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(54) Method to manage an opportunistic communication network

(57) The invention relates to a method to manage an
opportunistic communication network (100) comprising
a plurality of terminals (101, 102,.., 107, 108), each of
said terminals (101, 102,.., 107, 108) being able to trans-
mit a message to an intermediate neighboring terminal
when a connection is established with said intermediate
neighboring terminal, wherein it comprises:
- the step of identifying each terminal (100) through a
node ranked with a value (RV) derived from both a social
parameter, based on established contacts of the terminal
user in a social network (200), and a communication pa-

rameter, based on established connections of said ter-
minal (101, 102,.., 107, 108) in the opportunistic network
(100),
- the step for a transmitting terminal, establishing a con-
nection with an intermediate neighboring terminal, to
compare the rankings (RV) of their respective identifying
nodes so that the message is transmitted to the interme-
diate neighboring terminal if the ranking value of the node
identifying said intermediate neighboring terminal is high-
er than the ranking value of the node identifying the trans-
mitting terminal.
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Description

Field of the invention:

[0001] The invention relates to a method for managing an opportunistic communication network.

The prior art:

[0002] The emergence of a new generation of communication devices leads to considering opportunistic networks,
wherein end-to-end connectivity between devices is performed using multi-hop data transfer over intermediate devices
when they are temporarily connected.
[0003] To forward messages in such opportunistic networks, a device has to decide to which other device the message
should be sent in order to reduce the cost (number of message replicas) of delivery while maximizing the transmission
success rate. In one extreme, a device may broadcast - i.e. transmit a copy - a message to all devices with which it
enters into contact; in another extreme, the message is forwarded to its destination only where the destination is met.
[0004] In said opportunistic networks, an addressing terminal having to send a message has to decide whether or not
to forward such message to encountered terminals which might behave as intermediate in the path towards the addressed
terminal.
[0005] Such forwarding decisions are typically guided by the desire to reduce the number of replicas of the message
in the network - to conserve bandwidth - as well as by the desire to reduce end-to-end delay of transmission
[0006] As guidelines to take forwarding decisions, it is known to consider a register of the previous contacts established
by the transmitting terminal or information about device mobility patterns.
[0007] It is also known to consider social parameters whereby the social network of terminal users is taken into account,
most of these contributions imposing a centralized computation of social properties such as centrality.

The problem:

[0008] Social interaction as a sole means to guide forwarding decision, as in the prior art, does not provide satisfactory
indications for taking forwarding decision. Moreover a centralized computation is not satisfactory for implementing the
invention in an opportunistic network since centralized architectures are in general of limited scalability. Indeed all data/
information has to be transported and processed in a centralized entity which causes additional delay and increased
overhead.

The invention:

[0009] The object of the invention is to provide a method for managing an opportunistic data communication network
with increased performances as compared to a purely social opportunistic data communication network. Further, the
invention aims to deliver a method which can be implemented in a distributed manner inside an opportunistic network.
[0010] The invention results from the intuition that some correlation exists between social contacts of terminal users
and communication connections between said users’ terminals.
[0011] For instance, it can be expected that the more two users are socially connected, the more chances would have
their terminals to establish a connection. As another example, it can be expected that the terminal of a well socially
connected user would have a terminal experiencing a wide variety of opportunistic contacts so that said social user is
more suited to forward messages towards any given destination than a less important user.
[0012] Therefore, the present invention relates to a method to manage an opportunistic communication network com-
prising a plurality of terminals, each of said terminals being able to transmit a message to an intermediate neighboring
terminal when a connection is established with said intermediate neighboring terminal, wherein it comprises:

- the step of identifying each terminal through a node ranked with a value derived from both a social parameter, based
on established contacts of the terminal user in a social network, and a communication parameter, based on estab-
lished connections of said terminal in the opportunistic network,

- the step for a transmitting terminal, establishing a connection with an intermediate neighboring terminal, to compare
the rankings of their respective identifying nodes so that the message is transmitted to an intermediate neighboring
terminal if the ranking value of the node identifying said intermediate neighboring terminal is higher than the ranking
value of the node identifying the transmitting terminal.

[0013] As compared to the known forwarding algorithm solely based on social or terminal contact information, the
invention achieves better results since it combines relatively stable parameters - the contacts in a social network - with
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the connection information of the opportunistic network.
[0014] As a result, the invention can improve data transmission in an opportunistic network. For instance, it has been
observed that the invention can reduce the transmission cost (the number of message copies retransmitted) by a factor
of two while still delivering 95% of all messages as compared to flooding.
[0015] Moreover, the invention is a fully decentralized method which only requires exchanging small local social
information between terminals in order to update ranking values as described thereafter.
[0016] It should be underlined that such combination of social and connecting networks information is not obvious
since these two sources of information rely on different characteristics i.e. either the social behavior of a user or the
connecting behavior of a terminal.
[0017] Nevertheless, it appears feasible to combine parameters which are significant of said social behavior or con-
necting behavior so that the ranking of a node represents, or identifies, said social behavior and said connecting behavior,
providing thereby an improved parameter to decide on whether or not forwarding a message.
[0018] In one embodiment, the invention further comprises the step for terminals to exchange and store their respective
ranking values when they establish a connection.
[0019] In one embodiment, the invention further comprises the step of ranking a terminal according to a formula such as: 

[0020] Wherein RV(i) is the ranking value of a terminal i, d is a constant, f(i,j) is a parameter relating to the frequency
of contacts established by terminal i and F(Nj) is the set of the neighboring nodes connected to the terminal.
[0021] In one embodiment, f(i,j) is increased when the terminal i establishes a connection through a formula such as: 

[0022] Wherein π (i, j) denotes the number of times node i and node j have established a connection with each other.
[0023] In one embodiment, the constant value of d depends on the nature of the considered social network, in particular
on whether such social network relates to: an explicit relationship, a connection established through a telecommunication
network, a common interest.
[0024] In one embodiment, the social network and the communication network are modeled through respective social
node graph and communication node graph in order to allow an estimation of the correlation between said homogenous
node networks, d being increased when the correlation between said homogenous node networks increases according
to a formula such as: 

[0025] Wherein G(s) represents the social node graph and G(t) represents the communication node graph.
[0026] In one embodiment, the correlation is estimated with a metric that measures the divergence between the social
network graph and the communication network graph (100) through a formula such as: 
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[0027] Wherein d(u, w) denotes a distance between node u and node v in the social graph and π(u,w) denotes the
number of times node u and node v are in contact with each other and Vs represents the set of nodes in the social graph.
[0028] The invention also relates to software means aimed to manage an opportunistic communication network com-
prising a plurality of terminals, each of said terminals being able to transmit a message to an intermediate neighboring
terminal when a connection is established with said intermediate neighboring terminal, wherein said software means
comprises:

- means for identifying each terminal through a node ranked with a value derived from both a social parameter, based
on established contacts of the terminal user in a social network, and a communication parameter, based on estab-
lished connections of said terminal in the opportunistic network,

- means for, when a transmitting terminal establishes a connection with an intermediate neighboring terminal, com-
paring the rankings of their respective identifying nodes so that the message is transmitted to the intermediate
neighboring terminal if the ranking value of the node identifying said intermediate neighboring terminal is higher
than the ranking value of the node identifying the transmitting terminal in order to implement a method according to
any of the previous embodiments.

[0029] The invention also relates to a terminal aimed to communicate through an opportunistic communication network
wherein said terminal has to transmit a message to an intermediate neighboring terminal when a connection is established
with said intermediate neighboring terminal, wherein it comprises:

- means for identifying itself through a node ranked with a value derived from both a social parameter, based on
established contacts of its user in a social network, and a communication parameter, based on its established
connections in the opportunistic network,

- means for establishing a connection with an intermediate neighboring terminal, to compare the rankings of their
respective identifying nodes so that it transmits the message to the intermediate neighboring terminal if the ranking
value of the node identifying said intermediate neighboring terminal is higher than the ranking value of its identifying
node in order to implement a method according to one of the previous embodiments.

[0030] Finally, the invention also relates to an opportunistic communication network comprising a plurality of terminals,
each of said terminals being able to transmit a message to an intermediate neighboring terminal when a connection is
established with said intermediate neighboring terminal, wherein it comprises:

- means for identifying each terminal through a node ranked with a value derived from both a social parameter, based
on established contacts of the terminal user in a social network, and a communication parameter, based on estab-
lished connections of said terminal in the opportunistic network,

- means for having a transmitting terminal, establishing a connection with an intermediate neighboring terminal,
comparing the rankings of their respective identifying nodes so that the message is transmitted to the intermediate
neighboring terminal if the ranking value of the node identifying said intermediate neighboring terminal is higher
than the ranking value of the node identifying the transmitting terminal in order to implement a method according to
any of the previous embodiments.

[0031] Reference will now be made in detail to the present preferred embodiment of the invention, an example of
which is illustrated in the accompanying drawings wherein:

- Figure 1 represents a connection graph of terminals within an opportunistic network implementing an embodiment
of the invention, and

- Figure 2 represents a social graph of the users of the terminals represented in figure 1 within the same embodiment
of the invention.

[0032] Wherever possible, the same reference numerals will be used throughout the drawings to refer to the same or
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like parts.
[0033] In reference to figure 1, an example of an embodiment of the invention is described considering an opportunistic
communication network 100 comprising a plurality of terminals 101, 102 ,.., 107, 108, each of said terminals being able
to transmit a message to an intermediate neighboring terminal when a connection is established with said intermediate
neighboring terminal.
[0034] Within said network 100, end-to-end connectivity between terminals - also referred to thereafter as "nodes" as
they are identified and represented in network graphs - might be performed using multi-hop data transfers over inter-
mediate nodes so that an addressing node has to decide whether or not to forward a message - i.e. a copy of said
message - to an intermediate node.
[0035] For that purpose and accordingly to the invention, each node requests a ranking value of its neighboring nodes
so that a transmitting node can decide to transmit a message to a neighboring node if said neighboring node ranking
value is higher than its own ranking value.
[0036] Said ranking value is derived by each node from both a social parameter, based on the connections of its
respective user - also represented by nodes 201, 202,.., 207 or 208 in a social network graph 200 of figure 2 - and a
communication parameter, based on the connections of said terminal in the opportunistic network.
[0037] In this embodiment, said derivation is performed through an equation such as:

[0038] Wherein RV(i) is the ranking value of the terminal i, d is a constant, f(i,j) is a parameter relating to the frequency
of contacts established by terminal i, F(Nj) is the set of the neighboring nodes connected to terminal i.
[0039] When implementing such equation to the situation depicted in figure 1 and 2 through recursive computation,
it appears that the ranking values tends toward a number considered as said ranking value. Considering that the frequency
parameter f(i,j) is equal to 1 for all the nodes, it appears that a ranking value RV(3) of the node 3 tends to a value (0,28)
which is inferior to the ranking value RV(1) of the node 1 (0.43). Thus, terminal 1 does not transmit its message to
terminal 3 despite having a constant connection thereto.
[0040] At the opposite, it appears that the ranking value RV(1) of the node 1 is inferior to the ranking value RV(2) -
tendency or convergence towards 0.66- of the node 2 so that the terminal 2 transmits the message to node 2 once a
connection thereto is established.
[0041] Thus it appears that it could be optimal to weight the social relationship with the frequency of contact between
two nodes so that, in the given example, node 1 transmits the message to node 3 which could forward said message
to node 6 via intermediate nodes 4, 5 and 2.
[0042] For that purpose, f(i,j) is increased, when the terminal i establishes a connection with the terminal j, through a
formula such as: 

[0043] Wherein π (i,j) denotes the number of times node i and node j have established a connection with each other.
[0044] On the basis of such frequency parameter, the above given example results on a ranking value RV(3) of the
node 3 superior to the ranking value RV(2) of the node 2, which remains superior to the ranking value RV(1) of the node
1. Thus, terminal 1 transmits its message to terminal 3 on its path towards terminal 6.
[0045] Implicitly, this method combines both social and contact behavior of respectively the terminal and its user to
rank them through identifying nodes as described on the algorithm described herein below which implements the invention
as follows:
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Step 1:
 Require |F(i) |≥ 0
 RV(i) ->0,

Step 2:
 While i is in contact with j do

 Update (π(i,j))
Step 3:

 If j ∈ F(i) then
 Send (RV(i), |F(i) |)
 Receive ((RV(j), F(j) |))
 Update (RV(i)).

Step 4:
 End if
 While 3 m ∈buffer (i) do

 If RV(j) ≥RV (i) or j = destination (m) then
 Forward (m,j)

 End if
 End while

 End while
End while

[0046] As described in this algorithm, a terminal starts with a ranking value of 0 (step 1); whenever it meets a terminal
j, they both update their contact counters (π(i; j)) (step 2). If the two nodes are also neighbors in the social graph, they
then exchange their current rank values and the number of neighboring nodes in the social graph neighbors they have
(step 3) since such parameters are used by each other to update their rank values using, for instance, the formula already
described.
[0047] Thereafter, the terminals can compare their updated ranking value (step 4) so that, if the ranking value of the
neighboring terminal j is superior to the ranking value of the terminal i, the latter transmits a copy of the message to
forward to the terminal j.
[0048] It also appears from the previous example that the value of d, also called damping factor, differentiates the
terminals 101, 102,.., 107 and 108 according to the social contacts of their respective users 201, 202,.., 207 or 208 so
that the higher is d and the higher is such differentiation. Indeed, for d equal to 0, all nodes are used for sending a
message with equal probability whereas for values close to 1, nodes with better social connections are preferred.
[0049] As a consequence, d can be set to a higher value when the considered social network provides a higher
accuracy and/or reliability towards a social contact. For instance, d could be set to 1 for reliable social networks, but a
lower value could be used if the contacts are based on implicit contacts detected from terminal telecommunications or
declared interests which appear to be common.
[0050] Another method to set the d value is based on a model of the social network, respectively the communication
network, through homogenous node graphs, as represented in figures 1 and 2, so that characteristics of each graph
can be compared. For instance, considering the transmission in a network comprising N mobile wireless terminals, the
evolution of the contacts within the network can be modeled by a time varying graph G(t) defined by a function such as: 

[0051] Wherein V is the set of nodes in the communication graph (figure 1), N=|v| (N=8 in the above figure), and E(t)
is the set of edges (connections between nodes).
[0052] It is assumed that the network is established at a time t0 and ends at time T (T can be infinite) so that, for each
value of t, G(t) describes the connections between terminal/nodes 101, 102,.., 107 and108 existing at time t which can
be reported from a mobility/contact trace or from a mobility model along knowledge of radio properties.
[0053] As previously explained, data is typically stored in intermediate nodes awaiting appropriate contact information
so that transmission paths are constructed as concatenation of contacts that are followed as they appear in the time
varying graph.
[0054] Among these paths, a path from a starting node towards a destination node is delay-optimal if it reaches the
destination d in the earliest possible time.
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[0055] In order to tend towards such an optimal transmission, the social graph Gs between the users 201, 202 ,.., 207
or 208 of the mobile terminal 101, 102,.., 107, 108 or can be denoted as: 

[0056] Wherein Vs is the set of nodes in the social graph (figure 2) and E(s) is the set of edges (connections between
nodes).
[0057] Thereafter it is assumed that the set of nodes V corresponds to a vector Vs so that all the users of the terminal
are identified in the social graph through nodes
[0058] Such social graph reflects the interactions between said users on the basis of information which can be retrieved
from, for instance, explicit declarations of social link in social networks and/or implicit indicia as online applications,
phone calls or other sources.
[0059] To summarize, a link in the social graph between two nodes implies that these nodes are socially "connected",
e.g. "friends" in Facebook or sharing a common interest.
[0060] Since social network 200 and communication network 100 are represented through homogenous data - i.e. a
graph of nodes - an estimation of the correlation between said homogenous node networks can be performed in order
to increase the value of d when the correlation between said homogenous node networks increases.
[0061] Said increase can be achieved, for instance, through a formula such as: 

[0062] Wherein div (G(s),Gt)) is a measure, comprise between 0 and 1, of the divergence between said two homog-
enous graphs.
[0063] A metric measure of that divergence can be achieved through a formula such as: 

[0064] Wherein d(u, w) denotes a distance between node u and node v in the social graph and π(u,w) denotes the
number of times node u and node v are in contact with each other.
[0065] Considering an example wherein such distance is the number of nodes between users of the social graph, it
appears that neighboring nodes of a given node have a distance of 1 towards said given node whereas the nodes
neighboring said neighboring nodes have a distance of two towards said given node.
[0066] The invention can be implemented through different embodiments wherein, for instance, the nodes store the
ranking of indirect neighboring nodes stored by their direct neighboring nodes.
[0067] In another embodiment, the summations can be replaced by integration in order to consider continuous time
in the edge set variation of the contact graph.

Claims

1. Method to manage an opportunistic communication network (100) comprising a plurality of terminals (101, 102,..,
107, 108), each of said terminals (101, 102,.., 107, 108) being able to transmit a message to an intermediate
neighboring terminal when a connection is established with said intermediate neighboring terminal, characterized
in that it comprises:

- the step of identifying each terminal (100) through a node ranked with a value (RV) derived from both a social
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parameter, based on established contacts of the terminal user in a social network (200), and a communication
parameter, based on established connections of said terminal (101, 102,..,107, 108) in the opportunistic network
(100),
- the step for a transmitting terminal, establishing a connection with an intermediate neighboring terminal, to
compare the rankings (RV) of their respective identifying nodes so that the message is transmitted to the
intermediate neighboring terminal if the ranking value of the node identifying said intermediate neighboring
terminal is higher than the ranking value of the node identifying the transmitting terminal.

2. Method according to claim 1 wherein it further comprises the step for terminals (101, 102,.., 107, 108) to exchange
and store their respective ranking values when they establish a connection.

3. Method according to claim 1 or 2 wherein it further comprises the step of ranking a terminal (101, 102,.., 107, 108)
according to a formula such as: 

wherein RV(i) is the ranking value of a terminal i, d is a constant, f(i,j) is a parameter relating to the frequency of
contacts established by terminal i and F(Nj) is the set of the neighboring nodes connected to the terminal.

4. Method according to claim 3 wherein f(l,j) is increased when the terminal i establishes a connection through a formula
such as: 

Wherein π (i,j) denotes the number of times node i and node j have established a connection with each other.

5. Method according to claims 3 or 4 wherein the constant value of d depends on the nature of the considered social
network (200), in particular on whether such social network relates to: an explicit relationship, a connection estab-
lished through a telecommunication network, a common interest.

6. Method according to any of the previous claims 3, 4 or 5 wherein the social network (200) and the communication
network (100) are modeled through respective social node graph (200) and communication node graph (100) in
order to allow an estimation of the correlation between said homogenous node networks, d being increased when
the correlation between said homogenous node networks increases according to a formula such as: 

wherein G(s) represents the social node graph and G(t) represents the communication node graph.

7. Method according to claim 6 wherein the correlation is estimated with a metric that measures the divergence between
the social network graph (200) and the communication network graph (100) through a formula such as: 
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wherein d(u, w) denotes a distance between node u and node v in the social graph and π(u,w) denotes the number
of times node u and node v are in contact with each other and Vs represents the set of nodes in the social graph.

8. Software means aimed to manage an opportunistic communication network (100) comprising a plurality of terminals
(101, 102,.., 107, 108), each of said terminals (101, 102,.., 107, 108) being able to transmit a message to an
intermediate neighboring terminal when a connection is established with said intermediate neighboring terminal,
wherein said software means comprises:

- means for identifying each terminal (100) through a node ranked with a value (RV) derived from both a social
parameter, based on established contacts of the terminal user in a social network (200), and a communication
parameter, based on established connections of said terminal (101, 102,.., 107, 108) in the opportunistic network
(100),
- means for, when a transmitting terminal establishes a connection with an intermediate neighboring terminal,
comparing the rankings (RV) of their respective identifying nodes so that the message is transmitted to the
intermediate neighboring terminal if the ranking value of the node identifying said intermediate neighboring
terminal is higher than the ranking value of the node identifying the transmitting terminal in order to implement
a method according to any of the previous claims.

9. Terminal (101, 102 ,.., 107, 108) aimed to communicate through an opportunistic communication network (100)
wherein said terminal (101, 102,.., 107, 108) has to transmit a message to an intermediate neighboring terminal
when a connection is established with said intermediate neighboring terminal, wherein it comprises:

- means for identifying itself through a node ranked with a value (RV) derived from both a social parameter,
based on established contacts of its user in a social network (200), and a communication parameter, based on
its established connections in the opportunistic network (100),
- means for establishing a connection with an intermediate neighboring terminal, to compare the rankings of
their respective identifying nodes so that it transmits the message to the intermediate neighboring terminal if
the ranking value of the node identifying said intermediate neighboring terminal is higher than the ranking value
of its identifying node in order to implement a method according to one of the claims 1 to 7.

10. Opportunistic communication network (100) comprising a plurality of terminals (101, 102,.., 107, 108), each of said
terminals (101, 102,.., 107, 108) being able to transmit a message to an intermediate neighboring terminal when a
connection is established with said intermediate neighboring terminal, wherein it comprises:

- means for identifying each terminal (101, 102,.., 107, 108) through a node ranked with a value derived from
both a social parameter, based on established contacts of the terminal user in a social network (200), and a
communication parameter, based on established connections of said terminal in the opportunistic network (100),
- means for having a transmitting terminal (101, 102,.., 107, 108), establishing a connection with an intermediate
neighboring terminal, comparing the rankings of their respective identifying nodes so that the message is trans-
mitted to the intermediate neighboring terminal if the ranking value of the node identifying said intermediate
neighboring terminal is higher than the ranking value of the node identifying the transmitting terminal in order
to implement a method according to any of the claims 1 to 7.
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