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namely (a) number of copies (b) on the basis of network 
knowledge i.e. about future contact opportunities and 
message generation distribution [4].
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figure 1: Classification of dtn routing protocols

Further the various routing protocols of DTN 
can be classified into sub categories on the basis 
of: (a) Predicting Good Forwarders (b) Meeting 
the destinations by schedule, (c) Opportunistically 
forwarding messages. Routing protocols such as 

introduCtion1. 

Conventionally the data networks are supposed to be 
bidirectional supporting symmetric data rates with little 
chances of error and delay. However, these suppositions 
may not hold in some unwanted situations like military 
war-fares, major explosions, natural disasters etc. These 
situations causes unreliable path, delay and consume 
more energy in the network. It remained subject matter 
of the researchers to find out some solution and they 
came out with Delay Tolerant Networks (DTN) 
Technology. In DTN two nodes can exchange data 
when they come into the contact with each other and 
for this it uses store-carry-forward techniques. DTN 
is having characteristic of accommodation even in 
discontinuous path, high error rates, excessive network 
resource utilization and long & unwanted delay [1]. 
Because of these peculiar characteristics of DTN, the 
routing protocols of conventional networks do not 
fit in the framework of DTN. Thus the researchers’ 
community started focusing on working out the routing 
strategies particularly for DTN. The routing strategies 
of DTN, which primarily uses store-carry-forward 
technique, can be broadly categorized on two criteria 
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Epidemic routing[2] protocols for DTN was 
introduced by Amin Vahdat[2]. This protocol falls in 
flooding routing protocol category. In this protocol 
when nodes get chance to send they keep on sending 
messages until the messages are reached to their 
destination. Therefore, message delivery probability 
of epidemic is high but consumption of resources is 
very high ie the limitation of this protocol. PROPHET 
[3] is the probabilistic routing algorithm in which the 
packet is sent by predicting the behavior and history 
of the node to send the message. So in this protocol 
resource consumption is less as compared to Epidemic 
as message is not broadcasted to all nodes.

A new routing scheme called Spray and Wait[11] 
that “sprays” number of copies and wait till the time 
any one node finally reaches the destination was 
proposed. Author shows that this protocol perform 
better than all other existing protocols in case of 
delivery of the message and delay. John Burgess 
proposed MaxProp[9] efficient routing protocol 
for DTN which chooses the efficient one from the 
schedule of packets transmitted and the packets to 
be dropped on priority basis. RAPID[12] a resource 
allocation protocol for DTN routing was introduced. 
It formulates the optimization of delivery delay 
matrices and translation of these parameters for 
packets utilities. Spray And Focus[18] routing technique 
in DTN was introduced to reduce the message 
overhead of flooding schemes like spray and wait. 
This protocol can work where mobility is slow and 
correlated in space and time. A DTN protocol 
SMART[17] uses travelling companions of the 
destinations to increase the delivery opportunities. 
Therefore, its delivery ratio is high and delivery 
latency is low as compared to other flooding type 
protocols. In 2007, PRioritized EPidemic (PREP)[16] 
was introduced as the extended version of epidemic 
for routing in flooding type of networks. It prioritizes 
packets based on sending costs and expiry time. PREP 
maintains a pitch of repetition density that decreases 
with increasing distance from the destination. A 
researcher further modified the epidemic routing 
protocol by including immunity based information 

Prophet[3], Mobispace [7], MV[8], Seek and Focus[10], 
Context-Aware Routing (CAR)[20], MaxProp [9], 
RAPID[12] are classified under good forwarder as 
there routing protocols forward the data packets on the 
basis of information of history contacts and location 
of nodes. Based on this information the prediction is 
made about the best forwarder node for a particular 
data packet.

Message Ferry (MF) routing protocol falls in 
Meeting the destinations by schedule category. [5]. 
Ferries are nodes of Special kind in MF scheme which 
have capability to change the route to help other 
nodes to send messages in advance. These nodes 
have capability of less message overhead and energy 
consumption.

In the last category i.e. opportunistically forwarding 
messages the messages are forwarded whenever there 
is chance/opportunity for doing so. In this scheme 
the nodes neither try to predict nor uses network 
knowledge to forward or deliver the data packets. 
It simply forwards the data packets whenever there 
is opportunity of doing so. Under this category the 
routing protocols such as epidemic, PRioritized 
EPidemic (PREP) falls.

This paper/work is related to the performance 
evaluation of various routing protocols of DTN 
namely epidemic, Prophet, spray and wait under 
varying TTL, buffer size and movement model. The 
section II discusses the previous related work of 
other researchers in the field of DTN and its routing 
protocols. Section-III gives the simulation set up 
and performance evaluation of considered routing 
protocols under the selected network scenario. Section-
IV elaborates the results and present the detailed 
comparison of the considered routing protocols under 
the varying parameters detailed above.

review on routing protoCols 2. 
in dtn

Basic DTN routing protocols depends on node 
movement only and no other source of information 
regarding communication set up. Basic DTN routing 
protocols are “custody transfer” and “epidemic 
routing”.
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scattered in the reverse direction once messages get 
delivered to their destination and got improvement 
both in delivery ratio and delay in comparison to 
existing protocols[15]. Based on literature Comparative 
analysis of above discussed routing protocols has been 
done in Table 1.

table 1 
Comparative Analysis of routing protocols
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Flooding Protocols
Epidemic[2] Unlimited No High Excessive 
Rapid[12] Unlimited No High Medium
Spray and wait[11] Limited No Medium Medium
Prioritized 
Epidemic [16]

Controlled yes Medium Limited 

Fuzzy Spray[23] Limited No Medium Limited
Spray and 
focus[18]

Controlled No Medium Medium

Forwarding Protocol
Prophet[3] Unlimited No Medium Medium
Maxprop[9] Unlimited No Medium Limited
Fresh (FResher 
Encounter 
SearcH)[22]

Controlled No Medium Medium

MV[8] Single No Medium Limited 

simulAtion And results3. 

In simulation comparative study of various routing 
protocols of DTN has been done by varying 
TTL, buffer size. By changing movement models 
performance of routing protocols has been also 
analyzed. By getting the best movement model all the 
simulation based on TTL and buffer size has been 
done. We have used ONE (Opportunistic Network 
Environment) simulator. In our simulation we have 
assigned simple broadcast type Bluetooth interface. 
To make our simulation scenario comparable to real 
time application, to better judge the performance of 
Epidemic, prophet and SNW routing protocol.

t
ab

le
 2

 
sc

en
ar

io
 s

et
 u

p
N

am
e

Si
mu

lat
e c

on
ne

cti
on

U
pd

at
e I

nt
erv

al
E

nd
 T

im
e

D
ef

au
lt_

sc
en

ar
io

Tr
ue

0.
1s

43
20

0s
In

ter
fac

e S
pe

cif
ic 

Se
tti

ng
N

am
e

Ty
pe

Tr
an

sm
it 

Sp
eed

Tr
an

sm
it 

Ra
ng

e
bt

 In
te

rf
ac

e
Si

m
pl

e 
Br

oa
dc

as
t I

nt
er

fa
ce

25
0k

30
m

N
od

e G
ro

up
 S

pe
cif

ic 
Se

tti
ng

s
M

ov
em

en
t M

od
els

Ro
ut

er
Bu

ffe
r s

iz
e (

M
)

W
ait

 T
im

e
N

o. 
of 

In
ter

fac
es

In
ter

fac
e1

Sp
eed

M
sg 

TT
L 

(M
in

s)
N

o o
f H

os
ts

Ra
nd

om
 w

al
k,

 R
an

do
m

 
W

ay
 p

oi
nt

, S
ho

rte
st

 P
at

h 
M

ap
 B

as
ed

 M
ov

em
en

t

E
pi

de
m

ic
; 

Sp
ra

y 
an

d 
W

ai
t; 

Pr
op

he
t

2,
 4

, 6
, 8

, 1
0,

 1
2,

 
14

, 1
6,

 1
8,

 2
0

0.
12

0s
1

bt
 In

te
rf

ac
e

0.
5,

 1
.5

m
/s

60
, 1

20
, 1

80
, 

24
0,

 3
00

40

M
ess

ag
e C

rea
tio

n 
Pa

ra
me

ter
s

E
ven

t.n
 ro

f
E

ven
t 1

.cl
as

s
E

ven
ts 

1.
in

ter
va

l
E

ven
t 1

.si
ze

E
ven

ts 
1.

ho
sts

E
ven

t 1
.pr

efi
x

1
M

es
sa

ge
 E

ve
nt

 G
en

er
at

or
15

, 3
0 

s
25

0k
, 2

M
0,

 3
9

M
M

ov
em

en
t M

od
el 

Se
tti

ng
s

M
ov

em
en

t M
od

el 
.m

g S
eed

M
ov

em
en

t M
od

el 
wo

rld
 S

iz
e

M
ov

em
en

t M
od

el 
wa

rm
up

1
45

00
,3

40
0 

m
10

00
 s

St
yl

e
Bo

ld
 a

nd
 It

al
ic

: C
at

eg
or

y 
H

ea
di

ng
Bo

ld
: A

ttr
ib

ut
e

It
al

ic
: A

ttr
ib

ut
e

A
ttr

ib
ut

e 
w

hi
ch

 is
 v

ar
ie

d



112 Swati, Jagtar Singh and Harminder Singh Bindra

 1. ttl: Lifetime of a packet or data in a network.

 2. Buffer size: Allocated buffer size to each node.

 3. movement models:
 (i) shortest path map Based move-

ment: Find shortest path to reach to 
destination.

 (ii) map route movement: follows 
predefined routes on map.

 (iii) map Based movement: Moves nodes 
to directions that following a map.

 (iv) random walk: It relays on random 
speed in random directions.

 (v) random way point: Add pause time 
when assume new destinations.

A. simulation of various routing protocols 
with different movement models

Delivery probability and overhead ratio of Epidemic, 
Prophet and Spray and wait has been compared. 
From the simulation result it has been analyzed that 
under random walk movement model overhead ratio 
of epidemic, spray and wait protocols is highest and 
delivery probability is lowest. As we know resource 
consumption is more in epidemic that is why overhead 
is more. Epidemic is using flooding method to deliver 
the messages so delivery probability is more. Under 
shortest path map based delivery probability of 
epidemic prophet and spray and wait is highest and 
overhead is lowest. Therefore overall performance of 
shortest path map based is best. So all other simulations 
are done by using shortest path map based.

figure 2: Comparison of routing protocols under movement 
models based on delivery probability and overhead 
ratio

B. simulation of various routing protocols 
with different Buffer size

Delivery probability of epidemic, prophet and spray 
and wait is analyzed by buffer size 2M, 4M, 6M, 8M, 
10M, 12M, 14M, 16M, 18M, 20M. It has been observed 
that as the buffer size increases, Capacity of a node 
to keep messages is increases so delivery probability 
increases. But as the buffer size increases more and 
more like 30M 40M 50M then delivery probability 
becomes constant for all routing protocol.

C. simulation of various routing protocols 
with different ttl

Delivery probability of epidemic, prophet and spray 
and wait is analyzed by TTL 60, 120, 180, 240, 300 
minutes. It has been observed that as the TTL increases 
means life of messages in a network increases then 
delivery probability increases.
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figure 3: Comparison of routing protocols based on buffer 
size

d. delivery probability and overhead ratio of 
epidemic, prophet and spray and wait

Epidemic is flooding type protocol in which message 
is sent to all possible nodes so resource consumption

figure 4: Comparison of routing protocols based on ttl

is more in epidemic that is why overhead is more. But 
delivery probability is high. In Prophet Message is sent 
to only those nodes which have high probability to 
send messages rather than to all.
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figure 5: Comparisn of routing protocols based on delivery 
probability and overhead ratio.

ConClusion And future work4. 

In this study, we have examined and analyzed the 
performance of DTN routing protocols epidemic, 
Prophet, spray and wait under the varying network 
parameters. We started our study with varying movement 
model and found that under the similar network 
conditions, shortest path map based movement model 
gives the acceptable performance. Hence if it is not the 
network demand then under other network condition 
shortest map based movement model should be used. 
Further then we analyzed the performance of considered 
routing protocols under varying buffer size and varying 
TTL with shortest path map based movement model. 
We found that at 20 M buffer size and 300 minutes 
TTL, Various routing protocols gave the highest 
performance under the considered network conditions. 
Further in future, we will use these values as a benchmark 
values for implementing the attacks on these routing 
protocols under same network conditions to analyze 
the effect of attacks on the performance of considered 
DTN routing protocols or on the other protocols.
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