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Abstract—Optimized Network Engineering Tool (OPNET)
Modeler is a comprehensive development environment that
enables users to model communication networks and
distributed systems by performing discrete event simulations.
The OPNET Modeer accelerates the design and model of
Mobile Ad Hoc Network (MANET) routing protocols by
providing tools for all phases, including model design,
simulation, data collection, and data analysis. Using the
already defined MANET routing protocolsis straightforward,
while modifying or extending them is a tricky process that can
betime and effort consuming. This paper providesan overview
of OPNET Modeler architecture and describes a practical
methodology to add new MANET routing protocolsto OPNET
Modeler by using the Multi-Aware Cluster Head Maintenance
(MACHM) asan implementation example.
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l. INTRODUCTION

simulation

level of detail to be modeled with the chance adevidesign
space than the one that is possible with formuketa
approaches or hardware prototypes measurements. In
simulation-based approaches, it is possible to doenboth
mathematical and empirical models easily. A simaoifat
based approach can be used to produce designsrdhat
timely, cost-effective, and error-free. On the othand, the
major disadvantage of using the simulation appraadhe
resulted computational burden.

OPNET Modeler is a flexible and powerful commercial
tool [2], which is used to analyze and design comication
networks, devices, protocols, and applications. BPN
Modeler incorporates a broad suite of protocols and
technologies. OPNET Modeler includes a development
environment that used to enable modeling of differe
network types. This includes any network with mebil
devices such as cellular, mobile ad hoc, wirelegeN L
personal area networks, and satellite. OPNET Modgles a
combination of state transition machine diagrant @n(or
C++) codes to implement the different technologigsose

The performance of communication systems can bgodes interact with the different state transitiorchine

evaluated using different approaches and techniduesse
techniques can be classified into: formula-basécutaions,
waveform-level simulations, and hardware prototgpand

diagrams, which are defined in the different prece®mdels.
The codes themselves are scattered in differergigdlyand
logical places. In OPNET Modeler the code can hmdoin

measurements [1]. It is obvious that the performancheader files, external files, process models, hebtbeks,

evaluation based on measurements obtained fronwheed
prototypes of designs is accurate and useful, edpemn
later stages of production. In general, this apgaa very
costly and time-consuming. Besides, it is not iyible,
especially in the earlier stage of the design whemumber

of design alternatives may be large. Instead, plover

computer-aided analysis and design tools can tafose¢he

function blocks, diagnostic blocks, termination dds, and
so on. The challenging task is to understand thetstre of
the simulator and being able to track and modifyadd the
different required construction parts. In case ddiag new
MANET routing protocols, it becomes even more
challenging and frustrating, because of the amanndttype
of modifications needed to enable the network ndadasse

modeling and simulation of complex communicationthis new modified protocol. With lack of such knedbe, it

systems. Those computer-aided analysis and desi¢grdan
be classified further into: formula-based and satiah-
based approaches.

Using the formula-based techniques, which are based

simplified models, offers a considerable insightoirthe
relationship between the different design pararseded the

resulted system performance. It is useful to usehsu

techniques in the early stages of the design, Isecdl
enlarges the design space. On the other handextismely

difficult to just use such techniques to evaluate t

performance of complex communication systems witigh
degree of accuracy. Simulation-based approachédecaay

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-308-7

will be hard to take advantage of the powerful $qmiovided
by the OPNET Modeler, especially for the model gesi
simulation, data collection, and data analysis spak

practical methodology showing the way and stepoteuch
modifications is needed. It will ease the procesmerging

the new MANET routing protocols into the OPNET Mtate
and allow researchers to take a full advantaghesoftware
capabilities.

This paper provides researchers with a systematic a
easy to accomplish way for adding new models to BPN
Modeler, such as new MANET routing protocols. listh
paper, a detailed description of the steps requiiad
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modeling and merging a new MANET routing protocol Some terms used to express the leader are: cheser(CH)
named Multi-Aware Cluster Head Maintenance (MACHM) [8], coordinator [9], core [10], member of domimeaji set

into OPNET network simulation software is presenfEuis

work is intended to help and guide other OPNET Mede

researchers, who are interested in studying anestigating
new MANET routing protocols.
The rest of this paper is organized as followstiSedl|

[11], and backbone network [12].

Another advantage of using the cluster-based cdoncep
(beside the scalability) is the ability to mix ttveo different
techniques of routing. Proactive routing technigas be
used inside the clusters, where the number of m&twodes

briefs the new MACHM, while Section Il provides an is relatively small. While reactive routing techugcan be
overview of the OPNET Modeler architecture and theused outside, between the created clusters usengltister

MACHM simulation project cycle. Section IV describan

detail the methodology of adding the MACHM to the
OPNET Modeler. Simulation study of MACHM is pressuht

in Section V, while Section VI concludes the paper.

1. MULTI-AWARE CLUSTERHEAD MAINTENANCE
(MACHM)

head nodes as access points.
Electing the cluster heads and maintaining them
throughout the progress of the ad hoc networks/iggeand
critical. The importance comes from the role they@aying
during the network lifetime. A multi-aware approach
namely Multi-Aware Cluster Head Maintenance (MACHM)
have been designed for electing the cluster headbs a

MANETSs are self-organizing mobile wireless networksmaintaining them. MACHM aims to reduce the totaloamt

with a decentralized control of operations, whiaies not
rely on a preexisting infrastructure like accessnipdo
communicate [3]. Network nodes have the abilityfiafe
movement around. Normally, each node has to aztraster
in order to keep the network operating. MANETs dan
used in different areas and applications, examjpletside
military scenarios, rescue operations, conferenaasy
application that needs mobility, and areas whei litard to
build a wired network [4]. Typically, node's resoes are
limited and valuable in MANETs. Most importantlyhet
battery power because it is limited due to thetiraty small
size of mobile nodes. Managing this limited resetisca key
challenge in MANET's environments.

Routing protocols can be classified to proactiveblé
driven) and reactive (on-demand) routing protocfgé
Table-driven routing protocols try to maintain cistent, up-
to-date routing information from each node to evetlyer
node in the network. One obvious problem is theillted

of the power consumed by the nodes in the network.
Especially, the cluster head nodes that are morsitae to
power drain, because of their extra roles in thavoek.
MACHM implements a cluster-based approach to aehiev
scalability and to take advantage of the hybridtinou
technique.

MACHM involves in cluster head election, clusters
formation stage, and cluster head re-election phoess. It
invokes the cluster head election and clusters dtion at
the time of system activation. In MACHM, not alktinodes
are allowed to participate in the cluster head tiglec
Instead, the decision of participating or not wiépend on
the initial node's battery power value. The readon
allowing smaller set of nodes to participate i®tsure that
the candidate’s battery power will be reasonabtiaill not
reach the re-election threshold quickly.

To be more efficient, many factors will be cons@tein
all stages. MACHM takes into account the ideal nemtbf

network overhead. This occurs because of the amotint nodes that a cluster can handle (load balancing
information collected, especially when the number oconsideration), the distance between the node amd i
network nodes is large. Additional disadvantagetie  Nheighbors (geographical consideration), the spdedodes
wasted resources used to collect unnecessary goutimobility consideration), and most importantly thede's

information, which neither used nor useful latecdese of
the MANET's dynamic nature. The advantage of usatie-
driven technique is that the routes are known imately
when they are needed. On the other hand, on-deroatidg
protocols create routes only when they are neetlbé

results in a reduced routing overhead cost buteaekpense

of a route establishment delay.

In order to achieve scalability while maintainingg@od
routing, hierarchical or hybrid solutions are adaptike the
cluster-based concept. The main idea is to groam#arby
nodes into logical groups known as clusters, thesigaing

nodes different functions inside and outside theugr

(cluster) [5]. Each group contains a special nedéch acts
as a leader of the group based on some criteriferBit
cluster-based techniques use different basis tidelebis

battery power (energy consideration). The clusteadnh
election is based on a weighted formula that inetuthe
previous factors as states in Formula (1).

W, =A, wl+ L,w2 + M, w3 + R, w4 D)

where Wh is the weight value for node, Anis the
degree difference for nodg Ln is the summation of the
distances for node n with all its neighbo¥ is the speed
average for noden, Pn is the current battery energy
consumption value for nodge andwl, w2, w3 andw4 are
constant values used to decide the relative impogteof
each factor, wherewl+w2+w3+w4=1. This weighted
formula enables the usage of some or all factotisdrcluster
head election calculation, based on the networkasc® or

special node, such as highest ID, lowest ID, node'setting. By assigning zero to any constant friwinor w2 or

connectivity, node’s power level, or simply a randaode.
The special chosen node is used to label the clasig to
communicate to other nodes on behalf of the clugtgr
Researchers refer to this special node with diffeterms.
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w3 or w4 it will ignore the related factor in the election
calculation. The previous calculated weight valuet be
exchanged between nodes to determine the clustdshe
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The same method will be used later in the clustadire-
election procedure. A mechanism has been proposed
maintain the previously elected cluster heads basetheir
energy levels. If the elected cluster head bapenyer level
reaches the defined threshold, it will then inii@ala new
cluster head election. The scope for the replacticiaster
head will be from the set of direct neighbors. Thisto
reduce the effect of changing the cluster headtande the
already gathered information. Figure 1 shows tbevd¢hart
used for the weight calculation.

s node allowed to be a eluster head?

Yes

| Get the size of the neighbor table |

]

| Compute node’s degree difference |

| Count = 0 |

No

Is count < number of neighbors?

Calculate the summation of
neighbors distance

Count=+

Calculate the distance travelled by
the node so far

Caleulate the average speed of the
node

Calculate how much battery power
has the node consumed
| Calculate the combined weight |

¥

Print the weight

Figure 1. MACHM weight calculation flowchart

In Figurel, if the node’s initial battery power &\is
over the defined threshold, then it is allowed ampete for
the cluster head role. The node can immediatelywktie
number of neighbor nodes by accessing the neigtaine
and fetching its size. The node’s degree diffeedasimply
the abstract value of the number of neighbors aaoted
from the allowed number_of nodes parameter, which is
used for the load balance purpose. In MACHM, thdas
capsulate and send their coordinates inh#ilp messages.
This enables the receiving nodes to calculate igtartte and
store this information along with the neighbor nodeach
node then can calculate the distances summatiam iteit
neighbors, which gives an idea about the geographic
position of each node.

In MACHM, each node tracks the distances it travels

during the lifetime of the network. In a certaimsiation
time, it can calculate the speed it is travellinghwby

dividing the summation of distances by the current

simulation time. This is the speed and mobility idatbr
used in MACHM. For the battery power consumed hghea
node, a battery energy consumption model is uséis T
model tracks and updates the battery power usigulrent
draw values defined for th&LEEP, IDLE, SEND, and

RECEIVE states. Finally, the node can calculate its weigh
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value using Formula 1 and broadcast this valuetgo i
beighbors.

In order to implement the previously described rodth
network nodes need to gather different piecesfofrmation
relevant to their neighbors and keep them in diffierdata
structures. This collection of information can bend by
exchanging control messages, which are broadcasted
periodically or per event. Every control messadgends to
provide a certain piece of knowledge or invokeseeain
action. MACHM uses route request, route reply, eoaply
acknowledgment, route error (link break detectadzcket
no route, and route error received), hello, nodeghte
adjacent cluster head, and invoke request contesisages.
The complementary elements in MACHM are the tineerd
tables data structures. The timers used in MACH#raute
entry invalid, route entry expired, route requespisy,
connectivity loss, and cluster-head table timersilgVthe
tables are route, IP common route, packet queudge ro
request, connectivity, adjacent cluster heads, iavdke
request tables.

Ill.  OPNETMODELERARCHITECTURE

OPNET Modeler is a flexible and powerful tool, whic
provides a comprehensive development environmentho
communication networks and distributed systemsait be
used to model and evaluate the performance of
communication systems. OPNET Modeler contains a
number of different construction tools. Each tod i
concentrating on a specific phase or aspect ofitbdeling
task. In OPNET Modeler, the MACHM simulation cydte
constructed from three major phases, namely: model
specification, simulation and data collection, andlysis.

First step is to develop a representation of thenihed
system to be studied, this known as a model spatifn.
OPNET Modeler environment provides different editéor
the primitive building blocks. The available edgoare
project, node, process, external system, link moplatket
format, ICl, and PDF editors. In OPNET Modeler, the
model-specification editors are organized in a dnghical
fashion, which are network, node, process, andrmate
system modeling environments.

Network

Node

Module

Process External System
Definition

Figure 2. The relationship of hierarchical levels in modelOPNET

Figure 2 shows the relationship of the hierarchieatls
in OPNET Modeler models. Network domain focusesghan
network topology, which is described in terms ofb-su

petworks, nodes, links, and geographical contextdeN
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domain focuses on the internal architecture of nioee,
which is described in terms of functional elemeans data
flow between them. Process domain focuses on thavimm

related files are gathered in tmeanet folder, except the
header files, which are gathered in ihéude folder.

of processes (protocols, algorithms, applicationglich are
represented in the form of finite state machinaesextended
high-level language (C or C++ code). External syste
domain focuses on the interfaces to models provioed
other simulators running concurrently with a diserevent
simulation.

Performance measurements of communication syster
are the main goal of modeling them. This enablesgders
to study the behavior of such systems. Next stégACHM
simulation cycle is to run the simulations and edilthe
resulted data. OPNET Modeler allows a realistiinmesion
of performance and behavior for the executed sitioms. It
has several mechanisms to collect the desiredfadataone
or more simulations of a system. OPNET Modeler use|
discrete event simulations to produce differentesypof
outputs (output vectors, output scalars, and amms)

wilzn port e 0 0 wilzn port & 0 O

Users can define their own output file types ad,wfethis is
desired. Normally, vast amount of output data wi#
generated after each simulation. Particular siegisbr
animations are explicitly activated in OPNET Modeby
recording them in the appropriate output files.sTisi done
by specifying a list of probes when running a setioh.
Each probe indicates that a particular statistidoom of
animation should be collected in this run. Advafarens of
probes can be defined by users in the probe editor.

The third and last phase of the MACHM simulation
project cycle is analyzing and examining the cofldaesults
during the simulation. OPNET Modeler provides bath
graphical and numerical processing environmentserg/h
user can investigate the generated results in dept
Additional data for plotting can be generated byaber of
numerical processing operations in the analysiselgan
including Probability Mass Function (PMF), Cumulati
Distribution Function (CDF), histograms (occurrenaed
duration-based), confidence interval calculationnd a
mathematical filters defined in filter editor. Inage of
additional modifications for the communication yst
modeling, another round of the simulation cycle dan
applied with the new specifications.

IV. IMPLEMENTING MACHM

In [13], a practical methodology for modeling wess
routing protocols using OPNET Modeler has been gseq.

The authors implemented a modified wireless routing

protocol named Geographical Ad-Hoc On-Demand Dgstan

Vector (GeoAODV) as an implementation example. The

methodology explains the way to modify an alreaxigted
routing protocol in OPNET Modeler. In case of addia
completely new routing protocol as MACHM, another
practical methodology is needed, this is shown his t
section.

In OPNET Modeler, the MANET is connected to the IP
network through a MANET gateway that is running a
MANET routing protocol and an IP routing protocalr (a
static routing) on one of its interfaces. Figurst®ws the
node model of a MANET station in OPNET. MANET
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Figure 3. Node model of a MANET station in OPNET

The starting point to add a new MANET routing paatb
to OPNET Modeler is themanet_mgr.pr process model. The
MANET manager state machine functionality is tovepahe
appropriate child routing process. This is basedhentype
of MANET routing protocol configured on the intecés of
the node. First, there is a need to register tidyndACHM
routing protocol as amanet_rte protocol. This is has to be
accomplished in the header and function block of th
manet_mgr.pr process model. Precisely, it is should be
defined in themanet_mgr_routing_protocol_determine and
manet_mgr_routing_process create functions. A  slight
Imodification for ip_higher_layer proto_reg sup.h header
file is needed as well to complete the registraporcess. A
new child process namedachm rte.pr has been registered
and added to the recognized list of the routingquais in
OPNET Modeler, as shown in Figure 4.

e

File Edit Interfaces FSM CodeBlocks Compile Windows Help

NEREAa i & nnER =z =

= Process Model: manet_mgr

14,-‘
Hide Line Counts
Show Full Titles

Zoom To Selection

ZoomIn
Zoom Qut
Zoom To Window

No Zoom

godv_rte

External Files dr_rte

Kl

Figure 4. The modifiedmanet_mgr.pr process model and its child
processes
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Next step is to define a new MACHM parameters group

under theAD-HOC Routing Parameters group, which can be

Instead of configuring the running routing protoaot
node’s interface one by one, another practical fiuadion

found in themanet_mgr.pr model attributes. The parameters can be done to theireless deploy wiz_helper.xml file. A

are used to configure the behavior of the protoddie
parameters can be either a primitive or a compadyog, it is
also possible to control the range of parametenegland
define a default ones. In order to make this neuting
protocol available to the network devices, a charg¢he
interface configuration of different types of nodesieeded.
Like manet_station_adv.nd, wlan_wkstn_adv.nd, etc. nodes
model.

The main work is done in thmachm.pr process model,
where the MACHM routing protocol functionality igfihed
by a finite state machine. The finite state macliiitéalizes
the required state variables and implements thierdift
stages of the protocol. The implementation is acide
through the codes scattered in the entrance aridparts,
combined with the different blocks such as the kead
function, termination, diagnostic blocks, and so on

As stated before, the basic building blocks of MANE
routing protocols are the control packets. MACHMlgets
format is defined using the packet format editangl with
the external files. Normally, the definition comsifunctions
to allocate and de-allocate the necessary memagenkein
an explicit fashion. The memory allocation/de-adlian
functions depend on the data types and storagse defned
for the different control packets fields. The otlrmportant
data structure in MANET routing protocols is tabl&ables
are used to store useful information about the otwlike
the connectivity, data routes, data packets, andnsorhe
definition and handling of such data structures den
accomplished using the external files. A good acis to
define a single external file for each data stmecitable) to
ease the modification process in later stages.

couple of HTML code lines will include the newly fateed
MACHM routing protocol in the wireless deploymenizerd
routing protocols drop list, which then can be udiedctly in
the project editor.

The practical methodology for adding a new MANET
routing protocol to OPNET Modeler can be summariasd
follows:

For the communication systems performance evaluatio

purpose, different kinds of statistics are neede®NET
Modeler offers two levels of statistics, local agtbbal
statistics. The local statistics can be collecteceeery node
in the network, while the global statistics cancbected for
the whole network. After defining the needed stiasin the

machm rte.pr process model, a registration of them is

needed. The registration takes place in the funchilmck
using theop_stat reg command, while theop_stat write
command is used to record the values during thalation.

As mentioned before, in OPNET Modeler the structire
MANET routing protocol is scattered through diffetearts
and files. First, MACHM defines the state and terapp
variables, which are needed inside the routingogrit They
are used to hold some MACHM parameters or simpdy th
provide a global scope for the different procedusesl
functions. The header and function blocks are nesipte for
the complete actions taking place in the MACHM hogit
protocol. Actions include: state variables initalion,
battery energy level initialization, statistics istgation,
packets sending and arrival handling, updatingdifferent
tables, electing the cluster heads and so on. Hiimed
finite state machine represents the connectingtdoinall
those pieces. It makes the required transitionscalisl of the
different procedures and functions.
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Register the new MANET routing protocol through
theip_higher_layer_proto_reg_sup.h header file.
Modify the manet_mgr_routing_protocol _determine
andmanet_mgr_routing_process_create functions in

the manet_mgr.pr process model. This is to enable
the network nodes to configure the new MANET
routing protocol on their interfaces.

Add the new MANET routing protocol as a child
process to thenanet_mgr.pr process model.

Define the new MANET routing protocol parameters
as a new group under thdD-HOC Routing
Parameters group in the manet_mgr.pr model
attributes. Additional levels of nesting for the
parameters can be done too.

Define the local and global statistics for the new
MANET routing protocol through the header files.
Register the newly defined statistics in the OPNET
Modeler. The global statistics registration can be
done in the header file, while the local ones ia th
function block of the process model.

Configure the interface of the MANET and WLAN
nodes by adding the new defined statistics.

Define the finite state machine with the required
transitions and codes.

Define the state and temporary variables that lvell
used through the different blocks.

Define the control packets and data structures
needed for the new MANET routing protocol
through the packet format editor and external files
Program the new MANET routing protocol through
the header, function, diagnostic, and termination
blocks.

Modify the wireless deploy wiz _helper.xml file to
enable the usage of the new MANET routing
protocol by the wireless deployment wizard.

V. SIMULATION StuDY OF MACHM

After modeling MACHM in OPNET Modeler, a data
collecting and analyzing is needed to completeMi#¢&CHM

project cycle. In this section, a simulation andf@enance
study of MACHM is presented. One important pointtas
decide which performance metrics better clarifylte@avior
of the new MANET routing protocol. In MACHM, the
following performance metrics are considered: theber of
weight and invoke request messages sent, the nuofber
cluster heads, the average time a cluster headvesnand
the energy consumption of the network nodes.
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Network overhead can be measured in term of control

messages sent in the network, such as
MACHM_WEIGHT and MACHM_INVOKE_REQUEST
control messages. MACHM uses the weight messages
elect the cluster head, which is chosen from theok¢he
allowed nodes to compete. If the initial batteryeleis over
the threshold, the node is allowed to participatethis
competition. While the concept of invoke requesimbased
on the battery power factor. An elected clusterdhegorms
the nearby nodes that a re-election of the clusead is
needed, when its battery power level goes belowd#iimed
threshold. Another performance indicator is the bamof
cluster heads that exist in the network duringdjfésime. It is
important to have an idea about the average timelexted
cluster head survives before it asks for a replacgnsaving
the battery power of all nodes is the main concefn
MACHM. Specially, the cluster heads that should bet
loaded too much to ensure longer network life tinAd.

As mentioned before, MACHM does not allow all

thaetwork nodes to calculate and send their weightega

Only the nodes with initial battery power levelsger than
tbe threshold are allowed to compete for the clubtad
election. The tested threshold values are 20%, 30%%,
50%, 60%, and 70% of the node’s battery power level
Changing the threshold value will affect the numioér
weight messages send by the candidate nodes, as $ho
Figure 5. In the simulations, the starting batteoyver level
for each node is chosen randomly between 1% an& 60
more realistic scenarios. Increasing the threskalde will

decrease the chance of having nodes with a stdvtttgry
power level over the threshold, and hence the weigh
messages send. When the threshold value is somielgbw
for example 70%, only two nodes satisfy the cooditi
which means that only two weight messages are Asrtan
be seen from Figure 5, reducing the threshold vallesvs
more nodes to participate. The allowed nodes &eeviihen

nodes energy consumption metric is used to study ththe threshold is 60%, six for 50%, seven for 40¥ghtefor

property.

Several combinations of OPNET Modeler and MACHM

setups have been tested. Table | and Table Il sthaw
selected settings for this section. The changimgmater is
the battery power level threshold, while the faagtbrs have
an equal importance of 25% in this scenario.

TABLE I. OPNETSIMULATIONS SETUP

Simulation Setup Value

Number of Nodes 10

Area 100 X 100 m campus

Distribution of Nodes Random

Mobility Model Random Waypoint (1 m/s)
Operational Mode 802.11b

Data Rate 11 Mbps

Data Traffic Complete VoIP mesh between nodes

Simulation Time 3600 seconds

TABLE II. MACHM PARAMETERS SETUP
MACHM Parameter Value
Allowed Number of Nodes 3
Degree Difference Weight 0.25
Distance Summation Weight  0.25
Mobility Weight 0.25
Battery Consumption Weight  0.25

Battery Power Threshold 20%, 30%, 40%, 50%, 60% /0%

Threshold Decrement 5%
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30%, and nine for 20%.

According to the MACHM functionality, the winning
cluster head continues its role in a normal wayil utg
battery power level reaches the threshold. Whendbcurs,
a cluster head reduces the threshold value by @defined
battery power_threshold_decrement value. Also, it sends an
invoke request message to all its neighbors. Rexgian
invoke request message changes the behavior of MACH
Now all the nodes are allowed to participate in thester
head election process. In this simulation scen#mi®heavy
data traffic and the relatively small initial battepower
levels for some nodes cause them to shut downeeahfi
Figure 5, the second point of each line shows timber of
network nodes that still alive in that simulatiamé.

9
=
7
—#-Threshold=20%

5 Threshold=30%
=< Threshold=40%
4 —=Threshold=50%
Threshold=60%
Threshold=70%

Weight Messages

0 150 462 469 614

Time (sec)

767 917 1066

Figure 5. Weight messages sent during the simulation

On the other hand, the invoke request messagasace
to notify the neighbor nodes that the current eusiead is
looking for a better replacement (if available).isTs why
all the nodes will participate in the next clustead election.
Figure 6 shows that only one invoke request mesisaggnt,
which means that the new elected cluster head cuuldve
till the end of the simulation. The chosen thredhaffects
how long the initial cluster head can survive ie tietwork
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before asking for a replacement. In general, itdticeable
that the lower the threshold value is the longeluater head
survives and the later an invoke request messagerns

noticeable that the survive time decreases whethtieshold
value increases. This is because the cluster ladad tess
time to reach the defined threshold, and then ssuee-

Figure 6 shows that the mechanism used by MACHM telection request to the neighbor nodes.

elect the cluster heads is efficient, since it dsainultiple
sending of invoke request message for the samshibic:

12

o
3

—#-Threshold=20%
—+Threshold=30%
=< Threshold=40%
—#Threshold=50%
Threshold=60%
Threshold=70%

o
=

Invoke Request Messages
o
Y

469 614 767 917 1066

Time (sec)

Figure 6. Invoke request messages sent during the simulation

In networks with large number of nodes, the nunidfer
cluster heads exist in the network gives a good at®ut the
balance and the distribution of the nodes. In $kigtion, the
chosen setup produces a connected network withaps. g
Figure 7 shows that only one cluster head existsaliothe
thresholds. The different points show the simufatione a
new cluster head is introduced into the networke Tirst
cluster head is chosen after some initializaticaf;ulations,
and weight messages exchange. The other cluster ikea
introduced into the network after receiving an ikeoequest
message from the previously winning cluster head.
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Figure 7. Total number of elected cluster heads during timeiksition

MACHM aims to elect a cluster head that can surfore
longer time to avoid the need of changing it freglye This
is can be achieved by implementing the multi-aveamcept.

MACHM makes a good combination of load balance,

geographic distribution, speed, and power factBigure 8
shows the survive time for the first elected clustead. It is
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Figure 8. The survive time for the first elected cluster head

In OPNET, the information about node’s battery poise
not available as the other parameters. For thisorga
MACHM creates its own battery energy consumptiordeto
The created energy consumption model initializesnbde’s
battery power levels with values between 1% and%d.00
Also, it tracks and updates them through the Iifeetof the
network. The tracking and updating of those valiges
controlled by the current draw values. MACHM define
current draw values for the different node stadsich are
SLEEP, IDLE, SEND, andRECEIVE states.

Figure 9 shows the all nodes energy consumptiothf®r
VoIP simulation. The energy consumption varies edicg
to the call buckets, showing the relatively low somption
values for SLEEP and IDLE states. While higher
consumption values are recorded for tiSEND and
RECEIVE states.
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Figure 9. All nodes energy consumption during the simulation

This section showed the simulation results obtaifoed
the new MACHM using the OPNET Modeler. The protocol
itself is flexible and adjustable. It is importatat select a
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suitable combination of MACHM parameters setupaket
advantage of its capabilities.

VI. CONCLUSION

. . ) [
OPNET Modeler is an important tool, used widely to

model and study communication systems. MANETS etttra
many researchers because of the wide applicati@sdan
be used for. The aim of this paper is to guiderésearchers
who are interested in modeling and studying new NEAN
routing protocols using the OPNET Modeler. This grap
proposed a practical methodology for adding suckv ne
MANET routing protocols to OPNET Modeler. It uses
MACHM as an implementation example. A brief desioip

of MACHM and the multi-aware concept is given. Alsioe
OPNET Modeler architecture is introduced for better
understanding. The paper gives a detailed impleatient of
MACHM according to the proposed practical methodglo
followed by general guidelines. The simulation gtstiows
the performance evaluation of the implemented MACHM
Applying the ideas in this paper will acceleratee th
developing of new MANET routing protocols. This is
because the researchers can take advantage obwefipl
tools provided by the OPNET Modeler. This includesdel
design, simulation, data collection, and data aislyhases.
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