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I. INTRODUCTION

Wireless and mobile ad-hoc networks (MANETs) are dis-
tinguished by time-varying link characteristics and network
topology. In such dynamic environments, the network must ac-
commodate these changes, providing end-end packet delivery
while at the same time incurring low control overhead. Yet this
ideal is difficult to meet in practice: end-end delivery requires
some form of end-end (potentially global) coordination, and
frequent changes make adaptation to each and every change
costly. Consider then a routing protocol that does not adapt
globally to every change: can such a protocol perform well
(delivering a high fraction of messages to their destination)
while at the same time incurring low control overhead?

In this work, we specifically investigate the control overhead
incurred by two MANET routing protocols: (i) dynamic source
routing (DSR) [2] and (ii) a braid routing algorithm [5] that lo-
cally forwards packets within the constraints of a routing sub-
graph (“braid”) constructed around the DSR shortest path. As
defined in [5], a k-hop braid comprises a “best” (e.g., shortest)
path plus all nodes within k hops of the best path, as shown in
Figure 1. If a link failure occurs, a braid can potentially adapt
to the change by locally routing packets around the failure,
with the scope of the forwarding constrained by the braid.
Consequently, network-wide flooding of control messages to
alert nodes about the link failure and to repair the route need
not be (immediately) incurred. The key idea from [5] is that
by using a braid for routing, routes can be re-computed less
frequently, and so less control overhead will be incurred.

In this work, we describe one way to implement braid
routing efficiently. Comparing with DSR, we show that braid
routing can significantly decrease control overhead while only
minimally degrading the number of packets delivered, with
gains dependent on node density.

II. BRAID ROUTING

The braid routing algorithm of [5] performs the following
steps every T time-steps: (1) identify the shortest path, (2)
build a k-hop braid around the shortest path, and (3) perform
local forwarding within the braid. We use DSR [2] to construct
the shortest path. Similar to AODV backup routing [3], we
then leverage overheard route requests and replies to obtain
information about nodes adjacent to the shortest path. A node
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Fig. 1. Example best path, 1-hop braid, and 2-hop braid between a source
(s) and destination (d).

using DSR automatically adds all source routes contained in
any overheard route requests, route replies, or data packets
to its route cache, as well as all sub-paths contained within
those routes. Thus, nodes using DSR already have 1-hop braid
information in their route caches, and so no additional control
overhead is incurred. Some additional control overhead may
be necessary, however, to construct a k-hop braid for k > 1.

To understand how to use a braid for routing, suppose that a
node i experiences a link break to a node j while transmitting
a packet. In DSR, first, any routes in node i’s route cache that
use the link from node i to j would be deleted. Then, a route
error would be broadcast indicating that the link from node i
to j is broken. Finally, node i would attempt to salvage the
packet by checking for an alternate path to the destination.

As in DSR, braid routing would also first delete any routes
in node i’s route cache that use the failed link. Next, unlike
in DSR, node i would check its route cache for a braid path
to any of the remaining nodes on the packet source route (not
just for an alternate path to the destination). If no braid path
is available, braid routing defaults to the DSR procedure of
broadcasting errors (and re-constructing the path, if there are
further packets to send). The frequency with which this occurs
determines T . If a braid path is available, the packet is sent out
over the first hop of the braid path. The packet will still contain
the broken source route, but the packet itself will be flagged
as a braid packet so that the source route contained in the
packet is not added to the route caches of nodes overhearing
or receiving the packet. A node k recognizes that it is a “braid
node” whenever it receives a packet destined for itself and
node k is not included in the packet source route. Whenever
node k recognizes that it is being used as a braid node, node
k will forward the packet to the appropriate next hop in the



packet source route.

III. RESULTS

We use QualNet, with N nodes moving in a 2000m×2000m
area according to Gauss-Markov mobility [4]. Mobility traces
were generated using BonnMotion [1] and fed into QualNet:
we set the angle standard deviation to 1 radian, the maximum
node speed to 2 m/s, the minimum node speed to 0.5 m/s, the
speed standard deviation to 0.2 m/s, and the speed and angle
update frequency to 100s; nodes bounce at boundaries. Simula-
tion runs are of 1,000,000s; an additional initial 200,000s was
removed for the transient phase. To model network traffic, we
use one constant bit rate flow between two nodes; one packet
is generated every 0.25s (4,000,000 packets total). The MAC
protocol is 802.11b and the connectivity range is 400m.

Figure 2(a) compares the number of link failures for DSR
and braid routing, and also shows the number of braid paths
attempted by braid routing. As the node density increases,
Figure 2(a) shows that the number of link failures increases for
both algorithms and that braid routing also attempts more braid
paths. Figure 2(a) also shows that braid routing has more link
failures: we believe that this is due to braid routing attempting
braid paths which eventually fail, in addition to attempting
links on the DSR shortest path which also fail.

Next, Figures 2(b) to (d) show the breakdown of the total
control overhead incurred for each algorithm according to
route errors, requests, and replies. Observe that the route error
plots in Figure 2(b) are similar in shape to the link breakage
plots in Figure 2(a). This is because link breakages signifi-
cantly determine the amount of control overhead incurred by
an algorithm. Figures 2(a) to (d) then show for N ≤ 40 that
DSR and braid routing incur about the same amount of control
overhead. As node density further increases, however, DSR
incurs increasingly more control overhead than braid routing,
with DSR incurring about 25% more total control overhead for
N = 80. Figures 2(b) to (d) indicate that braid routing reduces
not just route errors, but also route requests and replies.

Next, Figure 2(e) compares the delivery ratios for DSR and
braid routing. Figure 2(e) shows that for both algorithms, as
the node density increases, the percentage of packets delivered
increases. For higher node densities, braid routing delivers
slightly fewer packets than DSR: this is due in part to braid
routing’s use of longer braid paths which also eventually fail.

Finally, Figure 2(f) compares the average packet delay for
DSR and braid routing. Figure 2(f) shows that for both algo-
rithms, as node density increases, the average delay decreases.
The average delay, however, decreases significantly more for
DSR than it does for braid routing: again we believe this is
due to braid routing’s use of longer braid paths.

IV. SUMMARY

This paper investigates the control overhead incurred by
DSR and braid routing. Comparing with DSR, we show that
braid routing can significantly decrease control overhead while
only minimally degrading the number of packets delivered,
with gains dependent on node density.
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Fig. 2. Performance of braid routing vs DSR. 95% confidence intervals are
shown, computed over 10 simulation runs.
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