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ABSTRACT: Routing in Delay Tolerant Networks is considered as one of the most attracting research areas. Out of 
many approaches to introduce protocols used in DTN, few aimed to improve existing protocols. There are chances of a 
new algorithm based on the predictability concept since it introduces better resources management in terms of 
bandwidth, messages delivery compared to other routing algorithms for DTN, to prove it by large-scale simulations, the 
effectiveness of specific algorithm in terms of eventually delivered messages, failed transmissions, dropped messages 
between nodes, buffer time and hop count enhancement. Our new approach, improvement of the PRoPHET routing 
protocol is based on the belief that every node is DTN are constantly and inconsistently moving towards or away from 
each other. Possibilities of destination node are closer to old source than the one message is been transmitted to, not 
necessarily but the old source may be closer to the node which is next to destination node, which was initially predicted 
as be not close to the destination node. 
 
KEYWORDS: Delay tolerant networks; epidemic; spray and wait; probabilistic routing protocol; prophet routing 
protocol. 
 

I. INTRODUCTION 
 

The Internet [1] has been a remarkable success in terms of interconnecting communication devices throughout the 
world by using communication protocols. There are thousands number of networks compose the Internet which uses 
the routing protocols and guarantees the reliability for transferring messages using various devices. Wired and the other 
is wireless are two types of link connectivity. 
Delay Tolerant Network is designed to provide communication in the most unstable and stressed environment where 
the network would be subjective to visit and durable distances and high bit error rates that could severely degrade the 
normal communications[2]. It is the improvement of Mobile Ad-Hoc Network (MANET). It is sparse and intermittent 
connected network where reliable communication end to end connectivity is not available for message transmission.A 
network designed to operate effectively over extreme distances such as those encountered in space communication or 
an interplanetary scale.The examples [3] of DTN are Military Ad-Hoc Networks, Sensor/Actuator networks, Terrestrial 
wireless networks, Exotic Media Networks 
DTN[4]are based on the “Store-carry-forward” mechanism (fig 1) each node in DTN stores incoming messages in the 
buffer and forwards it when it encounters to the other destination node or nearer to the other destination among nodes. 
Relay node receives incoming messages, copy it and passes it to the other nodes in the network.It increases the 
opportunity for effective message delivery. Because of irregular availability, if a node cannot send the message to the 
other nodes, it keeps the message in the buffer and when it encounters to another node it forwards the message. DTN is 
called opportunistic network because in the network the intermediate nodes always search opportunity to other nodes to 
forward the message from source to destination. 
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Fig 1 Store and forward approach in DTN mechanism[5] 

 
DTN architecture introduced new layer named ‘Bundle layer’, is below of Application layer and above of the Transport 
layer. Other layers of DTN architecture are the Physical layer, Link layer, Network layer, and Transport layer which all 
are common protocols for all nodes. The bundle protocol [6] supports an end to end retransmission. A node stores the 
message until another node receives the message. 
When the number of copies for each message increases, the message delivery ratio increases and decreases the delay of 
transmission. It results in large communication overhead. There are several factors of routing protocols have been 
proposed to intrinsic characteristics of DTN. 
In this paper, we propose predictability concept based on spray and wait using Prophet routing protocol. The proposed 
method predicts the next node using prophet routing protocol. Through the new approach, it increases message delivery 
and decreases overhead ratio when increasing no of hosts. 
  

II. RELATED WORK 
 

Routing protocols in DTN are classified based on selecting and searching paths from source to destination in the 
network. They can be classified in flooding-based routing protocol and forwarding based routing protocol. In flooding 
strategy [7], it creates a large number of copies and sends to the other nodes in the network. The nodes store the 
message in the buffer until it reaches its destination node. No need to require any knowledge about the network. 
In forwarding strategy, to find out the best path from source to destination, there has to be required to knowledge about 
the network. No replication of messages in the network. 
Epidemic routing protocol 
Epidemic routing [8] is flooding based forwarding in nature, where node receives the messages. It makes copies of the 
message and sends it to the other nodes in the network. Each message which is stored in the buffer has its own unique 
identifier called summary vector. When nodes communicate each other in the network, they exchange and compare 
their summary vector and send the messages which they don’t have. The protocol finds ideal path to reach the 
destination. The wastage of resources like buffer and bandwidth are the disadvantages of this protocol. 
Spray and Wait routing protocol 
There are two types of spray and wait protocol, Source spray and wait and Binary spray and wait. In Source Spray and 
wait routing protocol comprises of two phases, spray phase and wait phase. In spray phase, Source [8] node creates L 
no of copies and sends it to the relay nodes. If the message is not reached to its destination, all L nodes go to the wait 
phase. Where the nodes are waiting for the message delivery. 
In Binary spray and wait protocol, source node creates L copies when it encounters to the other node, it forwards L/2 
no of copies to the node and keeps the remaining copies. The process continue till the each node have only one copy 
remaining, then node switches to the wait phase until the message is reached to its destination. 
PROPHET routing protocol 
PRoPHET stands for Probabilistic Routing Protocol using History of Encounters and Transitivity. It uses [9] history of 
an encounter to calculate the probability of encountering other node and determine which node is transmitting data to 
its destination node. There are three parts of the delivery predictability calculations of encounter nodes. 
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1. Direct Contact[10] 
푃(푎,푏) = 푃(푎,푏)표푙푑 + (1 − 푃(푎,푏)표푙푑) × 푃푒푛푐 

푃(푎, 푏), the predictability of node b stored in the node a.   
푃푒푛푐표푢푛푡푒푟	휖	[0,1], the scaling factor is increases after first encounter. 
 

2. Transitivity[11] 
푃(푎,푏) = 푃(푎, 푐)표푙푑 + (1 − 푃(푎, 푐)표푙푑) × 푃(푎,푏) × 푃(푏, 푐) × 훽 

β ϵ ]0,1[ is a constant that controls the transitivity on the delivery predictability. 
 

3. Aging[1] 
푃(푎, 푏) = 푃(푎, 푏)표푙푑 × 훾ⱪ 

 
훾 ∈	]표, 1[ , the aging constant and k is the number of time units that has elapsed since the last time metric was 
aged. 
  

III. PROPOSED PREDICTABILITY BASED SPRAY AND WAIT PROTOCOL USING PROPHET 
ROUTING PROTOCOL 

 
Our new approach improvement of the PRoPHET routing protocol is based on the belief that every node is DTN are 
constantly and inconsistently moving towards or away from each other. Direct Contact between source and destination 
nodes after each transmission is possible. There are possibilities of destination node be closer to old source than the one 
message is been transmitted to. Taking into consideration these possibilities, not necessarily but the old source may be 
closer to the node which is next to destination node, which was initially predicted as be not close to the destination 
node. So message delivery can be made faster if the old source is allowed to check prediction again and send the copy 
once to new node which may be closer to the destination. The flow diagram of the proposed method is described in fig 
2. 

 
Fig 2 Flow chart of the proposed method 
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Proposed algorithm 
1. Initialize PRoPHET Router and settings 
2. Initialize predictability HASH 
3. Get prediction for current host using following: 

P(a,b) = P(a,b)_old + (1 - P(a,b)_old) * P_INIT 
4. Store current host in new DTNHost parameter as oldHost 
5. Update delivery prediction for newHost 
6. Move to next host P(a,b) 
7. Get prediction for old host 
8. Update delivery prediction for oldHost 
9. Update prediction delivery table 
10. Send messages to all hosts via newHost 
11. Send messages to all hosts via oldHost 
12. Update prediction table 
13. If newHost is the destinationHost 
14. Go to step 16 
15. Else go to step 3 
16. End 

 
IV. PERFORMANCE EVALUATION 

 
The ONE(Opportunistic Network Environment) simulator and the other supporting language is JAVA. It [9] was 
developed by Helsinki University and provides a map of the Helsinki area. This city covers an area of 4500 m x 3400 
m, and there are 156 mobilenodes, which move along the city roads or tramways, including pedestrians, cars, and 
trams. The screenshot of ONE simulator is represented below in fig 3. 

 
Fig 3 Simulation Scenario 
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Simulation Results 
1. Delivery Probability: With the increase in a number of hosts in the network, for different buffer sizes, the 

delivery probability is marginally improved as indicated below. This can lead to more messages delivered 
successfully if the scenario is simulated for more time. This delivery ratio described in fig 4. 
 

 
Fig 4 Delivery Ratio 

 
2. Overhead ratio: Interestingly, for 5MB buffer size, the overhead ratio is significantly increased till 80 hosts, 

but proposed readings show marginal improvement over 90 hosts. For 10 & 15 MB buffer size, the overhead 
ratio is higher around 70 hosts, decreasing for 80 and 90 hosts. This is a significant improvement for proposed 
results. Here described overhead ratio in fig 5 is for 5MB. 
 

 
Fig 5 Overhead ratio 
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V. CONCLUSION AND FUTURE WORK 
 

In this paper, we focused on the improvement of the prophet routing protocol through a new approach to implementing 
the predictability improved factor. We were interested in the amount of finally delivered messages to the destination, 
the amount of delivery probability, overhead ratio, and latency. Compared to the classic prophet algorithm and to the 
spray and wait routing protocol, our approach has proved a clear improvement of the predictability concept. Through 
the new approach, more messages can arrive at the destination with less aborted transmissions. Moreover, messages 
have an opportunity to get more probability of getting delivered thus leading to more energy efficiency. 
 Future work will focus on assessing the impact of improvement in overhead ratio. It will also focus on introducing the 
priority concept in message delivery between the nodes. 
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