Jour nal of Computer Science 10 (3): 423-433, 2014

ISSN: 1549-3636

© 2014 Science Publications

doi:10.3844/jcssp.2014.423.433 Published Onlin€3) @014 (http://www.thescipub.com/jcs.toc)

EVALUATING THE PERFORMANCE OF THE LOCATION-
AIDED ROUTING-1P ROUTE DISCOVERY ALGORITHM

Ali Magousi and Hussein Al-Bahadili

Department of Computer Science, Faculty of Infororaffechnology, University of Petra, Amman, Jordan

Received 2013-07-07; Revised 2013-10-04; Accepte8-20128
ABSTRACT

Dynamic Routing Protocols (DRPs) are widely-useddating information among mobile nodes in Molie
Hoc Network (MANET) and establish and maintain aetivity within the network. A DRP comprises twoima
phases: route discovery and route maintenancerolite discovery phase involves transmission oElamgmber
of redundant control packets consuming signifiqgamtion of the nodes power and increase commuaitati
overheads. Recently, a new efficient and effeatiuge discovery algorithm has been developed, nartied
LAR-1P algorithm, which combines two well-known tiog protocols; these are: The Location-Aided Rayti
scheme 1 (LAR-1) and probabilistic algorithms. Ttisdy evaluates and compared the performance a&fAR-
1P algorithm against the performance of a numbeowte discovery algorithms through simulation. Bach
simulation, the number of retransmissions and wdality are estimated and compared. The simulatiesslts
demonstrated that LAR-1P provides better performahan all other algorithms it is compared with,itas
significantly reduces communication overheads whiéntaining almost the same network connectivity.
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1. INTRODUCTION Route discovery is usually executed when a source
node desires to send a packet to some destination a
A MANET is a set of wireless mobile nodes which does not already have a valid route to that det&timain
are able to communicate with each other withoytimgl  this case, the source initiates a route discoverggss to
on any established infrastructures or centralized|gcate the destination (Wang al., 2009). During the
administration. Therefore, each node in the netvmoulst route discovery phase, the source node broadcasts a
be able to operate as router and needs to be eapébl pq e Request (RREQ) packet to its neighbors, which
discovering and maintaining routes to every othBdlen  yhon forward the request to their neighbors andbso

in the network (Al-Bahadili, 2013; Loeat al., 2011). : A : :
. X ’ ' ' . until the expiration of the packet. During the farding
Data in MANETS is usually forwarded to other mob|let process, the nodes record in their route tableadleess

nodes in the network through reliable and efficien e
DRPs, which are part of thg network layer software of the node from which first copy of the broadgaestket

(Sensarma and Majumder, 2013). The DRPs areis received. Once the RREQ reaches the destindtien,
responsible for finding and deciding which outpotite ~ destination node responds with a route reply (RREP)
data should be transmitted on. Example of DRPwitfel ~ Packet back to the source through the route fronctwin

the Dynamic Source Routing (DSR), Ad Hoc On- first received the RREQ. Otherwise, if the RREQkgdc
Demand Distance Vector (AODV), Zone Routing expired before reaching the destination, then thaerat
Protocol (ZRP). DRPs usually consists of two main Which it expires, sends a Route Error (RERR) packet
phases;, these are: Route discovery and routéack to the source to initiate a new route discpver
maintenance (Hnatyshin, 2013; Mail., 2013). process (Yasseigt al., 2011).
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Pure flooding is the simplest and most reliable Bahadili, 2010b). First, the effect of nodes denéibtal
mechanism proposed in the literature for routealiscy number of nodes in the network divided by the nekwo
in MANETs (Yasseinet al., 2011). In pure flooding, area) on the performance of LAR-1P is investigated
each node rebroadcasts the message to its neighborompared against other algorithms like pure flogdin
upon receiving it for the first time, starting Aetsource.  dynamic probabilistic and LAR-1. Second, for a airt
However, pure flooding is costly where it cosi6  nodes density ¢410“ node/n), the effects of zones
transmissions in a network of N reachable nodesisTh density on the performance of the LAR-1 and LAR-1P
pure flooding results in serious redundancy, cdigan  algorithms are investigated for one particular seur
and collisions in the network; such a scenario isnode (Node 1).
undesirable and it is oftenly called the Broadtsirm The paper is organized as follows. Section 1 ptesen
Problem (BSP) (Azizi, 2013). in addition to the above introduction, a review thé

Various flooding optimization algorithms have been most recent and related work, description of theREB
developed to alleviate the effects of BSP duringteéo  probabilistic broadcast and LAR-1P algorithms ahd t
discovery in MANETs by reducing the number of computational procedures adopted in this work. The
redundant retransmissions without significantlyeafing materials and methods used in this study are destin
network reachability. Such as the LAR-1 algorithm Section 2. The simulation results and discussiors a
(Hnatyshin, 2013; Husaiet al., 2010; Debet al., 2009) presented in Sections 3 and 4. Finally, Sectiomibtg-
and probabilistic broadcast (Hadji-nejatl al., 2010; out a number of conclusions and recommendations for
Nand and Sharma, 2012; Al-Bahadili, 2010a; Al- future work.

Bahadili and Kaabneh, 2010).

The performance of LAR-1 significantly suffers from 1.1. Literature Review
the high number of redundant retransmissions ir-hig )
density zones (networks) (Hnatyshin and Asenov0201 A review of some of the most recent and relateckwor
While dynamic probabilistic usually provides exeeli  to LAR-1P, LAR-1 and probabilistic algorithms is
performance in high-density zones subject to usingpPresented. In particular, this review summarizes th
proper retransmission probability p) adjustment development steps of these algorithms. A fixed
mechanism (Nand and Sharma, 2012; Al-Bahadili, retransmission probability LAR-1P algorithm propose
2010a). first, by Al-Bahadiliet al. (2007). Later on, Al-Bahadili

A new route discovery algorithm has been proposed(2013) developed a new version of LAR-1P with
in Al-Bahadili (2013). It combines two algorithmsgmely, dynamic probability, which will be described latdihe
the LAR-1 and probabilistic algorithms and it ifereed to  effect of node density on the performance of théRLEP
as the LAR-1P algorithm. In this algorithm, wheoeiging algorithm was investigated by Al-Bahaditial. (2012).

a RREQ, a node within the request zone rebroadtssts Location information initially used by Ko and Vaily
RREQ with dynamically adjusted hAR-1P combines the  (2000) to develop two different LAR schemes, LAR-1
better of the two algorithms. In low-density zonése  and LAR-2 to reduce flooding communication overhead
nodes assigned; equal or close to unity, so that the jn ad hoc networks. Lét al. (2000) presented a modified
algorithm acts as LAR-1, while a safisfactory ip  version of LAR protocol, which was called LAKER
determined assigned in high-density zones, whichnse (location aided knowledge extraction routing) puoato
the algorith.m acts as probabilistip algorithm. N for MANETs. Boleng and Camp (2004) combined

The simulation results in .(AI-Bahad|I|, 2013) location information and nodes mobility feedbacld an
dgm_ons_trated that_ _for a uniform random _node pattern to create more efficient routing protodwttis
distribution on specific network area and for ataier . . S

capable of reducing routing communication overheads

simulation setup, LAR-1P reduces the number of i .
retransmissions with slight reduction in reachapilihe D_eb e al. (2009) proposed a new location-aided
routing protocol for GPS scarce MANET called the

reduction in reachability can be avoided by proper ) ) o ,
adjustment at low-density zones. Furthermore, LAR-1 location-aided cluster based energy-efficient mgiti
can provide better average performance if the route(LACBER). Another cluster-based LAR protocol for
discovery processes is performed more in high-tiensi large scale MANETs was developed by Waetgal.
zones than in low-density zones. (2009). Husairet al. (2010) presented a study on using

This study evaluates the performance of the LAR-1PLAR protocols for vehicular ad hoc networks (VANBTSs
algorithm using the MANET simulator (MANSIim) (Al- in highway scenario.
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Hnatyshin and Asenov (2010) and Hnatyshin (2013)in dense mobile networks. Barrettt al. (2005)
provided a study summarizing the use of geographicaintroduced a probabilistic routing protocol for sen
location information to reduce the control traffic networks, in which a sensor decides to forward a
overhead associated with the route discovery psooés message with (pthat depends on various parameters,
the AODV routing protocol. They introduced a new such as the distance of the sensor to the destindtie
Geographical AODV (GeoAODV) protocol that relies on distance of the source sensor to the destinationhe
location information to reduce the flooding areaao number of hops a packet has already travelled.
portion of the network that is likely contains athp#o Viswanath and Obraczka (2005) developed an
destination. Furthermore, they compared GeoAODV analytical model to study the performance of plamd
performance with that of the LAR protocol and exaexi probabilistic flooding in terms of its reliabilityand
four mechanisms for reducing the size of the flogdi reachability in delivering packets showing thathadoilistic
area: LAR zone, LAR distance, GeoAODV static and flooding can provide similar reliability and reabiiy
GeoAODV rotate. They employed OPNET Modeler guarantees as plain flooding at a lower overhead. A
version 16.0 software to implement these mechangsmds  probabilistic scheme that dynamically adjustagpper node
to compare their performance through simulation. distribution and node movement was proposed inr{@ha

Nand and Sharma (2012) proposed a probability-and Agrawal, 2005). The scheme combines between
based broadcasting technique for routing protazdtit probabilistic and counter-based approaches.
down flooding problem. It uses node’s remainingrgype Abdulai et al. (2006) studied the performance of the
strength and threshold random delay to generateAODV protocol over a range of.pThey focused on the
rebroadcast probability dynamically for the effiie route discovery part of the routing algorithm; they
broadcasting in route discovery. This technique wasmodified the AODV implementation to incorporate p
analyzed over reactive AODV protocol. The Simulations showed that setting efficient pas a
performance of modified protocol is analyzed over Significant effect on the performance of the protoghe
broadcast packets sent and end-to-end delay us8gy N results also rgvealed that the optimal fcp_r_ efficient
simulator. Simulation results were observed anchdou Performance is affected by the prevailing network
that redundant transmission were reduced by 198to 2 conditions such as traffic load, nodes density and
percent and hence improve network performance. mog'“g’l‘. Abdulalh e;[j alf. (200(? als% propo?j_ed Wo

Probabilistic algorithm was first used by Hagsal. 'I[Dr:gt a}s' ';tr':p:gettoo ir?p?(;n?gr-lte;%n c;(r)lmsE}igr:ﬁ‘?cOa:/netg
(cicl)lgg)itfoar é%iﬁp%?ggg?ggsglgg p'}itt‘évggll(s.ragdh reduce the overhead involved in the disseminat_ibn 0
a predefined gto decide whether or notanodé forwards RREQS-'- _The two ~methods are: The adjusted

probabilistic (AP) and Enhanced AP (EAP).

the control packets. Later on, Haas al. (2006) .

developed a modified protocol, in which they gossi Yas_sem and__ C_)uld—Kha_oua (20.07) proposed a

: P : P ' g Y 905D 4y namic probabilistic algorithm to improve network
with p,= 1 for the first thops before continuing to gossip y P 9 P :
with p<1. Their results showed that they can save up toreachab[llty and saved rgbroadcast. It determmgﬁay
350% message communication overheads compared t§onsidering nodes density and speed. Abdetal.
simple flooding in various network environments. (2006) combined probabilistic and knowledge based

Tsenget al. (2002) examined the performance of approaches on the AODV protocol to enhance the
probabilistic flooding for various network densgie Pperformance of existing protocol by reducing the
They presented results for three network param,eterscommunication overhead incurred during the route
namely, reachability, saved rebroadcast and averagéliscovery process. Hanastt al. (2009) proposed a
latency, as a function of,pand network density. dynamic probabilistic approach that can reducedwast
Sassoret al. (2003) developed probabilistic algorithm redundancy in MANETS. Al-Bahadili (2010a) developed
in which nodes would dynamically adjust thejrbpsed  a new p adjusting model, in which the neighbourhood
on local topology information. Kimet al. (2004) densities are divided into three regions of differe
introduced a probabilistic scheme in which a nodedensity ranges (low, medium and high). The
dynamically adjusts its ;paccording to its additional performance of the new model was compared against
coverage area. The additional coverage is estimayed pure and probabilistic algorithms.
the distance from the sender. Hadji-nejadet al. (2010) introduced a routing scheme

Scott and Yasinsac (2004) presented a dynamicfor MANETS, which works well under a wide range of
probabilistic solution that is appropriate to solyiBSPs  network topologies, nodes-density, coverage area Si
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and nodes-mobility. The scheme is based on a noveli, then S may assume that EZ is circular regiomadius
enhancement of the hint-based probabilistic prdtoco R, = u(t-ty), as illustrated inFig. 1a (Husainet al.,
Instead of broadcasting extensive control packets f 2010).

netWOI‘k_ tOpO|Ogy. information I’etl’ieval as that Of If the actual Speed happens to be |arger than the
conventional routing schemes, the scheme carefullyaverage, then the destination may actually be deiEZ

reuses the feedback information carried in unicast,, .. - . :
packets for this purpose without overhead. Thersehis at témilgrld (\jncte ve_rsa. Thu.s, Etﬁ Its o?lytgrll esﬁmate
evalauted through both mathematical analysis and arfhade by S lo determine a region that potentia '_"a"‘s
extensive simulations study. D at time {. If S does not know a previous location of D,

Nand and Sharma (2012) developed a probability-the_n S cannot reasonably dete_rmine EZ, in this,cthee
based broadcasting technique for routing protazdfim entire region that may potentially be occupied hg t
down flooding problem. It uses node’s remainingrgge  MANET is assumed to be EZ and the algorithm reduces
strength and threshold random delay to generateto the basic flooding algorithm. In general, havingre
rebroadcast probability dynamically for the effitie  jnformation regarding mobility of D can result inone
broadcasting in route discovery. This technique was i

- appropriate EZ.

analyzed over reactive AODV protocol. The
performance of modified protocol is analyzed over _ ) . .
broadcast packets sent and end-to-end delay us8®y N to D LAR 1 Uses pure flqo.dmg with one modificatics
simulator. Simulation results were observed anchdou defines (implicitly or explicitly) a RZ for the RRE that

that redundant transmission were reduced by 198to 2 contains both S and D and the locations of S arad its

For RZ, again, consider S needs to determine & rout

percent and hence improve network performance. opposite corners. A node forwards a RREQ only if it
belongs to RZ (unlike pure flooding). To increabe t
1.2. The LAR-1 Algorithm probability that RREQ will reach D, RZ should ind&u

EZ (Fig. 1a). Additionally, RZ may also include other

The LAR-1 algorithm is based on two important . ) i
concepts, namely, the Expected Zone (EZ) and the €gions around RZ (Al-Bahadiét al., 2012). Note that

Request Zone (RZ). For EZ, consider a source node éhe propabilities of ﬁf‘ding a path (in_ the firsitempt)
that needs to find a route to a destination node DC&" be increased by increasing the size of RZ. Wewe

assuming S knows the location of D at tirgeand the ~ oute discovery overhead also increases with isimga
current time is;t Then, EZ of D, from the viewpoint of ~Size 0f RZ. Thus, there exists a trade-off betwiaency

S at time , is the region that expected by S to contain D of route determination and. the message overhead.

at time {. S can determine EZ based on the knowledge Now, Iet- us move to qISCuSS _LAR-l scheme. It uses
that D was at location L at timgand travels with speed an RZ that is rectangular in shagpeg, 1).

P(X; Y+R,
A(X.Yi+R,) ~ R d:n ) B(XAR, VR

AR ZAR) POGTAR)
S(Y.Y) T

BXtR, YitR,)

D(Xr+R. ¥y)
........... & :
UlteReT) A4 ... ceerrren ) QUR: T

Expected
Zone

1
G(X+R, YatR,)

i % 1) Tty Ry PR TR

(X ) Network
space
Request zone
X+ R YO Network space
(a) Source node (S) outside the expected zone (EZ). (b) Source node (S) within the expected zone (EZ).

Fig. 1. The LAR-1 algorithm
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It is assumed that S knows that D at locatiog (%) static or dynamic approach. In a static approachrea
at b. Att;, S initiates a new route discovery for D. It is determined p(0<p<1) is assigned for each node in the
also assumed that S knows the speed u with whicarD  npetworks. While, in a dynamic approach, each node i
move. Using this, S defines EZ atté be the circle of  yhe network locally determines it's depending on the
radius R= u(t-to) centred at location (XYo). As stated  \ yper of first-hop neighboring nodes using certain

before, instead of the average speed, u may beghos P .
be the maximum speed orgson?e other fu)rllction of theprobablhty distribution function; usually, p f(k), where
k is the number of first-hop neighbors.

speed distribution. RZ is defined to be the smtlles _ o L .
rectangle that includes current location of S aAddich In this study, the distribution function in Al-Badit

that the sides of the rectangle are parallel totlend Y ~ (2010a) is used. This is because it demonstrated an
axes. InFig. 1a, RZ is the rectangle whose corners are S,€xcellent performance in comparison with —other
A, B and C, whereas ifig. 1b, the rectangle has corners distribution  functions  under  various  network
at point A, B, C and G. Ifig. 1, current location of Sis ~ environments and configurations.
?oeurloc;[g(rjngfs(%)'(f%)zénd consequently S can determine the 1.4. The LAR-1P Algorithm
S includes their coordinates with the initial RREQ  The LAR-1P algorithm is straightforward as it is
when initiating route discovery. When a node reegi@  simply, when receiving a broadcast message, a node
RREQ, it discards the request if it is not withimet within the RZ rebroadcasts the message with
rectangle specified by the four corners includedha dynamically calculated;mnd each node is allowed to
RREQ. For instance, iRig. 1a, if i receives the RREQ rebroadcast the received message only once. This
from another node, i forwards the request to itsreduces the number of retransmissions and also the
neighbours, because i determines that it is withie node average duplicate reception, subsequently, the
rectangular RZ. When j receives the RREQdisicards  number of collisions and contentions at the reaeive
the request, as it is not within RZ. The reduction in the number of retransmission wfll
When D receives the RREQ packet, it replies by course depend on the assigneampd the algorithm is
sending a RREP packet. In case of LAR-1, D inclitles reduced to LAR-1 if the nodes; | set as unity.
current location and current time in the RREP packe It is important to recognize that reduction in the
When S receives this RREP packet (ending its routenumber of retransmission may introduce some reduicti
discovery), it records the location of D. S can tlsie in network reachability. This is because if the t@mof
information to determine RZ for a future route digery. intermediate nodes within RZ is small (low-density
It is also possible for D to include its curreneed or  zones) and some of them will not rebroadcast thE@R
average speed with the RREP packet. This informatio which may result in a failure of delivery of the R to
can be used in a future route discovery. Furthéailde destination, so that the source has to reinitiatees
on LAR schemes can be found in (Hnatyshin, 2013;RREQ.
Debet al., 2009; Wangt al., 2009). It is expected that if the number of intermediate
A . nodes within RZ is large (high-density zones), ¢henll
1.3. The Probabilistic Algorithm be insignificant reduction in reachabilityrigure 2
Probabilistic algorithm aims at reducing number of outlines the procedure of the LAR-1P algorithm.
retransmissions, in an attempt to minimize thectfef There are two values for the first-hop neighbors (k
the BSP in MANETs (Nand and Sharma, 2012). In thisthat can be considered for calculating ip dynamic
scheme, when receiving a RREQ, a node retransmits iprobability LAR-1P:
with probability p and with probability 1-pit discards
the RREQ. A node is allowed to retransmit the same
RREQ only once, i.e., if a node receives a RREQ, it
checks to see if it has retransmitted it beforepithen it
just discards it, otherwise it probabilisticallytrensmits
it. Nodes identify the RREQ through its sequence
number. The source nodeip always set to 1, to ensure Normally, every node in the network updates this lis
the source initializing a new RREQ. (records) of its first-hop neighbors at the stdrteach
The p for intermediate nodes (all nodes except the time interval, which is usually lasted for whatégerred
source and the destination) is determined usinigeeit to as the pause timeg)(

The first represents the total number of first-hop
neighbors regardless of whether they are inside or
outside RZ (same as in probabilistic algorithm)

The second considers nodes inside RZ only, which
is usually equal to or less than the first value
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The LAR-1P algorithm. Loop over the No. of time intervals (M) (=1, M)
Loop over the No. of nodes (IV) as S nodes (s=1, N)
Loop over the No. of nodes (V) as D nodes (d=1. N) (s£d)

Determine RZ for specific source (S) and destination (D) nodes
Determine No. of nodes within RZ (V) and their IDs (node 1 is the

source node and node M. is the destination node) Loop over the No. of transmitted request message (¢=1, Q)
Loop over the No. of nodes within the RZ (i=2 to N, -1) Compute IRec() and TRet()

Perform probabilistic algorithm te find out Ret. index iRet(i): Compute averages of computed parameters (/Q) for s-d pair
On receiving a RREQ at node 7, do the following: Compute averages of computed parameters (/N-1) for node s
IfiRet(7)=0 Then (The node has not retransmit the RREQ before) Compute averages of network parameters (/N) for time interval ¢

&md() (£ some random No. between 0 and 1) Compute averages of computed network parameters (/M).

If £<=p. Then
Retransmit request
iRet(i)=1 {Update Ret. index iRet(7) by equating it to 1}
End if
End if

Fig. 3. Second computational procedure in MANSIm

The computed parameters for each source are aderage
over Q(N-1) and then the average values are awdrage
over N. In other words, the computed parameters are
averaged over (QI(N-1)).

In order to consider nodes mobility, the above

It can be seen from the above description of LAR-1p calculations are repeated, in an outer loop of blzend
that at high-density zones, the nodes will be gilem the computed parameters are averaged over M. $n thi
ps inflicting a reduction in the number of case, the computed parameters may well represent th
retransmissions that depends on the assigedMhich ~ average behavior of any of the nodes in the netweok
means the probabilistic algorithm is effective. What non-mobile (fixed) nodes, Mhas no effect on the
low-density zones, the nodes will be allowed to computed parameters and can be set tdrigure 3
retransmit the RREQ packet with high ip it is unity or outlines the second computation procedure.

close to unity, then LAR-1P acts as LAR-1.
2. MATERIALSAND METHODS

Fig. 2. The LAR-1P algorithm

1.5. Computational Procedures

There are two computational procedures that have The LAR-1P is simulated using MANSIm network
been implemented in MANSIm (Al-Bahadili, 2010b). Simulator, which is especially develped for evahgt
The first computational procedure computes theaer the performance of various types of route discovery
parameters for a pre-specified S-D pair. In this algorithms in MANETs (Al-Bahadili, 2010b). The
procedure, the source initiates RREQs each time performance of the algorithms is evaluated in teahs
interval. The computation is repeated for a numbfer two well-known parameters (Al-Bahadili, 2013):
time intervals (M), for each time interval, the esdin
the network are allowed to change their positioms i * Number of Retransmissions (RET), which is defined
the network. Therefore, the computed parameters as the average number of retransmissions normalized
should be averaged over Q and M. The computed to the total number of nodes in the network (N)
average values represent the average parameters Reachability (RCH), which is defined as the

associated with this particular S-D pair, but thesy average number of reachable nodes by any node in
not reflect the average behavior of other S-D pairs  the network normalized to N; or the probability by
However, it has been found that for a network the which a RREQ packet will be successfully
no probabilistic behavior, i.e.;p 1, Q has no effect delivered from source to destination

on the computed parameters anddp be set to 1. ) _ ]
The second computational procedure computes the [N order to investigate the effect of nodes der(iy=

average network parameters that can be considsreé a N./A)I ct>_n the perfor][nancg of L?\;I?AlNPS a T?]umbir/v of
average parameters for any S-D pair. This is cated| simulations were performed using Im. The networ

by 100D Il nodes in th work environment and simulation setup can be descrited a
y looping over all nodes In the network as so S follows: Each simulation starts by generating N exd

and each source tries to establish a route tothBro  angomly distributed across a network area (A) of
nodes in the network as destination nodes. Furtberm  500<500 m. All nodes are assumed to be transmitting wit
for each S-D pair, the source initiates Q RREQs asthe same radio transmission Range (R) of 100 m and
described in the first computation procedure. move with an average soeed (u) of 5 msec
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O_n_e important parameter t_ha_\t needs to be carefullyR _RCH,se; = RCH,s
specified to obtain a more realistic network perfance RCH RCH
is the pause timea), which is defined as a period of time
in which all nodes in the network are assumed RET .. - RET
motionless. In MANSImT is calculated ast = 0.75R/u. Rigr = = er— 0 x100 (2)
Each simulation is carried-out for a certain perioid LAR-L
time called simulation time ¢}), which is divided into a
number of intervals that are called mobility loo(4), 3. RESULTS
each loop is of a period. The input data for the
simulations are given imable 1.

In order to compare the performance of LAR-1P with

other route discovery algorithms, we use MANSIm to < q bl h d
compute RET and RCH for three well-known route F19-4and 5. Table3 presents the average(pa.) an

discovery protcols: these are: Pure flooding, dyica (e @verage k g for the dynamic probabilistic and
probabilistic and LAR-1 (LAR-1P with, 1) uing the ~ LAR-1P algorithms.
same network parameters and simulation data. Let us [Inorder to demonstrate the advantage of LAR-1P, le
now remind ourselves with two important issues: us consider the following example. Assume nodethes
source and all other nodes are examined as déstinat
¢« The main requirement of any route discovery one at a time. For each S-D pair we count the nurobe
algorithm is to reduce RET without sacrificing RCH nodes within the RZ () including the source and the
« pin LAR-1P is calculated considering the first-hop destination. Then, we count the number of cases in
neighbors positioned inside the RZ only which N, lies within the ranges (2-10, 11-20, 21-30, ...,).
For each range, we estimate RCH and RET for both
For each nodes density, the percentage reduction il AR-1 and LAR-1P algorithms and the results obtdine

@)

LAR -1

The results obtained for RET and RCH by the various
algorihms (pure flooding, dynamic probabilistic, RAL
and LAR-1P) are listed ifTable 2 and alsoplotted in

RCH and RET are calculated by Equation 1 and 2: are summarized imable 4.

Table 1. Simulation input data 4. DISCUSSION

Parameters Value

ﬁetc\)/vmeliricw T{Sde' 5(')?0an5d000m node distribution Table 2 shows that the performance of LAR-1P
etwork area x500 m ing i i

Number of nodesN) 50, 75, 100, 125, 150 nodes yarlfes ”Lthti stame pattern as other_tﬁlgﬁztlgn:rsoﬁlts

Transmission radiug:j 100 m IS~ foun at in comparison Wi L 384

Average node speed)( 5 m/sec fluctuated around a very small percent with inchegs

Simulation time Tgm) 1800 sec nodes density, while &t is increasing, which means

Pause time#) 15 sec more reduction in number of collisions and

Mobility loop size M) 120 contentions.

Table2. RET and RCH Comparison

N Ng (N/A) Pure flooding Dynamic probability LAR-1 LAR-1P (%)
RET

50 %10 0.715 0.652 0.087 0.084 3.45
75 104 0.932 0.771 0.129 0.108 16.28
100 &10* 0.975 0.718 0.147 0.115 21.77
125 510* 0.983 0.643 0.159 0.115 27.67
150 &10* 0.987 0.589 0.161 0.109 32.30
RCH

50 %10 0.767 0.750 0.396 0.394 0.51
75 104 0.961 0.946 0.641 0.612 4.52
100 &10* 0.995 0.981 0.772 0.720 6.74
125 510* 0.999 0.990 0.857 0.813 5.13
150 610 1.000 0.995 0.894 0.859 3.91

///// Science Publications 429 JCS



Ali Maqousi and Hussein Al-Bahadili / Journal of @puter Science 10 (3): 423-433, 2014

1.0 4 * * -
0.9 4
: 0.8 -
e
Z 0.7 9
2
£ 06 -
= —e— Pure flooding
= 0.5 -
3 —8— Probabilistic
= 0.4
o ——LAR-1
5 0.3 -
= ——LAR-1P
= 0.2 4
z
0.] =
00 ! T T T 1
50 75 100 125 150
Number of Nodes (N)
Fig. 4. RET comparison
1.0 - >
= 091
(2l
2 0.8
g 07
g;
= 0.6 1
77 05 —— Pure flooding
d M
=] —m— Probabilistic
i 0.4 .
S 03, ——LAR-1
_‘E 0.2 | ——LAR-1P
Z 0] mm—= = = —
0.0 1 : : -
50 75 100 125 150
Number of nodes (N)
Fig. 5. RCH comparison
Table 3. Comparing p,and k,,
ptvavg kavg
N Ng (N/A) Dynamic probability LAR-1P Dynamic probalbfi LAR- 1P
50 %10 0.935 0.981 4913 3.418
75 104 0.844 0.946 7.262 4.945
100 &10* 0.749 0.904 9.562 6.247
125 5x10* 0.661 0.848 12.092 7.865
150 610 0.601 0.796 14.373 9.401
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Table 4. Comparison between the LAR-1 and LAR-1P

LAR-1 LAR-1P
N, z RET RCH RCH RET RCH RCH
2-10 40 0.048 32 0.800 0.043 31 0.775
11-20 27 0.127 22 0.815 0.113 21 0.778
21-30 11 0.222 10 0.909 0.186 10 0.909
31-40 11 0.328 11 1.000 0.263 11 1.000
41-50 10 0.431 10 1.000 0.310 10 1.000

Table 3 shows k is increasing with increasing column, i.e., the number of RZs that contains nunahe
nodes density. For each node density, for dynamic ~ nodes within the range from 2 to 10 is 40 and 2taias
probabilistic is greater than that for LAR- 1P. §hs @ number of nodes between 11 to 20.
because we only consider first-hop neighbors tmat a ~ For LAR-1, consider the case of low-density zone (2
positioned inside RZ. As a result of that.g is 10), in 32 out of the 40, the source and destinatiere
decreasing with increasing nodes density for the tw able to establish a connection and 8 of them wete n
algorithms and for the same node density,,gpfor giving RCH of 80%. Due to the small number of nodes
dynamic probabilistic is less than LAR-1P. Next, to Within RZs, RET was only 4.8%. The LAR-1P provides
analyze the performance of the algorithms for glsin ~ slightly less RCH and RCH. For high-density zong-(4
node density value of x40 nodes/i Pure flooding  50), LAR-1P accomplishes the same RCH of 10 out of
provides the highest RCH of 99.5% at 97.5% of the 10 at a significant reduction in RET from 43.1% foe
nodes in the network engaged in RREQ retransmissionLAR-1 to 31%. In high-density zone, reduces RET
The probabilistic algorithm achieves a very hightRaf  significantly and almost maintains the same RCH.
98.1% but only reduces RET by ~28 to 72%.

LAR-1 reduces RET to a very low level of 14.7% at 5. CONCLUSION
the cost of reducing RCH to 77.2%. In other words, ) )
LAR-1 introduces a significant reduction of ~85% in _ In this study, we present performance evaluation of

RET but at the same time reducing RCH by ~229%.the of the LAR-1P route discovery algorithm in
These results represent an average behavior oiferan ~ MANETS. The algorithm is especially developed to
distribution of zones densities. But if most of teu €nhance the performance of the LAR-1 alforithm tas i
discovery processes involve searching the routagh- ~ combines two widely-used algorithms, namely, LAR-1
density zones, then RET will be definitely highbar and probabilistic algorithms. The obtained results
14.7%. For example, for RZs that confine all nodes, Showed that the performance of the LAR-1 algoritian
RCH and RET will be the same as or close to thatire be enhanced when combined with the probabilistic

flooding. Furthermore, in high-density zones thiagés ~ aPproach especially in high density zones, whereare
much higher than in low-density zones. achieve more reduction in the number of retransoniss

It can be seen iable 2 that for LAR-1P. RCH is  dainst insignificant reduction in network reacligpi

5.2% less than LAR-1 and the associated RET is alSdVIo]rceover, the LALéA‘T'.lF; acljgorit.?m provides  the

less by 3.2%. However, when we look at zone sdafe, ~Perormance as - In Iow-density zones. .

example, for high-density zones, LAR-1P attains the For future work, we highly recommend to Investigate

performa{nce of dynamic prot;abilistic of 98.1% other network parameters, such the node speed|/itmobi
" T o del, time, radio t issi .

reachability at ~30% reduction in RET. Thus, if mos model, pause ime, radio fransmission range

route discovery processes involve high-density gpae 6. REFERENCES

reduction in RET is always equal to or close to 3@ '

the other hand, for low-density zones, the estith@®  Abdulai, J., M. Ould-Khaoua and L.M. Mackenzie,

are always close to 1, i.e., inflicting pure floogliwithin 2007. Improving probabilistic route discovery in
RZ, which means LAR-1 is the acting algorithm. mobile ad hoc networks. Proceedings of the 32nd

Now, let us explain the results fable 4. Z in the IEEE Conference on Local Computer Networks,
second column gives the number of RZs that contains Oct. 15-18, IEEE Xplore Press, Dublin, pp: 739-
number of nodes within the range indicated in tingt f 746. DOI: 10.1109/LCN.2007.114

///// Science Publications 431 JCS



Ali Maqousi and Hussein Al-Bahadili / Journal of @puter Science 10 (3): 423-433, 2014

Abdulai, J., M. Ould-Khaoua, L. Mackenzie and M. Deb, D., S.B. Roy and N. Chaki, 2009. LACBER: A new
Bani-Yassin, 2006. On the forwarding probability location-aided routing protocol for GPS scarce
for on-demand probabilistic route discovery in MANET. Int. J. Wireless Mobile Networks, 1: 22-
MANETs. Proceedings of the 22nd Annual UK 35.

Performance Engineering Workshop (UKPEW’06), Haas, Z.J., J.Y. Halpern and L. Li, 2006. Gossigeloia
Poole, Dorset, UK, pp: 9-15. ad hoc routing. IEEE/ACM Trans. Network., 14:

Al-Bahadili, H. and K. Kaabneh, 2010. Analyzing the 479-491. DOI: 10.1109/TNET.2006.876186

performance of probabilistic algorithm in noisy Hadji-nejad, S., M. Rahbar and H. Mehrgan, 2010.

MANETSs. Int. J. Wireless Mobile NetWOI’kS, 2: 83- Synergy between phenothiazines and oxacillin

95. - ) against clinical isolates of methicillin-resistant
Al-Bahadili, H., 2010a. Enhancing the performande o Staphylococcus aureus. Tropical J. Pharmaceutical

adjusted probabilistic broadcast in MANETS. Res., 9: 243-249.

Mediterranean J. Comput. Networks, 6: 138-144.  Hanash, A.M., A. Siddique, |. Awan and M. Woodward,
Al-Bahadili, H., 2010b. On the Use of Discrete-Even 2009. Performance evaluation of dynamic

Simulation in Computer Networks Analysis and probabilistic broadcasting for flooding in mobild a

Design. In: Handbook of Research on Discrete hoc networks. Simulat. Model. Practice Theory, 17:
Event Simulation Environments: Technologies and 364-375. DOI: 10.1016/j.simpat.2008.09.012

Applications, Abu-Taieh, E.M.O. and A.A.R. El- Hnatvshi -
. : yshin, V. and H. Asenov, 2010. Design and
Sheikh (Eds.), IGI Global Snippet, Hershey, PA., implementation of an OPNET model for simulating

AT IOOSSTIST DAL CROADDY NANET roding prfoo. Praceedngs
G . y alg of the OPNETWORK International Conference,

mrol\ggl;\illli:_sl-ii Z?rgg'trr‘]':;% lﬁ:g::g;giignr%uuggrsnjt Session: Wireless Ad Hoc and Wireless Personal
P g : : PUL" Area Networks, (SWWPAN' 10).

Networks, 9: 48-55. . ] .
Al-Bahadili, H., A. Maqousi and R.S. Naoum, 2012. Hnatyshin, V., 2013. Improving MANET routlr!g
protocols through the wuse of geographical

Analyzing the effect of node densny on the information. Int. J. Wireless Mobile Networks,5:
performance of the LAR-1P Algorithm. Int. J. "
Inform. Technol. Web Eng., 7: 16-29. DOI: 3_3' DOI: 10.5121/jwmn.2013.5201

' Husain, A., B. Kumar and A. Doegar, 2010. A study o

10.4018/jitwe.2012040102 ) : .
Al-Bahadili, H., O. Al-Basheer and A. Al-Thaher,®@Q Locgnon Aided - Routing . (LAR) protocol . for
vehicular ad hoc networks in highway scenario. Int.

A location aided routing-probabilistic algorithmrf
ocation aicec TOLRngG-Probantisic aigorinmrio J. Eng. Inform. Technol., 2: 118-124.

flooding optimization in MANETSs. Proceedings of |
Kim, J.S., Q. Zhang and D.P. Agrawal, 2004.

the Mosharaka International Conference on ! "
Communication, Networking and Information Probabilistic broadcasting based on coverage area

Technology, (MIC-CNIT ‘07), Amman-Jordan. and neighbor confirmation in mobile ad hoc

Azizi, R., 2013. Performance study and simulatio@am networks. Proceedings of the IEEE Global
anycast protocol for wireless mobile ad hoc Telecommunication Conference Workshops, Nov.
networks. Int. J. Wireless Mobile Networks, 5: 19- 29-Dec. 3, IEEE Xplore Press, Dallas, pp: 96-101.
33. DOI: 10.5121/ijwmn.2013.5302 DOI: 10.1109/GLOCOMW.2004.1417556

Barrett, C.L., S.J. Eidenbenz, L. Kroc, M. Maratoed Ko, Y.B. and N.H. Vaidya, 2000. Locatighided
J.P. Smith, 2005. Parametric probabilistic rouiimg Routing (LAR) in mobile ad hoc networks. Wireless
sensor networks. Mobile Networks Applic., 10: 529- Networks, 6: 307-321. DOI:
544. DOI: 10.1007/s11036-005-1565-x 10.1023/A:1019106118419

Boleng, J. and T. Camp, 2004. Adaptive locatioredid Li, J., J. Jannotti, D.S.J. De Couto, D.R. Karged &.
mobile ad hoc network routing. Proceedings of the Morris, 2000. A scalable location service for

IEEE International Conference on Performance, geographic ad hoc routing. Proceedings of the 6th
Computing and Communication, (CC’'04), IEEE International Conferenceon Mobile Computing and
Xplore Press, 423-432. DOI: Networking, Aug. 6-11, ACM Press, Boston, MA,
10.1109/PCCC.2004.1395048 USA., pp: 120-130.

////A Science Publications 432 JCS



Ali Maqousi and Hussein Al-Bahadili / Journal of @puter Science 10 (3): 423-433, 2014

Loo, J., J.L. Mauri and J.H. Ortiz, 2011. Mobile laolc Tseng, Y.C., S.Y. Ni, Y.S. Chen and J.P. Sheu, 2002
Networks: Current Status and Future Trends. 1st  The broadcast storm problem in a mobile ad hoc
Edn., CRC Press Publisher, ISBN-10: 1439856508,  network. J. Wireless Networks, 8: 153-167. DOI:
pp: 538. 10.1023/A:1013763825347

Mani, U., R. Chandrasekaran and V.R.S. Dhulipala, viswanath, K. and K. Obraczka, 2005. Modeling the
2013. Study and analysis of routing protocols i performance of flooding in wireless multi-hop ad

mobile ad hoc network. J. Comput. Sci., 9: 1519- hoc networks. Comput. Commun., 29: 949-956.
1525. DOI: 10.3844/jCSSp.2013.1519. 1525 DOI: 10.1016/j.comcom.2005.06.015’

Nand, P. and S.C. Sharma, 2012. Probability baseq/\/an ;
. . ) g, Y., L. Dong, T. Liang, X. Yang, X. and D. Zfip
improved broadcasting for AODV routing protocol. 2009. Cluster based location-aided routing protocol

Proc. Eng. 50: 222-231. DOI: .
. ’ for large scale mobile ad hoc networks. IEICE
10.1016/j.proeng.2012.10.027 Trans. Inform. Syst., 5: 1103-1124.

Sasson, Y., D. Cavin and A. Schiper, 2003. Prolsdioil . L
broadcast for flooding in wireless mobile ad hoc Yassein, M.B. and M. Ould-Khaoua, 2007. Applicasion

networks. Proceedings of the IEEE Wireless of .pr_obabilistic flooding in M_ANETS' Int. J.
Communicatio and Networking Conference, Mar. Ubiquitous Comput. Commun., 1:1-5.

20-20, IEEE Xplore Press, New Orleans, LA, USA,, Yassein, M.B., SF Nimer and A. Y. AI-Dubaq, 20M.

pp: 1124-1130. DOI: 10.1109/WCNC.2003.1200529 new dynamic counter-based broadcasting scheme

Scott, D.J. and A. Yasinsac, 2004. Dynamic prolsthil for mobile ad hoc networks. J. Simulat. Model.
retransmission in ad hoc networks. Proceeding of  Practice ~ Theory,  19:  553-563.  DOL
the International Conference on Wireless Networks, ~ 10.1016/j.simpat.2010.08.011
(ICWN'’ 04), pp: 158-164. Zhang, Q. and D.P. Agrawal, 2005. Dynamic

Sensarma, D. and K. Majumder, 2013. An efficiamit a probabilistic broadcasting in MANETs. J. Parallel
based QoS aware intelligent temporally ordered Distributed  Comput.,, 65: 220-233. DOL:
routing algorithm for MANETSs. Int. J. Comput. 10.1016/j.jpdc.2004.09.006

Networks Commun., 5: 189-203. DOI:
10.5121/ijcnc.2013.5415

////A Science Publications 433 JCS



