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Abstract— Survivability and energy efficiency are two crit- medium, i.e., all nodes within the transmitter's commu-
ical issues for broadcast and multicast routing in wireless adhication range will receive the transmitted data, which is
hoc networks. Energy efficient routing has been extensivelgnown as Wireless Multicast Advantage (WMA) in [13].
studied. However, survivability issues have not been Wefpg \yel| known Broadcast Incremental Power (BIP)
addressed in this field. In this paper, we jointly consider bOthaIgorithm is proposed in [13] to achieve energy efficient

issues and study energy efficient algorithms for survivabl . . . .
broadcast/multicast routing, which is resilient to single nodﬁaroadcastlng in wireless ad hoc networks by taking

failure. In particular, we propose the minimax survivable 2dvantage of WMA. Recently, Srinivas and Modiano
broadcasting/multicasting problems, which seek survivabl@ropose to provide survivable unicast routing in wireless
broadcast/multicast trees in which the maximum nodead hoc networks by using disjoint paths in [10]. They
transmit power is minimized; and the minimum survivable present two elegant algorithms to compute node-disjoint
broadcasting/multicasting problems, which seek survivabl@aths and link-disjoint paths with minimum total energy
broadcgst/mgltipast trees in W_hi_ch the total node transmitq, g given source and destination pair in a wireless ad
power is minimized. For the minimax problems, we present e network. To the best of our knowledge, this is the
efficient optimal algorithms. For the minimum problems, we g 2001 st dying energy efficient survivable broadcast
present effective heuristics. Preliminary simulation results . D g
are also presented. and multicast rogtlng in wireless ad hoc networks.
We apply the idea of redundant trees [9] to support
|. INTRODUCTION survivable broadcast/multicast routing. Basically, a blue
Wireless ad hoc networks are usually used for sortree and a red tree will be constructed when a multicast
critical missions such as rescue, surveillance and so onbroadcast request arrives. The packets will be sent out
Nodes in such networks are prone to fail due to vario@ong both trees. In this way, a packet is guaranteed to
factors such as enemy attack in the battlefield, hargtach all working destination nodes via either the blue
environment, and energy depletion. Any communicatidree or the red tree even if a node (other than the source
outage, even just lasting for several seconds, may caonsele) fails.
a big loss. Since nodes in wireless ad hoc networksWe define the minimax survivable broadcast-
are generally powered by batteries which can not lasg/multicasting problems and theninimum surviv-
too long, the sparse energy resource should be usdde broadcasting/multicasting problems. We present
efficiently to prolong network lifetime. We are interesteéfficient optimal algorithms for the minimax survivable
in an energy efficient survivable network system whichroadcasting/multicasting problems which find a pair
is able to deliver packets from a source node to worki®f survivable broadcast/multicast trees that minimize
destination nodes after failures of one or multiple noddbe maximum transmit power among the nodes. We
In this paper, we consider a wireless ad hoc netwopkesent effective heuristics for the minimum survivable
in which every node has an omni-directional antenna ahtbadcasting/multicasting problems which find a pair of
is able to change its communication range by adjustisgrvivable broadcast/multicast trees that minimize the
its transmit power. Multicasting and broadcasting itotal transmit power of all nodes.
wireless networks are very different from those in wired The rest of this paper is organized as follows. We
networks because the radio is inherently a broadcascuss related work in Section Il. We formally define
5 A od i o ARG WOLINF 041038survivable broadcasting and multicasting problems in
NSFez(re:rzf C?:TESZ;;G? aﬁjrta é/eed gragr:fl?rtom CEINT. The info%ecrIon i an.d pres.ent our aIg_onthm; In Section IV. We
mation reported here does not reflect the position or the policy of tRé€Sent our simulation results in Section V and conclude
federal government. the paper in Section VI.
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Il. RELATED WORK IIl. PROBLEM DEFINITIONS

Energy efficient routing in wireless ad hoc networks We consider a wireless ad hoc network consisting of
has been studied extensively in the literature. In [3jodesv,v9, ..., v, that have omni-directional antennas
[5], [7], [8], several algorithms have been proposed fand can dynamically adjust their transmit power. All
wireless ad hoc unicast routing with the goal of eitherodes have the same maximum transmit po@gr.,
minimizing the total transmit power or maximizing thewvhile each node can transmit at any power level in the
network lifetime. range [0, 7,,q,]. We follow a commonly used wireless

The Broadcast Incremental Power (BIP) algorithrignal propagation model from [13] where the received
is proposed in [13] to construct an energy efficiersignal power attenuates proportional t0“, where r
broadcast tree by considering WMA. A multicast routingg the Euclidean distance between the receiver and the
algorithm is also presented by pruning the broadcast tré@nsmitter andv is a constant, typically betweehand
A Minimum Spanning Tree (MST) based algorithm ig¢, depending on the wireless medium [13].
presented in [4] for wireless broadcasting, which is able Assuming that each node in the ad hoc network sets
to achieve relatively balanced energy consumption. the transmit power td7,,.., we have an underlying
formal NP-hardness proof for power optimal broadcasnhdirected grapliz where the vertices off corresponds
problem in wireless networks is given in [1]. let al. tothen nodes in the ad hoc network and there is an undi-
propose a node weighted Steiner tree based algorithested edge connecting verticeandv in G if and only
and prove that its performance ratio is bounded hilithe nodes corresponding toandv can communicate
(1 + 2log(n — 1)) in [6]. In [2], the authors proposewith each other. We call this graph the communication
a localized protocol where each node requires ondyaph. For our purpose, the communication graph is also
the knowledge of its distance to all neighboring nodesige weighted, where the cost of an edge connecting
and distances between its neighboring nodes. They weetices v and v is proportional tod(u,v)®, where
simulation results to show that it is comparable to th&wu,v) is the Euclidean distance between the two nodes
globalized BIP algorithm. that correspond ta: and v respectively. Therefore the

Recently, people began to study survivability issue®st of the edge connectingandv is the transmit power
in wireless ad hoc networks. As we mentioned in theeeded at the node correspondingutso that the node
introduction, two elegant algorithms are presented eorresponding t@ can correctly receive signals from the
support both survivability and energy efficiency by conmniode corresponding ta. To abuse the notation a little
puting disjoint paths with minimum total energy in [10]bit, we will useu to meanthe node corresponding te,

In [11], Tang and Xue present efficient algorithms foas long as there is no confusion.

computing a pair of node-disjoint paths which either A multicast request is given by a source nadand a
minimize energy under lifetime constraint or maximizeset of destination node§i;, ds, . .., dys}. In this paper,
lifetime under energy consumption constraint. They alsee are interested in multicast schemes that can survive
study the tradeoffs between path lifetime and total energyy single node failure other than the source node. For
consumption in node-disjoint path routing and thesurvivable multicasting, we construct two multicast trees
effects on network throughput. However, all previous”? and 7%, both spanning the source node and the
efforts focus on unicast routing only. In this paper, wdestination nodes in such a way that when a single node
present energy efficient survivable routing algorithms fdgother than the source node) fails, every other node can
both broadcasting and multicasting. still receive data from the source node via either the

The redundant tree scheme has been proposed nimlticast treel’? or the multicast tred . We call 72
Médard, Finn, Barry and Gallager to support survivab&nd 7% a pair of survivable multicast trees, which is
communications in wired networks. In [9], &dardet formally defined in Definition 1.
al. propose a redundant tree based preplanned recoverefinition 1: Let G(V, E) be an undirected graph
scheme and prove that the trees constructed by thaith edge sett’ and vertex sel’. Let a given multicast
algorithms can survive any single node/link failure. Xueequest consists of a source noglec V' and a set of
Chen and Thulasiraman [14] generalize this scheme afektination nodegd,,ds,...,dy} C V. Let T8 and
study Quality of Protection (QoP) issues and variod&” be a pair of directed trees such that there is a directed
Quality of Service (QoS) issues such as bandwidtpath p? in 75 from s to every destinationi; and a
delay, and cost. Our approach for energy efficient sutirected pattp? in T from s to every vertexd;. T5
vivable broadcasting and multicasting is along the linemd T form a pair ofsurvivable multicast treesif for
of redundant trees. any chosen vertex # s € V and anyd; # u € V, p?
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andp!® do not both contain node. We will usep? and message from node along the red tree. Similarly, if a
pE to denote the two paths discussed above throughsirtgle node failure occurs at node then nodeh can
this paper. receive the message from nod@long the blue tree and
nodesc, d, f can receive the message from nadalong
the red tree. In other words, multicasting along both trees
is resilient to single node failure.

For a given pair of survivable multicast trees to work,
we also need to assign the transmit power at each node
in the network. For example, for the pair of survivable
multicast trees in Fig. 1(c), the transmit power at node
a must be high enough for the signals from nadé¢o
reach nodes, h andg, whereb andh are the downstream
neighbors ofa in the blue tree ang is the downstream
neighbor ofa in the red tree. Therefore the transmit
power at nodez is 9. Similarly, the transmit power at
nodesh, c,d, e, f,g,h are 8,9,9,0,8,8,0, respectively.

It is clear that the transmit power at each node can be
derived from the pair of survivable multicast trees. We
formally define this in the following.

Definition 2: Let 78 and T be a pair of survivable
multicast trees for a given multicast request. For each
nodev in the network, the transmit power of derived
from T8 and T, denoted byt(v, T2, T®), is defined
in the following.

« If v is not on either multicast tree or does not have

a downstream neighbor on either multicast tree,
t(v, TB, TH) = 0.
o Letwuy,us,...,u, be all the downstream neighbors
(c) A pair of survivable multicast trees of v in either T8 or TZ. Then T (v, TP, TR) =
maxi<;<p c(v,u;), wherec(v, u;) is the cost of the
Fig. 1. Survivable broadcasting and multicasting using red/blue €dge connecting) and v; in the communication
trees. Solid arcs are for blue trees and dashed arcs are for red trees. graph.
Definition 3: Let 72 and T% be a pair of surviv-

Fig. 1(a) illustrates a sample communication grapble multicast trees for a given multicast request. The
with 8 nodes andl5 links. Also illustrated is a mul- maximum transmit power required dy? and T is
ticast request with source nodeand destination nodesdefined ast,,..(T7,T%) = max,cy t(v, T2, T?). The
¢,d, f, h. Fig. 1(b) illustrates a pair of survivable broadtotal transmit power required by and 7% is defined
cast trees rooted at nodgeach spanning all other nodegist;,,; (75, T%) = Soev o, TB TR).
in the network. The tree with solid edges is tilee tree  For the pair of survivable multicast trees in Fig. 1(c),
and the tree with dashed edges is ted tree When we havet,,q, (T2, T%) = 9 andt,pq (T7, TH) = 51.
nodea wants to send information to all other nodes, it Definition 4: Let a multicast request with source node
sends the information along both the blue tree and theand destination nodes, ds, ..., dys be given. A pair
red tree. Fig. 1(c) illustrates a pair of survivable multicasf survivable multicast tree§"”®? and 7% is said to
trees for the sample multicast request. It is obtained bg a pair of minimax survivable multicast trees if
repeatedly pruning non-destination leaf nodes in the paijr,. (72, T*) is minimum among all pairs of survivable
of survivable broadcast trees. multicast trees for the given multicast request. Tiai-

We illustrate why the pair of multicast trees in Figmax survivable multicasting problem seeks for a pair of
1(c) can survive a single node failure. Suppose a singténimax survivable multicast trees for the corresponding
node failure occurs at nodé Then the node&,c can multicast request.
receive the message from source nadalong the blue  Definition 5: Let a multicast request with source node
tree. Nodef can not receive the message from nade s and destination nodes, d, ..., d;; be given. A pair
along the blue tree. However, nodgecan receive the of survivable multicast tree§’® and T® is said to
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be a pair ofminimum survivable multicast trees if

Algorithm 1 MFBG

tiotal (T2, TT) is minimum among all pairs of survivablestep_1 Initialize 77 andTF to contain the root node

multicast trees for the given multicast request. The
minimum survivable multicasting problem seeks for

only. Assign nodes both a blue voltage®(s) >
0 and a red voltage®(s) = 0.

a pair of minimum survivable multicast trees for thestep_2 Find a cycle[s, vy, ..., v, s] with & > 2. Let

corresponding multicast request.

Note that broadcast is a special case of multicast

where the set of destinations consistslof {source}.
Therefore the termsurvivable broadcast trees mini-

s — vy — ... — v, be the blue chain and
s — v, — ... — v be the red chain. Add the
blue chain toT'®? and the red chain t@".

Assign blue voltages at the new nodes in this

max survivable broadcast trees minimum survivable cycle such thatv®(s) > vB(vy) > -+ >
broadcast treesare defined similarly. vB(vg) > vfi(s).

In the following sections, we will present efficientstep_3 if 72 spans all the nodes i@, stop.
algorithms for finding optimal solutions for the minimaxstep_4 Find a pathx, v1, . .., vx, y] connecting two dis-
survivable broadcasting and multicasting problems, as  tinct nodes: andy on 7”2 andk > 1 nodes not on
well as heuristic algorithms for finding good solutions for TP such that?(x) > v(y) wherev(y) = vB(y)
the minimum survivable broadcasting and multicasting unlessy = s, in the latter case(y) is set to
problems. Although broadcasting is a special case of  vf(s).
multicasting, it is an important problem by itself. Also,
it is easier to present our algorithm for the minimum
survivable multicasting problem after the presentation of
our algorithm for the minimum survivable broadcasting
problem. Therefore we will deal with broadcasting sep-
arately when necessary.

Letx — v; — ... — v, be the blue chain and
y — v — ... — v1 be the red chain. Add the
red chain toT'"* and the blue chain t@”.

Let v™(z) be the maximum of all voltages that
are lower thanv®(z). Assign blue voltages at
these new nodes on this path such th&fz) >
vB(v1) > - > vB(vy) > vM(z). goto step 3.

IV. SURVIVABLE BROADCASTING AND
MULTICASTING

Firstly, we present algorithms for constructing a patree and the blue tree with the help of the voltages. As
of survivable broadcast trees or multicast trees satisfyipgoved in [9], the voltage rule guarantees the correctness
certain properties. At the heart of these algorithms is tlé the algorithms.
algorithm for constructing a pair of survivable broadcast Lemma 1: Algorithm 1 correctly finds a pair of sur-
trees in an undirected graph. The scheme for findingvivable broadcast treeg? and 7%, provided that the
pair of survivable broadcast trees (known as the MFB@aph is biconnected. O
scheme) has been studied byedlard, Finn, Barry and The running time of Algorithm 1 isO(n3) [9] and
Gallager [9] and later generalized by Xue, Chen antle et al. [15] have shown that there is &\(n + m)
Thulasiraman [14]. Due to its importance, we presetime implementation of Algorithm 1, where and m
the MFBG scheme [9] for computing a pair of survivablare the number of vertices and number of edges in the
broadcast trees here for future reference. graph.

The MFBG scheme for computing a pair of survivable As an example, we explain how Algorithm 1 con-
broadcast trees is listed as Algorithm 1, where it &ructs the pair of red/blue trees in Fig. 1(b). Nades
assumed thats is the source node of the broadcasthosen as the root node. step_2, the algorithm finds
request. In this scheme, each tree nadis assigned a the cycle[a,b,c,d, f, g,a]. It assigns the voltages such
blue voltagev” (), which helps ensure that the two treethat v?(a) > vZ(b) > vB(c) > vB(d) > vB(f) >
constructed form a pair of survivable multicast trees. Thé& (g) > v¥(a) and constructs the blue tree edges
elegant voltage technique is introduced by [@e note (a,b), (b,c), (¢, d),(d, f),(f,g) and the red tree edges
that the voltage is only a tool for easy construction dfs, g), (g, f), (f,d), (d,c), (c,b) in the figure. Instep_4,
the red/blue trees. It has nothing to do with the transmrite algorithm finds the pathi, e, f] (note thatv?(d) >
power at the network nodes. vB(f)). Note thatvM(d) equalsv?(f) at this time. It

The MFBG scheme grows the red tree and the blassigns the voltage far such thatv®(d) > vP(e) >
tree by first finding a cycle containing the root node and (d), and constructs the blue tree edgke) and the
then iteratively finding a path connecting a node alreadgd tree edgéf, e) in the figure. Instep_4, the algorithm
on the tree to another node on the tree via nodes fioids the patha, h,b] (note thatv®(a) > vZ(b)). Note
yet on the tree. Once a path is found, we grow the réfaat v* (a) equalsv?(b) at this time. It assigns the
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voltage forh such thatv?(a) > v®(h) > vM(a), and  Theorem 1:The time complexity of Algorithm 2 is

constructs the blue tree edge h) and the red tree edgeO(n?logn). It correctly computes a pair of survivable

(b, h) in the figure. multicast treesl’® and T such thatt,,..(T?,TT) is

minimum, provided that the source node and all desti-

nation nodes are in the same biconnected component of
, _ . .._the communication graph.

In this section, we present efficient algorlthm]s_,ROOE We can sort th@(n2) possible power values in

for computing a pair of minimax survivable broad-OgHQ log n) time. For each value of, we can find out

cast/multicast trees when the broadcast/multicast eauy %ther the source node and all destination nodes are in

is given. : RN
, : the same biconnected componentgi?) time [12].
We note that in an ad hoc network withnodes, the The number of bisections is bounded Blog(n?)) —

number of _ne_ighbor_s_of each nod_e Is bounde;ﬂﬁyb). O(log n). Therefore the algorithm has a time complexity
Therefore it is sufficient to consider oni@(n*) (the O(n?log n)

number of edges in the communication graph) different If there is a pair of survivable multicast trees with
transmit power values. Our algorithms for minimaxhe maximum transmit power no more tha®, then
survivable broadcasting and minimax survivable mu!ﬁe source node and all destination nodes are in the
ticasting use bisection on th@(n?) different transmit same biconnected component@fC). Similarly, if the
power values to find the minimum valug such that ’

there exists a pair of survivable broadcast/multicast tre%o%urce node and all destination nodes are in the same
, iconnected component af(C), we can construct a
T8 and TF with t,,,. (T2, T?) no more tharc. P (C)

o i air of survivable multicast trees with maximum transmit
For any positive numbet < 7,.., defineG(C) to be P

. . ower equal toC. This proves the correctness of the
the undirected grapliy whose vertices are the nodes power eq P
. . allgl;orlthm. O
in the ad hoc network and there is an edge betwee
nodesu andwv if and only if they can correctly receive

signals from each other when transmitted at power lev@l Minimum Survivable Broadcasting and Multicasting

. . . . 2
Cf' Our algorithm f'rSt_ USes b'SfeF“O” on t@(n”) Finding a pair of survivable broadcast trees with mini-
different values ofC to find the minimum valu€ such -, total transmit power is difficult since even finding a
that the source node and all destination nodes of 18y e hroadcast tree with minimum total transmit power
multicast/broadcast request are in the same biconnegtedy, on to be NP-Complete in [1]. In this section, we

component of(C). It then applies the correspondingiy present effective heuristics for constructing a pair
MFBG scheme td(C) to construct a pair of survivable ot o rvivable broadcast/multicast trees with small total
broadcast trees. Finally, the algorithm prunes the NAPa hsmit power

destination leaf nodes in the resulting broadcast trees tOAgain, we will use the frame of red/blue trees. Recall

obtain the corresponding multicast trees. The algorithmat initially only the root nodes is on the trees. We

Is stated in Algorithm 2. first find a cycle containing to grow the trees. In each
additional step, we add nodes to the trees by selecting
a path[z,v,...,v,y] connecting two nodes andy
already on the trees vid nodes not yet on the trees.
step-1 Use bisection on theD(n?) power values to Before each adding procedure, the partially constructed
find the minimumC such that the source noderee pair has a value recording its total energy. Since
and all destinations are in the same biconnectgg, goal is to minimize the total energy, we wish the
component inG(C). incremental energy caused by adding new nodes in each
step-2 Apply MFBG on the biconnected components oftep is as small as possible. Note that finding a path or
G(C) to construct a pair of survivable broadcastycle with minimum incremental energy is not easy. So
treesT” and T spanning the source node angve design a heuristics. Firstly, we start with nodand
all other nodes in the biconnected component. yse Depth First Search (DFS) to find a cycle with low
step_3 Repeatedly delete non-destination leaf nodes éhergy in terms of the link cost. In the following steps,
7% andT* until every leaf node i’ and7" e use the same method to find a set of feasible low
is a destination node. Assign the transmit powergy paths and then choose the one with the lowest
for each of the network nodes according to thicremental energy. Algorithm 3 is presented as follows
rules discussed in Definition 2. to compute a good solution to the minimum survivable
broadcasting problem.

A. Minimax Survivable Broadcasting and Multicasting

Algorithm 2 Minimax Survivable Broadcasting and
Multicasting
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Algorithm 3 Minimum Survivable Broadcasting V. PERFORMANCE EVALUATION

step_1 Initialize T2 andT* to contain the root node
only. Assign nodes both a blue voltage®(s) >
0 and a red voltage®(s) = 0. Also assign the
transmit power at node to zero.

In this section, we evaluate the performance of our
algorithms through simulations. We consider wireless
ad hoc networks with nodes randomly located in a
) ) . 750m x 750m region. Every node has the maximum
step-2 Find a cycle[s, v1, ..., vy, s] in the graph with oo mnication range af50m. The energy required for

low energy. Lets — v; — ... — vy, be the blué ynqmitting a message with unit size from nodeo
chain ands — vy, — e be the red chain. ,4e., is 0.0001  d(u, v)2. Similar energy consumption
Add the red chain td™ and the blue chain 10 1, 4els are used in [13]. Each entry in the tables reported
T5. Assign blue voltages at the new nodes iRere is the average ovef0 runs.
ttgs cycle iUCh thav®(s) > v7(v1) > -+~ > i ihe simulations, we compare our broadcasting
v”(vg) > v7(s). Update the transmit power for aigorithms with aSimple Survivable BroadcagSSB)
every nodg on t,h‘_a_ found cycle using the rUIe:§Igorithm and a.ink Cost based Survivable Broadcast
d_escgbed in Definition 2. ) (LCSB) algorithm. Basically, the SSB algorithm uses
step_3 'f_T spans all the nodes i@, stop. _ MFBG to construct a pair of survivable trees and then
step-4 Find a path{z,vy,..., v, y] with low incre- ;o500 the transmit power for every node according to
mental energy connecting two_distinct HOdBES the rules described in Definition 2. The LCSB algorithm
and y on 1; and k > 1 nodes not OET employs the similar procedure as SSB to construct the
such thatv”(z) > v(y) where v(y) oY (%) trees, but in each step, uses DFS to find a set of
unlessy = s, in that caseu(y) = v7(s). Let toqaqipie cycles or paths and chooses the one with the
@ — v — ... — v be the blue chain andq oot total energy in terms of link energy cost. After
g Ok e 0 be the red chain. 'g,‘dd the survivable tree pair is created, we do the transmit
the ri? chain tar an_d the blue chain ™. power assignment. The correspond®igple Survivable
Let v™(x) be th% maximum of all voltages thatl\/IuIticast (SSM) andLink Cost based Survivable Multi-
are lower thanu”(z). Assign blue voltages at . | csmy algorithms are using the SSB or LCSB to
these new nodes on this path such thétz) > compute the broadcast trees first and then prune them to

B B M

v (v1) > o0 > 0P (vg) > v (). Update the oheain murticast trees by applying the pruning method
transmit power for every node on the found patrﬁtroduced in the previous sections

using the rules described in Definition goto '

step.3 TABLE |
— Maximum and Variances of Transmit Power of Survivable
Broadcast Trees
Network Size SSB Ours

Using analysis similar to that in [14], we can show that max var | max var
Algorithm 3 can compute a pair of survivable broadcast >0 5:6263 54042 3.6384 18772

g p pair ! ple | 75 6.2054 5.8452 2.9136 1.1902
trees as long as the communication graph is biconnected. 100 6.2134 5.2566| 2.1678 0.6535
Its time complexity isO(n?(m+n)) because DFS takes 125 6.2206 4.8648 1.7122 0.3795
O(m + n) time and we run DFS at mo$}(n) times in 150 6.2242 4.3571) 14536 0.2714
each step. First, we evaluate the performance of our broadcast-

Then we are ready to describe our heuristic for mifRg algorithms. We generate networks with the size of
imum survivable multicasting. Here we require that th&d, 70, 100,125 and 150 nodes respectively. For each
source node and all destination nodes are in the sanswork instance, a source node is randomly chosen.
biconnected component for the given communicatidn the first simulation, the maximum and variances of
graph. Firstly, we invoke Algorithm 3 to construct daransmit power of all wireless nodes are used as the per-
pair of survivable broadcast trees for the biconnectéormance metrics to evaluate our algorithm for minimax
component of the given communication graph that coaurvivable broadcasting. Table | shows the results.
tains the source node. Then we repeatedly prune the nonFrom Table |, we can see that our algorithm decreases
destination leaf nodes in the resulting trees to obtaintlee maximum transmit power dramatically compared
pair of survivable multicast trees. We update the transmtth the SSB algorithm. For example, the maximum
power for all affected nodes while pruning. The tim&ansmit power assigned by our algorithm3i$.9% of
complexity is alsaO(n?(m +n)) since the pruning can that given by the SSB algorithm. We achieve this im-
be done in linear time. provement because our algorithm is an optimal algorithm
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in the sense of minimizing maximum transmit power an8ame as the second simulation, the total transmit power

it is able to avoid using high cost wireless links wheis counted. From Table Ill, we see that the solutions

constructing the broadcast trees. given by our algorithm have the least total power in all
In addition, the variances of transmit power assignedses.

by our algorithm are much smaller. This means that the

energy consumption by using our broadcast trees is more VI. CONCLUSIONS

balanced, a feature which may prolong the lifetime of |, ;g paper, we have formulated the minimax sur-

the routing trees. With the increase of the network sizg apje multicast/broadcast problems and the minimum
both the maximum and variance values obtained by i iyable multicast/broadcast problems in wireless ad
algorithm are decreased since we have more chanceﬁae networks. For the minimax problems, we have
choose low cost links when constructing tree pair in gogented efficient optimal algorithms. For the minimum
denser network. However, the increase of network sige,piems we have presented simple heuristic algorithms.

dose not change results given by the SSB algorithm tgQ, imylation results show that the proposed algorithms
much since it may still add high cost links into the treﬁerform quite well in practice

pair even there exit more low cost links.
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