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1 Problem Formulation.

In the problemof minimum-enegy broadcastingn a
wirelessnetwork, theobjectiveis to broadcastiatareli-
ably to all network nodesat a fixedratewith minimum
transmittedpower. In [3], this problem was formu-
latedasaminimum-cosbroadcastreeproblemandthe
well-known heuristicfor constructingenegy-efficient
broadcasttrees, the Broadcastincremental Protocol
(BIP), wasproposedIn this paperwe look to increase
the enegy efficiency by employing an accumulative
broadcast strateyy [2] that allows nodesto collect the
enegy of unreliablyrecevedsignals.As a messagés
forwardedthroughthe network, a nodewill have mul-
tiple opportunitiesto reliably receve the messagey
collecting enegy during eachretransmission. While
we allow nodesto collect unreliably receved signals,
we imposea reliable forwarding constraintthat each
nodecanforward a messag®nly afterreliably decod-
ing thatmessageThe constraintof reliableforwarding
imposesan orderingon the network nodes. The order
in which nodesbecomereliableis referredto asa reli-
ability schedule.

Under these assumptions, we formulate the
minimum-enegy accumulatie broadcast problem
for two codingschemespuncturedcodeswith general
coding and simple repetitioncodes. Puncturedcodes
are generatedas describedin [1] and are used by
different nodesto broadcasta messagethrough the
network. In particular for a network of N nodes,a
channekodeC with 2" codevordsof lengthn M for
someM > N is generatedand assumednown at all
the nodes. Codevords are divided into M subblocks
of lengthn, eachtransmittedin oneslot. We let C,,
for m 1,... M denotethe puncturedcode with
codevords of length nm formed from the first m
subblocksof eachcodevord in C. The jth relaying
nodetransmitsthe jth subblock. An unreliablenode,
after receving m signals,attemptsto decodeC,, for
eachm > 1, until the decodingis successful. For
repetition coding, only a code C; is generated. A
codevord of length n transmittedby the sourceis
retransmittedby eachrelaying node. An unreliable
node collects signals receved from different nodes
until it canreliably decodeC, .

In [2], accumulatie broadcastvas employed using
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repetitioncoding. The network wasassumedo be op-
eratingin thelow-SNRregime wheresimplerepetition
codingis optimal. In this work, we examinethe benefit
of puncturedcodeswith generalcodingfor accumula-
tive broadcast.

2 Approach.

With eachtransmittingnodek we associatean AWGN
channebf bandwidthiW suchthateachreceving node
m iS characterizedy a frequeng non-selectie link
gainh,,. Wefurtherassumehateachnodeis assigned
to transmitin anorthogonakhannethuscausingnhoin-
terferenceo othertransmissionsTo formulatethe ac-
cumulative broadcasiproblem, we first determinethe
maximumachievablerateat every nodefor a givenset
of transmitpowersfor both codingschemesGiventhe
achievablerateat the nodeswe thenpresent solution
to the accumulatve broadcasproblememploying two
subproblemsThefirst stepis finding the bestreliabil-
ity scheduleandtheseconds determiningheoptimum
power levelsfor that schedule.The solutionwill spec-
ify thenodeghatshouldtransmitandtheirtransmission
power levels. A reliability schedulecanbe represented
by amatrix X where

S { 1 if nodei becomeseliableafternodey
Y71 0 otherwise

@
Eachz;; is anindicatorthat a nodei collectsenegy
from a possibletransmissionby node j. For repeti-
tion codes,the solutionto the secondsubproblencan
be found by linear programmingas given in [2]. In
the caseof puncturedcodes,for a given scheduleX,
thesubproblentanbedefinedasacorvex optimization
problemin termsof thevectorp of transmittedoowers

p(X) =min 17p (2)
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wherer is arequireddataratein bits/s.
Forthesimplercaseof repetitioncoding,theproblem

of finding the bestschedulevasshavn in [2] to be NP-

complete.To find agoodscheduleywe employ asimple
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Figurel: Paverusedfor broadcasting.

heuristicalgorithm presentedn [2] for repetitioncod-
ing. We modify thealgorithmto beusedwith punctured
codingandevaluatethealgorithmperformancdor both
codingschemesThe algorithmstartswith a partialre-
liability schedulghatcontainsonly thesource.ln each
step,a reliable nodethat maximizesthefill rate of the
unreliablesetis chosenfor the next transmission.The
nodetransmitswith enoughpower to make one more

nodereliableandthatnodeis appendedo theschedule.

Oncetheschedulds determinedthe optimizationrou-
tine will find the optimumpower levelsfor thatsched-
ule.

In the above algorithm, a reliable nodethatis cho-
sento transmitseveraltimes,will in factconsolidatets
multiple transmissiongnto a singletransmission.The
actualpower level is found by the optimizationroutine.
As arguedin [2], anodeusinga repetitioncodecannot
gainfrom successie retransmissionsf the samecode-
word. In the power-limited regime, this propertyholds
for punctureccodesaswell.

However, when the systemis bandlimitedand the
nodesareoperatingin higher SNR, the efficient band-
width utilization becomedmportant. The above strat-
egy will not, in general,utilize the available network
bandwidthif the orthogonalchannelsare assignedo
all the usersa priori. In this case,bandwidthwill be
wastedon the usersnot chosenby the heuristicsto re-
lay thedata.

To increasehe efficiency of bandwidthutilizationin
the above schemewe let the heuristicalgorithmallo-
catethe availablebandwidthin additionto decidingon
thescheduleThebandwidthallocationfollowsdirectly
whenthe consecutie transmissionat the nodesareal-
lowed. Therefore thereis no needfor further modifi-
cation of the heuristic. In particular sincethe heuris-
tic makesone unreliablenodereliablein eachstep,at
most N — 1 transmissionare neededto broadcasta
message Thenthe available systembandwidthcanbe
dividedinto N — 1 channelsand a reliable nodethat
is chosenas the bestfilling nodet > 1 times, will
be allocatedt channelgo transmitt timesratherthen
justonce.Thepowerlevelsdeterminedy the heuristic

arethe actualpower levelsto be usedfor broadcasting;
no additionaloptimizationis performed.In sucha sce-
nario, puncturedcodeswherea nodewould transmita
new subblockin eachnew transmissiorbecomecrucial.
If a nodewould use repetition coding, resendingthe
samecodevord in eachof ¢ channelsvould not result
in ary benefit. To benefitfrom additionalbandwidth,a
new repetitioncodewould have to be constructedvith
codevordsof lengthn; = tn.

Figure 1 shaws the algorithm performanceor both
codingschemesandfor differentbroadcastatarates.
For punctureccoding,we evaluatedthe performancef
both stratgjiesdescribedabove. The performancevas
evaluatedn anetwork of N = 10 nodes.Thetransmit-
ted power was attenuatedasr® for propagatiorexpo-
nenta = 2. Resultsdemonstratéhebenefitof usingthe
puncturedcodesover therepetitioncodingin the high-
SNR regime due to the higher achievable rates. The
gaindiminishesn thelow-SNRregime,asexpected.
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