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ABSTRACT

Social networking applications have gained
huge popularity. With the widespread use of
smart devices (e.g., on-board units, smart-
phones), these social networks are increasingly
going mobile. As a result, a new trend of net-
working has emerged, referred to as vehicular
social networking (VSN), which combines the
wireless communications between vehicles with
their social relationships. In a broader view,
VSNs are social networks formed on roadways
by users who have social relationships, interac-
tions, and common interests. The exploitation of
vehicular users’ social properties provides better
networking and social support to innovative
applications and services. This article overviews
recent achievements in VSN by providing an
organized view of existing approaches. Its contri-
bution lies in a taxonomy for content dissemina-
tion approaches in the context of VSN. Also, a
framework is outlined to tackle a major new
challenge: supporting user satisfaction. Finally,
this article emphasizes open research and future
trends.

INTRODUCTION

Social networks have gained significant attention
in the research and industrial communities. With
the rapid evolution of the Internet, online social
networks (OSNs) such as Facebook appeared as
the first form of social networking, but have
been limited to online activity. With the advent
of wireless mobile devices (e.g., smartphones,
onboard units — OBUs) that have the capability
to detect proximity to other users, and communi-
cate and share data with them, various types of
networks are emerging as new paradigms to
exploit social properties of mobile nodes such as
vehicular social networks (VSNs), mobile social
networks (MSNs), and delay-tolerant networks
(DTNs).

VSNs [1] enable drivers and passengers who
usually travel every day between home, office,
and points of interest to socialize and exchange
information with other commuters on the road.
These commuters may perceive the traffic situa-
tion and share the driving experience (e.g., road

hazards and traffic jams) in order to enhance
traffic management. Furthermore, they can sup-
port the exchange of useful information for com-
muter entertainment (e.g., gas prices and video
news). Due to the resource constraints of mobile
devices and communication networks, content
dissemination in VSNs presents several chal-
lenges. For example, due to the high dynamism
of the network, it is hard to understand the
social properties of the nodes and how to take
advantage of users’ behavior to improve the per-
formance of the network in terms of content dis-
semination [2]. Communication links between
vehicles might remain active only for short peri-
ods of time because of the high mobility of vehi-
cles.

In the last decade, researchers have begun to
address these issues. However, the literature on
VSN lacks work that can present the state-of-
the-art challenges in content dissemination. Fur-
thermore, the literature lacks work pointing out
the main characteristics of existing approaches
for content dissemination and outlining open
issues. Hence, this article:

* Reviews recent achievements related to
content dissemination in VSNs

* Provides an organizing view of existing
approaches by clearly pointing out their
advantages and constraints

 Facilitates deep study of advances in the
state of the art

Furthermore, it has been observed that inter-
esting approaches exploit classic metrics such as
delivery delay and delivery ratio to support the
content dissemination schemes. Although those
solutions represent improved results, another
important feature has been left behind: user sat-
isfaction, a quantitative metric that computes
how well users are satisfied. It calculates,
through a function of users’ interests, the bene-
fit (gain) of users in receiving the content. In
VSN content dissemination is interest-driven;
hence, it is necessary to provide a scheme that
maximally satisfies users’ interests (i.e., maxi-
mize the total data utility by sending the appro-
priate content objects that match user
interests). This work presents a framework to
measure and maximize the satisfaction of users’
interests.
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The contributions of this article are first to
provide the reader a comprehensive view of con-
tent dissemination in VSNs, paying particular
attention to the different ongoing solutions,
pointing out their limits and advantages. It
allows emphasis to be placed on open research
issues that the research community is called to
address. Second, for tackling one of the main
challenges, the lack of user satisfaction, a frame-
work that targets maximally satisfying users’
interests is proposed.

This article proceeds as follows. We provide a
background on VSNs. Then a taxonomy for the
VSN content dissemination approaches is pre-
sented. Next, we present a framework as a proof
for the need to consider the user satisfaction
feature in content dissemination schemes. Final-
ly, we draw important directions for future stud-
ies.

BACKGROUND

DIFFERENCE BETWEEN VSNS AND MSNSs

An MSN is defined as a social network formed
by mobile handsets carried by humans. When
these participants are moving in vehicles (drivers,
passengers), they form a so-called VSN. Further-
more, in VSNs other equipment such as OBUs
can be used on board vehicles.

From the social networking point of view,
social relationships between users in MSNs are
considered stronger than the ones in VSNs.
Indeed, in MSNs, users have a very high proba-
bility of meeting each day and for enough time
to exchange a lot of information (e.g., colleagues
at a university, employees at work). On the other
hand, VSN users do not have the same probabil-
ity to meet even if they share the same destina-
tion. This is because of the highly dynamic
topology and high speed of vehicles.

From a communication point of view, vehi-
cles always move at high speed (except at inter-
sections) in very large areas, while in MSNs,
users are usually walking in a confined area
(e.g., within a campus). Thus, contact frequen-
cy between the same users is very different
between VSNs and MSNs. Additionally, con-
tact duration between users is much longer in
MSNs than in VSNs. Indeed, it is on the order
of minutes for MSNss instead of seconds in
VSNs. For instance, considering a communica-
tion range of 200 m (direct WiFi or IEEE
802.11p), the minimal contact duration for
moving humans is equal to 2 min 22 s. For
moving vehicles this duration is about 15 s
when speed is equal to 50 km/h [3, 4]. The lim-
itation of duration shows how difficult exchang-
ing data is in a vehicular environment,
especially for contents of large size. Even so, in
MSNs users connect for enough time; they can
exchange many objects, even of large size. Fur-
thermore, regarding the communication con-
straints, only MSN users have energy
constraints since VSN users can benefit from
the power resources in vehicles.

These differences show the complexity of
VSNs in relation to MSNs. Therefore, content
dissemination protocols proposed and used in
MSNs are either incompatible or not efficient
for VSNs.

l Central server
-

Wireless
communication

Figure 1. Centralized VSN.

VEHICULAR SOCIAL NETWORKS

The main components of a VSN can be defined
as follows:

e Participants

* Mobile device

* Network infrastructure

In vehicular networks, not only can drivers par-
ticipate, VSNs, but also passengers in the vehi-
cles. Each user can be either a content provider
or a consumer. Mobile devices can be integrated
in the vehicles (e.g., OBUs) or carried by users
(e.g., smartphones), enabling the detection of
proximity to other users’ devices, and communi-
cating and sharing content. Network infra-
structure, such as cellular networks and RSUs
(roadside units), is usually used in VSN for cen-
tralized applications.

According to the way users are able to access
and deliver data objects, VSNs can be broadly
classified into three types of architecture: cen-
tralized, decentralized, and hybrid. The central-
ized architecture of VSNs, as shown in Fig. 1,
works under the assumption that users must con-
tinuously access a centralized server, which coor-
dinates and manages their interactions with
other users, even when the vehicles are physical-
ly close. In such an architecture, there is no
direct interaction between vehicles. Vehicles
interact directly with the infrastructure of sup-
port, mainly RSUs; this communication is
referred to as vehicular-to-infrastructure (V2I)
communication. Vehicles communicate indirectly
by means of the RSUs.

The social relations and personal profile of
each user may be deemed to be relatively stable
(i.e., preserved in the central server) unless the
VSN users update their profiles and interests or
their friendship ties over time.

A decentralized VSN, as shown in Fig. 2,
includes social networks only enabled by oppor-
tunistic vehicle-to-vehicle (V2V) contact. This
concept leads to benefits from both physical and
virtual communication. Content dissemination in
infrastructureless VSN is a challenging task
since it requires users to collaborate without the
aid of a central entity. When different nodes on
the road, sharing common interests, are in prox-
imity, they can establish a temporary community
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Figure 2. Decentralized VSN.

by self-organization and share data objects. Then
the community can be broken up once they com-
plete the dissemination process.

A hybrid architecture comprises both V2I
and V2V communications. RSUs that are specif-
ically designed for vehicular networks are not
deployed often due to the excessive cost of their
deployment. Thus, nowadays, several vehicular
network applications are based on cellular net-
works due to the lack of RSUs. Beyond on-road
safety, many services that are user-oriented are
emerging for vehicular communications systems.
In particular, social networking can be useful
and helpful for vehicle traffic efficiency and info-
tainment. Two major types of VSN applications
are considered:

e Traffic management

¢ Entertainment

Traffic management applications such as WAZE
[5] and NaviTweet [6] provide user information
about traffic collected in real time such as traffic
jams and approaching police. Entertainment
applications may be useful for drivers and pas-
sengers, especially on a long trip. For example, a
voice-based application [7] enables drivers shar-
ing common interests and driving in the same
roads to interact using voice messages.

CONTENT DISSEMINATION IN
VEHICULAR SOCIAL NETWORKS

This section highlights the evolution of content
dissemination approaches in VSNs. Figure 3 pre-
sents the proposed classification. It consists of
three main categories:
¢ Information processing
» Content delivery
* Performance

From the perspective of information process-
ing, which represents the way VSN dissemina-
tion approaches treat the information, VSN
dissemination is classified into three parts. Infor-
mation relevance is ignored (i.e., considered as a
black box), estimated, or taken from users’ (per-
sonal) preferences. From the content delivery
perspective, VSN dissemination schemes are cat-
egorized as utility-based or blind-based. And
from the perspective of performance, VSN con-

tent dissemination approaches follow three main
features: delivery delay, delivery ratio, and used
bandwidth. The following subsections detail each
category providing the state-of-the-art VSN con-
tent dissemination approaches.

Note that an approach is not exclusive to a
single category.

INFORMATION PROCESSING

In the first category, the classification is based
on the way VSN dissemination approaches treat
the different content objects. It can be classified
into three types: information as a black box, esti-
mating the information relevance for the user, or
employing user preferences.

Information as a Black Box — Most previ-
ous empirical work [8-10] in the literature
does not consider the subject of different con-
tent in VSNs. Information relevance for users
is ignored, characterized only by its general
features such as size and lifetime. Therefore,
when delivering content, all vehicles are con-
sidered as targets. VSN applications are
designed for commuters’ comfort and enter-
tainment; thus, nowadays users prefer to get
few contents matching more with their inter-
ests and bringing more benefits than receiving
several contents in which they are hardly inter-
ested. It is important to emphasize that dis-
semination in VSNs is characterized by
information content. Different contents may
correspond to different user interests.

Estimating Information Relevance — In [11],
the authors propose a new technique to estimate
the relevance of data for the drivers. Their solu-
tion identifies and classifies the information type
to the vehicle in order to estimate the informa-
tion relevance, then deciding whether to inform
the driver or share the information further. The
advantage of approaches that estimate informa-
tion relevance is avoiding the exchange of users’
interests. The main concern behind these
approaches is that information relevance is relat-
ed to the direction of the vehicle and the type of
information, and not to the vehicular user’s per-
sonal interests (i.e., the probability of a vehicle
encountering an event increases as the relevance
of this event increases). Estimating the informa-
tion relevance makes no sense for some types of
information, such as music, which is related to
the users’ personal interests.

Considering User Preferences — A third
class of work assumes that content is related to
the personal profile of the user [12, 13]. Each
user defines her/his personal interests in order to
receive content in which s/he is interested.

This method is best to match the users’ inter-
ests. The only disadvantage is that there is a
need to exchange preferences before data deliv-

ery.

CONTENT DELIVERY

Content delivery is a challenging issue in VSNs
due to the dynamic topology and intermittent
connectivity. The second group of the presented
taxonomy aggregates content dissemination
approaches addressing these issues. Content dis-
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semination algorithms are classified in two gen-
eral types: blind delivery and utility-based deliv-

ery.

Blind Delivery — Several content dissemination
algorithms are broadcast-based, such as the work
in [8, 9]. The underlying principle is to use social
communications to enhance the network
resources. Blind-delivery-based dissemination
can be effective for network resources, but may
not be effective for users.

For example, in blind-delivery-based
approaches, social relationships are used in
order to accelerate the dissemination process,
finding the appropriate forwarding nodes/links
to increase the delivery efficiency and reduce the
delay. Moreover, it can limit the bandwidth uti-
lization by minimizing the number of nodes
responsible for forwarding. Interaction between
nodes is done in only one step, which consists of
exchanging the data (i.e., there is no neighbor
discovery or interests exchange). In [8], the
authors propose a scheme for fast forwarding.
This scheme uses the social relation ties between
vehicles to choose the most appropriate data
relays. Blind delivery can be efficient in terms of
network resources, but might not be efficient for
commuters. The main drawback of blind delivery
approaches is the ignorance of users’ prefer-
ences. In reality, social relationships are achieved
between nodes that share common interests.
Therefore, another important criterion that
should be considered in the dissemination pro-
cess is the users’ interests.

Utility-based Delivery — In recent works [6,
12, 14], the authors present the problem of dis-
semination in VSNs from a different perspective.
Even though content dissemination algorithms
can deliver content rapidly to as many users as
possible, many of these forwarded objects might
not be useful for users, and they are ignored.
For example when receiving an object, usually
the user, according to the topic, decides to use
or ignore the object. Social interactions are used
to share content between users with common
interests; thus, it is likely that the user shares the
information in which s/he is interested. The
probability of sharing information of less interest
is low. This method may allow users to receive
data in which they are interested while reducing
the reception of uninteresting objects. For exam-
ple, in [1] the authors proposed a VSN approach
that enables commuters on the same road at the
same time to communicate through voice mes-
sages about a specific topic. This proposal only
considers one type of service, while different
types of services need to be accommodated by
VSNs. Therefore, there is a need for a multiser-
vice dissemination scheme that efficiently
explores users’ interests.

PERFORMANCE

The third group of the presented taxonomy com-
prehends VSN dissemination approaches that
improve content dissemination performance
based on a feature. Those approaches are classi-
fied into three groups, according to the
employed performance metrics delivery delay,
delivery ratio, and bandwidth usage.

Content dissemination in VSN
|
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Figure 3. Taxonomy for content dissemination in VSNs.

Delivery Delay — This refers to the delay for a
message to be received at the destination. The
delivery delay is the major constraint for some
applications, such as safety, traffic, and informa-
tion, that has a short lifetime. The distributed
information has a short time to live, and thus
should be delivered to the destinations before it
expires. For example, the work in [8] proposes a
scheme based on social ties between vehicles for
fast forwarding. However, delay-tolerant applica-
tions such as entertainment applications have
fewer constraints on the delivery delay. For
instance, information about a gas station or
music has an unlimited or long lifetime; there-
fore, a short delivery delay is appreciated but
not mandatory.

Delivery Ratio — This represents the ratio of
data objects successfully delivered to destina-
tions. The main concern behind this approach is
that it considers all vehicles as destinations. For
example, in [9] the authors propose a VSN
scheme for mobile advertising that targets
improving the coverage and intensity of advertis-
ing. However, in VSN entertainment applica-
tions, destinations refer to the nodes that are
interested in a given data object. In this case,
information is successfully delivered to nodes
that are interested in it. Objects delivered to
other nodes are ignored.

Bandwidth Usage — This refers to the use of
network resources [10]. The use of bandwidth
represents a major constraint: dissemination
algorithms need to efficiently use network
resources, not overload the system. Especially in
a dense network, an excessive exchange of data
and/or signaling may overload the network.

DiscussION

The observation of the proposed taxonomy leads
to different features that can improve content
dissemination approaches. We have observed
that existing works lack another important fea-
ture that evaluates the satisfaction of users. To
meet this need, this article proposes adding a
new feature, labeled user satisfaction, in the per-
formance group shown in Fig. 3. The main goal
is to maximize the total data utility by sending
the appropriate content objects that match user
interests. Indeed, users have different interests;
thus, an efficient dissemination algorithm has to
reduce the reception of useless objects. More-
over, a user has heterogeneous preferences; for
example, a vehicle may be interested in traffic
information more than a gas station notification.
Therefore, the dissemination protocol should be
based on an efficient method that can increase
the satisfaction of users by delivering the appro-
priate objects. This feature may not be impor-
tant in safety applications because these
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Figure 4. Simple scenario with different object interests and contact dura-
tions.

applications aim to increase the security for the
drivers and do not aim to increase their satisfac-
tion.

USER SATISFACTION FRAMEWORK

VSNs constitute an environment where a large
amount of heterogeneous contents are being
generated every day. Users are seldom interest-
ed in all these contents; they only want specific
useful information. Nowadays, with the growing
popularity of personalizing applications, cus-
tomers prefer to get content based on their per-
sonal interests. Moreover, connections between
vehicles in a VSN occur only during a very short
period, allowing users to exchange a limited vol-
ume of data. Therefore, there is an increasing
demand for efficient content dissemination in
VSNs that considers the heterogeneous prefer-
ences of users and targets maximally satisfying
user interests.

In order to tackle this challenge, we pro-
pose a framework based on two main goals:
first, the user preferences should be taken into
consideration to deliver objects interesting to
them; second, heterogeneous user preferences
should be taken into account to distribute the
appropriate objects accordingly in short peri-
ods of time.

Consider the example shown in Fig. 4, where
a forwarder F owns three objects (04, O3, O3)
and meets neighboring vehicles, /1 and V5. Each
user V; (i € {1, 2}) has interest Iy, oj € [0..10]
for object O; (j € {1, 2, 3}), as shown in Table 1.
Assume that the contact duration is only long
enough for vehicles V1 and V; to receive 4 and 2
objects, respectively.

Contact

Forwarder F 0O, O, O3

duration
v, aT 7 2 4
v, 2T 5 9 9
sum ly; o; 12 11 13

sum /y; = 36

Table 1. Example of simple scenario.

We define the metric of user satisfaction,
Usatisfaction» 10 determine how well users’ inter-
ests are satisfied. It computes the utility gained
(benefit) of the users after receiving the differ-
ent content objects from F.

When vehicles meet opportunistically, an effi-
cient content dissemination strategy addresses
which objects to forward and how to schedule
these objects to maximally satisfy user interests.
Based on classical dissemination approaches, the
forwarder F disseminates objects randomly. How-
ever, this dissemination strategy cannot maximize
satisfaction. If we take into account heteroge-
neous user preferences, users can distribute
objects efficiently to attain better satisfaction for
neighboring users. In particular, based on local
interests, F distributes the objects in the following
order: [O3, Oy, O,], since the satisfaction that can
be obtained is 13, 12, and 11, respectively. In this
case, the global satisfaction, which represents the
gained cumulative satisfaction, obtained after the
broadcast of all the objects of the forwarder F is
0.75 ((13 + 12 + 2)/36).

Additionally, considering other parameters
such as contact duration between vehicles can
enhance this forwarding strategy and ensure a
high level of user satisfaction. The link between
F and V7| is maintained for enough time (V/; can
receive all 3 objects as opposed to 1, which can
only receive 2 objects). Then, since object O, is
more important to }/, than object Oy, F can send
the objects in the following order [O3, O,, O4].
Thus, the global achieved satisfaction is: 0.86
((13 + 11 + 7)/36).

Even though content dissemination approach-
es enable content to be delivered quickly to
many users, they might not guarantee the satis-
faction of users; hence, as this example shows,
the need for a user satisfaction metric. This met-
ric considers user preferences and allows the
appropriate objects to be distributed efficiently.

Simulations are conducted to evaluate a sce-
nario of 100 equipped vehicles with a transmis-
sion range of 200 m. One thousand objects, with
a time to live set to 1 h, are generated in the
beginning of simulations and distributed ran-
domly over 10 users as initial data sources. For
each user, a list of interests are associated using
a uniform distribution. Simulations compare the
following schemes:

* Epidemic: Each forwarder randomly sched-
ules its set of data.

* Local interest: The forwarder sorts its data
by their importance to the receivers (i.e.,
considering only the neighbors’ interests).
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¢ Interest- and contact-duration-based: Con-
tent objects’ scheduling is based on both
duration of nodes’ contact and user inter-
ests.

Figure 5 shows the user satisfaction rate pro-
duced in the network over time. When all objects
lifetime have expired (i.e., at ¢ = 60 min), inter-
est- and contact-duration-based satisfied 0.94 of
user interests, while local interest and epidemic
satisfied 0.845 and 0.747, respectively.

CHALLENGES, OPEN ISSUES, AND
FUTURE DIRECTIONS

VSNs are a very recent research domain, and
many challenges remain yet to be addressed.
This section presents some future research direc-
tions in this field.

SELFISH USERS

Unlike the classic selfish behavior considered in
different works, in the context of VSNs, two types
of selfishness are considered: individual and social
user selfishness. Individual selfishness refers to a
node that is always looking out for its own inter-
ests. In contrast, from the social perspective, a
selfish user is usually willing to cooperate with
other users with whom s/he has social relation-
ships or belonging to the same community.

CACHING METHODS

Car manufacturers tend to produce vehicles
equipped with OBUs with no memory con-
straints (i.e., OBUs with large capacity). Howev-
er, the arrival on the market of these new
technologies may take some time. Consequently,
nowadays, vehicle users are still using smart-
phones (with limited buffer size) since there are
few cars that are equipped with OBUs. There-
fore, given the large volume of data being gener-
ated in everyday life, the provision for a content
dissemination scheme for soliciting and caching
the appropriate set of contents is an effective
way to enhance data forwarding in VSNG.

DRIVER SAFETY

The number of traffic accidents and traffic viola-
tions is increasing due to the use of in-vehicle
devices. Therefore, it is necessary to provide a
mechanism that minimizes the interaction of the
driver with the onboard devices in order to man-
ually share information. The work in [15] has
proposed an architecture that enables the vehi-
cle to automatically share information detected
autonomously by the sensors in the vehicles.

DRIVER OR VEHICLE BEHAVIOR

Vehicles are classified, according to their mobili-

ty behavior, into three important types:

* Taxis: They have random trajectories with
low probability to of similar behavior in
everyday life.

* Normal cars: On weekdays, a normal car
usually repeats its paths in the same period
to the same destination such as school,
work, and so on. On the contrary, during
weekends, other destinations, usually cho-
sen for entertainment, are frequently visit-
ed.
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Figure 5. Cumulative satisfaction over time.

* Buses: They have a behavior easy to predict
since they have a fixed route and schedule.
Studies on dissemination algorithms are
usually based on the same vehicle type such
as buses. Therefore, it is necessary to inves-
tigate a general dissemination protocol for
VSNs compatible with all types of vehicles.

CONCLUSION

VSN is emerging as a new hot topic of research
in the academic and industrial communities. In
VSN, the concept of social relationships among
vehicles can be used to improve the efficiency
and effectiveness of content dissemination to
meet the requirements of applications and ser-
vices. This article presents recent achievements
in VSNs. It contributes by presenting a taxono-
my of existing content dissemination approaches,
assisting researchers to advance in the state of
the art. In VSN, a large number of users partic-
ipate and cooperate to share and access different
data. Under this context, this article also pre-
sents a framework showing that a user satisfac-
tion feature could be explored to build more
efficient content dissemination protocols. Final-
ly, the article discusses open issues and future
research directions.
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