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Abstract—It is acknowledged that in a mobile environment
the wireless technologies that are available at each node can be
exploited so as to achieve efficient peer-to-peer communications.
Therefore we have developed a multilevel platform the goal of
which is to allow a set of mobile terminals to securely communi-
cate in a peer-to-peer manner by using the most appropriate
available technology according to the context at hand. The
scenario that we have chosen to focus on targets information
sharing for collaboration purpose between the mobile nodes of
the network. The study of this scenario led us to identify the main
operations that are required to achieve it, the central process
being the publication of profiles. This operation is meant to
allow a node to publish a description (that we call a profile)
of the information it is willing to share with the other nodes.
Two approaches, direct transmission and relay transmission, are
considered so that the publication of profiles can be performed in
the most efficient way (according to the available communication
technologies and the dynamics of the network). In this paper, we
first present the target environments that we consider and the
approach that we have chosen to implement in our multilevel
platform. We then focus on the publication of profiles and
we highlight the two transmission modes (direct transmission
and relay transmission) that we have chosen to consider. We
analytically study and compare them in terms of the probability
to successfully deliver a given message in the target context
defined above. We conclude with future research directions.
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I. INTRODUCTION

The combined and effective use of the different wireless
technologies supported by today mobile devices requires de-
tailed analysis as it increases their communication capabilities.
Our focus is on the identification of the various opportunities
offered by this multi-technology environment in terms of
mobile services and applications. Considering these elements,
we have proposed a multilevel platform allowing a set of
mobile terminals (mobile phones in particular) to securely
communicate in peer-to-peer mode, using the most appropriate
technology according to the context [1]. The term multilevel
refers to the fact that each available (wireless) technology
represents a possible level of communication with its own
characteristics (range, transmission rate, etc). More concretely,
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the scenario is the sharing of data between the entities so
that each node of the network can provide information to the
others and also look for information it is interested in. We
have identified the following main operations to achieve this
scenario: the publication of profiles which allows a node to
publish the details concerning the type of information it is
willing to share; the specification of a set of targets which
makes it possible for a node to identify the entities which may
meet its needs; the choice of technology which allows a node
to select the most appropriate technology to communicate;
the security of communications which is intended to prevent
the (unauthorized) disclosure of private data. In this paper,
we focus on the publication of profiles which is central.
To publish the details concerning the type of information
(the profile) it is willing to share, a node makes use of the
available technologies in a peer-to-peer mode. The potential
recipients are thus the nodes which are directly accessible
via the available technologies. We consider the following
options, from the perspective of the publishing node, for this
operation: the direct transmission in which the considered
node directly sends the information to the recipients; the
relay transmission in which the considered node sends the
information to one of its neighbors so that it can retransmit
the message to the recipient. Then, the question that we have
chosen to study can be synthesized in the following manner:
in this multilevel (multi-technology) context, how to decide
between the situations where it is preferable to directly send
the information to the target recipient and the situations where
the use of a relay is more adequate?

The rest of this paper is organized as follows. First, we
present the target environment of our multilevel platform and
we position our approach. We then describe in more details
the publication of profiles to highlight the related key issues.
Thereafter, we provide the results of the analytical study that
we have conducted regarding the probability of reaching the
recipients for the two transmission options. Finally, we present
the future research directions that we plan to address based on
the first results before concluding.

II. CONTEXT

A. Target environment

The Mobile Ah hoc Networks (MANets) are the target
environment of the platform in which the publication of
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profiles is performed. Conventionally, a MANet (Mobile Ad
hoc Network) is composed of a set of communicating devices
which are able to spontaneously interconnect without any pre-
existing infrastructure; it configures itself on the fly. One of
the key issues in this kind of environment is the dissemination
of content [2]. Usually, the research related to this key issue
focuses on broadcasting with reactive and proactive protocols
[3] [4] and on probability-based, neighbor knowledge-based
and area-based routing protocols [5] [6]. It is important to note
that factors such as the density or the mobility of the nodes in
the network as well as the selected execution scenario have an
impact on the performance of the routing protocols [7] [8] and
the broadcasting methods. Considering the previous elements,
we thus believe that it is necessary to decrease, compared
to more conventional (infrastructure-oriented) networks, the
level of guarantees we expect from MANets [9]. For example,
concerning the publication of profiles in our platform, we
cannot guarantee that a profile will reach all the nodes of the
network. Rather, the goal will be to allow a node to publish
its profile to the largest possible set of entities of the network
(what depends on its neighborhood). In addition, we have
chosen to favor the opportunistic approach that we describe
in the next section.

B. The opportunistic approach

The principle of this approach is to use the mobility of the
nodes to deliver the messages. This is known as the store-
and-forward technique and the nodes whose mobility is used
to forward the messages are called data mules. Due to the
unpredictable mobility of the nodes, the delays of transmis-
sion are usually long (as the process requires opportunistic
interactions) and it is virtually impossible to guarantee that a
message will be delivered at a given destination [10].
Although certain guarantees cannot be provided, we believe
that these methods, particularly the content-oriented method
[11] in which a node sends the relevant requests to the other
nodes it encounters to obtain the desired information, can be
considered realistic in the context of MANets. By leveraging
this approach in our platform, we choose to use the mobility of
the entities of the network to disseminate a published profile.

III. THE PUBLICATION OF PROFILES

We provide the following definitions that we use below for
modeling purpose:

e profile,; is the profile that n; is willing to publish;

e techno,, =Ty, is the set of wireless technologies that n;
can use;

o V,,(t) is the set of neighbors of n; at time ¢;

o P, contains the identifiers of the nodes corresponding to
the profiles that n; has received

o Ty, n, is the set of wireless technologies by which a node
ny is the neighbor of a node n;;

o maxTy, n, is the technology with the largest coverage area
in the set Ty, , ;

o VT, (¢) is the set of pairs (g, Ty, », ) With n; € V,, () and
Tni.nk C Tn,-;

o >¢(t,,1p) represents the fact that the coverage area of the
technology 7, is at least ¢ times larger than the coverage
area of the technology 7.

Prior to the initiation of the publication of its profile, we
assume that n; has collected information about its current
neighbors. At time ¢, n; publishes its profile. n, and n; are
potential recipients of the profile : n, € V,,(t), n; € V,,,(1),
the identifier of n; ¢ B, and the identifier of n; & B,,. The
following steps, represented figure 1, are considered:

o case l: transmission by relay. If n; and n; have a common

neighbor (V,,(1) NV, (t) # @), then for each node n,, €
Vi, (1) N Vy, (1) we have pairs (ny,, Ty,n,) and (1, Ty, n,)
which respectively belong to the sets VT;,(t) and VT, (z).
In other words, n,, is accessible by n; and n; respectively
via the technologies of T, »,, and Ty, »,,.
If >/ (maxT,, ,,,maxT,, ,,) (the value of the factor f
will be discussed later) then n; sends its profile to n;
which retransmits it to n,, via maxTy, ,,, (We assume that,
in mobility situations, the greater the coverage area of a
technology, the more chance to reach a recipient by using
it).

o case 2: direct transmission. If the node n, is an isolated
node (it only has n; as a neighbor), then n; sends its profile
to ny, via maxTy, .

o case 3: default case. If a node n; (neighbor of n;) was not
considered (with the 2 previous steps), then n; sends its
profile to n; via maxTy, .

In order to demonstrate that the steps outlined above enable a
node to publish its profile (in peer-to-peer mode) among the
largest possible set of nodes, it is necessary to determine the
value of the factor f introduced above.

profiley,
(via maxTy, , )

profiley,
(viat, € T,,M,,)

profiley,
(via tp € Ty )

O

Direct transmission and relay transmission of a profile.

Fig. 1.

IV. ANALYTICAL STUDY

During the publication of its profile by a given node n;, a
choice must be made, for each potential recipient, between the
direct mode and the relay mode for the transmission (in order
to reach the largest possible set of entities of the network).
It is then a question of determining the value of the factor f
as mentioned in the previous section which allows to make a
relevant choice between the two transmission options. To this



end, we first evaluate the probability (p;) for a node to leave
the coverage area of a given technology. Then, we evaluate the
success probability (p;) of a message transfer between 2 nodes
via another node (relay transmission). Finally, we compare the
results to draw a first conclusion. Prior to these calculations,
we present the general assumptions that we chose to retain.

A. Assumptions

For the analytical study, we have chosen to make the
following assumptions:

« the coverage areas of the available (wireless) technologies
are circular with an omni-directional propagation scheme.
This approach is the most common in the community.

o the required delay so that a sent message reaches its
recipient is no more than one unit of time.

« the initiator node does not move between the time it has
finished collecting the information about its neighbors and
the time it starts the transmission (for the publication of
profiles).

B. Calculations of probabilities and comparison

1) Probability p; for a node to leave a coverage area:

As presented figure 2, there are two nodes, namely 1 and 2,
in a given area. We assume that the node 1 is equipped with
a wireless technology #; whose coverage area is represented
by the circle with the radius r (area S;). We also assume that
the node 2 moves at a speed v which allows it to cover a
distance dg per unit of time (with dg < r). The small circle
(represented with dashes) is a circle whose center is the point
where the node 2 is located and whose radius is dg. This circle
corresponds to the area reachable by the node 2 in one unit of
time. We define, within the coverage area of the technology
11, a risk area which is the space between the perimeter of the
circle defining the coverage area of ¢; and the perimeter of the
dotted circle (whose area is denoted by Sll). The difference in
radius between the two circles is equal to dg. This risk zone is
an area from which the node 2 can (potentially) move during
one unit of time and be out of reach of the technology #; (thus
moving a distance ds).
Let O be the event "the node 2 is accessible by the node 1
and it is within the risk zone of the technology #;" and R be
the event "the node 2 leaves the coverage area of f; when it
is in the risk zone". The probability that the node 2 leaves
the coverage area of the technology #; (equipping the node 1)
corresponds to p(QNR). It is therefore necessary to calculate
the probability p(Q) of occurrence of the event Q and the
probability p(R) of occurrence of the event R. Obviously, it is
possible to establish the following relations:

. p(Q)=1-3 with S =7/ and S = x(r —ds)?

_ds)?  2rdg—d3
=p@)=1- n(rng) = iz .

We then define an orthonormal system (figure 2) centered
at A (the point where the node 1 is located), the abscissa
axis of which is represented by the line (AB). B is the point
where the node 2 is located (in the risk zone). The abscissa
axis is oriented in the direction A to B. The coordinates of

A and B are: A(0,0) and B(x,0) with x € [r —dg,r|. In order
to determine p(R), it is necessary to evaluate the average
value (6,,) of the angle 6 according to the possible values
for the abscissa of B (x € [r—dg,r]). Indeed, 0 is the angular
portion which, if node 2 moves in it, will cause it to leave
the coverage area of node 1.

First, we can determine the coordinates of the points M and N
which are located at the intersection of the circle representing
the coverage area of the technology #; and the circle with the
radius dgs. Let (x;,ym) and (x,,y,) be the coordinates of M
and N. It is possible to establish the following relations:

J [ sl =r :{\/x%m;i:r

I|BM|| = ds Vo =22+ =ds
o we obtain d3 — (xy —x)* =r* —x,
:>d§+2xmx—x2 2

=r
x2+r27d§
= Xy = o
2

« as we know that y2, = r? —x2,, we have
Y = i\/(er—Frz +x2 —dé)(er— r2 —x2 +d§)

Similarly, it is possible to determine the following relations
for the point N:

2472 7d§
Xn = 7%

o= —i\/(er—Frzﬁ—xz —d3)(2rx—r? — x> +d})

. . — —
With the relation between ||BM|| and ||BN|| and cos(6):

-+ we know that Wmﬁw_:> I|BM||.||BN||.cos (8)
as BM (x,, — x,ym) and BN (x, —x,yn)
so we can establish (X, —x)(xXy — X) + Ymyn = d§ cos(0)

4 2,2 2 232
X8 =2r"x"+(r" —dy) o

if we set X =x%, a=2r2, b= (r*—d})? et c =2d}

2_
then we have cos () = X—4Xtb

.« 6= arccos(%) with X € [(r —ds)?, 7]
therefore the average value of 6 by considering the
range [(r —dg)?,r?] is
L X2 —aX +b
o /( A oarEo

= — arccos (
2
2rdg 7d§

dx
r—d5)2 cX )

With the Riemann sum we can obtain an approximate value
of 6, :

U 2rds — d}
c 6, = LY r(r - ds)? + k%) with
k=1
flx) = a.rccos(xz_c%ﬂ’),x € [(r—ds)*r* and n a

selected natural number (the higher the value of n, the
closer to the real value the calculation)

Due to the independent nature of the events Q and R, p(QN
R) = p(Q) x p(R). According to the previous calculations, we
have p(R) = g—’; (i.e. probability to leave the coverage area

N
from the risk zone). We also know that p(Q) = Ml‘:izd‘s. We
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can then conclude that p; = p(QNR) =

Fig. 2.

Possibilities for a node to leave a coverage area.

2) Probability p) of success for a message transfer
between three nodes: Let consider three nodes, 1, 2 and
3, in a given area (figure 3). We assume that the node 1
is equipped with the wireless technologies #; and #, whose
coverage areas are respectively represented by the circle 6
with radius rq (this area is denoted S;) and the circle %> with
radius r, (this area is denoted S,). The node 3 is equipped
with the technology #3 whose coverage area is represented
by the circle 43 with radius r3 (this area is denoted S3). We
also assume that r| < rp < r3 (so that the relay transmission
procedure described in section III makes sense) and that the
nodes 2 and 3 can move at a speed v which allows them to
cover a distance dg per unit of time. We define, within the
coverage area of each technology, a risk zone which is the
space between the perimeter of the circle representing the
coverage area and the perimeter of the dotted circle. This risk
zone is an area from which a node can leave the coverage
area of the considered technology if it moves during one unit
of time (according to the distance ds defined above). The
areas represented by the dotted circles are respectively S’l, S’2
and S/3 for the circles %7, %> and 63.

At time ¢, the node 2 is located in the zone %] and the node
3 is located in the zone %,. The operation to perform is as
follows: the node 1 must transmit a message m (in one unit
of time so that we can take into account in the calculations
the potential movement of the nodes 2 and 3 at the speed v)
to the node 2 via the node 3. It is a question of determining
the probability that the three nodes are in a configuration in
which the message m is successfully transmitted (despite the
possible movements of the nodes).

Let O be the event "the node 3 stays in the zone %, after
one unit of time" and R be the event "the node 2 stays in
the zone 43 after one unit of time". The probability that we
want to determine is the probability p(QNR). It is therefore
necessary to calculate the probability p(Q) of occurrence of

the event Q and the probability p(R) of occurrence of the
event R. Considering the areas S», 53, S’2 and S, it is possible
to establish the following relations:

/

¢ (@)= it 52— 17 5, 50—

2 2
_ m(rp—ds)* _ r3—2nds+d;
=pQ)=""7" ="

e p(R)= g—; with S3 = 713 et S; =n(ry—ds)?
s ) Bt _ iy

2 2
T r3 r3

« the events Q and R are independent
then p, = p(Q N R =
(r%72r2d5+d§ ) (r§72r3d5+d§ )

2 . 2
] 3

p(Q) x p(R) =

Fig. 3.

Possibilities of transfer of a message between three nodes.

3) Comparison between the two procedures of transmis-

sion: In the case a node n; wishes to transmit a message m
to an accessible node n; in a mobile context, there are two
possibilities for n;. The sending node (n;) can either directly
send the message to the target (via a technology #;) or use a
relay node ny (equipped with a technology #3 whose coverage
area is larger) to retransmit the message to the node n;. In
this relay mode, the node n; sends the message to the node ny
via a technology #,. It is assumed that the node n; is equipped
with the technologies 71 and t,, the node n; is equipped with
the technologies #; and #3, while the node n; is equipped with
the technologies #, and f3.
Considering the probabilities (p; and p;) that we have calcu-
lated above, it is possible to determine the most appropriate
method to transmit a message in the considered context.
Indeed, if the probability for the node n; to leave the coverage
area of the technology #; is greater than the probability for
the node n; to be in an area that allows it to retransmit the
message, the relay method should be privileged.



Thus, when a node n; must determine the most appropriate
mode to send a message to a node n;, after considering the
coverage areas of the technologies #|, f, and 73, it evaluates
the probabilities p; and p, (using the available information
concerning the technologies). Based on the results, the choice
of the transmission mode can then be made.

In order to provide a first idea of the evolution of the probabil-
ities for both transmission modes, we have drawn the graphic
presented figure 4. It represents the difference between the
relay mode and direct mode in terms of probability of success
in the transmission of a message with a specific scenario. ry, r»
and r3 respectively represent the radius of the coverage areas
for the technologies #{, f, and #3. In addition, we have made
the following assumptions for this evaluation (the distances
are in meters and the unit of time is the second):

o the value of r is fixed to 15 as it corresponds to the
coverage area of Bluetooth in the equipments that we
used in the development of our multilevel platform [1];

e 1y is defined as a multiple of | according to a parameter
o which varies between 1 and 5;

o r3 is defined as a multiple of r, according to a parameter
B which varies between 1 and 5;

« the value of dg, which is the distance that a node can
cover in one unit of time, is fixed to 1.4 as it corresponds
to the average speed (1.4m/s) at which humans walk in
the absence of external constraints [12].

In the studied case (relevant in our context), we can conclude
that 3 (the use of the relay mode becomes relevant when o
is at least equal to 1.5 and f at least equal to 2) is the value
of the factor f which can be used to choose between the two
possibilities (direct transmission or relay transmission).

Difference between relay mode and direct mode
(relay mode - direct mode)

rn=15etds =14

0.15
0.1
0.05

difference
0.15
0.1
0.05

0
-0.05
-0.1
-0.15

-0.05
-0.1
-0.15

58
1.§ parameter f3
(r3=Br2)

pa.rameler o
(rp=ar)

Fig. 4. Difference for the probability of success between the two methods

V. CONCLUSION

We have presented the study of the publication of profiles
in the context of the framework that we have proposed. The
publication of profiles is meant to allow a mobile node to
efficiently publish (i.e as much as possible) in its neighborhood
the information it is willing to provide to the other entities of

the network.

Our work lead us to identify two main options regarding the
transmission mode for the publication of profiles: the direct
transmission and the the relay transmission. In the direct mode,
the sending node directly transmits the message to the recipient
while in the relay mode, it makes us of a relay node to reach
the recipient. According to the characteristics of the wireless
technologies supported by the nodes, the analytical study that
we have conducted allowed us to determine the formulas of
the probabilities p; and p, that respectively represent the
probabilities of success for a transmission in direct mode and
for a transmission in relay mode. In addition, through the
analysis of a specific case, we have provided a first example
of the comparative evolution for the two probabilities (so that
a relevant choice can be made between the two options). In
our future work we will refine the proposed model so as to
take into account specific mobility models and to integrate
parameters such as energy-efficiency. We also plan to conduct
experiments for a practical evaluation of our approach.
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