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Abstract—In environments with locality of client demands, the
use of multiple directional antennas at the Broadcast Server has
been shown to increase performance. In many cases however,
such broadcasting systems fail to exploit the full potential of
the multiple antennas as they do not take into account the
geographical distribution of clients within the coverage area of
the system. This letter proposes an adaptive smart antenna-
based wireless push system where the beamwidth of each smart
antenna is altered based on the current placement of clients
within the system area. Coupled with a modification of the
broadcast schedule, the proposed approach significantly increases
the performance observed by the system clients.

Index Terms—Data broadcasting, smart antennas, locality of
demand.

I. INTRODUCTION

DATA broadcasting ([1]-[9]), which has emerged as an
efficient way of information dissemination in wireless

networks, can be characterized by locality of client demands.
An example is the case of a traffic information system. Such
an application is characterized by locality of demand, as a
driver is obviously more interested in information regarding
her neighboring streets than for information regarding streets
further away.

In environments with locality of client demands ([10]–
[12]), the use of multiple directional antennas at the Broadcast
Server (BS) splits the client population to groups of clients
that exhibit higher demand skewness and has been shown to
increase performance [10]. In such a system, each antenna is
equipped with a Learning Automaton (LA) whose probability
distribution vector determines the popularity of each informa-
tion item among the clients in the service area of the antenna.

However, depending on the actual placement of clients
within the coverage area of the system, there can exist cases
where the use of directional antennas of fixed beamwidth
limits the amount of performance improvement over single-
antenna systems ([6], [10], [12]). This is because the coverage
area of each such antenna is fixed and does not follow the
geographical distribution of clients within the coverage area
of the system. When this distribution is not uniform, but rather
there exist areas with higher density of client groups, there can
exist cases where one or more antennas serve a very small,
possibly even zero, number of clients, a fact that leads to
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Fig. 1. Example of the proposed systems topology.

underutilization of these antennas and consequently to their
small contribution to performance improvement.

To combat the above problem, this letter proposes to use
smart antennas ([13], [14]) at the BS. The ability of smart
antennas to alter their beamwidth is exploited so that the
coverage of each antenna is adapted according to the current
placement of clients within the system. Thus performance will
be improved even more compared to the use directional anten-
nas of fixed beamwidth in cases of non-uniform distribution
of the clients within the coverage area of the system. This
is due to the fact that each antenna will now have a similar
number of clients under its coverage. Moreover, locality of
client demands is exploited and thus the broadcast schedule at
each antenna is altered, so that it excludes items that are never
demanded from clients under its coverage. Simulation results
reveal that the proposed approach significantly increases the
performance observed by the system clients.

II. THE SMART ANTENNA AADAPTIVE WWIRELESS PUSH

SYSTEM

A. Systems Characteristics

The topology of the proposed wireless push system, an
example of which is shown in Figure 1, consists of a large
number of clients and a BS equipped with a number of smart
antennas. The fact that the system is of a push nature means
that the system clients do not possess the ability to explicitly
submit requests for data items, thus each client will wait
for the item it demands to appear in the broadcast program
constructed by the broadcast server.

In the proposed system, the ability of smart antennas to
change their beamwidth is exploited so that the coverage area
of each antenna is changed according to the current placement
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of clients within the system. This can be achieved by transmit
beamforming [13], which allows a smart antenna to focus its
transmit main beam towards the direction where the desired
client receivers reside and steer nulls in the other directions, so
that clients residing in areas other than the desired one do not
receive any transmission from this antenna. It has to be noted
that such a requirement is nowadays easy to implement by
already proposed smart antenna technology, which has gone
even further by supporting Space Division Multiple Access
(SDMA), a technique that requires from the smart antenna to
form a transmission beam able to follow the movement of
a specific mobile. The proposed system can thus work with
any kind of smart antennas that offer the property of alterable
beamwidth, thus with both switched beam smart antennas
and adaptive array ones. Switched beam systems employ a
number of fixed beam patterns and based on the application
requirement determine which beam to access at a given point
in time. Adaptive arrays systems are able to steer the antenna
beam to any direction of interest while at the same time nulling
interfering signals [14].

In the proposed system, each smart antenna is equipped
with a Learning Automaton (LA) ([15]-[18]) for the estimation
of the demand probability of the information items that are
broadcast to the clients under its coverage. A LA is an
automaton that improves its performance by interacting with
the random environment in which it operates. LA have been
applied to several problems in the area of wireless networks
[17], including wireless data broadcasting ([2], [4], [6], [10]–
[12]), adaptive mobile ad-hoc networks ([19], [20]), the design
of self-adaptive MAC protocols ([21]), etc.

The client population exhibits locality of demand ([10]-
[12]). This means that clients are grouped into groups each
one located at a different place with members of each group
having similar demands, different from those of clients at
other groups. The clients are considered equipped with GPS
receivers, a requirement that is common nowadays [22]. Each
client acknowledges reception of the item it is waiting for via
Code Division Multiple Access (CDMA).

B. The Broadcasting Algorithm and the Probability Updating
Scheme

In the multiple antenna wireless push system of [10], each
antenna is equipped with a LA that contains the server’s
estimate 𝑝𝑖 of the demand probability 𝑑𝑖 for each data item 𝑖
among the set of the items the antenna broadcasts. Clearly,∑𝑁

𝑖=1 𝑝𝑖 =
∑𝑁

𝑖=1 𝑑𝑖=1, where 𝑁 is the number of items
in the server’s database. At each item selection, the server
selects to transmit the item 𝑖 that maximizes the cost function,
𝐺(𝑖) = (𝑇 −𝑅(𝑖))2 𝑝𝑖

𝑙𝑖

(
1+𝐸(𝑙𝑖)
1−𝐸(𝑙𝑖)

)
, which was proposed in

[23] and used extensively in related research ([2], [4], [6],
[10]–[12]). In this cost function, 𝑇 is the current time, 𝑅(𝑖)
the time when item 𝑖 was last broadcast, 𝑙𝑖 is the length of
item 𝑖 and 𝐸(𝑙𝑖) is the probability that an item of length 𝑙𝑖 is
erroneously received. For items that haven’t been previously
broadcast, 𝑅 is initialized to -1. If the maximum value of 𝐺(𝑖)
is shared by more than one item, the algorithm selects one of
them arbitrarily. Upon the broadcast of item 𝑖 at time 𝑇 , 𝑅(𝑖)
is changed so that 𝑅(𝑖)=𝑇 .

Regarding the calculation of 𝐸(𝑙𝑖), as in [23] which in-
troduced the cost function 𝐺, unrecoverable reception errors
per instance of an item are assumed to occur according to
a Poisson process with rate 𝜆, thus 𝐸(𝑙𝑖)=1 − 𝑒−𝜆𝑙𝑖 . As
knowledge of 𝜆 can become available from a-priori statistical
measurements of unrecoverable reception errors within the
operating area of the system and as the lengths of all items
are of course known to the BS, the error probability 𝐸(𝑙𝑖) for
each item 𝑖 can be easily computed and used by the BS in the
calculation of the cost function 𝐺.

After the transmission of item 𝑖 the BS awaits for an
acknowledging feedback from every client that was waiting
for item 𝑖. Upon the reception of the client feedbacks, each
antenna updates the estimate demand probability vector of its
LA as follows. When there are satisfied clients, the probability
of the transmitted item 𝑖 increases, while the probabilities of
all other items decrease. In what follows we define 𝑝𝑧 to
be a vector that contains the item probability estimates for
the demand of the 𝑁 data items among the clients located
under the coverage of antenna 𝑧. Considering that antenna 𝑧
transmitted item 𝑖 at its 𝑘𝑡ℎ broadcast, its probability vector
𝑝𝑧 is updated according to Equation set (1), which reflects the
probability updating scheme of a Linear Reward-Inaction LA
[16]:

𝑝𝑧,𝑗(𝑘 + 1) = 𝑝𝑧,𝑗(𝑘)− 𝐿(1− 𝛽𝑧(𝑘))(𝑝𝑧,𝑗(𝑘)− 𝑎),∀𝑗 ∕= 𝑖

(1)

𝑝𝑧,𝑖(𝑘 + 1) = 𝑝𝑧,𝑖(𝑘) + 𝐿(1− 𝛽𝑧(𝑘))
∑

𝑗 ∕=𝑖

(𝑝𝑧,𝑗(𝑘)− 𝑎)

where 𝑝𝑧,𝑖(𝑘) ∈ (𝑎, 1), ∀𝑖 ∈ [1..𝑁 ], 𝐿, 𝑎 ∈ (0..1), are
parameters of the LA. 𝐿 defines the rate of convergence, while
the role of 𝛼, is to prevent the probabilities of non-popular
items from taking values very close to zero in order to increase
the adaptivity of the LA. 𝛽𝑧(𝑘) can be seen as a measure of
dissatisfaction of the clients regarding the item broadcast made
by antenna 𝑧. The lower the value of 𝛽𝑧(𝑘) the more clients
were satisfied by the 𝑘𝑡ℎ item broadcast of antenna 𝑧. Thus
(1-𝛽𝑧(𝑘) ) is the environmental response received after the 𝑘𝑡ℎ

broadcast of antenna 𝑧 and is represented by the sum of the
received feedback that is triggered after that broadcast. After
normalization, (1-𝛽𝑧(𝑘) ) lies in the interval [0,1].

C. Using smart antennas for performance increase

The multiple directional antenna system of [10] does not
fully exploit the potential of the available directional antennas
at the BS. This is attributed to the fixed way that these serve
the coverage area due to their lack of ability for beamwidth
alteration. Therefore a significant room for improvement exists
in cases where some of the antennas cover areas with a high
density of groups (thus they serve the majority of clients)
while the other antennas cover areas with few or no groups.
To this end, the proposed system is equipped with smart
antennas instead of directional ones. Based on their capability
of altering their beamwidth, the use of smart antennas aims at
allocating a similar number of clients to each antenna and thus
to achieve a more efficient coverage of the broadcast area in
cases where the distribution of clients within the system area
is not uniform.
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Fig. 2. The mean response time versus group size skew coefficient 𝜃1 in
networks 𝑁1, 𝑁2, 𝑁3, 𝑁4 using four antennas.

The operation of the proposed system entails that the BS
sends one control packet at each service location area. This
aims to trigger the group of clients at this location area
to send back a feedback. Based on the coordinates of the
coverage area contained on the control packet and its local
coordinates that are available via its GPS receiver, each client
will determine whether it needs to respond to the control
packet with a feedback. Specifically, each such control packet
transmits the actual coordinate sets that define the boundaries
of the selected service location area. Thus, the clients that
respond to a control packet via a feedback are the ones residing
inside the boundaries of the corresponding selected service
area and these clients are classified as a group to the BS. After
the above procedure is completed for all service locations, the
system will obtain an estimate of both the total number of
clients of the system and the number of clients within each
service area (i.e. the number of client groups).

Next, the total number of clients is divided to the number
of the smart antennas, so that an estimation of the number of
clients that will be assigned to each antenna is obtained. The
number of client groups that are assigned to the first antenna
will be such that the population of the antenna is at least equal
to the above estimated number of clients per antenna. If the
last group that has been assigned to the antenna overloads
the antenna, it will be unassigned from the specific antenna
in order to be assigned later to the next one. Afterwards, the
population of the remaining groups is summed and divided to
the number of remaining antennas so that a new estimation of
the number of clients per antenna is obtained. Then assignment
of the remaining groups to the next antenna is performed and
the procedure ends when all groups have been assigned to an
antenna.

An example of the above procedure is depicted in Figure
1. Assume that the BS employs three smart antennas and the
client population comprises groups A, B, C, D, E, F consisting
of 100, 150, 150, 100, 300 and 200 clients respectively.
As shown in the Figure, the above described scheme alters
the beamwidth of the three antennas and assigns groups to
antennas in such a way that numbers of assigned clients per
antenna is close to each other. If we were to serve the clients in
the system via a system of three fixed-beamdwidth directional
antennas, the fact that the client distribution is time-variable
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Fig. 3. The mean response time versus group size skew coefficient 𝜃1 in
network 𝑁5.

and a-priori unknown would lead to the use of three antennas
of 120 degrees beamdwidth each so as to cover the entire
area around the BS. It can be easily seen that in the scenario
shown in this Figure, one of those fixed-beamwidth antennas
would cover an area having no clients and would thus remain
unexploited. Moreover, the number of clients covered by each
of the other two antennas would totally depend on the client
distribution within the coverage area and would probably not
be close to each other as would be the case of the example
smart antenna system described above.

The control message to obtain the clients location needs to
be sent by the BS for each service area at the beginning of
the system operation. Then this procedure will be repeated in
a periodic manner after a fixed number of item broadcasts so
as to update the client location information at the BS and
use this information for rearranging the antenna beamwidths
in case the distribution of clients within the coverage area
of the system differs from the previously estimated one. The
absolute frequency of this procedure depends on the moving
rate of the clients, and can be set at a small value when
clients move at small speeds. However as will be seen from
the simulation results in the next Section, the performance
of the smart-antenna based push system is still significantly
improved compared to that of a multiple antenna system of
fixed beamwidth antennas even in cases where there exist users
that move at higher speeds than others.

Using the procedure described above, apart from the effi-
cient allocation of clients to the number of available antennas,
each antenna is also set to exclude from its broadcast schedule
the information items that refer to geographic areas that are out
of its coverage. In this way no bandwidth is wasted to futile
broadcasts, a fact that contributes to performance increase.

III. PERFORMANCE EVALUATION

We consider 𝑆𝐴 antennas having replicas of the same
database of equally-sized items. The antennas are initially
unaware of the demand for each item, so initially every item
has the same probability estimate. Client demands are a-priori
unknown to the server and location dependent. We consider
𝑁𝑢𝑚𝐶𝑙 clients that have no cache memory, an assumption
also made in other similar research (e.g. [1]-[6], [10]-[12],
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Fig. 4. The mean response time versus group size skew coefficient 𝜃1 in
network 𝑁6.

[23]). Clients are grouped into 𝐺 groups each one located at
a different geographical region. Any client belonging to group
𝑔, 1 ≤ 𝑔 ≤ 𝐺, is interested in the same subset 𝑆𝑒𝑐𝑔 of
the server’s database. All items outside this subset have a
zero demand probability at the client. The items broadcast are
subject to reception errors at the clients, with unrecoverable
errors per instance of an item occurring according to a Poisson
process with rate 𝜆, as in [23]. Finally, there do not exist
common demands for items between any two clients belonging
to different groups.

Assume that each such subset comprises 𝑁𝑢𝑚 items. The
demand probability 𝑑𝑖 for each item in place 𝑖 in that subset
is computed according to the Zipf distribution, which is used
in other papers dealing with research in data broadcasting
as well (e.g. [1]-[6], [10]-[12], [23]): 𝑑𝑖 = 𝑐

(
1
𝑖

)𝜃
, where

𝑐 = 1/
(∑

𝑘

(
1
𝑘

)𝜃)
, 𝑘 ∈ [1..𝑁𝑢𝑚]. The data access skew

coefficient 𝜃 is a parameter that when increased, increases
client demand skewness, meaning that the clients increasingly
tend to make demands concerning only a few of the servers
data items. Additionally, to model more general cases, we
also included results where the item demand probabilities are
produced according to an a) uniform distribution, b) Poisson
distribution with rate 𝑙 and c) Gaussian distribution with mean
𝜇 and variance 𝜎2. The sizes of the client groups are also
computed via the Zipf distribution, defined by the group size
skew coefficient 𝜃1. The larger the value of 𝜃1, the more
skewed is the distribution of the group sizes, meaning that
the majority of clients in the system will belong to a small
number of certain client groups.

The results in Figures 2-6 were obtained via a simulator
coded in Matlab. The simulation runs until each antenna
broadcasts 𝑀 data items. The results presented are obtained
with the following values to the parameters: 𝑁𝑢𝑚𝐶𝑙=5000,
𝑀=200000, 𝐿=0.15, 𝛼=10−4, 𝑁𝑢𝑚=20, 𝜆=0.1, 𝜃=0.5, 𝑙=10,
𝜇=10, 𝜎2 = 5. In all Figures, for a total of 𝐺 groups, the total
number of the data items 𝑁 in the BS is equal to 𝑁𝑢𝑚 ∗𝐺.
In these results the smart antenna system is compared to the
directional antenna system of [10] which uses antennas of the
same fixed beamwidth covering the entire area around the BS.
[10] also employs a LA per antenna for estimating the data
item demand probabilities. The comparison is made in terms
of mean response time (in item transmission times) versus

group size skew coefficient 𝜃1. Mean response time is the
mean amount of time units that a client has to wait until it
receives a desired information item.

Figure 2 compares the mean response time of the proposed
smart system against the system of [10] in an environment
with 𝐺=20 groups and 𝑆𝐴=4 antennas. We consider a cov-
erage area divided into 4 quadrants. We study four network
configurations, 𝑁1, 𝑁2, 𝑁3 and 𝑁4, in which the groups of
clients are positioned randomly at the 1𝑠𝑡 to 4𝑡ℎ, 1𝑠𝑡 to 3𝑟𝑑, 1𝑠𝑡

to 2𝑛𝑑 and exclusively in the 1𝑠𝑡 quadrant respectively. Thus,
in 𝑁2, 𝑁3 and 𝑁4 the clients are not spread across all the
quadrants and therefore there exist empty quadrants. Figure
2 shows that the mean response time of the proposed smart
antenna-based system is significantly lower than that of [10].
This is due to the fact that the proposed system adjusts its
beamwidth so as to efficiently assign the client groups to its
antennas. It is worth mentioning the performance difference is
increased in networks where the clients are located in fewer
quadrants, as in such cases antennas in the system of [10]
remain unused.

It is also noticeable that while the performance of the system
of [10] is affected by the geographic distribution of the groups
(it exhibits different mean response time for networks 𝑁1, 𝑁2,
𝑁3 and 𝑁4), the proposed scheme has the same performance,
despite differences in client placement. This is due to the
fact that the ability for beamwidth alteration of the antennas
enables the proposed system to assign a similar number of
clients to each antenna and thus yield the same performance
despite differences in client placement.

Figures 3 and 4 address a dynamic environment, where the
number of client groups alters during the simulation, taking
values in the interval of [10..20]. In these Figures, in network
configurations 𝑁5 and 𝑁6 the groups are located at the 1𝑠𝑡 to
4𝑡ℎ and 1𝑠𝑡 to 2𝑛𝑑 quadrant, respectively. To model a dynamic
environment, the location of each group changes every 4000
item broadcasts while the smart system repeats the antenna
assignment procedure every 5000 item broadcasts. The above
environment is simulated for 2, 3, 4 and 5 available antennas.
Again, it can be easily observed that the proposed system
provides superior performance to that of [10]. Moreover it
can be observed that the superiority of the proposed approach
increases for an increasing number of antennas used at the
BS.

In order to study cases where the item demands of the
clients follow a different pattern, we also included results
where the item demand probabilities are produced according
to a uniform, Poisson and Gaussian distribution. Thus, Figure
5 shows the mean response time versus group size skew co-
efficient 𝜃1 when employing the above-mentioned probability
distributions for producing the client item demands in network
𝑁2. It can be observed that the performance superiority of the
proposed system is again confirmed.

To study the effect on system performance of clients that are
moving around at high speeds, Figure 6 compares the proposed
approach to that of [10], under the assumption that 10% of
the population of each group of clients migrates to a new
position every 100 item broadcasts in networks 𝑁1, 𝑁2, 𝑁3,
𝑁4 using four antennas. The procedure of group assignment to
the antennas is again performed every 5000 item broadcasts as
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Fig. 5. The mean response time versus group size skew coefficient 𝜃1 for
various probability distributions for the client item demands in network 𝑁2.
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Fig. 6. The mean response time when 10% of the population of each group
of clients migrates to a new position every 100 item broadcasts in networks
𝑁1, 𝑁2, 𝑁3, 𝑁4 using four antennas.

in the experiments in Figures 3 and 4. Thus the moving users
are moving at a relatively high speed compared to the rate
of antenna adjustment. Moreover, to model the case where a
moving user goes to an area where no items that refer to this
area reside in the server database (thus no service for this area
is offered) we set a probability of 0.5 for a moving user to
migrate to an area where it does not perform item requests
due to the above reason. Figure 6 shows that the performance
gains of the proposed approach also hold for the case of users
moving at relatively high speeds compared to the speed of
antenna adjustment.

IV. CONCLUSION

This letter proposed an adaptive smart antenna-based wire-
less push system where the beamwidth of each smart antenna
is altered based on the current placement of clients within the
system. After the antenna assignment procedure, each antenna
excludes from its broadcast schedule the information items
that refer to geographic areas that are out of its coverage.
Simulation results reveal that the above-mentioned properties
of the proposed system provide a significant performance
increase over the system of [10] that utilizes multiple antennas
of fixed beamwidth.
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