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Abstract
Routing in Delay Tolerant Networks (DTN) is a challenging 
problem because at any given time instance, the probability that 
there is an end-to-end path from a source to a destination is low. 
So, ensuring stable end-to-end transmissions is very challenging in 
sporadic network environments such as Delay Tolerant Networks 
(DTN) where future node connections are uncertain. Since the 
future node connections are mostly unknown in these networks, 
opportunistic forwarding is used to deliver messages. Inspired 
by human mobility traces, previous opportunistic forwarding 
technique that uses conventional intermeeting time to deliver 
messages was replaced by Conditional Shortest Path Routing 
(CSPR) protocol that uses conditional intermeeting time as the 
link metric that ensures higher delivery rate and lower end-to-end 
delay compared to the shortest path based routing protocols. By 
requiring a priori connectivity knowledge, appear infeasible for 
a self-configuring network. In this paper, we present a routing 
protocol that only uses observed information about the network. 
We designed a metric that estimates how long a message will 
have to wait before it can be transferred to the next hop. When 
connections are established then routing is recomputed. Later, 
Messages are exchanged if the topology suggests that a connected 
node is “closer” than the current node.
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I. Introduction
Delay Tolerant Networks (DTN) [1-2], also called as Intermittently 
Connected Mobile Networks (ICMN), are wireless networks in 
which at any given time instance, the probability that there is 
an end-to-end path from a source to a destination is low. This is 
caused by the high mobility and low density of the nodes in the 
network [8].
With the advent of DTNs, store-carry-and-forward paradigm has 
been widely applied to routing. When a node has a message but no 
connection to any other node in the network, it stores the message 
in its buffer and carries the message until it meets a new node that 
does not have this message. If the encountered node is assessed 
to be useful in the delivery of the message, then the message is 
transferred to it.
Delay-Tolerant Networks (DTNs) have the potential to connect 
devices and areas of the world that are not well-served by current 
networking technology. Instead of relying on end-to-end network 
connectivity, DTNs take advantage of temporary connections 
to relay data in a fashion similar to the postal network. Current 
DTN-like networks have been built using static routing. This is 
an effective approach for small networks with simple topologies. 
However, the benefit of these networks will increase if they can 
be scaled to service larger areas. To achieve this goal, routing 
protocols are needed to automate network configuration.
In this paper, we present a routing protocol designed to be easy to 
deploy in order to accelerate the use of DTNs based on observed 
information about the network. This philosophy led to three design 
goals. First, the protocol must provide acceptable performance 
over a wide variety of connectivity patterns. Second, it must make 

efficient use of buffer and network resources, being scalable with 
the number of messages delivered. Finally, the routing must 
be self-configuring. This is critical for equipment that may be 
deployed far from network experts, and to maintain connectivity 
in the face of failure. We designed a metric that estimates how 
long a message will have to wait before it can be transferred to 
the next hop. When connections are established then routing is 
recomputed.

II. Related Work
One of the earliest proposals for routing in disconnected networks 
is epidemic routing [3]. It relies on replicating messages through 
random exchanges between nodes until all nodes have a copy 
of every message. Each node has a buffer where it stores these 
messages. When it comes into contact with another node, the 
two nodes exchange messages until their buffer contents are 
synchronized. This approach can achieve high delivery ratios, 
and operates without knowledge of the communication pattern. 
It is well-suited to networks where the contacts between nodes 
are unpredictable. Unfortunately, it is very expensive in terms 
of the number of transmissions and buffer space. In particular, 
it does not appear that this approach can scale as the number of 
messages in the network grows.
An approach that uses a single copy of each message is presented by 
Jain et al. [4]. They assume that the contact schedule is completely 
known in advance, and use this knowledge to create a number 
of routing metrics. Their results show that the efficiency and 
performance increases with the amount of information used for the 
metric. The weakness of this approach is that each node must have 
access to accurate schedule data. To provide this information, the 
routing must be manually configured with the contact schedules, 
which must be repeated each time the schedule changes.
Handorean et al. explore alternatives for distributing connectivity 
information, but they still assume that each node knows its own 
connectivity perfectly [5]. From the analysis of these traces 
performed in previous work, we have made two key observations. 
First, rather than being memoryless, the pairwise intermeeting 
times between the nodes usually follow a log-normal distribution 
[6]. Therefore, future contacts of nodes become dependent on the 
previous contacts. Second, the mobility of many real objects is 
non-deterministic but cyclic.
The Prophet algorithm [7] operates in a similar way as Epidemic 
Routing does. When two nodes meet, they exchange summary 
vectors as it is in Epidemic routing, but in this case an additional 
piece of data called delivery predictability information is also 
exchanged between the nodes. Here the delivery predictability 
information is a probabilistic metric. The basic difference of 
Prophet than Epidemic Routing is its forwarding strategy. When 
two nodes meet, Prophet allows the transfer of a message to the 
other node only if the delivery predictability of the destination of 
the message is higher at the other node. 

III. Path Metric
In a DTN, the primary requirement is that messages are reliably 
delivered. So, Paths must be carefully selected to extract the best 
performance from a network. Unfortunately, it is not clear how 
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a metric can be constructed to directly maximize delivery ratio 
along a path. To resolve this problem, we want to minimize the 
end-to-end delay which automatically reduce amount of time a 
message occupies buffers in the network and also reduce buffer 
over flow.
In a delay-tolerant network, the end-to-end delay has four 
components.

Queuing delay: the data queued ahead of the current message • 
must be delivered.
Waiting time: the message must wait for the next contact • 
to arrive.
Transmission delay: The message must then be transmitted.• 
 Latency: the signal must propagate to the next hop.• 

In this paper, we propose minimum estimated expected delay as 
a metric. Instead of computing the expected waiting time using 
the future contact schedule, our metric uses the observed contact 
history. To compute this metric, a node records the connection 
and disconnection times of each contact over a sliding history 
window. The sliding window size is a tuning parameter that can 
be adjusted independently at each node. This metric differs from 
previous work because it tries to make a reasonable prediction 
about aggregate mobility over the period of time it takes to deliver 
a message through the DTN.

IV. Proposed Routing Design
Shortest path routing protocol is our routing protocol for delay-
tolerant networks. Its design is based on routing in traditional 
networks, but some design decisions were modified according 
to new environment. Initially, we choose a path metric which 
was discussed in above section. Now, we discuss about routing 
decision and topology information distribution.
Source routing is a earliest and simple approach but it is inappropriate 
for delay-tolerant networks because as the message travels closer 
to the destination, the nodes will likely have more recent and 
accurate information about the destination’s connectivity. It seems 
that intermediate nodes can make better decisions than source. 
But making forwarding decisions at intermediate nodes is also 
not a good solution for DTNs, as changes to the topology could 
occur after the message arrives. This would result in the message 
waiting to be forwarded over a sub-optimal link.
In order to make routing decisions with the best possible 
information, we use per-contact routing. Per-contact routing means 
Instead of computing the next hop for a message in advance, the 
routing table is recomputed each time a contact arrives which 
assures that each routing decision is made with the most recent 
information.
Contacts that arrive infrequently have a high minimum expected 
delay because the waiting time is very long. Thus, the shortest 
paths will not use these links. However, these links might be 
very good when they are available. Since we recomputed the 
routing table when a contact arrives, we can take advantage of 
these links by temporarily assigning a cost of zero to any contact 
that is available. This”short circuits” the routing decisions made 
by the link state protocol, allowing messages to take advantage 
of good timing.
Per-contact routing combined with this temporary short circuiting 
is effective for delay-tolerant networks because it guarantees 
that decisions are always made with the most recent information 
possible, and it can take advantage of contact arrivals to make 
the routing more efficient.
Once we have costs for individual links, the information needs to be 
distributed throughout the network. We chose to implement a link 

state routing algorithm for two reasons. The primary reason is that 
there is a natural match between flooding in link-state algorithms 
and epidemic message distribution. Flooding distributes a copy 
of each link state table to all nodes.

V. Conclusion
Delay-tolerant networks (DTNs) have the potential to connect 
devices and areas of the world that are not well-served by current 
networking technology. In this paper, we present a routing protocol 
designed to be easy to deploy in order to accelerate the use of 
DTNs based on observed information about the network. This 
philosophy led to three design goals. First, the protocol must 
provide acceptable performance over a wide variety of connectivity 
patterns. Second, it must make efficient use of buffer and network 
resources, being scalable with the number of messages delivered. 
Finally, the routing must be self-configuring. This is critical for 
equipment that may be deployed far from network experts, and to 
maintain connectivity in the face of failure. We designed a metric 
that estimates how long a message will have to wait before it can 
be transferred to the next hop. When connections are established 
then routing is recomputed.
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