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Abstract

This paper addresses the efficiency on
message forwarding over heterogencous nodes
in DTNs. Among the approaches for routing
protocols in DTN, the strategy of deploying the
stationary relay nodes called “thrown boxes™ is
considered for increasing network performance
efficiently. Till now, few studies have provided
routing solutions for thrown-box-based network
paradigms in the DTN research field. The tech-
nical content of this paper includes three parts.
Firstly, this study considers the deployment of
thrown boxes that can assist in message delivery
in delay-tolerant networks. A utility-based algo-
rithm is applied to make the message forwarding
decision between two nodes whenever they are
in contact. Secondly, we study where to appro-
priately deploy thrown boxes under various sce-
narios. Finally, this study runs simulations to
evaluate the proposed scheme in terms of mes-
sage delivery probability. Performance results
show that the proposed algorithm achieves high
performances and thrown boxes play an im-
portant role in message forwarding performance.

Keywords: Thrown boxes, utility-based algo-
rithm, delay-tolerant networks.

1. INTRODUCTION

In mobile ad hoc networks (MANET) [1]
environments, mobile nodes can directly connect
with neighboring nodes to distribute and ex-
change data that they carry during movements
without the need of wireless infrastructure sup-
port. Popular ad hoc routing protocols, such as
ad-hoc on-demand distance vector (AODV) and
dynamic source routing (DSR), assume that
there exist a complete end-to-end path from any
source and destination nodes. However, such an
assumption maybe vulnerable in delay-tolerant
networks (DTNs) [2] that lack instantancous
end-to-end paths. In DTN, it is not judicious to
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take classical store-and-forward routing proto-
cols that are well understood in MANET. The
study of DTNs must address the problems of
intermittent connection, long transfer delay, and

low message delivery ratio in such environments.

Alternatively, this  design  adopts  the
store-carry-and-forward approach, as shown in
Fig. 1, where data are incrementally moved and
stored throughout the network in hopes and will
eventually reach their destinations.

Previous research works proposed several
routing algorithms in DTNs. Specifically, the
replica-based technique attempts to maximize
the advantage of unscheduled forwarding op-
portunities to increase the delivery ratio and re-
duce delivery time. This is feasible only when
the networks can provide large amounts of local
storage and internode bandwidth relative to ex-
pected message traffic and resource waste. The
utility-based technique (e¢.g. SimBet [11]) uses
the social metrics to estimate or predict the po-
tential relay nodes may meet the destination.
However, due to the uncertainty of future en-
counters and underlying social graph, it is quite
possible that this technique fails to deliver the
message to the destination successfully.

Transmission
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range....,,

Treitred message
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Figure 1: The store-carry-forward approach

Among the approaches for routing proto-
cols in DTN, the strategy of deploying the sta-
tionary relay nodes called “thrown boxes™ is
considered for increasing message delivery
probability and reducing the message overhead

33



34

International Journal of Science and Engineering

efficiently. Thrown boxes are firstly introduced
by Zhao and Chen [3]. Thrown boxes are small
and inexpensive devices equipped with wireless
interfaces and storage. When two nodes pass by
the same location at different times, the thrown
box acts as a relay, creating a contact opportuni-
ty where none existed before. Fig. 2 shows an
example of using thrown boxes in a mobile DTN.
At time t1, node S sends data to thrown boxes.
At a later time t2 when node R moves close to
the thrown boxes, it receives S’s data from the
thrown boxes.

|
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t time

Figure 2: Thrown boxes deployment

However, the network topology evolves
over time duc to node mobility. This address
more challenges into the messages forwarding
over thrown boxes assisted Delay-tolerant net-
works. Moreover, the need to find an appropriate
places for thrown boxes deployment to maxim-
ize network performance.

The main contributions of this paper are:

1) We propose the utility-based algorithm
exploiting the advantage of thrown
boxes in DTNs.

2) We study how to deploy thrown boxes
under various scenarios so that the
performance of routing algorithm can
be improved efficiently.

2. RELATED WORKS

The routing protocols used in [5] [6] are to
improve the delivery message probability being
transferred to the destination by replicating the
copies of messages. On the other hand, epidemic
routing protocol mainly relies on flooding-based
scheme without history information. Specifically,
whenever mobile nodes come into contact with
other nodes, they disseminate their stored mes-

sages to any neighboring nodes that have not
received such message before. Though this
scheme can improve the delivery ratio, it in-
volves considerable resource expenses and high
overhead.

As the ProPHET protocol in [9], this ex-
ploits the advantage of history tables to compute
the delivery predictability of the nodes. Each
node maintain the delivery predictability of eve-
ry other nodes. When two nodes come into con-
tact, they exchange their history tables. Thus,
this information is utilized to forward the mes-
sages to the one that has higher frequency to
reach the destinations. In [10], Maxprop protocol
maintains a complicated history collection from
all encountered nodes. This information is built
through a cost of any possible routing path. The
messages are forwarded to other nodes in spe-
cific order that takes into account the cost and
message deliver probabilities based on previous
encounters. Further, the RAPID protocol [4]
designs different utility measures used to manip-
ulate the message queue to minimize missed
deadlines, average delay and maximum delay.

The study presented in [7] [8] is another
significant work in routing algorithms for DTNs.
In that study, authors proposed the algorithm
which can perform fewer transmissions than
flooding based routing schemes and higher de-
livery ratios. There are two different routing
schemes included: Spray and Wait [7] and Spray
and Focus [8]. In Spray and Wait, the source
tries to spread a limited number of copies of a
message over the network to relay nodes. Then
wait until a relay node meets the destination. On
the other hand, Spray and focus is designed to
eliminate some deficiencies of Spray and Wait.
According to a using appropriate utility-function,
it can forward a message closer to its destination
and achieve a better performance than Spray and
Wait. However, these methods create a lot of
redundant messages that could rapidly increase
the overhead in resource-scare DTNs.

In addition, a lot of research also uses some
auxiliary nodes to relay messages. Research in
[12] exploits thrown boxes to relay message, and
research in [13] uses mobile “message ferries” to
relay transfer messages, etc. Other studies [14]
[15] [16] [17] on thrown boxes mainly focus on
the capacity and delivery delay of the Epidemic
algorithm when putting thrown boxes into De-
lay-tolerant networks. In [3], the authors study
the joint thrown box deployment and routing
optimization problem. However, their focus is
only on the long term average capacity.
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3. SYSTEM MODEL

In our network scenarios, we consider the
DTNs which is composed of mobile nodes and
thrown boxes. Each node visits high frequently
to thrown boxes arcas, while other locations are
visited less frequently. For example, we consider
students in a university campus; the thrown
boxes arcas are the cafeteria, classrooms, and
sport areas. Specifically, let N =(1,2,3,...,n) be
the set of all mobile nodes in DTNs. A node is
identified by a unique ID and node mobility is
assumed to be driven. Let

B=(B,B,,..., B,)be the set of thrown boxes

in a network. When one node moves to another
node’s (or thrown box’s) transmission coverage,
they can exchange the copies in their buffers.

In general, the thrown boxes are deployed
at selected locations, to store a copy of message
and also create opportunitics for other nodes to
retrieve those copies and carry them to other
locations. Therefore, the copy is stored at thrown
box for sustained periods. The relay pattern of
using thrown boxes as follows: when mobile
node visits thrown boxes area at a given time, it
drops the copies of message to an encountered
thrown box. Later, the destination node can re-
trieve message by searching in visiting thrown
box before this message is expired. Suppose that
there are no transmissions between any pair of
thrown boxes.

In our model, we take the advantage of
thrown boxes to increase the message forward-
ing performance in DTNs. The copies could be
carricd by many mobile nodes throughout the
network before reaching the thrown boxes. A
node has different visiting probability to thrown
boxes due to its mobility. A notationi(Bf ) de-
notes the visiting probability that mobile node j
visits thrown box B, . In addition, we assume all
mobile nodes move independently and the visit-
ing process is based on discrete time. It is clear
that the visiting probability will influence the
distributions of the copies at thrown boxes and

also the message forwarding performance in
DTNs.

Uy The utility function of node j

Symbol Description

n Number of mobile nodes

b Number of thrown boxes

A Bjj) The probability that node j visits
thrownbox B,

4. THE UTILITY-BASED THROWN
BOXES ALGORITHMS (U-Thrown
boxes)

The objective of this section is to present
more details the utility-based thrown boxes al-
gorithm for message forwarding in DTNs. To
come up with our objective, we introduce the
utility function and U-Thrown box algorithm
with a given number of message copices. In order
to improve message forwarding performance, we
also propose various schemes to deploy thrown
boxes under different scenarios.

4.1 The Utility Function

We first study the utility function. The ob-
jective of this function is to make the forwarding
decision whenever two nodes come into contact.
Specifically, when node 7 holding a copies en-
counters with node j the utility function is ex-
ploited to decide whether node 7 hands over the
copies to node j or not. According to assump-
tions about our network model, the destination
node has higher probability of visiting thrown
boxes than that of meeting another node. Thus,
the message forwarding performance reaches to
good performance when thrown boxes hold a
significant number of copies, then the destina-
tion can retrieve the copies when it reaches to
thrown box later. Our detailed utility function
methods are presented as follows.

S A(B))

U _ JEN
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We consider the visiting probability of mo-
bile nodes at thrown boxes. Thus, we denote the
probability that thrown box b receives any copy
from node ; at a given time by (1). This also
means that the higher number of mobile nodes
(with high visiting probability) having copies is
the better performance of network. In other
words, the visiting frequency plays an important
role in determine which node is “better” for
message forwarding process.

4.2 The U-Thrown boxes phases

The Utility-based thrown boxes algorithm
has three phases: spraying, spreading and re-
trieving,

1) In the spraying phase, the source sends
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copies quickly to others encountered nodes. The
spraying method using in this algorithm is simi-
lar to Binary Spay& Wait [7]. More precisely, the
source of a message initially starts with L copies;
any node A that has n>1 message copies
(even source or relay), and encounters another
node B (with no copies), hand over to B [n/2]
and keeps [n/2] for itself. Moreover, if a node
visits thrown boxes, it drops all messages to
thrown boxes. When every node is left with less
than one copy (1< 1), it switches to forwarding
phase.

2) In the forwarding phase, every node is
holding with less than one message copy left
(n1<1).The utility function/ is performed to
make a forwarding decision. When a node 7
(having a message copy) encounters with anoth-
er node j, we compare the utility between two
nodes. IfU( ) > U(i), then node 7 will forward
its message copy to node J, else node 7 still keeps
it. Moreover if a node 7 visits thrown box, if
node 7 has more than one token, it will hand over
half of its tokens. If not, node 7 forward the copy
to thrown box when node 7 has only one token.

3) The retrieving phase is performed in par-
allel with the forwarding phase. The destination
receives the message copies whenever it en-
counters with another node; or the destination
retrieve the message copies by searching in vis-
iting thrown box before this message is expired.

We present the U-thrown boxes, as shown
in Algorithm 1. Algorithm 1 is a forwarding
process after the spraying phase is already fin-
ished.

Algorithm 1 - Forwarding phase with
strategy I

For ecach mobile node 7do
If node 7 encounters another node j then
If node j is the destination then
Node 7 send the copy to j
If U())> U(i)then
Node 7 forward the copies to node j
If node 7 visits thrown boxes then

Node 7 drops all its copies to thrown
box

4.3 Thrown box Placement Schemes

To evaluate our proposed algorithm under
different scenarios, we choose the appropriate
thrown box locations for the deployment. Espe-
cially, when there is only a small amount of
thrown boxes available to deploy in DTNs, these
schemes play an important role in network per-
formance. By analyzing social properties, we
have m- most popular locations that we get

from synthetic traces. For each mobile node, we
denote its location by I/ ={//,/,....,I’}, which

is a list of m locations visited by mobile node ;.

Notice that here each mobile node has the same
list of locations which is potential to put thrown
boxes. Thus a list of all locations in network

is L=1{l.,L,....1 } Then A(J) denotes the vis-

iting probability of node jto location/, . Thus we
have the average visiting probability of all nodes
to location /, as follows:

> A
~ Zl: (£) o
(1) =L—
n

Similarly, we also introduce the visiting
duration, which denotes the average visiting du-
ration that each mobile node reside in each loca-

tion. Specifically, f(]lf )is the average duration

time that node jreside in location /, during each
time periods. We have the average visiting dura-
tion of all nodes to location/  as follows:

n

W)

_ ; ! 3

£(l)=+——
n

Scheme 1: we simply choose a list of g

locations called G with highest visiting probabil-
ity and highest visiting duration. Among this
location, mobile nodes visit most frequently and
reside in these locations for long duration. We
denote this listby G :

{Z(Jj) >I(1k)}
Gel:<_ _
r(1)>7(,)

1 eCG
where: <’
1L e(L\G)

“4)

Scheme 2: This scheme has processed after
a list Gwas chosen. Then we choose list of /A
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locations called /7 where nodes visit more fre-
quently and reside in these locations for relative
short duration.

{I(Jj) > /T(]k)}
He(I\G):

T(1)<7(1,)

1l eH
where: <’
I e(L\ H)

&)

5. PERFORMANCE EVALUATION

In this section, we conduct extensive simu-
lations to evaluate the performance of our pro-
posed algorithm under various settings, as fol-
lows:

5.1 Simulation environments

In our simulation, we use the synthetic
traces that are generated by a Time-Variant
Community Model (TVCM) [18], to implement
the thrown boxes into network area. This is be-
cause the general traces (¢.g. Cambridge Haggle)
do not provide adequately the community in-
formation. In contrast, TVCM has independent
node mobility by design and we can modify the
parameters suited with our network model as
needed, which is useful to the performance
evaluation of our algorithm.

In order to create the trace, in each simula-
tion we deploy N=100 mobile nodes moving
within a grid of 1500 x 1500, a square area
composed of 17 square non-overlapping
sub-areas, each of which represents a community
area. We consider a sub-area in which nodes visit
more frequently, is called high-visiting area,
while the other arcas are visit less frequently
called a normal-visiting arca. The visiting prob-

ability of each node, which is equal to ﬂ(bf ), is
derived from Uniform distribution.

Settings Value

Message generate interval 10-20 (seconds)

Message time-to-live 10 ~ 90 minutes

Message buffer-size 500kB

Number of copies 1~ 12 copies

Simulation time 12 hours, 27.8 hours

Number of nodes 100

Number of thrown boxes 1,5,10

The detailed simulation area is as follows:

High-visiting area Normal-visiting area

i}
T

i
i
¥

Figure 3: The simulation area

5.2 Simulation Settings and Metrics

To validate our simulation, we use The
ONE [20] as the main simulator to evaluate the
algorithms with the traces created from TVCM.
Specifically, we compare our proposed algo-
rithm (U-thrown box) with Binary Spray and
Wait and Spray and Wait plus.

1) Binary Spray and Wait: this protocol acts
in two phases. In the spray phase, as message
with a replication quota is repeatedly copied to
encountered nodes, and when the quota is de-
creased to one, a node enters to the wait phase
and carries the message till it meets the destina-
tion

2) Spray and Wait Plus: acts as the same
way as Spray and Wait. However, this protocol is
assisted by extra stationary nodes which are de-
ployed as the same locations as U-thrown box.
The purpose of this protocol is to evaluate
U-thrown box algorithm by comparing with an-
other with the same amount of extra devices
added in DTN,

We adopt Delivery probability metrics to
measure our proposed algorithm in our simula-
tions. Delivery probability represents the ratio of
the number of successful delivered messages
over the number of created messages.

5.3 Evaluation Results

5.3.1 Performance in algorithms

We conduct two groups of simulation to
evaluate the performance of U-Thrown box un-
der two scenarios. Each group we adopt an ap-
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propriate thrown box placement scheme to
maximize the network performance.

Group 1: in this scenario, mobile nodes vis-
it frequently to g locations in which the total
visiting probability ranged from 0.7 — 0.9, while
other locations is visited rarely. In addition, the
visiting duration of mobile nodes to these g loca-
tions is greater 3-4 times than other locations.
Therefore, we can adapt scheme 1 to choose 5

appropriate locations for thrown box deployment.

The results in fig. 4 show that the delivery
probability of the three algorithms increase when
the value of Time-to-live is increasing. Binary
Spray and Wait has the worst delivery probabil-
ity. Spray and wait plus is added with extra relay
nodes to speed up message forwarding perfor-
mance, has a medium performance. In contrast,
the U-Thrown boxes, which is assisted by
thrown boxes, exploits the utility function, has a
better performance results among these algo-
rithms.

Group 2: in this scenario, each mobile node
tends to visit one location often with visiting
probability ranging from 0.7 — 0.9 and stays in
its location relatively long duration. There are
hlocations where the node visits quite often and
stays for short duration. Therefore, we can adapt
scheme 2 to choose 5 appropriate locations for
thrown box deployment. The delivery probabil-
ity results of three algorithms in fig. 5 is rela-
tively low due to node’s behavior. When mobile
node tends to reside in its location, it has less
opportunitics to meet with another node and
forward the copies to destination. However,
U-Thrown box still achieve the highest perfor-
mance among three algorithms.

5.3.2 Number of Thrown boxes

In order to study the effect of the number of
deployed thrown boxes, we conduct another
scenario. In this scenario, we have found that
there are 10 high-visiting locations where mobile
nodes frequently visits and stay for short dura-
tion. For the simulations, we vary the number of
deployed thrown boxes from 1 to 10. The results
in fig. 6 shows that the number of thrown boxes
greatly influence the performance of delivery
probability. Specifically, when the number of
copies increases, the performance of U-Thrown
box with 10 deployed thrown boxes increases
significantly. While U-Thrown box with 1 de-
ployed thrown box has low performance due to
the limited number of thrown boxes. Morcover,
a positive correlation was found between the
forwarding performance and the deployed loca-
tions of thrown boxes. To increase the perfor-
mance, the locations where we have found by

the particular thrown boxes placement scheme,
we need to put an adequate amount of thrown
boxes.

i U-thrown box
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6. CONCLUSION

This paper studies the advantage of de-
ploying “thrown boxes” as a stationary relay
node for message forwarding efficiency in a
network. The utility-based algorithm is also
proposed to make the message forwarding deci-
sion when the contact between two nodes is es-
tablished. In addition, simulation results show
that the proposed algorithm achieves a consid-
erable performance as the existing typical algo-
rithms. Also, it is shown that thrown boxes play
an important role in message forwarding pro-
cess.
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