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Abstract

Much effort has gone into mobile ad-hoc network
(MANET) research over the past decade. Yet, even to-
day, mobile ad-hoc networking is seen as a relatively
new area of research. The reason for this can be traced
to the fact that the maturity in truly understanding these
networks is still alarmingly low and actual deployment
of these networks rare. In this paper, we investigate
the reasons for this lack and suggest ways for overcom-
ing the shortcomings. We then describe four sub-topics
in ad hoc networking that have not received much at-
tention, but are crucial for making real deployment of
MANETs feasible.

1 Introduction

Ad hoc networking is often seen as a fairly new area
of research. The first entities resembling ad hoc net-
works can however be found as early as 1972 in the
form of Packet Radio Network (PRNET), sponsored by
the US Department of Defence. While military orga-
nizations continued to pursue various forms of ad hoc
networks, such networks never reached beyond the mil-
itary sphere for the first couple of decades after their
conception. In the mid 1990s, the advent of new wire-
less communication technologies available to the gen-
eral public at affordable prices, such as IEEE 802.11
and Bluetooth, spurred a new and wider interest in ad
hoc networking. Since then, the interest in ad hoc net-
works and the research community surrounding it has
continued to grow. The largest focus of the research has
been on routing, but other areas such as power aware-
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ness, quality of service and scalability have also been
addressed.

However, there still remain many interesting prob-
lems in ad hoc networking research that have not been
addressed to the fullest extent, which will lead to much
interesting research in the future. In this paper, we out-
line our vision of future ad hoc networking research.

In Section 2, we have identified some fundamental
flaws in the assumptions and methodology used in most
ad hoc networking research today. We consider these
problems of such a serious nature that if not properly
addressed they can compromise the validity of the ad
hoc networking research field. We then describe three
subfields within ad hoc networking that we believe have
not received enough attention, and will be crucial for
actual deployment of real life ad hoc networks.

In Section 3, we discuss the need for solutions to
allow MANET access to the Internet, and interopera-
tion of MANET protocols with Mobile IP. Even though
there exist scenarios such as military operations where
pure ad hoc networking within a limited group is de-
sirable, a more common situation is that users want
to communicate outside the group of nodes currently
present to for example access content on the Internet.
Therefore it is crucial to develop methods that allow for
such uses of ad hoc networks.

It is also very likely that ad hoc networks will not
always be dense enough to always have fully connected
paths between source and destination of a flow. There
are however still plenty of applications that can benefit
from the networking possibilities of such intermittently
connected networks. In Section 4, we discuss some of
the communication requirements in such networks and
outline directions for future work in this area.

One major problem with wireless devices is that they
are usually battery powered, and therefore it is essen-
tial to use the power in an efficient way to extend the
lifetime of the devices and thus also the networks they



create. Section 5 addresses methods for doing topol-
ogy control to allow nodes to reduce their power con-
sumption by excluding expensive (in terms of power
consumption) links from the routes used, and also looks
into creating topologies that minimize the interference
among nodes, which also indirectly reduces the power
consumption. This is also of great importance as the in-
herently shared nature of the wireless medium causes
scalability problems due to interference as networks
grow in size. Finally, Section 6 concludes.

2 Ad hoc Research is too Ad hoc!

Considerable effort has gone into studying mobile ad
hoc networks (MANETs) over the past decade. New
protocols at different layers of the stack have been pro-
posed and studied. However, the maturity in truly un-
derstanding these networks is still alarmingly low and
actual deployment of these networks rare. The lack
thereof can be traced to three related shortcomings:

Inappropriate paradigm: Many existing ad hoc net-
working solutions are based on mapping these net-
works to the wired network paradigm of nodes
and links. Wireless links are not physical entities
and rather represent a portion of the shared elec-
tromagnetic spectrum. Nodes in a MANET share
the communication spectrum with their neighbors
leading to complex interdependences. The use
of the inappropriate wireline paradigm has greatly
hampered development of useful solutions.

Research methodology: Most of the previous
MANET research focuses largely on simulation-
based analysis or theoretical study. Very little
has been done in terms of actual implementation
and testing of protocols in real-life ad hoc net-
works. Lack of realistic modeling of the wireless
communication environment and inappropriate as-
sumptions in simulation has often led to inaccurate
assessment of these networks. The performance
of MANET protocols has been found to degrade
drastically in real-life settings [4], in some cases
making effective data communication impractical.
The unstable behavior is often attributed to the
fact that higher layer protocols do not account
for the unreliable physical layer. For designing
solutions to overcome such transversal problems,
the traditional strict-layering network model
is not well suited. We strongly believe that a

cross-layering protocol stack architecture that
allows protocols at different layers to ”cooperate”
in sharing information and exploits the potential
improvement in performance that lies therein will
be beneficial. More experience with experimental
evaluation of MANETs is necessary.

Lack of good abstract models: Most of the analytical
models characterizing MANETs are still prema-
ture. Better models are needed for simplifying ad
hoc network research without greatly compromis-
ing the accuracy. For example, many existing mo-
bility models are unrealistic (e.g., geared at emu-
lating random node movement) or require too de-
tailed parameterization (e.g., individual node ve-
locities) leading to considerable increase in the
complexity (often observed as extremely long sim-
ulation run time). It would be preferable to have,
for example, a stochastic model that abstracts de-
tails such as node velocities, relative position of
nodes, and terrain and translates those into a time-
varying network state function.

3 Internet Connectivity of Ad hoc
Networks

As discussed in Section 1, users are likely to desire the
ability to access the wired Internet even when on an ad
hoc network. This section examines a solution for con-
nectivity of ad hoc networks to wired IP networks and
the Internet called Global Connectivity.

In the global connectivity proposal, we address the
following challenges:

• Use of Mobile IP (MIP) to manage node mobility
between ad hoc networks.

• Should the gateway use advertisements or should
mobile hosts (MH) request advertisements by so-
licitation?

• How to discover a correspondent host (CH) being
in the ad hoc network or in the wired IP network?

• Ways to connect to a default gateway (tunneling
etc.).

The majority of proposals for gateway connectivity
use the same gateway for all traffic to and from an MH.
The performance of gateways may differ depending on
the CH’s location and the load of gateways and routes.



Therefore, new solutions need to address the dynamic
behavior of wireless links. In existing solutions, the
route selection is usually based on the hop count and
the gateway with the minimum hop count is selected.
In case of a tie, the gateway from which the message
was received first is selected. This means that the time
factor plays a role when setting up the route only in case
of a tie, but not otherwise. Considering that some routes
may become more congested than others after this deci-
sion there is a need to continuously monitor the perfor-
mance. It may be that a 3 hop route performs better than
a 2 hop route. In existing networks, most network traffic
is to destinations outside a LAN. The 20/80 ratio used to
classify today’s network traffic indicates that 20% of the
network traffic is within that LAN, and 80% of the traf-
fic is to destinations outside the LAN. This means that
80% of the traffic has to go through the gateway. Based
on this the network layer performance should be used
to discover the performance to a gateway, both when
multiple gateways are available as well as when an MH
has multiple paths to a gateway. A metric that can be
used to discover the distance to the gateway as well as
the load of a route is to use advertisements sent by the
gateway into the ad hoc network. A proposal is to use
the variance in arrival times of advertisements to eval-
uate the degree of links load. Equation 1 calculates the
mean value x̄n of the time between arrivals of advertise-
ments and (2) calculates the variance Vn of the arrived
advertisements.
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The history window (h), x0, and V0 are initialized as
follows: 1

h
∈ (0, 1], V0 = 0, x̄0 = defined advertise-

ment time. The difference in time of arrived advertise-
ments, xn is calculated as xn = tn − tn−1.

4 Sparse and Intermittent Con-
nectivity

Current research on ad hoc networks has mainly fo-
cused on connected networks where it is always possi-
ble to find a contiguous path between source and desti-
nation. There are however a number of scenarios where
network partitioning is rather common, which renders
regular ad hoc routing and transport protocols useless.

There has been some research on routing in purely in-
termittently connected networks [3, 5] where all com-
munication is local between peering nodes and the mo-
bility of nodes is used to bring messages closer to their
destination as shown in Fig. 1. It has also been shown
that such mode of communication can improve the the-
oretical capacity of a network [2]. Total disconnectiv-
ity as discussed in those papers, where the normal sta-
tus of a node is to have no neighbors, and other nodes
are only occasionally encountered may often not be the
case in wireless networks (especially since people tend
to gather in groups, instead of roaming around indepen-
dently and isolated from the rest of the world). It is
however likely that a sparse or intermittently connected
ad hoc network will consist of several disconnected
cliques of nodes that are connected (possibly through
multiple hops). While this also invalidates existing ad
hoc routing protocols, the routing protocol now needs to
discover the node within the currently connected clique
that is best suited for delivering a particular message to
its destination.
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Figure 1: Transitive communication. A message
(shown in the figure by the node carrying the message
being shaded) is passed from node A to node D via
nodes B and C through the mobility of nodes.

We have previously proposed PRoPHET [3], a prob-
abilistic routing protocol for intermittently connected
networks. This routing protocol makes use of the non-
random characteristics of node mobility to establish the
probability that a node that is encountered is likely to
bring a certain message closer to its destination. This



information is then used in the decision on whether or
not to forward the message to the encountered node. It
has also been shown that the use of this kind of infor-
mation improves performance over a network where a
pure epidemic routing [5] is being used. The PRoPHET
routing protocol is currently only targeted at networks
where disconnectivity is the norm. We aim at taking
this work further and use the techniques developed in
conjunction with existing ad hoc networking protocols
to develop a protocol that is able to provide efficient
communication in partially and sparsely connected ad
hoc networks.

5 Reducing Interference through
Topology Control

In MANETs, given that most nodes run on limited bat-
tery power, the “energy-efficiency” of the network often
determines its lifetime. One way to reduce the power
consumption and improve network longevity is topol-
ogy control, a method to choose a suitable topology
to be used for message routing in the network. This
is done by selecting a subset of the available edges
in the graph G = (V, E) to form a reduced graph
GTC = (V, ETC). The main target of a topology con-
trol algorithm is to remove longer links from the net-
work in order to force the nodes to use several shorter
hops instead, using a lower transmission power and sav-
ing energy. On the other hand, if too many edges (or
the wrong selection of edges) are removed, the paths
become unacceptably long with respect to the number
of hops, and the network may become disconnected or
may offset the gain of reducing the transmission power.

Reducing interference in the network leads to fewer
collisions and packet retransmissions, and therefore re-
duces power consumption indirectly. Therefore, one
important goal of topology control is to reach a topol-
ogy that gives low interference. Previous work in topol-
ogy control, such as [6], assumes that a low node degree
in the network implies low interference. However, in [1]
it is shown that a network with a maximum degree of 2
can lead to high interference as well. Also, choosing
only to use the connections to the nearest neighbor can
result in interference much higher than for the optimal
solution as can be seen in Fig. 2. The conclusion of the
paper is that interference is a factor that must be specif-
ically addressed, rather than purely relying on sparse
topologies.

pq

r

Figure 2: Sometimes a shorter link (p → q) results in
more interference than a longer alternative link (p → r).

A node encounters interference when it overhears
a message intended for another recipient. As node u

sends a message to node v, all nodes within a disk with
center u and radius |u, v| will experience interference.
In [6], the interference of an edge (u, v) is defined as
the number of nodes that experience interference when
u sends to v or vice versa. The interference of a graph is
defined as the maximum interference of an edge in the
graph. However, in order to minimize the interference
in a graph according to this model, the paths will grow
in length and number of hops. This will increase the
delay as well as the power consumption, defeating the
original purpose of topology control.

Another approach is the view that every edge in a
path between sender and receiver node contributes to
the total interference of the path. It would be possible
for an algorithm to minimize the interference according
to this model while still being an energy spanner, i.e.
the energy cost of any path in GTC is no more than a
constant factor greater than the energy cost in G.

6 Conclusions

To make concrete progress in MANET research in the
future, researchers need to look beyond existing design
paradigms and evaluation methodlogies. In this paper,
we have outlined ways to achieve this and described
sub-areas that should be addressed before successful
deployment of wireless ad-hoc networks can be feasi-
ble.
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