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Abstract— Mobile Ad-hoc Networks (MANETS) exhibit unpredictable
topology with heterogeneous node contact rates, high mobility and limited
information. When dealing with such challenging environments, the
mobility model has a key role in testing the performance and proving the
expected behavior of routing algorithms. While synthetic mobility models
have been largely used to measure quantitative aspects of routing
protocols, they are not sufficient as they do not capture reliably the
properties of movement in the real life scenarios. In this paper we present
some experimentation done in THE_ONE simulation environment,
involving our M2MShare, a peer-to-peer (P2P) delay tolerant file sharing
platform for mobile networks. For testing purposes we have chosen the
Working Day Movement (WDM) model which is shown to make a good
approximation of human mobility patterns and provides the flexibility of
configuring real life test scenarios.

Keywords-P2P; opportunistic file sharing; multimedia; DTN;
MANET

1. INTRODUCTION

The evolution of device technology has led to reductions in
cost, size and power consumption, which have enabled mobile
devices to increase their complexity, processing capability and
usability. Nowadays, mobile phones have evolved from simple
voice communication means into powerful devices able to
handle complex multimedia documents. It seems hence
interesting to export a popular application such as Peer-to-Peer
(P2P) file sharing into the new scenario of mobile networks. In
this context, different from the classical wired P2P file sharing
approach, mobile users could exchange multimedia data when
in proximity of each other by establishing opportunistic,
proximity-based P2P ad-hoc connections [1, 2, 3].

However, when dealing with mobile networks,
communication cannot always rely on a continuous end-to-end
path between source and destination as in the wired Internet.
As due to mobility, communication links are transient and short
in time, in sparse mobile ad-hoc networks this path might not
even exist. Moreover, considering proximity-based P2P file
sharing as in our case, low node density could imply lower data
population in the overlay network, which could undermine the
utility of a P2P file sharing application.

Our M2MShare embodies a delay tolerant communication
solution for ad-hoc P2P opportunistic networks comprised of
smartphones [4]. It ports the Delay/Disruption Tolerant
Networking (DTN [5]) paradigm into the mobile world,
addressing the node density issue by providing means for an

asynchronous data exchange similar to that of DTNs. The idea
of a DTN is modelled in an infrastructure-less environment
where both the source of the file request and the destination of
the data are the same entities and where intermediary nodes
(servants) can store-delegate-and-forward back the requested
data toward the source. Our focus is on exploring a new
mechanism that allows peers to expand their reach area to other
local disconnected networks. M2MShare achieves this by
leveraging on node mobility and periodic encounters among
users even if they are not aware of this social proximity (e.g.
commuters utilizing the same train every morning even if they
do not know each other personally). In essence, content
search/download is performed by both enquiring encountered
nodes but also by delegating unsatisfied unaccomplished file
search/download task to some of them. To avoid excessive
transmission overhead, delegations are assigned only to nodes
that are probably met again in the future (i.e., nodes that are
frequently met).

This mobile opportunistic network could be comprised of
human-operated mobile devices moving in restricted physical
spaces, such as conferences, university campuses, refectories,
clubs and in many other social settings. In essence, they are
characterized by nodes with heterogeneous contact rates, high
mobility and limited information. To this purpose, in order to
provide quantitative and qualitative measurements of our
software we have chosen a delay tolerant simulation
environment called THE ONE [6]. To increase the
trustworthiness of the experimental outcome we have included
realistic day-by-day node movements through the Working
Day Movement (WDM) model. This model is able to represent
both the unpredictability of certain movements of users and the
routine of other movements such as, for instance, the daily trip
from home to work. This provides a good approximation of
inter-contact times and contact durations, providing the
flexibility for configuring real life test scenarios [7, 8].

In this work, we discuss M2MShare and provide a set of
realistic simulation scenarios for opportunistic communications
specifically designed for DTNs composed by smartphones. Our
simulation scenarios include i) real life scenarios comprised of
activities resembling human behavior; ii) quantitative and
qualitative  experimentation results showing that our
M2MShare serves its purpose by outperforming other classical
strategies in different metrics.



The remainder of this paper is organized as follows.
Section II summarizes background information related to our
work. In Section III we discuss M2MShare by introducing
operational details and protocol stack, describing the duties and
responsibilities of each individual layer. Section IV provides
some insights on the servant election strategy; also, we show
different experimentation proving that the delegation technique
serves its purpose. Finally, concluding remarks are given in
Section V.

II.  BACKGROUND

In this section we present some background information
regarding the applicative domains concerning our work. We
begin by stating some of the challenges encountered when
deploying P2P on Mobile Ad-hoc Networks (MANETS),
further proceeding in our discussion with the DTN
communication model.

A. P2P on MANETs

Mobile devices are providing functionalities previously
restricted to desktop computers. Such devices can interconnect
using broadband wireless network interfaces. Local storage and
computing capacity are sufficient for storing and playing high-
quality audio, movie files and complex multimedia
presentations. Due to their low cost, they are growing in
popularity and may at some time become the dominant mode
by which users reach the Internet, in a way we could consider
them as an opportunistic extension of the today’s Internet.
Consequently, they will have an important role in future P2P
overlays. However, mobile networks have some important
characteristics that differentiate them from the Internet and that
affect their interaction with the classical P2P wired overlays.

The static connection approach employed by such systems
in the wired case is not suitable for MANETS; this due to
mobility disconnections are often to occur and maintenance
overhead is not sustainable [9, 10]. Also, in sparse mobile
environments, there can be no path between the source and the
destination and moreover when considering our applicative
scenario, low node density could mean lower data population
in the overlay which could undermine the utility of a P2P file
sharing application [2, 9]. For these reasons synchronous
communications are not sufficient in such an environment and
other communication approaches are needed.

Furthermore, mobile devices have energy issues, thus the
need to preserve energy is essential [10, 11, 25]. Power
management involves a combination of techniques, including
network adapters that can trigger power resume of the host
while offloading certain network activity and network
protocols that reduce power consumption. In current overlay
designs, a mobile peer that goes into power-saving mode is
treated as a node that has left the overlay. Another, not less
important characteristic that differentiate the wireless from the
wired world is the communication technology. The wireless
medium, as opposed to the wired communication technology,
is known to be error-prone and bandwidth limited. Limited
bandwidth alone could mean lower data quantity transferred,
adding to this the mobility factor and low peer density we

might need other ways of reliable

asynchronous data transfer.

synchronous or

Concluding, mobile environments face multiple challenges
and traditional solutions for P2P over fixed networks may need
to be redesigned when applied in the wireless mobile world.

B.  Delay/Disruption Tolerant Network (DTN)

The TCP/IP protocol suite has been a great success at
interconnecting communication devices across the Internet
[13]. Yet, it is based on the assumptions of having connectivity
primarily on wired links, continuously connected end-to-end
devices, and low-delay paths between the sources and
destinations.

Nowadays, with the growing number of devices equipped
with wireless interfaces, users increasingly find themselves in
different types of networking environments than the
aforementioned ones. These environments, spanning from
globally connected networks such as cellular networks or the
Internet to the entirely disconnected networks of stand-alone
mobile devices, impose different forms of connectivity. In
particular, differently from the wired Internet communication,
MANETSs composed by smartphones are characterized by:

e Intermittent connectivity: connection links are
transient and short in time due to mobility. TCP/IP is
not suitable under such circumstances, other protocols
are required.

e Long or variable delays: Propagation delays between
nodes and variable queuing delays at nodes contribute
to end-to-end delays that can defeat Internet protocols
and applications that rely on quick return of
acknowledgements or data.

e Asymmetric data rates: The internet supports
moderate asymmetries of bidirectional data rate for
users with cable TV or asymmetric DSL access. But if
asymmetries are large, they defeat actual protocols.

e High error rates: Bit errors on links require correction
(added redundancy and processing time) or
retransmission of the entire packet. For a given link-
error rate, fewer retransmissions are needed for hop-
by-hop than for end-to-end retransmission.

A DTN originally thought and conceived for
communication in outer space, is an overlay of networks,
including the Internet. DTNs support interoperability of
networks by accommodating long delays between and within
them, and by interfacing different network types. In providing
these functions, DTNs accommodate the mobility and limited
power of evolving wireless communication devices
(smartphones). They employ a store-and-forward message
switching (Fig. 1); whole messages or pieces of such messages
are forwarded from a storage place on one node to a storage
place on another node, along a path that eventually reaches
destination.
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Figure 1. Store-and-forward packet switching between network nodes.

Another peculiarity of DTNs is that their routers need
persistent storage for their queues as opposed to Internet
routers that use short-term storage provided by memory chips.
This, for the following reasons:

e a communication link to the next hop may not be
available for a long time;

e one node in a communicating pair may send or receive
data much faster or more reliably than the other node;

e a message, once transmitted, may need to be
retransmitted if an error occurs at an upstream (toward
destination) node or link, or if an upstream node
declines acceptance of a forwarded message.

The DTN paradigm is still an active area of research and a
lot of other features would be worth mentioning but are outside
of the scope of this work (for more insights refer to [14]).
However, as we discuss in this paper, it represents an
interesting option for opportunistic communication among
smartphones.

III. M2MSHARE

The evolution of device technologies and the end-user
trends to shift toward wireless technology have made possible
the exchange and playback of complex multimedia content
between mobile devices. As P2P networks were initially
designed and conceived for the wired Internet such networks
do not perform well on mobile challenged environments, this
due to fundamental differences between the two. Mobility and
low node density require a revision of networking protocols
toward a delay tolerant approach. In this section we expose
some operational details of M2MShare, the application we
designed and implemented to demonstrate the opportunistic
DTN approach in mobile to mobile multimedia content sharing.

A.  Modus operandi

M2Mshare uses Bluetooth to create a P2P overlay
networks, which would allow the automatic exchange of
multimedia content among smartphones [15]. Our software
automatically initiates a search by broadcasting the user’s
query request toward other Bluetooth enabled devices
operating the program. Once the answer/s is received, data
found to match the criteria will be automatically requested for
download. All this process is done without the user mediation;
the user only needs to specify the search terms, configurable
through the user interface and chose from the matched content
list. Key features of M2MShare are its ease of use and
autonomy, once the initial preferences are set up no further user

interaction is needed and the user can find downloaded files
directly on her/his phone, when done.

Given that energy consumption is a problem for handheld
devices the notion of active sessions was introduced. An active
session is a period of time in which the software is functional
and performs its duties and such periods are configurable
through the graphical user interface. This way, the user can set
the application to look for requested contents only in certain
periods of the day; for instance, when commuting or during
lunch time in the cafeteria, so as to be active only when it could
be useful since the high number of other peers around.

As stated earlier, we leverage on mode mobility to reach
data content on other local disconnected networks. This is
achieved by introducing an asynchronous communication
model, store-delegate-and-forward where a peer delegates and
unaccomplished/unsatisfied task to other peers in the overlay
network. Delegating tasks to all encountered peers is energy
and bandwidth consuming. Also, it would be useless to assign
tasks to peers that will never be met again in the future. To
avoid this M2MShare exploits social relations and delegates
tasks only to frequently encountered peers, peers whom are
expected to be encountered again in the future (refer to
Section IV-A).

We could say that we exploit social relations among users
to determine possible task delegates. This is not a new
approach as context and social relations are already studied in
opportunistic data transmission [16]. Yet, we utilize even
unknown social relations by connecting users that have to pass
by the same geographical location at the same time frequently
enough. To assume that a candidate for task delegation could
be met again in the future (so that she/he will be able to deliver
contents possibly found), we use as an heuristic the history of
previous encounters.

B.  Software Architecture

We now introduce the protocol stack implemented by
M2MShare from a top-down perspective and give a brief
description for each individual layer.

DTN module
Servant election
Task forwarding

Transport module
Queuing mechanism Search

Transfer flow control

Routing module
Routing and forwarding
Controlled query flooding

Content

Storage
MAC module

Service Discovery

Message Broadcast

File API

Bluetooth Profile

Figure 2. M2MShare peer architecture. Blocks shown in gray are proprietary.

Search module. This module comprises the indexing
strategy for utilizing various query models: from simple
keywords to range queries.

DTN module. This module is responsible for servant
election and hence for task delegation. Studies in routing
algorithms for challenging environments such as MANETSs



have a social dimension built in [17, 18]; knowing that
behavior patterns exist allows better routing decisions to be
made. We exploited the fact that certain users frequently
becomes in proximity of each other (e.g. by taking the same
bus in the morning, by eating in the same cafeteria at lunch,
etc.) in order to dynamically build a DTN path from source to
destination.

Transport module. It provides the task queuing
mechanism and task lifecycle management. These are
important features when utilizing mobile devices that have
resource constraints. An important part of this module is the
communication protocol for data packet exchange among
nodes. Also, it provides a smart file division strategy, which
allows for parallel and hence faster download while avoiding
redundancy on downloaded data.

Routing module. This module provides message
forwarding capabilities to our overlay network and implements
a controlled flooding technique alike AODV [12]. It
implements the overlay organization, i.e. connection
establishment and maintenance, as done by Optimized Routing
Independent Overlay (ORION [9]) protocol.

MAC module. It provides service discovery and message
broadcast facility for peers in our network. The heart of this
module is a fundamental service called PresenceCollector
which periodically gathers presence information [4] about in-
reach area devices so as to determine which nodes are
frequently met and have hence a reasonable expectation to be
met again in future (these nodes will be used as servant to
propagate file queries or downloads).

IV. SERVANT ELECTION

M2MShare implements an asynchronous communication
model between peers, where a client peer can delegate an
unsatisfied, unaccomplished task to a servant peer. While in
DTNs there are pre-deployed entities that store-and-forward
data along the destination path (routers), M2MShare achieves
this functionality in an infrastructure-less environment, where
this forward route is established dynamically along the path to
destination. In this section we state the underlying assumptions
behind the DTN module design and show some experiments
which demonstrate that the delegation technique serves its

purpose.

A. Frequently encountered device

While research into routing in mobile environments is not
new, researchers have for many years assumed node encounters
to be random. In reality, mobile nodes are of course used by
people, whose behaviors are better described by social models.
This opens up new possibilities for routing, since the
knowledge of behavior patterns allows better routing decisions
to be made [17, 18]. In our work we exploit this idea of social
relations between users operating mobile wireless devices and
provide a proof of concept implementation, adopting a DTN
type solution for the mobile disconnected networks.

Delegating an unaccomplished task to all the peers in the
established overlay network is bandwidth and energy
consuming therefore a criterion is needed to choose one peer

instead of others in order to decrease the number of
transmissions when possible. It is sound to delegate tasks to
peer devices operated by users whom we expect to encounter
again in the future. In fact it would be useless to assign a task
to a node that will never be met in the future. As a heuristic to
predict future probability of encountering a node we use the
frequency of past encounters.

In the actual implementation, a servant device is a
frequently encountered device and the concept of frequently
encountered changes in time, adapting to the observed
dynamics. This because the contact rate of a single device
operating M2MShare might vary from day to day. Moreover,
some devices frequently encounter many other devices, while
others encounter a small number of them. In the first case we
would want to higher the expectations of a frequently
encountered device in order to choose the best devices from
those repeatedly encountered. In the second case, in order to
have a certain number of frequently encountered devices we
should be less selective by lowering the system expectations
(parameters). The servant election algorithm takes into
consideration these cases and tunes the parameters accordingly
to the observed history.

B.  Delegation efficiency

In this section we compare the efficiency of our system
(M2MShare) employing delegations against two other systems
using different strategies:

e No delegation: system which does not employ
delegations and file exchange is initiated only when a
peer holding the requested data file is found in reach
area of file requester.

o Delegation _to_all: system employing delegations but
instead employs the trivial technique where missing
tasks are delegated to each encountered peer.

The metric we study is the found time (F;) for a generic
data file which is the time interval between the first delegation
made and the time an output return for that specific file is
received. If no delegations are made and the first file request is
satisfied by a direct file possessor the F; is equal to zero. For
each of the above scenarios we also measure the:

e number of delegations used: representing the number
of tasks the requestor peer has delegated for that
particular data download;

e percentage of completed task: representing the
number of delegated tasks completed (output
returned) over all delegated tasks;

e total data transferred: referring to the quantity of data
traffic exchanged between servant peers trying to
satisfy a delegated task, file possessor peers and the
data forwarding quantity toward the requestor node.

To this purpose we implemented the three protocols in
THE ONE. For sake of simplicity, delegations are one hop
only, i.e., a servant peer cannot further delegate the task to
other frequently encountered peers of its own.
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Figure 4 — Average, min, max number of delegations employed by each
delegation strategy.

Also the software is always operational, there is only one active
session configured that covers all day user activity. For the
simulations, as anticipated, we have used the Working Day
Movement (WDM) model with the Helsinki map available in
THE ONE. Each scenario has a population of 1000 nodes
which emulate people operating M2MShare and are involved
in their daily activities according to the cycle, home-work-
event-home. A node at home is inactive, thus the software is
not operative. Nodes are uniformly distributed between the
available districts of the map and the simulation time is set to
seven working days, during which there are seven full cycles
home-work-event-home. The data file the user is looking for is
fixed with a size of 3.0 MB and it is, at the beginning of every
simulation, in possess of 50 randomly chosen and distributed
nodes of the population.

We repeat each of the simulation scenarios 40 times in
order to achieve more accurate results, independent of the
initial positioning of the requestor peer in search for that
particular data file. Each scenario is run using a different
random seeds to initialize the movement model and for every
seed the simulation is repeated using the three compared
protocols.

In Fig. 3 it is possible to see the advantage, in terms of
found time, in using the delegation technique instead of not
using it. The two systems employing delegations find the
required file in less time in each simulation run at the expense
of higher overhead in terms of bandwidth due to delegations.
The system employing delegations to all encountered peers
gets a better result on average, but at a cost of a higher number
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Figure 5. Percentage of completed previously delegated tasks against the
number of overall delegations employed.
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Figure 6. Average, min, max transferred data amount employed in each
delegations technique.

of delegated tasks (Fig. 4). A higher number of delegated tasks
imply more bandwidth used for searching the data file and
potentially retrieving (if found) and forwarding it toward the
requestor.

Fig. 4 makes a comparison between the two systems
employing delegations by showing the number of overall
employed task delegations till file download or simulation time
expires. It is easy to see that M2MShare uses fewer delegations
while achieving a higher percentage of completed delegated
tasks (Fig. 5). This outcome is due to a conservative delegation
strategy employed by M2MShare in delegating unsatisfied,
unaccomplished tasks only to frequently encountered peers
(servants). Since we do not have any means to evaluate the
ability of one servant to satisfy a file request what we do is
delegate to encountered peers whom is expected to be
encountered again in the future. The Delegation_to_all strategy
contributes to higher overhead also due to completed tasks,
ready to be returned toward the requestor that unfortunately
expire and are discarded before having the chance of
encountering the data file requestor.

In Fig. 6 is shown the comparison between M2MShare and
Delegation_to_all strategies in terms of transferred data
quantities till file download or simulation time ends. It is
straightforward to notice the higher overhead in terms of data
transmissions introduced by delegating to all encountered peers
whether M2MShare reduces the exchanged data quantity while
still achieving the goal of acquiring the requested file. From the
above results it is obvious that the delegation strategy serves its
purpose by extending a peer reach area to other mobile
disconnected networks where data content might be available
therefore reducing the found time of a desired content.



Although this strategy introduces an overhead in terms of
bandwidth usage, computation and power consumption we
control these side effects by delegating only to frequently
encountered peers whom are expected to be encountered again
in the future.

V. CONCLUSION

End-user trends to shift toward wireless technologies and
the device technology evolution has opened new application
scenarios for the mobile device world. These challenging
environments have fundamental characteristics that differ from
the wired Internet, from mobility to low node density and
energy preservation issues which need to be addressed.

The key ingredient in demonstrating the utility and good
design choices of a routing algorithm is the adopted mobility
model. In this paper we presented some experimentation results
devised for M2MShare. To this purpose, we adopted
THE ONE, a delay tolerant networking simulation
environment along with the Working Day Movement (WDM)
model which makes a good approximation of human mobility
patters in terms of inter-contact and contact duration also
providing the flexibility of configuring real life testing
scenarios.

We showed by experimental means that the delegation
technique serves its purpose by reducing the found time of a
generic file while reducing the number of overall
transmissions. Possible extensions of this work include the
design of a file division strategy and local congestion control to
increase the quantity of file downloaded per time unit [19, 20].
Moreover, it would be interesting to test possible support of our
solution to entertainment applications such as gaming, alert
message propagation, and vehicular applications [21, 22, 23,
24]. Finally, to this purpose we are currently planning a
comprehensive set of simulations through NS2 which makes
possible the testing of the entire protocol layers devised for our
software.
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