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Routing for Data Delivery in Dynamic Networks
Padma Mundur, Sookyoung Lee, and Matthew Seligman

Abstract- In this paper, we present a routing algorithm for a
class of dynamic networks called the Delay Tolerant Networks
(DTNs). The proposed algorithm takes into account the
quintessential DTN characteristic namely, intermittent link
connectivity. Assuming a store and forward type of network
transfers, our main objective in designing routing algorithms for
such an environment is to maximize the number of delivered
messages subject to storage constraints on intermediate nodes.
We modify the simple breadth first search (BFS) algorithm to

take into account link activation/deactivation and find the quickest
route possible between source and destination nodes. We adopt a
message drop policy at intermediate nodes to incorporate storage
constraint into data delivery. We also introduce the idea of storage
domain where a few connected nodes act as a single storage unit
by sharing the aggregated storage capacity of the nodes in the
domain. We evaluate the routing algorithm with and without
storage domain in an extensive simulation for two types of network
topologies - flat and layered. We implement the proposed routing
algorithm in ns2 and present an extensive performance analysis
using metrics such as delivery ratio, incomplete transfers with no
routes and dropped messages. The most significant simulation
result shows that routing with storage domain mitigates the
storage bottleneck at a gateway node for a layered network
topology. For instance, the delivery ratio for storage capacity of 10
with storage domain surpasses the delivery ratio for storage
capacity of 20 without storage domain.

Index Terms-Delay Tolerant Network (DTN), Quickest
delivery algorithm, and Storage domain algorithm

I. INTRODUCTION

T HE topic of this paper is the efficient data delivery
mechanisms in dynamic network topologies with

intermittent links. Specifically, we will focus on the design and
development of routing algorithms for a class of networks that is
distinctly different from the traditional TCP/IP-based networks.
The class of dynamic networks under consideration is also
referred to as delay tolerant or disruption tolerant networks
(DTNs). As network technologies have evolved over the years,
many non-traditional networks have been developed for
instance, wireless, sensor, and mobile ad hoc networks.
Reliance on infrastructure-based networking seems to be slowly
eroding as we discover potential uses for these self-configuring
networks. Applications for these networks range from military
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combat situations to civilian applications of vehicle-based
mobile data centers; disaster relief situations where fixed
infrastructure may have been destroyed; a commuter bus as it
moves through rural areas provides connectivity by acting as a
store and forward switch. Some industries are anticipating
advanced vehicle-to-vehicle and vehicle-to-enterprise
capabilities to set up vehicle-based mobile datacenters
[www.erpdaily.com/news/2005], particularly useful for law
enforcement surveillance vehicles.
DTNs are an emerging class of networks that define a new

approach and a framework to provide networked services in
non-TCP/IP networks, sometimes also referred to as
"challenged" networks. Some unique challenges arise as we
move away from the underlying assumptions for traditional
IP-based networks [W03]. For TCP/IP protocols to work, there
must be an end-to-end path between the source and the
destination and the round trip delays must be small enough that
there can be a "conversation" about the data transfer between
the source and the destination. Neither of these assumptions is
valid in a DTN -- intermittent connectivity makes it difficult to
guarantee an end-to-end path for an ongoing data transfer and
long round trip delays make it impossible to provide
acknowledgements and retransmissions. The proposed DTN
architecture offers a set of choices to counter these challenges:
messages versus stream of packets; hop-by-hop delivery with
optional in-network storage versus end-to-end routing. Given
these new operational semantics, efficient data delivery
becomes an important design issue with the objective of
maximizing delivery, minimizing buffer/storage usage, and
minimizing overhead due to routing protocols.

In this research, our objective is to design and develop
efficient routing algorithms, protocols and other support
services that take into consideration the absence of a
simultaneous end-to-end path and long network delays. For this
paper, we focus on developing routing algorithms. Assuming a
store and forward type of data transfers, our main objective in
designing routing algorithms is to minimize the delay subject to
storage constraints on intermediate nodes connected by
intermittent links. Just this simple formulation of the routing
problem raises some important design considerations: (1) nature
of disconnections - predictable or random; (2) links activated
by mobile nodes with opportunistic intent for data delivery; (3)
policies that govern message rejections and conservation of
storage for more important messages - priorities and class of
service; (4) congestion control - unlike IP-based network,
congestion in DTNs manifests as lack of available storage on
intermediate nodes due to high usage on a particular route.

In this paper, we present a routing algorithm that assumes
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