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ABSTRACT
Emerging modern smartphones are powerful and capable of
exchanging larger files in a peer-to-peer manner. Such a
connection can be used in opportunistic networks where the
permanent end-to-end path does not exist. In this study, we
present an energy-aware forwarding protocol for large data
messages. We implemented a mobile peer-to-peer network
application to forward messages over the Wi-Fi link. The
preliminary experimental result shows that the proposed
protocol can optimise the energy consumption across the
network.

CCS Concepts
•Networks → Routing protocols; •Computer systems
organization → Fault-tolerant network topologies;
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1. INTRODUCTION
Opportunistic networks (OppNETs) are networks that de-

rived from the Mobile Ad-hoc Networks (MANETs) [3] that
are prone to intermitting connections of nodes and long de-
lays in end-to-end transmission [6]. It is one of the core
enablers for mobile devices to form an on-demand social pri-
vate Cloud computing group [2]. Such networks consist of
mobile hosts (software service-embedded mobile devices) [5]
and are able to provide communication to remote, isolated
networks. The characteristics of OppNETs include the dy-
namic network topology, potential lack of end-to-end paths,
unpredictable mobility of nodes, scattered mobile nodes and
limited resources. Further, OppNETs can utilise Delay-
Tolerant Networks (DTNs; IETF-RFC 4838) mechanism in
which the message transmission adopts store-carry-forward
method [4] in which nodes will keep data while they move
and forward to the suitable nodes opportunistically.
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2. PROTOCOL OVERVIEW
The proposed routing algorithm is designed based on util-

ising the context information of the node such as contact
history and current energy level and a few assumptions [1].
We assume that all nodes are moving randomly and they are
not aware of the geographical location and the destination
of the other nodes. Also, we assumed that the size of the
data is relatively high (about 10MB). Such a data can be a
video clip or a bundle of high definition images.

Initially, when the application starts, it loads the previous
contact history saved on the SD card into the cache. Each
node maintains a contact table in Distributed Hash Table
(DHT) format that describes the contact details of every
encountered node in the past and also describes the indirect
encountered nodes. The table is updated with every new
encounter. Further, the contact table also shows how strong
the connection between two particular nodes. To calculate
the tightness of a connection between two nodes, the node
will use total connected time and the number of encounters
in the past. We assigned the weight values (0-5) for each
parameter to calculate the tightness of the connection. Here
we assume that the connection frequency should have more
weight than total connected time.

The node constructs a routing table for all possible des-
tinations based on the information available in the contact
table. Figure 1 shows an example of the routing table of the
node NS to the destination ND.
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Figure 1: Routing table example.

When a node gets a message, it first keeps it in a tempo-
rary buffer and checks for duplication of the messages. If the
received message exists already, then the node will discard
the message. Afterward, it tries to identify the destination
of the message. If the destination is the current node itself,
then the message is accepted for processing. If the destina-
tion is one of the currently connected nodes, then the node
will directly forward the message and clears the buffer. In
case of the destination is not currently connected, the node
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will search the routing table for possible paths. There can
be multiple paths to a destination through different forward-
ing nodes. The best path will be a path that has the least
number of nodes and with higher relationship between them.

In order to identify the best routing path, we proposed
to use the Technique for Order of Preference by Similarity
to Ideal Solution (TOPSIS) algorithm which uses multiple
criteria to make a decision. Here we have the hop count and
the tightness values for each path to the destination across
five forwarder nodes (N1 to N5). The first step calculates a
normalised decision matrix for every path as follows.

Create a normalised decision matrix consisting of m alter-
natives and n criteria. The normalised value rij is calculated
as follows [7].

rij = xij

√√√√ m∑
i=1

x2
ij i = 1, 2, ...,m and j = 1, 2, ..., n (1)

Then we calculate the weighted normalised decision matrix
using this formula. The weighted normalised value vij is
calculated as follows:

vij = rij × wj i = 1, 2, ..., n (2)

where wj is the weight of the jth attribute and
∑n

j=1 wj = 1.

Next step is calculating the ideal (A∗) and the negative
ideal (A−) values, in which:

A
∗
= {(max

i
vij |j ∈ Cb), (min

i
vij |j ∈ Cc)}

= {v∗
j |j = 1, 2, ...,m}

A
−

= {(min
i

vij |j ∈ Cb), (min
i

vij |j ∈ Cc)}

= {v−
j |j = 1, 2, ...,m}

(3)

Then we need to calculate the positive ideal value and neg-
ative ideal values. In the case of tightness, the highest value
will be the positive ideal and for the hop count the smallest
value is the positive ideal. Next find the separation distance
measures of each alternative from the positive ideal value
and the negative ideal value as follows:

S
∗
i =

√√√√ m∑
j=1

(vij − v∗
j )

2, j = 1, 2, ...,m

S
−
i =

√√√√ m∑
j=1

(vij − v−
j )2, j = 1, 2, ...,m

(4)

The last step is calculating the relative closeness to the ideal
solution and ranks the values. The relative closeness of the
alternative Ai with respect to A∗ can defines as follows:

RC
∗
i =

S−
i

S∗
i + S−

i

, i = 1, 2, ...,m (5)

Table 1 shows the corresponding calculation of node NS’s
path selection to destination node ND.

Table 1: Experimental testing result.

Node Tightness # of
Nodes
in Path

Separation
POS

Separation
NEG

Rank

N1 18 3 0.107763 0.285688 0.726108
N2 24 4 0.10013 0.228176 0.695011
N3 28 5 0.112286 0.194776 0.634322
N4 47 7 0.285689 0.107763 0.273892
N5 34 5 0.166577 0.138940 0.454772

Here, the best path will be through the node N1 because
it has higher rank value. Once the best path has been se-
lected, the message will be waiting in the queue until the
node encounters the best forwarding node. If the path to
the destination is unavailable, the node will select the best
forwarding node by selecting a node that has a highest num-
ber of connections.

We also consider the energy level of the current node when
making the forwarding decision. We define three battery
levels as: Critical (C, below 20%), Medium (M, 20-40%)
and High (H, over 40%). If the current energy level is High,
then the node will actively participate with the application
in which it can accept the new messages forwarding task,
calculate the best paths and forward messages to the best
forwarding node as expected. However, if the node’s current
energy level falls in the Medium range, the node will not
accept any new messages forwarding task but it will still try
to forward the queued messages in the buffer to the best
forwarder nodes. When the current energy level dropped to
Critical, the node will not accept any new messages and the
node just forwards the queued messages to connected nodes
randomly to avoid the message dropouts.

3. CONCLUSIONS
In this study, we presented a forwarding protocol for larger

message size. We defined three energy categories for a node
that controls the behaviour of the forwarding decision. This
makes more comfortable in decision making while minimis-
ing the message dropouts. As for future implementations we
plan to implement the other features of the protocol such as
calculating the relationship with other nodes, which is very
useful in the decision making process.
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