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Figure 6: ETX finds higher throughput routes than minimum
hop-count. This data is taken from the same experimental run
as Figure 2. Each point represents one of 100 node pairs.

In DSR experiments with ETX or minimum hop-count, a source
starts by sending one data packet per second for five seconds. This
ensure that DSR finds a route before throughput measurements are
taken. After the five seconds passes, the source sends packets as
fast as possible for 30 seconds. In DSR experiments with ETX, the
source waits an additional 15 seconds before initiating the route
request, to give the nodes time to accumulate link measurements.

All experiments run with the appropriate routing overhead. That
is, while measuring the throughput of routing with the ETX met-
ric, nodes send periodic ETX broadcast probes. While measuring
the throughput of DSDV (with either metric), nodes sends DSDV
routing advertisements, just as a production routing system would.

5.1 Metric Performance with DSDV
Figure 6 compares the throughput CDFs of paths found by DSDV

using ETX and minimum hop-count, between 100 randomly cho-
sen node pairs. This data is taken from the same run as in Figure 2,
and shows that DSDV using the ETX metric often finds much faster
routes than the minimum hop-count metric.

There are two main regions in Figure 6. The right half shows
node pairs that could communicate directly, with loss ratios less
than about 50% (i.e. with throughput greater than the maximum
possible two-hop throughput of 225 packets per second). In these
cases the minimum hop-count metric finds the one-hop route, which
is the best route, and there is no opportunity for ETX to perform
better. The left half corresponds to node pairs with a high direct
loss ratio, for which the best route has more than one hop. In this
region, the sensitivity of ETX to differences among the many dif-
ferent paths of the same length allows it often to find better paths
than hop-count.

Figure 7 shows the same data as Figure 6, but organized as a
scatter plot to allow a direct comparison between the performance
of each metric for individual pairs. Each pair is represented by
one point; the point’s y value is the throughput obtained by DSDV
using ETX, and the x value is the throughput obtained by DSDV
using minimum hop-count. The upper-right quadrant shows pairs
where ETX and minimum hop-count both used the one-hop path.

0

50

100

150

200

250

300

350

400

450

0 50 100 150 200 250 300 350 400 450

D
SD

V
 E

T
X

 p
ac

ke
ts

 p
er

 s
ec

on
d

DSDV Hop-count packets per second

Run R1: 1 mW, 134-byte packets

y=x

Figure 7: The ETX and hop-count data from Figure 6, plotted
on a per-pair basis. The x value of each point shows that pair’s
throughput for DSDV with minimum hop-count; the y value
shows the throughput for DSDV with ETX. Points above the
line y = x are pairs where ETX outperformed hop-count.

ETX outperforms minimum hop-count by the greatest margin
when the hop-count metric uses links with very asymmetric loss
ratios. This is illustrated by the points with x near zero and with
y relatively large. Minimum hop-count is using links that deliver
routing updates in one direction but deliver few or no data packets
in the other, while ETX correctly avoids those links.

The points for two pairs in Figure 7 lie well below the y = x
line; this is because of variations in link quality between the ETX
and minimum hop-count tests for those pairs. For the first pair, both
ETX and hop-count used the same route, so the difference is due
to an underlying change in the route’s throughput. For the second
pair, ETX used a slower 3-hop path while hop-count used a two-
hop path; ETX avoided using one of the links in the two-hop path
because the measured delivery ratios were very poor. It is likely that
the link’s quality was different for the ETX and hop-count tests.

ETX incurs more overhead than minimum hop-count, due to its
loss-ratio probes, but this overhead is small compared to the gains
in throughput that ETX provides. ETX found usable routes for
many pairs where minimum hop-count was delivering essentially
zero packets per second.

Figure 8 shows the throughput for packets with a 1,386-byte pay-
load. Although ETX still offers an improvement over minimum
hop-count, the gain is not as large as for small packets. This is be-
cause ETX is still using small probes to estimate the link metrics.
Since small packets are more likely to be delivered, ETX is incor-
rectly over-estimating the quality of each link and causing DSDV
to pick sub-optimal routes. For example, if the single-hop direct
route between two nodes has an ETX probe delivery rate of 51%,
ETX will use it; however, the delivery rate of 1,386-byte packets
on such a link is likely to be closer to 1%, so a route with more
but higher-quality links would have been preferable. However, the
small packets are still useful for detecting very asymmetric links,
which is why ETX’s gain over minimum is more pronounced to the
left of the graph, where hop-count used very asymmetric links.




