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Thesis Heuristic Algorithm for Message Prioritization in Delay

Tolerant Network
Student Mr. Akadet Mathurapoj
Student ID. 48066438
Degree Master of Science
Programme Information Science
Year 2010
Thesis Advisor Assoc. Prof. Dr. Chotipat Pornavalai
ABSTRACT

Mobile Ad hoc Networks (MANET) is very popular topic for researcher due to everyone
can buy wireless device cheaper than before. Delay Tolerant Network (DTN) is a network
comprised with very low node density. Node can deliver data when couple of nodes encounter
into each transmission range area. DTN node deliver message to destination via relay node. So
DTN called this scheme “Store, carry and forward”. Time between node can start deliver message
until node move out of transmission range is called “contact”. In this thesis, we propose a new
protocol called “Smart Spray” and parameter called Forward Transmission Count (FTC). Smart
Spray applies heuristic fundamental with above parameter. Finally it has the best performance

when comparing with existing protocols.
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Algorithm Smart Spray

I /*send packet until connection down with half duplex*/

2 While connectionIsUp(i,j)

w

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
25
26

sendPkg(i,j) //send packet from node i to node j
sendPkg (j,i)

End while

Function sendPkg (i,j)

Variables:
pkgi  /* packet that node i carry*/
PKGi /*all packet in buffer that node i carry*/

ACKi  /*all acknowledge packet that node i carry*/

sendAckMsg(ACKi) /*send ack to node j*/

ACKIi := receiveAckPkg (ACKj) /*receive ack from node j*/

For each pkgi in PKGi
If pkgi is in ACKi then
remove pkgi
Else
For each destination(pkgi) = j then
send pkgi to node j
add AckPkg for pkgi to ACKi
remove pkgi
end for
send pkgi to node j /*Send message by queue in buffer*/
end if

end for each message

27 /*sort packet by FTC then by size for next contact*/

28

sort_Pkg(PKGi)

29 end function sendPkg

' ¥
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Algorithm Sort Priority of Message

1 /*Sort packet by FTC and packet size*/

2 Function sort_Pkg(PKGi)

3

4
5
6

~

23

Variables:

pkgx  /* packet that node i carry*/
pkgy /* packet that node i carry*/

For each pkex and pkgy in PKGi /* Pk8%» Pkgy € PKGI 5 pkgx # pkgy «,

If getFTC(pkgx) = getFTC(pkgy) then
if getSize(pkgx) < getSize(pkgy) then
set_Higher_ Priority(pkgx)
set_Lower_Priority(pkgy)
else /*include equal size condition*/
set_Lower_Priority(pkgx)
set_Higher_Priority(pkgy)
else if getFTC(pkgx) < getFTC(pkgy) then
set_Higher_Priority(pkgx)
set_Lower_Priority(pkgy)
else if getFTC(pkgx) > getFTC(pkgy) then
set_Lower_Priority(pkgx)
set_Higher_Priority(pkgy)
end if

24 end function sort_Pkg

' v
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Fuzzy-Spray: Efficient Routing in Delay Tolerant Ad-hoc Network
Based on Fuzzy Decision Mechanism

Akadet Mathurapoj, Chotipat Pornavalai, Member, IEEE, and Goutam Chakraborty, IEEE SM

Abstract— Delay Tolerant Network (DTN) is a sparse and
intermittently connected mobile wireless network where reliable
communication and end-to-end connectivity cannot be assured.
In DTN, a node delivers messages to the destination using store
and forward scheme. Messages are copied and transferred to
multiple relay-nodes in order to increase the opportunity for
that message to reach the intended destination. Confact is the
duration when two or more mobile nodes encounter each other
within their radio transmission ranges, and are able to transfer
messages. Due to arbitrary node movement, contact time will be
varied, and is likely to be unpredictable. In this paper, we
propose a fuzzy decision mechanism; we called “fuzzy-spray”, to
improve the routing and packet transfer efficiency in DTN
environment. Fuzzy-spray can reduce overall latency in DTN by
intelligently selecting appropriate messages to send to the
relay-node during its next contact time. It uses fuzzy logic to
prioritize messages that are stored in the buffer, based only on
local parameters from each message, namely forward
transmission count and message size. There is no need to know a
priori information about network such as node mobility model,
or node-distribution on the deployed area. The simulation
results show that fuzzy-spray has the best performance in terms
of overall speed of delivery, and lowest average message delay
compared with other existing algorithms.

I. INTRODUCTION

OBILE ad-hoc network (MANET) is a self configuring

network of mobile devices communicating via wireless
links. In MANET, nodes or mobile devices can move
arbitrarily. So its topology can change all the time.
Communication in MANET can be established when two
nodes or mores move close within their transmission ranges.
When a node receives messages or packets that are not
destined for it, those messages are stored and will be
transmitted to other nodes or intended destination later. Due
to changing locations of nodes, finding a good route to
transmit messages in MANET is quite a challenging problem.
Routing protocols, such as RIP or OSPF, that are currently
used in fixed and wired network is not suitable. Therefore
many routing protocols for MANET such as DSR, AODV
were proposed.
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Delay Tolerant Networks (DTN) is a kind of MANET
where nodes are deployed sparsely over network area, and
applications can tolerate high latency. Two or more nodes can
exchange their messages only when they move within their
transmission range. This event is called “contact” in DTN [1].
Once nodes move out of their transmission range, the
communication breaks down. Thus “contact” duration
depends on the mobility profile of the node. In conventional
network communication, a routing protocol has to establish
an end-to-end path, which is stable during the actual message
communication. But in DTN, end-to-end path is very unstable
and opportunity to establish end-to-end path is very low. On
the other hand, in DTN network messages could tolerate very
high latency, where latency is the time between the initiation
of the data transfer in the sending process and the arrival of it
in the receiving process. In DTN applications, latency can be
as long as hours or even days or longer. Many researchers
have proposed new routing protocols such as Epidemic [2],
Prophet [3], Spray-and-Wait [4], Spray-and-Focus [5],
MaxProp [6] and ORWAR [7] to handle this specific problem
for DTN.

In this paper, we propose a fuzzy application, called
“fuzzy-spray” for efficient routing in DTN. Our mechanism
is simple with low overhead. It uses only two parameters,
namely, forward transmission count (FTC) and message size,
to prioritize messages for transmission that are stored in its
buffer. FTC information is updated whenever messages are
transmitted during the contact time. The order of messages, to
be transmitted next, is done using simple fuzzy rules. The
simulation results show that fuzzy-spray, has the best
performance in terms of average success rate and average
delay, compared with other existing DTN routing algorithms.
These improved performances are significant, which are
given in section V.

In the next section we describe related works. In section I11
the detail of our proposed fuzzy-spray is discussed and
presented. In section [V we describe simulation environment
and results. Conclusion and future works are discussed in
section V.

[I. BACKGROUND AND RELATED WORKS

A large number of routing protocols have been proposed
for wireless ad-hoc network. These protocols make good
performance in high node density environment. With high
density, transmission area covers almost the whole of the
network area. In this situation end-to-end path can be
established easily. However, DTN environment is different.



Here node density is much lower and the transmission range
of nodes cover only a small part of the network. So it is
difficult to establish source to destination path [5, 9]. The
simplest strategy to transmit message in DTN is called
single-hop transmission or direct transmission. In this
strategy messages are transmitted only when the source node
comes in contact with destination node directly. In other
words, each node sends only its own messages. There are no
relayed-messages. But it may take arbitrarily long time, and
all messages may not be successfully delivered.

Epidemic (2] is an early sparse network routing protocol
proposed for DTN. It is based on assumptions that each node
has infinity storage (buffer) and bandwidth [8]. Every node
can store all the messages communicated during “contact”s
with other nodes. Epidemic uses concept of database
replication. A node can also exchange all the messages it has
in its buffer, when there is a “contact” (bandwidth is infinite).
Each node also maintains a summary vector to minimize
chances of exchanging duplicate messages. Nodes exchange
their summary vectors first, and then exchange only messages
that its peer does not have in its buffer. Epidemic is a
pragmatic strategy only in case of very sparse network and
small size messages. Otherwise, its assumptions are not
practical.

Prophet (3] is another DTN protocol of early generation,
like Epidemic. It uses history of previous encounters with
neighbor nodes to estimate probability which is called
“delivery predictability”. Pair of nodes that encountered often
in the past has high delivery predictability. When two nodes
encounter, they exchange delivery predictability vector. This
vector contains list of delivery predictability, which is
updated after each “contact”. Based on this information, each
node can select the messages that have high possibility to
reach the intended destinations, and transfer them to its
“contact” node. However, this approach does not work well in
DTN networks where node movements are not predictable.

Spray and Wait [4] approach consists of two phases. The
first is spray phase. In this phase a node will flood (spray)
each message up to L copy messages, i.e., communicate the
message to L different nodes during subsequent “contact”s. If
the destination is encountered, the message transfer is
successfully terminated. If not, the second phase called wait
phase, is started. In this phase, node can deliver message only
when the destination comes in “contact” (i.e., direct
transmission). In Spray and Wait approach the important
parameter is L. Optimum value of L depends on node density,
their distribution and mobility profile. Analysis to determine
appropriate L for different network situations is still an open
problem.

Spray and Focus [5] is a modification over Spray and Wait.
It is designed for a specific situation where the mobility of
each node localized, i.e., is limited to a small area for the
majority of time. This protocol use spraying mechanism
similar to Spray and Wait. The difference is in the second
phase. In Focus phase, single-copy utility base routing [9] is
performed.
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MaxProp [6] protocol is based on same principle as
Prophet [3]. It is designed for delivering messages in city
environment where network nodes are city buses. The
mobility pattern of bus is periodic repetition following the
same route. Buses (i.e. network nodes) that encounter
frequently have high opportunity to meet again in the future.
MaxProp exploits this behavior to estimate probability for
exchanging messages in future. A message will be selected
for transmission based on the total cost of the path to
destination. Cost of a path varies inversely with the
probability of a message to reach the intended destination.
MaxProp divides buffer into two sections. First section is to
order stored messages based on hop count information (from
source to present node) of each message from low to high.
Second section is to order messages by cost from low to high.
The first section occupies the front of the buffer, and the
second section is at the tail. Cost of a path (from source to
destination) is calculated using Dijkstra’s algorithm, where
cost of links are reverse of “contact” probabilities between
two nodes.

Opportunistic Routing with Window-Aware Replication
(ORWAR) [7] is proposed recently. ORWAR goal is to reduce
resource utilization and reduce partial or dropped messages
during transmission. Partial message transmission arises
when a node moves out from transmission area while still
delivering the message. ORWAR reduce this overhead by
estimating number of bytes that can be transferred for each
contact time. So it can utilize bandwidth efficiently using this
knowledge. However, to deploy ORWAR every node needs to
be able to measure its speed and direction, which is possible
when they are equipped with GPS or some similar devices.

III. Fuzzy-SPRAY ALGORITHM

All the previous works mentioned in scction II are
optimized under specific node density or node mobility
pattern. Moreover, a few of them need special equipment
and/or complicated algorithm to predict encounters. We
propose an algorithm whose parameters are easy to calculate,
and they adapt themselves to the network environment. The
protocol is also suitable for arbitrary movement of nodes.

In this section we describe our proposed algorithm,
Fuzzy-spray, in more detail. Fuzzy-spray uses fuzzy
technique to prioritize messages that are stored in the buffer,
and then transfers (so called “spray”) as many messages from
the buffer to its peer as possible, during its contact time. The
Fuzzy-spray protocol is simple and based on pragmatic
assumptions. For example, resources such as storage and
bandwidth can be limited. Neither does it assume that nodes
have to be equipped with GPS devices to calculate or predict
the direction and velocity of movement of nodes. There is
also no need to keep the history of encounters with other
nodes to calculate the probability of exchanging messages
with a particular node in the future to calculate path cost as
done in MaxProp [6]. Such schemes do not work well in the
random mobility environment. Fuzzy-spray uses simple store,
forward and replication [10, 14] mechanism. It uses two



example, in table I the accuracy of FTC is 22/36 or 0.611,
whereas for hop-count it is 14/36 = 0.388. Because the
mobility patterns and forwarding are of various natures, only
fixed forwarding patterns can be analyzed without complex
mathematics. However, due to lack of space, it cannot be
presented here.

We consider message size as the second parameter.
Message size affects the number of partial message
transmission. For example, in very short contact time node
cannot deliver large message successfully. The probability of
successful transmission for smaller messages is higher. In
DTN network nodes lack the knowledge of contact schedule.
Delivery decision has to be based on local information. In
order to decrease the amount of partial message transmission
prioritizing message delivery by their sizes is reasonable.

B. Fuzzy Rule System

Fuzzy-spray uses FTC and message size as inputs to the
fuzzy rule system to prioritize which message is to be
transmitted next from the buffer. From our discussion in
previous subsections, messages with low FTC should have
more priority than messages with high FTC. Similarly,
smaller messages should have more priority than larger
messages, to reduce the numbers of partial message
transmission.

The membership function of FTC is divided into 3 sections,
low, medium and high, with linear symmetric shape. Figure 2
illustrates the degree of membership function of FTC for 60
nodes DTN. The most important problem of fuzzy logic is to
define the appropriate ranges for each input. We run
simulation in different environments in order to investigate
appropriate ranges, in terms of percentage of network nodes,
for any arbitrary size of DTN network. We found that the
maximum number of FTC is about 10% of number of nodes,
for various network sizes from 40 to 100 nodes).

l low medium high
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Forward transmission count

Fig.2. Memberships function of transmission count.

Figure 3 illustrates the degree of membership function of
message size. We again divide message size into 3 categories,
small, medium and large. We assume the range of message
size is known at the time the network is deployed. If the
message size is known to be between 0 and 100,000 byte, we
can simply set the membership function (symmetric shape) as
shown in figure 3. The fuzzy membership functions are
adapted depending on a priori available information like
network node numbers and message size range.
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Since there are two inputs (each with 3 fuzzy categories),
we simply divide the message in to 9 buffer sections (BS), and
set up the rules as follows.

FIC e {Iow,medium ,h:'gh}

MS € {small ,medium ,large }

BS € {BS,,BS,,BS,,BS,,BS,,BS,,BS,BS,,BS,}

IfFTC is low and  MS issmall then BS is BS,
IfFTC is low and MS is medium then BSis BS,
IfFTC is low and MS is large then BS is BS;
IfFTC is medium and  MS is small then BS is BS;
IfFTC is medium and  MS is medium then BS is BS,
IfFTC is medium and ~ MS is large then BS is BS;
IfFTCishigh and MS issmall then BS is BSg
If FTC is high and  MS is medium then BS is BS;
IfFFTCishigh and MSis large then BS is BSg

BS, is the buffer position i in buffer space, where BS) is at
the front or head of the buffer queue and has highest priority
for transmission and BS; is at the tail of the queue. Figure 4
shows the degree of membership function for each BS.

For defuzzifier process, COA is applied to create a crisp
value. The priority of a message, P, is [ — COA, and the
messages in buffer are all sorted by values of their P, from
highest to lowest, where highest P value is at the head of the
queue, and lowest P value is at the tail.

BS, BS,

BS, BS, BS, BS; BS; BS; BS,

o o o o
o N e O

0 0.2 0.4 0.6 0.8 |
Buffer section
Fig. 4. Membership function of buffer section

Degree of membership

Figure 5, shows the pseudo code of our proposed
fuzzy-spray. Acknowledgement mechanism similar to what is
proposed in [6] is used in Fuzzy-spray. This mechanism is
required so that destination node after receiving the intended
message sends an acknowledgement. Node that received this
acknowledgement will remove the corresponding message



from its buffer queue. Every node will hold the list of
acknowledgements and this list will always be exchanged at
the beginning of each contact time.

V. EVALUATIONS
A. Simulation setup

In this section we evaluate the performance of Fuzzy-spray
with other 5 existing protocols, i.e., MaxProp, Spray and Wait,
Spray and Focus, Epidemic, and Prophet. We choose ONE
(Opportunistic Network Environment) [14] simulator for
evaluation. ONE is a power tool that is designed to simulate
and evaluate routing protocols for specific DTN
environment. ONE is also bundled with the above 5 popular
DTN protocol implementations. All the evaluation results of
these protocols shown in this paper were using the shipped
protocols in ONE, without any modifications. We set very
sparse network parameters with random waypoint mobility
(see Table II for detail). Compared with the whole network
area, transmission coverage area is only 0.02% for each node
and 1.63% for all nodes together. All messages are randomly
generated with different sizes, origination nodes, and
intended destinations during initialization of the simulation.
Message size is randomly selected from 10KB to 100 KB.
The L parameter for Spray and Wait is 10-15% of nodes and L
for Spray and Focus is 5-10% of nodes. These values are
recommended values by their authors in [5]. In fact, we found
that the results vary widely with the choice of L, and the
choice of proper L is very critical for the success of
Spray-and-Wait and Spray-and-Focus. We ran the simulation
with all ranges of recommended L and choose the best
simulation results (on success rate) within those ranges. We
also define parameters for Prophet following the
recommendation in the paper, wherep  =0.75, 8 =0.25

init
and y =0.98

B. Simulation result

We consider two metrics which are success rate and delay
to measure performance of routing protocols. Other metrics
such as comparison of the number of dropped messages,
transmission overhead etc. cannot be presented here because
of lack of space. Figure 6 illustrates the cumulative
distribution function (CDF) of message delivery or success
rate within 12 hour simulation timeframe. This result was run
on 60 nodes network. All other setup parameters are shown in
Table II.

It is clear from the graph that Fuzzy-spray has a lot of
improvement on success rate, compared with all other
existing protocols. Furthermore, among 6 protocols including
Fuzzy-spray, only two protocols which are Fuzzy-Spray and
MaxProp can deliver all messages to destinations (success
rate = 100%) within 12 hours. Fuzzy-spray can reach 100%
success rate in just about 6 hours and 40 minute, which is
faster than MaxProp about | hour and 20 minutes. While we
show only results on 60-nodes network, the results on other
sizes of network also have similar trends.
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Algorithm Fuzzy-Spray Routing

I"send message until connection down™/

While connectionIsUp(iy)
sendMsg(ij) //send message from node i to node j
sendMsg(/,i)

End while

Function sendMsg(i/)
Variables:
msg; ["message that node i carry®/
MSG, [*all messages in buffer that node i carry*/
ACK  [*all acknowledge messages*/

I"send message that have destination to contact node*/
For each msg, in MSG,
If destination(msg,) = then
send msg, to node j
create AckMsg(msgiack)
end if
end for each message

sendAckMsg(ACK)
ACK = recieveAckMsg

For each msg; in MSG;
If msg, is in ACK then
remove(msg;)
else
msg;.coaValue = compute_fuzzy(msg;)
msg,.priority := 1 — msg,.coaValue
end if
end for each message

sortingMsgByPriority(MSG,)

send msg; to node j

receive msg; from node /

if destination(msg)) = i then
remove msg;
createAckMsg(msg; )

end if

end function sendMsg

Function compute_fuzzy(msg,)
Variables:
listCombinedArea [*set of areas*/

I*define degree of membership of low, medium, high for FTC
and small, medium, large for size*/
setMembershipDegree(msg;)
listCombinedArea:= computeFuzzyRule(msg;)
return calCOA(listCombinedArea)

end function compute_fuzzy

Fig.5. Pseudo-code of Fuzzy-Spray

TABLE Il
SIMULATIONS ENVIRONMENT

PARAMETER VALUE
Number of nodes 60
Movement speed 10-30 km/hr
Node buffer 250 MB
Transmission rate 250 kBps
Mobility model Random waypoint
Simulation time 12 Hour
Simulation area 3220x 3220 m
Number of messages 13,000
Message size 10-100 KB
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