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Graphical abstract Abstract

=5 Pocket Switched Network (PSN) is a branch of Delay Tolerant Network (DTN) which is
intended to work in a challenged network. Challenged network is network with lack of
infrastructure such as disaster area. As such, the network has infermittent connectivity. PSN
provides a new paradigm to distribute messages in the network by taking advantage of
roaming nodes from one place to another. In this paper, network performances of eight
PSN routing protocols are investigated namely, First Contact, Direct Delivery, Epidemic,
PRotocol using History of Encounter and Transitivity (PROPHET), Spray and Wait, Binary Spray
and Wait, Fuzzy Spray, Adaptive Fuzzy Spray and Wait. The performance metrics are
packet delivery rafio, overhead ratio and average latency. Opportunistic Network
Environment (ONE) simulator is used fo evaluate the network performance. Experiments
show that Epidemic has the best performance in term of message delivery ratio, but it has
the highest overhead ratio. Direct Delivery has the lowest overhead ratio (zero overhead
ratio) and PRoOPHET has the lowest latency average.

Keywords: Pocket Switched Network, First Contact, Direct Delivery, Epidemic, PRoOPHET,
Spray and Wait, Binary Spray and Wait, Fuzzy Spray, Adaptive Fuzzy Spray and Wait.

Abstrak

Pocket Switched Network (PSN) adalah salah satu cabang dari Delay Tolerant Network
(DTN) yang dimaksudkan untuk bekerja di challenged network. Challenged network
adalah rangkaian dengan kekurangan infrastruktur seperti kawasan bencana. Oleh
kerana itu, rangkaian mempunyai sambungan berkala. PSN menyediakan paradigma
baru unfuk mengedarkan mesej dalam rangkaian dengan mengambil keuntungan
daripada perpindahan node dari satu fempat ke tempat lain. Dalam kertas ini, network
performance dari delapan buah protokol routing PSN disiasat iaitu First Contact, Direct
Delivery, Epidemic, PRotocol using History of Encounter and Transitivity (PROPHET), Spray
and Wait, Binary Spray and Wait, Fuzzy Spray, Adaptive Fuzzy Spray and Wait. Metrik
prestasi adalah nisbah paket penghantaran, nisbah overhed dan rata-rata kependaman.
Simulator Opportunistic Network Environment (ONE) digunakan untuk menilai prestasi
rangkaian. Eksperimen menunjukkan bahawa Epidemic mempunyai prestasi yang terbaik
dari segi nisbah penghantaran mesej, tetapi ia mempunyai nisbah overhed yang paling
tinggi. Direct Delivery mempunyai nisbah overhed yang paling rendah (nisbah overhed
sifar) dan PROPHET mempunyai rata-rata kependaman terendah.

Kata kunci: Pocket Switched Network, First Contact, Direct Delivery, Epidemic, PROPHET,
Spray and Wait, Binary Spray and Wait, Fuzzy Spray, Adaptive Fuzzy Spray dan Wait
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1.0 INTRODUCTION

Wireless network is a network that uses radio waves to
work in certain frequency and it does not require any
physical media to communicate. The advantages of
this network are faster installation and expansion
relatively easy, wide coverage areq, support the
mobile user, and it does not use any cable.
Unfortunately, it has drawbacks such as expensive
tools, no guarantee in safety, limited of network
capacity and intermittent connection. Examples of
wireless networks are Global System for Mobile
Communications (GSM), General Packet Radio
Services (GPRS), Exchanged Data rates for GSM
Evolution (EDGE), Universal Mobile
Telecommunications System (UMTS), High Speed
Downlink Packet Access (HSDPA), High Speed Uplink
Packet Access (HSUPA), Long Term Evolution (LTE),
Worldwide Interoperability for Microwave Access

(WIMAX), Wireless Local Area Networks (WLAN) and
Bluetooth.

Pocket Switched Network (PSN) evolved from
Mobile Ad hoc NETwork (MANET). PSN overcomes the
difficulty of accessing network in a challenged
environment. Challenged network is an environment
which has lack of infrastructure, frequent network
disconnection, network disruption, and lack of
resource [1]. In the network, some popular routing
protocols in MANET, such as Ad Hoc On-Demand
Distance Vector (AODV) or Dynamic Source Routing
(DSR), cannot be implemented due to end-to-end
network construction is needed for forwarding the
network messages. Some networks such as wildlife
fracking sensor network, milifary network, inter-
planetary network, nomadic community networks,
underwater sensor networks, and satellite networks use
similar concept asin PSN.

WIRELESS
NETWORK
The shortcoming of Wired Network: MANET cannot work in this conditions: DTN
- Less flexible Ad Hoc - Lack of infrastructure
WIRED NETWORK —— - Require safe place — NETWORK — - Frequent network disconnection »
- Less secure if the cable cord is cut - Lack of resources PSN
- Need cost for cabling maintenance MANET - Network disruption
DTN
PSN
\
The problem discussed Routing Protocol
\ 1
Single Copy Based Multiple C;)py Based
A J
FORWARDING REPLICATION
BASED BASED
The simplest routing  The simplest routing /\
FLBOA%IEIDNG QUOTA BASED
FIRST DIRECT ’
CONTACT DELIVERY |
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EPIDEMIC
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is high overhead
history encounter of nodes o

SPRAY & WAIT
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Figure 1. Development of Routing Protocols in Pocket Switched Network
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Delay Tolerant Network (DTN) can work in
communication gap since lack of infrastructures. It
can also support communication between planets
or satellites. In other word, DTN is mobile wireless
network which can work in intermittent connection
and it does not guarantee end to end connection.
Figure 1 shows development of routing protocols in
Pocket Switched Network. Figure 1 shows frend
enhancement of routing protocols that refer to
replication based. Replication based has multiple
message copies in order to increase the successful
probability of messages reaching the destination
node compared to single-copy based. DIN is
focused on exiremely long delay of intermittent
connection. The performance of DTN depends on
human mobility pattern and their characteristics.

This paper is an extension of previous paper [15]
that is more detailed analysis and more
comprehensive information regarding another
baseline routing protocols in PSN. The rest of this
paper is organized as follows: Section | describes the
overview of prominent routing protocols in Pocket
Switched Network. Section Il contains the process of
simulation. Section Il presents results and discussion.
Conclusion is given in the final section namely,
Section IV.

1.1 Pocket Switched Network

Pocket Switched Network (PSN) is application of DTN
which exploifs contact opportunities between mobile
nodes and human mobility fo fransfer data in peer-
to-peer connection [15,16,17]. PSN is also part of
Opportunistic network where network contacts are
infermittent or where link performance is highly
variable or extreme [2]. This network can be applied
in satellife network, nomadic community network,
wildlife habitat tracking monitoring sensor network,
military network and interplanetary  network.
Recently, PSN has been developed to enable mobile
users in a social network to opportunistically
exchange information by utilizihg proximity-based
connection capability, such as Bluetooth or Wireless
Fidelity (WiFi) [3].

PSN uses Store Carry Forward (SCF) approach fo
increase message delivery probability. Using this
approach, a router node in PSN stores the incoming
message into its buffer and then delivers the
message fowards destination node whenever the
radio of the router node covers the destination
node. This approach uses node mobility to deliver
messages due to the lack of network-wide
connection. It increases the message delivery ratio,
reduces end-to-end delay and minimizes resource
consumption, which is wusually measured by
bandwidth and buffer space [4]. According to [5],
router nodes should deliver high priority message
during contact phase. Contact phase is the fime
when two or more nodes exchange message. In
other word, the time duration for two or more mobile
nodes encountering each other within their radio
fransmission ranges and is able to transfer messages.
The duration of the contact time depends on the

mobility profile of participating nodes [6].
1.2 Routing in Pocket Switched Network

Many routing protocols have been proposed to
improve the performance in PSN. As in DTN, the
routing scheme in PSN consists of two groups;
forwarding based and replication based [7].
Forwarding based uses single message to deliver it to
destination node. This scheme works in good
connectivity network and network with knowledge to
decide the routing. Examples of such protocols are
Direct delivery and First contact. While, replication
based duplicates the message to ensure high
delivery probability toward destination node. It is
usually used in opportunistic network such as in PSN. It
has higher delivery ratio and lower delay.
Unfortunately, it has many redundant message
copies in the network which consume many
resources, such as buffer space, energy and
bandwidth. The sample of routing protocol which
uses these schemes namely, Epidemic, Protocol using
History of Encounter and Transifivity (PRoPHET),
MaxProp, Resource Allocation Protocol for Intentional
DTN (RAPID), Prioritized Epidemic (PREP) and so on.
Whereas, the other scheme is quota based which
can save network resources by fransmitting limited
message copies in the network. Examples of such
protocol adopting this scheme are, Spray and wait,
Binary spray and wait, Opportunistic Routing with
Windows-Aware Replication (ORWAR), spray and
focus, Encounter Based Routing (EBR) and etc. The
quotas based are best steward in using network
resources.

1.3 First Contact

First Contact is a routing protocol which has no
knowledge about the network in assistance to route
the message from source node to destination node
(zero-knowledge protocol). Hence, this protocol has
no fixed configuration since it makes random
decision in routing the message. In addition, this
protocol never attempt to learn about topology and
having the same routing performance for all fime [8].
A message is forwarded randomly to the next
contact. This protocol chooses the first available
contact (first encountered node) when none that
are connected at message arrival time. This protocol
is regarded as a simple routing protocol of single-
copy routing.

1.4 Direct Delivery

Direct Delivery is a routing protocol that waits the
destination node and forwards the message directly
fo such destination. This protocol is also regarded as
one of the simplest routing profocol of single-copy
routing [?]. This protocol has zero overhead but it has
long delivery delay. This protocol has zero information
about the network in assistance to route the
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message foward destination node (zero-knowledge
protocol).

1.5 Epidemic

Epidemic is a routing profocol which uses flooding
approach to transfer message from source fo
destination node. In this protocol, if two nodes
encounter within radio fransmission coverage, a
node exchanges all routing messages and it will
repeat until all nodes in the network have the same
set of routing messages. The advantage of this
routing is it has high delivery probability.
Unfortunately, this scheme has some drawbacks, it
consumes unlimited storage, power and bandwidth
recourses. Besides, it also has high overhead ratio.

1.6 Probabilistic Routing Protocol using History of
Encounter and Transitivity (PROPHET)

PROPHET is a routing protocol for DTN and it has often
been used as a benchmark to evaluate and
compare to other DIN routing protocols [10].
PROPHET uses the history of previous encounters with
other nodes. PRoOPHET has statistical properties
namely, delivery predictability and transitive property
which can help to choose the appropriate relay
node for the next tfransmission. Transitive property is a
condition when node A frequently encounters node
B, node B frequently encounters node C, then node
C probably is a good relay to forward messages are
destined for node A. The benefits of transitive
property scheme are low wasting fime of signaling on
the queue and less load pressure of node. Hence,
the possibility of message dropping will be
decreased. PROPHET uses expected communication
prediction which has three parts namely, updatfing
delivery predictability whenever a node encounters
other node, aging property and transitive property. P
(A,B) € [0,1] describes the expected communication
prediction between node A and node B. This
algorithm assumes unlimited bandwidth therefore
fime is ignored during the fransmission process fo
destination node.

1.7 Spray and Wait

Spray and wait is a routing protocol which is intended
to improve the performance of Epidemic in terms of
decreasing overhead ratio. The characteristics of
spray and wait routing protocol are namely,
performing fewer fransmission than Epidemic and
other flooding-based routings, having low contention
in high fraffic load and low latency in transferring
messages, exhibiting good performances in large
network size and node density, simple and requires a
litfle knowledge about network. This protocol uses
Store Carry Forward (SCF) scheme for messages
fransmission. A node stores messages, wait then
fravels to other places. Whenever a node meets the
destfination node afterward node directly delivers the

messages. Spray and wait protocol has two phases
namely, spray phase and wait phase. In spray phase,
a source node sends a message copy to its neighbor
node unftil only one message copy is left. Further, it
swifches to wait phase, a node sends a message
copy fo destination node by direct transmission.
Finally, message reaches the destination node.

1.8 Binary Spray and Wait

Binary spray and wait is an enhanced of Spray and
Wait profocol. This protocol is infended fo improve
the performance of spray and wait in forwarding
mechanism [14]. In spray phase, a source node sends
half of message copies to each distinct node unfil
node have only one message copy then the network
switches to wait phase. Meanwhile, in wait phase,
the network sends a message copy to destination
node by direct fransmission. This protocol is more
efficient than Spray and wait protocol since Binary
spray and wait has less delay.

1.9 Fuzzy Spray

Fuzzy spray proposed by [6] is another enhancement
of Spray and wait protocol in spray phase. It improves
the efficiency of message copies fransfer and
reduce overall latency in the network. This proftocol
uses Forward Transmission Count (FTC) and message
size parameters for prioritizing messages stored in
buffer for next fransmission. FIC is instead of hop
count to measure the number of messages copies.
The initial value of FTC is 1. Using FTC is befter than
hop count since this protocol uses replication
strategy to increase delivery ratio and it works in
limited bandwidth so node cannot fransmit all
message copies to relay nodes within contact phase.
Here, contact phase has short fime so that sequence
message is very important. This protocol works well in
all scenarios with various node densifies and
distribution. Fuzzy decision is used to classify
messages info levels in buffer and promoting high
priority within contact phase.

1.10 Adaptive Fuzzy Spray and Wait

Adaptive Fuzzy Spray and Wait is an extension of
Fuzzy spray proposed by [11] that addresses the
drawbacks of Fuzzy spray. Similar to Epidemic
protocol which has no limitation of message copies
per message during message transmission. As a result,
Fuzzy spray has high overhead. In order to solve the
problem, AFSNW calculates the average of message
size locally. Similar to estimation of Round-Trip-Time
(RTT) value did in Transmission Control Protocol (TCP).
AFSNW also estimates number of nodes by counting
unique ID of message source which have been
forwarded. The additional feature of AFSNW is having
dropping policy to determine message to be
dropped in case of buffer overflow. Priority scheme
determines which messages are transmitted first
within contact phase. This protocol is more effective
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in ensuring fairness while maintaining high delivery
probability. Meanwhile, dropping policy is used to
get fairness during contfentfion. During fransmission
process, smaller messages have high priority within
contact phase. AFSNW performs better than Fuzzy
spray protocol in delivery probability, latency and
overhead.

2.0 SIMULATION

This sectfion contains the simulation parameters such
as number of groups, number of node, movement
model, map size, fransmit speed, transmit range and
so on. The experiments are deployed to measure the
network performance of First Contact, Direct
Delivery, Epidemic, PROPHET, Spray and waif, Binary
spray and wait, Fuzzy Spray and Adaptive Fuzzy spray
and wait.

The above mentioned routing protocols are
analyzed on Opportunistic Network Environment
(ONE) simulator. This simulator is designed to evaluate
the performance of Delay Tolerant Network (DTN)
protocol. ONE simulator uses Java language
programming. The main functions of ONE are
modeling the node movement and inter node
contacts.

The network interface is Bluetooth interface which
can fransmit within range of 10 meters and
fransmission speed 2 Mbps (250 Kbps). There are two
wireless technologies available for Ad Hoc
connectivity on mobile phones namely, Wireless
Fidelity (WiFi) and Bluetooth. This paper considers
Bluetooth connection due to only one with a
reference implementation supporting the
deployment of DTN protocols.

This experiment has four scenarios consists of
varying number of nodes, varying periods of time fo
live, varying buffer sizes and varying message sizes.
The map sizes are 4500 meters width and 3400 meters
height. The time simulation is 24 hours. The simulation
parameters are shown in table 1 and table 2. Table 1
summarizes the simulatfion configuration for number
of nodes analysis. While, table 2 shows the simulation
configuration for time to live analysis. Scenario 1
conisists of 100 nodes (pedestrians) and divided into 4
groups namely, 40 pedestrians, 30 bicycles, 20 cars
and 10 frams. The velocity of pedestrian is 0.5 m/s —
1.5 m/s, velocity of caris 1.4 m/s — 4.0 m/s, velocity of
caris 2.7 m/s—13.9 m/s and velocity of framis 7.0 m/s
— 10 m/s. The node movement is Random Waypoint.

Table 1. Simulation Parameters of Varying Number of Nodes

Simulation Simulation Value
Parameter

Message size 10kB -1 MB

TTL 360 Minutes (6 Hours)

Buffer Size 100 MB for each pedestrian

Number of Nodes 50, 60, 70, 80, 920, 100, 110 Nodes

Table 2. Simulation Parameters of Varying Time to Live

Sarey Simulation Value
Parameter
Message size 10kB -1 MB
20, 40, 60, 80, 100, 120, 140
TTL ;
Minutes
100 MB for each pedestrian,
Buffer Size bicycle and car, 50 MB for

each fram
100 Nodes (40 Pedestrians, 30

Number of Nodes Bicycles, 20 Cars, 10 Trams)

2.1 Performance Comparison

There are three metrics are used to measure the
network performance namely, delivery probability,
overhead ratio and average latency. The description
of performance metrics are shown below.

1. Delivery probability is ratio between successful
messages arrives at destination node and number
of delivered messages [12]. The network has good
performance if delivery probability is high. It
means more messages are received in destination
node.

. , number of message received
Delivery Ratio = i g

number of message sent

2. Overhead ratio is measurement used to estimate
how many redundant messages are forwarded fo
deliver one message. Lesser overhead ratio

denotes good network performance.

. __ messages forwarded— message received
Overhead Ratio = number of message received

3. Average latency is average fime between
messages produced and messages received by
destination node [13]. Opportunistic network has
high average latency due to nature of its network.
Network is considered good performance if it has

less average latency.
Latency Average

Z" (time when message received — time when message generated
i=1

number of messages received

3.0 RESULT AND DISCUSSION

This section discusses the network performances of
First Contact, Direct Delivery, Epidemic, PRoOPHET,
Spray and wait, Binary spray and wait, Fuzzy Spray
and Adaptive Fuzzy spray and wait according to the
value of delivery probability, overhead ratio and
latency average. The experiment consists of varying
number of nodes and varying value of time-to-live.

3.1 Varying Number of Nodes

This section discusses the network performance in
varying number of nodes. The numbers of nodes are
50, 60, 70, 80, 90, 100 and 110 nodes. Figure 2, Figure
3 and Figure 4 show delivery ratio vs number of
nodes, overhead rafio vs number of nodes and
latency average vs number of nodes respectively.
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Delivery Ratio (%)

50 60 70
Number of Nodes {Nodes)
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90 100 110

Delivery Ratio vs. Number of Nodes

m Direct Delivery
® First Contact
H Epidemic
= PROPHET
m Spray and Wait
Binary Spray and Wait
m Fuzzy Spray
mAFSNW

Figure 2. Delivery Ratio as Number of Nodes are Varied

Table 3. Delivery Ratio as Number of Nodes are Varied

Binary
N Direct |  First Fuzzy
of Epidemic| PRoPHET| P9 | Seray AFSNW
Delivery| Contact and Wait | and Spray
Nodes _
Wait
50 104 | 98 | 5305 | 428 1186 | 1633 | 2581 | 1633
s | 1087 | 124 | 5976 | 425 1336 | 1613 | 3005 | 1613
70 | 1108 | 105 | 6122 53 1705 | 2062 | 3981 | 2062
80 | 1188 | 1135 | é451 534 1501 | 1884 | 4417 | 1884
%0 | 1098 | 1002 |8ea8 | 541 2558 | 27.16 | 5294 | 27.16
100 | 1101 | 1138 |er@2 | soz 1849 | 2003 | 5379 | 2003
10 | 1088 | 1147 | eese | &0l 1905 | 2104 | 2005 | 2104

Overhead Ratio (Replica Messages)

70 80 90 100 110
Number of Nodes (Nodes)

Overhead Ratio vs. Number of Nodes

u Direct Delivery

m First Contact

H Epidemic

m PROPHET

m Spray and Wait
Binary Spray and Wait

H Fuzzy Spray

mAFSNW

Figure 3. Overhead Ratio as Number of Nodes are Varied

Table 4. Overhead Ratio as Number of Nodes are Varied

Binary
N Direct |  First Fuzzy
of Epidemic| PRoPHET| SPr9Y | Seray AFSNW
Delivery| Contact and Wait | and Spray
Nodes N
Wait
50 0 | 513702 | 484974 | s448 | 212597 |18.1321 | 49.6347| 18.0094
80 0 | 4s4sss | s26174 | e112 | 212874 |203143[ 495487 202
70 0 | 702865 | 852564 | 11.0903 | 187091 |17.3985| 61,1992 17.233
80 0 | 707289 | 105279 | 13.1867 | 224796 197886 73.184 | 19.626
%0 0 | s0s119 [ 1321008 166829 | 139819 |14.4773 843216 14.3068
100 0 | s0.4835 | 1863225 206932 | 2035 |195077|87.2155| 19.8385
10 0 | 954077 | 195734 | 230591 | 190242 [186715] 113531 | 1m4mm

Latency Average vs. Number of Nodes

m Direct Delivery

" ®First Contact

___ mEpidemic

= PROPHET
m Spray and Wait

Binary Spray and Wait

Latency Average (Seconds)
el
&
o

m Fuzzy Spray

5 60 70 80 90 100 110 WAFSNW

Number of Nodes (Nodes)

Figure 4. Latency Average as Number of Nodes are Varied

Table 5. Latency Average as Number of Nodes are Varied

Binary
N Direct |  First Fuzzy
of Epidemic| PRoPHET| PTY | Seray AFSNW
Delivery| Contact and Wait | and | Spray
Nodes _
Wait
50 |9ss2.84 | 10180.14 | 1271633 | 9379.657 | F@67.984 | 7630.52 | 8500.52 | 76305123
60 |9s03.27 | 9832.446 | 1253582 | 108072 | 8153335 | 7949005 | 9401.14 | 7949.0486
70 | 10241.6 | 1001512 | 1213031 | 11489.86 | 8012.454 |7881.09 851591 | 783191
80 |9795.71 | 10206.03 | 11784.25 | 10557 96 || 7444005 | 7333.25 | 108.51 | 7833.2512
90 | os259 | 945213 |1145892| 11357.6 | 7235.571 694876 7104.57 |\694B.7591
100 [9891.11 | 10273.61 | 1119047 | 11167.06 | 7866.98 |ee97.32 | 7438.52 | easran
110 | 10102 | 1008376 | 11001.01| 11820.69 | 7070.055 863598 | 7144.32 | 66359584

Figure 2 and Figure 5 shows comparison of
delivery ratio among routing protocols. It shows
Epidemic protocol has the highest delivery ratio than
other protocols since Epidemic sends message to all
possible nodes. Meanwhile, PROPHET has the lowest

delivery ratio because PRoOPHET chooses the
appropriate  relay nodes before transferring
messages by using Delivery Predictability (DP)

property. Besides, the number of node also gives
impact to delivery ratio. The increasing number of
nodes makes the delivery ratio higher. It means, more
nodes in the network confribute to higher opportunity
of message copies to reach destination node.

Figure 3 and Figure 6 describes comparison of
overhead ratfio among routing protocols. It shows
that Direct delivery protocol has the lowest overhead
rafio (zero overhead ratio) because the message is
sent only to the destination node. While, Epidemic
has the highest overhead ratio than other routing
protocols since transferring message in Epidemic is
flooding-based. The value of overhead rafio can be
influenced by number of nodes. Increasing number
of nodes contributes to higher overhead ratio
because more contact opportunity between nodes
and more transmission take place.

Meanwhile, Figure 4 and Figure 7 illustrates
PRoPHET has the highest latency average among
other routing algorithms since this protocol need
longer time to decide the appropriate relay node in
fransferring message toward desfination node.
Increasing the number of nodes lowers latency
average since more nodes contributes to faster
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message fransfer from source node to destination
node.

B Varying Values of Time-To_live

This section describes the performance of network
with varying time to live values. The values of time to
lives are 20, 40, 60, 80, 100, 120 and 140 minutes.
Figure 5, Figure 6 and Figure 7 show delivery ratio vs
time to live, overhead ratio vs time to live, latency
average Vs time to live respectively.

Delivery Ratio vs. Time-To-Live

H Direct Delivery

H First Contact

H Epidemic

= PROPHET

m Spray and Wait

Delivery Ratio (%)

Binary Spray and Wait

B Fuzzy Spray

20 40 60 80 100 120 140 “AFSNW

Time-To-Live (Minutes)

Figure 5. Delivery Ratio vs. Time-To-Live

Table é. Delivery Ratio vs. Time-To-Live

T Direct | Frsl | o tomic |PRoPHET| P s:nr;?nd Fuzy | esnw
(Minutes) | Delivery | Contact and Wait| " 0T | spray
20 27 2.63 8 414 5.3 586 7.63 | 588
40 462 4.14 2046 | 1227 | 1279 1387 | 2897 | 1387
0 4.56 595 5087 | 3.9 | 1957 2126 45 | 2128
20 872 7.52 6417 | 3802 | 2604 2785 | 08 | 2789
100 10.53 9.44 7128 | 077 | 33.44 3436 | 459 | 3436
120 1203 | 1105 [ 7552 | sz | 7.3 3821 | 6775 | 3837
140 1374 | 123l 7771 6776 | 4083 416 | eBs2 | 4176

Overhead Ratio vs. Time-To-Live

m Direct Delivery

H First Contact

= Epidemic

= PROPHET

H Spray and Wait

Binary Spray and Wait

B Fuzzy Spray

Overhead Ratio {Replica Messages)

BAFSNW

20 40 60 80 100 120 140

Time-To-Live (Minutes)

Figure 6. Overhead Ratfio vs. Time-To-Live

Table 7. Overhead Ratio vs. Time-To-Live

_ Binary
TIL Direct First N N Spray Fuzzy
(Minutes) Co Epidemic | PROPHET and Wait Spr::i{:nd Spray AFSNW
20 0 GR11&F | BR2479 29876 | 430288 474211 | 90584 | 485737
40 0 105405 | 900202 | 274797 | 269439 2B 4867 | BTF.&B& |28.15548
&0 0 100.5287 | P0.8819 | 284578 | 20.5954 205435 | 79.443 | 20.2871
&0 0 1001955 | 909388 | 29.5773 | 14.5503 161547 [75.401 (155448
100 0 G51377 | $2.3074 | 323077 | 13.2488 132915 (74042 (131127
120 0 $2.5081 932841 | 355719 | 120839 11.883% (723477 (117711
140 0 936 939413 | 402134 | 110113 11.0333 [73.451 [10.83748
Latency Average vs. Time-To-Llive
. 4700
3 Lo .
8 3800 1 m Direct Delivery
3500 )
é 3200 | ® First Contact
@ 2900 o
2 2600 - = Epidemic
L 2300
¢ 2000 - = PROPHET
< 1 )
> }471.88 1 m Spray and Wait
9
..5:3 ];388 Binary Spray and Wait
8 500 -
200 4 B Fuzzy Spray
20 40 60 80 100 120 140 mARSNW
Time-To-Llive (Minutes)
Figure 7. Latency Average vs. Time-To-Live
Table 8. Latency Average vs. Time-To-Live
" Binary
m Direct First . Spray Fuzzy
(Minutes) Co Epidemic | PRoPHET and Wait Spr:yﬂnnd S AFSNW

20 2B6.8506 | 4263312 | &98.114] | 5487281 | 531.2086 | 5483211 | 48554 | 548321

40 $52.3185 (930264 | 153675 | 1410457 | 1220113 1157.6444 | 1458.5 | 1195.64

&0 1556.665 [IS42006& 1 2216.17% | 219508 | 1812.175| 1778.3832 (2138.4 | 1778.38

80 2213883 | 2081.204 | 2753787 | 2850731 | 2420086 | 23550541 | 2622.5 | 235505

100 275%.601 | EPA338F 3171.42 | 3570.248 | 3074.538 | 2925.11%3 | 2905.1 (2920.47

120 JE3Z9TT (3343287 | 3425 232 | 4127 483 | 3433323 | 32593202 (30516 | 3291.63

140 2794.46 | 3802.614 | 3644.617 | 4555.535 (3831876 | 2664.5248 | SOFAR [ 3656.11

Figure 5 illustrates that increasing Time To Live (TTL)
value contributes to increase the delivery probability.
TIL helps limiting number of message copies in
network since TIL denotes how long a message exists
in the network. Regarding PSN has intermittent
connection, hence, higher of TIL value then delivery
probability performance is improved. In longer time
to live, there are quite high chances that messages
can be delivered to destination node. Figure 6 shows
overhead ratio can be influenced by the value of
fime to live. Increasing TIL value confributes fo
decrease the overhead ratio. As such, it is better for
network if it has higher fime to live. Figure 7 describes
latency average can be influenced by TIL value.
Increasing TIL values can increase the latency
average. It is due to the increment of TIL value
influences messages must wait longer in buffer before
the message either is delivered to destination node
or dropped when lifetime expired.
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4.0 CONCLUSION

The evaluation was done using ONE simulator. Two
scenarios were investigated namely, the variation
number of nodes and variation of time-to-live (TTL).
The performance metrics investigated are delivery
probability, overhead ratfio and average latency. The
experiment shows that Epidemic has the highest
delivery probability. Unfortunately, Epidemic has the
highest overhead ratio than others since it uses
flooding-based. PROPHET has the lowest delivery ratio
due to PRoOPHET chooses the appropriate relay nodes
before transferring messages. Direct delivery protocol
has the lowest overhead ratio (zero overhead ratio)
due to the message only sends to the destination
node. PRoPHET has the highest latency average
among other routing algorithms since this protocol
need longer time to decide the appropriate relay
node in transferring message toward destination
node.

The increasing numbers of nodes make the
delivery ratio higher because more nodes in the
network conftribute higher opportunity message
copies to reach destination node. Increasing
numbers of nodes contributes higher overhead ratio
because more contact opportunity between nodes
and more fransmission take place. Increasing the
number of nodes lowers of average latency since
more nodes contributes to be faster in fransferring
message from source node to destination node.

Higher Time-To-Live (TTL) value increases the
delivery probability because it helps limiting number
of message copies in network. In addition, increasing
TTL value confributes o decrease the overhead ratio.
Lastly, increasing TTL values can increase the latency
average.

The networks are said to have good
performances if they have high delivery probability,
less overhnead ratio and less average latency. There
are some suggestions for future work in this area.
Firstly, deploying other movement models such as
map based movement, shortest path map based
movement, map route movement and external
movement in order to compare the network
performance among different movement models.
This paper uses Random Waypoint movement model.
Other research confributions consider other soft
computing for the evaluation such as genefic
algorithm, neural network and so on since this paper
uses Fuzzy logic.
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