
 1

 10

 100

 1  10  100

M
O

R
E

 T
hr

ou
gh

pu
t [

pk
t/s

]

Srcr Throughput [pkt/s]

(a) MORE vs. Srcr
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Figure 7—Scatter Plot of Unicast Throughput.Each point represents the
throughput of a particular source destination pair. Pointsabove the 45-degree
line indicate improvement with opportunistic routing. The figure shows that
opportunistic routing is particularly beneficial to challenged flows.
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Figure 8—Spatial Reuse.The figure shows CDFs of unicast throughput
achieved by MORE, ExOR, and Srcr for flows that traverse 4 hops, where
the last hop can transmit concurrently with the first hop. MORE’s median
throughput is 45% higher than ExOR.

spatial reuse. To examine this issue closely, we focus on a few flows
that we know can benefit from spatial reuse. Each flow has a best
path of 4 hops, where the last hop can send concurrently with the
first hop without collision. Fig. 8 plots the CDF of throughput of the
three protocols for this environment. Focusing on paths with spatial
reuse amplifies the gain MORE has over ExOR. The figure shows
that for 4-hop flows with spatial reuse, MORE achieves a 45% higher
median throughput than ExOR.

It is important to note that spatial reuse may occur even for shorter
paths. The capture effect allows multiple transmissions to be cor-
rectly received even when the nodes are within the radio range of
both senders [32]. In particular, less than 7% of the flows in Fig. 6
have a best path of 4 hops or longer. Still MORE does better than

Figure 9—Multicast Topology. A simple topology used in the multicast
experiments in Fig. 10.
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Figure 10—Multicast Throughput as a Function of the Number of Des-
tinations for the Topology in Fig. 9. The figure shows the per-destination
multicast throughput of MORE, ExOR, and Srcr. The thick bars show the
average per-destination throughput taken over 40 runs withdifferent nodes.
The lines show the standard deviation.

ExOR. This is mainly because of capture. The capture effect, how-
ever, is hard to quantify or measure. Thus, we have focused on longer
paths to show the impact of spatial reuse.

8.5 Multicast
We want to compare the performance of multicast traffic under

MORE, ExOR, and Srcr. In§7, we described how multicast works
under MORE. In contrast, ExOR [7] and Srcr [6] do not have mul-
ticast extensions. Thus, we need to define how these protocols deal
with multicast. For Srcr we adopt the same approach as wired mul-
ticast. Specifically, we find the shortest path from the source to each
destination, using ETX as the metric. These paths create a tree rooted
at the source. Srcr’s multicast traffic is sent along the branches of this
tree. In contrast, with ExOR, we want multicast traffic to exploit op-
portunistic receptions. We find the ExOR forwarders for each des-
tination. The per-destination forwarders use the ExOR protocol to
access the medium and coordinate their transmissions. In contrast
to unicast ExOR, if the forwarders toward destinationX opportunis-
tically hear a packet by a forwarder in the forwarder list of desti-
nationY, they exploit that opportunistic reception. Said differently,
we allow opportunistic receptions across the forwarders of various
destinations.

Our results show that MORE’s multicast throughput is signifi-
cantly higher than both ExOR and Srcr. In particular, we experiment
with the simple topology in Fig. 9, where the source multicasts a file
to a varying number of destinations. Fig. 10 shows the average mul-
ticast throughput as a function of the number of destinations. The
average is computed over 40 different instantiations of the topology
in Fig 9, using nodes in our testbed. As expected, the per-destination
average throughput decreases with increased number of destinations.
Interestingly, however, the figure shows that MORE’s throughput
gain increases with increased number of destinations. MORE has
35-200% throughput gain over ExOR and 100-300% gain over Srcr.

MORE’s multicast throughput gain is higher than its unicast gain.
This is because network coding fits naturally with multicast. Recall
from the example in§2 that without network coding, a transmitter


