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Abstract—The design of routing protocols for wireless ad-
hoc networks is guided by the dual requirements of throughput
optimality and minimum delay. Lately, there has been a move-
ment from the traditional routing approach, which identifies a
best path to the destination before transmission and routes all
the packets through it, to eppoertunistic approaches which make
routing decisions adaptively based on actual transmission out-
comes, We compare the stable rate region of both the approaches
and find, interestingly, that opportunistic routing schemes do
not always support a larger stable-rate region than traditional
routing protocols. Backpressure based schemes are known to
be throughput optimal but compromise on delay performance
instead. We study the behavior of various schemes and propose
a routing policy that considers both the goals of throughput
optimality and minimizing expected delay in its design.

Index Terms—Backpressure routing, stochastic control, dy-
namic programming, opportunistic routing, wireless ad-hoc net-
works

[. INTRODUCTION

Tn this paper, we look at the problem of designing routing
protocols for multi-hop wireless ad-hoc networks. Consider
the case where there are multiple traffic streams originating
at different sources but are intended for a single destination.
Each node is faced by the resource allocation decision between
sending its own traffic versus forwarding another node’s traffic.
Given the link capacity constraints of the network, we want
to route traffic in a way such that the traffic supported by the
network is maximized. In addition, it is desirable to minimize
the end to end routing delay, esp. for applications with strict
Quality of Service (QoS) requirements. This problem is further
made challenging by the artifacts of a wireless scenario like
interference, node mobility and unreliability of the links due
to fading and noise. To optimize the above dual objectives
of throughput and delay performance, routing protocols must
account for the interplay and the tight coupling between
routing and congestion in the network.

Lott and Teneketzis [1] were among the first to introduce
opportunism in the context of wireless multi-hop routing. Inde-
pendently, Larsson proposed an implementation and protocol
suite for Selection Diversity Forwarding (SDF) in [3]. In
both of these papers, the source identifies a set of potential
forwarders and multicasts the message to them. The successful
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recipients respond with ACKs. The source identifies the best
amongst these receivers, according to some predefined criteria,
and sends a forwarding order to it. Hence, the actual routing
decision is made after transmission of data. To obtain analyt-
ical guarantees regarding convergence and optimality, [1] and
[2] suggest a distributed dynamic programming formulation in
case of time-invariant criteria such as hop-count, transmission
rate, and transmission energy for making the final forwarding
decision. On the other hand, [3] suggests various time-varying
criteria, like forward progress, cost progress, queue backlogs
ete, for making the final forwarding decision without providing
analytic results. Extremely Opportunistic Routing (ExOR) [4]
picks the forwarder with the smallest ETX [5], i.e. the expected
number of transmissions on the shortest path to the destination.
The key contribution of [4] is the design of an efficient agree-
ment protocol which can build on 802.11 standard-compliant
hardware and further, demonstration of throughput gains over
traditional routing in hardware tests. Geographic Routing and
Forwarding {GeRaF) [6] is yet another opportunistic scheme in
which the smallest geographical distance from the destination
is used as the forwarder selection criterion.

In all proposed opporturistic protocols, routing decisions
are made adaptively, choosing the best next hop for each
packet based on actual transmission outcomes. As opposed
to wired networks where connectivity is limited by physical
wiring, wireless networks have an inherently broadcast nature.
Earlier, overhearing a message by those other than the intended
recipient was considered as interference and detrimental to
the network performance. Opportunistic routing turns this
belief around and uses this multi-receiver diversity to boost
network throughput. Some of the key arguments in the favor
of opportunistic routing are

o It can account for instantaneous fluctuations in channel,
queue conditions etc to adaptively avoid the bad paths
and choose the best ones.

s Traditional shortest path routing sticks to the best path
In an average sense, but opportunistic routing gains by
exploiting any lucky transmissions that go unusually far.

s As opportunistic routing exploits multicast, the probabil-
ity of at least one node hearing the message is always
higher than the probability of the best node hearing it and
this buys us throughput gain. This can also help distribute
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