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Abstract

Provisioning of rich routing building blocks to mobile
ad-hoc networking applications has been of high interest.
Several MANET applications need flexibility in describing
paths their traffic will follow. To accommodate this need,
previous work has proposed several viable routing schemes
such as Dynamic Source Routing (DSR) and Trajectory­
Based Routing (TBR). However, tradeoffs involved in the
interaction of these routing schemes and the application­
specific requirements have not been explored. Especially,
techniques to help the application to do the right routing
choices are much needed. We consider techniques that min­
imize routing protocol state costs under application-based
constraints. We study the constraint of "accuracy" of the
application's desired route, as this constraint provides a
range of choices to the applications. As a crucial part
of this optimization framework, we investigate the trade­
off between the packet header size and the network state.
We, then, apply our framework to the case of TBR with
application-based accuracy constraints in obeying a given
trajectory. We begin with simple discrete models to clarify
the tradeoff between packet header size and network state.
We show that the problem of accurate representation of a
trajectory with the objective ofminimizing the cost incurred
due to header size and network state is difficult to solve op­
timally. Finally, we develop heuristics solving this problem
and illustrate their performance.

1. Introduction

As the reach of networked devices increases, the network
infrastructure needs to support application-specific designs
due to the increased variety of reached applications. This
need emphasized in sensor networks, especially in routing
functions provided by the network. To accommodate vari­
ous application-specific routing needs, the expressiveness of

the routing interface must be at sufficient level. The typical
wireless routing interface has been a shortest-path interface
with simplistic primitives: Send (src, dst, data)
and Receive{src,dst,data). Recently, there
have been a lot of efforts in improving this in­
terface with an "options" argument in the primi­
tives, i.e., Send{src,dst,data,options) and
Receive (src, dst, data, options). Recent work
[2, 6] tackled this problem in the general routing context
without customizing it for multi-hop wireless routing.

In terms of application-specific routing functions, previ­
0us work showed that very flexible routing functions can
be implemented [7, 32] by using network-specific proper­
ties such as geographic routing [13] capability. Such rout­
ing functions enabled application-specific traffic engineer­
ing [15], e.g., load-balancing among multiple paths instead
of a single shortest-path. On the other side, over a network
where several routing options are provided, applications
face the problem of selecting the right options and appro­
priately identifying its constraints, such that applications'
goals are met. Some recent work pinpointed the complexity
of this issue within limited contexts, e.g., mimimal/maximal
exposure path selection [9].

Though provisioning of rich routing building blocks to
multi-hop wireless networking applications is of high inter­
est, application-specific requirements and constraints em­
phasize the challenge of designing routing schemes. It is a
major challenge to include application-based "constraints"
(which can be of various type such as path quality, path ac­
curacy, and path cost/price) as an additional argument to
the routing primitives, which we investigate in this paper.
In particular, we investigate tradeoffs involved in the inter­
action between wireless routing and the application-specific
constraints. Especially, low-complexity techniques to help
the application to do the right routing choices are much
needed, as the time to make such routing decisions is very
minimal for mobile nodes [27]. We outline an optimiza­
tion framework where various inter-layer design problems
can be formulated, e.g., minimization of routing state un-
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2. Related Work

Figure 2. Ideal, approximate, and actual tra­
jectories.

Thus, to reduce the computational time requirements of our
solution, we map the problem to a genetic algorithm and
design two heuristics as well.

In brief, contributions of this paper include:
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• An optimization framework to minimize routing state
under application-based constraints. We applied this
framework on the particular problem of minimiz­
ing TBR state under application-based accuracy con­
straints.

• Formulation of the trajectory approximation problem.
We formulated the problem of generating an approx­
imate trajectory within an application-defined error
bound such that TBR state (i.e., the aggregate of packet
header length and network/router state) is minimized.

• Proofthat the trajectory approximation problem is NP­
hard.

• Solutions to solve the trajectory approximation. We
designed an exhaustive search algorithm, a genetic al­
gorithm, and two heuristics to solve the trajectory ap­
proximation problem.

• Customized the trajectory approximation problem for
power-scarce networks. We increased the perceived
cost ofpacket header length and illustrated how the ap­
proximate trajectories should be changed in a power­
scarce network.

There has been a lot of recent interest mobile ad-hoc net­
works (MANETs) [11, 20, 24, 3, 13, 14], and sensor net­
works. Main focus of MANET research has been on scal­
ability and complexity issues raised due to underlying dy­
namism, specifically on routing. Routing tackles the prob­
lem of establishing an indirection from a persistent name
(or ID) to a locator. In today's routing, this indirection

The rest of the paper is organized as follows: First
in Section 3, we describe the TBR in detail. We out­
line the problem of approximating an ideal trajectory under
application-specific accuracy constraint in Section 4. Then,
Section 5 details four methods to solve the approximation
problem. We present results of our simulation experiments
in Section 6 and summarize our work in Section 7.
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Trajectory-based Routing (TBR)

Figure 1. Trajectory-Based Routing (TBR)
framework.

der application-specific path constraints. Our optimization
framework opens the doors for finding the right tradeoffs in
function placement among the application and the routing
layers, such that the overall cost of two conflicting goals is
minimized: (i) accommodating application's end-to-end re­
quirements with maximum quality and (ii) performing rout­
ing with minimum state and resource costs.

We base our study to the key optimization problem of
minimizing routing state costs under application-specific
constraints. Specifically, we formulate the problem of min­
imum cost (Le., the state to be stored) trajectory-based rout­
ing (TBR) [7, 32] under application-specific constraint of
"path accuracy". That is, we consider an application which
desires its packets to follow a trajectory with a bounded er­
ror in obeying the trajectory. We illustrate how such a con­
straint can be quantified and be used in our optimization
framework. In TBR, as shown in Figure 1, the applica­
tion at the source node embeds a desired "ideal trajectory"
into packets' headers. This ideal trajectory is to be followed
by the packets. The intermediate nodes are assumed to be
able to decode the ideal trajectory from the packet header
and decide which neighbor to forward the packet next such
that the packet obeys the ideal trajectory as much as pos­
sible. Though TBR is a good routing option, the decision
to select the next neighbor optimally can be time consum­
ing which breaks the basic premise of simple packet for­
warding. Thus, approximating the ideal trajectory is needed
so that the nodes can work on the "approximate trajectory"
rather than the ideal trajectory which can be quite compli­
cated depending on the application needs. The approximate
trajectories can be a concatenation of several pieces of "easy
to handle" trajectories such as a line, a third order polyno­
mial curve, or a Bezier curve. Then, this approximate tra­
jectory is used to make forwarding decisions for the "actual
trajectory/route", as illustrated in Figure 2.

We formulate the trajectory approximation problem as a
combinatorial optimization problem, and show that it is NP­
hard. In our formulation, we allow a number of representa­
tions to be used to approximate a portion of the trajectory,
such as straight lines, polynomial curves, or Bezier curves.
We carry the trajectory approximation problem on a dis­
crete space and outline an exhaustive search algorithm (with
pruning) that guarantees finding the global optimum. Since
this trajectory approximation is supposed to be frequently
performed (Le. whenever there is data to be sent with TBR)
at the source node where the application resides, the com­
putational complexity of the solution is of high importance.
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