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INTRODUCTION

Information Technologies and Internet as a part of Computer science creates new approaches and perspectives,
new models and numerous services, which opens up and makes use of the world of information and symbolized
knowledge. Advances in Information technology, including the Internet, have dramatically changed the way we
collect and use public, business and personal information.

The 2nd International Conference on Applied Internet and Information Technologies is an international
refereed conference dedicated to the advancement of the theory and practical implementation of both knowledge
of Information Technologies and Internet and knowledge of the special area of their application.

The objectives of the International conference on Applied Internet and Information Technologies are
aligned with the goal of regional economic development. The conference focus is to facilitate implementation of
Internet and Information Technologies in all areas of human activities. The conference provides forum for
discussion and exchange of experiences between people from government, state agencies, universities and
research institutions, and practitioners from industry.

The key Conference topic covers a broad range of different related issues from a technical and methodological
point of view, and deals with the analysis, the design and realization of information systems as well as their
adjustment to the respective operating conditions. This includes software, its creation and applications,
organizational structures and hardware, different system security aspects to protocol and application specific
problems. The Conference Topics are:

Information systems

Communications and computer networks
Data and system security

Embedded systems and robotics
Reliability and maintenance

Process assessment and improvement
Software engineering and applications
Computer graphics

9. ICT Support for decision-making

10. Management in IT

11. E-commerce

12. Internet marketing

13. Customer Relationship Management
14. Business intelligence

15. ICT practice and experience
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“The Art of Modeling”: How Can AIIT Be
Modeled?

Pece Mitrevski®
* “St. Clement of Ohrid” University / Faculty of Technical Sciences /
Department of Computer Science and Engineering, Bitola, Republic of Macedonia
pece.mitrevski@uklo.edu.mk

Abstract - The acronym AIIT stands for “Applied Internet
and Information Technologies”. How can Internet and
Information Technologies be modeled? Two of the main
topics of the AIIT 2013 conference are (i) Communications
and computer networks, and (ii) E-commerce. As two
archetypal technologies belonging to these two categories,
(i) Peer-to-Peer Live Video Streaming Systems and (ii) Web
Based e-Commerce Shopping Systems are considered.
Inspired by the title of Donald Knuth’s comprehensive
monograph “The Art of Computer Programming”, we try
to exemplify “The Art of Petri Net Modeling” through the
use of Fluid Stochastic Petri Nets (FSPN) and Deterministic
and Stochastic Petri Nets (DSPN), respectively.

. INTRODUCTION

Stochastic timed Petri nets provide a good framework
to model the dynamic behavior and examine the
performance of concurrent and asynchronous systems.
The classes of stochastic timed Petri nets that have been
proposed for performance and reliability analysis of
systems include Stochastic Petri Nets (SPN) [1],
Generalized Stochastic Petri Nets (GSPN) [2], Extended
Stochastic Petri Nets (ESPN) [3], and Deterministic and
Stochastic Petri Nets (DSPN) [4]. In a SPN, a transition
fires after an exponentially distributed amount of time
(“firing time”) when it is enabled. A GSPN, instead,
allows transitions with zero firing times or exponentially
distributed firing times, and the stochastic process
underlying both a SPN and a GSPN is a continuous-time
Markov chain. ESPNs allow generally distributed firing
times and exponentially distributed ones — under some
restrictions the underlying stochastic process of an ESPN
is a semi-Markov process. Finally, DSPNs allow
transitions with zero firing times, or exponentially
distributed, or deterministic firing times. As a result, the
underlying stochastic process of a DSPN is neither a
Markov, nor a semi-Markov chain [5]. However, DSPNs
can be solved analytically with a restriction that at most
one timed transition with deterministic firing time is
enabled concurrently with exponentially distributed timed
transitions. A steady state solution method for DSPNs
appears in [6], and a transient solution method is given in
[7]. Furthermore, in [8], the underlying stochastic process
for a DSPN is shown to be a Markov regenerative process.

On the other hand, Fluid Stochastic Petri Nets (FSPN)
[9] contain two types of places: discrete places containing
a non-negative integer number of tokens, and continuous
places containing fluid (non-negative real quantity).

Transition firings are determined by both discrete and
continuous places, and fluid flow is permitted either with
deterministic fluid rates through the enabled timed
transitions, or in the form of fluid jumps (transportation of
fluid in zero time) through enabled immediate transitions
in the Petri Net. By associating exponentially distributed
or zero firing time with transitions, the differential
equations for the underlying stochastic process can be
derived.

The remainder of this paper is organized as follows: in
Section Il we use FSPNs to model Peer-to-Peer Live
Video Streaming (P2P LVS) systems, whereas in Section
Il DSPNs and GSPNs are employed to capture
e-Customer’s online shopping behavior in a web based
e-Commerce system. Section IV concludes the paper.

II.  PART ONE: MODELING PEER-TO-PEER LIVE VIDEO
STREAMING SYSTEMS

Nowadays, more and more visitors are attracted to
web locations for live video content, which leads to
sustainability issues when clients rise above the upload
capabilities of the streaming server. Since IP Multicast
failed to satisfy these requirements, in the last decade the
science community intensively works in the field of P2P
networking technologies for live video broadcast. In this
paradigm every user (peer) maintains connections with
other peers and forms an application level logical network
on top of the physical network. Video stream originates at
a source and every peer acts as a client as well as a server
forwarding the received video packets to the next peer.

P2P live streaming is a relatively new paradigm that
aims at streaming live video to large number of clients at
low cost. Many applications already exist in the market,
but, prior to creating such a system, it is necessary to
analyze its performance via representative model that can
provide good insight into the system’s behavior. Modeling
and performance analysis of P2P LVS systems is a
challenging task which requires addressing many
properties and issues of P2P systems that create complex
combinatorial problem.

A. General Assumptions

“The art” of modeling and performance analysis
covers two simple aspects. First, the model should always
be simple, intuitive and close to the designer’s intuition of
what the modeled system looks like. Second, it should
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account for as many features as possible, while providing
accurate performance results without compromising its
simplicity.

In this case, we consider a P2P LVS system that
adopts mesh topology, where peers are randomly
organized into groups or neighborhoods, and each group
member communicates with all his neighbors exchanging
video chunks. The model also incorporates peers’ upload
bandwidth (UB) heterogeneity that is implemented by
classifying peers into several classes, based on their UB
capabilities.

Peer arrival is described as a stochastic process with
exponentially distributed interarrival times, with mean 1/4,
where 1 is the arrival rate. We assume exponentially
distributed viewing times with mean duration of T
minutes. Clearly, since each peer is immediately served
after joining the system, we have an M/M/x queuing
model with infinite number of servers and exponentially
distributed joining and leaving rates. For such a model, the
mean service time is T = 1/u, where [ is the departure
rate. Now, A represents peer arrival in general, but the
peers from different classes do not share the same
occurrence probability (p;). So, “Class 1” peers arrive with
rate 1, = py«4, “Class 2” peers arrive with rate 1, = p,«4,
and “Class n” peers arrive with rate 1, = p, « 4, where
p1+p2+...+py = 1. This way, the model with peer churn
(peers join and leave the network at free will) is
represented by several independent M/M/o Poisson
processes, one for each peer class.

As for the streaming part of the model, we adopt fluid
flow, where bits are represented as atoms of fluid that
travel through fluid pipes (network infrastructure) with
rate dependent on the system’s condition. We identify four
separate fluid flows (streams) that travel through the
network with different bitrates:

e main video stream — represents the video data that
is streamed from the source to the peers, further
stated as video rate (VR);

o the play stream which is the stream at which each
peer plays the streamed video data, further stated
as play rate (Yg);

e control rate (Cg), which describes the exchange of
control messages needed for the logical network
construction and management;

e the network infrastructure packet loss — an
average of 15% of all traffic is lost and therefore
needs to be resent. We denote this stream as loss
rate (Lr) and the percentage of lost packets as loss
percentage (Lp).

To satisfy the requirements of our models we define a
stream function w(). The stream function is not the
maximum, but rather the actual rate that is streamed to any
individual peer at any given time.

B. FSPN Model

A general FSPN model of a P2P LVS system with
buffering is shown in Fig. 1. The model has n discrete
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places (single line circles), n+5 timed transitions
(rectangles), n immediate transitions (short lines) and a
single fluid place depicted by means of two concentric
circles. Discrete places are connected with discrete arcs
that are drawn with single lines through which tokens are
transferred. Fluid arcs, through which fluid is pumped, are
drawn as double lines to suggest a pipe. Peers are
represented as discrete tokens and video stream is
represented as fluid flow. Discrete tokens join and leave
the discrete places via discrete arcs. The fluid is pumped
through fluid arcs and is streamed to and out of the fluid
place. The model’s sole fluid place Pgyr represents a
single peer buffer.

Ta is a timed transition with exponentially distributed
firing times that represents peer arrival, which upon firing
(with rate 1) puts a token in Pcs. Pcs (representing the
control server) checks the token class (peer class) and
immediately forwards it to one of the discrete places Py,
P,, Ps...P,. These places represent the peer classes in our
P2P LVS system. The transitions that forward tokens to
the discrete places are Ty, Ty, Ti...Ty. These are
immediate transitions that (when there is a token in Pcs)
fire with probabilities p;, p,, ps... and p, respectively.
These probabilities multiplied by A represent the rates of
occurrence of a peer from a certain class, where
PitPot...+ P = 1.

Transitions Tpy, Typ, Tps... Ty, are enabled only when
there are tokens in discrete places Pi, P, Ps...P,
respectively (Fig. 2). These are marking dependent
transitions, which, when enabled, have exponentially
distributed firing times with rate w-#P; (i.e. x-*“number of
tokens in P;”). Upon firing they take one token out of the
discrete place to which they are connected. In addition,
these transitions, when enabled, pump fluid through the
fluid arc to the fluid place. Flow rates of y() are piecewise
constant and depend on the number of tokens in the
discrete places and their class. The continuous place Pgyr
represents a single peer’s buffer. It is constantly filled with
rate w() and drained with rate Yg+Lg+Cg. Transition Ts
represents the streaming server functioning — it is always
enabled (except when there are no tokens in any of the
discrete places) which means that it constantly pumps
fluid into the continuous (fluid) place Pgyr. Transition
Tpay is also always enabled and constantly drains fluid
from the continuous place Pgyr, With play rate Y. It tends
to be equal to Vi except when the system works in
degraded service mode. Other transitions that are always
enabled are T oss and TcontroL @nd constantly drain fluid
from the fluid place Pgyr, with rates Lg and Cg,
respectively.

Priorities (pry, pr, and prs) are assigned to transitions
Tioss: TcontroL and Tppay, correspondingly, in descending
order. T oss has the priority over both Tcontrol @and Tpiay,
whereas Tcontrou has the priority only over Tpay. The
lowest priority (prs) assigned to Tp Ay, Means that when
the stream function w() does not have the capability to
fully support all these three streams, the play rate is,
regrettably, the first to drop.
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T CONTROL

Figure 2. “Token game”: eight peers (tokens) are present in the system, video is streamed (fluid is pumped through fluid arcs) and the buffer is full

It is important to note that due to extremely large state
space of our FSPN model, analytical/numerical solution
seems to be infeasible. Therefore we turned to discrete-
event simulation [10]. Throughout our previous research
[11-17] we discovered remarkable association between
Petri Nets and the SimPy package. SimPy [18] is a
discrete-event simulation package based on standard
Python programming language [19]. It is an object-
oriented,  process-based  discrete-event  simulation
language that provides the modeler with simulation
components including “Processes” for active components
(e.g. peers and video chunks), and “Resources” for passive
components that form limited capacity congestion points
(e.g. servers) [20]. It also provides monitor variables to aid
in gathering statistics, whereas random variables are
provided by the standard Python random module. For a
comprehensive performance analysis of P2P LVS systems
based on a hybrid fluid modeling approach, demonstrating

not only “the art” but also “the power” of Petri Net
modeling, the reader is referred to [17].

I1l.  PART TwO: MODELING WEB BASED E-COMMERCE
SHOPPING SYSTEMS

“And now for something completely different”: as
e-Commerce becomes more mainstream, e-Commerce
web sites become an essential necessity for almost any
business. From developing the business plan to selecting
the hardware and software, each step requires hard work,
proper diligence, and large amounts of research. Owning
and operating an e-business is a continuous developmental
process. Some phases, such as domain registration,
obviously need to be done only once (unless a merchant
decides to register another domain name), but most of the
other steps are part of an ongoing process to keep an e-
business up to date [21].
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A. Lifecycle of a Conceptual E-Commerce Application

The simplest description of a conceptual mainstream
e-Commerce application is that a customer makes a search
through the products catalogue and adds the desired items
to the shopping basket. As soon as the customer decides to
pay (checkout), he or she provides the system with the
delivery address, supplies credit card information and
places an order. The system verifies credit card
authorization and soon sends the customer an e-mail
confirmation regarding the purchase. If, at some point, the
server is unable to process customer’s last request due to
the length of inactivity (maximum allowed time between
requests elapsed), the session expires.

Later on, when the products become available, the
system forwards the shipping package to a delivery
company and updates order status (the customer is
presumably off-line).

B. E-Customer’s Behavior DSPN Model

The DSPN in Fig. 3 models the customer’s behavior in
a conceptual mainstream e-Commerce application [22].
The token in place Psearen denotes that a customer is
about to make a new search through the products
catalogue, which is a time-consuming activity. The firing
time of transition Tenp searcr 1S €xponentially distributed
with rate 4. The product is either found (firing of transition
Trounp With probability prounp), or not found (firing of
transition Tyor pouno  With  probability  1-peounp). In
addition, it is the customer’s decision to add the product to
the shopping basket (firing of transition Tapp with
probability papp) or not (firing of transition Tyor app With
probability 1-papp). The firing of immediate transition
Tapp leaves a token in place Py gasker (removes all (zero
or one) tokens and puts back one), just to indicate that the
shopping basket is not empty (the number of products is
irrelevant) (Fig. 4). Regardless of the search outcome, the
customer can either (a) make a new search (probabilities
Pcontinue_1: Pcontinue 2 @nd Peontinue 3, respectively), (b)
end shopping without placing an order (probabilities
Penp 1, Penp 2 and Penp 3, respectively), or (c) proceed to
checkout provided that the shopping basket is not empty
(probabilities pcreckout 1, PeHeckout 2 @Nd  Peneckour 3,
respectively). One can expect the probability of a new
search to be the highest when no product is found, and the
probability of ending without placing an order to be the
lowest when the shopping basket is not empty.

Checking-out is also a time-consuming activity. The
firing time of transition Treview-submit-verity IS €Xponentially
distributed with rate x. The consumer reviews and submits
delivery address and credit card information, credit card
authorization is verified, and order is placed (token in
place Porper pLacen)- Right away, the system sends the
customer an e-mail confirmation regarding the purchase
(firing of transition Tgwa) and the lifecycle of the
e-Commerce application ends (token in place Peyp).

In order to capture the mechanism of session
expiration due to the length of inactivity, a timed
transition Trmeour With deterministic firing delay z and
resampling policy is introduced. Its remaining firing time
(RFT) is resampled (set to 7) in each new tangible
marking of the Petri Net. The firing of Tyweout indicates
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that the server is unable to process further customer’s
requests because the maximum allowed time between
requests elapsed (token in place Psession_expiren)-
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v { —t —
IT T omexoony
A L oumcxovr s CHECKOUT 2y Pesrcrovr. 4
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P, CHECKOUT
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Figure 3. The customer’s behavior DSPN model

C. GSPN Model of the Operational Environment

In an attempt to propose a new taxonomy, we have
identified and qualitatively described five generic
e-Customer’s classes [23-26], which include: (i)
Passionate, (ii) Focused, (iii) Reluctant, (iv) Curious and
(v) Selective e-Customers. Each particular class represents
a single typical online shopping behavior pattern. Fig. 5
shows the formal GSPN model of the operational
environment: an e-Customer, represented by a token in
PstarT, IS g0iNg to start his/her online session by firing the
immediate transition Tsyarr. The selection of the
corresponding class is done when the token arrives in
Psetect, when N immediate transitions TCLASSJq TCLASSj:
..., Tciass n become concurrently enabled, each having
specific firing weight wi, W, ..., wy. The probability of
firing the immediate transition Tcuass; represents the
probability of occurrence of a “Class i” e-Customer.

When a transition Tciass ; fires, a single token appears
in the place Pexecute (i.e. the “Class i” e-Customer can
carry out his/her online session) and i tokens appear in the
place Pciass (due to multiplicities of the outgoing arcs
originating from the transition T¢pass ; towards the place
Pcuass), thus identifying the corresponding class that the
new e-Customer belongs to (Fig. 6). The row-vector [wy,
W,, ..., Wy] represents the operational profile, whereas
timed transitions in the DSPN model have marking-
dependent firing rates, and immediate transitions have
marking-dependent weights (i.e. they depend on the
number of tokens in P¢pass)-
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Figure 4. “Token game”: the shopping basket is not empty and the
e-Customer continues shopping while the session has not expired
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Figure 5. GSPN model of the operational environment

Yet again, in order to simulate e-Commerce client-
server interaction for capacity planning (“as you increase
the capacity of any system to accommodate user demand,
user demand will increase to consume system capacity” —
a corollary of Moore’s Law), as well as to obtain business-
specific performance metrics, we turned to SimPy/Python
discrete-event simulation [27-29]. For the complete story
about performability modeling and evaluation of
e-Commerce systems, the interested reader is referred to
[30]. Namely, recognizing the fact that e-Customers’
online shopping behavior is the main underlying
foundation affecting the conduct of e-Commerce systems
and a basic building block for performability modeling
and evaluation of these formations, this paper promotes a
novel, e-Customer-centric, holistic and hybrid approach,
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focused on the development of predictive models, usable
for evaluating a range of performability measures of
“general-in-nature” e-Commerce systems, utilizing the
syntax and the semantic power of both DSPNs and
GSPNs in conjunction with discrete-event simulation.

Plll\\ P“l““

P=[py P2 pP3 D ps - Pkl
Knaca |Knaca| Knaca Knaca Knaca Knaca
1 2 3 4 5 N

Figure 6. “Token game”: “Class 2” e-Customer has arrived and is
about to make a new search through the products catalogue

IV. CONCLUSION

“The art” of modeling has been illustrated through the
use of Fluid Stochastic Petri Nets for modeling the
dynamics of mesh based peer-to-peer live video streaming
systems, and the use of Deterministic and Stochastic Petri
Nets for modeling e-Customers’ online shopping behavior
in e-Commerce systems. Although Petri Nets inherently
possess “the power” as well (i.e. an exact mathematical
definition of their execution semantics, with a well-
developed mathematical theory for process analysis), the
focus in this paper was only on the graphical notation.
Moreover, for presentation purposes, especially appealing
is the so called “token game” of the Petri Net models,
which is an interactive simulation of the model behavior —
it visualizes the progress of a simulation run and thought-
provokes into new dimensions of modeling.
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Abstract - ICT industry is an important and quickly
growing contributor to energy consumption and CO3
emissions. As an important part of ICT, wireless
communications have become an essential part of the
modern life and are responsible for energy saving. The
spectral efficiency and energy efficiency becoming
increasingly important for wireless networks. This paper
describes research completed at the physical, data link,
network, transport, operating system and application
protocol layers that have addressed energy efficiency for
wireless networks.

I. INTRODUCTION

The information and communications technology
(ICT) industry is an important and quickly growing
contributor to energy consumption and CO2 emissions.
Currently, 3% of the worldwide energy is consumed by the
ICT infrastructures which cause about 2% of the
worldwide CO, emissions. As an important part of ICT,

wireless communications have become an essential part
of the modern life and are responsible for energy saving.
ICT industry produced 530 Megatons of CO, in 2002 and
830 Megatons in 2007. This is approximately 2% of
global human CO, emissions and about equivalent to
those of global aviation [16], [17].

Wireless communication systems have experienced
tremendous  growth, which continues unabated
worldwide. The future success of wireless networks
hinges on the ability to overcome the mismatch between
the requested QoS (Quality of Service) and limited network
resources. Radio spectrum is a natural resource that
cannot be replenished and therefore must be used
efficiently; that is where the significance of SE (Spectral
Efficiency) lies. On the other hand, EE (Energy Efficiency)
is also becoming increasingly important for small form
factor mobile devices, as battery technology has not kept
up with the growing requirements stemming from
ubiquitous multimedia applications

During the past decades, much effort has been made
to enhance wireless network throughput However, high
network throughput wusually implies large energy
consumption, which is sometimes unaffordable for energy
aware networks or energy limited devices. How to reduce
energy consumption while meeting throughput and
quality-of-service (QoS) requirements in such networks
and devices, is a very important task.

Power management is one of the most challenging
problems in wireless communication, and recent research
has addressed this topic. Wireless devices have maximum
utility when they can be used anywhere at any time.
However, one of the greatest limitations to that goal is
finite power supplies. Since batteries provide limited
power, a general constraint of wireless communication is
the short continuous operation time of mobile terminals.

Additional, power savings may obtain by
incorporating low power strategies into the design of
network protocols used for data communication. This
paper addresses the tasks of energy efficiency at all layers
of the protocol stack for wireless networks.

I FUNDAMENTALS OF EE

In general, EE means using less energy to accomplish
the same task. In case of wireless communication
systems, the task to be accomplished could be a phone
call, a data transfer and so on. Energy efficiency is
commonly defined as information bits per unit transmit
energy.

For an additive white Gaussian noise (AWGN)
channel for a given transmit power P, and system
bandwidth B, the channel capacity is:

R =" log, (1+P/NB) bits (1)

Where N, is the noise power spectral density. According

to the sampling theory At = 1/2B and the channel capacity
is C = 2BR bits/s. Consequently, EE is [4], [8]:

nee=C/P=2R/N, (2" - 1) )

The EE derived from equations (2) based on the
information theoretic analysis might not be achieved in
practical systems due to performance loss of capacity,
approaching channel codes, insufficiently knowledge of
CSI (Channel State Information’s) [18], cost of
synchronization, and transmission associated electronic
circuit energy consumption.

Energy consumption the electronic circuit changes
the fundamental tradeoff between EE and data rate.
Taking circuit energy consumption into account, EE
needs to be redefined not only for transmit energy than
as information bits per unit energy.
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Improving the EE of wireless communication systems
must have some costs. In the following, the fundamental
trade-offs to be considered when designing energy
efficient wireless communication system is recalled.

A. Trade Off between Power and Bandwidth for reliable
wireless communications

We can define for a different digital modulation scheme
two resource utilization metrics:

e Power efficiency means the transmission with a
specific bit/symbol error probability at the
smallest received power levels. The received
power level is usually measured in terms of the
Signal to Noise Ratio (SNR) expressed as the
ratio £, /N, between the received energy per bit
and the noise power spectral density. The power
efficiency can be expressed as £, /N, required to

achieve a given bit error rate P,

e  Bandwidth efficiency or Spectral Efficiency (SE)
means the ability to transmit a specific amount

Of data per second within a smallest

bandwidth. The bandwidth efficiency 7z is

usually defined as the ratio between the data rate

R, and the bandwidth B required to transmit the

data.

Since EE and SE are two important system
performance indicators, the tradeoff between EE and
SE for general networks should be exploited to guide
system design.

III INDIVIDUAL LAYERED APPROACH TO THE
EE

Spectral and energy efficiency is affected by all layers
of system design, ranging from electronic circuit to
applications. The traditional layer-wise approach leads to
independent design of different layers and results in high
design margins. Cross-layer approaches exploit
interactions between different layers and can significantly
improve system performance as well as adaptability to
service, traffic, and environment dynamics. Recent efforts
have also been undertaken to cross-layer optimization for
throughput improvement and energy consumption at all
layers of communication systems, from architectures to
algorithms

In this paper we exploits traditional OSI protocol
stack, for a generic wireless communication system
which is presented in Table I. The application and
services layer are on the top of the stack followed by the
operating system, middleware, transport, network, data
link, and physical layers [7]

The problems inherent to the wireless channel and
issues related to mobility challenge the design of the
protocol stack adopted for wireless networks. In addition,
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networking protocols need to be designed with energy
efficiency [8]

TABLE I PROTOCOL STACK FOR A GENERIC
WIRELESS COMMUNICATION SYSTEM

Protocol stack layer
Application and Services

Layer functions
Source Coding
Signal processing
Context adaptation

Operating system and | Management for
middleware Disconnection
Power
QoS
Transport Retransmissions
Congestion Control
Network Rerouting
Mobility Mgmt

Datalink | LLC
MAC

Link Error Control
Channel allocation
Multiple Access
Modulation scheme
Channel Coding
RF Circuits

Physical

Energy efficiency can be reached over different
protocol layers since they exploit the source of energy
consumption in different ways: power amplifiers,
processors, mixers, filters etc. Many mechanisms are
proposed that aim to reduce energy consumption during
both active communication and idle periods in
communication. Following a hybrid protocol architecture
based on the Internet and the IEEE 802 architectures, we
can list some major energy saving algorithms located at
different protocol layers [7] [11]. Efficient resource
utilization is very important for the wireless environment
over which radio-related resources (bandwidth, power)
and device-related resources (battery energy, buffer
capacity) are limited [6].

IV PHYSICAL LAYER

The physical layer consists of radio frequency (RF)
circuits, modulation devices, and channel coding
systems. From an energy efficient perspective,
considerable attention has already been given to the
design of this layer [2]. At the physical layer energy can
be saved if the system is able to adapt its modulation
techniques and basic error correction schemes to channel
conditions and application requirements. Many
approaches to dynamically changing the transmission
power in wireless networks have been proposed.
However, few of them were designed with consideration
for the battery lifetime of mobile units. Most of them aim
to guarantee limits on SNIR (Signal to Noise and
Interference Ratio) or maximize cell capacities. From an
energy efficient point of view it is important to use
modulation schemes that are insensitive to nonlinearities
which allow using more efficient power amplifiers.

Page 8



International Conference on Applied Internet and Information Technologies, 2013 - Regular papers

A OFDMA modulation and multiplexing scheme

In OFDMA (Orthogonal Frequency-Division Multiple
Access), system resource, such as subcarriers and
transmit power, needs to be properly allocated to
different users to achieve high performance. And two
most commonly used classes of dynamic resource
allocation schemes are RA (Rate Adaptation) that
maximizes throughput and MA (Margin Adaptation) that
minimizes total transmit power [3]. Therefore, RA
aims at SE while MA targets on transmit power
efficiency.

While OFDMA can provide high throughput and
SE, its energy consumption is large sometimes. OFDM
is the most important example of spectrally efficient
transmission scheme, but on the other hand the power
efficiency is low because of the high PAPR (Peak to
Average Power Ratio) level. Energy-efficient OFDM
(Orthogonal Frequency Division Multiplexing) systems, a
special case of OFDMA, have been first addressed with
consideration of circuit consumption for frequency-
selective fading channels [3]. In contrast to the
traditional spectral efficient scheme that maximizes
throughput under a fixed overall transmit power
constraint, the new scheme maximizes the overall EE
by adjusting both the total transmit power and its
distribution among subcarriers. Since EE and SE are
two important system performance indicators, the
tradeoff between EE and SE for general OFDMA
networks should be exploited to guide system design.

B.  MIMO techniques

MIMO (Multiple Input Multiple Output) techniques
have been widely adopted in actual wireless networks.
Although MIMO techniques have been shown to be
effective in improving capacity and SE of wireless
systems, energy consumption also increases. First of
all, more circuit energy is consumed due to the
duplication of transmit or receive antennas. Depending
on the ratio of the extra capacity improvement and the
extra energy consumption, the EE of a multiple
antenna system may be lower than that of a single
antenna system. Moreover, more time or frequency
resources are spent on the signaling overhead for
MIMO transmission. For example, in most of MIMO
schemes, CSI is required at the receiver or at both the
transmitter and the receiver to obtain good
performance. [9]

V DATA LINKLAYER

The data link layer is responsible for establishing a
reliable and secure logical link over the wireless link. The
data link layer is thus responsible for wireless link error
control, security, encryption and decryption, mapping
network layer packets into frames, and packet
retransmission.

A MAC (Medium Access Control) sub layer

The MAC is a sub layer of the data link layer which is
responsible for providing reliability to upper layers for the
point to point connection established by the physical
layer. The MAC sub layer interfaces with the physical
layer and is represented by protocols that define how the
shared wireless channels are to be allocated among a
number of mobiles subscribers. [4].

The MAC protocol can be used to define in advance
when each wireless device may receive or transmit data.
Each device is allowed to use power saving operational
modes when it is certain that no data will arrive for it.
Power management protocols manage the trade-off
between energy and performance by determining when to
switch between power save mode and active mode.
Depending on the chosen MAC protocol, some energy
may be consumed due to channel access or contention
resolution. For example, in IEEE 802.11, the sender
transmits a RTS (Ready To Send) message to inform the
receiver of the sender’s intentions. The receiver replies
with a CTS (Clear To Send) message to inform the
sender that the channel is available at the receiver. The
energy consumed for contention resolution includes the
transmission and reception of the two messages.
Additionally, the nodes may spend some time waiting
until the RTS can be sent and so consume energy
listening to the channel.

The IEEE 802.11 standard recommends the following
technique for power conservation. A mobile that wishes
to conserve power may switch to sleep mode and
inform the base station of this decision. The base station
buffers packets received from the network that are
destined for the sleeping mobile. The base station
periodically transmits a beacon that contains information
about such packets. When the mobile breakup a sleep
mode, it listens for this beacon, and responds to the base
station which then forwards the packets. [13]

B LLC (Logical Link Control)) sub layer

The reliability of the single wireless link is provided
by the LLC sub layer by using techniques for error
control. The two most common techniques used for error
control are ARQ (Automatic Repeat Request) and FEC
(Forward Error Correction). Both ARQ and FEC error
control methods waste network bandwidth and consume
power resources due to retransmission of data packets
and greater overhead necessary in error correction. Care
must be exercised while adopting these techniques over a
wireless link where the error rates are high due to noise,
fading signals, and disconnections caused from mobility.

A balance needs to be maintained within this layer
between competing measures for enhancing throughput,
reliability, security, and energy efficiency. The energy
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consumed for the transmission of a packet also depends on
the number of times the packet has to be retransmitted.

VI NETWORKLAYER

The main functions of the network layer are routing
packets and congestion control. In wireless mobile
networks, the network layer has the added functionality
of routing under mobility constraints and mobility
management including user location, update, etc. Energy
efficient routing is a wide field of research for ad hoc
networks.

VII TRANSPORT LAYER

The functions of the transport layer are to provide a
reliable end-to-end data delivery service to applications
running at the end points of a network. Also at the
transport layer, the increased number of packet
retransmissions due to wireless link errors consumes
energy and bandwidth. The most commonly used
transport protocol for wired networks is the TCP
(Transmission Control Protocol). However, due to
wireless link properties, the performance of traditional
transport protocols degrades over a wireless link. TCP and
similar transport protocols resort to a larger number of
retransmissions and frequently invoke congestion control
measures, confusing wireless link errors and loss due to
handoff as channel congestion. This can significantly
reduce throughput and introduce unacceptable delays [9].
As stated earlier, increased retransmissions unnecessary
consume battery energy and limited bandwidth. The same
versions of TCP were studied in terms of energy-
throughput tradeoffs. The results of simulation show that
no single TCP version is most appropriate within
heterogeneous networks, and that the key to balancing
energy and throughput performance is through the error
control mechanism

VIII APPLICATION LAYER

The application layer in a wireless system is
responsible for such things as partitioning of tasks
between the fixed and mobile hosts, audio and video
source encoding and decoding, and context adaptation in
a mobile environment. Energy efficiency at the application
layer is becoming an important area of research. The
techniques on application level can be used to reduce the
amount of data to send and, the amount of energy
consumed.  Furthermore, multimedia  applications
processing and transmission require considerable power
as well as network bandwidth.

A Operating system and middleware

One important advantage of wireless communication
system is that it facilitates user mobility and
connectivity to the network. Mobility, directly or
indirectly, impacts the design of operating systems,
middleware, file systems, and databases. It also

presents a new set of challenges that result from power
constraints and voluntary disconnections. In general, the
majority of the techniques used in the design of
today’s applications to conserve bandwidth also
conserve battery life.

IX CROSS LAYER APPROACHES

The traditional approach based on layered protocol
architecture allows splitting the complex problem of
network design into smaller and easier to solve problems,
but it does not efficiently exploit available resources and
leads to a local performance optimization, hence
providing a suboptimal solution to the problem of system
performance improvement. In fact, it is recognized that
optimum performance design is the opposite of
architecture that leads to standardization.

On the other hand, in the cross-layer approach each
protocol layer is optimized taking into account the
knowledge of features and parameters of other protocol
layers, not necessarily located at the bordering upper or
lower levels. The cross-layer design approach provides
better resource utilization and trade-offs solution with
respect to a layered approach, but this can be achieved at
the expenses of a more complex design which requires
adaptability to the system changes by propagating
modification on one protocol layer to all the others. The
more general view of a cross-layer approach to the
network design leads to achievement of a global
optimization of the system performance.

The cross-layer approach can be categorized into
explicit and implicit. In case of implicit cross-layer
optimization, interactions between different protocol
layers are taken into account, but there is no exchange
of information between protocol layers during runtime.
In case of explicit cross-layer optimization, the
exchange of information regarding protocol parameters,
user requirements or channel state is required with the
aim at maintaining performance optimization and high
level of efficiency even if the communication
parameters change. Finally, the implicit optimization is
not adaptive while the explicit one is adaptive to the
channel  conditions and the  application/user
requirements. The explicit cross-layer optimization relies
on a bottom-up approach when the information flow from
lower to upper layers, while it relies on a top-down
approach when the information flow from upper to lower
layers. In a full cross-layer optimization where
information are exchanged between all the protocol
layers, middle level protocols (e.g. network protocols)
can be optimized by simultaneously using a top-down
and bottom-up feedback [2].

A novel cross layer approach to optimize the energy
efficiency of a short range wireless link is proposed,
where a slow transmit power control is applied at the
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physical layer and ARQ 1is considered. The proposed
strategy implies that the SNR target of the transmit
power control should be set accounting for the parameters
at the MAC sub layer, hence following a top-down
approach to the cross layer optimization.

The protocol architecture based on the hybrid
reference model is includes a cross layer optimizer. The
cross layer optimizer is the entity that collects status
information from any protocol layer, make optimization
decision and send parameter change request to the
protocol layers [1]. Cross layer design over many
protocol layers requires a high level of interdisciplinary
expertise.

X OTHER APPROACHES FOR EE
A Cognitive radio (CR)

Cognitive radio (CR) is one of the new long term
developments taking place and radio receiver and radio
communications technology. After the SDR (Software
Defined Radio) which is slowly becoming more of a
reality, cognitive radio and cognitive radio technology
will be the next major step forward enabling more
effective radio communications systems to be developed.

The idea for cognitive radio has come out of the need
to utilize the radio spectrum more efficiently, and to be
able to maintain the most efficient form of
communication for the prevailing conditions.

By using the levels of processing that are available
today, it is possible to develop a radio that is able to look
at the spectrum, detect which frequencies are clear, and
then implement the best form of communication for the
required conditions. In this way cognitive radio
technology is able to select the frequency band, the type
of modulation, and power levels most suited to the
requirements, prevailing conditions and the geographic
regulatory requirements.

In a cognitive radio network, a SU (Secondary User) is
allowed to communicate over the same bandwidth that has
been assigned to an existing PU (Primary User) as long
as they do not cause harmful interference to the PU. One
commonly known technique used by the SU to protect
the primary transmission is OSA (Opportunistic
Spectrum Access), where the SU decides to access the
channel of interest only if the primary transmission is
detected to be off. Cognitive radio technologies have been
proposed to improve the spectral efficiency.

However, in the concept of Green Cognitive Radio
instead of trying to maximize the bandwidth efficiency and
constantly increasing the complexity of the systems, the
effort is spent to increase the power efficiency using low
modulation techniques and get optimized bandwidth
efficiency. [4]

B Introduction the picocells and femtocells

In case of cellular wireless networks, the base station
is the key element in terms of energy consumption since
the number of base stations is high and increasing and
the energy consumption of a typical base station is very
high. Therefore, the benefits arising from the coordinated
use of communications and other non communications
approaches should be considered.

The reduction of cell size in mobile cellular
networks through the deployment of picocells and
femtocells has many advantages. The capacity of the
network is improved and the coverage is increased
especially in indoor environments. Furthermore, the
energy efficiency is improved as a consequence of the
reduced distance between the network operator antennas
and the subscriber phone. For instance, femtocells
connect miniaturized, lower power base stations to
wired backhauls with a very low transmit power
compared to a full size base station. [15]

A joint deployment of macro cells and residential
picocells can reduce the total network energy
consumption by up to 60% in urban areas.

XI CONCLUSION

In this article, several wireless communication
techniques have been reviewed from the point of view of
the system-wide energy efficiency, from the information
theoretic to the technique-oriented perspectives. The
cross layer approach allows to fully optimizing the
performance of wireless networks considering network
parameters from several layers of the protocol stack as a
whole.

The cross-layer approach allows better resource for
power utilization with respect to the traditional layered
approach. However, this is achieved at the expenses of a
more complex system which requires adaptability to the
system conditions. As for the information-theoretic
aspect, most literature about EE mainly focused on
point-to-point scenarios and the impact of practical
issues on EE is not fully exploited. Today the advanced
techniques that will be used in the further wireless
systems, such as OFDMA and MIMO, existing research
has proved that larger EE can be achieved through
energy efficient design.

Cognitive radio is another approach which opens
new strategies for the use of spectrum and power in
wireless networks. Reducing the need of spectrum
sensing, use of directional antennas can make cognitive
radio networks, which aims to be spectrally efficient, also
energy efficient.

As wireless services continue to add more
capabilities such as multimedia and QoS, low power
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design remains one of the most important research areas
within wireless communication.

Research must focus on decreasing the amount of
energy consumed by the wireless terminal. Power
conservation has typically been considered at the physical
layer. However, most of the energy savings at the physical
layer have already been achieved. Therefore, the key to
energy conservation in wireless communications lies
within the higher levels of the wireless protocol stack.
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Abstract - In this paper, method for obtaining all bent
functions of n variables, is presented. Method is based on
concatenation of functions of n-1 variables satisfying certain
conditions. Necessity of fulfilling these conditions, on which
construction method is based, is proven in this paper. As a
consequence of proof for one of these rules, it is shown that
every bent function of n variables is completely determined
with two bent functions of n-2 variables and a certain
combination of their elements.

INTRODUCTION

Boolean bent functions were introduced by Rothaus
[1] and Dillon [2], and they have practical applications in
coding theory, signal processing and cryptography. Bent
functions also have interesting algebraic and
combinatorial properties which makes them interesting to
researchers from these fields. Several construction
methods for bent functions are known and these are
described in [3]. The oldest methods are due to Rothaus,
Maiorana, McFarland, Dillon, and new methods have
been described by Dobbertin [4], Tavares [5] and Carlet
[6,7].

Finding bent functions of n<6 variables is easy, quite
fast and this can be done by a simple search of all Boolean
functions of n variables. When n>6, this task becomes
complicated. Concerning number of functions, by simple
search it is impossible to obtain all bent functions, so we
need to use some method of construction. Because search
of functions of n variables is too demanding, it is much
simpler and faster to search functions of n-1 and n-2
variables from which needed bent functions are built.

In this paper we propose new method for construction
of all bent functions based on concatenation. Some
methods based on concatenation are presented in [3,8], but
none of these methods offers construction of all bent
functions. All bent functions of n variables can be
obtained by concatenation of two Boolean functions of n-
1 wvariables which must satisfy certain conditions.
Corollary of one of these conditions is that every bent
function of n variables is a combination of elements of
precisely two bent functions of n-2 variables.

The remaining part of this paper is organized as
follows. Definitions of nonlinearity and some

characteristics of bent functions are given in Section 2. In
Section 3 some properties of boolean bent functions are
analyzed. In Section 4 our method for construction of bent
functions is described. In section 5 we discuss about
corollary made in Section 4 and its further use.
Conclusion is drawn in Section 6.

DEFINITIONS OF NONLINEARITY AND BENT
FUNCTIONS

Next definitions are given in book [3]. Let V, be the
vector space of dimension n over two-element field F,.
For two vectors in V,, a=(ay,...,.a,) and b=(by,...,.b,), we
define the scalar product a-b=a;-b,®--®a, b, where the
multiplication and addition @ (xor) are over F,.

An affine function I, on V, is a function that takes the
form I, c(X)=a-x®c=a;X,® - ®a,"X,®C, where
a=(ay,...an) € Vi, X=(Xg,...,.Xn) EV,, and cEF,. If ¢=0, then
l.o(=1) is a linear function. To each Boolean function
1;:)\](/(9)—>F2 we associate its sign function defined by g(x)=(-

The Walsh transform of a function f on V, (with the
values of f taken to be real numbers 0 and 1) is the map
W(f):V,—R, defined by

W(HW)=Lxevnf(x)(-1)". ()

The nonlinearity of f is determined by Walsh
transform of f by

N()=2"-max, o W(G) W)}2 2
where W=(Ws,...,wq) and W(g)(w)=(-1) "

Hadamard matrix H, [3] in each row contains one
linear function weV,. Let WH(f), WH,(f),... WH,"(f) be
the values of W(f)(w) when w is linear function from the
first, second,..,2"-th row of Hadamard matrix
respectively, then we can calculate Walsh transform
coefficients of g by:
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WH;(f)

WH(f)

Hyf=

WH,'(f)

Definition 1. A Boolean function f in n variables is
called bent if and only if the Walsh transform coefficients
WH;(g) of g are all +2"2,

From definition 1. we can see that bent functions exist
only for even dimensions, that is n=2k. Following theorem
contains some characterizations of the bent property.

Theorem 1. If function f is bent, then its nonlinearity
is N(f)=2"-2"%1 and f has 2"+ 2"%* ones.

The proof for this theorem is given in [3].

PARTS OF BENT FUNCTION

Proposition 1. If Boolean function f=(xy, x,,..., x(z”'l),
X@" " 4y,-X2") OF N variables is bent, then first and second
half of its bits are functions f=(x;, X,,..., x(z”'l)) and
f=(X"41y,--X2") OF n-1 variables and with nonlinearity
N(f)=N(f,)=2"2-2"92 which have half of Walsh
coefficients equal to zero, and other half equal to +2"2.

Proof. A Boolean function f is bent if and only if the
Walsh transform coefficients are all equal to +2"2
Hadamard matrix form is:

Hn: Hn-l Hn-l

Hn-l 'Hn-l

which means that for f;, Walsh transform coefficients
from upper and bottom half of Hadamard matrix are the
same, while for f, Walsh transform coefficients are the
same but with opposite sign. Then, in upper half of
Hadamard matrix we have WH;(f)=WH;(f;)+WH;(f,) and
in bottom half WH;(f)=WH;(f,)-WH;(f,). From previous
two equations we have that WH;(f,)+WHi(f,)=+2"2 which
implies that WH;(f,) and WH;(f,) only can have values 0
and +2"2 When one is equal to 0, other must have value
of £2"% A

This proposition gives basis for method for
construction of bent functions of n variables from two
functions of n-1 variables. From the set of all functions of
n-1 variables (there is 2% functions), we check only
functions which satisfy mentioned conditions. As an
example, for bent functions of n=6, with this method we
check only about 2%%2%=2% (precisely 14.054.656%)
instead of 2%-2%2=2% functions.

Proposition 2. Functions f; and f, can have 2" or 2"
24232 ones, in that way that if one of them have 2™
ones, then other must have 2"2+22"2 gnes and opposite.

Proof. Boolean functions f; and f, of m variables
(m=n-1) must have 2"+2"??2 ones in total. As their
Walsh transform coefficients must be either 0 or +2"2
from equation Numl(f):Zm'1+2'1WH(f2 [3] follows that f,
and f, can have either 2™ or 2™%+2"9 ones, so it is 2™
2+(2n-212(n-2)/2):2n-1i2(n-2)/2. A

This proposition enables the division of the set of all
satisfying n-1 bit functions into two sets, one with 2" and
other with 22+2"3 ones, because a function from one
set can make bent function only with the function from the
other set. In the example for n=6 we can see that instead
of about 2%-2%%=2% we need only 2%-2%=2% functions to
check (precisely 7.027.328?).

Proposition 3. Boolean functions f; and f,, which are
the parts of bent function, must have half bits equal and
half different bits.

Proof. If flz(al,az,...,a(zn'l)) and fzz(bl,bg,...,b(zn_l)),
then, if az=b; bits of these two functions are equal on
position i, otherwise they are different. Let us denote a set
of equal bits from f; and f, with | and a set of different bits
from (for example) f; with R and from f, with -R. Then
we can write f; and f, as f;=I+R and f,=I-R. As f is a bent
function, Walsh transform coefficients are
WH(f)=WH(f,+f,)=+2"% Because of Hadamard matrix
form there is:

WH(H)=WH(f))+WH(f,)=WH (1) +WH(R)+WH(l)-
WH(R)=+2"% in upper half

WH(f)=WH(f,)-WH(f,)=WH(I)+WH(R)-
WH(I)+WH(R)=+2"% in bottom half from which we get

WH(1)=WH(R)=+2"%/2=42"*'=423 for all Walsh
transform coefficients. From previous it follows that I and
R are bent functions of n-2 variables, and each must have
2"2 bits which is a half of the number of bits for f; and f,.
A

Corollary 1. Every f; from proposition 1. is built from
combination of bits of two bent function of n-2 variables,
and f, is built from bits of one of these two functions and
complemented bits of the other.

Proposition 4. If f is a bent function of n variables,
then Boolean functions f,, f,, f. and f;, which represent
first, second, third and fourth quarter of f respectively, are
bent functions of n-2 variables or
N(f)=N(fy)=N(f)=N(fy)=2"*-2"".

Proof. Boolean functions f, and f, are halves of f;, and
f. and f are halves of f,. When f,, f,, f., f; are bent, then
all Walsh coefficients are equal to +22” |t means that
WH;(f))=WH;(f,)+WH;(f,) in upper half of Hadamard
matrix will be 0 if WH;(f)) and WH;(f,) have different
signs, and if they have equal signs then WH;(f,)=+2"% In
bottom half of Hadamard matrix results are converse,
which guaranties that half of Walsh coefficients will be
equal to zero, and other half to +2" so conditions from
proposition 1. are fulfilled.
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Suppose that N(f.)#2"3-2"22 A\ N(f)#2™3-202/21 |t
means that there is Walsh coefficients of f, which absolute
values are from set A=(0, 2"3)\{2"** 2"}, If zEA is "i-
th" Walsh coefficient of f,, in order to this function be half
of f,, it is necessary to be WHi(f,)=+2"%-z (or WH;(f,)=0-
z). Then, in upper half of Hadamard matrix, condition
WH;(f)=WH(£,) *WH(f,)=z+(x2"?)-z=+2" (or
WH;(f)=0) would be fulfilled, but in bottom half of
matrix it would be WH;(f,)=WH;(f.)-WH;(f,)=z-(+2"%)+z=
2z+2"%20 (or WH;(f,)#£2"%), which means that f,,...,f; can
ggtlhave nonlinearity different from 2™3-2("32 and 2"3-2

From previous we can see that N(f)=N(f,) A
N(f)=N(fy), so it is necessary to prove that
N(f)=N(fo)=N(f.)=N(fy). If N(f)=N(f,)=2"3-2"221 then
all Walsh coefficients of f, and f, must be equal to +2"2"2
and then for function f=f,+f, stands that
WHigfl):0:>WHi+2”‘2(f1):1rz”’2. When N(f)=N(fy)=2"3-
222 "then two cases can occur. First is when 2™ Walsh
coefficients have value of +2"2 and rest of them are all
equal to zero. Then, for function f,=f+fy stands that
WH;(f,)=0 => WHi+2“‘2(f1):0 from which it follows that at
least one of Walsh coefficients WH;(f;+f,)=0 so it can not
be bent function. In other case, half of Walsh coefficients
has value +2("22 them 2"™® has value +2"2 and others are
equal to zero. Then, for at least one i stands WH;(f,)=0 =>
WH;,,"%(f,)=0 and we again get at least one Walsh
coefficient of f;+ f, to be equal to zero, so it can not be
bent function. It follows that nonlinearity of all four
Boolean functions which are parts of bent function must
be equal. A

This proposition enables simpler search for satisfying
functions of n-1 variables. This method can be very
efficient if certain functions of n-2 variables, which
satisfies conditions, are divided into three sorts of
functions mentioned in proposition 4., because we can get
suitable functions of n-1 variables only with combinations
of functions from the same sort. Dividing functions of n-2
variables by the number of ones, speeds up the process
even more.

THE PROPOSED APPROACH
The proposed approach has three steps:

1. Generation of suitable databases for functions of n-2
variables.

2. Generation of suitable databases for functions of n-1
variables.

3. Construction of all bent functions of n variables.

Generation of suitable databases for functions of n-2
variables

This step can be omitted, if n is small enough. It is
necessary to find all Boolean functions of n-2 variables
(not all, if we do not search for all bent functions of n
variables) with nonlinearity of 2™3-2092 g 23221
(bent for n-2) which should be divided into three groups.
First group, which we denote as A is made from bent

functions, second group B is made from functions whose
nonlinearity is 2"-2"2”2 and they have half of Walsh
coefficients equal to +22”2 Third group is built from
remaining functions.

Bent functions from set A can be divided by number
of ones into two subsets A; of 2"3-2092 and A, of 2™
5+20”2 ones. Functions from set B can be divided by
number of ones into 5 subsets by following manner: B, of
2n-3_2(n-2)/2, BZ of 2n-3_2(n-4)/2, 83 of 2n-3, B4 of 2n-3+2(n-4)/2
and Bs of 2™+2("22 gnes. Functions from set C we can
divide into three subsets, C; with 2"%-202 ¢, with 2"
and C; with 2™+2022 gnes. Functions divided in this
manner are initial point for obtaining suitable functions of
n-1 variables.

Generation of suitable databases for functions of n-1
variables

From suitable functions of n-1 variables, it is
necessary to build two databases, D; with 22+2("2/2 and
D, database of functions with 2 ones. Database D; is
built from elements of sets A;, A,, B4, B3, Bs, C1, C, i Ca.
Functions from A; and A, are combined with functions
from the same set, functions from B; are combined with
functions from B, and Bs, and functions from set C, are
combined with functions from C; and Cs. "Combining"
means concatenation of two functions and checking
fulfillment of conditions from proposition 1. Database D,
is built from elements of all previously mentioned sets.
Functions from sets B; and C, are combined with
functions from the same set, functions from A, are
combined with functions from A,, functions from B, are
combined with functions from B,, functions from B; with
those from Bs and functions from C; with functions from
Ca.

For example, if n=6, then A; and A, have 448 bent
functions each (of 4 wvariables) of 6 and 10 ones
respectively, B; and Bs have 1680 functions each, B, and
B, have 6720 functions each, B; have 10080 functions
with 4,12,6,10,8 ones respectively and C,; and C; have 140
each, and C, 840 functions of 4, 12 and 8 ones
respectively. In that case, for obtaining D, it is necessary
2*448%+2*10080*1680+2*6720°+2*840*140=124.822.20
8 combinations to check, and for D, there is
10080%+840%+448°+6720°+1680°+140?=150.513.104
checks needed, in total it is 275.335.312 which is
significantly smaller than 2% checks needed with simple
search.

Construction of all bent functions of n variables

When databases D; and D, are created, we can begin
to construct bent functions. One function from D; has
been concatenated with all functions from D, each, and
nonlinearity of functions obtained in that manner is
checked. This process can be significantly accelerated by
building databases with Walsh transform coefficients of
functions from D; and D,. If W, is a database containing
all Walsh transform coefficients of functions from D4, and
W, database containing Walsh coefficients from D,, then
elements of these two databases are compared. Because
values of Walsh transform coefficients can be 0 or 2", if
sum of coefficients of f, and f, is different from +2"2, the
check for this pair of functions is stopped and next pair is
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checked. If all Walsh coefficients fit, then that is a bent
function.

OBTAINING BENT FUNCTION FROM TWO BENT FUNCTIONS OF

N-2 VARIABLES

Corollary 1. is very important because it proves that
every bent function of n wvariables is completely
determined with only two bent functions of n-2 variables
and one suitable combination of their elements. If
9:1=(ay,...,3,"?) and ,=(by,...,b,*?) are bent functions of n-
2 variables, then first half f, of bent function of n variables
contains all a; and b; placed in suitable order. Other half f,
of bent function is equal to f;, only b;-s are complemented.
Suitable order means that certain conditions must be
fulfilled, in order for certain combination of elements a;
and b; to make bent function of n variables.

Combinations in which f; is built from elements of two
bent functions of n-2 variables in the same order, first ¢4,
and then ¢,, f;=(ay,...,a,"2,b1,...,.b,"?) gives bent function of
n variables. Applying linear transformations on f; (and f,
also) we get different bent functions, but there are some
nonlinear transformations of f;, whose number for larger n
is much bigger than the number of linear transformations,
which also gives bent functions. If we look at proposition
4, then we can say that for example f==¢,, f=¢,, f= ¢1
and fg=-¢,, when f,, f,, f, fy are bent. When f,,...,f; are not
bent, there is a question from which bent functions they
originate and by which transformation. Very interesting
question is, how many suitable combinations of elements
of two bent functions of n-2 variables are there, which
give bent function of n variables.

By experiment, it is established that number of suitable
combinations depends on choice of two bent functions of

n-2 variables, so determination of method for construction
of all bent functions from bent functions of n-2 variables
is left for the following work.

CONCLUSION

A new method for construction of bent functions has
been presented. This method practically accelerates search
of all Boolean functions of n variables by using certain
regularities. Instead of functions of n variables, functions
of n-1 or n-2 variables are searched, from which are built
bent functions by concatenation. As corollary of one of
the propositions needed for establishing proposed
approach, it is proven that all bent functions of n variables
are composed of bits of two bent functions of n-2
variables placed in suitable order.
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Abstract - Energy efficiency represents one of the key
challenges of a modern society. Improvements in this
domain cannot be achieved without a shift of peoples’
awareness regarding the problem, as well as the change of
consumer habits that would ensure equal quality of life with
lower energy consumption. However, equally important is
development and introduction of a lower cost system for
monitoring current energy consumption, which is easy to
handle and has transparent indicators for the evaluation of
energy efficiency. The result of eNergyMon project is the
solution for improved monitoring and tracking of energy
consumption and energy efficiency in buildings - energy
management information system eMIS. This paper
describes two aspects of information technology as a support
to the project realization. The first relates to the eMIS
system. It describes the technology behind the developed
solution, methods of data collection, way the data are being
loaded into the database, as well as the functionality of the
information system. The second aspect concerns the way
information technology supports dissemination of project
results through developed Content Management System -
CMS. Paper describes and illustrates developed CMS.

. INTRODUCTION

As member states of the European Union are
increasingly dependent on external energy sources and
increasing trend in emissions and greenhouse effects
persist, efficient consumption of all forms of energy by
end users is becoming increasingly important for the
European national policies. Because of the limited natural
resources, population has little influence on the energy
supply, but it can affect the level of demand. One possible
solution to both of the above problems is reflected in
reduction of energy consumption through improved
energy efficiency.

Energy efficiency involves the use of less energy
(fuel) for conducting the same job or function (heating and
cooling, lightning production of different products,
driving a car, etc.). It certainly can not be regarded as an
energy saving because saving always involves some kind
of sacrifice as the efficient use of energy never violate the
conditions of work and life. Improved efficiency of energy
use is to reduce the consumption for production of the
same volume of products or services which results in a
proportional cost savings, [10].

Improving the energy performance of an object is one
of the key activities to achieve the EU's objectives relating
to climate and energy (EU Climate & Energy
goals). According to the European Commission data, the

buildings are holders of 40% of energy consumption and
36% of carbon dioxide (CO2) emissions in the EU.
Potential energy savings in neighborhoods and
commercial buildings are estimated to be approximately
27% and 30%, respectively. Because of the limited natural
resources of the population has little influence on the
energy supply, but it can affect the level of demand. A
possible solution of this problem is reflected in the
reduction of energy consumption by improving energy
efficiency.

In order to achieve significant and sustainable energy
savings it is necessary to develop technologies and
products that will enable its effective use, as well as to
change consumption habits of the population in order to
achieve the same quality of life with less energy
consumption. A key element in improving the efficiency
of energy of the end-users is the introduction of a system
for consumption monitoring and transparent evaluation
indicators of energy efficiency. The effects of the
measured efficiency of energy use can be readily
monitored and evaluated.

Presented paper emphasis the role of information
technology in each phase of project development. One
aspect presented in the section 1A refers to the developed
information  system  for monitoring of energy
consumption, and the other aspect presented in the section
I1B points out the importance of information technology
for dissemination of information.

Il.  IMPORTANT POSITION OF INFORMATION
TECHNOLOGY IN ENERGYMON PROJECT

In a world based on information and communication
technologies, any progress became impossible without the
support of modern technology. When we talk about
improving energy efficiency, information technology can
improve the control of energy through a variety of devices
and systems.

The focus of eNergyMon project was the introduction
of new, easily accessible, applications for monitoring of
energy consumption and efficiency, thanks to which
energy consumption is transparent. For this purpose web-
based system was development that provides concrete and
transparent information on energy efficiency available to
all users. In addition, it was necessary to develop
appropriate  communication technologies, as well as
technology for downloading data that will minimize the
need for additional installations in buildings and maximize
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the usefulness of the available data from existing
measurement devices and control systems in the building.
The key innovation is reflected in the development of
advanced algorithms for the calculation of energy
consumption efficiency data.

In addition to the use of ICT in achieving the aims
regarding improved monitoring of energy efficiency:

o development of communication system for
retrieving information on energy consumption
and other relevant information on energy
efficiency,

o development of information system for an easy
and transparent access to the tools that evaluate
energy efficiency;

During the implementation phase of the eNergyMon
project ICT was used for the purpose of disseminating
information about developed information system, energy
efficiency, and other topics of interest. Specifically,
content management system was developed through
which the target population could obtain relevant inform.

A. eMIS System

Developed energy management information system —
eMIS comprise of hardware platform for remote data
collection and software modules to monitor power
consumption, evaluate efficiency of energy use in
buildings, and optimize and manage energy supply.

Special attention is focused on the development and
implementation of advanced algorithms to extract
information about the energy efficiency from the limited
set of available inputs. Information system has been
developed as a web-based solution with data encryption
and user authentication. The information system is
installed on a central server and associated with the
appropriate database.

Figure 1 illustrates the structure of e-MIS system. It
may be noted that e-MIS system is comprised of three

x
GSM/GPRS communication

main software modules for data management, energy
efficiency and energy supply, as well as the two hardware
modules intended for storing data and communicating
with the database, and for data retrieval from existing
measuring devices.

Software module for instantaneous data collection. A
key part of this module is an integration interface that
includes a platform for downloading data from various
modules and data concentrator in the building, as well as
various applications and external sources such as weather
stations, distribution companies for electricity and
such. All data coming into this module are subject to
authentication.

In order for this module to be functional, it was
essential to establish a data retrieving network which
included network configuration for remote data
acquisition of data on different types of energy and their
consumption based on LPR (low power radio) wireless
communication, PLC (power line communication)
communication through the installed electrical network,
and the introduction of the data concentrators in the
building.

LPR modules that run on batteries with the appropriate
inputs are used to retrieve data from existing measuring
devices, from devices with pulse output values and other
devices such as meters for gas, water, temperature and so
on. These modules collect data and transmit measured
values through LPR channel to the data concentrator in the
building.

Data concentrator in the building, Figure 2, captures
and collects data from individual LPR modules, receives
data from the measuring devices, stores temporary data
and sends them to the information system database
according to pre-defined time intervals. Thanks to the
integrated Ethernet communication and other applications
(eg. SCADA), through a TCP/IP network data
concentrator provides direct data retrieve from the meters
and measuring devices.

SW modules for energy supply management
us consumption monitoring

sting
te infrastructure supervision

ar instantaneous data retrive
on data retrieve

Data retriev
SCADA)

Figurel. Structure of e-Mis system
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Figure 2. Data concentrator

Ethernet is a networking technology for local area
networks, based on frame mode. This means that data is
sent in packages that are adapted for transmission over a
computer network. It defines networking and signaling for
the physical layer, i.e. data layer of the OSI
model. Ethernet has become the most widely used
standard for data networks that began to rise in the early
1990s to the present day. Ethernet holds the primacy, and
has almost completely replaced other network technology
for LANSs, such as Token Ring, FDDI, and ARCNET, [6].

TCP/IP protocol work on the transmission, i.e.
network-layer of the OSI architecture. TCP (transmition
control protocol) is designed to control data transmission
and the exchange of data on the network. IP (Internet
Protocol) is responsible for identifying devices on a
network and Internet connection.

Software module for the management of energy
efficiency includes algorithms for tracking energy
consumption and its allocation to major loads (heating,
refrigeration, ventilation systems, lighting, technology,
etc.), specific indicators for consumption evaluation,
correlation of degree-day indicators, forecasting the
expected consumption and targeting, and costs
monitoring.

Software module for the optimization and management
of energy supply provides tools to communicate with the
electricity distributors, such as automated readings of
consumption from the device, the current consumption

monitoring, profiling the critical points of load,
forecasting consumption, and remote infrastructure
management.

MiSMART is an integrated software suite designed to
gather data from the data concentrator in buildings. Its
primary function is to store data on energy consumption
and facilitate its analysis. MiSMART represents a modern
software solution that enables monitoring of a large
number of meters and measuring devices which can be
adapted to the needs of users (industry, commercial
buildings, residential buildings, etc.). It works as an
energy consultant. The main advantages of this package to
customers are reflected in the reduction of energy costs,
ability to analyze energy consumption by different energy
groups, it saves time by eliminating the need for physical
visits to monitoring points, enables prediction of the future
energy consumption based on historical data, and the

instant alarming and informing on all problems or
variations in consumption.

B. Content-management systems as a support to
information disemination

Information technology was given a significant role in
the dissemination of the project results. Content
Management System (CMS - Content Management
System) is a computerized program that allows
publishing, editing, and modifying the content as well as
maintenance and content management by central
interface. Its primary function is the presentation of
information on the website. Characteristics and
capabilities of CMS vary from system to system, but most
include Web-based content publishing, format and content
management, control and auditing of content, indexing,
search and data retrieve. CMS can be used for storing,
controlling, revising, semantic enrichment of content and
for documentation publishing, [5].

For the purpose of the project a web-based CMS was
developed that represents a stand-alone application for the
creation, management, storage and use of the content on
the site. Web content includes text and embedded
graphics, images, video, audio, and application code that
displays the content and allows you to interact with
users. This way the control over HTML content, files, and
documents is enabled, and the need for external
administration of the site is eliminated. Figure 3 illustrates
the home page of developed content-management system
for eNergyMon project.

CMS for eNergyMon project on one hand enables the
project partners conformal and simple content
management through administrator pages, on the other
hand allows visitors to learn about the project, including:

e eNergyMon menu gives access to basic
information about European Union funds, about
the basic objectives of the project, as well as
access to the archives of project activities.

e Menu Project realization provides an overview
of the work packages and newsletters. Visitors of
the site can subscribe for newsletters via the form
available on homepage.

e On the menu Partners visitors can get acquainted
with all institutions — project partners, and the
menu Project team gives a list of biographies of
all project participants.

In addition, the content is available in English, Serbian
and Slovenian.

I1l.  CONCLUSION

During the period of two years, a timeframe for
eNergyMon  project, communication system  for
information retrieving on energy consumption and other
relevant data for the evaluation of energy was developed,
as well as information system which is easily accessible
and transparently  gives insight into  energy
consumption. This project resulted in a fundamental
framework for the operational monitoring of energy
efficiency, optimization of energy consumption and costs
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Figure 3. Web site of eNergyMon project (www.eurekaenergymon.org)

reduction, as well as reduction of emissions of carbon
dioxide and other gases. Therefore, developed system
significantly contributes to the implementation of the
measures of the European energy and environmental
policies, including measures of the Action Plan in terms of
improving energy efficiency in buildings.

In addition, the resulting solution of eNergyMon
project can be extended to be used in other prominent
sectors relevant to the energy and environmental policies
of the European Union, i.e. to improve the production and
distribution of energy, to reduce the impact of transport on
energy consumption, to facilitate financing and investment
in the energy sector, to encourage and strengthen the
rational use of energy, and to strengthen international
action on energy efficiency.
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Abstract - Business Intelligence today is an important
component of all business intelligent systems and its
components, such as marketing. A number of technologies, such
as business intelligence should provide excellent products and
personalized services to customer. That is exactly the goal of
marketing. Except for marketing and other parts of the system
must support effective and efficient business intelligence. That
is because only full understanding and integration of different
parts of the intelligent system can achieve an overall cohesive
business intelligent system. Information systems that support
the overall business and certain parts of the organization and
their activities, as is the case with marketing, serving
continuously available processing of transaction. This paper
presents the Balanced Scorecard method to support decision-
making. One of the most successful applications is an
application that contains performance analysis. The most
successful companies want to know where it comes from their
profits. Those who are less successful definitely want to know
how to improve their results. Performance analysis is important
in determining the rates and eased the promotion initiation,
choice areas of investment and anticipated pressures from
foreign competition. Such decisions are made on a daily basis to
manage and to be more efficient. Each new company will be a
challenge for those who are already on the market.

I.  INTRODUCTION

Business Intelligence, Bl is a set of methodologies and
software tools that enable the use of data from a data
warehouse (Data Warehouse) and conversion of information
needed for decision making [2].

Business intelligence system is a system that stores
information and knowledge about competitors, customers,
suppliers, processes. It allows business negotiation and
performance of numerically argumentative with customers

and suppliers, good operational planning, monitoring
competitive behavior, observation of certain market
segments and predict future events. Also, business

intelligence system provides a better understanding of their
own knowledge of what customers and encourages them to
certain behavior.

Business intelligence is intensely began to develop when
companies automate their business processes and implement
a variety of transactional systems, which were quickly shown
to be generators of large amounts of data. On the technical
side, business intelligence is the process of turning raw data
into information. This information is then analyzed and used
in decision-making in the company [3].

Business intelligence is the upgrading of information
systems to support business. Information systems that
support the business are constantly available to serve the
transaction processing (on-line transaction processing, and
for these systems is a common abbreviation OLTP). Business
data that these systems generate can be used in the
management, but its structure is far from ideal.

Such a system is a transaction, and its logic is built to
process the transaction and provided adjusted for the
individual business functions and provides results that are
focused on specific business functions such as procurement.
Management is still in need of complete business image; to
that picture were adapted IT solutions, which are depending
on the progress and development of information technology
perfected.

First they created the first IT solutions tailored to
business decision-making and to the forerunners of today's
analytical system [4]. Since the process of making a business
decision analytic process, created the continuous availability
of analytical processing (analytical on-line processing,
OLAP for short).

Since the beginning of business intelligence systems have
been created above - OLTP and OLAP. Here we can say that
the OLTP system requirement for building OLAP system.
Analytical processing is not possible if there are no
transaction data. In today's business intelligence features
seemed important “migration” of processing power of
computers to desks. As the peak business intelligence
believes the arrival of the Internet business intelligence and
creation of web applications for business intelligence.

Il. CHARACTERISTICS OF BUSINESS INTELLIGENCE AND
ITS SIGNIFICANCE

Business intelligence we cannot provide more than what
is programmed into its system. There are efforts to include in
it the greater power of reasoning, but still it all comes down
to programming.

Business intelligence system collects data and extracts
information from text sources, from databases and web
pages, analyzes synthesizing them using the same analytical
techniques, is objectification of ignoring irrelevant facts,
assess the risk by being recognized by the decisions and
directions of action and decision support received [5].
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In this way we get the answers to certain questions which
will focus the new features, how and where the growth of
cost of sales, whether and where there are products that have
quality problems, which will be the consequences of changes
in prices and many other questions.

Business intelligence is becoming part of the organization
which is used to raise awareness about the activity. Business
intelligence  requires and  establishes collaborative
environment and share the data model. Only the introduction
of business intelligence in the current environment, however
the information leads us to think about increasing the
security of data [7].

The world market for years to offer complete business
intelligence systems, made by renowned manufacturers.
However, in recent years, there are also built-in RDBMS
solutions or ready-made business applications [7]. The first
who started this practice is Microsoft, by being installed MS
SQL Server 2000 in a management system relational
database. This example was followed by too many
companies worldwide. The practice of installing business
intelligence exists for domestic producers. Traditional
manufacturers are present with us through representative
companies, and we can say that the supply of business
intelligence solutions is satisfactory. It may be useful to
obtain insight into the market.

An abundance of data, powerful computers, high-quality
networks and ever-present Internet looking for speed of
action [10]. The reaction rate of change becomes the
essential condition for survival in the market. Because it
requires quick decision making, a decision to introduce such
a system should always bring the highest management of a
company or institution, which must follow the development
of this project. Also, business intelligence system reflects the
business environment in which it is implemented and the
technical existence of a person who knows a great advantage
in construction. Otherwise, choose a partner who will
introduce such a system.

I11. ANALYSIS OF SALES AND MARKETING

This type of application will apply primarily commercial
companies and financial institutions such as banks and
insurance. Selling the companies typically has a large
number of products and a large number of offices with a high
degree of change of both. Most often the data will be
analyzed monthly, sometimes weekly, and rarely a day. The
retail analysis will often be a day or even to the level of each
customer. From the analysis results are expected to affect the
competitiveness of the company, so we can talk about the
most complex type of analysis. Appropriate technologies that
will have a complex analytical procedures and the very large
amounts of data. For retailers, where the complexity of the
analysis will be used in smaller systems that allow analyzing
the huge amounts of data.

Banks, insurance and similar institutions are relatively
new users of such possibilities when analyzing sales.
Problems of survival in the market or force them to analyze
the individual service user, and thereby to follow the
different risk factors [1].

Today there are legally prescribed financial statements of
each company and institution has to have. That is why

accountants and financial analysts have long used multi-
dimensional software products. Even the smallest units must
have at least three dimensions, for example; chart of
accounts, organizational structure and the time when made.
This is done with real data and a comparison with
calculations.

However, for large companies and institutions we have
five or six dimensions. These analyzes were performed in the
seventies, even mainframe computers, with at least four
dimensions. Some of the tools of today trace their origins
back to the popularity of those times. In this segment,
applications, and today there is very specific products,
adapted to specific dimensions that require financial analysis.

One of the methods here, but a lot of use as a decision
support method is the balanced scorecard. It was created
from the need to achieve their promise to the eighties
provided information systems to support management. The
creators of this method are Robert Kaplan and David Norton.
It was created on the basis of a study in 1990 and it was
funded by Nolan Norton Institute.

Balanced Scorecard can be explained as a balanced view
of business performance measurement. With this method
measures the performance of companies and forms the basis
for strategic decision-making and long- term control of
business processes [8]. It can be said that this method of
contributing to the realization of the vision, strategy and
company transformed into measurable qualitative and
quantitative targets, including financial and non-financial
parameters. This method treats the goals based on the vision
and strategy from four perspectives: financial perspective
(what results should be achieved in the interest of the
owner?), customer perspective (how to deal with
customers?), internal perspective (how to manage internal
processes in order to create a competitive advantage?) and
learning and development perspective (how to maintain the
ability of learning and innovation?).

Building a Balanced Scorecard model is carried out
through the following stages:

. Strategic  analysis  (analysis of the
environment of the organization) - Strategic analysis
involves forecasting of various movements, and
events in the broad environment in which the
company operates. At this stage of the analysis, and
the company's ability to successfully respond to
market changes, business challenges and achieve the
desired position in the future. At this stage the
important role SWOT analysis, and analysis of the
collected parameters which are divided into four
groups: the danger, opportunities, strengths,
weaknesses.

. Determining the vision and mission -
Vision is the most general representation of
directions in which the organization seeks to develop
in the future. The purpose of the vision is to lead,
control and motivate the entire organization to
achieve the common goals of the organization in the
future. The vision of the organization should be
clear, feasible, challenging, practical and future-
oriented to identify critical success factors enterprise
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that takes into account the priorities of stakeholders ,
to be permanent, but flexible [6].

. Defining the strategy - Defining the
strategy is a complex process that consists of
defining strategic objectives and criteria for their
implementation, the planning and provision of
resources. The process of strategy formulation is
very complex due to the many aspects and variables
that must be taken into account. The purpose of the
vision is realized only operationalization and
realization of the goals is only possible if the goals
are realistic and measurable.

o The identification of perspectives and
alternatives - After defining the strategy we need to
make a choice perspective on which to build a
balanced system of indicators of business
performance. It is necessary to provide the
perspective of the success criteria, and the balance of
quantitative and qualitative, subjective and objective,
financial and non-financial indicators. It is important
to und