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Abstract—A new, cost aware approach to the design of
wireless data broadcasting systems is introduced. The proposed
approach is based on the mathematical analysis of the systems’
performance optimization, which form their broadcast schedule
in accordance with the well-known Broadcast Disks method.
The new scheme is characterized by low memory requirements
and computational overhead. The computational complexity of
the proposed scheme is evaluated and it is found to be lower
than the well-known Thomas method-based scheme. Further-
more, the relation between the system’s optimal parameters
and the number of total broadcasted data objects is being
studied through a specially adapted multivariate illustration
technique and it is observed to be non-linear.

Keywords-Analytical approach; broadcast disks; low cost;
wireless push system.

I. INTRODUCTION

Recent years have witnessed the widespreading use of
wireless push-based systems. Simple in architecture and
implementation, lightweight and energy efficient - especially
from the client’s point of view and both hardware and
software wise - the push-based approach has been adopted
for use in a variety of information dissemination appli-
cations and has been incorporated in almost every single
mobile telecommunications device. Popular uses include
airport and hospital informative systems, instant messaging
services, and multimedia on-demand over the internet or
cellular networks. Consequently, the ongrowing interest of
the telecommunications industry has spurred the research
on the resource efficiency and performance optimization of
these systems.

The objective of the related research is to define an
algorithm that receives as an input the popularity measure of
each to-be-broadcasted piece of information, and produces
a broadcast schedule that minimizes:

1) The mean waiting time of the wireless clients.
2) The overall implementation cost of the system, which

is mainly a function of the computational and memory
requirements of the central broadcast server.

It must be stated that when discussing an application of
a push-based system in the real world, the latter criteria-i.e

the overall cost-is of utmost importance. It essentially defines
wether the push-based approach will be adopted instead of
a classic pull based scheme. A push-based architecture is
preferred as an inexpensive solution and is employed when
implementation cost is more important than the overall per-
formance. Pull systems on the other hand perform undoubt-
edly better but tend to require more powerful-and therefore
more expensive-hardware. It is therefore commendable to
assume that hardware limitations do exist in push-based
systems and every broadcast-related algorithm should pursue
minimal computational and memory requirements.

A. Related Work

To the best of our knowledge, the cost aspect of push-
based systems has been so far overlooked in the related
research, including the authors’ own work. On the other
hand, much work has been done regarding the minimization
of the mean waiting time of the wireless clients:

Ideally, a straightforward mathematical analysis of the
system would evince this procedure, yet it has been proven
that this approach falls into the NP-hard category of prob-
lems [1–3], rendering it impossible to solve with the current
mathematical tools and methods.

Less constricting approaches were developed to facilitate
research, one of the most popular being the Broadcast Disks
method [4]. This method provides a lax broadcast scheduling
framework that ensures the periodicity and proportionality
attributes of the broadcast program. In other words, it pro-
vides a way to keep the time between consecutive broadcasts
of the same data item constant, and its total appearances
proportional to its popularity. Other than that, it leaves ample
room for performance optimization. In its vast majority, re-
search in the field has inclined towards heuristic methods [5–
7]. The work of [8] introduced a mathematical analysis of the
broadcast disks method and, based on it, provided an optimal
broadcast scheduling procedure, which outperformed the
previous schemes in the majority of cases (87% out of a total
of 54 test cases). In more detail, it resulted in a mathematical
equation representing the estimated mean client waiting time
as a function of the model-related parameters. Finding the
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minimum value of this function was then a trivial task.
The next step was to use the analysis’ results in order to

check a plethora of client cases, using the popular parametric
client model firstly introduced in [4], thusly overcoming
a major omission of related research: newly introduced
algorithms were checked against only few or even just one
single client case. Checking a wide range of client cases
involved the definition of the optimal broadcast parameters
through the preceding mathematical analysis, calculating
the estimated mean client waiting time and comparing
its accordance with corresponding simulation results. This
brought to light a major problem: the server’s and clients’
computational power and memory needs were not taken into
consideration.

B. Contribution

Purpose of the present work is primarily to reestablish
the cost criteria as a determinative factor of the design of
push-based systems. To this end, an improved version of
the procedure of [8] will be introduced, in terms of compu-
tational and memory needs. As described in Section II, the
core of the optimization procedure is the solution of a system
of linear equations. By exploiting its unique characteristics
a fast optimization algorithm was developed, minimizing
the computational requirements of this task. Furthermore,
the exploitation of the periodicity and the round robbin
manner in which the broadcast schedule is constructed
(in accordance with the broadcast disks method) resulted
into the development of an extremely memory conserving
broadcast schedule constructor algorithm. Comparison with
other classical approaches demonstrated the superiority of
both of the new algorithms.

This cost reduction had a direct impact on the required
simulation time, enabling the testing thousands of client
cases in relatively small amount of time. The optimization-
based procedure for broadcast scheduling was found to be
dominant over other heuristic-based algorithms in all cases.
The validity of the analysis was ensured through the accor-
dance of the estimated and simulated mean waiting times.
Finally, through a specially adapted multivariate illustration
technique, important conclusions were extracted concerning
the linearity of the system’s behavior regarding the optimal
broadcast parameters.

C. Roadmap

The remainder of this paper is organized as follows: in
Section II the network architecture and operation as well as
the Broadcast Disks Method and its mathematical analysis
are described in more detail. In Section III the fast opti-
mization algorithm and memory efficient broadcast schedule
constructor algorithm are presented. Section IV refers to the
comparison of the algorithms with other related approaches.
Section V provides a brief overview of the simulated client

Table I
TERMINOLOGY OF PUSH-BASED SYSTEMS.

Term Description

page Alias for data item. The elementary data unit.
dbsize The number of available pages contained in the broadcast

server’s database.
range The clients access this many pages from the total, dbsize

available ones.
region A group of pages that share the same probability of being

requested by a client.
regionsize The number of pages in one region.

cases and presents the specially adapted multivariate illus-
tration technique used to depict the corresponding optimal
scheduling parameters. Finally, conclusions are given in
Section VI.

II. SYSTEM BASICS

A. Network Architecture and Probabilistic Modeling

The network under discussion is considered to be a typical
push-based system consisting of a server, a database, one or
more clients and an asymmetric communication channel. In
general, data obtained from the database is pushed from the
server to the clients through the asymmetric channel, which
implies that the downstream communication bandwidth from
server to clients is much greater than the upstream commu-
nication bandwidth from clients back to server [9].

According to the most commonly used probabilistic
model [4] of the system, the database contains dbsize
equally sized items, also known as pages. The server acts
as a cental node of a cellular network [10, 11], while any
number of portable devices can act as clients. As in [4]
though, the approach of a single, probabilistically equivalent
client is adopted. This client accesses only a random portion
of the total dbsize available pages, which is denoted as
range. Thus it holds that range ≤ dbsize. These pages are
organized in k equally sized groups called Regions, where
k = � range

regionsize�, while regionsize denotes the number of
pages contained in a single region rj , j = 1, . . . , k. All
regionsize pages in rj share the same probability of being
requested by a client (Table I). The Regions themselves are
considered to follow the zipf probability distribution. Thus
if all Regions are sorted in a descending fashion according
to their request probability, any page in region rj will have:

P (rj) =
c

jθ
, j = 1, . . . , k,

request probability, where θ is the zipf p.d.f. parameter (and
as such θ �= 1) and c is a constant value conforming to the
condition: ∑

P (rj) = 1

Thus the client’s p.d.f. Pp has the form of Fig. 1. The
server gradually obtains an approximate form of Pp by
means of an appropriate feedback mechanism [12]. In the
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Figure 1. The client’s probability distribution function

context of this paper, every simulation that took place was
executed under the assumption that enough time has elapsed
for the server to have an accurate approximation of Pp as
depicted in Fig. 1. The mathematical analysis though is
totally p.d.f. agnostic.

B. The Broadcast Disks Method

Once the server has acquired sufficient knowledge of
client’s Pp the Broadcast Disks method intervenes and acts
in three phases:

1) The pages are grouped according to their access prob-
ability in a fixed number of groups called disks. These
scheme can be abstractedly represented as an array of
physical disks spinning around a common axis.

2) Each of these disks is then set to spin with a angular
velocity proportional to the aggregate demand of its
contained pages.

3) An imaginary set of stationary heads then retrieves
pages from the disks and forwards them to the broad-
casting system in the same order that they have been
read.

Thus the periodicity and proportionality criteria of the broad-
cast schedule mentioned in Section I are met.

It becomes evident that the broadcast disks method re-
quires a way of defining the number of disks of step 1 and
the disk angular velocities of step 2. To this end, in [8] an
optimal such procedure was presented, the performance of
which was superior to the compared alternatives. Since in the
context of this paper this procedure will be altered to require
less computational power and memory, it is imperative that
a brief overview be given.

C. Mathematical Analysis’ Outline of the Broadcast Disks
Method

In [8] the notion of a disk’s workload Wi was introduced
as the aggregate client waiting time for the portion of the

client queries that refer to pages belonging to the ith disk.
More specifically, Wi was defined as:

Wi = Ni · Dq (1)

where Ni stands for the number of client queries that
correspond to pages from the ith disk out of a total number
of N queries and Dq denotes the estimate waiting time for
a single client query of this kind. Furthermore, it has been
proven [8] that (1) can be rewritten as follows:

Wi =
[
N ·

di∑
l=di−1

Pp(l)
]
· L

2Ui
(2)

where di, di−1 are the page indices that define the ith disk
and Pp is the p.d.f. of the client queries as depicted in Fig. 1.
L stands for the size of the broadcast schedule’s period
measured in number of pages broadcasted and Ui indicates
the angular velocity of the ith disk.

In addition, by setting G(x) =
∑x

l=1 Pp(l), (2) is trans-
formed as follows:

Wi =
NL

2
· 1
Ui

[
G(di)−G(di−1)

]
, i = 1, . . . , NoD (3)

where NoD represents the total number of disks.
In the context of the same work [8], the uniform workload

distribution was examined. In a more general approach, an
arbitrary workload distribution can be expressed as:

p1 · W1 = p2 · W2 = . . . = pNoD · WNoD, pi ∈ (0,∞)

which through (3) becomes:

p1

U1
·
[
G(d1) − 0

]
=

p2

U2
·
[
G(d2) − G(d1)

]
= . . .

. . . =
pNoD

UNoD
·
[
1 − G(dNoD−1)

]
(4)

since G(d0) =
∑0

l=1 Pp(l) = 0 and G(dNoD) =∑dbsize
l=1 Pp(l) = 1. Equation 4 can be expressed in matrix

form A · X = B as presented in (5).
Thus, G(di), i = 1, . . . , NoD, and therefore - since G(x)

is 1-1 as a strictly rising function - the di points themselves
can be generally expressed as:{

di=Fi(NoD, {pj , Uj , j=1, . . . , NoD}), i=1, . . . , NoD
dNoD=dbsize

(6)
where Fi denotes the relation between the NoD, pj , Uj

parameters and di resulting from the solution of the linear
system (5).

The parameters pj and Uj are usually assumed to be terms
of uniparametrical numerical series as follows:

pj = Π(j, φ)

Uj = Υ(j,Δ)

where φ,Δ are arbitrarily chosen parameters.
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Thus, (6) can be rewritten as:{
di = Fi(NoD,Δ, φ), i = 1, . . . , NoD
dNoD = dbsize

(7)

Finally, an estimation of the mean delay time was given
in [8] as:

D =
∑NoD

i=1 Wi

N

(3)
=

L

2

NoD∑
i=1

G(di) − G(di−1)
Ui

=

(7)
= F(NoD,Δ, φ) (8)

Thus, a performance optimization scheme can be estab-
lished as follows:

1) Define valid value sets SNoD, SΔ, Sφ for the NoD,Δ
and φ parameters.

2) For every combination SNoD × SΔ × Sφ:

i. Solve the linear system (5) and calculate the di

points in order to define the corresponding disk
sizes.

ii. Proceed to the calculation of the corresponding
estimated mean delay time through (8).

iii. Keep the combination SNoD ×SΔ×Sφ and disks
sizes that achieve the minimum D.

III. THE PROPOSED COST-EFFECTIVE SCHEME

As in any typical centralized system, the bulk of the work-
load in a push system is assigned to the central broadcast
server. It is therefore essential to take any steps possible
to reduce its hardware needs. Thus, the proposed analysis-
based cost-effective scheme consists of two algorithms. The
FASTOPTIMIZATION algorithm reduces the computational
requirements of the scheme, while the MEMORYCONSERV-
ING algorithm promotes minimal memory usage.

A. The FASTOPTIMIZATION algorithm

The issue of enhancing the computational speed can be
addressed by breaking down the procedure of II-C into the
following four tasks:

1) Calculate the elements of the parameter matrix 5
according to the chosen SNoD×SΔ×Sφ combination.

2) Solve the linear system (5).
3) Reverse the G(di) values and obtain the di points.
4) Find the minimum estimated delay time D.

The tasks 1, 3 and 4 are trivial, and standard, computation-
ally optimal corresponding procedures already exist. Due to

the peculiar form of the linear system (5) though, task 2,
which makes up for the bulk of the computational power
required by the procedure, can be significantly accelerated.

The best solution so far was the Thomas algorithm [13]
designed for solving any tridiagonal linear n × n system
in O(n) operations instead of O(n3) required by Gaussian
elimination. The method consists of three steps:

Step 1. Firstly, calculate the ai, bi, ci, di parameters and
form the tridiagonal system in the following man-
ner:⎛⎜⎜⎜⎜⎜⎝

b1 c1 0 . . . 0 0
a2 b2 c2 . . . 0 0
0 a3 b3 . . . 0 0
...

...
...

. . .
...

...
0 0 0 . . . an bn

⎞⎟⎟⎟⎟⎟⎠·

⎛⎜⎜⎜⎜⎜⎝
x1

x2

x3

...
xn

⎞⎟⎟⎟⎟⎟⎠=

⎛⎜⎜⎜⎜⎜⎝
d1

d2

d3

...
dn

⎞⎟⎟⎟⎟⎟⎠
Step 2. Then, modify the coefficients as follows:

c′i =

{
ci

bi
, i = 1

ci

bi−c′
i−1·ai

, i = 2, 3, . . . , n − 1

d′i =

{ di

bi
, i = 1

di−d′
i−1·ai

bi−c′
i−1·ai

, i = 2, 3, . . . , n

Step 3. Finally, obtain the solution by back substitution:

xn = d′n

xi = d′i − c′i · xi+1, i = n − 1, n − 2, . . . , 1

In the case of system (5):
• Step 1 requires (n + 1) + n + n − 1 = 3n operations,

since the matrix is symmetric and bi = |ci−1|+|ai|, i =
2, . . . , n.

• Step 2 requires 1+3(n−1) = 3n−2 operations, since
di = d′i = 0, i = 1, . . . , n − 1.

• Step 3 requires 2(n − 1) = 2n − 2 operations.
Thus, the Thomas algorithm requires a total of T1 = 8n−4
operations.

The proposed FASTOPTIMIZATION algorithm is as fol-
lows: given that p1 · W1 = p2 · W2 = . . . = pNoD · WNoD,
we define A = pi ·Wi. Then, because of (3), A = LN

2 · pi

Ui
·[

G(di)−G(di−1)
]

. Let Ã = A
LN
2

= pi

Ui
·
[
G(di)−G(di−1)

]
.

It holds that:

G(di) =
Ui

pi
· Ã + G(di−1), i = 1, . . . , NoD (9)



Figure 2. The broadcast schedule construction procedure.

which can be rewritten as:

G(di) =
Ui

pi
Ã +

Ui−1

pi−1
Ã + . . . +

U1

p1
Ã = Ã

i∑
j=1

Uj

pj

Setting i = NoD, the above equation becomes:

G(dNoD) = Ã

NoD∑
j=1

Uj

pj

and since G(dNoD) = 1:

Ã =
1∑NoD

j=1
Uj

pj

(10)

Finally, though (9):

G(di−1) = G(di) − Uj

pj
Ã, i = NoD, . . . , 2 (11)

and thus the solution is obtained by back substitution.
Equation 10 requires 2NoD operations, while (11) re-

quires 2(NoD − 1), since the Ui

pi
parameters have been

calculated in (10). Thus, the FASTOPTIMIZATION algorithm
requires a total of T2 = 4NoD − 2 operations. The size
of the parameter matrix n and the number of disks NoD
are connected though the relation: n = NoD − 1. Thus,
T2 = 4n + 2 and T1 > T2 for every n > 1, since n ∈ N+.
Furthermore, for n 	 1, T2

T1

 4n

8n = 50%.
It is evident that the FASTOPTIMIZATION algorithm re-

quires just the half of the computational operations com-
pared to the Thomas algorithm. Moreover, the simplicity
of the new algorithm’s implementation means it easier to
achieve its full theoretical potential.

B. The MEMORYCONSERVING algorithm

The standard broadcast schedule constructor algorithm of
the Broadcast Disks method [4] states that each disk is to be
split in smaller chunks, which then are to be broadcasted in a
round-robbin manner as shown in Fig. 2. A brief description
is given in Algorithm 1.

Algorithm 1 The schedule constructor algorithm.
Input: The velocities Ui of the NoD disks.
Output: The broadcast program.

1: Calculate the max chunks as the Least Common Mul-
tiple of the disks’ velocities Ui, where i = 1, . . . , NoD

2: Split each disk into num chunks(i) = max chunks
Ui

chunks
3: Broadcast the Cij chunks in a round robin manner.

Algorithm 1 defines the broadcasting of pages’ chunks.
Yet, for a realistic implementation, it is advantageous to
know which single page is to be broadcasted at any given
moment. The proposed approach:

1) facilitates the creation of system’s simulators as it
obviously offers reduced complexity.

2) it promotes the efficiency of client-side traffic predic-
tion scheme.

A relatively simple way to implement a procedure that
accepts the current time slot index as input and produces
the page to be broadcasted as output is the following:

1) use Algorithm 1 to construct a whole period of broad-
cast program and store it in a cache memory section

2) at any given time slot T , broadcast the page with
index i = mod(t, L), where L indicates the size of
the broadcast schedule and as such:

L =
NoD∑
i=1

� di − di−1

num chunks(i)
� · num chunks(i) · Ui

(12)
where d0 = 0, num chunks(i) = lcm(Ui,i=1,...,NoD)

Ui

and lcm stands for the least common multiple.

This approach, though simple in conception, has two
performance-degrading disadvantages:

1) L increases as the number of diks and their corre-
sponding velocities increase, as depicted in Fig. 3,
and therefore so does the size of the required cache
memory size.

2) Constructing and storing an enormous broadcast
schedule to cache memory adds a considerable over-
head to the system’s performance.

A more memory-conserving approach would calculate the
index of the page to be broadcasted directly from the current
time slot without storing any parts of he broadcast schedule
to memory. The proposed MEMORYCONSERVING algorithm
is presented as Algorithm 2.

The page with index ALT is broadcasted when pB is
out of bounds, as mentioned in [4]. It must be stated that
constants in lines 1 and 2 of Algorithm 2 need only be
calculated once, and can even be skipped and replaced with
inline calculations where required. Thus it is obvious that the
amount of memory required by this algorithm is minimal.



Figure 3. The length of broadcast schedule L as a function of the number
of disks NoD. The disks’ velocities Ui are set as terms of an arithmetic
progression with common difference Δ, i.e. Ui = (NoD − i) · Δ + 1,
where i = 1, . . . , NoD.

Algorithm 2 The MEMORYCONSERVING algorithm.
Input: The current timeslot T , the sizes Si and the veloci-

ties Ui of the NoD disks, an alternative value ALT.
Output: The page to be broadcasted, pB .

1: Fill the chunk sizei = � Si·Ui

max chunks� and
num chunksi = max chunks

Ui
arrays, i = 1, . . . , NoD.

2: Calculate the length of the Minor Sequence M =∑NoD
i=1 chunk sizei and the length of the Broadcast

Schedule L = M · max chunks.
3: Calculate the current page index p = mod (T,L)
4: if (p == 0) then
5: p = L
6: end if
7: Calculate the page index m in Minor Sequence as

m = mod (p,M)
8: set disk = 0
9: while m > 0 do

10: disk = disk + 1
11: m = m − chunk sizedisk

12: end while
13: m = m + chunk sizedisk

14: Calculate the index minor sequence = � p
M �

15: Calculate the index
chunk = mod (minor sequence, num chunksdisk)

16: if (chunk == 0) then
17: chunk = num chunksdisk

18: end if
19: Calculate low limit =

∑disk−1
i=1 Si and

up limit =
∑disk

i=1 Si

20: Broadcast page
pB = low limit + (chunk − 1)chunk sizedisk + m

21: if (pB > up limit) then
22: pB = ALT
23: end if
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Figure 4. Thomas Method (T1) vs the FASTOPTIMIZATION algorithm
(T2).

IV. COST EVALUATION

In order to obtain a realistic measure of the cost-efficiency
of the presented algorithms, they were implemented in
MATLAB alongside their corresponding rivals and were
incorporated in a full simulator of the broadcast disks model.
The MATLAB profiler was then employed to measure the
CPU time spent by each algorithm, when assigned the
same task, as well as the required memory. Notice that
in terms of client waiting time all algorithms perform the
same [8]. The new, cost-related results, along with more
detailed descriptions are given in the following subsections.

A. Thomas Method vs the FASTOPTIMIZATION algorithm

Two single functions were implemented, both receiving
the arrays (pi, Ui, i = 1, . . . , NoD) as input, and producing
the corresponding G(di), i = 1, . . . , NoD as output. The
first function - T1 - was based on the Thomas method, while
T2 was the implementation of the FASTOPTIMIZATION

algorithm. The NoD parameter was set to vary in the range
[3, 150]. For each single value of NoD, the CPU time spent
in T1 and T2 was recorded by means of the MATLAB
profiler. The procedure was repeated 100 times in order to
obtain a more reliable estimate of the corresponding times.
Then, their mean values were calculated and their ratio T2

T1
was recorded and displayed in Fig. 4.

Even though it is obvious that the FASTOPTIMIZATION

algorithm outperforms the Thomas method in every single
case, the ratio T2

T1
is much lower than its theoretical values.

When calculating an algorithm’s complexity, as in Sec-
tion III-A, the memory allocation, memory-to-CPU-registers
and CPU-registers-to-memory transfer commands are not
taken into account, as they are subjected to the CPU architec-
ture. Yet these operations also take up a considerable portion
of the total CPU time. In addition, the Thomas method
demands the allocation and manipulation of four separate
variable arrays, namely ai, bi, ci, xi. On the other hand, the
FASTOPTIMIZATION algorithm requires only one array, the
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Figure 5. Caching strategy (SC ) vs Broadcasting on demand (SD).

xi, just to hold the results. Thus the memory allocation and
access command are bound to be much less in its case.
Finally, the CPU time of a function is implementation-
dependent. Better implementations of the Thomas method
may be possible than the one used in the context of this
paper. Yet this brings to light another advantage of the new
algorithm: its simplicity and easy of implementation make it
easy to achieve its full theoretical potential, in contrast with
the Thomas method which requires programmatic optimiza-
tion as well.

B. Broadcast schedule caching vs Broadcasting on demand

Again, both strategies described in Section III-B were
implemented and incorporated into a full simulator of the
broadcast system. The two simulators were identical in
every other aspect. The MATLAB profiler was employed
once again to calculate the total CPU time spent by each
simulator when assigned the same task. The ratio SC

SD
was

recorded, where SC denotes the mean CPU time spent in a
simulation using the caching strategy (Algorithm 1), while
SD stands for the broadcasting-on-demand strategy employ-
ing simulation (Algorithm 2). A three-disks configuration
was used in every case, with sizes [400, 600, 4000]. Their
velocities were set in an arithmetic progression fashion,
Ui = 1+(NoD−i)·Δ, and the common difference Δ ranged
accordingly in order to achieve broadcast schedule lengths
equally distributed in the range [0.1, 5] · 105. The results
are depicted in Fig. 5. As expected, the caching strategy is
superior for small broadcast schedules, performing 10 − 7
times than its alternative. Both strategies perform equally for
L ∈ [1.5, 1.8] ·105. For greater lengths, the broadcasting-on-
demand strategy is undoubtedly the best choice, performing
up to 6.5 times better than the caching strategy.

From a memory usage point of view, the caching strategy
requires UM = (L) · (sizeofsinglepage) memory size,
where L stands for the length of the broadcast schedule. As
the x-axis of Fig. 5 denotes, L ∈ [5000(dbsize), 4.7 · 105].

Figure 6. Illustration of the behavior of the NoD parameter, for range
dbsize

=

0.3 and θ = 0.9 while dbsize ∈ [1000, 5000] and regionsize
range

∈
[0.01, 0.05]

Figure 7. Illustration of the behavior of the Δ parameter, for range
dbsize

= 0.3

and θ = 0.9 while dbsize ∈ [100, 1000] and regionsize
range

∈ [0.1, 0.5]

For a standard page size of 10KB (a typical, static HTML
page), UM ∈ [50MB, 4.7GB]. The broadcasting on de-
mand strategy on the other hand requires a steady U

′
M =

(1) · (sizeofsinglepage) = 10KB amount of memory. It
is readily obvious that the caching strategy may pose a
bottleneck and even result into an unrealizable system.

V. ON THE LINEARITY OF THE SYSTEM’S BEHAVIOR

The performance related observations of the previous
sections had a direct impact on the system’s simulation time
as well, enabling the study of numerous client cases in a
relatively small amount of time. For the first time every
single one of the S = {dbsize, range, regionsize, θ} set
of system defining parameters varied in a predefined range.
Purpose was the study of the linearity or non-linearity of the
behavior of the optimal values of the P = {NoD,Δ, φ}



performance defining parameters. This revealed another
problem: a way of 5-dimensional representation (the four
parameters of the S set and one from the P set) had to be
improvised. The result is depicted in Fig. 6 and 7.

Each such diagram refers to a different {θ, range
dbsize} combi-

nation and illustrates the behavior of one of the parameters
in the P set. In each diagram, every concentric circle
corresponds to a different dbsize value. Every radial line
represents a different value of the regionsize

range ratio. Each
intersection of concentric circle-radial line represents the
mean value p of the parameter in discussion over all the
different values of the regionsize

range ratio. By moving from this
point along the radial line in a centrifugal fashion, values
greater than p are represented. Likewise, by moving in a
centripetal fashion values smaller than p are represented.
The point alongside a radial line, which is equidistant from
the current circle and the next, represents the maximum
value of the parameter in discussion, over all different values
of the regionsize

range ratio. Correspondingly, its symmetrical
point represents the minimum value of the parameter. Lines
interconnect all points, thus forming the pentagons shown
in Fig. 6 and 7.

Subsequently, concentric and resemblant pentagons like
the ones presented in Fig. 6 yield linearity in the behavior
of the parameter in discussion. In contrast, abnormalities
like the ones presented in Fig. 7 yield non-linear behavior.
These two diagrams, though indicative - as space restrictions
hindered the presentation of the totality of the results -
present the general conclusion flawlessly: for small values
of the regionsize

range ratio, linearity characterizes the behavior
of all parameters of the P set. For higher values though, the
client’s p.d.f. greatly changes in form, and thus non-linearity
makes its appearance. The captions of Fig. 6 and 7 present
the exact corresponding parameter ranges.

VI. CONCLUSION

Research on the field of broadcast systems has tradition-
ally overlooked the cost parameter when proposing new,
performance related algorithms. However, the primary ad-
vantage of these systems is exactly their low implementation
cost. In this notion, this paper presented a cost efficient
version of the broadcast scheduling procedure of [8] in terms
of CPU and memory usage. It was shown that small changes
in the computational part procedure can lead up to a 90%
reduction in the required CPU time. It was also pointed out
that by simply choosing appropriately between caching and
calculating-on-demand strategies, the system can benefit up
to 7 times in terms of CPU time. From a memory usage
point of view, this simple choice not only curtails minimal
related needs, but can also be the factor that determines the
realizability of a broadcast disks-based push system.

These cost-related observations were readily exploited in
order to run thousands of whole system simulations, ranging
every single one of the system’s configuration parameters,

in a small amount of time. Linearity between the achieved
client mean waiting time and the parameters’ values was
observed when the clients access only a small portion (i.e
< 5%) of the available data items.

REFERENCES

[1] A. Bar-Noy, R. Bhatia, J. Naor, and B. Schieberaruch,
“Minimizing service and operation costs of periodic
scheduling,” in Proc. of SODA’98.

[2] V. Gondhalekar, R. Jain, and J. Werth, “Efficient ac-
cess to personalized informationservices via periodic
wireless data broadcast,” in Proc. of ICC’97.

[3] C. Kenyon and N. Schabanel, “The data broadcast
problem with non-uniform transmission times,” in
Proc. of SODA’99.

[4] S. Acharya, R. Alonso, M. Franklin, and S. Zdonik,
“Data management for asymmetric communication en-
vironments,” in Proc. of SIGMOD’95.

[5] W. Yee, S. Navathe, E. Omiecinski, and C. Jermaine,
“Bridging the gap between response time and energy-
efficiency in broadcast schedule design,” in Proc. of
EDBT’02.

[6] E. Pitoura and R. Chrusanthis, “Multiversion data
broadcast,” IEEE Transactions on Computers, vol. 51,
no. 10, pp. 1224–1230, 2002.

[7] H. Leung, J. Yuen, K. Lam, and E. Chan, “En-
hanced multiversion data broadcast scheme for time-
constrained mobile computing systems,” in Proc. of
DEXA’02.

[8] C. Liaskos, S. Petridou, G. Papadimitriou, P. Nicopoli-
tidis, and A. Pomportsis, “An analytical approach to the
design of wireless broadcast disks systems,” in Proc.
of ISADS’09.

[9] S. Acharya, M. Franklin, and S. Zdonik,
“Dissemination-based data delivery using broadcast
disks,” IEEE Wireless Communications, vol. 2, no. 6,
pp. 50–60, 1995.

[10] P. Nicopolitidis, G. Papadimitriou, and A. Pomportsis,
“Exploiting locality of demand to improve the perfor-
mance of wireless data broadcasting,” IEEE Transac-
tions on Vehicular Technology, vol. 55, no. 4, pp. 1347
– 1361, 2006.

[11] P. Nicopolitidis, G. Papadimitriou, and A. Pomportsis,
“Multiple-antenna data broadcasting for environments
with locality of demand,” IEEE Transactions on Ve-
hicular Technology, vol. 56, no. 5, pp. 2807 – 2816,
2007.

[12] C. Liaskos, S. Petridou, G. Papadimitriou, P. Nicopoli-
tidis, M. Obaidat, and A. Pomportsis, “Clustering-
driven wireless data broadcasting,” IEEE Wireless
Communications Magazine, to appear.

[13] S. Conte and C. DeBoor, Elementary Numerical Anal-
ysis: An Algorithmic Approach. McGraw-Hill Higher
Education, 1980.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


