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~ Abstract— Convergecast is frequently used for supporting var- The issue of designing efficient and reliable broadcast
ious tasks in sensor network applications. In this paper, we protocol for wireless ad hoc networks has received much
investigate the problem of packet loss in the convergecast proces attention in recent years [1], [2], [3], [4], [5], [6]. Howey, the

in wireless sensor networks due to congestion and collisions.
near the sink, and propose a simple yet powerful coordinated issue of convergecast has only been addressed by few [7], [8]

convergecast protocol for achieving high convergecast reliability At the first glance, it appears that convergecast is a reverse
We study the performance of the new protocol via simulation process of broadcast. However, there is a critical diffeeen

and show the tradeoffs among reliability, latency, throughput petween convergecast and broadcast that makes convergecas
and energy consumption. To compare this protocol with other 14 ya more than a reverse process of broadcast. In a broadcast

existing convergecast protocols, a real application scenario is . . . S . .
used. Simulation shows that this protocol can achieve dramatic the datum being disseminated is identical to all recipieAts

improvement in reliability comparing to existing convergecast @ result, the datum only need to traverse any edge in the
protocols. network at most once, and the bandwidth utilization for a

broadcast process is essentially uniform across the nketwor
|. INTRODUCTION On the other hand, convergecast is a many-to-one process
and the data flowing to the recipient from different nodes are
Many sensor network applications require broadcast afigely to be different. The result is a non-uniform bandwidt
convergecast for data dissemination or collection. Cayeer demand across the network space: more bandwidth is needed
cast refers to a communication pattem in which the flow %r nodes closer to the Sink, as seen in the examp|e in
data from a set of nodes to a single node in the networkigure 1. In the convergecast process, edge BA is traversed
One may view convergecast as the opposite to broadcastgrthree packets while CB and DB are traversed by one
multicast, in which the flow of data is from a single node to gacket. A general analysis in Section Il shows that the sink
set of nodes in the network. Figure 1 is a simple example th@de is inevitably an ultimate bottleneck in convergechst.
illustrates the characteristics of the broadcast and GgB‘ZﬂSt a |arge_sca|e wireless network, this bottleneck phenomﬁmo
in a network. On the left is a broadcast example in whickbnvergecast potentially impacts its reliability and tigbput,
and demands special attention.
In this paper, we investigate strategies for reliable and

c & efficient convergecast in wireless sensor networks. Nateith
O O wireless networks, collision is a major adversary to commu-
A B / & B ./ nication reliability and wastes resource (energy, bantwid
®— O ®_ O time). Collisions occur when multiple nodes simultanegusl
D \ D transmit over the same channel to the same node or a receiver
O O is in the range of another transmission over the same channel
Many schemes, especially MAC level ones, such as CSMA,
Efgadzast ErnvergRcast CSMA/CA, FDMA, CDMA, TDMA, have been proposed and

used to reduce collisions in wireless communication. The
Fig. 1. A Simple Example of Broadcast and Convergecast concern of simplicity and scalability for large scale wiss

sensor networks has lead to the adoption of CSMA [9][10]
node A is the message source and nodes B, C, D are #m its close variants [11][12] as the MAC layer strategies
expected recipients. B hears A's message directly, anddiasv in the popular Mica mote platform. For the same reason, in
a copy of the message to nodes C and D. On the right ighés paper we focus on investigating convergecast mecamanis
convergecast example in which node A is the destination.nod® top of CSMA type MAC layer. It is well-known that
Nodes B, C, and D each have a message destined to nodénAtheory a CSMA type scheme, packet loss ratio increases
Node B serves as a relay node for nodes C and D. when the load on a link increases. This is also recently



observed by Zhao et al. [12] on the Mica mote platform. Thiger unit area is
fact points to a potential problem in convergecast: without L(R) R:..— R? )
proper data flow control or coordination, the high contemtio 4Rr
at the bottleneck could dramatically increase packet |oss awe can see that aB gets smaller, the load increases fast.
reduce the reliability of convergecast. Our simulationufes |t is well-known that the probability of collision and pactke
also confirms this concern. loss increases as the communication load increase on the
Our main contribution in this work is a simple convergecagtSMA MAC layer. A goal of this work is to find a good
coordination strategy called “radial coordination” in whithe strategy to reduce the packet loss by exploiting the charact
nodes in the a convergecast process adjust their tranemissstics of convergecast. In this paper, we first consider #sec
time according to a quadratic formula based on the estimatedwhich every node in the network needs to participate and
hop distance to the sink in a 2D network. Our simulationo data aggregation or piggy-backing process is presehein t
results show that this radial coordination combined with @nvergecast process. The potential impact of data agipaga
constrained flooding routing strategy dramatically inse=a and piggy-backing to our model of study is marginal and is
success rates in the convergecast process and there is a gtussed in Section V.
trollable parameter that one can adjust for the tradeoffragno
success rates, latency, throughput and energy consumptiorB- Model
The remainder of the paper is organized as follows. Sec-Convergecast were traditionally investigated in networks
tion Il presents the network model in this study. Section IWith symmetric links, i.e., a node A can hear another node B
presents our convergecast algorithm. Section IV descobes directly guarantees B can hear A directly. In such a network,
simulation method and simulation results. Section V diseas a broadcast tree rooted at the query node could be built in the
alternatives and future work, followed by a conclusionigect broadcast process and be used by the convergecast process
for the routing of answers to the query nodes. The answer
[I. MOTIVATION AND MODEL available in a node can be routed to the root by simply reverse
the path the corresponding query traversed.
Our simulation of the convergecast coordination strategy
Access of information in a large-scale sensor networks based on a probabilistic radio propagation model and the
often involves a broadcast process followed by a convesjec@ SMA MAC layer protocol for Mica motes. Such sensor
process. In the broadcast process, the query for speciiistworks, however, have been demonstrated to have asym-
information is sent from the query node to all nodes imetric links. Therefore the broadcast tree is better vieasd
the network that potentially have the matching informationiirected graph. The reverse path for each path on the brstadca
In the convergecast process, all nodes having the relevge might not exist. As a result, the conventional reverse
information send their answers to the querying node. Foaversal scheme for convergecast might not work, without
convenience, henceforth we call the querying node as tgtra symmetric link maintenance or data acknowledgement.
“root” node. The streams of data converging to the root ereah fact, we will show that a version of constrained flooding
a flood of information to the root and an uneven demand @forks better than tree-based convergecast for this type of
bandwidth across the space, which leads to the need forpropetwork, with or without radial coordination.
coordination in the convergecast process to reduce patenti We use a radio propagation model provided by the Prowler
collisions. [13] network simulator. It attempts to simulate the proba-
Let's use a simple example in a uniformly distributedilistic nature in wireless sensor communication obsefved
network to see how the load is distributed in space in raany [12][10]. The radio propagation model determines the
convergecast process. Assume the root is interested in #ength of a transmitted signal at a particular point of the
detailed readings of every sensor node in the network withépace for all transmitters in the system. Based on this -infor
certain distanceR, ... It sends out a query using spatiallymation the signal reception conditions for the receivens ca
constrained broadcast (geocast). All nodes within thelecirdoe evaluated and collisions can be detected. The transmissi
of radius R,,., reply with their readings. Note that nodesnodel is given by:
closer to the root need to rely the data for nodes further away 1
The number of relevant nodes outside a circle of radius  Prec,ideat(d) < PtmnsmnH—m, Where2 <y <4 (2)
. 5 . ) -
proportional toR:. .. — R* in a uniformed distributed network. Prec(iy§) — Precideat(di)(1+ali, )1+ (1)  (3)

A. Motivation

max

So the amount of data that the nodes betwéen r and
R +r needs to reply is proportional tB2 ,, — R?, wherer where Py.qnsmit iS the signal strength at the transmitter and
is the communication range of the sensor nodes. Note thatAn.. ;q4q.(d) is theideal received signal strength at distance
a wireless network, the max amount of bandwidth available « and g are random variables with normal distributions
in an area is roughly proportional to the size of the area. 3$6(0,0,) andN (0, o), respectively. A network is asymmetric

the bandwidth available in the area betwden-r andR+r if o, > 0 0rog > 0. Anode; can receive a packet from node
is proportional to(R + 7)? — (R — r)? = 4Rr. Assume the i if P,...(i,j) > A whereA > 0 is the threshold. There is a

data outside pass through the area evenly, then the data loallision if two transmissions overlap in time and both abul



be received successfully. Furthermore, an additionalrpetrar
Perror Models the probability of a transmission error caused
by any other reasons.

Since the CSMA MAC model and its characteristic is
relatively well-known, we omit the detailed descriptionedu
to page limit.

IIl. CONVERGECAST WITHRADIAL COORDINATION

Our convergecast protocol contains two essential elements
The first is a hop-distance based temporal coordinationisreur
tic. The second is a constrained flooding mechanism. Note
that convergecast is often appear in two types of scenarios.
One is query-driven convergecast, the other is eventdrive
convergecast. In a query-driven scenario, a convergegiaas t
place after a query is broadcasted. In a event-driven sicenar Fig. 2. An Example of Convergecast on a Square-lattice Nétwor
a convergecast takes place after an event occurs. The events
include physical events such as a gunshot is heard by the
sensors, and temporal triggers such as periodic snapshotgre hop isr, we have the expected transmission time for all
the network state. While the coordination strategy used tise packets initiated in less thanhops away from the sink
the same, the details in the temporal coordination is dlighto be received at the sink:
different for the two scenarios. In the next we use the query-
driven example for describing our algorithm detail and poin
out the difference in an event-driven scenario.

t(h) = 2h(h — )7 )

As aresult, if the packets that akehops away wait(h) before
A. Temporal Coordination Heuristic start sending, the potential of collision with the transsiias
Temporal coordination is our key strategy to reduce the cdif packets that are generated less thamops away could be
lision and packet loss. Rather than sending a reply immelgtiatreduced significantly comparing to sending the respons rig
after receiving the query, a nodein the network will wait after receiving the query.
for time T; before sending the reply. We expect this to help Consider the following two additional factors we can get a
reduce the congestion around the root node in the convesgednore accurate timing estimate.

process. The question is then how does each riodecide
what is theirT;. We suggest to use the “root-to-me” hop-
distance available from the proceeding query broadcast as
variable, and leT; beT'(h;) whereh; is the hop distance from
the root to node in the broadcast tree. Note that although for
asymmetric networks, “root-to-me” and “me-to-root” may be
different, it should not change this coordination schema in
significant way. We call’(h) the coordination function or the
“nice” function.

The form of the coordination functiofi(k) depends on the
topology of the network. The intuition is that, the furthevay
a node is from the root, the more nodes need to send a rep
before it does, so the longer it should wait to avoid unneargss
collisions. How many more nodes there are depend on tli:
topology of the network. In the next we first derive it on a 2f
D square-lattice network, then a general formula is dealop
for a randomly deployed network.

1) Sguare-Lattice Network: In a square-lattice network, as
shown in Figure 2, the number of nodes that afeops away

« On average it tookr time for a nodeh-hops away from

the root to receive the query. Note that the nodes one
hop away could try to send the reply immediately after
receiving the query. As a result, if all transmissions are
coordinated well, during ther time, h — 1 packets could
have been received by the root. Note that this term shows
up only in a query-driven scenario, and does not occur
in an event-driven scenario.

The nodes that ark-hops away do not need to wait until
all packets less thah-hops away have been received to
start transmitting, because their packets could take
time to reach the root. So we can pipeline these packets
earlier.

Rese two factors led us to refine and adjust the waiting time

a

ly

ormula to be as follows

t(h)=2h(h—1)71 — (h— 1)1 — ht (6)

(Note in an event-driven convergecast scenario, the second

from a sink is4h. The total number of nodes that are less thaerm does not exist. St{h) = 2h(h —1)7 — hT, instead. Note

h-hops away from the sink is also that in a event-driven convergecast scenario, the prio

1) @) knowledge of the hop courit can come from a bootstrapping
phase, so this formula based on hop count is still practicall

Assume each node sends a packet to the sink and no dpalicable.)

aggregation is possible (e.g., the data is not compre¥gible 2) General Uniform Networks: In general, assume the

present, also assume the average packet transmissionaimedénsity of the network igd, namely, each node hdseighbors,

448+12+..+4(h—1)=2h(h—



the total number of nodes that are less thamops away from In event-driven scenarios, the initialization is the btaggping
the sink is from the base station. Each node maintains the “distance”
d value from the node to the sink. This value is obtained at the
d+2d+3d+ .. +d(h—1) = Sh(h = 1) (") initialization and can also be learnt during the routinggess
[14]. During the routing process, each node will rebroaticas
. the received packet only if the node is not too much “further”
_a _ T _ away from the sink than its sender. Furthermore, a delay is
th) = 2h(h Dr—(h=Dr—hr ® added so that the node with “shorter distance” will transmit
One can apply a quadratic form transmission delay functi&arlier and a probabilistic suppression mechanism is egpli
for replying to a query or responding to an event in any 2B works as follows. Each packet contains a number indigatin
uniformly deployed network as: how far away the sender node is expected to be from the root.
) When a node hears a packet which is sent or relayed by a
t(h) = ah” +bh + ¢ (9 node that is further away, then it will try to forward the patk

wherea, b and ¢ are constants that can be obtained offiiné @ Probabilistic manner. It will wait for a certain period o
given the application scenario (e.g., query-based or eveHfne according to its relative “distance” to the sink befére
driven, density ¢), bandwidth ¢), etc.). attempt to forward. Note this waiting period is correspoigdi
However, according to this formula, all the nodes /at to the relative distance rather than the absolute distaree w
hops away would send out at the same time, which will caugé‘?‘_j in .the temporal coordination heuristics. _ If during the
collision at the sink, even though all packets sent out by ti{giting time, the node hears the same packetimes, then
nodes that are less tharhops away have been received by th¥ith probability of 1/ it forwards the packet. =~
sink by that time. To take this factor into account, we added Combining the temporal coordination heuristic with con-

and the general waiting time formula becomes

an additional random offset: strained flooding, the delay time of transmission is set @bkco
ing to the delay function in (11). The probabilistic supies
T'(h) = t(h) + rdht (10) mechanism is used to further reduce collision and improve

wherer is a uniformly distributed random number from 0 toefflmency.

1, anddh corresponds to the number of nodes at distalnce

for a uniformly distributed network. Replacéh) in (10) by V. SIMULATION RESULTS

the formular in (8), and whed is large, we have We have simulated the radial coordination strategy desdrib
h—1 in the previous section in two scenarios, using Prowler.[li8]
T(h) = [T + r]dhT (11) these experiments, the radio model is set according to@ecti

- . I, with o, = 045, 05 = 0.02, and peror = 0.05. The
3) Local Coordination Heuristic: A local coordination nreshold reception is set to ik = 0.1.

fuqcnon can be obtalneq even when the netw_ork IS NOtThe first experiment is on a uniformly deployed network
uniformly deployed. In this case, formula (11) still can bgih a)l the nodes sending one packet almost at the same time
used as a local coordination function, whefés the number (yithin 0.25 seconds). This example is used for theordical
of neighbors pf this node.. The coprdmathn strategy |_sII§ota analyzing the tradeoffs among latency, throughput, sscces
local, depending only the information at this node. In St ates and energy consumption. The second example is from a
7 can be either fixed offline, to be sent with the query, or to.5| gppjication “shooter localization” [15] where the wetk

be adaptive online. In simulation (Section IV), we will show 4104y and traces are obtained from the real experiments.
lthat one k‘:a” urs]e as tunable parametzr for tradeoffs among |, the next, we first describe the performance metrics that
atency, throughput, success rates, and energy Consumptio, e \,seq for comparisons of routing strategies.

B. Constrained Flooding )
} . . A. Performance Metrics

Constrained flooding is a routing strategy that we have
developed for wireless sensor networks [14]; it has beenWe have developed a set of performance metrics for compar-
applied to various applications including convergecast afd different routing algorithms, including latency, tughput,
shown to have overall high performance metrics, in terms 8fCCESS rates, energy consumption, etc.
high success rates and low energy consumption. Even thougl Latency: The latency of a packet measures the time delay
the temporal coordination heuristic described in the nevi of the packet from the source to the destination. For any
section can be applied to tree-based convergecasting &s wel destination, ifn packets have arrived, latency for that
in our simulation experiments, it does not achieve as high destination is given by . d;/n , whered; is the latency
success rate as the constrained flooding mechanism. of the ith packet. The latency of the network is then

Constrained flooding in general has an initialization phase averaged by the number of destinations. Note that we
and a routing phase. The initialization phase establishes a use latency rather than the number of hops as the metric
“potential field” by propagating from the sink. In query-kds since latency consists of not just the number of hops,
scenarios, the initialization is at the time of query braesiing. but also the length of transmission queues, the random



delays at the MAC layer, and deliberately added delays
in routing algorithms to avoid collisions.

o Throughput: Throughput at a destination measures the
number of packets per second received at the destina-
tion. The throughput of the network is the sum of the
throughput from all destinations.

o Success rate: The success rate of a network measures the
total number of packets received at all the destinations
vs. the total number of packets sent from all the sources.

« Energy consumption: The energy consumption is the sum
of used energy of all the nodes in the network. In the cur-
rent version, we assume that each transmission consumes
energy proportional to its signal strength. Therefore, the

Latency

latency (second)

energy consumption is proportional to the total number of e
packets sent in the network. A more complicated energy (@)
model can be built as well. Throughput

B. Performance Tradeoffs using Radial Coordination .

The simulation is performed on a uniformly deployed 10x10
network, as shown in Figure 3. Note that not only the
connectivity is not symmetrico(, = 0.45), but also there is a
small dynamic variancesz = 0.02) and a probability of error
(perror = 005)
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Fig. 3. Snapshot of Connectivity for a 10x10 Network

Assume that every node except the sink needs to send out
a packet within 0.25 second time frame. Using the radial
coordination scheme, the actual sending is delayed acaprdi
to the temporal coordination heuristic in (11). The delay of
transmission is recorded in the latency metric. By varyimg t
delay coefficientr in formula (11), one can control the latency
and the success rate. A total of 10 random runs were conducted
and Figures 4 (a)-(d) show the performance metrics with S
respect to the delay coefficiemt which is varying from 0 to T ey coetficient
9000. The results show that with the increase ahe success (d)
rate increases, however, the latency also increases and the
throughput decreases. Without USing the radial coorainati Fig. 4. Tradeoff of Performance Metrics using Radial Cocation
(i.e. 7 = 0), the success rate is only less than 10 percent, and
using radial coordination, the success rate can go up asakigh
more than 90 percent. For different applications with défe
performance requirements, one can select the bekat fits
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800|
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the purpose. For example, if high success rates are importan
one may want to increase, on the other hand, if the high
throughput or low latency is important, one should choose a
small 7 instead.

C. Shooter Localization

Shooter localization [15] is a real example of the event-
driven type of convergecast; the application is used fotirgget
all the acoustic data that are above certain threshold to the

base station, so that the source of the sound can be located.

In this experiment, the network topology (Figure 5), theksin
location and the event trace data are obtained from the lactua
experiments on the hardware platform. The network is about
10 hops.

base

Fig. 5. Node Distribution in Shooter Localization Experirhen

Three algorithms are compared for this scenario:

« Gradient flooding with duplication: this algorithm is
actually used in the shooter localization application, im-
plemented in TinyOS/NesC. Like constrained flooding, a
potential field is generated in the initialization phase and
data flow to the sink in the direction of the potential field.
No data suppression mechanism is used, however, each
packet may be transmitted up to 3 times to increase the
reliability.

« Backbone tree: this algorithm uses directed diffusion [16]
to create a backbone tree [17] in the initialization phase
and passes packets to parents during routing.

« Radial coordination: apply radial coordination presented
in this paper to reduce collision, with set to be 1000
and 4000.

Figure 6 shows the latency (a), throughput (b), succesglmate
and energy consumption (d) for all the algorithms applied to
this application scenario. We can see that (1) tree-based c@
vergecast does not work as well as flooding-based strategies
for this application, and (2) by sacrificing the latency nwgtr
one can get higher success rates.

ig. 6.
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coordination to tree-based convergecast as well. However,

for the tree-based convergecast, even withgoing up to
We have performed various tests on the first experiment (t8800, the maximum success rate is still less than 0.5. For

10 x 10 uniformly deployed network). We have added radigthe results shown in the previous section, we have applied

V. DIsScuUsSION ANDFUTURE WORK



radial coordination to both original and forwarding pasketcommunity. Convergecast, however, is comparatively much
We have also tested applying radial coordination to originkess researched for various reasons.
but not forwarding packets. However, the maximum successin conventional distributed computing, convergecastgrot
rate is also less than 0.5. By changing the distribution @bls are relatively simple due to the fact that the undegyin
the random variable: in formula (11) from[0,1) to [0,6) communication links are relatively reliable and bandwiith
whered > 0, the performance changes as well. If removingot much of a concern. Convergecast protocols often use
the random delay term totally we can only get the succed® broadcast tree built during a broadcast process as its
rate up to 0.7. We also found that by varying signal strengtbgpmmunication structure. The children in the tree itesdyiv
i.e., network density, the performance curves have the sasend and forward data to their respective parents. In this
shapes, although energy consumption and latency etc. nmagnner all data eventually convene at the root. Since the
shift up or down; the denser the network, the higher the gnergommunication structure is straightforward and no obvious
consumption and the smaller the latency. drawbacks, the key conventional concern in convergecast is
Radial coordination is a general mechanism that can be uskds often the related issues like the problem of terminatio
with other routing strategies, for example, use with packdetection, i.e., when does the root know that the convesgeca
duplication and aggregation. When data compression almas terminated [18].
aggregation is present in the convergecast process, tlw exaConvergecast in wireless sensor networks, however, de-
form for the coordination function depends on the compmssimands additional attention. First, in wireless sensor ogkgy
properties of the aggregation operators used. Applicatm the broadcast tree might not be a good choice of communi-
cific analysis of appropriate temporal coordination fumaesiin  cation structure for convergecast. The reason is that enlik
the presence of data aggregation is a topic for future reBearmwire-line networks, wireless links can be unidirectionather
For simplicity, we have only varied one variabteto obtain than bi-directional, i.e., a node A can hear another node B
the tradeoff curves. By varying more variables in the gdnerdgoes not mean node B can hear node A. The importance
coordination formula in (9), one will get better performancof this problem has been raised by several researchers re-
curves overall. Given an estimated communication patterrently [12][19]. Second, wireless network is inherentlyt no
one can obtain the coefficients by an offline optimizatioreliable due to environmental noise and the hidden terminal
procedure. problem. The impact of this problem on convergecast has
The impact of unreliable wireless link on convergecast hascently been addressed in [8]. A TDMA-based approach is
recently been addressed in [8]. A TDMA-based approach iisvestigated in [8] and a heuristic convergecast tree coost
investigated in [8] and a heuristic convergecast tree coast tion and channel allocation algorithm is proposed. Ourstud
tion and channel allocation algorithm is proposed. Ourstud¢omplements the previous work by investigating efficierd an
complements the previous work by investigating efficierd arreliable convergecast protocols on CSMA MAC layer.
reliable convergecast protocols on CSMA MAC layer. Very
recently, a TCP like congestion control mechanisth jas VII. CONCLUSION

been proposed to reduce the congestionin COnvergecawsceﬂcknowledgement: This work is funded in part by the De-

ios. Our approach may be viewed as a congestion preventigfise advanced Research Project Agency contract# F33615-
scheme that complements the reactive control scheme. 41 ~_1904

Our investigation has been focused on 2D networks. In
a one dimensional network, one can derive the coordinatiﬂp
function which is linear to the hop distance. Similarly, in

Convergecast is frequently used for supporting variousstas
sensor network applications yet its optimization has not

®een extensively studied. In this paper, we investigate the
3-dimensional network, the coordination function shalleta y Paper, 9

bic f he hoo di £ . tal validati (ﬁroblem of packet loss in convergecast process in large scal
cubic form on the hop distance. Experimental validation Qlay\orks due to congestion and collisions near the sink, and
these cases is left for future work.

- i : d the benefit of radi %ropose a coordinated convergecast protocol for achieving
In a_ddr_uon, we have only investigated the benefit of radi igher convergecast reliability. We studied the perforogaof
coordination for convergecast on top of the CSMA MA

includ he th dv of its | he new protocol via simulation and show the tradeoffs among
layer. Future work includes the the study of its impact %Iiability, latency, throughput and energy consumptidhis

convergecast on other types of MAC layers such as S-M otocol is compared with other existing convergecastgrot

and TDMA. cols and shows dramatic improvements. We also demonstrated
VI. OTHER RELATED WORK in a real application scenario this protocol achieved dtama
: : improvement in reliability comparing to existing convetgst
One-to-many and/or many-to-one information flow patte"}?roto cols

are almost ubiquitous in distributed computing appliaagio
B.roaQCast/muItm_ast and convergecast are _twq major commu- REFERENCES

nication abstractions commonly used in distributed comput _

ing applications for supporting one-to-many and manyrio-o 1] 51 Y.C, eere, U5, cher, e ) Sheu, Hposast o
|n_format|on flows. The issue of_ broadca_st/r_nultlcast has _be Annual ACM/IEEE International Conference on Mobile Computing and
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