEVS-SUITE-AODV FRAMEWORK
In order to model a wireless network system accommodating
routing protocols, architecture can be split into three cate-
gories: topology, communication and the mobility. Topology
has done with DEVS coupled models including nodes and
radio channels, communication is held by network packets
stretched from DEVS entities and finally mobility is over-
come by initial and final coordinates (m,m) and speed (m/s)
fields of every atomic model.

AODV simulation framework is based on the DEVS-Suite
simulator and written in Java programming language (see
Figure 1). Discrete event simulation system process the
consecutive events to change the system’s state. In our im-
plementation, events are defined in terms of packet trans-
mission, mobility and topological errors (see node atomic
model definition in Appendix A). Events in developed sys-
tem are processed by DEVS Engine. DEVS Engine serves as
an operating system for events in system under observation.
DEVS can process the events in a parallel manner.

Due to framework is developed purely in Java, all configu-
rations, environmental and setup parameters and network
layout are specified in Java code files, but configuration files
can be used. In the following sections, we summarize the
basic components of developed system.

3.1 Nodes and radio channels model descrip-
tions

In a wireless network, nodes and communication channels
are modeled basic processing units (i.e. routing intelligence
in the network is done by these components). These mod-
els in the form of network coupled model conform to the
Parallel DEVS atomic and coupled model specification and
are implemented in the DEVS-Suite environment as seen in
Figure 3.

Generic node model implements AODV routing protocol be-
havior defined using set theory as listed in Appendix A.
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Figure 1: DEVS-Suite AODV System Structure

Wireless node model is typically composed of several mod-
ules as depicted in Figure 2. These modules are routing, me-
dia access and topography modules. Routing modules pro-
vide basic functionality for implementation of routing pro-
tocols such as AODV. Its architecture is ultimately generic
so that every kind of routing protocols can be readily im-
plemented. Module has different data structures such as
routing tables and buffers to keep track of routing packets
historically (see Figure 2). Also, each node stores own se-
quential number and the number of RREQ attempts.

One of the main features of DEVS formalism is to establish
modular and hierarchical construction[19]. In this study,
this feature is highly utilized in designing network compo-
nents. Components design and selection is based on design
and simulation objectives. Due for scalability, we selected
high level abstractions and assumptions on designing the
components. Lower memory and CPU utilize is preferable
in large-scale experiments. Rather routing module, media
access module is designed making several assumptions such
as simplification of MAC protocol, implementing basic FIFO
queue and 2D topography. In the media access component,
physical channel model simulates the connection of devices,
data storage in the buffers and link delays.

Location of a node that effects neighborhood and commu-
nication is determined by x and y values in the fixed size
topography. Speed value defines node’s mobility variance
and every node is instantiated by start point (x0, y0) and
final point(xn, yn) where movement is completed.

3.2 Modeling AODV with DEVS
Ad Hoc On-Demand Distance Vector (AODV) routing pro-
tocol belonging to distance vector routing algorithms family
is a reactive behaviored protocol in which routes is calcu-
lated just only when a new data packet to be sent[]. In
other words, it discovers the routes in the wireless network
only when required. In this system, every nodes maintain
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Figure 2: A DEVS-based wireless node is connected to other nodes via medium and emergent network is
stimulated by an experimental frame to crate applications.

own routing tables in which discovered routes is kept with
time stamp or version. In the background section, detailed
information of AODV is presented.

Full behavior of the AODV protocol specified in [10] is ap-
plied using DEVS modeling and simulation formalism (see
Appendix A). By extracting event based behavior of AODV
from [10], some rules can be ordered and implemented in
event based manner. Main event is sending and receiving
packets in such a distributed system. However, channel
down, battery exhaust, mobility change, and node conges-
tions should be taken into considerations to mimic full be-
havior of a wireless system. As being in inner structure of a
node, event abstraction is needed in modeling a highly com-
plex, distributed systems. In this work, some abstractions
are made including physical layer and antennas simplifica-
tions and two dimensional topography. These all abstrac-
tions may not actually reflect any real network operation,
but highly needed yet because it is impossible to build exact
virtual worlds in today’s limited computing environments
without making assumptions.

A network running AODV is modeled as interconnecting
nodes in parallel composition of DEVS atomic models in
DEVS-Suite. The states and interfaces of the nodes are
initialized so that they mimic conditions of the real nodes
placed at the beginning, after than nodes can get informa-
tion from neighbors and begin to learn about the network.
The most important characteristic of the AODV is route dis-
covery in the presence of mobility on taken a data packet.

In AODV protocol life, a network node that needs a con-
nection to specific destination creates a request for connec-

tion as RREQ messages. After receiving RREQ, remain-
ing AODV nodes forward RREQ message, and update their
routing table entry of that node that they receive it from.
When a node receives such a message and already has a route
to the desired node, it sends a message back to originating
nodes named RREP message. The requesting node then be-
gins transmitting the data using discovered route that it is
shortest path and has least number of hops through other
nodes. When a link fails, a routing error message RRER is
passed back to a transmitting node, and the process repeats.

The main benefit of AODV routing protocol is that it causes
no traffic for communication over links. Communication is
set up on demand when two or more nodes need to data
exchange. Besides distance vector routing approach is light
weight algorithm and needs less computation resources. But
AODV causes more time delay in establishing a connection,
and this is done heavier that other protocols.

3.3 AODV messages
To implement the behavior of AODV protocol, some mes-
sages are modeled as DEVS entities such as Data, Hello,
Route Request (RREQ), Route Reply (RREP), Route Er-
ror (RRER) and acknowledgement. These messages are ex-
changing between nodes and derived from entity class in
DEVS models library. Data can embedded as an object to
Data packets to be routed and remaining packets are all
control packets.

3.4 Visualization
The four complementary views – component and message
animation, time-based trajectories, SensorView animating
wireless systems dynamism and tree listing of the model –



Figure 3: AODV network on DEVS-Suite Simview

Figure 4: SensorView visualizing nodes on topogra-
phy and animates mobility

provide a rich basis for researchers as well as students and
teachers to view the structural and behavioral aspects of
models. The routing protocol can be analyzed step-by-step
through animation of nodes and transmission of messages.
User selected inputs, outputs, and pre-defined state variables
can be plotted as time trajectories. In Figure 3, five wire-
less nodes communicating via channels are shown. Models
and their states, input and output ports (Network Interface
Cards – NIC), and couplings, as well as traveling packets
can be seen. Also, users can examine the composition hier-
archy structure of models. Using DEVS-Suite, its possible
to track and view the logic behind the routing protocol as
well as the discrete event-based run of the wireless network
system. Capabilities of the developed simulator can be ex-
tend to cover the protocols of the other layers in the OSI
network reference model.

SensorView is a packet flow and network that developed
as an extension to DEVS-Suite (see Figure 4). SensorView
can show a network topology, nodes locations, links between
nodes, demonstrate the flow of messages send upon links in
a topography.

4. WORK IN PROGRESS
We plan to work to continue refinement process of the AODV
model. Developed model needs to be verified and validated.
In that phase we will use ns-2 network simulator for compar-
ison of results from same network configurations. We extend
to small scale models from a few nodes to thousands nodes
large-scale models. The approach to store packets during
route discovery needs further enhancements. Its possible
to store them into the experimental framework. Finally we
plan to develop on the shelf tools to create both large models
and huge traffic to be run on the models.

5. CONCLUSIONS
We have presented a DEVS model for AODV routing pro-
tocol and implementing it as a shell on top of DEVS-Suite



kernel. DEVS-Suite has emerged to be a good discrete event
simulator enables modeler to build models in system the-
oretic manner and provides more tracking capability and
visualization. The DEVS simulation framework has been
proven to be sufficient enough to meet the wireless systems
requirements. Since framework’s components are developed
generic, it can be used for modeling MANETs as well as
wireless sensor networks. Developed models will be pub-
licly available on Sourceforge DEVS-Suite project site. Our
AODV implementation will be continued to be refined.
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APPENDIX
A. DEVS SPECIFICATION OF AODV PRO-

TOCOL
In this section, specifications for the atomic wireless node are
given below. These models conform to the Parallel DEVS
specification and are implemented in the DEVS-Suite envi-
ronment.

Msensor node = <X , Y , S, δext, δint, δcon, λ , ta>

where

Input ports and values

X = inport × invalues

inports : {input, einput}

invalues : {packet, packet DATA, packet HELLO, packet RREQ,
packet RREP, packet RERR, packet RREP ACK, packet hold},

Output ports and values

Y = outport × outvalues

outports : {output, eoutput},

outvalues : {packet, packet DATA, packet HELLO, packet RREQ,
packet RREP, packet RERR, packet RREP ACK, packet hold},

State sets



S= phase ×σ × Q̄

phase : {setup, busy, idle, congested, discarded, data received,
RREP waiting, RREQ receiving, RREP generated, RREP update&forward,
RREP received, neighbor added}

σ = ℜ+
0,∞,

Q = Qqueue

where queue is for incoming and outgoing packets.

External transition function

δext((phase, σ, Q̄), e, x) =



s← discarded, σ, Q̄ if x = RREQ ∧ x ∈ RREQhistory
s← RREQ receiving, σ, Q̄ if x = RREQ and x ∋ RREQhistory
s← RREP received, σ, Q̄ if x = RREP ∧ x’nextDestHop=adress ∧ x’destination=address
s← RREP update&forward, σ, Q̄ if x = RREP ∧ x’nextDestHop=adress ∧ x’destination ̸= address
s← discarded, σ, Q̄ if x = RREP ∧ x’nextDestHop ̸=adress
s← busy, σ, Q̄ if x is enqueued to Q
s← congested, σ, Q̄ if x is not enqueued to Q
where s ∈ S

Internal transition function

δint(phase, σ, Q̄) =

dequeue packet from Q̄ and s← data received, σ, Q̄ if packet = DATA
add new route and s← neighbor added, σ, Q̄ if packet = Hello
add new route if packet = RREQ ∧ packet’s source is unknown
s← RREQ forward, σ, Q̄ if packet = RREQ ∧ packet’s destination is unknown
update route and s← RREQ receiving, σ, Q̄ if packet = RREQ ∧ packet’s seq. number ≥ RT’s seq. number
update route and s← RREP generate, σ, Q̄ if packet = RREQ ∧ packet’s seq. number ≤ RT’s seq. number
add new route if packet = RREP ∧ packet’s source is unknown
update route and s← RREP update$forward, σ, Q̄ if packet = RREP ∧ packet’s source is known
s← RREP received, σ, Q̄ if packet=RREP ∧ packet’s dest=address
s← idle, σ, Q̄ if Q is empty
where s ∈ S

Confluent transition function

δcon((phase, σ, Q̄), e, x) = δext(δint(phase, σ, Q̄), 0, x)

Output function

λ(phase, σ, Q̄) =



y ← outports,Hello if phase = setup
y ← outports, RREQ if phase = data received
y ← outports, RREQ if phase = RREQ receiving
y ← outports, RREP if phase = RREP generated
y ← outports, RREP if phase = RREP update&forward
where y ∈ Y

Time advance function

ta(s) = σ


