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Abstract— Network wide broadcastis a fr equently 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 issue in 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 impr ove energy ef�ciency in network
wide broadcast. Our simulation based comparisons show the
superiority of our algorithm compared to other approaches.

I . INTRODUCTION

Network wide broadcastis a frequentlyusedoperationin
ad hoc networks. In addition to databroadcasting,it is used
for various protocol operationsincluding route discover and
addressassignment.Nodes in ad hoc networks work with
limited batterypowerandtheef�cient utilization of this power
is importantfor increasingthe 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 thedissemination
of the messagesto the entire network. Hence,network wide
broadcastis an energy intensive operation.As a result, it is
important to utilize energy ef�cient algorithmsin achieving
network wide broadcastin ad hoc networks.

There are mainly two types of approachesfor energy
ef�cient broadcast:�x ed power approachandpower adaptive
approach.In the �x ed power approach,nodes use a pre-
determined�x edpower level for transmission.Here,theaim is
to reducepower consumptionby reducingthe overall number
of rebroadcastsduring a broadcastby selectingan effective
forward nodeset at eachtransmittingnode[1]. In this paper
the term `rebroadcast'refersto transmissionof a packet by a
relay nodeandshouldnot be confusedwith retransmissionof
the packet by the previous broadcastingnode.

In the variablepower approach,nodesusepower adaptive
techniquesin reducing the overall power consumptionin
network wide broadcast.Power adaptive broadcastingand
variablepowerbroadcastingaretermsusedinterchangeably. In
the power adaptive approach,the main assumptionis that the
nodescanchangetheir transmissionpower level dynamically.
Since each node can transmit with variable power, power
expenditurecanbereducedby transmittingwith enoughpower
to reachonly the nodesthat needto be reached.

The initial proposalsin power adaptive approachassume
globalstateknowledge[2], [3]. Theseapproachesassumethat
eachnode in the network knows the entire topology of the
network in termsof connectivity betweenthe nodesas well

asthepower costsof eachlink in thenetwork. More recently,
Cartigny et al. [4] andChenet al. [5] proposedpower adap-
tive broadcastalgorithms that use local information. These
algorithmsusetwo hopneighborhoodinformationwhereeach
node knows the power neededto reach its neighborsand
the power neededby its neighborsto reachtheir neighbors.
The simulation basedresultsobtainedin [5] show that the
power adaptive approachesresult in betterenergy utilization
comparedto �x ed power approaches.

In this paper, we presenta new algorithmfor power adap-
tive broadcastingcalled INOP (INside-Out Power adaptive
approach).INOP is designedto use two-hop neighborhood
information. It utilizes a novel techniquefor determiningthe
transmissionpower level at eachnodeduring the broadcast.
Eachtransmittingnode �rst sorts its 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 use in its
broadcast.Our simulationbasedcomparisonswith theexisting
state-of-the-artapproachesshow that our approachprovides
better overall performancein terms of several performance
metrics.Energy ef�ciency indicatestheaveragepowerspentin
coveringa nodein thenetwork. Sincenetwork wide broadcast
is an unreliableoperation,the coverageof all the nodesis
not always guaranteed.As a result, comparedto total power
consumption,energy ef�ciency becomesa morerepresentative
metric. Additional metrics that are usedin the comparisons
includetraf�c overheadandconvergencetime.

The rest of the paper is organizedas follows. Section II
describestheenergy model.SectionIII presentsaclassi�cation
of the available broadcastapproaches.Section IV describes
INOP, theproposedalgorithm.SectionV presentsthesimula-
tion basedevaluationsandSectionVI concludesthe paper.

I I . ENERGY MODEL

We considerad hoc networks wherenodescooperatewith
each other to support broadcastoperation.The network is
modelledas a graphG = (V, E) whereV is the set of nodes
in the network andE � V2 is the setof edgesindicating the
availablecommunicationlinks in the network. The setE can
be de�ned as follows:

E = f (u, v) 2 V2jPuv � Pmax g;

where Puv is the power neededto reachnode v from node
u in a direct transmissionand Pmax is the maximumpower



level of nodeu.
The channel model used follows the power law model

widely usedin the literature[6] :

Pr ecv / Ptx =rn ,

where Pr ecv is the received power at a receiver, Ptx is the
transmissionpower at the sender, r is the distancebetween
senderandreceiver, andn � 2 is the power lossexponent.

Eachnodeshouldbeableto know thepowerneededto reach
its neighbors.When a nodetransmitsa packet, it recordsthe
power with which the packet is transmitted,Ptx , in a �eld in
the packet header. For the successfulreceptionof a packet at
a node, a minimum power level Pthr eshold is neededwhen
the packet is received. If the power of the packet at reception
is below Pthr eshold , it is ignored. Thus, the receiving node
canestimatethepower neededto reachthe transmittingnode,
basedon the assumptionof power symmetryin channels,as
Pr eq = (Ptx /Pr ecv )*Pthr eshold .

Nodesin the network maintain neighborhoodinformation
which includesthe minimum power neededto reacheachof
theneighbors.Thetotalpowerconsumptionduringabroadcast
is given by : Ptotal =

P
u2 U

~Pu , whereU is the setof nodes
involved in broadcastsor rebroadcastsof packets and ~Pu is
the power with which nodeu transmitsthe packet.

I I I . CLASSIFICATION OF APPROACHES

Fixed power broadcastingandvariablepower broadcasting
are the two main approachesfor broadcastingin ad hoc
networks. In �x ed power broadcasting,nodesbroadcastwith
a prede�ned �x ed power level which results in high power
expenditure.Several algorithmshave beenproposedfor �x ed
powerbroadcasting.Thesealgorithmshavebeenclassi�edand
discussedin [1]. More recently, several other methodshave
beenintroducedfor �x ed power broadcast[7], [8]. Sincewe
areconcentratingon thevariablepower approaches,we do not
discussthe �x ed power approachesin detail here.

Variablepower broadcastingis a more recentapproachfor
reductionin power consumptionduring broadcastoperations
in ad hoc networks. It is basedon the assumptionthat nodes
in the network can dynamically changetheir transmission
power levels basedon optimizations.Therehave beenseveral
methodsproposedfor power adaptive broadcastingin ad hoc
networks. Variablepower approachesmay be broadly classi-
�ed into global knowledgeand local knowledgeapproaches.

A. Global Knowledge Approach

Global knowledge approachassumesthat each node has
global stateinformation.In [2], the authorsproposea global
knowledgeschemecalledBroadcastIncrementalPower (BIP)
algorithm.The global stateinformationat eachnodeincludes
knowledgeof thetopologyof theentirenetwork alongwith the
power costsof the links. In this scheme,a minimum power
tree is constructedwith the sourcenode as the root of the
tree. The sourcenode includesits neighbornodewhich can
be reachedwith least power into the minimum power tree.
Then, eachnode in the tree calculatesthe additional power

neededto reacha nodenot in the tree.The nodethat can be
reachedwith the leastadditionalpower is then chosento be
includedin the tree.This processis repeatedtill all the nodes
are included in the tree. Finally, the sourcenodebegins the
broadcastandthepacketsarepropagateddown theconstructed
minimum power tree. The number of rebroadcastscan be
further reducedby utilizing the omnidirectionaltransmission
of the packets. In [3], the authorproves that the minimum
energy broadcasttree problemin ad hoc networks is an NP-
Completeproblemand proposesan approximationalgorithm
usingSteinerTrees.Globalknowledgemethodsareconsidered
to be prohibitively expensive for practicalusageasthey incur
a large communicationoverheadthat is requiredto maintain
global network knowledge in the nodes.In addition, as the
network sizeincreases,theseapproachesbecomenon-scalable.

B. Local Knowledge Approach

Local knowledgeapproachuseslocal stateinformation at
eachnode.Eachnodeis expectedto know its neighborhood
information only up to a �x ed numberof hops.Most of the
existing approachesassumetwo hop neighborhoodinforma-
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
approachesinclude (1) a graph-basedapproachand (2) a
centripetalapproach.
Graph-Based Approach
A graph-basedapproachfor power adaptive broadcastingin
adhocnetworks is describedin [4]. Here,theauthorspresent
a schemethat usestwo hop neighborhoodinformation.Each
nodeconstructsits Relative NeighborhoodGraph(RNG) and
attemptsto choosethe transmissionpower level so that it can
reachthe nodesonly within its RNG. The RNG graphof a
graphG = (V,E) is denotedby RNG(G)= (V,Er ng ) whereV is
thesetof nodesin thenetwork andEr ng is de�ned asfollows:

Er ng = f (u,v)2 E j @w 2 V (u, w); (w, v) 2
E ^ d(u,w) � d(u,v) ^ d(v,w) � d(u,v)g;

whered(u,v) is the perceived distancebetweennodesu andv
in G. Thisconditionis shown in Figure1(a).In the�gure, edge
(u,v) is not consideredto bein theRNG becauseof nodew. In
otherwords,the RNG consistsof all edges(u,v)2E suchthat
thereis no nodew2V in theintersectionof thecirclescentered
at nodesu andv andradiusd(u,v). Eachnodethen transmits
with power enoughto reachits neighborsin RNG(G).
Centripetal Approach
In centripetal(outside-in)approach,themain ideais to reduce
the transmissionpower level by eliminatingdistantneighbors
from thecoverageset.This approachhasbeenfollowedin the
PABLO protocol presentedin [5]. The algorithm works as
follows: Considerthe network wherethe sourcenodes hasa
set of neighborsN = f 1, 2, � � �, kg. Let Pj be the power to
reachneighborj directly. Let nodek be the farthestneighbor
of nodes, Pk = max(Pj ), j 2 N. Nodes checksif nodek can
bereachedby any of s's onehopneighbors.Let noder bethe
onehop neighborwith the leastvalueof (Pr + Pr k ), r 2 N.



(a) Edge(u,v) not includedin RNG (b) Using Pk for comparison (c) CentrifugalApproach

Fig. 1. VariablePower Approaches

Find k 2 N suchthat (Pk > Pi ) 8 i 2 N-f kg;
Find r 2 N-f kg suchthat (Pr + Pr k ) < (Pq + Pqk ) 8 q 2 N-f k,rg;
if (Pr + Pr k ) < Pk

Eliminatek from N; /* k canbe reachedvia r */
else

Transmitdirectly to k;

Fig. 2. Power Adaptive BroadcastingusingPABLO [5]

The scenariois as shown in Figure 1(b). In casea relay
noder is found, nodes can reduceits transmissionpower to
Pl where node l is the next farthestnode after eliminating
node k. Now, node s attemptsto reach node l through a
relay nodeasdescribedearlier. This processcontinuestill no
further power reductioncanbe achieved.Algorithm is shown
in Figure2. Therehave beenfurther improvementsproposed
on this approachby the authorsin [9]. One improvement
proposedis that thesourcenodeexplicitly removesits farthest
neighborif it hasa degreeof two or more,after applyingthe
abovealgorithm.Anotherimprovementis that thesourcenode
removes25 percentof its neighborsif it hasa degreeof four
or more after applying the above algorithm.The degreeof a
nodeis the numberof onehop neighborsfor that node.

An observation that we make aboutthe PABLO algorithm
is that the comparisonusedin the algorithm(the third line in
Figure2) maynot alwaysgive a goodresultandanalternative
comparisonin theform of (Pl + Pr k ) vs.Pk mayresultin better
energy utilization especiallyif Pl > Pr k andPk = Pl + � 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 uses a centrifugal (inside-
out) approach.In this approach,the transmittingnodeselects
its power level by consideringits neighborsstarting from
the closestone and moving outwards.The transmittingnode
computesthe mostprobablepower neededto reachthe nodes
eitherdirectly or using intermediatenodes.It thenselectsthe
minimum power with which to transmitso as to reducethe
overall power consumptionin coveringall one-hopneighbors.
The detailedalgorithmis presentedbelow.

In INOP, a transmittingnodes computesthemostprobable
power to reacheachneighbornodep, Ppr ob

p . The transmitting
nodesstartsfrom n, thenearestnode.In orderto reachn, shas
to transmitdirectly. So,themostprobablepower to reachnode

Sort N=f 1, 2, � � �, ng suchthat P1 < P2 < � � � < Pn ;
n = jN j, F = � ;
for (i = 1; i � n; i++)

Let R � N suchthat 8 q 2 R, q < i andPqi < Pi ;
if (R = � )

Ppr ob
i = Pi ;

else
Find r 2 R suchthat Pr i < Pqi 8 q 2 R-f rg;
Ppr ob

i = min((Ppr ob
i � 1 + Pr i ),Pi );

if (Ppr ob
i = Pi )

F = F [ f ig;
Sources transmitswith Pi , suchthat i 2 F and i > j, 8 j 2 F-f ig;

Fig. 3. INOP Approach

n is Ppr ob
n = Pn . Whens transmitswith a minimum power of

Pn , the neighborn is saidto be covered by that transmission.
Next, the most probablepower to reach the secondnearest
nodem is calculatedastheminimumof (1) thepower to reach
m directly from nodes and(2) the sumof the mostprobable
power to reachnoden, Ppr ob

n , andthe power to reachm from
the only intermediatenode n. In general,the most probable
power to reachany node i is computedas follows. Let the
mostprobablepower to reachthe previous nearestnodeh be
Ppr ob

h . Let r bea coverednodethathastheleastPr i value.The
minimumof Ppr ob

h + Pr i andPi is assignedto Ppr ob
i . Thevalue

of Ppr ob
i is calculatedfor all i 2 N. Finally, the transmitting

nodes transmitswith enoughpower to reachnodep, wherep
is the farthestnodewith Ppr ob

p = Pp. The algorithmis shown
in Figure3.

We expect INOP to perform better than the earlier ap-
proachesas it considersthe most probablepower to reach
a nodeduring broadcast.For example,considerthe scenario
shown in Figure 1(c). PABLO described above will not
ensurereducedpower consumption.According to PABLO,
in this particular example case, basedon the comparison
((Pr + Pr k ) = 2.9Pd) < (Pk = 5.76Pd), node k will be
eliminated.Then,since((Pt + Ptl ) = 2.44Pd) < (Pl = 4.84Pd),
node l will also be eliminated.But nodem cannotbe elim-
inated as there is no intermediarynode to reachit. So, the
total power consumptionfor the entire broadcastwill be
(Pm + Pr k + Ptl ) = 7.13Pd, which is much higher than the
power to reachnodek directly.

In the caseof INOP, the algorithm startsfrom the closest
nodet andmovesoutward.Basedon the algorithmpresented
in Figure3, thesourcenodeschoosesto transmitwith a power
level of 5.76Pd to reachk directly. Thus,INOP consumesthe
optimal power in this situation.This is becausein INOP, the



transmittingnodes considerseachneighborby moving from
the nearestnodeto the farthestnodeand calculatesthe most
probablepower level to cover eachof them.

All of the broadcastapproachespresentedso far aim at
optimizing power expenditurein covering the nodesthat are
in the transmissionrangeof the broadcastoriginatingnodes,
i.e., �rst hopneighborsof s. Let C bethesetof nodescovered
by the broadcastoriginatingnodedirectly. Let �C = N-C. The
overall performanceof a broadcastapproachpartly depends
on how to choosea set of rebroadcastnodesto 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 thecurrentversionof 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 use in our algo-
rithm works as follows. Considera noden that is coveredby
thebroadcastof somenodes. Let NSet(n) representthesetof
neighborsfor noden. Whenn receivesabroadcastpacket from
s, it calculatesa RebroadcastBackoff Timer (RBT) anddelays
its rebroadcastfor RBT seconds.RBT is randomly selected
from aninterval that is inverselyproportionalto thenumberof
uncoveredneighborsof n. Themaingoalof this delayinterval
is to reducecollisions and avoid redundantrebroadcastsby
allowing nodesthathavea largersetof uncoveredneighborsto
rebroadcast�rst. During RBT seconds,n listensto thechannel
for rebroadcastscoming from other coveredneighborsof s.
At the end of RBT seconds,n identi�es set of its neighbors,
CNSet(n), that musthave beencoveredby the broadcastof s
or by the rebroadcastsof someof the neighborsof s. If the
set NSet(n) - CNSet(n) is empty, n cancelsits rebroadcast.
If not, it usesINOP approachto determineits transmission
power level andrebroadcaststhe packet.

V. PERFORMANCE EVALUATIONS

In thissection,wepresentoursimulationbasedcomparisons
betweenINOP and several other broadcastalgorithms. We
�rst describeour simulationenvironmentand the comparison
metrics used in the evaluations.The simulation parameters
used in our evaluationsare describedin Table I. In each
simulation, one of the nodes is randomly selectedto be
the broadcastoriginator node. This node generatesperiodic
broadcastpackets every seconduntil the end of simulation
time. Eachbroadcastpacket is marked by a sequencenumber
thathelpsusdistinguishdifferentbroadcastpacketsfrom each
other. In the current version of the evaluations,we do not
considerunicast-basedcross traf�c in the network. Having
suchcrosstraf�c will likely affect the coveragecharacteristic
of alternative approaches.In our futurework, we will consider
scenarioswhere we have unicast basedcross traf�c in the
network and study the performanceof alternative broadcast
approachesin that context.

Parametersconsideredfor evaluationof the algorithmsare:

TABLE I

SIMULATION PARAMETERS

Parameter Value
Simulator NS-2

SimulationArea 500 x 500 meter
NodeTransmissionRange 100 meter

SimulationTime 10 seconds

� Energy Ef�ciency: Energy ef�ciency is de�nedasenergy
spentper coverednodeand is calculatedas the ratio of
the total power consumptionto the numberof covered
nodes. Energy ef�ciency indicates the average power
spent in reaching any covered node in the network.
Broadcastin ad hoc networks is an unreliableoperation
and the coverageof all the nodesis not guaranteed.As
a result, comparedto total power consumption,energy
ef�ciency is a morerepresentative metric to comparethe
performanceof differentbroadcastapproaches.

� Coverage: This metric indicatesthe degreeof coverage
provided by differentprotocols.

� Num. of Rebroadcasts: The number of rebroadcasts
indicatesthe traf�c generatedin the network. With each
transmission,there is a possibility for collision which
may affect the network capacity. Therefore,numberof
rebroadcastsis a usefulmetric for comparison.

� ConvergenceTime: Convergencetime is thetime period
from the start of the broadcastoperationat the source
node up to the time when the last node receives the
broadcastpacket.

A. Comparisonsof Variable Power BroadcastApproaches

In thissubsection,wepresentoursimulationbasedcompari-
sonresultson theperformanceof thevariablepowerbroadcast
algorithmsincluding BIP, RNG, PABLO, andINOP. BIP uses
global knowledge of the network topology and achieves an
optimal performancein termsof energy ef�ciency. However,
due to the dif�culties of maintainingtopology knowledge,it
is consideredto be impractical. In our evaluations,we use
BIP as a yardstick to comparethe other three approaches,
especiallyin termsof their energy ef�ciency. We use20, 40,
60, 80, and100nodetopologiesfor our simulations.For each
topology size, we ran simulationson 20 different topologies
andpresentthe averagevaluesof the results.

Theenergy ef�ciency of theapproachesis comparedin Fig-
ure 4(a) wherewe presentthe relative error of approximation
of INOP, PABLO, and RNG approacheswith respectto the
optimal approachBIP. For eachdatapoint, we computethe
relative error as relative error = (x - y) / y, where x is the
energy ef�ciency of anapproach(INOP, PABLO, or RNG)and
y is theenergy ef�ciency of BIP. Accordingto the�gure, in the
caseof 20 nodenetworks,INOP givesits bestperformance.It
performswithin 16%of theoptimalwhereasPABLO performs
within 37% of the optimal. On the other hand, the worst
performanceof INOP andPABLO approachesareseenat 60
nodenetwork casewhereINOP performswithin 33% of the
optimalandPABLO performs42%of theoptimal.Theresults
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Fig. 4. Comparisonof variablepower approaches

presentedin this �gure show that the relative performanceof
INOP is consistentlybetterthan the otherapproaches.

Figure4(b)showsthattheapproacheshavesimilar coverage
with BIP providing thebestcoverage,followedby PABLO and
INOP. The coverageof RNG seemsto be the worst among
the alternative approachesbut it still remains above 90%.
Numberof rebroadcastsis anindicationof thetraf�c overhead
introducedinto the network during a network wide broad-
cast.Consideringthe overall network throughput,the lesser
the number of rebroadcasts,the better the overall network
throughput.Figure 4(c) comparesthe approachesbasedon
the numberof rebroadcasts.According to the �gure, INOP
usesthe leastnumberof rebroadcastsandis closely followed
by PABLO. In addition, the �gure shows a trend that as the
network gets denserthe relative performanceof INOP gets
better comparedto other approaches.This is desirableas it
also reducescontentionfor mediumaccessand collisions of
transmittedpackets.Thecomparisonof theconvergencetimes
of the different algorithmsare presentedin Figure 4(d). As
expected,BIP hasthe highestconvergencetime, while INOP
andPABLO performbetterthan the otherapproaches.

In summary, INOP has important advantagesin terms of
energy ef�ciency and performsas good as or better than the
othersin termsof its coverage,traf�c overhead(i.e., number
of rebroadcasts),and convergencetime. Consideringthe en-
ergy ef�ciency as the primary motivation in variable power
broadcastapproaches,INOP clearly improveson the existing
approacheswithout sacri�cing on theothermetricscommonly
usedto evaluatenetwork wide broadcastalgorithms.

B. Comparisonsto Fixed Power BroadcastApproaches

In this subsection,we compare INOP with one of the
best �x ed power broadcastapproaches,namely, the Ad Hoc
BroadcastProtocol (AHBP) [11]. Figure 5 presentsthe re-
sults for energy ef�ciency and numberof rebroadcast.Both
approacheshave almost the samecoverageand convergence
time (�gures not shown). Accordingto �gures, on theaverage,
AHBP requiresabout2.5 times more energy as comparedto
INOP. Also, even though INOP requiressigni�cantly larger
numberof rebroadcasts,this doesnot necessarilyindicate a
signi�cant disadvantagecomparedto AHBP. Thisbehavior can
be attributed to the very natureof variable power broadcast
approacheswhere each node dynamically adjustsits power
rangeso as to improve power savings. As seenearlier, INOP
hastheleastnumberof rebroadcastsamongthevariablepower
approachesand a signi�cant gain in energy ef�ciency with
only local knowledge.Comparedto AHBP, it requiresa larger
numberof rebroadcastsbut eachrebroadcastusesmuch less
energy andthereforecoversmuchlessarea.This helpsreduce
thepossibilityof collisionswith competingtraf�c. In addition,
both INOP and AHBP have similar behavior in terms of
coverageand convergencetime indicating that the difference
in the numberof rebroadcastsdoesnot necessarilyindicatea
disadvantagefor the approach.As a result,we can conclude
that our approachtakes the advantageof power adaptive
techniquesin order to improve the energy ef�ciency and at
the sametime reducesthe traf�c overheadin the network as
in the caseof �x ed power approaches.
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TABLE II

COMPARISON OF THE PROPERTIES OF THE TREES

Algr. Avg. Avg. trans. Depth
outdegree 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 characteristicsof broadcasttreesbuilt by alternative ap-
proaches.This studyhelpsus to understandthecharacteristics
of differentalgorithmsconsideredin this paperin a betterway.
We use the resultsof a simulation casewhere an 80 node
network topology is usedto generatebroadcasttreesformed
by differentalgorithms.

Averageoutdegree,averagetransmissionrange,and depth
of thetreeareinterestingaspectsthatcanbecomparedamong
thetrees.Outdegreeof a noderefersto thenumberof children
that the node has on the tree. Averageoutdegree gives an
indicationof thenumberof rebroadcastsusedin thebroadcast
operation. If averageoutdegree is high, it indicates that a
large numberof neighborsarecoveredwith eachrebroadcast.
Hence,thenumberof rebroadcastswill be lesser. Theaverage
transmissionrangeprovidesinformationaboutthe strengthof
broadcastat eachnode.If this value is high, then the nodes
broadcastwith a higher power, covering a higher numberof
nodesin a single broadcast.Depth of the tree is the number
of hopsfrom the sourcenodeto the farthestnodein the tree.
The higher the depthof the tree is, the higher is the number
of rebroadcastsandthe higher is the convergencetime. Table
II provides a comparisonof theseparametersfor the four
trees shown. Our overall observation from these results is
that,comparedto otherapproaches,in INOP, nodesuselarger
transmissionrangesto covermorenumberof nodesthatresults
in broadcasttreeswith smallerdepths.

VI . CONCLUSION

In thispaper, wehavepresentedanew algorithmfor variable
power broadcastin ad hoc networks. Initially, we have pre-

senteda classi�cationof existing variablepower broadcastal-
gorithmsbasedon theirmainapproachesasglobalknowledge-
based,graph-based,andcentripetalapproaches.We have then
introducedcentrifugalapproachasa morepromisingapproach
anddevelopedour algorithm,INOP, using this approach.We
have presentedsimulation basedcomparisonsof INOP with
the existing set of variablepower approaches(BIP, PABLO,
andRNG)andarepresentative�x edpowerbroadcastapproach
(AHBP). Our evaluationshave shown that comparedto other
variable power approaches,INOP achieves better results in
terms of energy ef�ciency, and competesand exceedsother
approachesin termsof a numberof otherperformancemetrics
including traf�c overhead,coverage,andconvergencetime.
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