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Over time, several routing protocols have been suggested for use in Mobile Ad Hoc Net-
works (MANETS). Because of availability of so many MANETS routing protocols, network
engineers and administrators face difficulties in identifying an appropriate routing protocol
for a particular scenario. This challenge results from the unavailability of adequate tech-
nical analytic studies designed to examine the effects of various algorithmic aspects of the
available routing protocols. Availability of such studies are critical in routing identification
and selection process, thus making the work of network engineers and administrators more
manageable. Moreover, such studies can guide future development and implementation of
MANET:s routing protocols. Although there are studies meant to gauge comparative per-
formance of various routing protocols, very little or no attempts have made to ascertain the
effects of nodal topological position-information data on overall performance. This study
used purposive sampling to select the routing protocols for study, literature review process
to review and critique the available studies and simulation to determine the effects of nodal
position-location information. Largely, MANETS routing protocols are either characterized
as reactive, proactive, hybrid or location-aided. Through purposive sampling, we selected.
protocol Zone Routing Protocol (ZRP) to represent hybrid routing whereas Ad hoc On-
Demand Distance Vector routing (AODV) to represent reactive routing. Destination-Se-
quenced Distance Vector routing (DSDV) was selected purposively to represent proactive
while Greedy Perimeter Stateless Routing (GPSR) was selected purposively to represent
location-assisted routing. Initial elementary scalar variables of data throughput, packet
drop rates, average delay and the number of packets received are simulated on NS2—to
simulate ZRP and OMNET++--to simulate AODV, DSDV and GPSR. Simulation data from
the two simulators was analyzed on RapidMiner. Simulation results indicate that GPSR
outperforms other selected routing protocols. This result can possibly be attributed to pres-
ence of nodal topological position-location data in GPSR algorithm. However, this study
held the number of nodes constant throughout the simulation process. Simulation results
suggest that GPSR has better output in packet delivery ratio, delay and overall data packet
throughput. The results suggest that inclusion of position-location algorithm in a routing
protocol algorithm may enhance its performance. Clearly, the study findings suggest that
it is prudent to select and implement a routing protocol that uses nodal position-location in
its algorithm.

1. Introduction

In mobile computing, one of the least explored area is Mobile Ad

nodes can join or leave a MANET autonomously. Indeed, selec-
tion of routing protocols to be used in a particular scenario is one

Hoc Networks (MANETSs). MANETS is part of wireless networks of the critical decisions that face network engineers and adminis-

but does not depend infrastructure to function. Routing is very
critical in MANETS because it is very dynamic networks—mobile

trators. There many factors to consider while deciding on a routing
protocol to use. Among these factors is overhead (mainly power)
utilization by the mobile nodes and efficient propagation of data
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packets. Propagation of data needs reduced delay, drop rates and
maximized amount of data packets throughput.

Comparative studies on MANETSs routing protocols generated
from Google Scholar, IEEE depositories, and Springer Publishers
reveal that majority of available articles and opinions are very ge-
neric in their methodology. For this reason, it is very challenging
to attribute performance variations to precise algorithmic charac-
teristics of the examined routing protocols.

Because MANETS are mostly deployed in areas whose infrastruc-
ture is non-existent or damaged, power management and reliable
transfer of data packets is very vital. For example, in a military
operation, the mobile devices must operate on minimum power to
avoid catastrophic failures. But this power efficiency is only
achievable through keen selection of an appropriate routing pro-
tocol that functions on minimum power as an overhead maxim-
ized data packets delivery is paramount. Reliable data packets
transmissions demand minimization of other aspects of routing
such a jitter, delay (latency) and packet’s drop rates.

Determining the best combination of these factors or aspects of
MANETS routing is paramount. However, this is only possible
through a focused comparative study on specific algorithmic char-
acteristics of the routing protocols. Evidently, however, majority
of the comparative literature on MANETS routing protocols are
very general. That is, performance comparison is conducted with-
out stipulating the possible effecting traits behind the variations in
results [1].

In most cases, routing in MANETS is either proactive, reactive or
a combination of both (hybrid routing). So far, very little research
has been conducted on location-assisted routing protocols such a
Location-Aided routing protocol (LAR) or Greedy Perimeter
Stateless Routing (GPSR). Studies [2] and [3] are some of the lim-
ited studies that do not consider specific aspects of MANETS rout-
ing protocols.

Indeed, majority of research papers concentrate too much on ei-
ther proactive, reactive or hybrid routing protocols—see [4] and
[5] as examples. This imbalance in research leaves the location-
assisted routing protocols largely unexplored. Because compara-
tive examination of proactive, reactive and hybrid routing proto-
cols require analysis of two counterintuitive routing concepts only,
it remains unclear how inclusion of algorithmic position-location
information may affect their performance. This is particularly
problematic in routing protocols implementation by network en-
gineers and administrators because the current research is not
comprehensive and specific enough to allow informed selection
and implementation of routing protocols.

Typically, MANETs are deployed in situations occurring in
places whose communication infrastructure is either unreliable or
lacking altogether. Subsequently, MANETSs are habitually in-
stalled in disaster and rescue operations, military operations and
lately, in the delivery of learning to the marginalized areas [6]. All
these situations require reliable routing protocols that guarantee
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intelligent utilization of critical overhead such as power and max-
imized delivery data of packets at steady speeds.

A key trait in MANETS is the ability of mobile nodes to self-con-
figure wirelessly. According to [7], nodes in MANETS use adja-
cency and immediacy of nodes in signal transmission and data
packet delivery. Therefore, nodes that are next to each other con-
vey signal and data packets between them. This chain of events
repeats itself throughout the network. Another important charac-
teristic of MANETS is ability node to play a multi-purpose role of
sensing, receiving, routing and transmitting. Additionally, MA-
NETs can multi-hop and self-configure. This trait introduces flu-
idity and flexibility as nodes autonomously come in or out of the
network. Mutability of MANETSs make them very useful for var-
ied emergency situations such as floods, fire, storm or earthquake
evacuations [7].

To achieve appropriate characterization of such emergent scenar-
ios and response, it is possible to introduce and use the concept of
clustering in MANETS [8]. Clusters in MANETSs are composed of
nodes dedicated for communication in such cases—military oper-
ations or emergency.
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Figure 1: Example of a MANET network. Adapted from [8]

Description of various ways of signal transmission and data
packet delivery in MANETS is conducted through examination of
routing protocols [9]. Due to the abrupt, endless and unregulated
participation in the network by the nodes, MANETS topological
information is perpetually changing. This constant change of top-
ological information of nodes in MANETS is considered as one of
the hindrances to the possible reliability and security. Different
and new nodes are included or excluded from the network. How-
ever, the efficacy of packets and the signal broadcast inside a net-
work is primarily reliant on the routing protocol selection [9]. A
routing protocol in MANET decides on the utmost proficient route
from the source node to the destination node.

Categorization of routing protocols in MANETS is carried out
through various methods. Generally, the topological information
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of network is used in categorizing a routing protocol as either re-
active or proactive. On the other hand, the plan, strategy or the
general design of a MANET communication applied during signal
and data packet transmission may result to either multicast, broad-
cast, or unicast routing [10]. Moreover, MANETS routing can be
categorized into groups that depend on routing network topologi-
cal tables or into groups that require route request from a source
to initiate routing [11]. However, some studies suggest that this
classification is arrived at through application of routing strategy.

The structure of the network is another method applicable in the
classification of MANETS routing protocols. Classifying of rout-
ing protocols on network structure, generally, three classes are de-
rived. That is, the group of routing that is aided by geographic
information, flat routing and hierarchical routing. Network topo-
logical routing table dependent and the source node route discov-
ery routing protocols are included in flat routing. On the other
hand, routing protocols in MANETSs mainly lie in either proactive,
reactive and or hybrid categories [11].

Ad hoc Routing Algorithms

' v \

Hybrid

Reactive Proactive

Figure 2: Routing protocols groupings in MANETS based on design philosophy
[11].

Network topological routing tables maintain the network infor-
mation on routing over the connectedness period. However, the
topological routing information maintained by proactive routing
protocols are not used constantly during the network’s state of
connectedness. Because MANETS connect on peer-to-peer basis,
every mobile node in a proactive network maintains routing infor-
mation of the neighboring devices. Proactive protocols rely on
network topological routing tables to accumulate and maintain
routing data on every neighboring mobile node.

One of the shortcomings of table-driven routing is the need to oc-
casionally update according to the constant and abrupt inclusion
and exclusion of mobile nodes. MANETSs nodes signal and data
packets propagation derive its guidelines from the link state of
nodes. Therefore, a signal propagation and routing procedure is
established through routing information as stored and maintained
in a network topological routing table. Furthermore, proactive
routing protocols can be made up of more than one type of data in
a routing table [12]. For example, a routing table may contain the
nodal-zonal information or the link-state of a mobile device/node.

Because table-driven routing protocols preserve routing statistics
of every mobile node, they are wasteful and unfitting for use in
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highly interconnected ad hoc networks. But, if table-dependent
protocol is used in a highly interconnected network, the routing
information available for storage and maintenance may exceed the
capacity of routing tables. Consequently, this may lead into addi-
tional overhead of more power consumption. Oppositely, reactive
routing protocols avoid holding onto routing information—topo-
logical, of nodes in routing tables. Similarly, reactive protocols do
not maintain network events in tables. Reactive protocols initiate
routing process on request by the source nodes. During the on-
demand event, the concerned nodes articulate the most efficient
routes in a network. Reactive routing transmits data and the re-
lated signals as requested by other nodes. However, lack of rout-
ing network topological tables in reactive routing may require
route flooding during route discovery process [12].
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Figure 3: Classification of MANET Routing [12]

In hybrid routing protocols, the operational design and capabili-
ties of proactive and reactive routing are unified to maximize ef-
fectiveness. Because hybrid routing is designed to minimize rout-
ing overhead—such as power consumption, they are mostly de-
ployed in large networks. Routing overhead results from the sys-
tematic topological data apprises and maintenance in the routing
tables. Besides, hybrid routing minimizes data packet delivery de-
lay in table-driven (reactive) routing protocols [13]. Latency re-
sults from route discovery procedure initiated in the reactive part
of hybrid routing. Over period of time, latency reduces the overall
number of data packets delivery per unit.

In Zone Routing Protocol (ZRP), zones—determined through
hops, are composed of nodes whose location is defined by the
maximum size of the radius. Zones in ZRP can be conceptualized
as small networks within larger networks. The radius of a subnet-
work is determined by the number of hops. For example, a radius
of two is equivalent to the zone whose maximum hops are 2. Be-
cause ZRP uses hybrid routing, it utilizes operational technicali-
ties of both proactive and reactive routing. A local zone uses table
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driven (proactive routing), while nodes outside local zones use re-
active routing. Local zones use proactive routing protocols for
speedy transmission of signals and data packets among nodes. To
minimize possible overhead, ZRP uses reactive routing for inter-
zonal transmissions [14].

Since DSDV is a table-drive (proactive) routing protocol, it relies
on network topological routing tables to store and preserve the
network information [15]. Mobile nodes in DSDV uphold routing
tables containing topological information and data of the network.
These routing tables maintain information on addresses, the num-
ber and subsequent hops to destination node, and the sequence as-
signed to the various nodes—particularly, the destination node.
DSDV uses the concept of Routing Information Protocol (RIP).
In RIP, each node carries routing tables whose routing infor-
mation includes probable end points of communications(mes-
sages) and the hop quantity vital in enabling transmission of the
messages in the ad hoc network. Another trait of DSDV is dis-
tance vector routing. That is, it utilizes bidirectional links. A key
short coming of DSDV is its limitation to utilize one/single route
in internodal communications.

Greedy Perimeter Stateless Routing (GPSR) protocol relies on lo-
cation information of nodes during route discovery. In GPSR, for-
warding a packet is built on the known position of the rout-
ers/source node and the destination node. It a “novel routing pro-
tocol for wireless datagram networks that uses the positions of
routers and a packet’s destination to make packet forwarding de-
cisions” [15, p.5]. The information stored in topological routing
tables is utilized in greedy propagation of data throughout the
nodes in ad hoc network. Upon reaching the limit of greedy trans-
mission, GPSR uses a set of rules (algorithm) to traverse the limits
of the network.

Notably, with the increase in the quantity of destination nodes,
GPSR “scales better in per-router state than shortest-path and ad-
hoc routing protocols” [15, p.1) because it only maintains the top-
ological link state the local topology in a network. Since Manets
are dynamic—mobile nodes are autonomous to either join or leave
the network, their topologies are subject to variations. But, GPSR
handles this topological dynamism and its effects through exploi-
tation of the local network topological data for route discovery.
Mostly, GPSR is appropriate require highly connected/dense net-
works.

Apparently, all MANETS routing protocols are unique in their al-
gorithmic composition. However, virtually all performance com-
parative studies evaluate these routing protocols on general terms
without ascribing the variations of their performance to any exact
algorithmic feature. With such generality, it becomes problematic
to use them for routing selection by the network engineers and
administrators. Moreover, it becomes difficult to use such studies
for future MANETS routing designs. For this reason, it is critical
that comparative performance analysis grounded on particularity
of these unique algorithmic foundations. The research question of
this study is:
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1.  What algorithmic elements attributable to variations in per-
formances of selected MANETS routing protocols?

2. Theoretical Background

Performance comparison studies of MANETS routing protocols
are not new. However, majority of these studies conduct perfor-
mance analysis in general, without pinpointing to specific possi-
ble algorithmic aspects that affects variations in performance. For
instance, study [16] compares the general performance of Dy-
namic Source Routing (DSR), Ad hoc on demand distance Vector
Routing (AODV), and Destination Sequenced Distance Vector
(DSDV) to establish the effectiveness of each of the protocols.
Study [16] measures packet delivery ratio, average throughput,
average end-to-end delay, and packet loss ratio based on nodes as
the variable.

Likewise, paper [17] studies ad hoc on demand distance vector
(AODV), dynamic source routing (DSR), and destination-se-
quenced distance vector (DSDV) routing protocols by means of
various parameters of Quality of Service (QoS). These metrics in-
clude packet delivery ratio (PDR), normalize routing overhead,
throughput, and jitter. The study aimed to establish the difference
in performance of the listed protocols. Characterization of the
simulation scenario in this study was based on parameters depict-
ing large-area MANET with high-speed mobile nodes. Simulation
results are thereafter analyzed through AWK and Xgraph.

Meanwhile, study [18] compares the performance of three routing
protocols—DSDV, DSR and AODYV. Finally, the paper presents
the overall properties and performance of these protocol. Mark-
edly, however, the study is not clear on the significance and types
of parameters simulated or analyzed. Other works such as [19],
uses literature review to compare various protocols on the basis of
some selected performance metrics such as scalability, overhead,
reliability. In this study, however, the tools of research or study
are not clear. Additionally, the criteria for selecting routing proto-
cols for analysis is not clearly indicated.

Paper [20] comprehensively compares AODV, DSR and OLSR
on a real-word scenario—office. The study compares the routing
protocols in three probable situations (based on mobility) via UDP,
Ping and TCP traffic. The study also tries to determine their com-
parative performance variation among simulation, emulation and
the real world. Matching protocol employments applied in each of
the environments. A key shortcoming of this paper is its failure to
highlight the reasons behind the selection of study and compari-
son routing metrics. As such, this disadvantage diminishes the
contribution of this study. Other performance based comparative
studies include [21] that presents comparison of the prevalent
broadcast-based MANETS routing protocols. The study examines
the performance of Dynamic Source Routing (DSR)—IEEE
802.11 standard based protocol, on performance metric parame-
ters of throughput, end-to-end packet delay, jitter and salvaged
packets using. Performance evaluation was done on QualNet 5.0.2
network simulator.
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Studies such as [22] evaluates and compares the performance
DSDV, AODYV and DSR. It bases the examination on metrics of
throughput, packet delivery ratio and average end-to-end delay
simulated NS-2. However, the paper fails to present a detailed
case where either a single trait or a group of routing characteristics

are pinpointed based on their effects on the presented performance.

Similarly, studies [23]-[30] conducted various analysis on basic
and common metrics such as data packet delivery ratio, general
packet outputs, delays and latency. A key limitation of these stud-
ies is the lack of precision on routing protocol selection method-
ology and the lack of specificity on effects of various characteris-
tics of the compared routing protocols. Consequently, it is chal-
lenging to attribute the differences in performance to any particu-
lar characteristic or principle of the routing protocols.

3. Study Methodology

To identify and select the MANETS routing protocols to be eval-
uated, this study used purposive sampling method. A purposive
sample is also called judgmental or expert sample [31]. It is non-
probabilistic in its approach to sampling. The core goal of a pur-
posive sampling is to obtain a sample that is a reasonable repre-
sentative of the population. To select the routing protocols to
study and compare, this study used the following criteria;

e Zone Routing Protocol (ZRP) represents hybrid routing
protocols

e Adhoc On-Demand Distance Vector routing (AODV) rep-
resents reactive routing protocols.

e Destination-Sequenced Distance Vector routing (DSDV)
represents proactive routing

e while Greedy Perimeter Stateless Routing (GPSR) repre-
sents location-based routing protocols

Review of the selected routing protocols followed the steps out-
line in [32]. Before simulation, we formulated the following re-
search questions from pre-liminary review of the existing studies
on MANETS routing protocols.

e How are current comparative performance studies in MA-
NETSs limited?

e What is the general approach in MANETS routing proto-
cols comparative performance studies?

Identification of answers to the above questions was followed by
critical analysis and evaluation of the current studies on MANETS
routing protocol comparative performance. Literature review and
analysis suggests that the current studies do not try to associate
certain traits of routing protocols to differences in performance.
The following research questions cannot be answered by the cur-
rent studies:

e What algorithmic aspects of the routing protocols that
could possibly cause the differences in performances?

e What is attributable to the differences in performance in
MANETS routing protocols?
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Without an answer to the above research questions, it introduces
generality that is not helpful in future designs of MANETS routing
protocols. Additionally, without answers to above questions, it be-
comes challenging for network engineers and administrators to
select the appropriate routing for given scenarios.

7. Write the
b 1. Identify your
question
6. Synthesise 2. Review
Seven steps ;’:;,‘;g'“““
to producing
a literature
review '
5. Critically
analyse and
evaluate 3. Search the
literature
4. Manage
your
references

Figure 4: Literature Review and Analysis Steps [32]

After selection of the above listed routing protocols, both NS-2
and OMNET++ was used for simulation. NS2 was used to simu-
late ZRP while AODV, DSDV and GPSR were simulated on OM-
NET++. Simulation data from the two simulators was analyzed on
RapidMiner. General review of literature followed the steps out-
lined in [32].

4. Results and Discussion

Metrics on data packets received, latency, drop rates and through-
put of packets relating to ZRP were obtained from NS2 simulator
while OMNET++ was used to generated simulation data for
AODV, DSDV and GPSR. It should be clear that this study seeks
only to analyze the effects of algorithmic nodal position infor-
mation in selected MANETS routing protocols and not to a com-
prehensive study of performances under combinations of various
parameters. Indeed, this study seeks to examine the inclusion of
algorithmic location information at basic level. Notable from the
parameter table 2 is the lack of various common parameters nec-
essary for comprehensive performance analysis in MANETS rout-
ing protocols.

This has been done through design because the purpose of this
study is to uses basic parameters to determine the algorithmic el-
ements of initiating performance variations in selected routing
protocols. For example, this study leaves out jitter, power and sim-
ulation node density.
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Table 1: Preliminary parameters

Parameter Metric
Quantity of simulation

100
nodes (x)
Simulation Area (a) 500m*500m
Simulation Packet Size (p) 512 bytes
Simulation time (t) 1000s
Simulations(n) 50

Data packets received refers to the packets difference between the
quantity sent and the quantity lost. Data packets successfully
transmitted is entire amount of data packets that effectively
reaches the intended destination node over the period of simula-
tion. Data packets transmitted from the source node comprise of
the packets sent. This fractional metric is created on the count of
Constant Bit Rate (CBR) from the source node to the destination.
To calculate the metric for the packets delivery ratio (PDR), the
following formula is used:

Packets Received

PDR =
Packets Sent

However, the aim of this study was not to conduct a general per-
formance analysis, but rather, basic examination of algorithmic
code on the selected MANETS routing protocols. Packet Delivery
Ratio, however, shows the relationship between the data packets
received successfully and the packets sent. A low count of packets
received results to a lower PDR and indication of a big loss across
the network. A big packet loss may suggest a possible technical
problem in the network layer. Low PDR may also suggest a re-
duced normalized routing load (NRL), which measures the ratio
between data packets delivered successfully and the original
quantity of data transmitted.

Nonetheless, this study is not designed to conduct a substantive
analysis of comparative performance but rather to answer the fol-
lowing research question:

e  What algorithmic aspect of the selected routing protocols
is attributable to difference in performance?

Table 1 and figure 1 show the variation in the quantity of data
packets successfully transmitted from a source node to the desti-
nation. From the table and the figure, it is evident enough that,
however small in variation, GPSR steadily outperforms ZRP,
DSDV, and AODV. Algorithmically, DSDV and AODV use hops
to determine a route from the source node to the destination node.
Despite DSDV depending on network topological tables to initiate
routing process, it steadily outperforms AODV which depends on
queries from source nodes to initiate routing. This could be at-
tributable to the algorithmic element to constant update network
topological tables, hence faster access to route information. Easily
accessible route information speeds up the routing process. The
constant updates of routing tables by may utilize more power in
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the form of overhead, but this pays off in form of augmented rout-
ing efficiency.

Moreover, ZRP—a hybrid protocol, seems to outperform both
DSDV and AODV. This variation in routing performance can be
credited to its utilization of algorithmic operational qualities in
both AODV and DSDV. That is, its algorithmic properties to com-
bine proactive and reactive routing features. Conspicuous in the
table 1 and figure 1 is the abrupt improved performance of GPSR
at around 700" second of simulation. Consequently, the usage of
nodal location as key determinant of routes in GPSR seems to out-
perform other selected routing protocols. But this phenomenon
appears to exemplify with simulation time. One implication of
such a routing behavior is dependability. Evidently, figure 1 indi-
cates that inclusion of nodal location information can be depend-
able network stabilizer, thus enhancing its dependability. In this
case, for example, it is plausible for a network engineer or admin-
istrator to suggest deployment of GSPR in a military or rescue
operations because they all demand stable and dependable net-
works.

Because distance vector routing protocols determine best routes
on relative distance—hops, AODV and DSDV appear to be effi-
cient but relatively unreliable for networks that require stability.
ZRP on the other hand, seems relatively less reliable to GPSR.
Although distance vector routing algorithm decides on best rout-
ing paths on basis of fewest hops, they are unstable and unreliable
compared to location-assisted and hybrid routing.

Table 2: A Summary of Data Packets Successfully in Selected Routing Protocols.

GPSR ZRP DSDV AODV Time in
Seconds
9254 9100 9000 8500 100
8951 8793 8695 8650 200
10861 10733 10620 10531 300
11064 10937 10848 10788 400
12584 13637 12193 11926 500
13502 13111 13099 14000 600
14302 14150 13973 13600 700
13064 11941 9491 10267 800
12584 12391 10321 11927 900
12987 11926 11871 11876 1000

Visible in figure 5 is the trend that packets delivery is growing
steadily with time. Particularly, on average, GPSR has more pack-
ets delivered from the source to the destination while experiencing
least packet loss. Exhibiting better performance in comparison to
the other two protocols—DSDV and AODV, is ZRP. One of the
possible causes of this better performance can be attributed to
presence of location-position data in the routing tables of a nodes
in GPSR. With such information, possible flooding of nodes is
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avoided during route discovery process. Flooding avoidance in
IERP could also be associated to its second-best data delivery.

Data Packets Received

16000 —_—CPR

o / ",\/ IRP

12000 -
10000 f ACDV
8000
6000
4000
2000

Average Data Packets Received

100 200 300 400 500 600 700 800 900 1000
Simulation Time in Seconds

Figure 5: Data Packets Received Successfully in Selected Routing Protocols

Average delay determines the average time take by a single data
packet from the source node to the destination node. Data packet
delivery delay can be caused by route discovery process, broad-
casting/transmission buffer, retransmission requests, or general
signal latency. High delay time is an indication of inefficiency in
the network layer—as outlined in OSI model. Highly delay can be
caused by factors such as network congestions or low network
transmission capacity among other reasons. Average delay is de-
rived from subtracting Packet Send Time (PST) from Packet Re-
ceive Time (PRT), then divide it by the successfully received
packets. Packet Transmission Delay (PTD) metric is calculable by
using the following formula:

PTD
_ Packet Receive Time — Packet Send Time

(1)

Successfully Received Packets

Table 3 and figure 3 represent average delay results as recorded
from the simulation of the selected routing protocols. Delay in
GPSR seems to be lowest among the selected routing protocols.
Perhaps, inclusion of nodal location information element in its
routing algorithm speeds up route discovery process. Delay in
GPSR seems to start comparatively high but reduces with time.
This is explaining why GPSR, comparatively, takes longer to out-
pace other selected routing protocols. Similarly, ZRP begins on a
relatively higher delay but makes up the ground with simulation
time. Delay dormancy in both of these routing protocols—GPSR
and ZRP, is attributable to their uniquely algorithmic routing fea-
tures compared to the other selected routing protocols.

As GPSR and ZRP minimize delay with simulation time, AODV
and DSDV begin to increase their delay. Since AODV and DSDV
use hops—however differently, to determine the best paths, their
initial low delay can be attributed to average distances of adja-
cent/neighboring mobile nodes. Initial low delay suggests high
reachability of the neighboring nodes, while high delay indicates
WWwWw.astesj.com

low reachability of nodes further away from the source node. High
delay at the beginning simulation in ZRP points to an existence of
complexity as a result of combining two mutually exclusive algo-
rithmic features—reactive and proactive routing elements. Simi-
larly, GPSR introduces complexity in the initial stages due to lo-
cation calculation. The following formulas determine the location
—distance and angular location, information in GPSR respec-
tively.

d=/(x2 —x1)? + (y2 — y1)2 ()
L 2-y1)
£ =tan 1m 3)
GPSR ZRP DSDV AODV Time in
Seconds
0.098 0.099 0.0119 0.0125 100
0.087 0.092 0.0108 0.0121 200
0.068 0.073 0.081 0.095 300
0.045 0.051 0.062 0.072 400
0.019 0.021 0.031 0.043 500
0.06 0.067 0.073 0.089 600
0.055 0.059 0.064 0.071 700
0.068 0.074 0.074 0.078 800
0.045 0.059 0.069 0.072 900
0.019 0.041 0.035 0.069 1000

In figure 4, GPSR consistently outperforms ZRP, DSDV and
OADV in average delay of packet delivery. Although, generally
the packets delay in all four routing protocols decrease overtime,
delay in GPSR declines the most. A key deduction from this met-
ric—packet delivery delay, is that MANETSs routing protocols uti-
lizing the position-location information reduces flooding and
overlapping of zones, thus achieving overall better performance
over a period of time. This holds true for packets drop rate and
packets throughput as manifested in figures 7 and 8, respectively.

Packets dropped during transmission represent the lost packets
during routing. Table 4 and figure 7 show that comparatively,
GPSR has a slight edge in the number of packets dropped during
routing. Generally, however, all other three selected routing pro-
tocols significantly experience reduced packets drop rates over the
course of simulation period. Lower packets drop rates in GPSR
can be ascribed to availability of location information of destina-
tion nodes. Location information increases precision of location
of network nodes—despite their movements within a network.
This means that GPSR, unlike the other three selected routing pro-
tocols, constantly calculates the locations of its network nodes.
Equipped with nodal location data, GPSR is able to propagate data
packets with more precision than other selected routing protocols.
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Table 5: Packets Throughput Across Selected Routing Protocols

Delay

GPSR | ZRP DSDV | AODV
01 —GPSR 13624.01 | 13523 13267 12348 100
= e 14215.32 | 13181 13080 12670 200
E o008 \ ot 14832.97 | 14735 | 14621 | 14210 | 300
% 006 / \ o 1546276 | 15371 | 15213 | 15104 | 400
% oo \ 18952.85 | 17731 17512 17111 500
3 o 18108 18000 17836 17000 | 600
18321 17900 17520 17390 | 700
’ 100 200 300 400 500 600 700 800 900 1000 19001 18273 18040 17900 800
Simulation Time in Seconds 15000 17671 9439 9100 900
19000 17943 17391 16890 1000

Figure 6: Packets Delay

Dropped or lost data packets can be calculated by subtracting the
number of packets successfully transmitted from the number of

data packets successfully received, then divided by the transmis- Packet Th roughPUt
sion time. The following formula is applicable:
20000 J——
Dropped or Lost Packets 18000
Successfully Received Packets — Successfully Sent Packets s [RP
- Transmission Time ) 5 16000
o DSDV
2 14000 -
2 12000 AODV
£ 10000
Table 4: Packets Drop Rates in Selected Routing Protocols f 000
[
GPSR | ZRP DSDV | AODV ¥ 600
5326 5339 5438 5531 100 & 4000
6784 | 6869 | 6912 | 6954 | 200 mg
4586 4625 4735 4891 300 100 200 300 400 500 600 700 800 900 1000
3400 3981 3999 4103 400 Simulationin Seconds
1105 1230 1421 1531 500
627 936 999 1023 600 Figure 8: Packets Throughput
521 950 962 964 700 ) .
625 1020 1025 1037 200 5. Conclusion and Further Recommendations
500 925 947 981 900 Comparative performance studies on MANETS routing is one of
607 390 903 955 1000 the highly examines' areas of networking. A kec?n enquiry, how-
ever, reveals that majority of performance analysis research works
Packet Drop Rate are very general. Absence of provenance to exclusive algorithmic
elements in MANETS routing protocols make hard for network
#000 ———GPsR engineers and administrators to develop, select and implement
g 7000 =—IRP routing. Moreover, such studies fail to make significant contribu-
EGOOO DDV tions vital in future design, development and implementation of
g °° AODY MANETS routing.
E 4000
g 3000 \ This study attempts to investigate the effects of various unique
§ 2000 algorithmic elements in selected MANETS routing protocols.
1000

Through purposive sampling, systematic literature review and
simulation tools and analysis (NS2, OMENT++ and RapidMiner),
we strive to associate variations in MANETs performances to
identified algorithmic elements such position-location nodal top-
ological information.

100 200 300 400 500 600 700 800 900 1000
Simulation Time in Seconds

Figure 7: Packets Drop Rate
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However, we must note that this study is basic in its approach. For
instance, we left out critical parameters during simulation. This
was done purposely to delimit the research to its topic variables.
By simulating these purposively selected MANETSs routing pro-
tocols—GPSR, ZRP, DSDV, AODV, the results suggest that
GPSR, over time, outperforms the selected MANETS routing pro-
tocols on: data packets delivery, delay and overall throughput.
Better performance of GPSR could be, generally, attributed to its
use of algorithmic nodal location-position information elements.

However, this study used time (fixed at 1000 seconds) as variable
metric for simulation. Consequently, it is suggested that further
simulations be conducted on composite variables of number of
nodes. Using number of nodes as the basis (variable factor) for
investigation, can reveal the most effective MANETS routing pro-
tocols for small, medium and large networks.
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