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Abstract—Wireless data broadcasting systems are typically
assigned limited operational bandwidth due to their usually wide
spatial coverage. This limitation raises issues of increased client
waiting times, especially as the total size of the data to be
disseminated increases. This problem could be partially or fully
resolved by offloading part of the data to local mobile ad hoc
subsystems. To this end, a novel merging of wireless data broad-
casting and information hovering is proposed. The information
hovering subsystem handles the least popular data items, allowing
the most popular ones to be efficiently disseminated through
the central wireless broadcasting. Both bandwidth-greedy and
bandwidth-conserving cooperation algorithms are proposed. The
validity of the proposed merged scheme is evaluated through
simulation in a realistic MANET with locality of data demand.
The results show considerably decreased mean waiting times in
any case.

Index Terms—information hovering; wireless push; MANET;

I. INTRODUCTION

Recent years have witnessed profound advances in telecom-
munications and mobile computing. The trend is to provide
ubiquitous access to a seemingly ever growing amount of
information. However, the sharp increase of the online users
and the number of provided services pose an issue of efficient
data dissemination, since any wireless channel has limitations
in the rate of data that can be transferred successfully. In
related literature, two generic solutions to this problem are
the reduction of transferred data through the exploitation of
self-correlation, and the collaborative networking of the users.

The first category can be considered as a server-side solution
and a most representative example is wireless data broadcast-
ing. In this case the system’s architecture typically considers
a large number of clients dispersed over an area covered
by a single wireless system. The clients are interested in a
common set of data, albeit with varying individual preferences.
A central authority creates a common data broadcast schedule
and transmits it over the covered area. The objective is to
minimize the clients’ mean waiting time or other similar
metric. The central authority is more or less initially unaware
of the popularity of each data item. This knowledge is acquired
gradually, typically through a lightweight, client feedback
mechanism, and the schedule is adapted accordingly. This
technique is typically applied to Instant Messaging Services,
Tweets and audio-video broadcasting (e.g. DVB/H, DAB+).
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Information Hovering is a relatively new information dis-
semination paradigm in Mobile Ad Hoc Networks (MANETS),
and a typical example of collaborative networking of end-
users. Hovering allows decoupling information from its host
and promotes coupling this information with a specific geo-
graphical location. The information hovers from one mobile
device to another, in a quest to remain in the vicinity of its
anchoring geographical location, and be available to users that
are entering or present in this. The main requirement of a
single piece of hovering information is to keep itself attached
to its location, despite the unreliability of the mobile device
on which it is stored. The Information Hovering concept
can be used in a variety of applications in MANETSs with
characteristic usage examples provided in [1].

In the context of the present work a novel MANET-oriented
merging of wireless broadcasting and information hovering
is presented. The logic of the merge follows the fact that
any wireless broadcast system is typically assigned bandwidth
that is inversely proportional to its area of coverage. Thus,
in order for the system to achieve adequate mean waiting
times, a portion of the data dissemination task can be offloaded
to a local hovering scheme. The number of items to be
offloaded is defined heuristically. Two cooperation schemes
are proposed, targeting solely mean waiting time (MWT) min-
imization and MWT-hovering bandwidth conservation balanc-
ing respectively. Simulation under realistic conditions yielded
performance superior to stand-alone approaches, in all cases.

The remainder of this paper is organized as follows: Section
II provides an overview of the related work on data broadcast-
ing and hovering. Section III presents the novel merging of the
two data dissemination schemes. Validation through simulation
takes place in IV. Conclusion and future work insights follow
in Section V.

II. RELATED WORK

A. Wireless Data Broadcasting

Research on optimal data broadcast scheduling initially fo-
cused on the minimization of the clients’ MWT. [2] presented
the lower bound of the MWT, showing that the knowledge of
the data items’ request probabilities and sizes is sufficient for
achieving it. A scheduling algorithm was also defined, which

809



achieved the minimum MWT at the cost of inhibitory com-
putational complexity. [3] introduced a “reservation” system
which favors client waiting time in the case of big sized items.

In light of the high complexity of the initial scheduling
algorithms, several approaches have been proposed to simplify
the data broadcasting problem, a most influential being the
Broadcast Disks model [4]. A great deal of work has been
done based on this model, studying data prefetching, caching
and indexing, hybrid data broadcasting, as well as scheduling
strategies and noise interference. An overview of all these
concepts can be found in [5]. More recent works have focused
on the minimization of psychometrics [6] instead of the mean
waiting time, in an effort to provide QoS.

Authors in [7] have introduced adaptivity for wireless push
systems with locality of demand, by employing a learning
automaton to process the incoming client feedback in. More
efficient feedback schemes for dynamic environments where
formulated in [8], employing the principle of maximum en-
tropy to speed up convergence. Finally, broadcast scheduling
algorithms with minimal complexity and optimal performance
where presented in [9, 10].

B. Information Hovering

The term of Information Hovering was first introduced in
[11], and formally defined later in [12]. A more detailed
description is provided in [13]. The efficiency of the hovering
relies on the data routing scheme employed both inside and
outside the hovering area.

Flooding based schemes, such as epidemic routing [14] can
be applied to the entire network to effectively serve such a
paradigm, achieving high percentage of nodes in the hovering
area receiving the relevant message (high reachability). How-
ever, this is done at the expense of a large number of redundant
messages which strain the communication channel and lead to
extensive contention and large latency of message delivery.
In order to make efficient use of the available resources,
one may choose to apply epidemic routing merely in the
hovering area. However, this approach may also reduce the
achieved reachability in cases of low traffic density. Low
traffic density in the hovering area may cause the network
to become intermittently connected. This implies that sections
of the network within the hovering area which are partitioned
from the information sources may never receive the messages,
thus decreasing the achieved reachability.

One approach to address this challenge is to allow con-
trolled exchange of messages outside the hovering area.
The reasoning behind this approach is that informed nodes
outside the hovering area can serve as information bridges
towards partitioned uninformed areas, thus increasing message
reachability. In addition, since epidemic routing is avoided,
the number of exchanged messages is reduced. Authors in
[15] follow this reasoning to allow epidemic dissemination
of messages in an extended area beyond the hovering area.
They demonstrate through simulations that such an approach
can increase the recorded reachability. Authors in [16] adopt
an alternative approach which involves employing epidemic
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routing within the hovering area and probabilistic flooding
outside the hovering area. This approach allows controlled
exchange of messages in the entire network thus offering a
wider choice of available paths. In [17], the authors extend
their work in [16] to render the proposed protocol adaptive in
the sense that the rebroadcast probability outside the hovering
area is adaptively regulated based on estimates of the traffic
density within the area. They demonstrate through simulations
that the proposed scheme is successful in satisfying the design
objectives and outperforms other candidate hovering protocols.

III. DESCRIPTION OF THE PROPOSED SYSTEM

In an area covered by a wireless broadcast system, sev-
eral mobile clients need to be informed of some random
local events. In a VANET scenario these events could be
the availability of parking, notifications on accidents, traffic
conditions etc. which have varying degree of importance to
each client. The popularity of each event is made known to
a central broadcast scheduling authority through a feedback
mechanism, as in [7]. The authority then creates a common
broadcast schedule of these events and transmits it over the
whole area in a streaming fashion. The clients simply listen
to the stream and retrieve the information they are interested
in.

The problem is that as the number of events increases the
theoretical lower bound of the clients’ mean waiting increases
as well [2]. The same thing happens should we increase the
needed amount of information per event. In light of these facts,
the question posed is the following:

Could we reduce the clients’ mean waiting time below
the theoretical lower bound by allowing event information to
hover around the area it refers to?

To answer this question we must define which events will
be offloaded to the local hovering subsystem and which will
remain at the jurisdiction of the wireless broadcast dissemina-
tion scheme.

A. Offloading the Wireless Broadcast System

We adopt the following notation: NV is the total number of
events, e; denotes the i*" event, # = 1...N. Each event ¢;
has:

o A request probability 7; € [0,1] (event popularity met-

ric).

o A description of [; bytes.

Intuitively, the number of data items to be assigned to the
hovering subsystem is a function of the total strain on the
mobile users. In other words, one could greedily assign all
data items to the hovering subsystem, leaving nothing for the
wireless broadcasting. This would obviously drop the mean
waiting time to minimal levels (assuming of course that the
serving time due to hovering is tantamount to data pulling
and therefore trivial). It is imperative to keep the strain on the
hovering in check in order to achieve tunable cooperation with
the wireless broadcasting system.

Following the conclusions of [17] we define the b; € [0, 1]
parameter as the probability of a client succeeding in being
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informed via the hovering. In other words, hovering cannot
guarantee absolutely successful data delivery to every inter-
ested client in the hovering area. In the best case scenario it
holds that b,,,x = 1. We can then define the following metric:
Rule 1: Let b; be the efficiency of the hovering, regarding
the event e;. A metric of the total strain on the hovering can be
expressed as B = Y. b; - I; (Measured in data size units).
Nyz is the total number of events assigned to the hovering.
Explanation: See Appendix. ]
Based on this metric we can define the number of pages to
be assigned to the hovering subsystem via the following rule:
Rule 2: Assume a sorting I of the events e;,j € I by
ascending 7;—; value, and a given strain B,. One should assign
to the hovering subsystem the first Ny events for which it
holds that:

Ny Ng+1
ZFI b;-1j < B,, o bj-lj > B, (1)
Explanation: See Appendix. ]

Based on Rule 2 we can define a bandwidth-greedy algo-
rithm that seeks solely to minimize the clients’ mean waiting
time. We assume that the central scheduling authority has
acquired the events’ popularity 7;,7 = 1...N through the
feedback mechanism of [7]. At this point, the central authority
chooses the events to be hovered according to rule 1. For
every chosen event e; the authority sets a flag on the event’s
description and broadcasts it over the covered area. The
package also includes the coordinates of the event’s location
center and its radius. Upon receiving this marked package,
all users near the event’s location initiate its hovering. In this
way the hovering efficiency of the event b; has the potential
to reach the maximum value b,,,,. However, no bandwidth
may be left for hovering other local events in this area. This
scheme is formulated as Algorithm 1 (GREEDY-COOP).

Algorithm 1 The GREEDY-COOPeration algorithm.
{li,ﬂi},i = 1N,

Input: The events e; : The total strain

B,.
Output: The events to be assigned to the hovering subsystem

1: Produce a sorting I of the events by ascendlng I j=
1...N.
Set B = 0;
for j €I do
Set B =B+ bpax - ;.
if B < B, then
Set hovering flag to ON;;
else
break;
end if

end for

R A BN A T o

._‘
=4

The GREEDY-COOP algorithm disregards any concern of
bandwidth limitations in the hovering subsystem. All active
local clients are asked to participate in the hovering of the
information related to event e;. However, it is possible that
approximately the same mean waiting time could be achieved
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even if just a portion of the active clients hovered the specific
event information. This approach is reflected in Algorithm 2
(PRESERVE-COOQP). The scheduling authority embeds the b
quantity in the event information, instead of the binary flag
of Algorithm 1. Upon reception of this packet, any local
client flips a biased coin with b probability of participating
in the hovering. In this way, bandwidth in the local hovering
subsystem can be saved for use in other applications (or for
hovering other local events).

Algorithm 2 The PRESERVE-COOPeration algorithm.
Input: The events e; : {l;,m},i = 1. .INV; The total strain
B,; The desired hovering eﬂimency b.
Output: The events to be assigned to the hovering subsystem
and the probability a client participating in the hovermg
1: Produce a sorting I of the events by ascendlng - j=
1...N.
2: Set B=0;
3: for j €I do
4: SGIB:B—Fbj'lj.

5 if B < B, then R
6 Set event’s hovering probability to b;
7: else

8 break;

9:  end if

10: end for

Having defined the offloading scheme, we proceed to de-
scribe the employed hovering subsystem in detail.

B. Description of the Employed Hovering Protocol

The hovering protocol utilized in this work is based on the
protocol proposed in [17]. As demonstrated in [17] the pro-
tocol is able to achieve high reachability within the hovering
area with low number of exchanged messages, as required.

The protocol applies epidemic routing within the hovering
area and probabilistic flooding outside the hovering area. The
use of probabilistic flooding suggests that mobile nodes (e.g.
vehicles) lying outside the hovering area, upon receiving a
useful message retransmit the message with probability p,
which is calculated based on a probability function f. The
probability function of choice is a Gaussian-like function as
shown in equation (2).

a2

p=e 277 )

where d, is the distance of the node from the hovering area
and o is the standard deviation. The value of ¢ is a measure of
the area in which critical message forwarding is allowed with
high probability. The size of this area and thus the value of o
must be adaptively regulated based on the connectivity of the
network within the hovering area. The smaller the connectivity
is, the larger o must be, in order to provide more message
forwarding opportunities. The parameter which is known to
affect network connectivity, when the transmission range is
constant, is the node density within the hovering area. The

811



Fig. 1. Road map of the reference model used in all simulation experiments. It
represents a section of the road network in the cities of Bellevue and Redmond
in Washington.

higher the node density is, the higher is the probability of high
connectivity and so a lower value of o suffices to guarantee
high reachability and low number of exchanged messages. The
function, mapping the node density to the desired value of o
is determined using several simulations runs and considering a
least squares fit between the obtained curves. The exact shape
of the function can be found in [17].

The node density within the hovering area, which is required
to calculate the rebroadcast probability, is a global quantity
which is impossible to calculate accurately in a distributed
fashion, in cases where the mobile network is intermittently
connected. Estimates of the node density are thus required.
The metric used to estimate the node density, is the average
number of neighbors of the nodes residing in the hovering
area. The average number of neighbors in the hovering area
is calculated using a weighted moving average algorithm. The
relationship between node density and the average number of
neighbors is derived in [17] and is shown in equation (3):

2_ .2
n ARr +mr —r 3)
8R?
where w is the average number of neighbors in the hovering
area, n is the number of nodes in the hovering area, r is the
transmission range of nodes and R is the radius of the hovering
area.

IV. EXPERIMENTAL EVALUATION

The proposed merging of wireless data broadcasting and
hovering is tested through simulation. The efficiency of the
proposed GREEDY-COOP and PRESERVE-COOP algorithms
is tested in terms of achieved mean waiting time. Hovering
bandwidth requirements are also discussed for both algorithms.

A. Simulation configuration

The reference model used in all simulation experiments,
represents a VANET in a section of the road network in the
cities of Bellevue and Redmond in Washington. It includes
congested arterial streets and a saturated freeway as shown
in Fig. 1. The dimensions of the area are 4.5 x 2.5Km. The
modeled freeway includes lanes for general traffic, HOV/Bus
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lanes, 3 closely spaced interchanges, 6 ramp meters, and 2
collector-distributor roads. The total number of vehicles is ap-
proximately 3, 000. We conduct all the simulation experiments
using VISSIM [18], a microscopic simulation tool.

We identify N = 100 random hovering areas in this road
network and an equal number of events e;,7 = 1...100
referring to e.g. traffic jam, parking availability, road condi-
tions etc. Each event has an associated description of size
l; € [1,50]Kbytes. The popularity of the events is assumed
to follow the ZIPF distribution [19], with all simulations being
repeated for the values [0.1 : 0.1 : 0.6] of the ZIPF skewness
parameter 6. Before each simulation 250,000 random event
queries are generated based on the ZIPF distribution, and are
distributed equivalently to all 3,000 clients. A client may have
only one query pending at any given time. Each simulation run
lasts until the depletion of all client queries.

The mean net bitrate of the wireless broadcast system is
set to 25 K Bps. In order to simulate noise and interference,
any broadcasted data item has a 0.95 probability of successful
delivery.

Each simulation experiment runs with a different seed
number. The output of each simulation experiment is a text
file which contains records for a number of fields such as
the vehicle’s id, the simulation step, the coordinates of each
vehicle at every step, etc.

In order to simulate the information hovering scheme pre-
sented in Section III-B we have developed an application in
C++ which processes the text files generated by the VISSIM
simulator. The application takes a number of input parameters:

o Vehicle Transmission Range: Each vehicle selects its
transmission range in a min - max interval according to
a uniform distribution. The min and max values are the
input parameters.

e Hovering Area: it can be defined as a circular area with
input parameters the coordinates of the center and the
radius of the circle.

o Successful transmission probability: In order to model
problems in the communication channel which may lead
to messages being lost, every transmission is character-
ized by a probability of successful delivery.

o Scanning Frequency: This parameter sets the frequency
with which each vehicle scans in its transmission range
for any vehicles to exchange information with.

In terms of hovering we consider the following parameter
values: Frequency of Scanning: 0.5 seconds, Transmission
range: 140-220m, Successful Transmission Probability: 0.8.

Finally, we assume that the system has undergone an
initialization procedure so that at its initial state, the central
scheduling authority has a good approximation of the events’
popularity distribution, and all vehicles within the hovering
areas possess the useful message.

B. Results

The comparison of the mean waiting times achieved by
the GREEDY-COOP, the PRESERVE-COOP and the stand-
alone broadcasting (no hovering) are shown in Fig. 2. The
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Fig. 2. Achieved mean waiting times by GREEDY-COOP and PRESERVE-
COOP and comparison with the case of no hovering (wireless broadcast
only). The x-axis represents gradual increase in the similarity of the users’
preferences. The cooperation schemes perform more than 50% better.
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Fig. 3.  Total strain imposed on the local hovering subsystems by the
GREEDY-COOP and the PRESERVE-COOP. While both algorithms achieve
similar mean waiting times, GREEDY-COOP strains the hovering subsystem
~ 3 times more than the PRESERVE-COOP.

desired total strain By is 1500Kbytes and 450K bytes for
the GREEDY-COOP and the PRESERVE-COOP respectively.
Notice that both algorithms perform 40% — 50% better than
the stand-alone scheme. The clients generally retrieve useful
information half a minute earlier, raising their chances of early
notification (and e.g. avoiding traffic).

It is worth of notice that although GREEDY-COOP and
PRESERVE-COOP have just 5 — Tsecs difference in the
achieved mean waiting times, the strain that they impose on
the hovering sub-system is unbalanced. As shown in Fig. 3
GREEDY-COOP causes 2.5 — 3 times more strain than the
PRESERVE-COOP. Notice that for the chosen desired strain
By values, both algorithms assign approximately the same
number of events to the hovering subsystem (40-41 events).
PRESERVE-COOP however asks (by choice) only a 30% of
the clients in any hovering area to contribute to the hovering
process. It is evident that this portion is sufficient for the client
(vehicle) density of the employed data set.
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Fig. 4.  Alterations on the central authority’s perception of the clients’

preferences, due to the intervention of the hovering. Notice that the events
are shown sorted by descending altered popularity.

The difference in the degree of strain (which can also serve
as a metric of the required bandwidth) can also be explained
with the help of Fig. 4. When hovering is present, a certain
number of clients is informed by the hovering system instead
of the wireless data broadcasting. Naturally, these clients do
not provide feedback to the central scheduling authority. Thus,
the authority obtains an altered form of the events’ popularity.
The effects of both GREEDY-COOP and PRESERVE-COOP
are shown in Fig. 4 alongside the original event popularity dis-
tribution. Both algorithms offload the least popular (and more
sizeable) events to the hovering sub-system, with different
strain degrees. Notice however that optimal broadcast schedul-
ing algorithms [9] define a low occurrence ratio in the schedule
for these pages anyway. Thus, even though GREEDY-COOP
causes deeper reduction in the perceived popularity of the
events, the scheduling authority cannot reduce the occurrence
ratio much further. This inevitably results into a waste of local
bandwidth.

V. CONCLUSION AND FUTURE WORK

In the context of the present work, a cooperation scheme
between wireless broadcasts systems and information hovering
for MANETSs was proposed. Bandwidth allocation limitations-
especially in wide areas-hinder stand-alone wireless broadcast
systems from achieving minimal serving times. Through the
proposed merging of technologies, the broadcast system off-
loads some of the data to a local hovering scheme for
further dissemination. The broadcast system thus handles
dissemination of data with high general popularity, while the
hovering scheme undertakes the distribution of data with high
locality of demand. Simulations in a realistic VANET environ-
ment yielded better mean serving times than the stand-alone
broadcast solution in any case. Furthermore, an algorithm for
reducing the strain on the hovering system while still achieving
better waiting times was proposed.

Future work is directed towards more realistic simulations of
the physical and network layers, as well as the implementation
of cooperation schemes that target environments where the
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preferences of the clients change rapidly, accenting adaptivity
issues.

APPENDIX

Explanation of Rule 1: The rule is empirical. Assume
that the hovering area of event e; covers a percentage s; of the
total area. Assuming spatially uniform distribution of clients,
the following portion of the total clients will be served by the
wireless broadcast system:

8 by =mi - (1 —s;-b;) 4

T, — Ty

i.e. the total number of clients, minus the ones that are in
the hovering area and informed successfully via the hovering.
Only these clients will give feedback to the wireless push
system, resulting in an alteration of the scheduling authority’s
perception of the popularity of event e;, by a multiplicative
factor of (1 — s; - b;). Assuming that s; = constant, the
factor that defines the alteration is simply the b;. Multiplication
with [; connects this quantity with the size of the conveyed
message. Thus the aggregate strain on the hovering system is
B = Zf\;”l b; - l;. If b; = bmas, Vi, the strain is maximized.
This can be used for defining a normalized expression of the

strain:
> b
B N e I ®
j:l max J

|
Explanation of Rule 2: The rule follows the golden ratio
conclusion of [2]. According to it, in order to produce an opti-
mal broadcast schedule that minimizes the mean waiting time
(no hovering present), one must create a periodic broadcast

schedule containing u; occurrences of each data item:
win [T ©6)

i

The u; quantity measures the share of each event e; in the total
mean waiting time: lower u; means higher share, in accordance
with [2]. Rule 2 simply offloads the events with the highest
share to the hovering subsystem, until the strain B, is reached.
Finally, notice that sorting the events by u; or by % produces
the same result. u
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