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Abstract 
In Delay Tolerant Networking (DTN) data can transfer in challenging environments where a fully connected 

end to end path may never exist between a source and destination. These networks deal with large transmission delays, 
frequently disconnected paths, high link & path error and limited resources. Modern Internet protocols exhibits 
inefficient performance in those networks where the connectivity between end nodes has intermittent property due to 
dynamic topology such as Mobile Ad-hoc Networks (MANET) or Vehicular Ad-hoc Networks (VANET). Network 
environment where the nodes are characterized by opportunistic connectivity are referred to as Delay Tolerant 
Networks (DTN). In this paper we compare some of the well-known routing protocols namely First Contact, Direct 
Delivery, Epidemic, Spray and Wait, Probabilistic Routing Protocol using History of Encounters and Transitivity 
(PROPHET) and MaxProp. We evaluated the DTN routing protocols performance in terms of three metrics: Delivery 
Probability, Average latency and Buffer Time  over simulation Time To better judge the performance of these routing 
protocols, the series of simulations are carried out in The ONE (Opportunistic Network Environment) simulator with 
program version of 1.4.1.  
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Introduction 
 DTN is a class of networks where no 
assumption regarding the existence of a defined path 
between source and destination. In MANET routing 
protocols, network is fully connected and there always 
exists a path between every node in the network, so 
traditional routing protocols for MANETS do not work 
well for DTNs. These types of protocols try to discover a 
full path between the sender and the destination before 
sending data. If path is not exists, protocols will not 
succeed to send any data. DTN architecture provides 
more robust networks against long delays, channel 
disruptions, and limited or intermittent connections. The 
key feature of DTN architecture store-carry-forwards 
paradigm, allowing the data to be stored until proper 
communications between nodes are established and data 
can be forwarded. One of the major properties of delay 
tolerant networks (DTN) is that there does not always 
exist a complete path from a source to a destination. 
DTN routing protocols appropriate the mobility of the 
nodes and buffering of messages. This also makes 
possible for a node to carry a message and in that way 
bridge partitions in the network. It knows as store-carry-
forward .When a message is created and stored in the 
source node, if a contact becomes available to a next-hop 
node the message is sent over this contact. Messages are 

stored at the new node until the destination node is 
found. DTNs applications examples are: Inter-planet 
Satellite communication networks, Sparse mobile ad hoc 
networks, Country-Side area networks, Military battle 
field networks, Wireless Sensor networks, Exotic Media 
networks [1]  

DTN architecture introduces a bundle layer 
between the transport and application layer, creating a 
store and-forward overlay network that allows the 
interconnection of highly heterogeneous networks. In 
this paper  Section 2 describes Delay Tolerant Network, 
Section 3 represents the classification of DTN Routing 
Protocols, Section 4 presents the Simulation Scenarios 
and analysis of obtained results and Section 5 indicates 
the Conclusion. 

 
Delay-Tolerant Networks 

DTN routing protocols are categorized in 
single-copy schemes and multi-copy schemes. The 
difference between these schemes is the number of 
copies of a message that may exist at the same time in 
the network. In Single-copy schemes, forwards a single 
copy of each message through the network. This is a 
resource efficient method, but it does not work properly 
in long delivery. While Multi-copy scheme forwards a 
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copy of each message to the network is called 
replication. In Multi-copy scheme several copies of the 
same message exists in the network, thus having a higher 
resource consumption compared to single-copy, but it 
gives lower delivery delays  because  the probability of 
finding the destination node is low when only on copy 
exist. [2]Direct Delivery and First Contact routing 
protocols are single copy protocols. In this scheme a 
node holds a message until it encounters the destination 
node.. Epidemic routing, Spray & Wait routing and 
PRoPHET routing are multi-copy scheme protocols so 
they require more buffer space.[3] 
 
DTN Architecture  
 The DTN architecture follows a method for 
interconnecting heterogeneous networks and this method 
use store-carry-forwards paradigm to overcome 
communication disruptions. It also provides services like 
electronic mail, but with enhanced naming, routing, and 
security capabilities. Nodes unable to support the full 
capabilities required by this architecture, may be 
supported by application-layer proxies acting as DTN 
applications.[4] 
 In store-carry-forwards paradigm, source 
node is forwarded a message to an intermediate node 
(fixed or mobile) thought to be more close to the 
destination node. The intermediate node stores the 
message and carries it while a contact is not available. 
The process is repeated, so the message will be relayed 
hop by hop until reaching its destination 
node.[3]Figure.1 describe the DTN overlay network 
architecture as below. 

 

 

 

 

 

 
Figure.1DTN Overlay Network Architecture 

 The bundle layer is called DTN nodes. It 
includes a hop-by-hop transfer of reliable delivery 
responsibility and optional end-to-end acknowledgement. 
Bundle layer provides internetworking on heterogeneous 
networks operating on different transmission media.[4] 
 
 
 
 
 

Classification of DTN Routing Protocols 
Direct Delivery Routing Protocol 

Direct Delivery routing protocol is single-copy 
scheme DTN routing protocols. In this routing protocol 
only one copy of each message exists in the network  and  
message is kept in the source and delivered only to the 
final destination node. The node carries messages until it 
encountered their final node.[10] 

In this method, the message is not forwarded to 
the nearby nodes. The source node does not forward the 
message to the intermediate nodes. It keeps the message 
with itself until it becomes directly contact to the 
destination node. It uses minimum bandwidth and 
network resources for message transfer. If the source 
node is fail, the message will be lost because there is 
only one message copy available in to the network, thus 
delivery probability is poor. [6] 
First Contact Routing Protocol 

First Contact routing protocol is also single-
copy scheme DTN routing protocols. In First Contact, 
the message is delivered to the node which is  
encountered first and deleted, being forwarded until it 
reaches to the destination node.[10]  

In this protocol the source node and the 
intermediate nodes forward a message randomly to 
nearby node which is encounter first. If any node comes 
first in to the radio range of the source node will be given 
the message. It doesn’t determine the next best hop 
moving to the destination. The message is forwarded 
randomly when two or more nodes come in contact with 
the source node at the same time. Local copy of the 
message is eliminated after successful transfer from one 
node to another node. Thus, a single copy of the message 
flows in the networks. In single copy scheme, if any 
intermediate node fails to carrying the message then that 
time the message will be lost. In this protocol delivery 
ratio is poor because the next hop is selected as 
randomly. [6] 
Epidemic Routing Protocol 

In Epidemic Routing Protocol does not require 
previous knowledge about the network. [7]Each node 
retains two buffers. First buffer is used for stored the 
messages. This is generated by the node itself. Second 
buffer is used for the message received from the other 
node. Each message has a unique message ID related 
with it. Each node carrying a list of the message IDs of 
all messages in its buffer and pending delivery is saved 
in form of summary vector. When two nodes are 
encounter, they comparing their summary vectors. Two 
nodes exchange all messages which they do not have in 
common. After the message exchanging process, 
multiple copies of the message flows in the network. 
Every node have same messages in their buffers and all 
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messages are spread to the every node in to the
including the destination node.[6]. 
Spray & Wait Routing Protocol 

Spray and Wait protocol produce an 
improvement over the Epidemic routing protocol by 
controlling the level of message spreading in the 
network. Similar to the epidemic routing, the spray and 
wait protocol assumes no knowledge of network 
topology and nodes mobility. The difference between 
this protocol and the epidemic routing scheme is that it 
only spreads L copies of the message. [6]
has two phases first phase is Spray phase and second is 
Wait phase. In the First Phase, all messages are activated 
at the source node and passed to L decided relays in the 
network. Source node spreads L copies of the message to 
the first L encountered nodes in the network. [8].
second phase, each node that received a c
message waits to meet the destination node to directly 
deliver the data. 
PRoPHET Routing Protocol 

In PRoPHET (Probabilistic Routing Protocol 
using History of Encounters and Transitivity) routing 
protocol, each node calculates a probabilistic metric 
called Delivery Predictability for each known destination 
before sending a message. Delivery Predictability 
indicates the probability of successful delivery of the 
message from the source node to the destination node.
A node will forward the message to another node, if 
another node has a higher value of Delivery 
Predictability.[9] 
MaxProp Routing Protocol 

MaxProp routing protocol uses several 
mechanisms to increase the delivery rate and lower 
latency of delivered packets. MaxProp routing protocol 
does not assume any previous knowledge of the network 
connectivity and it uses local information, mobility of 
nodes to select the next best-hop for message delivery.
This protocol designed for vehicle-based delay tolerant 
networks. It forwards the message to any node in the 
network having maximum probability of delivering th
message to the destination.[10] 
 
Simulation Scenarios 
The ONE Simulator 

Opportunistic Network Environm
ONE) simulator  with program version of 1.4.1.Unlike 
Other DTN simulators, which usually focus only on 
routing simulation, the ONE combines mobility 
modeling, DTN routing and visualization in one
that is easily extensible and provides a rich set of 
reporting and analyzing modules. A detailed description 
of the simulator is available in [11]. The ONE simulator 
project page [12] where the source code is also available.
To make complex DTN simulations more feasible and 
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before sending a message. Delivery Predictability 
indicates the probability of successful delivery of the 
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MaxProp routing protocol uses several 
mechanisms to increase the delivery rate and lower 

MaxProp routing protocol 
does not assume any previous knowledge of the network 
connectivity and it uses local information, mobility of 
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forwards the message to any node in the 
network having maximum probability of delivering the 

Opportunistic Network Environment (The 
with program version of 1.4.1.Unlike 

Other DTN simulators, which usually focus only on 
ONE combines mobility 

modeling, DTN routing and visualization in one package 
that is easily extensible and provides a rich set of 

A detailed description 
e ONE simulator 

] where the source code is also available. 
To make complex DTN simulations more feasible and 

understandable, we created a new simulation 
environment that combines movement modeling,
simulation, visualization and reporting in one program.

Figure 2. Overview of the ONE Simulator Environment 
[12]. 

 
Performance of DTN Routing 
 

Table 1. Simulation Setup 

 
Performance of DTN routing protocols we have 
mainly concentrated on three 

 
Packet Delivery Probability:  

It is the fraction of generated messages that are 
correctly delivered to the final destination within given 
time period. This is the ratio of the total number of 
packets that are delivered to their destination to the total 
number of packets that are created.

 
Table 2.Probability Delivery Ratio Vs Simulation Time
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simulation, visualization and reporting in one program. 
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Setup Parameters. 

 

erformance of DTN routing protocols we have 
mainly concentrated on three performance metrics: 

It is the fraction of generated messages that are 
correctly delivered to the final destination within given 

period. This is the ratio of the total number of 
packets that are delivered to their destination to the total 
number of packets that are created. 

.Probability Delivery Ratio Vs Simulation Time 
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Figure 3. A Comparison Chart of Packet 
Probability Vs Simulation Time

 
Figure 3 shows the comparison chart of packet 

delivery probability for First Contact, Direct Deli
Routing, Epidemic Routing, Spray & Wa
PROPHET Routing and MaxProp Routing. From the 
chart it can be noticed that when simulation  Time 
11000s packet delivery probability of 
Routing, Spray & Wait routing, MAXProp
shows increment in packet delivery probability but at the 
same time packet delivery probability of Direct Delivery 
routing and First Contact Routing  decreases. It is just 
because the Direct Delivery routing uses hand
packet delivery strategy. If we only concentrate on Spray 
& Wait routing, ProPHET routing and  MaxP
from the graph it is clearly noticed that still performance 
of Spray & Wait routing, ProPHET routings
mark whereas MaxProp routing shows excellent 
performance in terms of packet delivery probability.
 
Average Latency: 

It is the measure of average time between 
messages is generated and when it is received by the 
destination. 
 

Table 3.Average Latency Vs Simulation Time
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still performance 

PHET routings are not up to 
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performance in terms of packet delivery probability. 

It is the measure of average time between 
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Figure 4. A Comparison Chart of Average Latency
Simulation Time

 
Figure 4 shows the comparison chart of packet 

delivery probability for First Contact, Direct Deli
Routing, Epidemic Routing Spray and Wait Routing, 
ProPHET Routing, MAXProp Routing. From the 
comparison chart it can be noticed that when simulation 
Time is 11000s Average latency of Epidem
quite higher than First Contact and MaxProp routing
protocols. 
 
Buffer Average Time 
This is the average time that packets spend in the buffer 
of the node. It is an average of the time spent by all the 
packets, delivered and dropped in the intermediate 
node’s buffers. 
 

Table 4. Buffer Average Time 

 

Figure 5. A Comparison Chart of Buffer Time Vs 
Simulation Time.

 

ISSN: 2277-9655 
Impact Factor: 1.852

International Journal of Engineering Sciences & Research Technology 

 
. A Comparison Chart of Average Latency Vs 

Simulation Time. 

shows the comparison chart of packet 
First Contact, Direct Delivery 

Spray and Wait Routing, 
ProPHET Routing, MAXProp Routing. From the 

e noticed that when simulation 
000s Average latency of Epidemic routing is 

First Contact and MaxProp routing 

This is the average time that packets spend in the buffer 
of the node. It is an average of the time spent by all the 
packets, delivered and dropped in the intermediate 

 Vs Simulation Time 

 

 
. A Comparison Chart of Buffer Time Vs 

Simulation Time. 



[Gamit, 3(2): February, 2014]   ISSN: 2277-9655 
   Impact Factor: 1.852
   

http: // www.ijesrt.com(C)International Journal of Engineering Sciences & Research Technology 
[588-592] 

 

From the comparison chart it can be noticed that 
direct delivery protocol has highest buffer time than 
other routing protocols. While Maxprop and Epidemic 
routing protocols have less buffer  time than other 
routing protocols. Due to the direct transmission 
approach used by Direct Delivery and Spray and wait, 
they present the highest values of buffer time in 
comparison with other protocols.[12] 
 
Conclusion 

After analyzing the comparison chart of packet 
delivery probability and average latency and buffer 
average time Vs simulation time for First Contact, Direct 
Delivery Routing, Epidemic Routing Spray & Wait 
Routing, ProPHET Routing and MAXProp Routing. We 
can conclude that Direct Delivery Routing is no more 
suitable for real time application because it is very poor 
to packet delivery probability. Whereas Epidemic 
routing, Spray & Wait routing and MaxProp routing 
protocols are suitable for real time applications. Among 
this Maxprop shows excellent performance in packet 
delivery probability and Epidemic shows good 
performance in average latency. Direct Delivery routing 
protocols has highest buffer time while Maxprop and 
ProPHET has less buffer time. Number of copy based in 
the network, best protocols are the unlimited-copy 
protocol and the worst is First Contact (single-copy) 
routing protocol, while Spray and Wait is in middle.[12] 
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