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Abstract 

In delay opportunistic delay tolerant networks, message is delivered to a destination 

node by a store-carry-forward mechanism. In this paper, a novel routing protocol using 

contact information on successful message delivery and buffer overflow is proposed in 

opportunistic delay tolerant networks, where a message is selected to be forwarded to 

another node with lower difference between the number of dropped messages and the 

number of successfully delivered messages as well as higher delivery predictability for the 

considered message. Then, selected messages are transmitted based on the ascending 

order of hop count firstly and the descending order of delivery predictability of the 

receiving node secondly when the hop counts are equal. The performance of the proposed 

protocol is analyzed in detail, from the aspect of delivery ratio, overhead ratio, and 

delivery latency, by varying the buffer size, message interval, and number of nodes. 

Numerical results show that the proposed protocol with the proposed transmission 

priority has the best performance. 
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1. Introduction 

In delay tolerant network (DTN), a message is delivered to a destination node from a 

source node based on opportunistic routing protocol, since there is no guaranteed end-to-

end routing path, and most of the connections between nodes are temporary. Example 

scenarios for applying DTN include disaster environment, where infrastructure is 

destroyed and thus, communication should be carried out using sparsely distributed peer 

nodes. In DTN, when a node generates a message, it stores the message in its buffer and 

carries it while moving. Then, if it contacts another node opportunistically, it forwards the 

message to another node, if forwarding condition is satisfied. This kind of message 

delivery mechanism is called „store-carry-forward' mechanism [1-3]. 

One of the representative opportunistic routing protocol for DTN is probabilistic 

routing protocol for intermittently connected networks (PRoPHET), which was 

standardized in IETF [4]. In PRoPHET, delivery predictability between two nodes, which 

is defined as a value between 0 and 1, is calculated based on contact history between them. 

The delivery predictability between any two nodes has its initial value and it is increased 

whenever they contact each other, and the delivery predictability decreases while there is 

no contact between them. Therefore, the value of delivery predictability varies depending 

on contact between two nodes and can be used to determine which node is more 
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preferable to forward a message to a destination node. Therefore, PRoPHET protocol is 

better than Epidemic protocol by efficiently controlling the number of message copies and 

forwarding to more probable nodes to deliver messages to destinations [5].  

Many works on improving the performance of the PRoPHET protocol have been 

carried out recently [6]-[13]. In [6], message forwarding is restricted efficiently using 

sociality of nodes. In [7], message forwarding is restricted effectively based on the 

number of message copies. In [8], either Epidemic or PRoPHET is selected dynamically 

based on the density of simultaneous contact nodes. In [9], contact duration as well as 

contact frequency is considered for message forwarding. In PRoPHET+ [10], a new 

metric of deliverability is defined and a message is forwarded if the deliverability of 

receiving node is higher than that of the sending node, where deliverability is defined as a 

weighted sum of battery power, location, buffer size, popularity, and delivery 

predictability. In [11], a node checks if the delivery predictability of another node is 

higher than minimum threshold value and the sum of delivery predictabilities of 

forwarded nodes for the considered message is smaller than maximum threshold value. In 

[12], if a message is delivered to a destination node successfully, an acknowledgment 

messages are generated at the destination node and the last forwarding node. Then, a node 

with the considered message deletes it if it contacts another node with the 

acknowledgment of the considered message. In [13], the number of successfully delivered 

messages as well as delivery predictability is considered to improve the performance of 

the PRoPHET protocol. 

In PRoPHET protocol, however, it is still necessary to limit the number of message 

forwarding more efficiently since buffer may overflow due to large number of forwarding, 

if the number of messages generated is high. To improve the performance of the 

conventional PRoPHET protocol, in this paper, message drop count and success count are 

recorded, and count difference is newly defined as the subtraction of success count from 

drop count, which was proposed in our preliminary work [14]. Then, a novel 

opportunistic routing protocol is proposed, where a message is selected to be forwarded to 

another node with lower count difference as well as higher delivery predictability for the 

considered message. Finally, messages are transmitted with priority, based on the hop 

count and delivery predictability of the receiving node. As an extension of our 

preliminary work in [14], the proposed work is different significantly from the previous 

work from the following aspects: 

In our preliminary work, messages which should be forwarded are selected based on 

count difference and delivery predictability but no priority between selected messages 

was assumed when transmitting them to a contact node. In this work, however, selected 

messages are transmitted with priority, based on the ascending order of hop count firstly 

and the descending order of delivery predictability of the receiving node secondly when 

the hop counts are equal.  

In our preliminary work, only the idea of forwarding scheme was presented without 

any performance validation. In this work, however, the performance of the proposed 

protocol is analyzed extensively, based on the simulation using ONE simulator from the 

aspect of delivery probability, overhead ratio, and delivery latency. Then, we show that 

the proposed protocol performs better than the PRoPHET protocol by varying the buffer 

size, message generation interval, and number of nodes. 

The remainder of this paper is organized as follows: In Section 2, the proposed 

protocol is illustrated using examples and a detailed algorithm of the proposed protocol is 

proposed using flowchart. In Section 3, the performance of the proposed protocol is 

analyzed extensively using simulation. Finally, Section 4 summarizes this work. 

 



International Journal of Control and Automation 

Vol.10, No.6 (2017) 

 

 

Copyright ⓒ 2017 SERSC     109 

2. The Proposed Protocol 

In the proposed protocol, we count the number of dropped message due to buffer 

overflow and it is defined as „drop count' in this paper. Also, we count the number of 

successfully delivered messages by the node and it is defined as „success count'. Then, 

„count difference‟ is defined as follows: 

Count difference = drop count – success count                                        (1) 

Figure 1 shows an example of drop count and success count updates. When node A and 

node B contact, node A delivers message m2 to node B since node B is the destination 

node of message m2. Then, success count of node A increases by one. Since the delivery 

predictability of node B to node F for message m7 is higher than that of node A to node F, 

the message m7 should be forwarded to node B. Also, since the delivery predictability of 

node B to node G for message m5 is higher than that of node A to node G, the message 

m5 should be forwarded to node B. In the example, it is assumed that the available buffer 

space of node B is not sufficient to accommodate m5 and m7, and only one message can 

be accommodated. Then node B, in order to accommodate m5 and m7, should remove 

one message in its buffer, which is stored in node B's buffer for the longest time, and the 

drop count of node B increases by 1.  

 

 

Figure 1. Example of Drop Count and Success Count Update 

Figure 2 shows a detailed flowchart of the proposed protocol. In the proposed protocol, 

each node updates hop count, drop count, success count, and count difference. When node 

A and node B contacts they firstly exchange summary vectors. If node A has message 

which does not exist in node B‟s buffer, it checks if node B is the destination node of a 

message of the sending node A. If it is, the message is forwarded to node B, and the 

success count of the node A increases by 1. If the destination node of the message is not 

node B, node A firstly checks the proposed criteria in order to decide whether the 

message should be forwarded to node B or not. In the proposed protocol, if a message is 

generated by a node originally and has not been forwarded to another node yet, the hop 

count of the message is defined as 0. Afterwards, whenever the message is forwarded to 

another node, the hop count of the message increases by 1. If the hop count of the 

considered message is 0, the message is selected to be forwarded to node B, only if node 

B has either lower count difference or higher delivery predictability in order not to limit 

the dissemination of the message unnecessarily. If hop count of the considered message is 

not 0, the message is selected to be forwarded to node B if node B has both lower count 
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difference and higher delivery predictability for this message. By doing this, a node with 

more drop counts is avoided as forwarding node in order to reduce message drop and 

increase delivery ratio of messages. If all the messages are checked, node A sorts 

messages in the ascending order of hop count firstly and messages are transmitted based 

on the sorted order. If there are messages with the same hop count, then the messages are 

sorted based on the descending order of delivery predictability of the receiving node. 

Then, the messages are transmitted based on the sorted order. 

 

 

Figure 2. Flowchart of the Proposed Protocol  

Figure 3 shows an example scenario of the proposed protocol. Node A's count 

difference is 17 and node B's count difference is 14. Since the hop count of message m1 

of node A is 1, it is selected to be forwarded to node B since P(B,C) is higher than P(A,C). 

Likewise, messages m3and m4 are selected to be forwarded to node B. Message m2 is not 

forwarded to node B since P(B,D) is lower than P(A,D). Although P(B,G) is not higher 
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than P(A,G), the message m5 with the destination node G is selected to be forwarded to 

node B because hop count of the message m5 is 0 and thus, needs to be disseminated. The 

selected messages are sorted on the ascending order of hop count. At node B, the hop 

counts of the received messages are increased by one. 

 

Figure 3. An Example Scenario of the Proposed Protocol 

3. Performance Analysis 

In this paper, the performance of the proposed protocol is analyzed using Opportunistic 

Network Environment (ONE) simulator developed by Helsinki University [15-16]. The 

performance of the proposed protocol is compared with that of PRoPHET protocol, from 

the aspect of delivery ratio, overhead ratio, and delivery latency, which are defined as the 

following equations (1) – (3): 

                                 (1) 

          (2) 

                        (3) 

The values of parameters assumed in this simulation are listed in Table 1.  
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Table 1. Simulation Parameters 

Parameter Value 

Router PRoPHET Router 

Movement model 

pedestrians, car: Shortest Path Map Based 

Movement 

tram: Map Route Movement 

Number of Node 126 (pedestrians=   , car= , tram=6) 

Simulation Time 43,200s 

Transmission range(m) 10 

Packet transmission speed 250Kbyte/s 

Buffer Size(Bytes) 10∼100M 

Message interval(s) 25 ~ 35 

Message size(Bytes) 500k ~ 1M 

 

Figures 4~6 show delivery ratio, overhead ratio, and delivery latency of 

Proposed(Proposed_sort), Proposed(GRTRMax_sort), and PRoPHET(GRTRMax_sort) 

[4], for varying the buffer size. In Proposed(Proposed_sort) protocol, node sorts messages 

in the ascending order of hop count firstly and transmitted based on the sorted order. If 

there are messages with the same hop count, then the messages are sorted based on the 

descending order of delivery predictability of the receiving node. In 

Proposed(GRTRMax_sort) protocol, messages are selected based on the proposed 

selection scheme and sorted in the descending order of delivery predictability of the 

receiving node, where sorting strategy of GRTRMax was originally proposed in [4]. In 

PRoPHET(GRTRMax_sort) protocol, messages are selected if the delivery predictability 

of the receiving node is higher than that of the sending node and sorted in the descending 

order of delivery predictability of the receiving node. 

As Figure 4 shows, the delivery ratios of all the protocols increase as buffer size 

increases since higher buffer size accommodate more messages and reduce message drop. 

The delivery ratios of the proposed protocols are higher than PRoPHET since the 

proposed protocol can remove unnecessarily forwarding by using count difference and 

thus delivery ratio can increase. The proposed protocol with the proposed sorting strategy 

has the largest delivery ratio. 

Figure 5 shows overhead ratio for varying the buffer size. The delivery ratios of the 

proposed protocols are smaller than PRoPHET since the proposed protocol can remove 

unnecessarily forwarding by using count difference. The overhead ratio of the proposed 

protocols increases as buffer size increase, because the effect of sharply increased relayed 

messages is more dominant than the increased delivered messages. However, the 

overhead ratio of the PRoPHET protocol decreases as buffer size increase, because the 

effect of sharply increased delivered messages is more dominant that the increased 

relayed messages. The proposed protocol with the proposed sorting strategy has the 

smallest delivery ratio. 

Figure 6 shows delivery latency for varying the buffer size. The delivery latencies of 

the proposed protocols are smaller than PRoPHET since the proposed protocol can 

remove unnecessarily forwarding by using count difference, and thus, message can be 

delivered to a destination node more rapidly. The proposed protocol with the proposed 

sorting strategy has the smallest delivery latency. 
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Figure 4. Delivery Ratio for Varying Buffer Size 

 

Figure 5. Overhead Ratio for Varying Buffer Size 

 

Figure 6. Delivery Latency for Varying Buffer Size 

Figures 7~9 show delivery ratio, overhead ratio, and delivery latency of 

Proposed(Proposed_sort), Proposed(GRTRMax_sort), and PRoPHET(GRTRMax_sort) 

[4], for varying message interval. As Figure 7 shows, the delivery ratios of all the 
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protocols increase as message interval increases since higher message interval generates 

less messages and thus, a node with a fixed buffer size accommodates more messages and 

message drop is reduced. The delivery ratios of the proposed protocols are higher than 

PRoPHET and the proposed protocol with the proposed sorting strategy has the largest 

delivery ratio.  

Figure 8 shows overhead ratio for varying the message interval. The overhead ratios of 

all the protocols increase as message interval increases. This is because the effect of 

sharply increased relayed messages is more dominant than the increased delivered 

messages. The overhead ratios of the proposed protocols are smaller than PRoPHET and 

the proposed protocol with the proposed sorting strategy has the smallest overhead ratio. 

Figure 10 shows delivery latency for varying the message interval. The delivery 

latencies of the proposed protocols are smaller than PRoPHET since the proposed 

protocol can remove unnecessarily forwarding by using count difference, and thus, 

message can be delivered to a destination node more rapidly. The proposed protocol with 

the proposed sorting strategy has the smallest delivery latency. 

Figures 10~12 show delivery ratio, overhead ratio, and delivery latency of 

Proposed(Proposed_sort), Proposed(GRTRMax_sort), and PRoPHET(GRTRMax_sort) 

[4], for varying number of nodes. As Figure 10 shows, the delivery ratios of the proposed 

protocols increase due to more dissemination of messages. However, the delivery ratio of 

the PRoPHET protocol decreases as the number of nodes increases for large values of the 

number of nodes. This is because more dissemination of messages in PRoPHET results in 

more message drop and degrade delivery ratio. The proposed protocol with the proposed 

sorting strategy has the highest delivery ratio. 

Figure 11 shows overhead ratio for varying the message interval. The overhead ratios 

of all the protocols increase as message interval increases. This is because the effect of 

sharply increased relayed messages is more dominant than the increased delivered 

messages, especially for PRoPHET protocol. The overhead ratios of the proposed 

protocols are smaller than PRoPHET and the proposed protocol with the proposed sorting 

strategy has the smallest overhead ratio. 

Figure 12 shows delivery latency for varying the message interval. The delivery 

latencies of the proposed protocols are smaller than PRoPHET since the proposed 

protocol can remove unnecessarily forwarding by using count difference, and thus, 

message can be delivered to a destination node more rapidly. The proposed protocol with 

the proposed sorting strategy has the smallest delivery latency. 
 

4. Summary  

In this paper, a novel routing protocol using contact information on successful message 

delivery and buffer overflow was proposed in opportunistic delay tolerant networks, 

where a message is forwarded to another node with lower count difference as well as 

higher delivery predictability for the considered message. An example scenario of the 

proposed protocol was illustrated and a detailed algorithm of the proposed protocol was 

presented using a flowchart. Then, the performance of the proposed protocol was 

analyzed in detail, from the aspect of delivery ratio, overhead ratio, and delivery latency, 

by varying the buffer size, message interval, and number of nodes. Numerical results 

show that the proposed protocols have better delivery ratio, overhead ratio, and delivery 

latency by efficiently removing unnecessary forwarding by using count difference. 

Especially, the proposed protocol with the proposed sorting strategy has the best 

performance always. 
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Figure 7. Delivery Ratio for Varying Message Interval 

 

Figure 8. Overhead Ratio for Varying Message Interval 

 

Figure 9. Delivery Latency for Varying Message Interval 
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Figure 10. Delivery Ratio for Varying Number of Nodes 

 

Figure 11. Overhead Ratio for Varying Number of Nodes 

 

Figure 12. Delivery Latency for Varying Number of Nodes 
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