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Abstract— Network wide broadcastis a frequently used oper-
ation in ad hoc networks and consumessigni cant amount of
energy. Reducing the overall power consumption is extremely
important in increasing the longevity of ad hoc networks.
As a result, developing energy ef cient broadcast operations
becomesan important issuein ad hoc networks. In this paper,
we propose an adaptive power broadcast algorithm that uses
localized information in ad hoc networks. Our algorithm uses
a novel technique to improve enemy efciency in network
wide broadcast. Our simulation based comparisons shov the
superiority of our algorithm compared to other approaches.

|. INTRODUCTION

Network wide broadcasts a frequently usedoperationin
ad hoc networks. In additionto databroadcastingit is used
for various protocol operationsincluding route discover and
addressassignmentNodes in ad hoc networks work with
limited batterypower andthe ef cient utilization of this power
is importantfor increasinghe lifetime of the individual nodes
as well as the overall network. Dependingon the size and
topology of an ad hoc network, a network wide broadcast
may requiremultiple nodesto participatein the dissemination
of the messageso the entire network. Hence,network wide
broadcastis an enepgy intensive operation.As a result, it is
importantto utilize enegy efcient algorithmsin achiezing
network wide broadcasin ad hoc networks.

There are mainly two types of approachesfor enegy
efcient broadcast:x ed power approachand powver adaptve
approach.In the x ed power approach,nodesuse a pre-
determinedx edpower level for transmissionHere,theaimis
to reducepower consumptiorby reducingthe overall number
of rebroadcastsluring a broadcastby selectingan effective
forward nodeset at eachtransmittingnode[1]. In this paper
the term “rebroadcastrefersto transmissiorof a paclet by a
relay nodeand shouldnot be confusedwith retransmissiorof
the paclet by the previous broadcastinghode.

In the variable power approachhodesuse power adaptve
techniquesin reducing the overall power consumptionin
network wide broadcast.Paver adaptve broadcastingand
variablepower broadcastingretermsusedinterchangeablyin
the power adaptie approachthe main assumptioris that the
nodescan changetheir transmissiorpower level dynamically
Since each node can transmit with variable power, power
expenditurecanbereduceddy transmittingwith enoughpower
to reachonly the nodesthat needto be reached.

The initial proposalsin power adaptve approachassume
global stateknowledge[2], [3]. Theseapproachesssumehat
eachnodein the network knows the entire topology of the
network in termsof connecwity betweenthe nodesas well

asthe power costsof eachlink in the network. More recently
Cartigry et al. [4] andChenet al. [5] proposedpower adap-
tive broadcastalgorithmsthat use local information. These
algorithmsusetwo hop neighborhoodnformationwhereeach
node knows the power neededto reach its neighborsand
the power neededby its neighborsto reachtheir neighbors.
The simulation basedresultsobtainedin [5] shav that the
power adaptve approachesesultin betterenepgy utilization
comparedo x ed power approaches.

In this paper we presenta new algorithmfor power adap-
tive broadcastingcalled INOP (INside-Out Powver adaptie
approach).INOP is designedto use two-hop neighborhood
information. It utilizes a novel techniquefor determiningthe
transmissionpower level at eachnode during the broadcast.
Eachtransmittingnode rst sortsits neighborsbasedon the
requiredpower to reachthem. Then, startingfrom the closest
neighbor the node comparesthe required power levels to
reachthe next neighboreitherdirectly or indirectly via some
other neighbor Basedon this comparison,the transmitting
node decideson the transmissionpower level to usein its
broadcastOur simulationbasedcomparisonsvith the existing
state-of-the-arapproacheshon that our approachprovides
better overall performancein terms of several performance
metrics.Enegy ef ciency indicatesthe averagepower spentin
coveringa nodein the network. Sincenetwork wide broadcast
is an unreliable operation,the coverageof all the nodesis
not always guaranteedAs a result,comparedto total power
consumptiongnegy ef ciency becomes morerepresentatie
metric. Additional metricsthat are usedin the comparisons
includetrafc overheadand convergencetime.

The rest of the paperis organizedas follows. Sectionl|
describeshe enegy model.Sectionlll presentsclassi cation
of the available broadcastapproachesSectionlV describes
INOP, the proposedalgorithm. SectionV presentghe simula-
tion basedevaluationsand SectionVI concludeshe paper

Il. ENERGY MODEL

We considerad hoc networks where nodescooperatewith
each other to support broadcastoperation. The network is
modelledas a graphG = (V, E) whereV is the setof nodes
in the network andE V2 is the setof edgesindicating the
available communicationlinks in the network. The setE can

be de ned asfollows:
E=f(u,v)2 V?Pyw Pma 0;

where P,, is the power neededto reachnodev from node
u in a direct transmissionand Ppax IS the maximum power



level of nodeu.
The channel model used follows the power law model
widely usedin the literature[6] :

Precv I P =",

where Py ¢y IS the receved power at a recever, Py is the
transmissionpower at the senderr is the distancebetween
senderandrecever, andn 2 is the power loss exponent.

Eachnodeshouldbe ableto know the pawerneededo reach
its neighbors When a nodetransmitsa paclet, it recordsthe
power with which the paclet is transmitted Py , in a eld in
the paclet header For the successfuteceptionof a paclet at
a node, a minimum power level Py esholg IS Neededwhen
the paclet is receved. If the power of the paclet at reception
is belonv Py eshold » it is ignored. Thus, the receving node
canestimatethe power neededo reachthe transmittingnode,
basedon the assumptiorof power symmetryin channelsas
P eq — (Pex /Pr ecv)*Pthr eshold -

Nodesin the network maintain neighborhoodnformation
which includesthe minimum power neededto reacheachof
theneighborsThetota'[,poNerconsumptiorduringabroadcast
is givenby : P =, Pu, whereU is the setof nodes
involved in broadcastor rebroadcast®f pacletsand P, is
the power with which nodeu transmitsthe paclet.

I1l1. CLASSIFICATION OF APPROACHES

Fixed power broadcastingand variable power broadcasting
are the two main approachesfor broadcastingin ad hoc
networks. In x ed power broadcastingnodesbroadcastwith
a prede ned x ed power level which resultsin high power
expenditure.Several algorithmshave beenproposedor x ed
power broadcastingThesealgorithmshave beenclassi edand
discussedn [1]. More recently several other methodshave
beenintroducedfor x ed power broadcas{7], [8]. Sincewe
areconcentratingn the variablepower approachesye do not
discussthe x ed power approache detail here.

Variable power broadcastings a more recentapproachfor
reductionin power consumptionduring broadcasioperations
in ad hoc networks. It is basedon the assumptiorthat nodes
in the network can dynamically changetheir transmission
power levels basedon optimizations.Therehave beenseveral
methodsproposedfor power adaptve broadcastingn ad hoc
networks. Variable power approachesnay be broadly classi-
ed into global knowledgeandlocal knowledgeapproaches.

A. Global Knowledg Approach

Global knowledge approachassumeshat each node has
global stateinformation.In [2], the authorsproposea global
knowledgeschemecalled BroadcasincrementalPover (BIP)
algorithm. The global stateinformationat eachnodeincludes
knowledgeof thetopologyof the entirenetwork alongwith the
power costsof the links. In this schemea minimum power
tree is constructedwith the sourcenode as the root of the
tree. The sourcenode includesits neighbornode which can
be reachedwith least power into the minimum power tree.
Then, eachnodein the tree calculatesthe additional power

neededo reacha nodenot in the tree. The nodethat can be
reachedwith the leastadditionalpower is then chosento be
includedin the tree. This processs repeatedill all the nodes
areincludedin the tree. Finally, the sourcenode begins the
broadcasandthe pacletsarepropagatediown the constructed
minimum power tree. The number of rebroadcastxan be
further reducedby utilizing the omnidirectionaltransmission
of the paclets.In [3], the author proves that the minimum
enegy broadcastree problemin ad hoc networks is an NP-
Completeproblemand proposesan approximationalgorithm
usingSteinerTrees.Globalknowledgemethodsareconsidered
to be prohibitively expensve for practicalusageasthey incur
a large communicationoverheadthat is requiredto maintain
global network knowledgein the nodes.In addition, as the
network sizeincreasestheseapproachebecomenon-scalable.

B. Local Knowledg Appmoadc

Local knowledge approachuseslocal stateinformation at
eachnode.Eachnodeis expectedto know its neighborhood
information only up to a x ed numberof hops.Most of the
existing approachesassumetwo hop neighborhoodnforma-
tion. Each node needsto know the power neededto reach
its neighborsand the power neededby its neighborsto reach
their neighbors.The two well-known local knowledgebased
approachesnclude (1) a graph-basedapproachand (2) a
centripetalapproach.

Graph-Based Approach

A graph-basedpproachfor power adaptve broadcastingn

ad hoc networksis describedn [4]. Here,the authorspresent
a schemethat usestwo hop neighborhoodnformation. Each
nodeconstructsts Relatve NeighborhoodGraph(RNG) and
attemptsto choosethe transmissiorpower level so thatit can
reachthe nodesonly within its RNG. The RNG graphof a
graphG = (V,E) is denotedoy RNG(G)= (V,E/ng) WhereV is

the setof nodesin the network andE, g is de ned asfollows:

Erng = f(UV)2Ej@V2V (U w);wv)2
E ~ d(uw) d(uyv)” dvw) d(u,v);

whered(u,v)is the perceved distancebetweennodesu andv
in G. This conditionis shovnin Figurel(a).In the gure, edge
(u,v)is notconsideredo bein the RNG becaus®f nodew. In
otherwords,the RNG consistsof all edges(u,v)2 E suchthat
thereis nonodew?2V in theintersectiorof thecirclescentered
at nodesu andv andradiusd(u,v) Eachnodethentransmits
with power enoughto reachits neighborsin RNG(G).
Centripetal Approach

In centripetal(outside-in)approachthe mainideais to reduce
the transmissiorpower level by eliminating distantneighbors
from the coverageset. This approacthasbeenfollowedin the
PABLO protocol presentedn [5]. The algorithm works as
follows: Considerthe network wherethe sourcenodes hasa
setof neighborsN = 1,2, , kg. Let P; be the power to
reachneighborj directly. Let nodek be the farthestneighbor
of nodes, P = max(R), j 2 N. Nodes checksif nodek can
bereachedy ary of s'sonehopneighborsLet noder bethe
one hop neighborwith the leastvalueof (P, + Pr), r 2 N.
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(c) Centrifugal Approach

Fig. 1. VariablePower Approaches

Findk 2 N suchthat(P« > P) 8 i 2 N-fkg;
Findr 2 N-fkg suchthat(P: + Pr«) < (Pq + Pgx) 8 g2 N-fk,rg
if (P +Prk)< P
Eliminatek from N; /* k canbe reachedvia r */
else
Transmitdirectly to k;

Fig. 2. Power Adaptive Broadcastingusing PABLO [5]

The scenariois as shavn in Figure 1(b). In casea relay
noder is found, nodes canreduceits transmissiorpower to
P where nodel is the next farthestnode after eliminating
node k. Now, node s attemptsto reach node | through a
relay nodeas describedearlier This processcontinuestill no
further power reductioncan be achieved. Algorithm is shaovn
in Figure 2. There have beenfurther improvementsproposed
on this approachby the authorsin [9]. One improvement
proposeds thatthe sourcenodeexplicitly removesits farthest
neighborif it hasa degreeof two or more, after applyingthe
above algorithm.Anotherimprovementis thatthe sourcenode
removes 25 percentof its neighborsif it hasa degreeof four
or more after applying the above algorithm. The degreeof a
nodeis the numberof one hop neighborsfor that node.

An obsenation that we make aboutthe PABLO algorithm
is that the comparisorusedin the algorithm (the third line in
Figure2) may not alwaysgive a goodresultandan alternatve
comparisonn theform of (P, + P k) vs.Px mayresultin better
enepy utilization especiallyif P, > P, andP, =P, + where

is a very small value. Our simulation basedpreliminary
evaluationsshow that this modi cation resultsin somesmall
improvementin power ef ciency over the original approach.

IV. INOP: A CENTRIFUGAL APPROACH

In this section,we describeour algorithm, INOP, for vari-
able power broadcasting.INOP usesa centrifugal (inside-
out) approachln this approachthe transmittingnode selects
its power level by consideringits neighborsstarting from
the closestone and moving outwards. The transmittingnode
computeghe mostprobablepower neededo reachthe nodes
eitherdirectly or usingintermediatenodes.It thenselectsthe
minimum power with which to transmitso as to reducethe
overall power consumptiorin coveringall one-hopneighbors.
The detailedalgorithmis presentedelow.

In INOP, a transmittingnodes computeghe mostprobable
power to reacheachneighbornodep, P %0 The transmitting
nodes startsfrom n, theneareshode.In orderto reachn, shas
to transmitdirectly. So,the mostprobablepowerto reachnode

SortN=f1,2, ,ngsuchthatP; < P, < < Pn;
n=jNj,F=;
for (i=1;i n;i++)
LetR N suchthat8 q2 R g< iandPy < PB;
if (R=)
Pipr ob — Pi;
else

Findr 2 R suchthatP; < Py 8 g2 Rfrg;
PP = min((F" P + Pri),P);

it (PP =P)
F=F[ fig

Sources transmitswith P, suchthati 2 F andi > j, 8 ] 2 F-fig;

Fig. 3. INOP Approach

nis Pﬁ”’b = P,. Whens transmitswith a minimum power of

Pn, the neighborn is saidto be covered by thattransmission.
Next, the most probablepower to reachthe secondnearest
nodemis calculatedasthe minimumof (1) the power to reach
m directly from nodes and(2) the sum of the mostprobable
power to reachnoden, PR °°, andthe power to reachm from

the only intermediatenoden. In general,the most probable
power to reachary nodei is computedas follows. Let the

most probablepower to reachthe previous nearesnodeh be

P °> | etr beacovered nodethathasthe leastP;; value.The

minimum of Pﬁ”’b + Py andP; is assignedo P % Thevalue
of P is calculatedfor all i 2 N. Finally, the transmitting
nodes transmitswith enoughpower to reachnodep, wherep

is the farthestnodewith PY"°® = B,. The algorithmis shawn

in Figure 3.

We expect INOP to perform better than the earlier ap-
proachesas it considersthe most probablepower to reach
a node during broadcastFor example, considerthe scenario
shavn in Figure 1(c). PABLO describedabore will not
ensurereducedpower consumption.According to PABLO,
in this particular example case, basedon the comparison
((Pr + Px) = 29R) < (Pk = 5.76R)), node k will be
eliminated.Then,since((P; + Py) = 2.44R) < (P, = 4.84R),
nodel will also be eliminated.But node m cannotbe elim-
inated as there is no intermediarynodeto reachit. So, the
total power consumptionfor the entire broadcastwill be
(Pm + Pk + Py) = 7.13R, which is much higher than the
power to reachnodek directly.

In the caseof INOP, the algorithm startsfrom the closest
nodet and movesoutward. Basedon the algorithm presented
in Figure3, thesourcenodes choosedo transmitwith a power
level of 5.76R; to reachk directly. Thus,INOP consumeghe
optimal power in this situation. This is becausén INOP, the



transmittingnode s considerseachneighborby moving from
the nearestodeto the farthestnode and calculatesthe most
probablepower level to cover eachof them.

All of the broadcastapproachegresentedso far aim at
optimizing power expenditurein covering the nodesthat are
in the transmissiorrangeof the broadcasbriginatingnodes,
i.e., rst hopneighborsof s. Let C bethe setof nodescovered
by the broadcasbriginatingnodedirectly. Let C = N-C. The
overall performanceof a broadcastapproachpartly depends
on how to choosea set of rebroadcasnhodesto cover the
remainingnodes(including the uncovered rst hop neighbors
of s and others) in the network. This problem is known
as neighbor selectionproblem and is known to be an NP-
completeproblem[10]. In the currentversionof our work, we
usea heuristicthat is usedin PABLO for neighborselection.
As part of our future studies,we will work on improving the
performanceof our algorithm by developing more ef cient
neighborselectionheuristics.

The neighborselectionapproachthat we usein our algo-
rithm works asfollows. Considera noden thatis coveredby
the broadcasbf somenodes. Let NSetf) representhe setof
neighborgor noden. Whenn recevvesa broadcaspacletfrom
s, it calculatesa RebroadcadBacloff Timer (RBT) anddelays
its rebroadcasfor RBT secondsRBT is randomly selected
from aninterval thatis inverselyproportionalto the numberof
uncoveredneighborsof n. The maingoal of this delayinterval
is to reducecollisions and avoid redundantrebroadcastdy
allowing nodeghathave alargersetof uncoveredneighborgo
rebroadcastrst. During RBT secondsn listensto the channel
for rebroadcastgoming from other covered neighborsof s.
At the end of RBT secondsn identi es set of its neighbors,
CNSetf), that musthave beencoveredby the broadcasbf s
or by the rebroadcastef someof the neighborsof s. If the
set NSetfl) - CNSetf) is empty n cancelsits rebroadcast.
If not, it usesINOP approachto determineits transmission
power level and rebroadcastthe paclet.

V. PERFORMANCE EVALUATIONS

In this sectionwe presenbur simulationbaseccomparisons
betweenINOP and sereral other broadcastalgorithms. We
rst describeour simulationervironmentand the comparison
metrics usedin the evaluations.The simulation parameters
used in our evaluationsare describedin Table I. In each
simulation, one of the nodesis randomly selectedto be
the broadcastoriginator node. This node generategeriodic
broadcastpaclets every seconduntil the end of simulation
time. Eachbroadcaspaclet is marked by a sequencewumber
that helpsus distinguishdifferentbroadcaspacletsfrom each
other In the currentversion of the evaluations,we do not
considerunicast-basedrosstrafc in the network. Having
suchcrosstrafc will likely affect the coveragecharacteristic
of alternatie approachedn our future work, we will consider
scenarioswhere we have unicastbasedcrosstrafc in the
network and study the performanceof alternatve broadcast
approache# that context.

Parametergonsideredor evaluationof the algorithmsare:

TABLE |
SIMULATION PARAMETERS

| Parameter | Value |
Simulator NS-2
SimulationArea 500 x 500 meter
Node TransmissiorRange 100 meter
SimulationTime 10 seconds

Energy Ef ciency: Enegy efciency is de ned asenegy
spentper coverednodeand is calculatedas the ratio of
the total power consumptionto the numberof covered
nodes. Enegy efciency indicatesthe average power
spentin reachingary covered node in the network.
Broadcastin ad hoc networks is an unreliableoperation
and the coverageof all the nodesis not guaranteedAs
a result, comparedto total power consumption,enegy
ef ciency is a morerepresentatie metric to comparethe
performanceof differentbroadcastpproaches.
Coverage: This metric indicatesthe degree of coverage
provided by differentprotocols.

Num. of Rebroadcasts: The number of rebroadcasts
indicatesthe traf c generatedn the network. With each
transmission there is a possibility for collision which
may affect the network capacity Therefore,number of
rebroadcastss a useful metric for comparison.
ConvergenceTime: Corvergencetime is thetime period
from the start of the broadcastoperationat the source
node up to the time when the last node receves the
broadcaspaclet.

A. Comparisonsof Variable Power BroadcastApproades

In this subsectionywe presenbur simulationbasedcompari-
sonresultson the performancef the variablepower broadcast
algorithmsincluding BIP, RNG, PABLO, andINOP. BIP uses
global knowledge of the network topology and achieves an
optimal performancen termsof enegy efciency. However,
due to the dif culties of maintainingtopology knowledge, it
is consideredto be impractical. In our evaluations,we use
BIP as a yardstickto comparethe other three approaches,
especiallyin termsof their enegy ef ciency. We use 20, 40,
60, 80, and 100 nodetopologiesfor our simulations.For each
topology size, we ran simulationson 20 differenttopologies
and presentthe averagevaluesof the results.

Theenepy ef ciency of theapproachess comparedn Fig-
ure 4(a) wherewe presentthe relative error of approximation
of INOP, PABLO, and RNG approachesvith respectto the
optimal approachBIP. For eachdatapoint, we computethe
relative error as relative error = (x - y) / y, wherex is the
enegy ef ciency of anapproachINOP, PABLO, or RNG) and
y istheenengy ef ciency of BIP. Accordingto the gure, in the
caseof 20 nodenetworks, INOP givesits bestperformancelt
performswithin 16% of the optimalwhereasPABLO performs
within 37% of the optimal. On the other hand, the worst
performanceof INOP and PABLO approachesire seenat 60
node network casewhere INOP performswithin 33% of the
optimalandPABLO performs42% of the optimal. The results
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presentedn this gure show thatthe relative performanceof
INOP is consistentlybetterthanthe otherapproaches.

Figure4(b) shavsthatthe approachebave similar coverage
with BIP providing thebestcoveragefollowedby PABLO and
INOP. The coverageof RNG seemsto be the worst among
the alternatve approachedhut it still remainsabove 90%.
Numberof rebroadcasts anindicationof thetraf c overhead
introducedinto the network during a network wide broad-
cast. Consideringthe overall network throughput,the lesser
the number of rebroadcaststhe better the overall network
throughput.Figure 4(c) comparesthe approachesdasedon
the number of rebroadcastsAccording to the gure, INOP
usesthe leastnumberof rebroadcastandis closelyfollowed
by PABLO. In addition,the gure shows a trend that asthe
network gets denserthe relative performanceof INOP gets
better comparedto other approachesThis is desirableas it
also reducescontentionfor mediumaccessand collisions of
transmittedpaclets. The comparisorof the corvergencetimes
of the different algorithmsare presentedn Figure 4(d). As
expected,BIP hasthe highestcornvergencetime, while INOP
and PABLO perform betterthanthe otherapproaches.

In summary INOP has importantadwantagesin terms of
enegy ef ciency and performsas good as or betterthan the
othersin termsof its coverage trafc overhead(i.e., number
of rebroadcasts)and convergencetime. Consideringthe en-
ergy efciency as the primary motivation in variable power
broadcastipproachesINOP clearly improveson the existing
approachesvithout sacri cing on the othermetricscommonly
usedto evaluatenetwork wide broadcastlgorithms.

B. Comparisongo Fixed Power BroadcastApproaches

In this subsection,we compareINOP with one of the
best x ed power broadcast@approachespnamely the Ad Hoc
BroadcastProtocol (AHBP) [11]. Figure 5 presentsthe re-
sults for enegy efciency and numberof rebroadcastBoth
approachedave almostthe samecoverageand corvergence
time (. gures not showvn). Accordingto gures, ontheaverage,
AHBP requiresabout2.5 times more enegy as comparecto
INOP. Also, even though INOP requiressigni cantly larger
numberof rebroadcaststhis doesnot necessarilyindicate a
signi cant disadwantagecomparedo AHBP. This behaior can
be attributed to the very nature of variable power broadcast
approachesvhere each node dynamically adjustsits power
rangeso asto improve power savings. As seenearlier, INOP
hastheleastnumberof rebroadcastamongthe variablepower
approachesand a signi cant gain in enegy ef ciency with
only local knowledge.Comparedo AHBP, it requiresa larger
numberof rebroadcastbut eachrebroadcastisesmuch less
enegy andthereforecoversmuchlessarea.This helpsreduce
the possibility of collisionswith competingtrafc. In addition,
both INOP and AHBP have similar behaior in terms of
coverageand convergencetime indicating that the difference
in the numberof rebroadcastsloesnot necessarilyindicatea
disadwantagefor the approachAs a result,we can conclude
that our approachtakes the adwantage of power adaptve
techniquesin order to improve the enegy efciency and at
the sametime reducesthe traf ¢ overheadin the network as
in the caseof x ed power approaches.
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TABLE 1l
COMPARISON OF THE PROPERTIES OF THE TREES

Algr. Avg. Avg. trans. | Depth
outdgree range
INOP 2.1 36.7m 14
PABLO 1.6 34.9m 18
RNG 1.6 33.4m 20
BIP 1.6 31.8m 24

C. Comparisonof BroadcastTrees

In this section,we usea samplesimulationcaseto examine
the characteristicof broadcastreeshbuilt by alternatve ap-
proachesThis studyhelpsusto understandhe characteristics
of differentalgorithmsconsideredn this paperin a betterway.
We use the resultsof a simulation casewhere an 80 node
network topology is usedto generatebroadcastreesformed
by differentalgorithms.

Averageoutdayree, averagetransmissiorrange,and depth
of thetreeareinterestingaspectghatcanbe comparecamong
thetrees.Outdegreeof a noderefersto the numberof children
that the node has on the tree. Averageoutdegree gives an
indicationof the numberof rebroadcastasedin the broadcast
operation.If averageoutdegree is high, it indicatesthat a
large numberof neighborsare coveredwith eachrebroadcast.
Hence the numberof rebroadcastwill belesser The average
transmissiorrangeprovidesinformationaboutthe strengthof
broadcastat eachnode.If this valueis high, thenthe nodes
broadcastwith a higher power, covering a higher numberof
nodesin a single broadcastDepth of the tree is the number
of hopsfrom the sourcenodeto the farthestnodein the tree.
The higherthe depthof the treeis, the higheris the number
of rebroadcastandthe higheris the corvergencetime. Table
Il provides a comparisonof these parameterdor the four
trees shavn. Our overall obsenation from theseresults is
that,comparedo otherapproachesn INOP, nodesuselarger
transmissiomangedo cover morenumberof nodesthatresults
in broadcastreeswith smallerdepths.

VI. CONCLUSION

In this paperwe have presente@ new algorithmfor variable
power broadcasin ad hoc networks. Initially, we have pre-

senteda classi cation of existing variablepower broadcastl-
gorithmsbasedn their mainapproacheasglobalknowledge-
basedgraph-basedand centripetalapproachesWe have then
introducedcentrifugalapproachasa morepromisingapproach
and developedour algorithm, INOP, using this approachWe
have presentedsimulation basedcomparisonsof INOP with
the existing set of variable power approachegBIP, PABLO,
andRNG) andarepresentatie x edpower broadcasapproach
(AHBP). Our evaluationshave shovn that comparedo other
variable power approaches|NOP achieves better resultsin
terms of enegy efciency, and competesand exceedsother
approaches termsof a numberof otherperformancenetrics
including traf c overheadcoverage,and corvergencetime.
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