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PREFACE

This issue contains a collection of papers that concern actual problems of research and
application of information technologies and telecommunication systems, especially the new
approaches, models, algorithms and methods of business intelligence to be used in
management and communication technologies and applications.

Main topics which are included in the issue are:
— Telecommunication Systems and Technology;
— Information Technologies;
— Management in Information and Communication Technologies.

We express our thanks to all authors, editors and collaborators of this collection as well
as to all who support its publishing.

Sofia, June 2017

D. Radev, R. Chobanova, R. Arnaudov,
E. Saranova, L. Nedelchev, Kr. Ivanova,
M. Temelkova (eds.)
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APPLICATION OF PARACONSISTENT LOGIC
PROGRAM EVALPSN TO
INTELLIGENT CONTROL/SAFETY
VERIFICATION

Abstracted Review

Kazumi Nakamatsu

Abstract — In this abstracted review, we introduce how
to apply paraconsistent annotated logic programs,
EVALPSN and Bf-EVALPSN, to intelligent control and
safety verification with two applications, traffic signal
control and pipeline process order safety verification,
respectively.

Keywords — Paraconsistent Logic, Annotated Logic
Program, Intelligent Control, Safety Verification,
EVALPSN, Bf-EVALPSN.

I. INTRODUCTION

One of the main purposes of paraconsistent logic is
to deal with inconsistency in a framework of consistent
logical systems. It has been almost seven decades since
the first paraconsistent logical system was proposed by
Jaskowski [1]. It was four decades later that a family of
paraconsistent logic called annotated logic was
proposed by da Costa et al. [2], which can deal with
inconsistency by introducing many truth values called
annotations into their syntax as attached information to
atomic formulas.

The paraconsistent annotated logic by da Costa et al.
was developed from the viewpoint of logic
programming by Subrahmanian et al. [3]. Furthermore,
in order to deal with inconsistency and non-monotonic
reasoning in a framework of annotated logic
programming, ALPSN (Annotated Logic Program with
Strong Negation) and its stable model semantics was
developed by Nakamatsu and Suzuki [4]. It has been
shown that ALPSN can deal with some non-monotonic
logics such as default logic, autoepistemic logic and a
non-monotonic Assumption Based Truth Maintenance
System (ATMS) in a framework of annotated logic
programming [5-7]. Even though ALPSN can deal with
non-monotonic reasoning such as default reasoning and
conflicts can be represented as paraconsistent

Kazumi Nakamatsuis with School of Human Science and
Environment, University of Hyogo, Himeji, 1-1-12
Shinzaike-hon-cho, Himeji, Hyogo 670-0092, Japan
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knowledge in it, it is difficult and complicated to deal
with reasoning to resolve conflicts in ALPSN. On the
other hands, it is known that defeasible logic can deal
with conflict resolving in a logical way, although
defeasible logic cannot deal with inconsistency in its
syntax and its inference rules are too complicated to be
implemented easily. In order to deal with conflict
resolving and inconsistency in a framework of
annotated logic programming, a new version of
ALPSN, VALPSN (Vector Annotated Logic Program
with Strong Negation) that can deal with defeasible
reasoning and inconsistency was also developed by
Nakamatsu et al. [8]. Moreover, it has been shown that
VALPSN can be applied to conflict resolving in
various systems [9-11]. It also has been shown that
VALPSN provides a computational model of
defeasible logic. Later, VALPSN was extended to
EVALPSN (Extended VALPSN) by Nakamatsu et al.
[12,13] to deal with deontic notions (obligation,
permission, forbiddance, etc.) and defeasible deontic
reasoning. Recently, EVALPSN has been applied to
various kinds of safety verification and intelligent
control, for example, railway interlocking safety
verification [14], robot action control [15-18], safety
verification for air traffic control[19], traffic signal
control [20], discrete event control [21-23] and
pipeline valve control [24, 25].

Considering the intelligent safety verification for
process control, there is an occasion in which the safety
verification for process order control is significant. For
example, suppose a pipeline network in which two
kinds of liquids, nitric acid and caustic soda are used
for cleaning the pipelines. If those liquids are processed
continuously and mixed in the same pipeline by
accident, explosion by neutralization would be caused.
In order to avoid such a dangerous accident, the safety
for process order control should be strictly verified in a
formal way such as EVALPSN. However, it seems to
be a little difficult to utilize EVALPSN for verifying
process order control as well as the safety verification
for each process in process control. We have already
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proposed a new version of EVALPSN called bf
(before-after)-EVALPSN that can deal with before-
after relations between two time intervals (processes)
by using two sorts of reasoning rules. One is named
Basic Before-after reasoning rule and another is
Transitive Before-after reasoning rule.

This review abstract mainly introduces EVALPSN,
bf-EVALPSN and their applications to traffic signal
intelligent control and process orders safety
verification based on their paraconsistent logical
reasoning. As far as we know there seems to be no
other efficient computational tool that can deal with the
real-time intelligent safety verification for process
order control than bf-EVALPSN.

II. TRAFFIC SIGNAL CONTROL

Traffic jam caused by inappropriate traffic signal
control is a serious issue that should be resolved. In this
section, we introduce an intelligent traffic signal
control system based on EVALPSN defeasible deontic
reasoning, which may provide one solution for traffic
jam reduction. We show how the traffic signal control
is implemented in EVALPSN with taking a simple
intersection example in Japan.

Fig. 1. Intersection example

We suppose an intersection in which two roads are
crossing described in Fig.l as an example for
implementing the traffic signal control method based
on EVALPSN. The intersection is supposed to be in
Japan where we need to keep left if driving a car. The
intersection has four traffic lights T , 3 , which indicate
four kinds of signals, green, yellow, red and right-turn
arrow. Each lane connected to the intersection has a
sensor to detect traffic amount. Each sensor is
described by symbols S;;345678 in Fig.l. For
example, the sensor Sy detects the right-turn traffic
amount confronting traffic light T;. Basically, the
traffic signal control is performed based on the traffic

12

amount detected by the sensors. The traffic amount of
each lane can be regarded as permission or forbiddance
from turning such as green to right arrow. For example,
if there are many cars waiting for traffic lights T, ,
turning red to green, it can be regarded as permission
for turning the crossing traffic lights T; , green to right
arrow, yellow and red. On the other hand, if there are
many cars passing through the intersection with traffic
lights T3, signaling green, it can be regarded as
forbiddance from turning traffic lights T3, green to
right arrow. Then, there is a conflict between those
permission and forbiddance in terms of the same traffic
lights T3 4.

We formalize such a conflict resolving in
EVALPSN. We assume that the minimum and
maximum durations of green signal are previously
given for all traffic lights, and the duration of green
signal must be controlled between the minimum and
maximum durations.

We consider the following four states of traffic lights
Ti234
State 1: traffic lights T} , are red and traffic lights T3 4
are green.

State 2: traffic lights T, , are red and traffic lights T3 4
are right arrow.

State 3: traffic lights T; , are green and traffic lights
T3 4 are red.

State 4: traffic lights T, , are right arrow and traffic
lights T; 4 are red.

Here we take the transit from the state 1 to the state 2
into account to introduce the traffic signal control
properties in the state 1 and its translation into
EVALPSN. Our traffic signal control system consists
of

- the traffic signal control properties for each
state transit such as the state 1 to the state 2,

- the green light length rules, and

- deontic defeasible reasoning rules for traffic
signal control.

We have eight traffic signal control properties in
each state, for example, the state 1 has the following
one among eight properties.

Traffic Signal Control Properties in State 1
Property 1: if traffic sensor S; detects traffic amount,
it has already passed the minimum green duration of
traffic lights T 4, and neither traffic sensors S nor S,
detect traffic amount at time ¢, then it is weakly
permitted for traffic lights T3, to turn green to right
arrow at time 7.

These properties are translated into EVALPSN
together with green light length rules and deontic
defeasible reasoning rules for traffic signal control,
though the details of the translation are not described in
this review paper. In our traffic control system, if the
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sensors detect traffic amount, deontic defeasible process finish time and the later one start time. They
reasoning is executed as EVALPSN logic are also described in Fig.3 with the condition that
programming for controlling traffic signaling. The process Pr; has finished before process Pr; starts.

details of our control system are introduced in [29].

:fs P’F@ lef yls PTJ ?‘(f
I o8 ity I ™

III. BF-EVALPSN

Fig. 3. Bf-relations, Disjoint Before/After
In this section, we review an extended version of

EVALPSN named bf (before-after)-EVALPSN Immediate Before (mb)/After (ma)
formally, which can deal with before-after relations Bf-relations immediate beforelafter between processes
between two processes(time intervals) and introduce Pr; and Pr; are represented by bf-annotations mb/ma,
how to implement bf-EVALPSN aiming at the real- respectively. The expression immediate before/after
time safety verification for process order control implies that there is no timelag between the earlier
[27,28]. process finish time and the later one start time. The bf-
relations are also described in Fig.4 with the condition
A. Before-after Relations that process Pr; has finished immediately before

First of all, we introduce a special literal R(p;, pj, t) process Pr; starts.

whose vector annotation represents the before-after

relation between processes Pr;(p;) and Prj(p;) at time I Pr; ;?S Pr; ;?f
t, where processes can be regarded as time intervals in B i
general, and literal R(p;, p;, t) is called a bf-literal.
We provide some paraconsistent interpretations of Fig. 4. Bf-relations, Immediate Before/After
vector annotations for representing bf-relations, which
are called bf-annotations. Strictly speaking, bf-relations Joint Before (jb)/After (ja)
between time intervals are classified into 15 sorts Bf-relations joint before/after between processes Pr;
according to bf-relations between start/finish times of and Pr; are represented by bf-annotations jb/ja,
two time intervals. We define the 15 sorts of bf- respectively. The expression joint before/after imply
relations in bf-EVALPSN with regarding processes as that the two processes overlap and the earlier process
time intervals. has finished before the later one finishes. The bf-
Suppose that there are two processes, Pr; with its relations are also described in Fig.5 with the condition
start/finish times x; and xf, and Pr; with its start/finish that process Pr; has started before process Pr; starts
times y; and yy. and process Pr; has finished before process Pr;
finishes.
Before (be)/After (af) x. Pr, i
Firstly, we define the most basic bf-relations | : >
before/after according to the bf-relation between each ik P Yy
start time of two processes, which are represented by I / =
bf-annotations, be/af, respectively. If one process has
started before/after another one starts, then the bf- Fig. 5. Bf-relations, Joint Before/After
relations between those processes are defined as
before(be)/after(af), respectively. The bf-relations also S-included Before(sb)/After(sa)
are described in Fig.2 with the condition that process Bf-relations s-included before/after between processes
Pr; has started before process Pr; starts. Pr; and Pr; are represented by bf-annotations sb/sa,
- Pr. respectively. The expression s-included before/after
— - - implies that one process has started before another one
v | By . starts and they finish at the same time. The bf-relations
are also described in Fig.6 with the condition that
Fig. 2. Bf-relations, Before/After process Pr; has started before process Pr; starts and
they finish at the same time.
Disjoint Before (db)/After (da) Ts 7y Cff
Bf-relations disjoint before/after between processes Pr; | 7, Pr v

and Pr; are represented by bf-annotations db/da, ; i
respectively.  The expression disjoint before/after

implies that there is a time lag between the earlier Fig. 6. Bf-relations, S-included Before/After

13
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Included Before (ib)/After (ia)

Bf-relations included before/after between processes
Pr; and Pr; are represented by bf-annotations ib/ia,
respectively. The expression included before/after
implies that one process has started before another one
starts and the earlier one finishes after another one has
finished. The bf-relations are also described in Fig.7
with the condition that process Pr; has started before
process Pr; starts and finishes after process Pr; has
finished.

Fig. 7. Bf-relations, Included Before/After

F-included Before (fb)/After (fa)

The bf-relations f-include beforel/after between
processes  Pr; and Pr; are represented by bf-
annotations fb/fa, respectively. The expression f-
included before/after implies that two processes have
started at the same time and one process has finished
before another one finishes. The bf-relations are also
described in Fig.8 with the condition that processes Pr;
and Pr; have started at the same time and process Pr;
finishes after process Pr; has finished.

:ICS Pr; :ff
I T >

ysi P?”j

I -

Fig. 8. Bf-relations, F-included Before/After

Paraconsistent Before-after (pba)

Bf-relation paraconsistent  before-after  between
processes Pr; and Pr; is represented by bf-annotation
pba. The expression paraconsistent before-after
implies that the two processes have started at the same
time and also finished at the same time. The bf-relation
is also described in Fig.9 with the condition that
processes Pr; and Pr; have not only started but also
finished at the same time.

E P’T’Z‘ Zys

4

]

xI
l
[
:
:
|
I

|
!

Ys Pr; Ly
I

Fig. 9. Bf-relations, Paraconsistent Before/After

B. Verification Example

We consider two brewery pipeline processes,
brewery and pipeline cleaning ones that are scheduled

14

in Fig.10. Then, the above four processes are supposed
to be processed according to the following processing
schedule.

1 Pro Lo |
BREWERY - : - |

i PTl i PTQ E i
CLEANING | »l |

Fig. 10. Brewery Pipeline Process Time Chart

We assume the following four process order safety
properties for each process:
SP-0
process Pry must start before any other processes start;
SP-1
process Pr; must start immediately after process Pr,
has started;
SP-2
process Pr, must start immediately after process Pry
has finished;
SP-3
process Pr; must start immediately after both processes
Pry and Pr, have finished.

In our safety verification system, the above safety
properties are translated into BfFEVALPSN and stored
as a logic programming system. Then, start/finish
information of each process is input in real time, the
safety of the process start is verified as BI-FEVALPSN
logic programming.

For example:

- if no process has started at time t;, only process

Pry is permitted to start by safety property SP-0;

- if process Pr, has started and no other

processes have not started yet, only process Pr;

is permitted to start by safety property SP-1,2,3;

- if process Pr, has not finished, process Pr; has

finished and process Pr, has not finished yet,

process Pry is not permitted to start by safety
property SP-3.

The details of the safety verification of this example
are introduced in [29].

IV. CONCLUSION

In this abstracted review paper, two applications of
paraconsistent annotated logic programs EVALPSN
and Bf-EVALPSN to traffic signal intelligent control
and process order safety verification EVALPSN,
respectively. The details of those applications are
introduced in [29].
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STUDY ON THE TRANSMISSION
CHARACTERISTICS OF MULTIMEDIA CONTENT TO
END USERS

Teodor Iliev', Grigor Mihaylov®, Elena Ivanova® and Ivaylo Stoyanov”

Abstract — Nowadays, many types of digital content
exist and even more ways in which the content can be
consumed. Together with these new ways to express
digital content came new business models for trading
digital content. Some of the multimedia coding standards
aim to enable the use of multimedia resources across a
wide range of networks and devices. Universal
Multimedia Access (UMA) refers to the ability to access
by any user to the desired multimedia content over any
type of network with any device from anywhere and
anytime.

Keywords — Multimedia, MPEG, Video adaptation.

1. INTRODUCTION

In the past few years, there has been diversity in
trends and developments in the field of
communications and media access. There are
individual developments that contribute to the change
of the status quo. However, when these works are
connected and complement each other is brought to
today's complex stage of development of the
multimedia communications, i.e. the supply of various
types of information to the users of all kinds, in all
conditions.

The development of multimedia technologies offer
the providers and users multiple opportunities for
coding, access and transmission of information. Efforts
for standardization of multimedia coding standards
such as MPEG-1/2/4, H.261, H.263 and H.264, have
provided the possibility to easily create and transmit
the desired content. Thanks to these standards and the
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development of computing power, the number of
digital devices, working mainly with multimedia
information (especially personal computers, portable
computers, PDA devices and mobile phones) increased
significantly [1, 2].

At the same time, the development of
communications infrastructure provide the ability to
access information and multimedia services from
almost any location at any time. Various access
networks (Ethernet, Bluetooth, wireless connections,
3G and 4G mobile, GPRS, ISDN, xDSL) and relevant
servers provide the ability to access one or even several
multimedia contents [3].

II. STRUCTURE AND ARCHITECTURE OF
UNIVERSAL MULTIMEDIA ACCESS

The Universal Multimedia Access lays the
foundations  for future effective multimedia
communications, through the concept of "Multimedia
at anytime and anywhere". The concept of the UMA
allows access to multimedia content for any type of
network, from any device, at any time and from any
location [4]:

= One of the objectives of the UMA is to enable
access to multimedia content for any type of network,
such as the Internet, wireless LAN or other type of
network, from any kind of devices with different
capabilities, such as mobile phones, personal
computers and television sets;

= UMA refers to the structures, where the
information is available in an appropriate form and
may be transported within this complex and dynamic
environment, such as the use of various devices,
networks, terminals, preferences, personalization and
other environmental factors;

= One of the main functions of the UMA is to
provide the best quality of service, by choosing the
appropriate format of the contents, or by adapting its
format on-the-go. Thus fulfill the conditions for quality
transmission and playback in the environment
concerned;

* Any content should be available at anytime
and anywhere, even after adapting. This means that
content can be transformed, for example, from one bit
rate into another, or coded in advance from one type to
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another, for example from text to speech. UMA
convert the content in such a way, in order to cope with
the limitations of the user terminal equipment or
network restrictions.

Provider

User

Author Multimedia content

Creation Content adaptation Adapted multimedia content

Fig. 1. General structure of Universal Multimedia Access

A UMA system allows the user to access to the
multimedia information (Fig.1). The main elements of
UMA are [5]:

= Author: the people or organization that
created the multimedia content;

= Provider: the people or organization that
provides the transmission of multimedia information;

= User: the people or organizations that use
multimedia information.

Professional broadcast programs can include
multiple authors and providers, while personal home
video productions can be created and delivered by the
same person. In order to be created an UMA system,
multimedia content must be able to adapt to the
requirements of the user. For easier adaptation of the
desired content, it is necessary to have descriptions,
filling the gap between the media format, terminal
capabilities, and network and user preferences.

A. Content adaptation

Individual service providers distribute varied by type
of content over various networks and servers to
different users. For this reason, a large number of
adaptation parameters should be taken into account
when processing information. Some of them are given
in Table I [6].

The summary scheme for adapting content for
universal multimedia access is presented on Fig. 2.

TABLEI
SAMPLE PARAMETERS FOR ADAPTATION

Service Other
Content .
provider parameters
Multimedia Quality of Access network
formats; Bit rate; service; (bandwidth);
Resolution; Colour | Bandwidth; Bit Screen resolution;
range; Digital error rate; CPU capabilities;
rights; Delay; Other Decoders; User
restrictions; preferences;

20

Multimedia content and descriptive characteristics
shall be submitted to the adaptation server, and then it
transformed the content in an appropriate form for a
user.

Descriptive
characteristics

Adapted
multimedia
content

Original

content

Fig. 2. Content adaptation in Universal Multimedia Access
systems

B. Adaptation servers in Universal Multimedia Access

There are a large number of ways of categorizing the
type of adaptation, for example, depending on whether
the adaptation will be carried out in real time or not,
whether it is automatic or manual, if it requires large
computational power or not, etc.

Attention is focused on the types of multimedia
information. The first point is, whether there is the
content, that is accessed, stored on one or on several
servers. The second point is whether there are several
variations when retrieving information (e.g. different
frame rates, resolution, number of languages, etc.) [7].

Table II shows the relationship between the
abstracted information and necessary transformation
modules. They are divided into four main types. In the
first type, desired by the user content is located on a
single server and there are no additional variations. The
necessary transformation module that converts the
original content in the proper type for the user is here.
In the second type, the desired by user content is also
located on one server, but there are a few additional
variations of it. The necessary variation selection
module, which selects the appropriate version of the
content for the user is here. After the selection it is
possible to have a transformation module to better
adapt the content to the user. In the third type, several
source servers without variations are available. The
necessary content selection module, which selects the
best and appropriate content for the user is here. After
the selection, it is possible to have a transformation
module to adapt better the content. In the fourth kind
we have multiple sources and different variations are
possible. It is necessary to have a content selection
module and a variation selection module, in order to be
choosed the best and appropriate content for the user.
After the selection, it is possible to have a
transformation module to adapt better the content.
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TABLE II
RELATIONSHIP BETWEEN ADAPTATION SERVERS AND ACCESS
INFORMATION
Source Variations Necessary modules
Type 1 1 1 Transformation module
Variation selection module
Type2 ! m (>1) (+Transformation module)
Content selection module
Type3 n (1) ! (+Transformation module)
Content selection module
+ Variation selection
Type 4 n(>1) m (>1) module
(+Transformation module)

C. Transformation module

Fig. 3 represents a block diagram of the content
adaptation process by transformation module.
Multimedia content is adapted from the module in a
suitable form, while it is been transmitted to the user.
The descriptive characteristics contribute to a better
adaptation, and also reduce the required computing
power [8].

Descriptive
characteristics

Original
multimedia
content

Adapted
multimedia
content

Transformation
module

Fig. 3. Content adaptation by transformation

The main advantage is that it saves storage capacity,
since there are no other variations of this content. So
the original content may be presented to any user
through the appropriate adaptation. The disadvantage is
the limited number of links to users in real time or with
a slight delay, which the server should provide.
Otherwise, the processes for handling will require
greater delay and/or large computing power.

Some of transformation characteristics are:
= Adaptation to network (bandwidth, delay, etc.)
and terminal (screen size, processing power, RAM,
etc.) capabilities;
= Adaptation of content according to the user's
requirements (picture size, frame rate, etc.);
= Summary of the content (most important from
a news feed, goal moments of the football game, etc.)
The transformation can be applied to the different
characteristics of multimedia content — resolution
(from VGA to QVGA), frame rate (30 fps to 10 fps),
bit rate (from 6 Mbps to 128 kbps), format of content
(video to picture), etc. Each transformation strives to
offer the user maximum quality [9].
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D. Selection module

This module chooses the appropriate option for the
user from the many varieties. The descriptive
characteristics contribute to the best choice for the user.
The most common example that can be given is a
website, which offers different variations of
multimedia content for different types of user terminals
(PC, PDA, mobile phone, etc.) and deliver the best
option based on the transmission medium (bandwidth,
speed, delay, etc.). Fig. 4 presents the principle of
operation.

The advantage is that the adaptation becomes very
quickly — the system selects the most appropriate
version and make it available to the user, while at the
same time did not require large computing capabilities.

Descriptive
characteristics

J/ Original \

multimedia
content

Variation 1

Variation 2

Variation 3

Selected
variations

Variations selection
module

Variation m

N

Fig. 4. Content adaptation by selecting the variation

On the other hand, a major drawback could be the
limited number of different variants of multimedia
content. So this module can provide the user with
content that does not fully meet the requirements. This
problem can be solved if a transformation module is
added. Another problem is the need for great resources
to store the information. Moreover, if you make
changes to the original content, then those changes
have to be made in all variations of this content. It
requires much time and more computing power [10].

And here, as with the conversion module, the
characteristics are the same — to select the optimal
option which satisfies the requirements of the
connection  (bandwidth, speed, etc.), terminal
characteristics (screen size, computing power, etc.).
User preferences must be complied as picture quality
of content, duration, etc.

[1I. ARCHITECTURES FOR PROCESSING AND
TRANSMISSION OF VIDEO INFORMATION

The adaptation of the multimedia content can be
carried out at various locations in the transmission
chain, or spread across. Each architecture has its
advantages and disadvantages, therefore, various
factors need to be taken into account such as
bandwidth, transmission rate, delay, copyrights, etc.
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The most common architectures for the adaptation of
multimedia content are server-based adaptation, proxy-
based adaptation and client-based adaptation. There are
also other types of architectures like distributed
adaptation among devices in the transmitting network
(proxy servers, client device) or allocation of
adaptation among the nodes in the network [8, 11].

A. Server-based adaptation

In server-based adaptation responsibility for
processing user requests, collection of information and
choosing the appropriate methods for processing
multimedia content falls on the Multimedia server. The
information flow in this architecture is shown in Fig. 5.
It is assumed that the contextual information, if any, is
sent with the request. The server analyzes the incoming
request and the accompanying information, takes the
necessary operations on the adaptation and sends back
to the client device, the adapted media information.

Multimedia server

User device
1. Request 0
. .%
3. Adapted
content

]

2. Adaptation
Fig. 5. Information flow in Server-based adaptation

This kind of adaptation supports static and dynamic
adaptation and provide the owner/author of information
more control over operations undertaken for
processing. The main drawback to this architecture is
the complexity in the processing of all requests, the big
increase in computing power and the necessary
processing resources. With this approach, the
adaptation can be carried out regarding the
communication, for example, to optimize network
resources to mitigate the delay.

B. Proxy-based adaptation

In this architecture, the client connects to the server
via a proxy, as the latter has the responsibility for
evaluation and selection of the most appropriate
operation for adaptation of multimedia information.
The information flow in this architecture is shown in
Fig. 6. After acceptance of the user's request by the
proxy server (as in the server-based architecture, it is
assumed that contextual information is sent along with
the request), it forwards it to the multimedia server
(without contextual information).
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Proxy server

Multimedia server L

=
1. Request

{}
F . 1-Request
.

5. Adapted
content

User device
2. Request 0

3. Original
content

Lt

4. Adapting
Fig. 6. Information flow in a proxy-based adaptation

The multimedia server analyzes the query and sends
back to proxy server the necessary multimedia in
original form. The proxy server decides which methods
and operations to take and after content adaptation
sends it to the user [8].

With a proxy-based adaptation, the need for an
additional increase of computing capabilities is off.
However, in this architecture the owner/author of
multimedia content has less control over the content
adaptation.

C. User-based adaptation

In this architecture, in user device are embedded
techniques for information gathering and processing of
multimedia content, i.e. the client device assessed as
the best quality playback of multimedia information
what manipulations to apply.

The flow of information in this architecture is shown
on Fig. 7. It is not necessary contextual information to
be sent to the multimedia server. The responsibility for
the collection and processing of such information falls
on the user device. The latter sends a request to the
multimedia server, which sends back to the user the
original content. Then the user device takes the
necessary manipulations for the adaptation of the
multimedia content.

Multimedia server
User device

1. Request 0
_—
2. Original
content u

3. Adapting
Fig. 7. Information flow in user-based adaptation

This architecture is suitable for cases where
multimedia server cannot determine the computational
capabilities of user device, or when proxy servers are
not used. On the other hand, the adaptation depends on
the capabilities of the user device and may require
greater bandwidth. Another drawback to this
architecture is little or lack of control from
author/owner [10].
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D. Distributed content adaptation

Through the combination of the above architectures,
drawbacks for different architectures can be reduced or
avoided. Fig. 8 provides information about architecture
and the flow of information on the merging of the
above architectures. Content adaptation can take place
in any site or at all, as each node decide whether
adaptation is necessary.

Proxy server

Multimedia server =
= User device
2. Request 1. Request 0
y D
SN
4. Original 6. Original
content / content / f
Adapted content Adapted
content 7. Adapting

Lt

3. Adapting

5. Adapting

Fig. 8. Information flow in the distributed content adaptation

This type of architecture presents two major
problems — you never know at which node will be
made the adaptation and therefore contextual
information should be moved together with the request,
while a node does not start the adaptation; due to the
transportation of information in the transmission chain
and the unknown location of adaptation, there is no
guarantee for protection of intellectual property and
copyrights of the content.

E. Adaptation of the contents among the network nodes

This architecture is an extension of the above, in
which the content adaptation may take place - in the
server, in the proxy server, and in the user device or
other network nodes (hubs, switches, routers, etc.).
This architecture is shown in Fig. 9. This type of
architecture offers a dynamic content adaptation to the
characteristics of the network. Multimedia content with
high quality and requirements uses greater bandwidth

[11].

Adapting

S g

Multimedia server

@ \uworknoseswin
‘adaptation capabilies

Fig. 9. Content adaptation among network nodes

Reaching this node, multimedia content is adapted to
meet the restrictions. This provides users, who are
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before this node to receive high-quality multimedia
information.

Currently there are major difficulties in the
implementation of this type of architecture, due to the
fact that the owners of the network nodes do not wish
to integrate the adaptation modules, because such a
procedure may lead to a traffic reduction and reduction
in their income [1].

IV. DEFINING THE LAYOUT OF THE AREA FOR
VIDEO AND METADATA

There are two aspects to determine the layout of the
area for video information and areas for supporting
information (metadata) — layout (horizontal or vertical)
and the size of each area.

There are variety for the presentation of video and
metadata at a fixed area of the screen. For example,
after you deploy the video image, the rest of the screen
is filled with additional information (metadata); One
can deploy video on screen not only in a rectangular,
but in any other shape (triangular, oval, etc.), as the rest
of the space can be filled with metadata. We consider
four options shown in Fig. 10, where video information
and metadata are located at the top, bottom, left and
right. The screen is divided into two parts (vertically
and horizontally), one part is for video information,
and the other is for metadata.

Video
content

Video
content

Metadata

horizontal A horizontal B

Video
content

Video
content

ejepeion
ejepeion

vertical A vertical B

Fig. 10. Area distribution for video information and metadata

It is to be noted that the splitting of the screen is a
dynamic process and one have to balance between the
area for video information and the area for metadata.
There are two aspects to the splitting of the screen. For
the presentation of the balance between the two areas is
defined the variable p, as a normalized value of video
information (Fig. 11). This value must be between 0
and 1, where if p = 0, then the entire area of the screen
is for metadata and if p = [/ — the entire area of the
screen is for video information. Thus the balance of the
area for video information and metadata can be
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represented as p:/-p for both types of splitting —
horizontally and vertically.

Video content
Ve(p)

Metadata
Vin(p)

d-L

Fig. 11. Determination of the total value of the area

After you define the areas for video information and
metadata, you can determine the total value of each
variety. This means that the total value V' can be
defined as a function of p. There are three parameters
that affect the total value — the value of video
information, the value of the metadata and the
preferred value of the balance between the above two.
Thus the total value V(p) can be represented as:

Vip)=7.(p)V,(phw) (0<p<I) M
where V.(p) is the value for the appropriate video
content; V,(p) is the value for the modified metadata
and w is the value for normalized video content [2].

The function V(p) represents the balance between
appropriate adapted video content and metadata, and
also takes into account the subjective importance of the
video to the user. Taking into account the values for
video content and metadata, the areas can be defined
for the video and metadata at a given value of p, as the
values of both areas can be represented as a function of
p-

One of the challenges is determining the shape of the
areas. The total value of the contents is determined by
calculating the maximum amount of content for
vertical and horizontal splitting and choosing the
greater of the two values. Thus the total value V(p) is
obtained as:

V(p)=max{V, (p).V, ()}, @)

where Vy(p) is the maximum value for horizontal
splitting, and Vj{p) is the maximum value for vertical
splitting.

Fig. 12 depicts allocation of areas for video
information and metadata for both divisions —
vertically and horizontally. By applying the Eq. (2), the
total value for both divisions can be defined as [3]:

Vi (p) = f(c(pX,Y),m((1-p)X,Y),w)

V,(p)= fe(X.pY)m(X.0- p)w)” O
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where (X, Y) — screen size, ¢ (x, y) — maximum value
for video information, m (x, y) — maximum value for

metadata.
pX (1-p)X

Video

content
c(X,pY)

Metadata
m(X,(1-pY)

Fig. 12. Size of areas for video information and metadata for
both types of area allocation

Metadata
m((1-p)X,Y)
Ad

Ald-1)

The values of the V.(p) and V,,(p) can be determined
under the following conditions:

if (V(p)=="Vy(p))

Vo).V, (D)} =1c(pX.Y),m(1- p)X,Y)}
else

.07, ()} ={e(X, pY),m(X,(1- p)Y)}

5 “)

Taking into account the user preferences, they are
categorized by three different approaches for content
adaptation. These approaches are based on the
assessment of user preferences, i.e. which of the total
volume of information predominates — the preferred
form of the information (text or video) or the layout of
the entire contents.

Depending on the values of p and w, in the process
of content adaptation must be applied one of these
three approaches [11].

a) informative approach (p = variable, 0 <w < 1)

This approach is applied when the user wants to
obtain as much useful information as it is possible,
regardless of its type. Under this approach, video
information and metadata are balanced adaptive, in
order to maximize information flow. It is applicable
where the value of p is a variable and the value of w is
between 0 + 1.

b) variety of approach (p = variable, w=0or 1)

This approach is applied when the user wishes to
receive mainly (or completely) a variety of
information, such as the other type is optional for
him/her. This approach is used when the user wants to
watch only video content or when he/she wants to
receive only text information (metadata). It shall apply
where the value of p is a variable, and w is either
Oorl.

¢) layout approach (p = constant)

This layout approach is used when the user wishes to
receive video information and metadata simultaneously
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with fixed areas and positions. Such an example is
when a user wants the text information to be under the
video, such as video occupies two thirds of the screen
size. It shall apply where the value of p is a constant.

Initialization
(P=1, Vmax=0, s=1/x)

Calculation of the
optimum values for video
and metadata.
Calculation of Vi(p)

Calculation of the
optimum values for video
and metadata.
Calculation of Vi(p)

Vip) = Vi(p) Vip) = Vi{p)
Horizontal split Vertical split
\ [

Yes @ No
Vimax = V(p) p=p-s

Pmax= P

Video Metadata
area area
Pmax | (1-Pmax)

Fig. 13. Decision-making process in the informative approach

Fig. 13 depicts the algorithm, which determines the
optimum layout and p value. The total value for any p
is determined and after that it is selected the value of p,
which maximizes the total amount of content — this is
the optimal balance between the areas for video
information and metadata.

V. CONCLUSION

It has been proven, that to ensure adaptation, it is
necessary to determine the value and the area for the
adapted information in its representation on the screen
of the user's device. For this purpose, are presented
Egs. (2), (3) and (4), which determine the shape of the
area for video information, by calculating the
maximum value for vertical and horizontal splitting.

Based on the proposed mathematical expressions and
the assessment that the informative approach has a
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major importance in the adaptation of multimedia
content, an algorithm is developed for decision-making
process in this approach. Essentially, the algorithm
determines the optimal layout of multimedia content
and the value of the variable p, as normalized
parameter of video information.
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Abstract - Wireless sensing networks in recent years are increasingly of interest to researchers as well as ordinary
people. The great interest is due to the capabilities of large-scale applications of small-scale devices that gather
information about their environment, perform simple processing, and send the collected data to users or store them in
modern cloud structures. Most wireless sensor networks measure scalar physical quantities like temperature, humidity,
pressure, vibrations, chemical sensors, and more. The rapid advancement of these networks, their unique features such
as their small size, limited resources and capabilities, as well as the many users and applications requiring Quality of
Service (QoS) are among the key factors for their broad application.

This work presents a look at the quality of service in terms of life cycle of wireless sensor networks. We present the
three main phases of wireless sensor networks: design, operation and disruption of networks. For each of the main
phases, an analysis of the conditions for achieving QoS was performed.

Keywords - wireless sensor network, quality of services, phases of construction.

AHAJIN3 HA YCJIIOBUATA 3A ITIOCTUT'AHE QoS B
BE3’KUYHUTE CEH30PHU MPEXH

1 2
Owmmn LBeranoB u NBanka I eopruesa

Pesziome — Be3KNYHNTE CEH30PHU MPEXKH B MOCJIeJHUTE HacrosimaTta pa6ora mnpeacTaBs eIUH MOIJIEd KbM
rOAMHU NpPeICTaBJASBAT BCe IO-TOJsSAM HMHTepec 3a KayecTBOTO Ha yciayrute (QoS) or rieaHa To4yka Ha
H3CJIeIoBATEIUTE, KAKTO U 3a norpedutenure. [oeMusit JKU3HEHMs HUKBJ Ha 0e3KMYHUTE CEH30PHH MPeKH.
HHTepec e cJIeIcCTBHE HA Bb3MOKHOCTUTE 32 MPHUJIOKEHUS IIpeacraBenu ca TpuTe 0CHOBHH (a3u HAa CblIeCTBYBaHe
HAa rojieMH MO0 Mamad MpexXH OT MAJKH YCTpOiicTBa, Ha 0e3:KHYHHMTE CEH30PHH MpEXKH: NMpOoeKTHpaHe, padoTa
KOUTO cbOMpaT MHGOPMANHUA OTHOCHO 3200HKAIAIIATA H pa3najaHe HA Mpe:KHTe. 3a BeAKa OT OCHOBHHTE (ha3u e
T Cpe/ia, OCHILECTBSIBAT MPOCTa 00padoTKa M M3NPpaIAT NMpoBeJeH AaHAAW3 HA YCJIOBHATA 32 MOCTHTaHE Ha
chbOpaHuTe JaHHU 10 MOTPEeOUTEINTE HJIN T CHXPaHSBAT KayecTBOTO Ha ycayrure (QoS).

B CbBpeMeHHH 00J1a4HU cTPYKTYpH. [loBeueTo 0e3:Ku4HU

CEH30PHM MpEKH H3MepBaT CKaJapHH (QU3HYeCKH Knrouoseu Oymu — 0€3:KNYHA CEH30PHA MPeKa, Ka4ecTBO
BeJIMYMHHU KATO TeMIepaTypa, BJAKHOCT, HaJsAraHe, Ha ycJIyruTe, (pasu Ha M3rpakiaHe.

BHOpalLUU, XHMHYECKH CEeH30pU M Ip. Bbp3usT Hanpenabk

HA Te3H MPEeXXH, YHHKAJHUTE UM XapPaKTePUCTHKH KATO I. BBBEJEHUE

MAaJIKH pa3MepH, OTPAHUYEHU PeCYypCH M Bb3MO:KHOCTH,

KAKT0 H MHOXKECTBOTO IOTPeOUTENH W IPUIOKEHHS TexHONOTHMYHO pa3BHTHE B 00JacTTa Ha MHKPO U
H3UCKBAIU KayecTBO Ha ycayrara (Quality of Service) ca HAHO TEXHOJOTMHTE M OE3KHYHA CBBP3AHOCT IOBEIC

Hact oOT KIIY0BUTE q)aKTOpI(I 3a IIHPOKOTO UM
NpuJioKeHue.

0 OBP30TO pa3BUTHE Ha OE3KUYHU CEH30PHH MPEXKH
(bCM). bnarogapenue Ha rbhBKaBoctTa Ha BCM Te
Morar fna ObJaT MpHiIaraHd Kato cpera  3a

ICDI/IJ'II/IH L{BeTaHoB e or Bucme YUMIMIIE — TIO Ha6J'I}OILeHI/le, KOHTpPOJI Ha ABWKCHHUETO Ha IPEBO3HU
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f.tsvetanov(@utp.bg MeauuuHata U T.H. BCM ca uHTepecHa M aKTyasiHa
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Ha ycnyrata (QoS). Twit kato BCM ce cbcrosiT OT
OC3)KWYHM BB3JH, TE€ Hal-4ecTO H3MOI3BaT OaTepuu
Karo OCHOBEH H3TOYHUK Ha eHeprus. ETo 3aro,
[OBEYETO TPAJUIIMOHHH IMPOTOKOJIM CE€ 3aHMMAaBaT C
BBIIPOCH CBBbpP3aHM C IIECTEHETO Ha EHeprus |
yaBIDKaBaHe Ha paboTocmocoOHOCTTa Ha Mpexa [3]. B
nporieca Ha pa3Butue Ha BCM He ¢ Omino 0OBpHATO
MHOI'0 BHHMAaHHE Ha KadecTBOTO Ha yciyrara (QoS),
HO C IosAaBaTa Ha KPUTUYHH MyﬂTHMeI[HﬁHPI
MPWIOKCHUS W TPWIOKCHHS B peasHo Bpeme, QoS
CTaBa BCE IMO-3HAYNMO.

Hacrosimata paGoTa mpezacraBs €IuH MOTIIEH KbM
QoS oT rienHa TOYKa Ha KU3HEHUS IUKBJI Ha BCM.
IIpeacraBenn ca  TpuTe OCHOBHM  (a3um  Ha
cemectByBane Ha BCM: mpoektupane, pabora u
pasmnajaHe Ha MpeXHTe. 3a BCsIKa OT OCHOBHHTE (hasu €
MIPOBECH aHAJIN3 Ha yCIoBUsATA 3a mocturane QoS.

II. M3JI0XXEHUE

A. H3uckeanusa Kvm npouzgodumennocmma u
Kauecmeomo Ha ycayzume ¢ bCM

Bpost Ha moTpebuTenuTe, TPUIOKCHUATA W
m3uckBanusATa kpM BCM HapacTBa HENPEKbCHATO.
W3uckBaHuATa KBM TrapaHIHATE 32 IPOU3BOAUTEITHOCT
M KayecTBOTO Ha yciayrure kbpM BCM craBatr Bce 1o
BUCOKM. Te 3aBHCAT OT OrpaHUYCHUTE pECypcH,
T'bBKaBOTO U3MOJI3BAHC Ha pas3judHU IPUIIOKCHUSA,
nopajau Koero TpsOBa Ja OTroBapsT Ha W3UCKBAaHUS,
cBBbp3aHu c [1]:

e Enepruiina e(EeKTUBHOCT: Enepruiinara

KOHCyMaIus TpsiOBa J1a ObJie CHITHO OTpaHUuCHA;

e Bp3MmoxHOCT 32 paboTta ¢ pa3NUYHU
TIPUIIOKCHUS;.

e Mamabupyemoct, 3a Jga paboTAT HOPMAJHO C
OTPOMHH KOJIMYECTBA BH3IIH;

e Pabora B TMHaMUYHA cpela, B PEaTHO BpeMe U
NMOAAPBHIKKA HA MyJ'ITHMeI[MﬁHH TIPUITIOKCHUSA

e BB3MOXHOCT 3a IpeJaBaHe Ha JaHHH C
pasnuyeH ¢popmar;

e CurypHOCT, 3a Ja TapaHTUPAT MPABIIHO
nmpeJaBaHe Ha WAKSTHTE OT JaHHHW, TIXHATa
ISUIOCT U aBTEHTUYHOCT;

e BB3MOXXHOCTH 32 MOHTHPAHE B Pas3iIYHU CPEIIH;

¢ [IpogbmKUTETHOCT Ha paboTa Ha MpeXKaTa.

B pesynTara Ha mupoxoTto npmioxkerue Ha BCM, ce
TpujiaraT W TOJsIMa TaMa OT MPHIIOKEHUS M3IIOJI3BaHU
3a BCM. Ilpunoxenusara 3a BCM Morar nma Owbaar
KJIaCU(UIUPaAHU B JIBE IPYIIH:

ITvpea zpyna: npunoscenus 3a mounumopunz. 'Te
BKJIIOUBAT BBTPCIICH W BBHIICH MOHUTOPHUHI Ha
OKOJNHaTa cpexa, HaONIOJEHWE Ha  3JpaBeTo,
MOHHTOPHUHT Ha N3pa3XxojBaHUTE pecypcu,
aBTOMAaTH3alMsd  Ha  WHAYCTPUHAIHH  TPOIIECH,
CEM3MHIYHO U CTPYKTYPHO HaOIFO/ICHHE U JIp.

Bmopa epyna npunodcenus 3a npociedsgane: T€3N
MPUJIOKEHUST BKIIIOUBAT MPOCIEASBAHEe HA MPEIMETH,
JKMBOTHH, XOpa U MPEBO3HH CPEJICTBA.

OcwurypsiBaHeTo Ha KadecTBOTO Ha yciyrute (QoS),
3aBUCH OT CHEUU(PHUYHUTE MapamMeTpUTe Ha BCEKU
OTJIEeTIEH CJIOH, KaKTO € moka3aHo B Tabmuma 1 [4]. Tri
KaTo pa3iM4yHd  KOMOMHAIMM OT  MPEIJIOKESHU
rnapamMeTpud MoraT Ja OIpEAessT Pa3IMyHUu HUBa Ha
QoS, BCM wmorar nga oOCUTYpIT TNpeABUANMA
MIPOU3BOANUTEIHOCT.

TABJIMLA 1
IMHAPAMETPU HA KAYECTBOTO HA YCIIYTUTE
Cnoese Ha BCM

ITapamerpu \

[Tpunoxen cnoit Kusot
Bpewme 3a peakuus
BeposiTHOCT 32 OTKpHUBaHE
HapnexxnHocT Ha JaHHUTE
l'onemuna Ha nakeTuTe
Tpancnopten cioit | YectoTHa jeHTa
JlaTenTHOCT
CurypHoCT
Ilena
JlareHTHOCT Ha IBTA
BeposTHocT OT 3agpbCcTBaHE
Mapupytusupaia NoaIpbKKa
CraOmiIHOCT Ha
MapIIpyTH3ANUATA
Enepruiina eektuBHOCT
JuameTbp Ha Mpexara
Kanmauurer Ha mpexara
CpeneH pa3xom Ha CHeprus
YcToWunBOCT Ha Bph3KaTa
[Tonaprixka Ha MpexkaTa
Croit nogaspkam;  O6xBart B %

MpexoB croit

O0cmyXBaHe Ha
CBBP3aHOCTTA

obxBara Ha HapnexnHocT Ha o0xBarta

MpexaTa YcroiunBoCT Ha 00XBaTa
[Topaprxkka HA paguo-
KOMYHHKAI[HOHHUS 00XBAaT

MAC cnoii KomyHukaroneH o0xBar

[Tpomyckarenta criocoOHOCT
HanexnHocT Ha npenaBaHuTe
JaHHH

Enepruiina eektuBHOCT
3aBUCH OT BE3MOXKHOCTUTE Ha
CEH30PHTE, H3IPAXKIALIH
Mperkara (4yBCTBHUTEIHOCT,
00paboTka Ha TaHHUTE U
KOMYHHKAIIHOHHH KOMIIOHEHTH).

duzndgecku cion

BaxkHO 3a mocTuraHe Ha M3HCKBaHMATA MOCTaBEHU
KBM IPOM3BOJIUTEIHOCTTA U Ka4eCTBOTO HA yCIYTUTE B
enHa BCM e npaBUIHUAT MOAXOJ NP MPOEKTUPaHE U
U3IBbJIHEHHE Ha OCHOBHMTE (a3W 3a M3rpakJaHEeTo Ha
BCM. ®asure Ha usrpaxjaaHne ca Tpu [2].
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b. @a3u na uzepaycoane na bCM

ITvpea paza - ghaza na npoexmupane:

Bxumousa I'bPBOHAYAITHOTO koH(uUrypupase,
OpraHM3anyss ¥ ONTHMH3aLUs Ha Mpexara. llpu
MIPOEKTUPAHETO € BAXKHO Jla Ce 3HAe BU/a Ha MpekaTa B
3aBUCHMOCT OT OOKpbkaBamiarta cpexa. Ha ¢wur.1.
BCM ca knacudunmpanu karo [2]:
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e) xubpugHa
@ur. 1. BCM B 3aBUCHMOCT OT OKOJIHaTa cpena

* cyxo3emnu: OOUKHOBEHO CBHIbPKAT TojsiM Opoi

BB3JIH, 3aXpaHBaHU C 6aTepI/m, Karo
CHECPIroCreCTABaHETO M € oT HU3KIIIOYUTCIIHO
3HA4YCHUC,

* no03emHu: CEH30PHHUTE BB3NIU ca IOJ 3eMATa B
TeIepy WIN MUHM U ca o0opyaBanu ¢ 6atepun. Cien
MOHTHPAHETO UM JOCTBIBT A0 TX € orpanudeH. ETo
3aI10, NPH HM3TPaXJAaHETO Ha MpekaTa BHHUMATEIIHO
TpsiOBa Aa ce IIaHupa HEeoOXOoquMaTa eHeprHs;

* noodgoonu: Tlopanu (akra, ye CEH30pHHUTE BH3IIU
ca cHabueHu c Oarepuu, KOMTO HEe Morar aa Obaar
3aMEHEHH, Thil KaTo Te ca pa3IoJIOKEHU I0Jl BOJA,
MOTPeOJICHUETO HA SHEPTUs TPsiOBa a1a Oblie BH3MOKHO
Hali-Manko. 3HAuUWTENHa 4YacT OT EHeprusita ce

28

M3pa3xojBa 3a II0/IBOJIHA AKYCTHMYHAa KOMYHHUKaIus,
KOSATO C€ IBDKH Ha YHHKAJHHTE XapaKTEPUCTHKH Ha
MOABOJHUS aKYCTUYCH KOMYHHUKALIMOHEH KaHal, KaTo
UMa OrpaHMYEeHa 4YeCTOTHA JIeHTa, 3aTHXBaHE U
3a0aBsiHE Ha PAa3NPOCTPAHEHUETO HA CUTHAIA,;

* MyImuMeOuiiHu: CeH30PHU BB3JIH ca 000pyIBaHH
C KaMepu M MHKPO(QOHU ¥ OOMKHOBEHO Pa3MOJI0KeHU
[0 MpPEABAPUTENHO IUIaHWpaH HauuH. Te mpemnarat
MYJITUMEIUHHO ChIbPKAHHE KaTo BHJEO, ayIuo M
n300pakeHus, Iopagyd  KOETO  HMMaT  BHCOKa
KOHCyMalss Ha EHEeprusi ¥ U3HCKBAaT BHCOKA
IIPOITyCKAaTeNIHa CIIOCOOHOCT U ocHurypsiBane Ha QoS;

*MOOUNHU: CCH30PHUTE BB3JIM MMAT CHOCOOHOCTTA
Ila ce JBMIKAT, NPENO3ULUOHHUPAT U 1]a CE OpraHu3Upar
B Mpexata. [lopaau ToBa, Te Morar Ja MOCTUTHAT I10-
BHUCOKAa CTENeH Ha IIOKPUTHE M CBBP3aHOCT B
CpaBHEHHE C  CTaTHYHH  CCH30DHH  BB3IM.
[TomyyaBaHeTo Ha JAAQHHU YECTO € MPEANU3BHKATEICTBO
U MOXE J]a KOHCYMHpa TOJISIMO KOJIMYECTBO ESHEprus,
3apajy AMHAMUYHOTO PYTHUpPAHE;

® XuOpuoHu, W3TPaJCHH KaTo KOMOUWHAIMS Ha
TOpHUTE BUI0BE Mpexu.BaxHo e na ce orbenexu, ue
XUOpU/IHUTE MpPEXH HMMaT BHCOKa KOHCyManusi Ha
EHEeprusi, mopagyd KOeTo € Heo0XOIUMO Ja TBPCAT
NPOTOKOJIM, OCHUTYpsIBalli MHHUMAJICH pa3xol Ha
eHeprus [6].

B 3aBHCHMMOCT OT H3NOI3BAaHHUTE TPHIOKCHHS
MpEXHUTE MOrar na ObAar neuHHpaHH, CHIVIACHO
Ha4yMHa 10 KOMTO ca U3rpajieHu, HarpuMmep:

v/ Haii-Manko eIuH Bb3ed KOMYHUKHpA C
KOOpAMHATOPA ChOUPAII JAaHHU;

v' KoMyHMKAallMOHHa CTPYKTypa Ha MpexaTa
OCUTYypsiBA KOMYHUKAallMOHHA CBBP3aHOCT  MEXIY
BCHYKH YCTPOICTBA;

v' OmnpezeneH NPOLEHT OT yCTpoicTBara B
MpeKaTa MOTaT Aa KOMYHUKHPAT.

B. Bmopa ¢paza, pabomna haza

BCM B paboTeH peXHM HU3BBPIIBA CHCTEMHO
npeAaBaHe Ha JAaHHUW OT CEH30pUTE M OTYMTaHE Ha
eHepromnorpebnenne. Ha To3m eram ce mocraBs
M3MCKBaHe 3a mojaspxkaHe Ha QoS. KauectBoTo ce
ompejens M0 pa3jiMueH HAauuMH OT TIJeJHa TO4YKa Ha
MOTPEOUTENNTE W IPWIOKEHHATA M € Pa3INYHO OT
rieaHa Touka Ha Mpexara [1]. IlorpeOurenmure ce
HHTEpECYBaT C€aMO OT MpPEKOBHUTE YCIyTH, KOUTO
MpSIKO BIHMSAT HAa KadecTBOTO Ha H3IOJI3BAHOTO
npunoxerne. OT TJIeHA TOYKAa Ha MpEKaTa € BaKHO
na ce ocurypu okenaHoro QoS u  epeKTHBHO
W3MIOJI3BaHE  HA  MPEXKOBHTE  pecypcu [4].
CrnieioBaTeNHO € BaKHO KaK MpekaTa JOCTaBs JaHHHUTE
OT CEH30pa ChC 3aaJieHUTe orpaHndeHus ot QoS, npu
e(peKTHBHO H3MOJ3BaHE HAa MpPEXKOBUTE pPECypcH.
Bernpekn ye He MOXeM Ja aHalIM3UpaMe BCSKO
Bb3MOXHO mnpuioxenue B bCM, nocrarbuHo € aa
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aHamu3upamMe BCEKH KJIac TIPHUIIOKCHUS,
KIacupHUIUpaHd B 3aBHCUMOCT OT MOJEIUTE 3a
npefaBaHe Ha JaHHW. [10 OTHOIICHHWE HAa MPEKOBHUTE
M3UCKBaHWs 3a nocturaHe QoS ¢ BaKHO Kak ce
MpeaBaT JaHHUTE Ha KOOPAMHATOpA IPH ChOTBETHUTE
npwiokeHus (Tabnauna 2).

OOWKHOBEHO CBHIIECTBYBAT TPH OCHOBHHU MoJena 3a
npejaBaHe Ha JaHHHU: YIPaBIsiBAHK OT CHOMTHS,

3aJBUKBAHU OT 3adBKW M HEIPCKLCHATO IIPEAaBaHC

[4].

TABJIMLIA 2
MOJEJIN 3A TIPEJABAHE HA TAHHU BHB bCM
MOJEJIA 3A TIPEJABHE HA
HHA
Kiac na Mogennmo  Mogenno | IIpoxbmxka-
NPHJIOKEHUETO cpbuTne 3asBKa Balll MOJEIT
OT TouKa 10 He He He
TOYKA
HHTepakTHBEH Ha Ha He
Jomycrtumoct Ha He Crneuuduny Ja
3aKbCHEHHETO Ha 3asBKa
Kputuuen Ha Ja Ja
* Mooen 3a  npedasane  Ha  OaHHU,

npeou3suUKan om cvyoumue 6 mpexcama,

IToBeueTo mnpuIOXKEHUS B TO3M MOJIENI ca
WHTCPAKTUBHM W HE JIOMyCKaT W3I0J3BaHE Ha
3aKbCHEHHs. Te ca ompe/esieHu OT MOCTaBeHaTa 3ajaJda
B Mpexara. ToBa 03Ha4yaBa, 4e CCH30PHTE, pearnpaliy
Ha OIIPEeJIeJICHO ChOUTHE ca MHOTO Ba)YKHU 3a ycIieXa Ha
nprmioxkeHnero. lIpunokeHueTo TpsOBa Ja OTKpHE
Te3W CHOWTHA ® CHOTBETHO Ja TpeArpHeMe
HEO0OXOANMUTE NEHCTBHS BH3MOXKHO Hal-Obp30 U Haii-
HagexaHo. OCBeH TOBa caMOTO NPWIOKEHHE HE € OT
TOYKa JI0 TOYKA T.€. SANHUAT Kpail Ha MPHIIOKEHUETO €
KOOpAMHATOpa, a JAPYTHAT Kpail HE € eAMHUYEH
CEH30pEH BBH3eJ, a IPyNa OT CEH30PHH BH3IIM B paiioHa
Ha cpoutHeto (¢ur. 2.). Bropo, mororure AaHHU OT
TE3W CCH30PH BEPOSATHO II¢ OBJAT CHIHO KOpPEIUPaHU
U 10 TO3U HAYUH IIIC C'I))]"bp)KaT MHOTI'O I/IH(I)OpMaIlI/Iﬂ.
Tpero, TpadukbT HAa [OaHHW, TCHEPHUPAH OT CIUH
CCH30p, MOXE Ja € C MHOIrO HHCHK HHTCH3UTET.
TpaduKbT TeHEpUPaH OT MHOTO CEH30PH, IBJDKAIIU CE
Ha 00O CHOMTHE WIM SBJICHHE, MOXE Ja € TOJIAM U
TOM € M3BECTEH KaTo “‘oToK* oT AaHHU. JleiicTBusTA,
KOMUTO TpsiOBa da ce MpeanpuemMaT B OTTOBOP Ha
OTKPHUTOTO CBHOWTHE OT CEH30pW WJIM H3BIHUTEITHH
MEXaHH3MH TpsiOBa Ja ca BB3MOXKHO HAH-OBp3M U
HaZEeXTHU. Te3u CeH30pH U U3MBIHUTEITHN YCTPOUCTBA
MOJE Jla HE ca CHIIUTE CEH30PH, KOUTO Ca YBEIOMILIU
KoopauHAaTopa 3a ToBa cwOutme. To3m Momen 3a
NpeAaBaHe Ha JaHHW BKJIIOYBAa MHOro TunuuHu bCM
MIPIJIOKCHHS, KOUTO U3UCKBAT OTKPHBAHE HA CHOUTHUSA
U OIICHKA/TIPOCIICIBAaHEe HA CHTHAJA, KaTO HAIpuMep:
yCcemlane W pearrupaHe MpH aBapUHHH CHUTyaldd, U
0Bp30 HAIyCKaHE Ha CTpajara.
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* Mooen 3a npedasane Ha OaHHU, NO 3AABKA.

[loBeueTo MNPUIOKEHUS TPH TO3M MOJENI ca
WHTEPAKTUBHMA  CBIJIACHO  KOHKPETHATa  3asBKa.
3asBKata MOXe [a Ce W3Mpallla MpHU MOUCKBAHE, MPU
npekoHpUryprpaHe Ha  CEH30pHHTE BB3JIA  OT
KOOpJIMHATOpa. 3a MEeCTeHe Ha EHEeprusi Morar jaa ce
M3MpaIiaT 3asBKM NpH HOWCKBaHe. To3u Moxen 3a
npeJaBaHe Ha JaHHM € TO0JA00CH Ha MoJena,
yipaBjsiBaH OT C'b6I/ITI/IH, C U3KIIKOYCHHUEC Ha TOBa, 4€
JIAHHUTE CE€ M3TErJST OT KOOPAHHATOpPA, JOKATO IMpU
MoJeNla, YOpPaBJIsABaH OT CHOUTHS JaHHHUTE Ce
U3MpamaT KbM KoopauHaropa. [Ipuioxkenusita Tpsioa
Jla TIOJTy4aBaT JaHHUTE BB3MOXKHO Hail-Obp30 W Haii-
HagexaHo. I[lpu To3u MeTon, 3asBKarta MOXKe Ja ce
M3I0JI3BA 33 YNpaBiIeHHE W MPEKOH(PHUIypUpaHEe Ha
CEH30pHUTE BB3IU. Hampumep, ako KOOpIHHATOpA
MCKa Ja HAJCTPOH coTyepa Ha CEH30PHUTE BB3IH, J1a
npeKkoH(Uryprpa CKOpOCTTa Ha M3IMpallaHe Ha TaHHU
WK J]a IPOMEHH MHUCHUSITAa HA CEH30pa, TOH TpsAOBa na
n3MpaTtu KoMaHJa 3a H3IBJIHCHUE Ha TE3W NPOMCEHHU.
TpsioBa 1a ce oTOenexu, ue KOMAHIUTE OT
KOOpAHMHATOPA MPEACTABISIBAT STHOMIOCOYCH TPaduK U
M3HCKBAT BUCOKA HAJICKTHOCT.

N, Covbutne /
~ 4

Seao_-"

®ur. 2. CrOuTHeH Moel

* Henpexkvcnam mooen

JlaHHuTe Ce W3mpamar HENpeKbCHAToO OT
CEH30pUTE KbM KOODAMHATOpPA C MPEABAPUTEIHO
ompesieneHa CKOPOCT IMpU U3IpallaHe Ha BHJEO,
n3o0pakeHHe WIM aynuo ¢aiil B pealHo BpeMe.
HyxHo e na ce cna3Ba chbIll0 M3BECTHO 3a0aBsiHE NPU
NIPEAaBaHETO Ha JaHHUTE, KOETO € OrPaHW4YEeHO B
ompefeNeHa BpeMeBa paMKa, Ja C€ H3IBIHABAT
ONpEJENeHN M3UCKBAaHMSA KbM IIMpPOYMHATA Ha
YecTOTHATa JIeHTa, KAaKTO M JOIycTHMa 3aryba Ha
MIAKeTH B OMNpEAENEH MPOLEHT IpH IpelaBaHe Ha
JTaHHU B PEATTHO BpEME.

* Xuopuoen mooen

Tpi KaTo pa3sTUYHUTE MPUIOKEHUS HUMAT
pa3IMYHY M3UCKBAaHUA, B HIKOM MPEXH € HE0OX0ANMO
Ja Cce M3M0N3Ba XWMOpHIEH Monel, KOWTO e
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KOMOWHAITHSI OT TOPHUTE MOJIed. ToBa 00CTOATENCTBO
CIy’)KH  3a  CBh3JaBaHE Ha  MEXaHM3BM  3a
MIPHCIIOCO0SBaHEe KbM PA3INIHU THIIOBE TPa(UK.
O06001eHnTe U3NCKBAHNS KbM PA3IHIHUTE MOJICIH
3a mpenaBaHe Ha JAaHHM IIOKa3BaT, Y€ HMa HIKOU
pa3IUK{ B M3HCKBaHHATA 3a mpuioxeHne Ha BCM u

TpaluLIMOHHMTE  Mpexu. Ha  mepBo  MmsAcTO,
npuioxeHusita B BCM Bewe He ca KpalHH
npuioXKeHuss. BTopo, dYecToTHaTa JIeHTa HE €

OCHOBHarTa Iprka 3a eJ1H ceH30peH Bb3el. llupunara
Ha YecTOTHATa JIEHTa 00aue MOXKe J1a € BaKeH MpoliieM
3a Tpyna OT CEH30pH 32 OIpENEeNICHH NEepHOAU OT
BpeMe, OBJDKAIIM Ce Ha MHTEH3MBHOCT Ha CEH30pPHHMS
tpaduk. Tpero, 3aryOure Ha makeTd B Tpaduka,
TeHEepHpaHH OT €JHH CEeH30pPEH BB3eJ, MOrar Ja Obaar
TOJIEPUPAHU JJO U3BECTHA CTETICH.

I. Tpema ¢paza, @aza na paznadane Ha mpexcama

Ta3u ¢asza 3amouBa ¢ OTKAa3M Ha YCTPOMCTBA,

M3YEprBaHE Ha EHEPTUsTa, IPACTUYHU TOIMOJOTHIHU
NIPOMEHM WM 3JI0HAMEPEHM aTaku. BbIpekn ToBa
Ha4yaJoTo Ha Ta3W (azara € pasiIuyHa 3a Pa3IMUHUTE
npunoxenus. Paszata Ha pasmagaHe Ha CEH30pHATa
Mpexa MOJKe J1a 3aII04YHE U C:

e HewusmnpaBHOCT B KOOpAUHATOPA;

e  HeusnpaBHOCT Ha pyTUpAILUTE Bb3IIHY;

e l3uepnBaHe Ha eHeprusiTa Ha rojisiMa 4acT Ha
BB3IMTE  M3rpAXKAANM  TONOJOTHATAa  Ha
Mpexara;

e [lonmxkaBaHe Ha KauecTBOTO Ha ycayrure QoS.

Teit xato BCM ce wu3mom3Bar TNpPEeAWMHO B

TPYIHOAOCTBIIHU pallOHW, OCHOBHUSIT M3TOYHHMK HA
eHeprus 3a nmoedyeto bBCM e Garepusita. OcBeH TOBa,
CEH30pHHTE BB3IIH Ca MIPEAUMHO MAJIKU U 1Opagy TOBa
€ TPpYOHO JOa ce MPWIOXKAaT APYrd HU3TOYHMIM Ha
3aXpaHBaHE, KAaTO HaOpUMEp CIBHYCBU IMaHCIN WU
BATHPHU TypOuHH. Pecypcure Ha BCM ca orpannuenu
U OCHOBHA TpIKAa € HaMalsiBaHE Ha M3MO0JI3BaHOTO
KOIMYECTBO €HEprusi, KOeTO BOAM J0 MalbK
KOMYHUKAI[MOHEH IUana3oH, ¢ HUCKa MPOIyCKaTeJIHa
CIOCOOHOCT, ®  OrpaHmdeHo  oOpaboTBaHe U
CbXpaHEHHE Ha J@aHHUTE OT BCEKH BbB3el. PasnuuHu
BugoBe bCM wmmar pa3nuyHd Tpeau3BUKATEICTBA U
OTPaHUYCHHUSL.

[11. 3AKJIFOYEHUE

OOHMKHOBEHO TapaHTHPAHETO Ha OINPEIEICHO HHIBO
Ha QoS B BCM e npenu3BUKaTEeNICTBO MNOpaAU
OTpaHHYCHUTEC HAJINYHU PECYypCH W BB3MOXKHOCTH,
KaTo eHeprus, mNaMmeT, KamanuTeT Ha Tpaduka u
BB3MOXKHOCTH 332 00paboTKa, HENpPeABHIUM XapakTep
Ha 0€3’KWIHUTE BPB3KH M YECTO TOJSIM OpOil CEeH30pHH
b3 B BCM. TexymoTto pazsutue Ha bCM mokassa,
4Ye MPEKUTE CTAaBaT BCE MO-CIOXKHH M CJICIOBATEIHO
HOTpe6l/ITeHI/lTe " NMPUJIOKEHHUATA U3UCKBAT MO-TroJiIMa
YEeCTOTHA JICHTA, II0-MaJIKO 3aKbCHECHHUS W TOBHUIIIABAHE
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Ha HagekaHocTTa. ClenoBaTeNnHO, KadecTBOTO Ha
yciryrata QoS ce mpeBphINa B €AWH OT KIFOYOBHTE
¢dakxropu Ha BCM.

OcHOBHHUTE yCHIUS B 00JacTTa Ha HW3CICIBAHUATA
Ha BCM ca goBenu 10 MHOTO Pa3iMdHA METOIHM 3a
ocurypsiBae Ha QoS. B ToBa m3cieaBane € mpoydeHo
ocurypsisaaero Ha QoS B BCM ot riegHa Touka Ha
eTanuTe 3a IPOEKTHpaHe Ha MpEXUTe U ca
aHaJIM3UpaHu ChIIECTBYBAIIUTEC METOAN U MOJCJIN.

B pesynrar Ha TOBa m3cCiiefBaHE € OIPEAEIEHO, Ye
Ba)XHO 32 IIOCTHTaHe Ha OIpenesieHo KadecTBO QoS
IIPH TIPOCKTHPAHETO HAa MPEXKHTE € Ja CE OIpeleiu
TOYHUSAT BHUJ Ha MpeXara, MOJCIHTE 3a MpelaBaHe Ha
MAaHHWTE B MpekaTa B 3aBUCHMOCT OT Kjaca Ha
TIPHUIIOKECHAETO

BJIATOJJAPHOCTHU

Hacrosmmsar noknan e ¢uHancupad oT Brrpemen
¢onn mo HUJT na BVYTII, nanpaBnenne 1.3.
CrduHaHCcHpaHe Ha WHAWBUILYaIHN y4acTHsl B HAyYHU
CIHCAHMS ¥ MEKTyHAPOIHH KOH(EPEHINH.
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Knouosu dymu — EBTHH ¢(oTOBOJITAMYEH KOHBEPTOP,
doroBonTanyHoO 3axpaHBaHe, BJIAKHECTO-ONTHYHH
CeH30PHH  MpeXH, ONTHYHA  MOINHOCT,  Ja3ep,
MAaKCHMAJIHA TOYKA HA MOIIHOCT.

1. VYBOJ

[Ipe3 mnocnemnure rogunu Oeme paspaboreHa
uesTa 3a 3aXpaHBaHE HA CEH30PHU TEPMHHAIH Ype3
ontryaa MomrHOCT oT 100mW mo 2W. [IpemumcTBOTO
HA TO3M THUN 3aXpaHBaHE € YCTOHYHMBOCTa Ha
€JIEKTPOMAarHUTHA CMYIICHUS, TOKOBH YIapH, MBIHUU
u paboTa BBB B3puBoomnacHu cpenu [1]. I1o To3n HaunH
YCTPOMCTBOTO T'ajIBAaHUYHO ce u3onupa. IlosBuxa ce u
MaTeHTH 32 HOB THUI CEH30PHU MPEXH C TaKoBa
3axpaHBaHe, KATO KOMYHHUKAIMATa Ce OCHLIECTBSIBA 110
oTamenHo BiakHo [2,3]. Ha mazapa ce mnosiBuxa
crienuan3upany (OTOBONTAMIM 32 KOHBEpTHpaHE Ha
ONTHYHA SHEpPrus, Ipe/aBaHa I10 BJIAKHO, HO TSAXHATa
nena e MHoro Bucoka (Hax 600 EUR). B cratusra e
pasriemaHa BB3MOKHOCTTa 32 H3IIONI3BAHETO HAa
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CHITUIMEB (DOTOBONTAWK KAaTO MO-CBTHH BapUaHT 3a
(hOTOBONTANYHO 3aXpaHBAHE HA CEH30PHH MOJYJH BbB
BJIAKHECTO  ONTHYHUTE  CCH30PHH  MpPEXH U
ChIIEBPEMEHHO M3I0JI3BAHETO My KaTto
(dboTonprueMHHK. 3a [eNITa Ce M3MOI3Ba (POTOBOJIITAHYCH
MaHex, W3rpajieH OT TpU MapajieHo CBbP3aHU
¢doroBoaranyan cermentn tun  KXOB-17  [9].
®DOTOBOJITAUKBT € BrPajicH B KOPIYC, KOMUTO MOXKE Ja
Ce KyIUIMpa ¢ MHOTOMOJIOBO ONTHYHO BJIAKHO, Ipe3
KOETO ce IpeHacsi (JOTOHHA eHEepPrus OT MH(padepBeH
nma3ep. BpB BTOpara 4acT Ha CTaTusATa ca HAlPaBEHU
EKCIICPUMCHTH C IIeJl W3IO0J3BaHe Ha (POTOBOJITAHKA
kara (OTOJECTEKTOp 3a MpPUEMaHe HA JaHW U [0 TO3U
HAYUH JIa C€ OCBHIUISCTBH €IHOBPEMEHO Ipe/laBaHe Ha
JaHHH W ONTHYHA EHeprusi mo eaHo BiakHo. OT
HalpaBeHUTE  M3CJICABAHMS  HA  AMIUIUTY/IHO-
YECTOTHUTE  XapaKTePUCTHKA C€ YCTaHOBH, 4Ye
(OTOBONTAMKBT MOXKE Jla MPUEMa CUTHAIIM C 4YecToTa
10 700 kHz. ToBa maBa ocHOBaHHE Ja CE€ 3aKIIOYH, Y€
TO3U (POTOBOJITAUK MOXKE Jia Ce H3IO0J3Ba KaKTO 3a
3axXpaHBaHE C ONTHYHA CHEpPrus, Taka U KaTo
(hOTONPUEMHHK 32 JaHHHU ChC CTaHJIAPTHA CKOPOCT OT
38.4 kbit/s; 57.6 kbit/s; 115.2 kbit/s; 230.4 kbit/s u
460.8 kbit/s. [1Io To3u HauMH MOYXE I1a CE OCBHILECTBH
OINTHYHA KOMYHHUKAIUs ¥ (POTOBOJITAMIHO 3aXpaHBAHE
Ha CEH30PHHU MOJYJIY TI0 €IHO BIAKHO.

II. KOHCTPYKIIUA

EnHa OT OCHOBHHTE L€ MPU KOHCTPYMPAHETO Ha
TO3W TUN (POTOBOJNITAMYEH KOHBEPTOP € 3HAUYUTEIHO
NO-HUCKaTa ILIeHa B CPaBHEHHE C MpelaraHuTe Ha
mazapa ¢oroBonTandHu KoHBepTopH [4]. Ha ¢dur. 1 e
NOKa3aHa IPUMEpPHA KOHCTPYKIHS Ha pa3pabOTeHHMs
($hoTOBOATANYCH KOHBEPTOP.

,,

@ur. 1. KoHcTpyknus Ha Kopiryca Ha ()OTOBOJITAUYHHS
KOHBEPTOP

B ropmara uyact Ha kopmyca e mnocraBeH FC
KOHEKTOp, C 1IeJ CBbP3BaHE HA MYJITHUMOAOBO ONTHYHO
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BIakHO (62,5um), mpe3 KoeTo ce mpeHacst (GoTroHHA
eHeprusi OT WH(pavyepBeH Jiazep C ABbDKMHA Ha
BeiHaTa oT 808nm. B gpHOTO Ha MeTaneH Kopiyc e
HaHeCeH aueNeKkTpuueH ciod (3), BBPXYy KOWTO €
3aKperneHa miatka (2) cbe cuuiueB GotoBonTauk (1)
¢ pasmep 22x21 mm wu amaronan 30,4 mm. Camwust
(GOTOBONITAUK IIPEACTABIIABA IaHEN, MOCTPOCH OT TPH
rapaJielIHO CBbP3aHH MOHOKPUCTAIHU (DOTOBOJITAUYHU
cermeHTa XOB17-04x3. MankuTte pa3mepu U HHCKaTa
ueHa (6% 3a Tpu cermMeHTa) ca OCHOBHATa NMPHYMHA 32
n3bopa Ha To3M TN (oToBONTaNYHHU KiIeTkH. C 1en
OIIPOCTSIBaHE HA KOHCTPYKLMATA U HaMaJsABaHE LIeHaTa
Ha (OTOBOJNTAMYHMSA KOHBEPTOp, HE € TPEIBHICHO
M3I0JI3BaHe Ha KonmMmupamia jema. [IpemaBanero Ha
(¢oTOHHAaTa eHeprus OT ameprypara Ha ONTHYHOTO
BIaKHO 10 ()OTOBOJATaMKA CTaBa B OTBOPEHa cpena
(free spice). Ilpu OTCHCTBHE Ha KOJHUMHpAINA JICINA,
ype3 Oupakuys Ha JIA3epHUS CHOI, C€ IOCTUra
LIMPOYMHA Ha JIa3€pPHOTO TMETHO, HEOXOAMMO 3a
ONTHUMAaJHO  OCBETsIBAHE Ha  (OTOBOJTAWMKA Ha
pa3rosgHue OoT 62mm OT amepTypara Ha ONTUYHOTO
BJIAKHO.

[II. EJJEKTPUYECKU XAPAKTEPUCTUKU HA
®OTOBOJITANYHNU I KOHBEPTOP

@DOTOBONTAMYHHAT KOHBEPTOP € CHCTaBEH OT TPHU
¢oroBonTanunn cermenrta XOB17-04x3, cBbp3aHu
napasiesiHo. [Ipu napanienHo cBbp3aHu (HOTOBONTANIHU
CEerMEHTH, U3XOIHHUAT TOK OT (DOTOBOJNTAUYHUS
KOHBEPTOpP € PaBeH Ha cymara Ha TOKOBETE, MOJyYeHU
OT TPUTE CEerMeHTa, a TeHePUPAHOTO HAMpPEKEHHE €
€/IHAKBO C HANpPEXEHHUETO Ha CErMEHTa C Hal-MaJKo
HampexeHue.  Boiar-ammnepHara — XapaKTEpUCTHKA
nokazaHa Ha ¢ur. 2, 1aBa 3aBHCMMOCTa Ha TOKa BbB
(GYHKUMS OT HAlpEeXEHUETO IPH OCBETEHOCT Ha
doroBonTanka ¢ Jsasepen TOTOK (A=808nm) ¢
MomHocT oT 500mW. B xopu3oHTasiHaTta 4acT OT
XapakTepUCTHKAaTa (OTOBOJTAUKBT pPabdOTH  KaTo
peajeH H3TOYHMK Ha IOCTOSHEH TOK, JIOKAaTO BBB
BEepPTHKaHAaTa pPa0OTH KaTro pealicH H3TOYHHK Ha
HampexeHue. B KOMSIHOTO Ha KpuBara ce HaMupa
TOYKaTa Ha MakcuMmaiHa momHocT (MPP), mpu koeto
(OTOBOITAUKBT PAbOTH ¢ MakcUMaliHa €(hEKTHBHOCT U
MaKCHMaJlHa MOIIHOCT.

TmA]

leo S
Impp

1.5 Umpp Uoc U

@ur. 2. Bonr-amnepHa kpuBa Ha (OTOBONTAMYHUS
KOHBEPTOP
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MaxkcumanHaTa MOIIHOCT C€ ONpEAeis OT CIEAHOTO
ypaBHEHHE:!

P e = Ly U ppp (D

MetonbT 3a ONpENE/SIHETO Ha HAMPEeKEHUE IMpH
MakcuManHa MommHocT Uppp ce  0a3upa Ha
HAOJIIOICHUETO, Y€ CHhOTHOIICHHETO Mexay Upnpp U
HaNpeKeHUEeTo npu oTBopeHa Bepura Upc € IMOYTH
MOCTOSTHHO [5]:

UMPP = kmv 'UOC (2)

Croiinocta Ha k,, HE € IOCTOSIHHAa M CE IBWXHU
mexnay (0.7 0.95) [6]. Toxpr npm MaKcHMailHA
MOIITHOCT Iypp € B NHHEHHA 3aBHCHMOCT OT TOKa Ha
KBCO CheauHEeHHuE Igc:

Lypp =K,y Lc s ©)

KaTo ky,; uma croitnoct Mexay (0.9 + 0.98) [7].
Croiinocture Ha ky, U kp; 3aBUCAT OT MHTE3UTETA
(MOIIIHOCTTA) HA OCBETEHOCT Ha (DOTOBOJTAMKA, KAKTO
u or Ttemieparypara [8]. JIOKOJIKOTO ca H3BECTHH

croitHocTuTe Ha Ugc 1 Uppp , MOXKE 12 ce ompeaenu
Ky

U
k,, =—=<1 )
Uoe
ITo chirus HAYMH MOXKE J1a C€ OMPEaCIH U Ky
1
kmi = MEP < 1 (5)

sc

B xaranora Ha dotoBonranka XOB17-04x3 [9] ca
nmanenu croHocTute 3a: Ugc= 1.89V, Uypp=1.53V, I5c
=12.6mA u Iypp=11.7mA, u3mMepeHu npu MakCuMaaHa
cnpHYeBa ocBeTHOCT OT 1000W/m2. Makcumainara
MOIIHOCT, TeHepupaHa OT  (QoToBonTamka €
Pro=179mW. Cbc 3amecTBaHe Ha IIOCOYCHUTE
KaTaJIOXKHU JITaHHU B u3pasute (4) u (5) ce mnoiydasa:
kmy =0.81 1 ky,=0.93.
I[Ipn ocBersBane Ha (QOTOBONTAMYHHUS TIAHENT C
KOXEpPeHTHA MOHOXPOMATHYHA CBETIUHA C MOIIHOCT
500mW, TOKBT Ha KbCO CheauHEHHHE € [sc=72mA, a
HaIpakeHHeTo Ha mpaszeH xoa - Upc= 1.9V. Ot uspas
(2), 3a HampexeHWeTo TMPU MacHUMallHA MOIIHOCT Ce
nonydyaBa Uppp=1.54V. ToxbT Ha MakcUMallHa
MOIITHOCT OT ypaBHeHweto (3) ce moiyuaBa
Iypp=66.7mA. OT TOKBT HA MAaKCHMaJIHa MOILHOCT Jypp
¥ HAMpPEXCHHETO Ha MakcuMasHa MOIHOCT Uppp ce
orpenens TOYKaTa Ha MaKCHMAJHA MOITHOCT, KaKTO €
moka3aHo Ha ¢ur.2. MakcumaaHata MOIIHOCT Ha
¢doroBonTanka, cmopen ypasHeHwe (1) me Obme
Prax=102.7mW.

Ha ¢wur. 3 e mamena 3aBucuMocTa Ha MOIITHOCTTA OT
Hampexkenneto (P-V  kpuBa) TpW OCBETEHOCT Ha
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(¢oTOBONTaNKA C KOXEpPeHTEeH (DOTOHEH IIOTOK C
morrHocT oT 500mW.
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@ur. 3. P-V kpuBa Ha ()OTOBONTANYHUSI KOHBEPTOP

Ha ¢ur4 e HampaBeHO  cCpaBHEHHWEe Ha
enextpuueckure MomHOcTH (EP) renepupanum ot
¢doroBonranyante kousepropu XOB17, PPC-4E wu
PPC-6E BbB ¢yHkuust ot ontuunHara MouiHoct (OP)
mojraneHa Ha ameprypara [4]. OT Tax Moxe nda ce
3aKJIIOYM Y€ 3aBUCUMOCTTA HA M3XOJHATa OT BXOJHATa
motnHocT Ha XOB17¢ nuneitna mogo6no Ha PPC-4E n
PPC-6E, HO mnosiyyeHaTa MOIIHOCT € MOMaika. 3a
cMeTKa Ha ToBa IleHaTa Ha XOB17 e neneceT mbTH 110-
HHCKa.

EP
[T

7

—+—XOB17
—8- PPC4E
PPC6E

o 100 200 300 400 500 600 700 O (7]

®wur. 4. 3aBUCUMOCT Ha €NEKTPUIESCKUTE MOIIHOCTH
(OE) ot ontmanata momrHocT (OP)

IV.YECTOTHU XAPAKTEPUCTHUKU HA
®OTOBOJITAUYHNM S KOHBEPTOP

A. Onumna nocmanoeéxa

Kakro e m3BecTHO, 3aqa4ara Ha (OTOBOITAULIUTE €
KOHBEPTHpPAHE HA ONTHYHATA CHEPTHs B EIEKTPUYCCKA,
C IIeNl 3axXpaHBaHE Ha €NeKTPOHHH ypeau. Llenra Ha
HACTOSIIUTE H3CICABAHMS, ONHMCAHH II0-0NTy, €
€IHOBPEMEHHO H3ION3BaHe Ha (OTOBOJTAMKA 3a
3aXpaHBaHC W TIIpUEMAHC Ha JaHHU, TbHA KaTo
ONTHUYHOTO MOJyJIUpaHe Ha (HOTOBOJITAMIUTE € CJIabo
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npoydyero [10]. MeroasT 3a mpeHOC Ha (POTOHHA
€Heprusi M MpeJaBaHe HA MAaHHU [0 €JHO ONTUYHO
BJIAaKHO C€ MWIIOCTpUpa 4pe3 OJoKoBaTa cxema
npeacraBeHa Ha Qur. 5.

(@)

Function Laser Laser
Generator Driver 808nm

Cormaratar
Lma11

Fhotovoltaic
XOB17

@ur. 5. OnuTHa MOCTAaHOBKA 3a U3CJICIBAHE HA
YeCTOTHUTE XapakTepuctuku Ha XOB17

OYHKIMOHATHUAT  TeHepatop renepupa TTL
CHUTHAQJIA C OMNpeJeNieHa YecToTa, KOUTO ce MOoJaaBaT Ha
JIOTUYECKHUsT BXOJ Ha jasepHus apaiisep EU-38-TTL.
Ilo TO3M HauumH ce MoayJiupa OINTUYHHUAT CHUTHAJl Ha
MoliHusl uHppadepseH nazep (100mW). Onrtuynute
CHTHAIM ¢ JBDKMHA Ha BbiAHata — 808 nm 1o
(OTOBONTANYHUSI  KOHBEPTOp C€  IpeAaBaT o
MYJITHMOZIOBO BiakHO (62,5um) ¢ abpkuHa oT S0m.
Ha m3xonma Ha QoToBONTaMKa € BKIIOUYEHO TOBApHO
CBIIPOTUBIIEHHE R KOETO Ce NMPOMEHS C JUCKPETHH
croifHoct B guamasoH or 100kQ mo 50Q.
HampexxeHrnero BbpXy TOBapHOTO CHIIPOTHUBIIEHUE Ry €
BCBIIHOCT M3XOAHHUSI CHrHaJd oOT (DOTOBOJITAMKA,
mokazan Ha kanan 2 (CH2) ©Ha ocmuimockomna.
CragmaptHute  (OTONPHEMHHUIM  pabOTAT  BBB
(doToaMOIEH PaXKKM U U3XOJHHUS TOK (CUTHAI) € MHOTO
MallbK, 3aTOBa 33JBJDKUTENTHO TpsiOBa Ja MMaT
HpeTyCHUIIBATEIIHO CTBIIANO (TpaHCcHMNEeIaHCEH
ycunBaten). 3a pasziuka OT TAX, (DOTOBOJITAUIUTE
paboTsAT BBB (POTOrEHEPATOPEH PEKUM M U3XOIHHSAT
TOK (CHTHa&JI) € JOCTaThbYHO TOJISIM, BCIIEICTBHE Ha
KOETO TPaHCHUMIICIAaHCHUS YCHIIBATEN € m3nuieH. [Ipu
HapacTBaHe HA  decToTara Ce€  yBelUJaBaT
n3KpuBaHuUiTa (HehopMaIMKUTE) HA U3XOAHUS CUTHAT U
¥Ma TI0-TOJIsIMa BEPOATHOCT OT IOSIBaTa HA €IHOOUTOBA
rpemka (BER). 3a pemaBanero Ha To3u mpobiem e
HeOXOIUMO BKJIIOYBaHe Ha kommaparop (LM311) B
cxemara, C LieJl BbCTaHOBsIBaHE Ha IpaBuiiHaTa (Gopma
Ha u3XoAHuA curHai. KbM u3xona Ha xommapaTtopa €
cBbp3an kanan 1 (CH1) ot ocrmiiockona u ce mokas3sa
BBH3CTAaHOBEHHMS U3XO/ICH CUT'HAL.

b. Pesynamamu om usmepsaHuama

XapakTepHO 3a ONTHYHUTEC NPUEMHHIN €, 4e He
pearupatr MUTHOBEHHO Ha M3MCHEHHUATA Ha ONTHYHATA
MOIIIHOCT Ha BX0OJa Ha anepTypara uM. [Ipu oOnpuBane
Ha (OTONMPHUEMHHKA C HMIIYJICEH JIBYUCT IOTOK C
MPaBOBI'BIIHA (hOpMA, M3XOAHUAT CHTHAN 3aKBCHSABA U
uma npyra ¢opma. [IpuurHaTa 3a Te3u M3KPUBSIBAHUS
HAa  M3XOJAHMS CUTHaJl €  MHEPTHOCTTa  Ha
¢dboTomeTekTOpa, KOATO C€ IB/DKA HAa WHEPTHHUTE
MPOIECH Ha TEeHEepalus, peKOMOWHANNSA W TpEHACSHE
Ha TOKOHOCHUTEJIUTE B MOJyNpoBOAHMKA. B Tasu
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IMOCOKa Ca HANpaBEHW H3CICIBAHUSATA HA YECTOTHHUTE
xapakTepucTuku Ha ¢oroBonaranka XOB17, ¢ men
ompejeNsiHe HAa ~ MaKCHMallHata — MOJyJIal[MOHHA
yectota. Ha Bxoma Ha ¢oroBosTanka ce TOjAaBa
HMITYJICHO MOJYJIMPaH ONTHYEH IMOTOK C YecToTa B
nuanaszona ot 1kHz no 800kHz. M3xoaHusT cursHail u
Heropara (opMa ca ONPEOCICHH OT HAIPEKEHUETO
BBPXY TOBApHOTO CBIIPOTUBIIEHUE R, Ha
¢oroBonTanka. UYecroTHaTa XapaKTePHCTHKA JlaBa
3aBUCHMOCTTa HAa HAMPEXKEHHETO BBPXY TOBapa OT
YecToTara Ha MOJYJIAIMATA HA CBETIHHHUS TMOTOK Ha
BXO/la Ha ameprypara Ha ¢otoBonranka. Ha ¢ur. 6 e
JlaJleHa 3aBUCUMOCTTA Ha U3XOJHOTO HANPEKEHHE OT
4ecToTara Ha ONTUYHUS CHCHAT MPH  Pa3invHU
toBapHU chrnpotusieHus (100kQ, 10kQ, 1kQ, 5000,
100Q u 50Q).

Umv) K
1800

1600 ‘
1400
\t\ —100k
1200
\ \ —10ka
1000 1k
\ \ —s000
—1000
\ 500
500 {f=

300 400 s00 600 700 £ [kHz]

®ur. 6. 3aBUCUMOCT Ha U3XOJHOTO HAIPEKEHUE OT
YECTOTaTa Ha ONTUYHUS CUTHAM MPHU Pa3IMYHUA TOBapU

[TpremnyBM MakCUMaJIHH YECTOTH Ca TE3W YECTOTH,
IpH KOUTO H3XOAHWUTE CHUTHATH OT (POTOBONTAHKA
MoraT Ia ObIaT BB3CTAaHOBEHHM OT Kommaparopa. OT
IuarpaMuTe  MOXKE  Ja  ce  3aKNIoYH, — 4e
Obp3oxeiicTBueTo Ha (OTOBONTAWKA CE yBEJIM4YaBa C
HaMaJIsiBaHE Ha TOBApPHOTO ChHIpPOTUBIEHUE. Haii-
roJIIMO OBP30/ICHCTBHE C€ IMOCTHUTa MPHU ToBap OT S0L2,
KbJeTo MakcumaniHaTa 4yectora ¢ 700kHz u u3xomno
HalpekeHue oT MUK Jo0 nuk € 46mV. Ilpu ToBap ot
1002 wmakcumanHata dectrota e 620kHz, a
HanpexeHueTo e 140mV. MakcumanHara yecToTa npu
toBap 500Q2 e 470kHz, nokaro 3a ToBap ot 1kQ
MakcuMasiHarta yectora € 410kHz. 3a chnporuBnenns
or 10kQ m 100k dectoTHara XxapaKTEepHCTHKa €
WICHTUYHA W JBET€ KPUBH ChBHamaT. MakcmManHaTta
yecrora 3a 10kQ e 390kHz, a 3a 100kQ Ts e 380 kHz.
ToBa o3HauaBa, dHYe TPH TO-TOJSIMH TOBapHU
cenpoTtuBieHus oT 10k gyecToTHaTa XapakTEepPUCTHKA
octaBa HempoMmeHeHa. OT TOBa MOXe Ja ce 3aKJII04YH,
4ye MHEpTHOCTTAa Ha (OTOBOJITaMKA CE€ YBelMuYaBa
3HAQYUTEIHO NPU TOBAPHU CHIIPOTHUBICHUS IO-TOJISIMHU
ot 1kQ. 3a nmocTurane Ha MAKCHMATHO OBp30JIciicTBHE
Ha QoToBONTAMKa, TPsAOBAa Ja Ce M3IOJI3BAa TOBAPHO
cprnportusieHue 50Q.
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[lpuunnara e, uye HOTOBONTAUKBT pPAabOTH Karo
TeHepaTop Ha TOK M €MHTHPAHWTE ENEKTPOHH TpsiOBa
O0Bp30 ma ce ,,yTekar’ B TOBapa, 3a Jla MOXE Ja ce
IpUeMar  CIeIBAIlUTEe CTOMHOCTH HA CHTHAa.
OOMeHBPT Ha JAaHHH MEXIy MHKPOKOHTPOJIEPHTE Ce
OCBILECTBSBA 4Ype3 CTAHIAPTHH CKOPOCTH, 3aTOBa B
Tasd IIOCOKA Ca HAaNpaBeHH H3CIEABAHUS Ha
¢doroBonTanKa 3a MpPHUEM HA ONTUYHU MMIIYJICH ChC
cneanure crangapTau decroru: 19.2 kHz; 38.4 kHz;
57.6 kHz; 115.2 kHz; 230.4 kHz u 460.8 kHz. Ha
ciieiBalinTe (UIypH ca IaJeHd W3XOHHMS CHUTHAN OT
¢doroBonTanka (kanan CH2) u curnanma Ha u3xoia OT
kommapatop (xkarman CH1) npu pa3nuyam cTaHAapTHU
YECTOTH.

IIpu gwectorta ot 19,2 kHz, (¢ur. 7.1), u3xogHusr
cHrHal OT (OTOBOJNTAMKAa MMa MaJKd 3aKbCHEHHS B
npeanus ¢pponr. C yBenuyaBaHe Ha yectorara Ha 38.4
kHz (¢wur. 7. 2), BpeMeTo Ha BKIIOYBAaHE HapacTBa,
HaMaisiBa CTHPMHOCTa Ha npeanHus ¢pont. Ilpu
yectotata 57.6 kHz HapactBa W wuHepTHOCTa Ha
¢doroBonTanKa, KOETO BOAM JO H3KpPHBSBaHE Ha
u3XOoqHUs curHAN (¢ur. 7.3).

[Tpwu uecrora ot 115.2kHz (¢ur. 8.1) ctppmHOCTa Ha
MIpeaHus ¥ 3aHUs (PPOHT MPOABIDKABa J1a HaMalsiBa, B
CIIE/ICTBHE HA KOETO M3XOJHHUAT CHTHAI HMa
TproHOOOpa3Ha (opma, a TO3M Ha KOMIIapaTopa OCTaBa
HenpoMmeHeH. KoraTo gectoraTa Ha BXOJHHMS CHTHAI C€
yBemmun Ha 2304 kHz (¢ur.8.2), dopmara Ha
W3XOAHUSI CUTHAaT OT (OTOBOJNTAWMKA € TPUBIBIHA.
3abensizBa ce mpoMsiHa BbB (hopMaTa Ha CHrHaja OT
KOMIIapaTopa, CTPBMHOCTTa Ha NpeAHUs (QPOHT
HaMaJsiBa, a CHIHAIBT 3amoyBa (pazoBo Ja M30CTaBa.
IIpn 460.8 kHz, curHameT OoT QoTOBONTAMKA € CBHC
cuHycounaiHa ¢Qopma, JIOKaTO  CHUTHAJIBT  OT
KOMITapaTopa uMa TpuoHooOpasHa ¢opma, a hazoBoTo
3aKbCHEHHE ce yBenuuana (¢dur. 8.3).

V. 3SMEPBAHE HA BEPOSTHOCTA 3A
I'PEIIKA-BER (BIT ERROR RATE)

OCHOBEH KpUTEpUIA 32 U3MEPBAHE Ha KaYECTBOTO Ha
oOMEHa Ha JaHHM B ONTUYHUTE KOMYHHKALOHHH
cHCTEMHU € BeposiTHOcTa 3a OutoBa rpemka (BER- Bit
Error Rate) [11]. ToBa e OposT Ha crpemicHUTe OUTOBE,
OTHECEH KbM oOmms Opoit Ha OuroBe [12]. 3a
mmepBaneTo Ha BER BBB poTOBONTaMKa B KA4ECTBOTO
My Ha (OTONPHEMHHK, CE€ H3IIOJI3Ba H3MEpBaTEIHATA
IMOCTaHOBKA, MoKa3aHa Ha ¢ur. 9. Uudpopmanusra ce
mpeaBa mpe3 TEeIeKOMYHUKAIMOHHATA Cpefa CepUiHO
n acmaxpoHHO upe3 UART wmomyn, cBep3aH KbM
YHOpaBIABALINS KOMIIOTHDP, mocpeactsom USB mopr.
[lo To3M HaumH ce W30srBa MpoOJEMH, CBBP3AHU C
nedasanusara Ha MPUETHsT CUTHAJ CIPSIMO TNpea eHus
Y TPEIHOTO My OTHYHTAHE.
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Tel. Hin Trig'd b Pos; 0,0005 MEASURE
+ CH2
Pk-Fk
S20mY
[ m
CH2 200my M 250us CH2 /7 132mY
g-Mar-17 0m52 19,2001 kHz
®ur. 7.1
Tek L. Trig*d b Pros: 4,400 s MEASLURE
+ CH2
PE-Fk
M2
W
2
CH2 200my M A00us CH2 7 132mY
g-Mar-17 0054 35.4003kHz
®dur. 7.2
Tek L. Trig'd b Pos: 4.400 U5 MEASURE
+ CH2
Fk-Pk
304l
NW
z
CH2 200md M 10.0us CH2 o 132mY
G-Mar-17 0056 S7.6003kHz
®dur. 7.3

@wr. 7. U3X0HH CUTHAIN OT (POTOBOJITAUKA H
KOMIIapaTopa
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Our. 8. V3xoHu CUTHAIU OT (POTOBOJITAUKA U

KoMIIapaTopa
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®ur.9. OnuTtHa moctaHoBKa 3a u3MepBane Ha BER

OT KOMIIIOTBpPa KBM  aCHHXPOHHUSI  CEpHEH
KOMYHHKAaI[HOHEH MOJYJI ce 3aaaBa nopeauua ot 10
ourta- 0010110101. IToHexe mpenaBaHeTo HA JaHUTE €
aCHHXPOHHO, TepBHAT O6uT (0) e cTapT, cieasar § Oura,
oTroBapsmy Ha OykBara “Z” u mocnenHus out (1) e
cron. ToBa o3HauaBa, 4e ce mpeaBa eauH OalT TIoC
craptT ¥ crom Owrt, win o6mo 10 Oura. M30pana e
UMEeHO Ta3u OykBa, Tbi kato HelHuar ASCII e
01011010b, mpexncraBnsiBamia MOCIEIOBATETHOCT OT
penyBamm ce 1 u 0, kOMOMHUpaHa C NpOMsHa Ha
¢azara Ha curHaiga Ha mnocieaHuTe 4 OWTa CIPSIMO
IBPBUTE 4.

Tasu xoMOMHauus BOXM IO W3KIFOYUTEIHO TOJISIM
YECTOTEH CIIEKTHP, KOWTO TpsiOBa 1a NpeMHHE Ipe3
cpemata. Or  mpemaBaTelst  HA  ACHHXPOHUS
KOMYHHKAI[HIOHEH MOIYJI C€ IpefaBa Mopeauna oT 3
000 000 oOatita ma TTL Bxoma Ha mpaiiBepa W 4Upe3
Ja3epa 1Mo ONTHYHO BIakHO (62.5um) ce mpemasat o0
ameprypaTta Ha (OTOBOJNTaMKA. BBpXy IPOMEHINBOTO
TOBAPHO CBIIPOTHBICHUE C€ MOJMy4YaBa H3XOJHHUAT
curHajg, 4usato QopmMa ce Bb3CTAaHOBSABA  OT
KoMmIapaTopa. Bb3cTaHOBEHHMAT CHUTHAII ce MojaBa Ha
MMPUEMHHKA Ha aCUHXPOHNA KOMYHUKAIIMOHEH MOAYJI U
KOMITIOTBPBT IIPaBU CHIIOCTaBKa MEXIy IpenajeHuTe
U TOJy4YeHHTe OWTOBE BBB BCEKH OaiiT B mopeaumara
ot 3 000 000 Gaiita (30 000 000 Omra). Cnex kaTo
3aBBPINU MpeJaBaHeTo Ha IsuiaTa nopenuma ot 30 000
000 6uTa, KOMITIOTHPBT U3MUCBA OPOST HAa CTPEIICHHUTE
ouToBe.

B Tabu. I ca mageHu OposT Ha CrpelieHUTe OUTOBE
IIPU Pa3IMYHA TOBAPHU CHIIPOTUBIEHHA. Pe3ynrature
B Hes [T0Ka3BaT, 4e (hOTOBOJITAUKBT MOXKE Jla CE M0JI3Ba
HaOEeXXHO KaTo q)OTOHpI/leMHI/IK BBbB BJIAKHECTO OIITHYHA
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CUCTEMA, B 3aBUCHUMOCT OT TOJIEMHHATa HAa TOBApPHOTO
ceapotusienue. [lpu ToBap ot 5002 morar na ce
mpreMaT JaHHH Cbe ckopocT oT 460.8 kbit/s, mokaTto
mpu 100Q2 ckopocta Ha mpuemane e 230.4 kbit/s. IIpu
HapacTBaHe Ha chbhOpoTtuBieHueTo Ha 5000 Mmorar
HAIEXKHO 1a ce npuemar aaHHu ¢ 57.6 kbit/s, a 3a 1kQ
ckopocra nmaaa Ha 38.4 kbit/s. Hamara ce MHOTO BaykeH
n3BOJ, a MMCHHHO, Ja C€ MNMPECABUAN BKIIIOUBAHC Ha
JOMBJIHUTEIICH TOBAp B PEXUM Ha MNpHCMaHE, KOIaTo
KOHCYMAIIMsITa Ha MOJy4eHaTa CHEPrus € IMO-MaJKa,
ChOOPA3HO MOCOUCHHUTE TIO-TOPE PE3yIITATH.

TABHULA T
BPOI1 HA CBHIPELIEHU BUTOBE ITPU PA3JIUYEH TOBAP
Cxopoct | bpoii Ha cerpemienu 6utose - (BER) mpu
Ha TOBApHO CHIPOTHBIIEHHE Ry,
npueman | Ri=1k R;=500 R;=100 R =50
e bit/s Q Q Q Q
38 400 8 0 0 0
(2.6
x107)
57600 (44000 6 0 0
1.46 | (2x107)
x10%)
115 200 0 0
230 400 0 0
460 800 219 000 22
(7.3 x10”) | (7.3x107)

3a ;ma ce mMpoBepH HAAEKHOCTTa Ha (POTOBOJTAHKA
Kato (OTONETEKTOp HA MHaHHU, € HalpaBeH TeCT,
KBJIETO BMECTO MOpPEANIIa OT IOBTOPSIIN ce OaiiToBe e
H3MpaTeHa MHOTOKPATHO e€AuH IUTatT oT [13], oTHacsII
ce JI0 3HAYMMOCTTa Ha W3MepBaHusATa - "Bcuuko Ha
TO3M CBAT C€ U3MEPBa, HE CE€ U3MEPBa CaMO TOBA, KOETO
HEe 3HaeM, 4Ye ChLIECTBYBa WJIM HE 3HAEM Kak Ja To
u3Mepum'. Ts Oeme mnpueMaHa Ha eKpaHa Ha
KOMIIIOThpa 0e3 HUKAKBa TIpelika MPH CKOPOCT OT
230.4 kbit/s.

VI. 3AKJIIOYEHUE

IIpemyoskxeHUAT MeToN W KOHCTPYKLHUS  Ha
BOTOBOJITAMYHUSI KOHBEPTOpP, MOCTPOEH Ha 0aszaTa Ha
craniaptHu cwimnueBn ¢orosontani XOB17-04x3,
MOX€ Ja C€ HU3MO0I3Ba KaTO MHOTOKPaTHO IO-€BTHH
BapHaHT OT  CBIIECTBYyBalmUTe  (HOTOBOJITANIHU
koHBepTopu OT cepusita PPC-xE npm mpenoc Ha
OINITHYHA €HEprys 3a 3aXpaHBaHE HA CEH30PH M JPYTH
enekTpoHHH Monyiu. [Ipu ocBersiBaHe ¢ MH(ppayepBeH
mazep ¢ wmomHOCT oT S00mW, (hOoTOBONTAMKBT
resepupa Hampexenue ot 1,9V u tox 72mA. IIpu ToBa
reHepupaHarTa eJIeKTpuyecka MOIIHOCT Ha M3X0Ja Ha
¢doroBonTanunust koHBeprop e 102,7 mW. Ot
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HalpaBeHUTE EKCIEepHUMEHTH 3a OIpeAeissHe Ha
Obp30/iciiCTBUETO TMpPH TIOJaBaHE HA CBETJIMHHH
UMIyJIcH (YECTOTHHUTE XapaKTEPHCTUKH) MOXE Ja ce
3aKJIrouH, Y€ (OTOBOJITAUKBT MOXKE Ja Ce M3IM03BAa U
Kato (OTONPUEMHHUK 332 CTaHAAPTHH CKOPOCTH MO
230.4 kbit/s, mpu ToBapHO CchIpOTHBICHHE OT S0L.
IIpu cxopoct 460.8 kbit/s rpemikara e mpueminBa u
CBHIIO MOXE JIa ce U3MoJ3Ba. ToBa aBa BE3MOXKHOCT 32
€HOBEPEMEHHO 3axpaHBaHE M IpHEeMaHe Ha JaHHH
(onTHYHA KOMYHHKAIMs) MO €IHO ONTHYHO BJIAKHO B
CCH30PHHUTE MPEXKH.

BJIATOJJAPHOCTH

Hacrosmuar goknan e pa3paboTeH B paMKUTE HA
MIPOEKT ,,dDOTOHHO 3axpaHBaHa JIBYIIOCOYHA
MYJITUIJIEKCUPAHa CEH30PHO-KOMYHHKAIIMOHHA MpPEXa
0 €IHO ONTHYHO BJIAKHO C JHUHEHHA TOIMOJIOTHSA IO

JHoroeop Ne H1-2/19.08.2016, BYTII.
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VHDL PROJECT OF ADC MODULE ON FPGA

.1
Rosen Spirov

Abstract — This article presents a design of a compact
ADC module and a Nexys 2 board with Xilinx’s Co.
FPGA Spartan3 for measurements in dynamic thermal
processes and environments. The ADC module with
FPGA shows excellent working capacity and reliability.
The development module implies a wide range of
applications with its compactness and the benefits of
FPGA technology for real-time operation.

Keywords — FPGA, VHDL, ADC.

I. INTRODUCTION

The FPGA were made in 1984 and they are
considered as a new stage in the development of digital
IS, because they can be programmed [1]. Each FPGA
contains a large quantity of the same type LC logic
cells. By LUT is meant n-input logic block, and n = 4
or 6 (LUT4, LUT6). The clustering of a certain number
of cells forms a programmable PLB logic block, which
is a building block of the FPGA. The second type of
nodes are the programmable input / output pins of the
FPGA- Programmable Input / Output (PIO).

The third type of nodes are memories that are
typically more than one, the type, volume and
organization of which depends on the particular FPGA.
Programming, except through SPI via a serial interface,
can also be done via the 5-wire JTAG interface.

Each of FPGA manufacturers offers design and
programming software. Languages for hardware
description and simulation of electronic circuits such as
VHDL and Verilog are used.

Xilinx is a manufacturer of the FPGA series Spartan-
3AN, containing 5 FPGAs with LC between 50k and
1400k, from 108 to 502 PIO and between 3 and 32
multipliers. It is programmed with ISE and WebPACK
products. It is possible to exchange data with external
DDR and DDR memories up to 400 Mbps. Regardless
of the different names - Development Kit, Evaluation
Kit, Development Board, Evaluation Board, Evaluation
Platform, their main goal is to familiarize themselves
with FPGA capabilities and implement different FPGA
devices [2].

In Fig.1, a simplified block diagram of Future
Technology Devices Int. MORPH-IC for Altera's

'Rosen  Spirov is with the University of
Telecommunications and Post, 1 Acad. St. Mladenov Str,
Sofia 1700, Bulgaria, e-mail: rpetrov@utp.bg
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FPGA [3] is shown.

The power supply is +5 V in external to the USB
port (USB Connector), with the stabilizer being
converted to the required +2.5 V for FPGA operation.
A second stabilizer provides +3.3V and current up to
250mA via the 40-pin connectors J1and J2 for external
devices. The programming of the FPGA is done via the
USB port via the FT2232C control IC, which uses a
program stored in the EEPROM memory during the
production of the kit.

MOSFE T POWER SMTON VOLRY) AN VR Ia
i ®
EE
REGULATOR
VCORE 10 CONNECTORS
O BCAMMING L
TR LCE
Flaanc
USE INTERFACE
L= ALTERA ACEX
DATA TRANSFER EPIKIDTC. 100
INTERFACE FPGA
‘ ST
- Lo
2008 Use
TION
FEPROM |_5Tlu_|___
ORCILLATOR

Fig.1 The block diagram of MORPH-IC

Apart from the USB port, programming can also be
done via J1 and J2. Almost mandatory for all kits is the
MOSFET POWER SWITCH MOS switch, through
which the control IC interrupts the FPGA power when
the kits are not in use.

II. THE DESIGN
A. The experiment base of Nexys2

The Digilend Nexys2 development and experimental
board is presented in Figure 2 [3].

A DIGILENT

Fig.2. The Nexys2

The Nexys 2 features a DC power plug, a battery
connector, and a USB port that switch through a
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jumper. The power supply makes the necessary four
supply voltages - 3,3V, 2,5V, 1,8V and 1,2V.
Consumption depends on the degree of use of the
FPGA, the clock frequency and the periphery.

*Programming can be done via USB Port, JTAG
connector or Flash-ROM.

*The board also has several types of input/output
devices - four non-holding buttons, eight switches,
eight LEDs and four seven-segment LEDs with a
common anode.

*The connectors are two types - four 12-pin
peripheral module connector (Pmod) and a 100-pin
connector.

* Data inputs, VGA connector and RS232.

*PS / 2-port mouse or keyboard and S0MHz quartz
generator connected to the global clock inputs of the
FPGA. The ADC and DAC are an important part of
electronic systems.

B. The module ADC

The modern market offers endless choices of ADC
and a wide variety of possible circuit solutions.

For ADC is a selective IC the MCP3201 is a 12-bit,
monolithic analog-to-digital converter optimized for
high speed and low power consumption. It has small
dimensions and works at a 100 KSPS conversion rate
with good linearity and dynamic range characteristics.
Includes an internal support and sample-and-hold
chain. It only needs 5 V power. Numeric outputs are
compatible with the SPI protocol.

The output data bits allow for insertion of bits from
output clocks, which simplifies data capture.

Mame Function
Vi +2 TV to 5.5V Power Supply
Ve Ground
1M+ Positive Analog |nput
M= Megative Analeg Input
CLK Senal Clock
Dot Senal Data Out
CSISHDN Chip Select/Shutdown Input
Viees Reference Veltage |nput

Fig.3. The table of pin names

MCP3201 is an 8-pin MCOP, PDIP, TSSOP chip with
a wide temperature range (-40° to 85°). The advantages
are:

» Maximum linearity: DNL of + 1 makes MCP3201
suitable for use in instrument diagrams and
measuring instruments.

» Energy Saving Mode: This feature can lower
overall consumption to 15mW.

» De-multiplex CMOS drives enable easy connection
to FPGA modules.
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To obtain better dynamic characteristics, the
impedance of IN + and IN- must match. We have
optimum performance characteristics when analog
inputs are controlled differentially. From the ADC
characteristics, we see that a frequency shift from
Nexys?2 is required, and we add another block to the
Sampling_clk program.
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Fig.5. The algorithm [2]

The timing diagram shows, that the active CS signal
face is falling. To begin reading the data, a
combination of a CLK and CS falling edge is required.
For cessation of reading, CS must be a unit. This signal
is also a role for Shutdown. The development sequence
of the VHDL plug-in management program is
presented on the block diagram with the algorithm in
Figure 5 [4]. It is seen that there are several main
points: design, immunity, synthesis, implementation
and programming. The VHDL description of the ADC
module looks like this [5]:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
irary UNISHE,

use UNISIM.vcomponents.all;

entity adc_test is

generic (n : natural ;= 16);

Port (

clk : in std_logic; -- Local clock

reset : in std_logic; -- Local reset signal
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adc_clk : out std_logic; --sampling frequency to ADC
reg_out : in std_logic_vector(15 downto 0); ---Output to REG
en : out std_logic_vector( 3 downto 0) );

end adc_test;

architecture Behavioral of adc_test is

type state_1 is (reset_1, write_cwr, start_conv, read_data);
signal ps_1, ns_1: state_1;

signal convst_ad_s : std_logic;

signal db_s : std_logic_vector( 11 downto 0 );

begin
process(clk, reset)
begin
if(reset = '1') then

end process;
clk_s<="1"when decade="1001"else 0’

process(clk_s, reset)
begin

if(reset = '1') then

div_adc <= (others =>'0));

end process;

sampling_clk <=div_adc(2)
adc_clk <= sampling_clk;

process(reset, sampling_clk)
begin

end process;

process(ps_1)

begin

case ps_1is

when reset_1=>

ns_1 <= write_cwr;
process(reset, sampling_clk)
begin

if(reset = '1') then
convst_ad_s<="0"

end process;

convst_ad <= convst_ad_s;

process(reset,clk,rd_s)

begin

if(reset = '1') then

end process;

reg_out_s <= regout(15 downto 4) when bit_read(0)="1"else
regout(14 downto 3) when bit_read(1)="1"else

regout(13 downto 2) when bit_read(2)="1"else
regout(12 downto 1) when bit_read(3)="1" else
regout(11 downto 0) when bit_read(4)="1";

end Behavioral;

[II. THE REALIZATION OF THE MODULE AND
IMPLEMENTATION IT IN FPGA

The main schematic diagram of the ADC is shown in

Figure 6.
ChipSelect
U3A 33V
out 2 u; —| ul
B ;8w ci
Ck | g Ve H—o l— ot
oND we 2 ! 1000
S i w2
vee g = iCP3mT l
33V —

C2 yomp ©
Il
il

Fig.6 The module of ADC

The PCB printed circuit board and the completed
experimental module are presented in Figure 7.

Fig.7 The PCB board and device

Project Properties shows the full project description.
The component description is filled out and a VHDL
module is generated [6]. Here are the steps to create a
project in ISE on figure 8.

Fig. 8 The process
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The component consists of two parts - the entity and
the architecture. The Interface Statement defines the
component as a "black box" - input points without any
information about the content and functions.
Architecture describes the functionality and structure
of the component. Then check the VHDL file with
Check Syntax. Next, generate a test bench file (Figure

9 [7].

Fig. 9 The process

The next steps are initializing and starting the
simulation (Figure 10).

Fig. 10 The prbcesé

The synthesis of the project follows. For the VHDL
file, select the Synthesis / Implementation option and
activate Synthesize from the Processes window (Figure
11). To fix some of the pins on the chip, open the
PACE (Assign Package Pin) editor, and in the Loc
column, the numbers of the selected pins are set. The
next step is to record and close PACE. There is a
translation process. In it, NGDBuild converts the input
lists into a common NGD, verifies logical design rules
and time specifications, and adds limitations from the
user limit file (.ucf) to the general NGD list. The
construction is done after defining the properties and
constraints that are necessary for the implementation.

The .ucf file is selected from the sources, and the
Process window is marked Mar and follows Run.

Thus, translation and compilation are automatically
performed [8]. Placement starts with Place & Route.
After completing, the following reports are generated:

Place & Route Report Pad Report and Asynchronous
Delay Report. Generate a configuration file with
Generate Programming File (Figure 12).

S0
=1 2 hal_oddex - Bohavionsl Pasi_adder] vl
i _addert uct fraf_addert e

e P

Fig.12 The configuration of file
IV.RESULTS

The process of programming the FPGA Spartan3
chip on Nexys 2, is used the configuration file (Fig.
13).

The configuration position of the jumper determines
the behavior of the board during programming [9].
When the SW is in the "Master serial" position,
memories are automatically started in the self-
configuring  Flash-ROM  autotest.  For  user
programming must to move the jumper to the "JTAG"
position, then continue with the Xilinx iMPACT
software. Programming in this case is directly on the
JTAG interface.
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SE803A | 331333 . yia4a, @
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Fig.13 The working ADC and FPGA module
CONCLUSION

The ADC module on FPGA demonstrates excellent
performance and will be the part of a real-time
temperature measurement system. The development
module implies a wide range of applications with its
compactness and the advantages of FPGA technology.
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FAST CALCULATION OF HIERARCHICAL
SVD FOR IMAGE PROCESSING

1 . 2
Roumen Kountchev' and Roumiana Kountcheva

Abstract — In this work, new approach is presented for
enhanced calculation of the algorithm Hierarchical SVD
(HSVD) for image processing (investigated by the
authors), based on distributed arithmetic operations. As a
result, the number of fixed-point multiplications, needed
for the execution of the basic operation of the hierarchical
algorithm - SVD for a matrix of size 2x2 - is significantly
reduced. The new decomposition algorithm for image
matrices is called Fast HSVD (FHSVD), because it speeds
up the calculations, which is of high significance for the
real-time image processing. The reduction of the needed
number of multiplications is on account of the
introduction of: 1) Look-Up Tables (LUT), where there
are stored the pre-calculated values of the products of the
discrete functions sina and cosP, and 2) replacement for
part of multiplications by sums of numbers, which are
degrees of 2. Significant part of the operations, needed for
the calculation of the decomposition components could be
executed in parallel, which results in additional
enhancement of the HSVD algorithm. The new algorithm
opens new opportunities for better performance of the
real-time image processing systems.

Keywords — SVD, Hierarchical SVD
calculation, Computational complexity.

SVD, Fast

I. INTRODUCTION

The Singular value decomposition (SVD) is widely
used in different areas, as processing and compression
of multidimensional signals and images, objects
analysis and recognition in computer vision systems,
fluorescence spectroscopy, chromatographic data
analysis, etc. The main limitation for the wide use of
SVD in real time signal processing is its high
computational complexity. Various algorithms are
already developed and proposed for the enhancement
of the SVD calculations, which are based on iterative
methods.

In this work, new approach for fast SVD is
proposed, based on the algorithm HSVD [1], solved by
means of the distributed arithmetic [2]. The new
approach is not based on iterative methods. Instead, the

'Roumen Kountchev is with the Technical University of
Sofia, 8 Boul. Kl. Ohridsky, Sofia 1000, Bulgaria, E-mail:
rkountch@tu-sofia.bg

’Romiana Kountcheva is with TK Engineering, Sofia,
Mladost 3, PB12, Sofia 1712, Bulgaria, E-mail:
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45

needed number of multiplications is significantly
reduced, and it also permits parallel calculations. As a
result, the execution time for the decomposition
calculation is enhanced, which makes feasible its
application in real-time processing of multidimensional
images.

II.CLASSIC SVD ALGORITHM FOR IMAGE
PROCESSING

The SVD execution for the image, represented by
the matrix [X] of size NxN, is defined by the relation
[31:

[X]=[UIZ][ V],
[U]:[GDGZ’“’I—JN]
[V]=[\71,\—/ ,..,\—/N] are comprised by the left-singular

(1

where the matrices and

vectors fjs and the right-singular vectors \73 for
s=1,2,..,N, respectively - the matrices [Y]=[X][X]'
[Z]=[X]'[X]; [Z]=diag[6,,0,,...04] -

diagonal matrix, which consists of the singular values
G =yJA, of the two symmetrical matrices [Y] and

and

[Z] (7”5 - the eigen values of these matrices). From

Eq. (1) it follows, that for the description of the
decomposition for a matrix of size NXN, are needed
Nx(2N+1) parameters in total, i.e. in the general case
the SVD is a decomposition of the kind
“overcomplete”.

III. BRIEF ANALYSIS OF THE FAMOUS
METHODS FOR SVD CALCULATION

The SVD is statistical decomposition for
processing, coding and analysis of images, widely used
in computer vision systems. This decomposition was
recently an object of vast research, presented in many
monographs [3, 4] and papers [5-14]. This
decomposition is optimal, because it concentrates
significant part of the image energy in minimum
number of components, and the restored image (after
reduction of the low-energy components), has
minimum mean square error. One of the basic
problems, which limit the use of the “classic” SVD [7]
to some degree, is related to its high computational
complexity, which grows up together with the size of
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the image matrix. To overcome the problem, several
new approaches are already offered. The first approach
is based on the SVD calculation through iterative
methods, which do not demand the characteristic
polynomial of the matrix to be defined. In this case, the
SVD is executed in two stages: in the first, each matrix
is first transformed into triangular form through the QR
decomposition [3], and then - into bidiagonal, through
the Householder transforms. In the second stage on the
bidiagonal matrix is applied iterative method, whose
iterations stop when the needed accuracy is achieved.
For this could be used the method of Jacobi, where for
the calculation of the SVD for the bidiagonal matrix is
needed the execution of a sequence of orthogonal
transforms with matrices, which differ from the unit
matrix by the elements of the rotation matrix of size
2x2 only.

The second approach is based on the relation
between SVD and the Principal Component Analysis
(PCA) [5]. It could be executed through neural
networks [4] of the kind generalized Hebbian, or
multilayer perceptron networks, which use iterative
learning algorithms.

The third approach is based on the algorithm,
known as Sequential KL/SVD [6]. The basic idea here
is to divide the image matrix into bocks of small size,
and on each to apply SVD, based on the QR
decomposition. At first, the SVD is calculated for the
first block of the original image (the upper left, for
example), and then iterative SVD calculations are
executed for each of the remaining blocks by using the
transform matrices, calculated for the first block
(updating process). In the flow of the iterations are
deleted the SVD components, which correspond to
very small eigen values. For the acceleration of the
SVD calculation, several methods are already
developed [8-10]. The first is based on the algorithm,
called Randomized SVD [8], where accidentally some
number of matrix rows (or columns) is chosen. After
scaling, they are used to build a small matrix, for which
is calculated the SVD, which is later used as an
approximation of the original matrix. In [9] is offered
the algorithm QUIC-SVD, suitable for matrices of very
large size. Through this algorithm, fast sample-based
SVD approximation is achieved, with automatic
relative error control.

Another approach is based on the sampling
mechanism, called "cosine tree", through which best-
rank approximation is achieved. Several SVD-based
methods are developed, aimed at the enhancement of
the image compression efficiency [10-14]. One of
them, called Multi-resolution SVD [11], comprises
three steps: image transform, through 9/7 biorthogonal
two-level wavelets, decomposition of the SVD-
transformed image, by using blocks of size 2x2 up to
level six, and at last - the use of algorithms SPIHT and
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gzip. In [12] is offered the hybrid KLT-SVD algorithm,
used for efficient image compression.

The method K-SVD [13] for facial image
compression is a generalization of the method K-means
clusterization and it is used for iterative learning of
overcomplete dictionaries for sparse coding. In
correspondence with the combined compression
algorithm, in [14] is proposed SVD-based sub-band
decomposition and multi-resolution representation of
digital color images.

One new approach for hierarchical decomposition
of matrix images, based on the multiple SVD
application on blocks of size 2x2, is proposed in [1].
This decomposition with high computational
efficiency, called Hierarchical SVD (HSVD), has tree-
like structure of the kind binary tree.

IV. BAsic FORMS FOR SVD CALCULATION
FOR IMAGE BLOCK OF SIZE 2x2
Here are given the main SVD forms for a matrix of
size 2X2 (SVD,.,), which is the basic operation used in

the HSVD calculation for matrix images of size 2"x2",
in accordance to [1].

A. Algebraic form for the SVD representation of matrix
[X], which corresponds to image block of size 2x2:

o i L% 8]

=0, [Tl ]+62 [Tz ]: [C1]+[C2]5

2

where a, b, ¢, d are image pixels; A=+[v’+41’#0,

o= \/'COZA—, c,= \/_mZ—A_’ r=A+v, p=A+y, s=A-v,

q=A-p, v=a’+c’~b*~d? mn=ab+cd,

p=a’+b’-c’~d?, o=a’+b+c+d’.

B. Trigonometric form of the SVD2x2 representation
for image block of size 2X2:

In this case,

[X]=G{

cos@ cosf, cosf sin@z}
+

sin@ cos@, sing sinf,
€)

sin@ siné,

—sing) cosé),
+0, . )
—cos @ siné),

cos 6 cos 6,

where:
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(4)

1 26
0,= larctg[z—n} 0, =—arctg — |,
2 % 2 n

0 =ac + bd.

The trigonometric form (3) of SVD,,, could be also
written in brief, as given below:
—5,C,
cec, | (B

where s,=sinf,, c,=cosd,, s,=sinb,, c,=cosh,.

CCy 81,

[X]=[c]}r[cz]=c{ C‘ﬂm{
$iC, S5, —CiS,

On Fig. 1 is shown the algorithm SVD,.,, based on
the trigonometric form (5), used for the calculation of
matrices [C,] and [C,]. As it follows from (5), the
number of SVD,,, parameters is four (G;, G,, 01, 0,),
i.e., this decomposition is not “overcomplete”. This is
the main advantage of the trigonometric form of
SVD,., towards the algebraic.

V. ACCELERATION OF THE SVDyx»
CALCULATION FOR A BLOCK OF SIZE 2x2

The acceleration of the SVD,. calculation in
trigonometric form is based on the approximation of
parameters sin@,, cos0,, sinf,, cosb,, 6, and G,, and on
the use of the distributed arithmetic principle [2]. These
parameters are approximated by their representation as
code words of fixed number of bits. As a result, the
computational complexity of SVD,,, becomes lower,
retaining high approximation accuracy, which depends
on the code words Ilength. Each trigonometric
parameter si, ¢1, Sy, C, (a number in the range between -
1 and +1), is substituted by corresponding
approximation §,,C,,S,,C,, represented as a K-bit
binary number (code word).

The relation between these approximations is
defined by the expressions below [2]:

. K-1 " . K-1 "
S~ 51:_51,0"'1;151,1(2 , C= clz—cl’0+kzlcl,k2 s

(6)
S1.0C1 €10, x 1} for k=0,1,2,.. . K-1,

. K-1 X . K-1 I
8,= Sz=—sz,0+k§182,k2 s szcz:_cz,o"‘glcz,kz s e
S,1 C2,€10,2 1} for k=0,1,2,..,K-1.

Here s, ,c,(,5,,,8,, are the bits, that define the

sign (+ or -) of the corresponding binary number. The
value of K defines the accuracy of the corresponding
parameter. The singular values O; are always positive,

or equal to zero, and hence - they are approximated by
the T-bit words, given below:
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T-1
6,~6,=>0,2" c,,€{0,1} fort=0,1,2,..,T-1
t=0

®)
and1=1,2,
where T is defined by the maximum value of G, i.e.
T:1g26lmax'
a b
[X]= ¢ d| SVD2a
a b € d

Y Y Y Y

v=a’+c’ —b*—d? M =ab+cd

u=a’+b*—c’—d* 8 =ac+bd

l

0,=(1/2)arctg(28/u)
0,=(1/2)arctg(2n /)

i

2
o=a’+b+c+d

A=V +4n’

.
s 0,=/(@+A)/2  s;=sinb, c;=cos9,

!

[4]
m :C1C2 n20152

g=s1C; h=s;s,

QF0m émg\clzfqh GFohid=0g =N GFom

_ C{I Cllz _C12| C122
[Cl]_|:C121 Clzj " [CQ]_|:C§1 “;j

Fig. 1. Trigonometric form of the algorithm for
calculation of SVD,,,

After representing the SVD,,, parameters through
their approximations, the relation (5) becomes of the
kind, called Fast SVD,,, (FSVD,,):

X_abN)A(_AmnA h -g
XI=|, g|FI=6 el b O

where m=¢,C,; n=CS,; g=§,C,; h=§3,.

The value of each product m, n, g, h is in the range
between -1 and +1. Then, the product of numbers S and
C, when |S|<1 u |C[<I, could be presented as follows:
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A A K-1 K K-1 K
SXC=SxCo(osp+ 25, 2 X(—eg+ 2.0, 2") =
k=1

=5, Zrk2 +Z Zs ¢, 27 P=

k=1 p=1

(10)

K- K-1
—pyA-k X
= sOCO+Z(—rk+ Sy Z ¢, 2727 =5,c,+2.q, 27,
k=1 p=I k=1

K-1
where q=—T1+ skz ¢,2 ’e{0,£1} and

p=1
L=50C,Pcose{0,1}. Here @  represents the
operation ,exclusive OR“. In this case, the

multiplication of S and C is represented as sums of the
corresponding terms in (10), at first - in respect of the
variable p, and then - in respect of k. By analogy with
(10), the elements of the matrices in the decomposition
(9) could be represented as given below:

K-l
m=Clcz=Cl,002ﬂ0+kZ][— (01,002,k('B CZ,Ocl,k)+

K-1 . i K-1 X (11)
o2 03, 2712"= M, 2%,
p= =

where: My=c, ¢, £1{0,1},

K-1
M, ==(c, o€, D¢, ¢ )FC 21 c2!p2’pe {0,x£1};
P

o K-1 (12)
n=c¢;s,= Cl,OSZ,O+kz_:1[_(Cl,OSZ,k® 87,01k )+

K-1 o1k K-1 "
+C 2 8,2 " [27=2 N, 27,
p=1 k=0
where N =c, s, €{0,1},

K-1
N ==(C 05, ®5,,0€, ,)+C, Zl szﬁpZ'pe {0,£1};
P
. K-l
g:slczzsl,0C2,0+Z[_(SI,OCZ,k® Co oSt
k= (13)
K-1 - 3
S, 2 czp P27 = ZG 2
p=I1
where G=s, ,c, €10,1},

K-l
== (81,0C2, D €081 )51 21 C,,277e{0,21};
p=

K-1
h=s;s,= SI,OSZ,O+];1[_(S1,OS2,k@ S8 (14)

K-1 _ X K-1 k
TS 2 85,2 P12%=3H,27,
Tp=t 7 k=0
where Hy=s, s, €1{0,1},
K-1
= (81,0821D 85,0811+ & Zl $,,2'€{0,+1}.
-
g=§,C, and
h=S§$, is a function of the couple of variables - the

Each product m=c,c,, n=cs,,
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angles 0; and 0,, defined in the range between 0 and
t 27 After discretization, they could be represented
as follows:

0,(i)=+mi/2"" and 0,(j)= £mj/2*" for (15)
i,j=0,1,2,..,2%1

Using the relations (11)-(14), for each possible

couple of values 0,(i), 0,(j) could be calculated the

corresponding product m, n, g, h. The so obtained

values could be saved in corresponding 2D tables of 2*
rows and 2 columns. The data from the tables

m(6,(1),0,(j)], n[6,(i),0,(j)], g[6,(1),6,(J)],
h[6,(1),0,(j)] for each couple of angles 6,(i).0,(J),
when i,j=0,1,2,..,2K-1, are calculated in advance, and
saved in a special memory, 2D Look-Up-Table (2D-
LUT). To access the content of the cell (i,j) of this
memory, is used the address, defined by the couple
6,(1),0,(j). Each such 2D-LUT memory should have
2% cells. For example, if K=8, the 2D-LUT should be
of 64K cells, where the values of the products m, n, g,
h are saved as 8-bit words.

In this case, the expression (9), which represents
FSVD,,,, becomes of the kind:

S 1 T I S
[X]=[C1]+[Cl]=[s S}{—S S}

where:
S,=6,m

(16)

s $,=6m, ;5

S 3= 01855 S,=¢}h ij>

0]

Ss=6,h; ;; S,=6,¢ ;; S;=6,n, ;; S;=6,m, |

lJ’
Taking into account relations (8), (11)-(14) and (17),
the elements S;-Sg of matrices [C]] and [éz] could be

represented as follows:
T-1K-1

S,;=6,m; = %%Mkucnzl =
t:
R —IK: . (18)
Ss;,=05h; = Z ZHk’i,j 6,27
T-IK-1 o,
SZIJ:G nlj_z ZNk”G“Z
t=0k=0 .
T-IK-1 -, (19)
SG,i,] 2g1] ZZleJGhZ
T-IK-1 -,
S3,i,J lgl_] zszUGlt2
T-1K-1 o, (20)
S7,i,J 1_] ZZNkUGZtZ
T-1K-1 o,
4'J Gh‘] ZZHkIJGI[Z
t=0k=0 .
T-1K-1 21

SS!j_G ml_] z ZMkIJGZtZt -

t=0k=0
In particular, if T=K=L, each of the sums above
could be represented in general, as follows:
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LIL-| L A L1 .
S=X>E06,2"=>cE+>(26.E_ 2 c_F)+
i=0 i

iti-l
t=0k=0 i=1

-1
+Y(2*6F +27c F)+..+(2"'6,F_+2""c_F). (22)
i=2

Hence, the number of summations needed to define
S, is:
g =1+ 2[142+. +(L- 1) L-1=L+ (L—l)L=L2 . (23)
To calculate FSVD,,, in correspondence to (16),

the sums S; - Sg should be calculated, following
relations (18) - (21). Hence, the initial parameters V,

W M, ®,A,0G, 0, 9,0, 6,should be calculated in

advance. The block diagram of the algorithm FSVD,,,
is shown on Fig. 2.

In Block 1 are calculated the initial parameters, and
by using the so obtained values, in Block 2 are defined
§,,¢,,8,,C, as K-bit binary words, and G,,6, - as T-
bit binary words. In Block 3, the pre-calculated
products mj, n;j, gij, hij for all possible values of (i,j)
are saved in four memory arrays (2D-LUT-1/2/3/4).
From the relative address 0,(i),0,(j) of each memory
is taken the corresponding value of the product m;j, n;j,
gi;> hij, which is then introduced to Block 5. Here are

calculated the elements S, of matrices [él] and [éz],

when p=1,2,...8, without using the operation
"multiplication". All operations needed to define S, in
blocks 3-6 could be executed in parallel. As a result,

the calculation of matrices [él] and [éz] is accelerated,

which is the final result of the execution of FSVD,,..
When compared to SVD,,, as shown on Fig. 1, the
number of multiplications needed for the FSVD,,,
algorithm, shown on Fig.2, is reduced by 12.

VI. ENHANCED CALCULATION OF THE
HIERARCHICAL SVD, BASED ON FSVD2x2

The HSVD algorithm for the image [X(2")] of size
2"%2" pixels is presented in general form by the relation

[1]:

XQN=% % .36, . "],

pi=lpy=l1 Pn

(24)

where [Cpl’pz’_“pn(Z“)] is a matrix of size 2"x2", which

is the ps-th decomposition component in the
hierarchical level s=1,2,..,n. The maximum number of
HSVD decomposition levels is n, the maximum
number of the decomposition components is 2", and the
distance in horizontal and vertical direction between
the elements of the blocks of size 2X2 in the level s is
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correspondingly (2°'-1) elements, for s =1,2,..n. As it
follows from (24), SVD,,, is basic operation, executed
many times in each of the hierarchical levels of
HAPCA algorithm. For example, for n=3, the operation
SVD,,, is executed 12 times in total. For the case,
when SVD,,, is replaced by FSVD,, in
correspondence to (16), the execution of HAPCA is
accelerated, and is called FHAPCA. The block diagram
of the new algorithm differs from that of HAPCA only
in the part, which concerns the execution of the basic
operation SVD,,,, replaced here by FSVD,,..

b
[X]:[i d} FSVDy.
S Y SO &
[1] v=a’+c-b-d p=a -~  m=ab-+cd S=ac+bd
@=a’+b*+c*+d> A=V G=y(@+A)/2 0,=/(©-A)/2

0,=(1/2)arctg(28 /1)
(2] 6,G)=ni/2%" fori=0,12,.2~1
§,(1)=sin®,(i) ¢,(1)=cos8,(i)

0,=(1/2)arctg (2n /v)
0,(j)=mj/25" for j=0,1,2,..,2%~1
8,(j)=sin®,(j)
. -] S K-l P = .
Sq,,'J}Sq.mu‘*'gsq.k,u]z > cq.1/|:_Cq,0,|/|+kch.k,|/j2 B Gq,\/j:zqq,t,x/jz , forq=1,2
— =1 =0

v

[ Content of 2D-LUT 1/2/3/4 for i,j = 0,1.2,..2%-1 ]

&5(j)=cosB,(j)
1

[ [

— k. - o = P

m; =My, +3 M, ;2% M3 =10:€2055 Mii. = (€10, D20 i) 1ii 2 €202
k=1 p=l

K1 K-l
— k. — s — P
nLJ_NO,LJ+ZNk,l,12 5 No,i,J—cl,o,iSz,o,js Nei= (Cl,u.isz.kj@Sz.o,jcl,ki)‘*’cmZSz,p,J2
k=1 p=l

K-l K-l
_ *. - . _ -»
8~ GO,!.J"’ZGk.., 275 Goi=810iC205  Gii™(10iCk D0 Sk Sk D Copi2
k=1 )

K-l K-1
= &, - . — P
hi,j—Ho,i,j‘*‘ZHk,i,jz 5 HO,i.J_Sl.O.iSZ,D.j’ Hk.i.j_ (51.0,1sz,k,J®SZ,D.jsl.k.i)+sl,k;zsz,p,jz
k=1 Pl

T-1K-1 . T-1K-1 )
S = ZMk 0142 SSJ,FZZHKLJ’GZJZ >
t=0 k= t=0 k=0
T-1K-1 e T-1K-1 e
Sz,u:z Nyij01.2 SW:Z sz,u(’u2 5
t=0 k=0 t=0 k=0
T-1K-1 X T-1K-1 s
Sz.,jzzsz,i,Jcl (2 S7J.J:22Nk,i,j62,|2 3
1=0k=0 t=0k=0
T-1K-1 i T-1K-1
S4i= ZH“JG“Z S&-.jzzsz.x,_iGu2|_k~
=0 k=0 1=0k=0
5
[C 1= Siij  Saij [c ]_|: S5 _S6vi,j:|
= 2=
S},i,j S4,i,j _S7,i,j Ss,i,j
1_ I _ 1_ 1 _ 2 _ 2 _ 2 _ 2 _
l C=S l =S l OFS, l =5, lcl =S5 lclz—’ Scl G S7lczz— S
A Tl el A e 3]
11 12 1 12
[C]]={ 1 1 J + [C,1=]| , 5
G Cp Cr  Cn

Fig.2. Algorithm for calculation of FSVD,,,

VII. EVALUATION OF THE HSVD
CALCULATION ACCELERATION, WHEN IT IS
BASED ON FSVD»»

In correspondence to results, given in [1], the
computational complexity of HSVD is three times
lower than that of the well-known SVD. The
acceleration of the HSVD calculation in the case, when
the new algorithm FSVD,,,; is used, could be evaluated
through comparison of the total number of needed
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operations ,,multiplication: for SVD,,, it is 39, while
for FSVD,,, it is reduced to 27. In this case, the
reduced 12 multiplications are replaced by additions
only, needed for the calculation of elements S, of
matrices [C,] and [C,], when p=1,2,..8. The total

number of reduced multiplications for one element S,
is 2, while in accordance to relations (18) - (21), the
number of additions is TXK. For example, if T=K=L=8,
each reduced multiplication is substituted by sums of
numbers (degrees of 2), and the total time needed is
shorter than that, needed for the multiplication. The
multiple execution of FSVD,,, in each HSVD level
gives as a result acceleration of more than three times,
when compared to classic SVD, retaining the needed
accuracy of the restored images. The accuracy is
defined by the selected lengths (T and K) of the
corresponding code words, used for the approximation
of the decomposition parameters.

VIII. CONCLUSIONS

In the paper is presented new approach for
implementation of the HSVD algorithm, based on the
distributed arithmetic principle in the part, when the
kernel (FSVD,.,) of the new decomposition is
calculated. As a result, the total number of
multiplications needed for the execution, is reduced,
which lessens the calculations, needed for the new
algorithm FHSVD. This result is the basis of the
practical applications of the algorithm, aimed at the
efficiency enhancement of real-time systems for image
processing, which could be implemented in software,
hardware, or firmware.
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CRYPTANALYSIS OF IDA ENCRYPTION
ALGORITHM

.. . 12 1 o 1 eqe 1
Kiril Alexiev *, Ivan Ivanov', Krassimira Ivanova ', Emilia Saranova

Abstract — Recently many of encryption algorithms
were discredited and digital data storages and data
transfer become questionable. A lot of protected private
information became available to wide audience. The last
2016 year was the year of many hacker attacks. Even
carefully designed block ciphering algorithm like Data
Encryption Standard (DES) was cracked only for 22
hours. Due to the increasing dependence of modern
society from digitalization more efforts have to be applied
in order to diminish vulnerability and protect data. One
of the solution of the problems is implementation of new
more reliable ciphering algorithms. Recently a new IDA
(Ivanov, Dikov, Arnaudov) encryption algorithm was
proposed. The present paper shares some results from the
cryptanalysis of the IDA algorithm. It was compared with
the most prominent and well behaved encryption
algorithms. The vulnerability to the most advanced
cryptanalysis tools - linear, differential was analyzed. At
the end the exhaustive key search was considered as the
simplest brute force enumeration attack with specialized
hardware realization. The received results are
commented.

Keywords - encryption algorithms, cryptanalysis.

I. INTRODUCTION

In recent decades sensor telemetry systems came
massively into people's daily lives, industry, business,
medicine, etc., using multiple technologies working in
a single or multiple separate networks. The information
from the various sensor devices and remote control
centers [1] is converted into a digital form and
transmitted through some kind of medium to the
recipients in a network. The flow of measured data and
control information on wire or wireless network can be
captured by unauthorized people (intruders) with
malicious  purposes like recording  sensitive
information, getting knowledge about observed
processes, manipulation of data, prohibited control of
vulnerable for society objects [2].

The final purpose of these offenders is to take
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advantage because of knowledge of banned
information and act upon it controlling related devices,
processes or network as a whole [3]. In any case, the
access of intruders to such information and the
opportunity to impact on it is not desirable. We can
only imagine what would happen if such people gain
access to telemetry for traffic management systems,
power plants, medical systems, and more. One of the
possible ways to prevent this is the usage of different
cryptographic methods and algorithms in order to
enhance the security and storage of data during the
transmission of information in telemetry systems.

Due to the specifics of these systems, in most cases
the security factor, unfortunately, is underestimated
entirely or partially. Most manufacturers of
components do not consider activating, commissioning
or implementation of additional security module.
Usually they presume on the protection, provided by
known standard techniques and algorithms which are
not designed and optimized for the use in telemetric
systems [6]. The rational solution of the problem is to
protect transmitted data and commands, regardless of
the transmission medium and utilized equipment.

Recently a new IDA (Ivanov, Dikov, Arnaudov)
encryption algorithm was proposed [6]. The suggested
cryptographic algorithm combines the advantages of
block cryptographic algorithms considering
simultaneously their shortcomings for implementation
in telemetry systems, i. e. low power consumption, not
very high processing power, a small need of available
memory, etc. The algorithm IDA is built on the basis of
the DES algorithm [7] and in accordance with the
Feystel's scheme. It is 64-bit, symmetric block
cryptographic algorithm using 256-bit key. It consists
of 16 indoor cycles containing transpositions,
substitutions and nonlinear procedures. The main
advantages are realized algorithm using 256-bit key
and key stake possibility to change the key length to
512, 1024 or 2048 bits, without requiring a change in
the functional diagram.

To be estimated robustness of an cryptographic
algorithm many tests and comprehensive cryptanalysis
has to be applied. The present paper shares some
results from the cryptanalysis of the IDA algorithm. It
was compared with the most prominent and well
behaved encryption algorithms. The vulnerability to the
most advanced cryptanalysis tools - linear, differential
was analyzed. At the end the exhaustive key search
was considered as the simplest brute force enumeration
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attack with specialized hardware realization. The
received results are commented.

II. IDA ALGORITHM DESCRIPTION

IDA is a 64-bit symmetric block cryptographic
algorithm using 256-bit cryptographic key. It consists
of 16 cycles containing transpositions, substitutions
and nonlinear procedures. The algorithm works on 64-
bit blocks of data using 256-bit key for encryption and
decryption. Data manipulation includes bitwise and
logical operations and table permutations. The
simplicity of operation allows the implementation of
the algorithm on a various hardware - built-in
microcontrollers, general purpose processors and
programmable logic devices.

The proposed scheme of IDA possesses the
following main characteristics:

¢ 256-bit key;
¢ 16 cycles;

e Two 48-bit and two 32-bit sub-key are used of
each cycle (total number of used sub-keys is 64);

e An additional block in the ciphering function is
introduced in each cycle;

e An additional XOR adder is introduced in each
cycle.

The input information stream is divided into blocks
with a length of 64 bits. Each block is subject to an
initial and final permutation, that swaps the places of
characters in the block on a fixed scheme. These
permutations do not change the block size and they do
not influence significantly on encryption security
strength. The permutations are useful in the case when
most of the encoded messages begin with one and the
same preface and are used to hide it in the message.
One permutation can map 64-bit plaintext blocks onto
64-bit ciphertext blocks in 264! different ways.

Each block of 64 bits is divided into two sub-blocks
- left L (0) and right R (0) (Fig.1), each with the size of
32 bits. The starting left and right 32-bit sequences are
fed to the first inputs of two adders XOR. On the
second inputs of these adders are fed first two 32-bit
sub-key. Output 32-bit sequences of two XOR adder,
change places, i.e. left result become right and vice
versa, which in turn forms the input sequences for the
next step. Then the process of encryption is performed
using the function F(-) [6]. This function is carried out
on both parts. At the beginning of this step an
expansion from 32 to 48 bits is realized. Each 32-bit
input block is divided into 8 sub-combinations of 4
bits, and then each sub-combination is complemented
with two additional bits from neighbor sub-
combinations to 6 bits in total. The first and last bit of
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the output combination are respectively the last bit of
the previous and the first bit of the next 4-bit sub-
combinations. The output of expansion is 48-bit block.
Then again XOR operation is applied with the next two
48-bits keys (right and left). The result of the XOR
operation remains 48-bit sequence that is input to the
S-box. S-box is the most important nonlinear part of
encoding. 48-bit input block is divided into 8 sub-
blocks of 6 bits. Each sub-block is input to one of eight
S-boxes. Each S-box generates 4-bit output block using
a table 4x16 for transformation. Four middle bits of the
input 6-bit block are used to determine the index of the
column in the respective table, and two end bits
determine the index of the row. The value of the cell
with these indices in the table is the output result.

The procedure described above is performed 16
times.

Finally the output left and right 32-bit sequences are
fused in a 64-bits block, which passes through final
permutation.

plaintaxt

| 256 bits key |

L & e

generatexs k2

generate xa.ka

penerate s ks

LENITNC 51 Ks2

Figure 1. IDA algorithm
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III. CRYPTANALYSIS OF IDA ALGORITHM

Cryptanalysis investigates information systems in
order to find weaknesses in the cryptographic
algorithms, vulnerability of information systems as a
whole and their particular implementation. It can be
used to gain access to the content of ciphertext, to spoil
it, to jam the communication line or to replace a
message with fake one. Let's take a closer look at the
individual components of the proposed IDA algorithm.

A. Key length

Let suppose that the "bad boy" catches plain text and
corresponding  cipher text. Theoretically any
cryptographic algorithm can be decoded by exhaustive
key search (brute force enumeration) if we know the
calculation scheme. In spite of the simplicity of this
approach it requires computer power which grows
exponentially with increasing key length. Since the key
length of IDA is at least 256 bits, there are 2*°° possible
keys and brute force enumeration should be infeasible
today. It is regarded that keys up to 64 bits in length
can be resolved by contemporary computing equipment
even now, keys of 80 bits in length will be vulnerable
in near future. Keys with a length of 128 bits and more
remain inaccessible to the opening by exhaustive key
search in the foreseeable future.

However enormous key set is not always sufficient
to guarantee security. Sometimes there can be
generated weak keys. An example is when the numbers
of zeros and ones in an sub-key differ significantly.
The weak keys make the system less secure. Another
unwanted case of weak keys is when some pairs of
sub-keys leads to one and same output - e. g. they
create one and the same ciphertext. Usually it happens
when inappropriate sub-key selection algorithm is
chosen. In IDA 64 sub-keys are generated in
deterministic way as follows: the first 48 bits of the
basic key are taken as the key K1 for the function
F(LO, K1). The next 48 bits are taken as the key K2 for
F(RO, K2). The next 32 bits are taken as K3 and used
for the XOR adder of the first cycle, the next 32 bits
are taken as the key K4 and fed the second adder XOR
of the first cycle. The next 48 bits of the basic key is
taken as the key K5 and fed to the function F(L1, K5).
The next 48 bits are taken as the key K6 for F(R1, K6).
After reaching the last bit of the main key a linear
displacement of 25 bits to the left in 256-bits basic key
sequence is performed and process continues until all
16 cycles are finished (process repeats ten times to
obtain the required number of 64 sub-keys for 16
cycles). It can be easily calculated that from 256 bits
key there are generated 64 sub-keys with total length of
32*32+32%48 = 2560 bits. The chosen algorithm of
sub-keys choice leads to partial repeat of keys. This
can be regarded as a lapse in IDA design. Something
more, there is a recommendation to work with
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independent sub-keys. The right way to do that is to
randomize the sub-key generation algorithm in order to
generate sub-key with equal probability of zeros and
ones. If it is done correctly the complexity of brute
force key attack will be increased tremendously to
2560.

Complement keys are the next undesired
combination of keys. The bit-wise complement of a
key replaces zeros with ones and ones with zeros. If
they are used in a pair, the complement key will
generate after XOR operation the complement of the
ciphertext. IDA algorithm does not provide verification
for complement keys, but it is questionable whether
this is a weakness, since the most messages have not
complement blocks of plaintext.

B. S-boxes

The only non-linear part of encryption algorithm
IDA is closed in S-boxes. The importance of S-boxes
for cipher security is enormous. S - boxes were
designed in the 70-th of 20 century. In 1973, the
National Bureau of Standards issued a public request
for a cryptographic algorithm as a national standard.
IBM developed the algorithm LUCIFER with S-boxes
in 1974 and on the next year 1975, this algorithm after
some modifications was published with free license
under the name Data Encryption Standard (DES)
algorithm. Since 1977 it became official data
encryption standard. The S-boxes, designed by Feistel,
were for a long time deliberately enigmatic. The S-
boxes algorithm has been the subject of much
speculation. No one could give information is the
algorithm free from trapdoors? Several times
corporations like Lexar Corporation and Bell
Laboratories examined the operations of the S-boxes,
but they didn't found any weaknesses. Only when the
differential cryptanalysis became public, IBM
published the design criteria for the S-boxes and the P-
box [5]. Now using these criteria one can generate new
S-boxes. In years, the proposed in DES nonlinear
algorithm proved itself as very carefully designed and
robust against certain types of attack. Even a minimal
changes in it could make DES imbalanced and easier to
be resolved. There were many unsuccessful trials to
enhance suggested S-boxes scheme with unhappy end.
That is the main reason many contemporary cipher
systems to use the same algorithm. IDA also
implements classical S-boxes.

What will happen if a bit is spoiled in ciphertext? It
can be done deliberately by an adversary or it happens
as consequence of bad channel. Due to uniqueness of
encoding, the block information will be entirely spoiled
(all 8 bytes).

Let the chosen key of encoding IDA algorithm is
"AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AA". This choice has to be classified as weak key
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choice. Our message consists of 16 equal bytes
('01000000' in binary code):

plaintext="@@EEEQEQEAEEQQEAE@@Q"

The result of encoding is as follows: ciphertext =
"UmEIh A MmETh A _". If the channel affects on the
second byte and a replacement of "m" by "M" exists:

noised_ciphertext = "UMElTh A MmEIh A "

After decoding the received message will be:

plaintext = "T'lcnl+p@@@@Q@@Q@"

The result in the first block is spoiled entirely. To
prevent loss of information in noisy telemetric channels
additionally error correcting codes have to be applied
on the output of encoder and on the input of decoder.

The situation is similar, if the order of blocks is
changed. This event also leads to loss of information.
Usually routing protocols are responsible for correct
communication in computer networks. If other media
and protocols are used, the engineers have to solve the
problem of correct order of received blocks.

C. The size of block

The chosen size of block in IDA is 64 bits. All
possible variants for a message in the block are 2°*. But
this number may be reduced significantly. Let suppose
that the plaintext consists of English alphabet (small
and capital letters), numbers and several punctuation
signs. If the ANSI character set is applied for symbol
coding then a byte per symbol is used. It is obviously
that only about 1/4 of the byte values gives correct
results (60+70 from 256). One block consists of 8
bytes. The space reduction will be (1/4)*=1/65536. The
software may be adjusted to reduce search of
promising key candidates. Let now consider the case
when only numerical data are transferred (numbers,
point, interval, signs + and -, some separators - total not
more 16 values). The corresponding space reduction
will be (1/16)*=1/2*%. This space reduction is
considerable for breaking the cipher.

It is very difficult to decide what is the correct block
size. For telemetric systems, where many of sensors are
limited in communication, it seems to be better to have
short 64 bits block.

D. The Expansion Permutation

This operation transform input 32 bits data to output
48 bits. The expansion permutation provides longer
output through repeating certain bits. At the same time
the bit positions are changed. The most important
purpose of this operation is to create dependency of
each output bit from all input bits. This dependency
spreads faster with every cycle. The effect is called
avalanche. The higher dependency of output bits from
input bits brings bigger security performance of the
cipher.
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Let the IDA key is "kopekrop Ha
tenekoMmyHUKATonuaute". The plain text is the
shortest one - only two  blocks (16

symbols):"Kpunrorpadusara o". The cipher text is:

JWi\&AXyBW_Ne
€6

In the second experiment only one bit in the key is
changed - The capital letter A on 24 position is
replaced by C (A = 01000001; C = 01000011); The
ciphertext is:

_<bdeYNes n©,1
‘CF

There is nothing common between two ciphertexts.

In the next experiment we do two changes - replace
capital letter A by B (the last two bits are changed - B
=01000010). The received ciphertext is:

:_IIH%07H$G.$I'F1
e/x

The examples show avalanche change in all bits for
the second and third examples of the ciphertext.

E.  Number of cycles

IDA performs 16 cycles (in analogy with DES). The
question is why 16 rounds, not less or more? Even after
five cycles the output ciphertext is essentially random
functions, depending from every bit in the plaintext. In
the more than 40 years history of DES, there were
several trials to be shortened the number of cycles, but
all of them were successfully attacked. By means of
differential cryptanalysis it was shown latter, that the
ciphers with a smaller number of rounds could be
easily broken with a known plaintext attack instead of
brute force enumeration attack.

F.  General methods for attack

Three different methods for attack are described in
this paragraph - linear and differential cryptanalysis
and hardware attack. The frequency analysis - a
favorite tool for cryptanalysis could not be applied for
nonlinear encoding.

The linear cryptanalysis was proposed by Mitsuru
Matsui [3]. It uses linear approximations to describe
the action of a block cipher. The idea is very simple.
The linear approximation of a nonlinear encoder means
that there exist a XOR operation between plaintext and
key, that results to a ciphertext, very close to those
from nonlinear encoder. As a consequence of the
property of XOR operation, we consider that XOR
operation between plaintext and associated ciphertext
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will give some knowledge about the key. In this case
an optimization task is formulated and solved.
Increasing the quantity of plaintext and associated
ciphertext gives more reliable guess of the key bits.

Eli Biham and Adi Shamir introduced differential
cryptanalysis in 1990 [7]. They demonstrated more
efficient attack against DES algorithm in comparison
with  brute  force  enumeration.  Differential
cryptanalysis explores the consequences of particular
changes in plaintext, applying one and same key.
Analyzing propagation of differences to resulting
ciphertext for different keys different probabilities are
assigned to these keys. The attention is concentrated to
the most probable keys.

In spite of the late official introduction of differential
cryptanalysis the first trials to apply it against DES
manifested that the authors of DES were acquainted
with the main principles of differential cryptanalysis
almost 20 years earlier and succeeded to invent very
robust algorithm against differential attack. Following
the main principles of DES the proposed IDA
algorithm inherited these good properties of DES
algorithm.

Global development of computer technology is
closely associated with its applications for breaking
cipher codes. Supercomputers, parallel processing,
computer networking are used often for brute force
enumeration attack. The complexity of this task is
measured in terms of data complexity, processing
complexity, storage requirement, time to finish the
task. Different kind of computing machinery is used.
For example, one of the winners in competition to be
attacked block cipher code used free computing
resources in the network. In [4] a specialized design on
eight FPGAs is proposed and allows authors to find 12
+ 1 key bits in about 2.3 hours for DES attack. The
data flow exceeded 21.3 Gbps. More than 10 years
after publication of this paper the computing hardware
go far ahead. It is clear that the standard DES algorithm
with its short 56 bits key could not survive today. It
will be replaced by others more complicated algorithms
with longer keys. IDA is one of these newly suggested
algorithms.

IV. CONCLUSIONS

The presented cryptanalysis of IDA encryption
algorithm demonstrated its correspondence to
contemporary state of the art in encryption algorithms.
IDA inherited the best from old-fashioned block
encryption algorithms like DES. It added to good
properties a longer key in order to prevent brute force
attack. Some drawbacks were justified. The most
serious one is related with sub-key generation. Some
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additional properties are necessary to be assured in the
case of implementation in noisy environment.
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AHQJIM3 HA T0JIEMHA MACHBH OT JIAHHH, MOJYYEHHU IPH
BpPEMEBO-CIIEKTPAJIHO U3CJeABaHe HA GOTOMHAYHHPAHO
ABYJbYeNpevyynBaHe

1 2 1
Jlnan Hepnemues', lessu iBanoB”, Anna OnietoBa

Peziome — JIMHAMMYHOTO CIIEKTPAaJIHO H3CJIeABaHe e
MHOro MH(QOpMATHBEH MeTO] 3a XapaKTepuU3MpaHe Ha
(0oTOAHM30TPONHH CpeaH, HaNpuUMep Aa30MOJHMEpH.
H3non3BaHeTo HAa CeKTPOMETHP € BHCOKA pa3fieuTeHa
croco0HOCT U HeoOXxoAMMOCTTa OT u3mepBaHe Ha 300-400
CHEeKTbPa BbB BpeMeTO BOAM 10 (popMHpaHe HA ToIeMH
MACHBH OT JAAaHHH — JBYMEPHHM MaTpHuu ¢ 0ko0y0 3600 x
300 exemenTa.

B cratusita ca pasriefaHd pasid4YHH TMOAXOAM 3a
aHAJIM3 M BH3YaJU3alHsi HA TAKHBA MAaCHBH OT JaHHH —
chb31aBaHe Ha BpeMeBHM MJIHM CHEKTpajeH ,.cpe3”,
pelyuMpaHe Ha HIyMa 4Ype3 ycpeJHsABAHe H BU3YaTH3alUsl
HA JaHHHUTE Ype3 NPeICTABAHETO HM KaTo TpuMepHa (3D)
MOBBPXHOCT.

Kniouoeu oymu — TojleMm MacuBH OT [aHHH,
Aszonoimmepu, JIuHaMUYHH cneKkTpH, POTOUHAYIHPAHO
JABYJIbYeINpeuynBaHe.

I. BbBEJAEHUE

A300€H3eH-ChIbPKAIIUTE MaTepHanu ca €IHU OT
Hali-e()eKTUBHUTE CPEIH 3a MOJIAPU3ALUOHEH ONTHYEH

'JInan Hememuer u Amma OueroBa ca or Buce
yUWIMIE Mo TenekomyHukaiuu u momd, Codus 1700,
yi. Axax. Ct. MnagenoB Ne 1, Bwirapus, en. moma:
l.nedelchev@utp.bg

“Jlesn  UBaHoB e oOT MNuctutyr mno onrtudecku
Marepuaqd M TEXHOJOTHH — bbarapcka akajemus Ha
naykure, Codpus 1113, yn. Axax. I'. bonues, 6m. 109,
bovarapus
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3anc. [lo-moiry e HampaBeH KpaThK HCTOPUYECKH
nperiesl Ha TAXHOTO Pa3BUTHE.

A300€H3eHBT W HETOBHS CHHTE3 Ca ONNCAaHU 3a
mepBH BT Tipe3 1834 rogmua ot Eitmxapn Mudepimx
[1]. Tlo-xbcHO TOBa XHUMHYHO ChEIUHEHHE €
uscnenBano u ot Andpen Hoben, a npe3 1937 roauna
XapTiu OTKpHBa Iporneca Ha GOTOM30MEpHU3aLHs, upe3
KOMTO Ce M3BBpUIBA INPEXOJA OT CTAOWIHATA MPAHC
¢dopMa Ha MoJjeKyllaTa KbM METACTaOMIHOTO W yuc
ceerosiaue [2]. Ilpe3 1984 r. Tonopos n Huxonosa 3a
OBPBM BT  YCTAHOBSBAaT  BB3MOXKHOCTTa 32
HMHIyIUpaHe Ha BUCOKH CTOMHOCTH Ha
JIBYJTBYENIPEUyNBaHe B a300arpuia, a OTTaM M 3a 3aInc
Ha BUCOKOE()EKTHBHH NOJIAPU3aLOHHH
mudpakanonau pemietku [3]. Toa ce mocTtura upe3
NOPEANLIa OT MPAHC-YUC-mpaHc TPEXOan, B pe3ynTar
Ha KOMTO a30MOJIEKyJIHTE Cc€ [PEOPUEHTHpAT
HEePIeHIUKYIIIPHO Ha NOJIAPU3aLUATa HA 3allMCBaInaTa
ceernuHa. [lo-KbCHO, ¢ men TOBHIIABaHE Ha
CTaOMITHOCTTA Ha ONTUYHHMS 3aIIHC, 3a110YBa CUHTE3a Ha
nojuMepu ¢ a3oxpoModopH,  TpPUKAYEHH B
CTpaHWYHUTE MM BEpUTH — T. Hap. azoroiumepu [4].
Te3su oTKpuTHS JaBaT 3HAYMTENICH TJIAChK  3a
W3CIIEABAHETO HA a300€H3CH-ChABPXKALIUTE CpPEAH.
Camo mpe3 NOCIEeHUTE HAKOJIKO ACCETHIICTHS B LEUs
CBAT ca myONMKyBaHW XWIIOM HAy4YHH CTaTHH,
NIOCBETCHH Ha CBOMCTBaTa M BB3MOXKHOCTUTE 32
ONTHYHU TNPWIOKEHU Ha asomnoinumepure. Te ca
000011IeHH B HAKOJIKO 3HAaYUMHK 0030pa Ha obuactra [5-
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7], mocnemHUAT OT KOMTO € ImyOnmmkyBaH mpe3 2017
roguHa 1 obxBama O30 750 mybmukarmmu [7]. B Tax
ca  paslJielaHd  MHOXECTBO  IIPWIOXKEHHsS  Ha
a30M0JIMMEPUTE — 33 Ch3JaBaHe Ha ONTHYHU CIEMEHTH
C YHHUKAQIHM HOJIIPU3ALMOHHN CBOMCTBA, OINTHYEH
3anmuc Ha uHpoOpManus U QopMmHUpaHe Ha XHUPaIHU

CTPYKTYPH, MPUIOKHUMH 33 M3ISJI0  ONTHYHH
npeBkitouyBarenu (all-optical switches).
Emun  oT  Hali-BaXHWTE  MapaMETpPH, KOWTO

XapakTepru3upaT BCEKH a3OIOJMMEp, € CTOMHOCTTa Ha
(OTOMHIYIIMPAHOTO JABYJIBUCTIPEUYIIBAHE, KOETO C€
Oenexu ¢ An. IloBedeTo W3cienoBaTeNN ONPENEIST
Ta3d CTOMHOCT TNpH €JHA EIUHCTBEHA IBDKMHA Ha
BBJIHATA, M3MOI3BaKN pobeH nazep. B penku ciaydan
ce naBa MH(OPMALMS U 3a CIIEKTpaHATa 3aBUCHMOCT
Ha JByhbyenpedynsaneto — An(4) [8,9]. 3a mbpBH BT

EKCIIEPUMEHTAIHU  pe3ylTaTH  €IHOBPEMEHHO 3a
BpeMeBaTa W CHEKTpaJHa  3aBUCHMOCT  Ha
(oToMHIYyIUPAaHOTO JIBYJTbYEIIPEdyTIBaHe Ha

a3onmojiMMep B pealHo Bpeme, T.e. 3a An(if) ca
myOJIMKYBaHM OT HamaTa rpyna npe3 2017 r. [10].

Wznon3BaHneTo Ha  CHEKTPOMETBP C  BHCOKA
pa3zjenuTeHa CIIOCOOHOCT M Heo0XOoAMMOCTTa OT
mmepBane Ha 300-400 ciekThpa BB BPEMETO BOAH 10
(dbopMupaHe Ha TOJEMH MacHBH OT aHHH — IBYMEPHH
Matpuii ¢ okoiso 3600 x 300 enementa. ToBa Hamara
U3MO0JI3BAHETO HA PA3IMYHU METOJAM 3a 00paboTka Ha
Te3W MJaHHHW, BM3yanmsauusTa uM upe3 2D u 3D
rpaMKy ¥ TOBHUILIABAHE HA OTHOIICHHETO CHTHAJ/IIyM
C T1OMOINTAa Ha alropuTMH 3a  ‘“‘3arjaxnaaHe”
(smoothing). MIMeHHO Te3u MeToau 3a 00pabOTKa U
rpauYHO TpEJICTaBsHE Ca pas3riiefaHd B HAcTosIIaTa
CTaTHsl.

II. EKCIIEPUMEHTAJIHU METOJU

A. Ilonyyasane na asononumepuume oopasyu

OO0pa3uuTe, U3MOA3BAHN B HACTOSIIIOTO M3CIIE/IBAHE,
NPE/CTaBIsIBAT THHKHA CJOEBE OT BOJOPA3TBOPUM
a3onmojMMep C XUMWUYHO Ha3Banue poly[1-[4-(3-
carboxy-4-hydroxyphenyl azo)benzenesulfonamido]-
1,2-ethanediyl, sodium salt], kKoifTo OTTyK HaTaTBHK 3a
kpatkocT e Hapuuame IIA30. Xwumnynata My
CTPYKTYpa M CHEKTHP Ha MOTJIBINAHE Ca MPEACTABEHH
Ha Our. 1. OnrruManHara OBDKHHA Ha BBIHATA 3a
3amuc B TOcodYeHHWs aszomonumep e mexay 400 u
500 nm, Tl KaTO B TO3M MHTEPBAJ CE MPHUIIOKPUBAT
MBHIMTE Ha IOTJBIIAHE HA mpaHc U yuc dopMmara Ha
azoxpomodopa.

AzomonmuMepbT ca pasTBaps BBB Boja IIpH
koHreHTparus 100 mg/ml, cieq KoeTo MoMydeHus
pa3TBOp ce oTiara Karo CJIOH 4pe3 LEHTPOdyk eH
monmuB (spin coating) mpu 1500 06/MuH. JleOemmrara
Ha CIIOS C€ OMpEeAeTs C IpPEeHH3eH IMPOPHUIOMETHP
Tamucrenn (Taylor Hobson), Thi KaTo WMa BaXHO
3HAYEHHE 32 IPECMITAHE Ha ABYJIHUCTIPEUYIIBAHETO.
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b. Onmuuna cxema

3a OChIIECTBABAHE Ha
n3CIleaBaHe Ha (hoToMHIYIUPAHOTO
JIByJbYENPEUylBaHe B TIOJlydYeHUTEe oOpasiu, ce
M3I0JI3Ba ONITHYHA CXeMa, IpecTaBeHa Ha dwur. 2.

BPEMEBO-CIIEKTPAITHOTO

6 T T

KoeduumeHT Ha nornbluyaHe o [pm"]]

O 1 1 -
300 400 500 600 700
[ObmkruHa Ha BbnHaTa [nm]

@ur. 1. CriekTbp Ha KoeUIHEHTa Ha TIOTJTbIIaHE U
XMMHYHA CTPYKTypa Ha azononumepa ITA30
(o nannwm ot [11])

@ur. 2. OnTuyHa cxema 3a BpeMeBO-CIIEKTPaITHO
“3MepBaHe Ha (POTOMHIYIIUPAHO IBYIBUCIIPCUYIIBAHE

CeernuHaTa OT M3MepBamus (WM omie NpoOeH)
n3touHuk (1) ce momaBa mo onTuyHO BiakHO (2.1),
3apppmBamo ¢ Mukpoodektus (3). O6pazensT (5) €
IIOCTaBEH MEXIy KpBbCTOcaHHW moisipusatopu (4.1 u
4.2) u ce o0urbuBa C JIMHEWHO MOJSIPU3UPaAHA CBETIMHA
OT HamomImBaml Jjasep (8) ¢ ObDKMHA Ha BBJIHATA
Apump =491 nm u mowmnoct 114 mW. Ilpemunanara
npe3 KPbCTOCAaHWUTE MOJSpU3aTOpd M obOpasena
cBeriMHa ce (okycupa upe3 00ekTuB (6) M 1O
ONTHUYHOTO BJAakHO (2.2) ce mojaBa B CHEKTPOMETHP
(7) HR-4000 (Ocean Optics). Ilomydenutre OT
CHEKTPOMETHpa JaHHU C€ PEruCTPHPAT OT KOMIIOTHP,
cHab/ieH che crienuanuiupan codryep.

[omyuennre cnekTpm Ha mporryckane I(A) ca B
nmuamazoHa 195-1120 nm ¢ pazgenuTenHa cIiocOOHOCT
0,26 nm, TpPH KOETO BCEKH CIEKTBP CE CBCTOM OT
6mm30 3600 croitHocTH. Besiko 3MepBaHe Ha CIIEKTHP
Ce M3BBPIIBA MPE3 MHTEPBAT OT BpeMe | CeKyHza, B
npoabwkenne Ha 300 cekynau T.e. ce mu3Mmepsar 300
cnektbpa. IIpe3 mwpBuTe 20 CeKyHOM ce H3MepBa
(OHOB cuTHaJ, cliel TOBa 3alo4Ba OONBYBAHE C
HanomnBamus Jazep 3a 180 cexynmu. Ilpes
nocnennute 100 cekyHmm — OT  U3MEpPBaHETO
3aliCcBaIlns Jla3ep ce€ COMpa, 3a Ja ce Ipocienu
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MPOIECHT Ha peNlakcauuss W cTaOWIHOCTTAa Ha
(oTonHIyIMpaHaTa aHM30TPOITHSL.

3a mpecMmsTaHE Ha JABYJBUYETIPEUYNBAHETO OT
U3MEPEHUTE CTOMHOCTH Ha IIPOITyCKaHE, CE H3IO0J3Ba

¢dopmynara [11]

An(A,t) = %arcsin VT(4,0)[%]/100 » )

KBAETO A € ABIDKWHATa Ha BBIHATA Ha MpoOHara
CBCTJIMHA, d =780 nm e nebenuHaTa Ha
azomonuMepHust ciuort, a 7T(4,f) e TMpoIycKaHeTo B
MIPOLIEHTH 3a CHOTBETHATA IBJDKMHA Ha BBIHATA A U
MOMECHT OT BpeM¢ 7.

III. AHAJIU3 HA EKCIIEPUMEHTAJIHUTE JAHHU

A. Ilpunaecane na usuunu ocpanuyenus

IMopanu xapakTepa Ha W3IOI3BAHUSA CBETIMHCH
M3TOYHUK (XaJIOTEHHA JIaMIla) W ONTHYHH EJIEMEHTH,
WHTEH3UTETHT Ha MPOOHATA CBETJIMHA CHJIHO HAMAJIsBa
mpu ABDKUHA Ha BBIHUTE nox 500 nm. Ot gpyra
crpana, Hax 800 nm 3amouBame naa HaOmoJaBame
NPOIyCKaHe Ipe3 KPbCTOCAHUTE MOJISPU3ATOPHU, Thid
KaTo Te ca MpelBUIeHH 3a paboTa caMo BbB BUIMMATA
obuact Ha criekTbpa. Te3u aBe PU3NYHN OrpaHUYEHUS
ompeneiiaT TOpHAaTa M JOJHATa TpaHWIa Ha
U3MoJI3BaeMara CIeKTpajiHa o0yacT, a uMeHHo 500 —
800 nm. Cobio Taka, o ®ur. 1 Buxxgame, 4ye CrieKTbpa
HA TIOTIIBIIAHE HA W3IOJ3BaHUS a30IMOJUMEp € TIIaKa
KpUBa W TIOpagy TOBa HE CE HYyXXJacM OT ITbJIHATa
paszenuTenHa CIocOoOHOCT Ha cmekTpomerbpa (0,26
nm), a € TOCTaThYHO J1a pabOTHM C JaHHU mpe3 1 nm.

CaMo mpmiaraHeTo Ha Te3u (GU3WYHHA OTPAHUICHUS
HU [ToMara Jia HaMajuM o0eMa Ha U3II0I3BAHUTE TaHHU
or O0mm3o 3600 croiinoct mo 300 croiiHOoCcTH 3a
CHEKTHP, T.€. 12 mbTH.

b. Busyanuzayus u ,,3aenaxcoane” na 3D dannu

W3no3Baiiki OnmucaHuTe MO-TOpe eKCIIEPUMEHTAIHN
METOIM ¥ Halaraiiku (QU3WYHUTE OrpaHHYCHUS,
IoJlyyaBaMe MaTpuna oT gaHHu ¢ pasmepu 300x300
€JIEMEHTa 32 MPOIYyCKaHETO B 3aBUCHMOCT OT BPEMETO
¥ OBIDKUHATA Ha BBAHATa — 1(4,7). Crex mpecmsTane
HAa Te3W W3XONHH JaHHM upe3 ypaBHerume (1),
NoJTyyaBaMe 3aBHCHMOCTTa Ha (HOTOMHIYLPAHOTO
JBYJI'bYENIpeUylBaHe, KAKTO OT BPEMETO Ha 00JbYBaHE,
Taka X OT AbDKMHATA Ha BbaHaTa — An(/,f). Tasu
3aBHUCHUMOCT € BU3yanusupana Ha ®wur. 3.

Ot rpadukara ce BIX/JIa 3HAUUTEIHUST IIYM, KOWTO
npuchkcTBa B naHHuTe. OCHOBHA IPUYMHA 32 TOBA €
caMusi xapakrtep Ha ekcriepumeHTa. [loctaBsHero Ha
KPBCTOCAaHN TOJSIPU3ATOPH, KOETO € Hy)XHO 32
OIIpeIeTIsIHE Ha JBYJIBUCIIPEYYIIBAHETO, BOAN 0 CHITHO
HamaJsiBaHe Ha WHTEH3UTETa Ha INpEeMHHANaTa Ipe3
cHCTeMara CBETIMHA. Taka ce HaMaysiBa MHTCH3HTETA
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Ha TIOJIE3HWS CHTHAI W TOW CTaBa CBU3MEPHM C
TOIUTMHHHTE IyMOBE BBB (poTOETEKTOPA.

AN

®ur. 3. Busyanuszanus Ha 3aBucuMoctTa An(4,t) npean
CTaTHCTHYECKa 00paboTKa.

TBif KaTO OTHOIICHUETO CUTHAJI/IITYM HE MOXKE Ja ce
M3MEHH dYpe3 TMpoMsHA Ha eKCIepUMEHTaIHAaTa
METO/MKa, IIe I'0 MNOAOOpPHM 4pe3 CTaTUCTUYECKU
METOo/iM 32 00paboTKa Ha JaHHHUTE.

EnuH or Haii-mpoctuTe M ePEKTUBHU METOIU €
yCpeIHsIBaHE IO CbCEIHU €JIEMEHTH Ha MaTpullaTa.
To3u meTon ce mojabpka OT M3MOJ3BaHaTa OT Hac
rpaduvHa porpamMa M cjell MPUIaraHeTo My sICHO ce
BIK/a, Y€ INyMBT € HamMaleH, a ¢opmara Ha
TpUMEPHATa MOBBPXHOCT C€ BIXKIA MHOrO IMO-
oTaeTauBo (Dwur. 4).

ke
| I
ke

!

800

@wr. 4. Buzyanuzaius Ha 3aBucuMoctta An(4,t) crnen
CTaTHCTHYECKa 00paboTKa.
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B. Cwv30aeane na spemesu 2D ,,paspe3” na oanHume

3a ome  MO-eTHO3HAYHO  ONpeAeisHe  Ha
3aBHCHMOCTTa Ha An Tpe3 BpeMeTO Ha 3ammc, Iie
pasriiezaMe BpeMeBH ,,cpe3” Ha JaHHWUTE, IOKAa3aHU Ha
Our. 3 u 4.

Ha ®wur. 5 ca nokazanu 13 BpemeBU cpe3a Ha
usxoguure JgaHHu  T[%](f) 3a mocienoBaTeIHU
IBIDKUHU Ha BbJIHATa, mnpe3 0,26 nm. Tyk e
TIPIJIOKUM J[BA TIOAXOJA 3a yCpedHsBaHe. [IbpBo 1ie
ycpenHuM Te3u 13 KpuBH, Npeanojiaralku ue B
pamkuTe Ha Al =3nm [IBYIBbYCHPEUYIIBAHETO €
MTOCTOSIHHA BEJIMYHMHA IO OTHOIICHUE HA JBJDKAHATA Ha
BBJIHATA.
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@ur. 5. [locnegoBareTHu BpeMEBH CPE3OBE 32
nponyckaneto T[%] (f) mpu A = 500-503 nm.
Cnemr TOBa KBM BEUC yCpENHEHAaTa BpeMeBa
3aBHCHMOCT, mpujarame 3ariaxaaHe upe3

ycpenasBane 1o 10 cbcemHm ememeHta (T. Hap.
Adjacent Averaging) MOOTHENHO 3a BCSKa OT TPHUTE
o0nacTH Ha KpuBaTa — NpEAu, [0 BpeMe Ha, U Cleq
3anMca C  HanommBawiusa — Jlazep.  Haii-nakpas,
u3nonsBaiiku ¢popmyna (1), npecMmsiTame 3aBUCUMOCTTA
An(f) npm (QukcupaHa OBDKMHA Ha  BBJIHATA
A =500 nm. IlomyueHusT pe3yaTar € MpeACTaBeH Ha
@ur. 6.

Kakro ce Bwkza, cien Taka HanpaBeHaTa 00paboTKa
Ha JJAHHWTE, OTHOIICHUETO CUTHAJ/IIYM € TOJ00peHO
3HAUMTENIHO, a XapakTepa Ha 3aBUCHMOCTTa ce
OTKpOsIBA MHOTO MO-sicHO. CBIO Taka, OT KpuBaTa Ha
dur. 6 Morar aa ce ONpeAeNAT HAKOJIKO KIIOUOBH

napaMeTbpa Ha (OTOMHAYIUPAHOTO
IByJIbYENIpeuylBaHe, KOUTO ca JeQUHUpaHU B
nuTeparypara [12]:

a. MakcuMmanHata My CTOMHOCT Ay, TpH
HacWIllaHe, T.e. B Kpas Ha OOJN'BYBAHETO C
HanoMIBaIlus Ja3ep. 3a M3MOJNBAHUS OT HAC
azononuMep ITA30 u npu onucaHurte yclaoBHs
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Ha EKCIIepHMEHTa, moiydaBame A, = 0,0532
3a 4~ 500 nm;

b. Bpemero Ha OTKIHK 7, 32 KoeTO ce moctura 80%
OT Anp,. Tyk 7=7,5 s u TOBa HH JdaBa
KOJIMUECTBEHa MspKa 3a CKOpOCTTa Ha
(hopmupaHe Ha aHU30TPOIUSITA TP O0JIHYBAHE;

c. CrabunHocTra Ha 3ammca, JAeduHHpaHa KaTo
OTHOIIICHHE Ha JBYJILYCIIPCUYIIBAHETO B Kpas
Ha uzmepBaneto uinu 100 s ciieq kpast Ha 3amuca
KbM  MaKCHMaJHaTa My  CTOMHOCT  —
7= Anjgo/Anya. BB3 OCHOBa Ha JaHHHTE,
moka3anu Ha Dur. 6, MOXKeM J1a IPECMETHEM, e
Hax 73% oT (hOoTOMHAYIMPAHOTO MO BpPEME Ha
3amuca JBYJIbUCIPEUyIIBAHE CE 3ara3Ba M ciel
MpPEKpaTsIBaHE HA OOTBYBAHETO.

0,06 T T T T T
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0,04 4
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0,01+ .

[BynbuenpevynsaHe An

O’OO 1 1 1 1 1
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@wr. 6. YcpenreHa 3aBucuUMOCT 3a An(f) pu
Acpemo = 501,5 nm.

Te3u Tpu mapamerspa MO3BOJSABAT JIa CE CPABHIBAT
Pa3IMYHM a30MOJIUMEPH C OTJIE/ Ha MPUIIOKESHUETO UM
KaTo Cpeld 3a ONTHYEH 3allC WM 3a Ch3/laBaHE Ha
nudpaknuonan ontuaHu exeMenTH (JJOE).

B. Cw30asane wna cnexmpanen 2D ,paspe3” Ha
OanHume

MoxeM /a TOoNyYyrM CBIIO TaKa 3aBUCHMOCTTA Ha
(GOTOMHTYIMPAHOTO IBYJIBYCTIPEUyIBaHE oT
IBIDKWHATA HA BBIHATA — An(A) 3a GUKCHpaH MOMEHT
or Bpeme f. JlormyHUAT M300p 3a TO3H MOMEHT OT
BpeMme, pa3bupa ce, € IOCTUTaHeTO Ha MaKCHMajHa
cTOMHOCT 3a An B Kpas Ha 3amuca. llle m3momsBame
MeToauKa 3a 00paboTka, 1mojo0Ha Ha ONMcaHaTa Mo-
rope 3a BpeMEBUS Cpe3 Ha JaHHWTE. IBPBO,
U3BBpIIBaME ycpenHsBaHe no 10 mocienoBaTenHu
CrieKThpa 3a mepuojg ot Bpeme t=190-200s (T.e. B
Kpas Ha 3ammca); KbM Taka IIOJNy4eHUsS yCpeIHEH
CHEKThp Npwiarame ycpenassane mo 40 cbceaHu
eJIEMEHTa, KOETO € JOIyCTUMO TIIOpajau TIJIajKaTa
¢opma Ha kpuBara (Dwur. 7).
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@ur. 7. YcpenHeHna 3aBUCUMOCT 32 Ay, (4) nipu
Tepermo = 195's.

Ta3um 3aBHCHMMOCT HH II03BOJIIBA Ja OINpPEAEIUM
MaKCHUMAaJIHO JOCTUTHATaTa CTOHHOCT Ha
(hoTOMHIYyIUPAHOTO JIBYJThYEIIPEYyTIBaHEe 3a
NPOM3BOJIHA JB/DKMHA HAa BbJIHATA B MHTepBana 500—
800 nm. Taka Hampumep, 3a €JHa YE€CTO H3IMOJI3BAHA
mpoOHa JBDKWHA HAa BBITHATa A = 635 nm, cToMHOCTTA
Ha Ang,, € 0,037.

IV.3AKJIFOYEHUE

B crartusta ca mpencTaBeHW EKCICPUMCHTATHU
pe3yNTaTh 3a CICKTpaTHATa M BPeMEBa 3aBUCHMOCT Ha
¢doronHIynMpaHoTO ABYIBUenpedynBane An(lf) B
JIaJICH THIT a30M0JIUMEP MPHU O0IbYBAHE C HATTOMITBAIILL
mazep ¢ memkuHAa Ha BBAHATa 491 nm. OcoGeHo
BHUMAaHHE € OT/ACJICHO Ha 00paboTKaTa Ha TOJIEMHTE TI0
o0eM MacMBH OT YHCIICHH JaHHH, IOJYYeHU OT
excriepumenTta. [loka3aHo e, 4e TNpUIaraHeTo Ha
pa3IMuHU METOJAM 32 YCPEAHSBaHE, MOXKE 3HAYMTEIIHO
Ja HaMaJd I0ymMa W Ja OTKPOM MHOTO IO-ACHO
(dopmaTa Ha m3cieaBaHUTE 3aBUCHMMOCTH. CBIO Taka
ca MOJTyYCHU BaKHU napameTpH, KOHTO
XapaKTepU3UpaT ONTHYHUTE CBOMCTBA Ha MaiCHUS
a30TI0JIIMED - MaKCHMalHa CTOHHOCT Ha
(OTOMHIYIUPAHOTO JBYJIBYCIPEUYIIBAHE, BpeMe Ha
OTKJIMK ¥ CTAaOMJIHOCT Ha 3aIlnca.
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SOFTWARE DEFINED STORAGE CRITERIA FOR
CLOUD PROVIDERS

Strahil Sokolov', Stefan Vlaev?

Abstract - This article provides an overview of Software
Defined Storage (SDS) solutions and defines criteria for
efficient design of storage solutions for cloud providers.
Since the beginning of the New Millennium every user
and organization is generating more and more data each
year. Providing storage space that is inexpensive with
high availability and performance is huge challenge.

Keywords - Cloud, storage, ZFS, Software defined,
Virtualization.

I. INTRODUCTION

In the beginning of the 21% century cloud technology
was developed and soon became widely famous. The
idea behind the cloud was to provide access to services
that were reserved mostly for huge companies to the
everyday user. With the growing amount of users, the
cloud providers are faced with the challenge to provide
reliable and inexpensive storage space.

Virtualization is the other hot topic at the moment.
More and more companies are investing in the use of
products like Microsoft Hyper-V, VMware ESXi,
Linux KVM and Citrix Xen. Some of the vendors
behind these products are offering their own virtual
storage solutions. Still, they are having their own
limitations which make them not the preferred choice.

In order to solve the problem for reliable and
inexpensive storage solutions many companies turn to
software defined storage as a solution. These products
are providing scalability, high availability a lot of
additional features and reasonable price using of the
shelf hardware components.

The rest of the paper is organized as follows: in
Section 2, motivation for the paper and the existing
problems are presented. In section 3, there is an
overview of existing products — free and commercial.
Section 4 provides a comparison of the existing
products using a set of criteria.
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II. MOTIVATION AND PROBLEMS

1. Background

The creation of reliable solution that will provide
both good performance and low price was a problem
until now. In addition, a platform that can be used for
both serving data and virtualization was something
only to dream for.

Using virtualization on the storage layer will provide
better utilization of the already available resources and
will provide additional flexibility. This will help
organizations reduce operating costs. Such solution can
be used as a low cost cloud platform when this is
needed.

Other features that were available only for the
traditional storage platforms are now part of the
software defined storage solutions. Good examples for
that are QoS, replication, snapshots, clone’s
deduplication, compression and other.

v Limitations and Issues

The traditional storage platforms are not completely
suitable for the data center of the future. They do not
offer enough flexibility in their products and often
there are hidden fees.

Below are some of the limitations that the products
from vendors like NetApp, IBM and EMC are having.

e Vendor locking (no easy way to change the
storage unless a migration is used).

e High price (depending on the vendor).

e Limited expansion capabilities.

e Limited protocol support (depending on the
vendor).

e Hidden fees (for additional features).

The most critical issue with the current products on
the market is the vendor locking. Companies like
NetApp, EMC and HP are using proprietary hardware
and software components. All of this make the
migration from one vendor product to another difficult
even between systems from the same company. Good
example, for these are the limitation for upgrade
between EMC VNX5200 and VNX8800. This kind of
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scalability is almost impossible because the two models
use completely different hardware.

Such issues can easily be avoided with the use of
Software Defined Storage platforms. Most of the
available platforms like Nexenta, FreeNAS, Nas4free
and TrueOS are using the ZFS file system. This means
that there is no limitation from software side how much
storage can be supported. The limit is how much space
the hardware can support.

In this paper we will create designs for both
traditional and software defined storage platforms that
can be used for creation of small private cloud. After
that we will compare both solutions.

2. Software Defined Future

The data center of the future is moving from
hardware to software. Additionally, to software defined
storage there are concepts like software defined data
center and software defined networks.

v Software Defined Data Center

The idea behind Software Defined Data Center
(SDDC) is to create an abstract layer which will allow
the tenants to have infrastructure that can be modified
easily based on their unique requirements. The creation
of Software Defined Storage and Software Defined
Network is another step in the creation of the SDDC of
the future.

v Software Defined Networks

In Software Defined Network (SDN) is dividing the
complexity of the router into two parts —Data Plane and
Control Plane. The router retains the data plane which
does the forwarding of packet based on the flow
entries, which are given by the Control plane which
now resides outside the router i.e. in a controller server

[1].

v Software Defined Storage

SDS divides the complexity of the storage device
into two parts - the pure raw storage device and the
controller software which now resides in a server and
manages the set of raw storage device [1].

III. STORAGE CRITERIA’S

When cloud provider or other type of organization
are choosing storage solutions for their needs they
should have taken clear vision on what is crucial for
their specific environments. In series of articles, we
will present some of the common storage
considerations, best practices and designs.
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3. 1. Availability

Storage is the core component of the modern IT
infrastructure. Depending on the project parameters it
can be a standalone system or incorporated as part of
the overall solution. In any case the most important
parameter for a storage is the availability that it can
provide.

A storage solution that is not reliable and cannot
provide sufficient availability will lead to critical
downtimes. In most situations that can be fatal for any
business or organization.

For the availability it is important that all of the
components of the system are created with high
availability in mind. This means that there should not
be a component that can be a single point of failure.
For example, a single power supply or a controller can
be a single point of failure. In such cases a good
practice is the controllers to be paired in high
availability mode.

Still, even if the hardware components are
supporting high availability configuration, the
operating system should also be chosen and configured
with high-availability in mind. An OS that cannot work
in cluster configuration is not a good choice. Examples
are  active-active and  active-passive  cluster
configuration.

When the solution is created with that idea in mind
every failure of main component or controller will be
transparent for the end users or the hosts.

3. 2. Performance

Key component for a good solution is the
performance it can achieve when it is used. For a good
solution there are a couple of factors that should be
considered.

e CPU - a high performance solution requires a
fast or at least a multicore CPU.

e Cache size — the higher the cache size the
better the overall system performance.

e Host ports — the faster the ports the faster the
overall access to the system.

e Additional cache support — a good storage
system should be able to utilize additional
cache options. For example, to use additional
cache cards or SSD’s as a cache device.

e Backend ports — a high bandwidth connection
to the disk shelfs will provide better utilization
of the available drives.

3. 3. Data Protection

All of the storage systems on the market are created
with the idea of protecting user data. Still, all of them
are implementing that in their own and different way.
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Most of the products on the market are using RAID
for protection of the data. EMC, HP and Hitachi are
using RAID 5 implementation on their products [2].
NetApp on the other hand are using their own version
of RAID 6.

The SDS products are also using RAID as way of
protection of the data still they are not using hardware
RAID controllers. The issue with hardware
components is that after the warranty ends it is very
hard to find replacements. This is also true for other
components that are specific for solutions from
traditional vendors.

Another way of protecting the data on the storage is
to use technology like replication. When the data on
the system is critical, replication is not an option - it is
a required feature. Most of the storage systems are
supporting replication but all of them are using their
own implementation so there can be different
limitations which should be considered when the
storage system is procured.

The other thing related to replication is how much it
costs for the different products. Companies like EMC
can charge up to 20 000 USD just for the license, on
other hand companies like iXsystems provide it for free
with their TrueOS products [3].

3. 4. Protocol Support

When choosing storage, it is a good practice to check
not only for the main storage protocol that will be used
but also for additional support. For example, when FC
is used we can check for CIFS or iSCSI. Most of the
current solutions provided by vendors like EMC, IBM
and HP are supporting only some of the protocols out
of the box. Usually, the traditional vendors are asking
for investment in licenses or hardware to support
additional protocols. That’s one of the issues
mentioned above.

Below is a short list for some of the protocols that
should be supported from a good storage solution
without additional charge:

e Block

o iSCSI

g Fibre Channel (FC, FCoE or FCIP)
e File

o CIFS/SMB

o NFS

3. 5. Expansion and Vendor Locking

Even the best designed system will need to grow in
some time of the future. If the system is prepared with
expansion in mind the organization can grow it without
downtime or the need to buy a completely new
product.
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The vendor locking is one of the issues in this
situation. Vendors like IBM, EMC and HP are using
their hardware systems to lock the customer only to
their solutions. They are doing this by using proprietary
components and operating system. EMC VNX 5200 is
in the same product family as VNX 7600 and 8800.
Still a customer cannot upgrade to these models
because of different components used. A customer
cannot upgrade also to system like EMC Symmetrix or
other vendor product without full migration of the
environment. These cost large amount of time and
money.

The best storage systems that are offered today are
the ones that are created with tomorrow in mind. The
ZFS file systems is the same across FreeBSD, NetBSD,
OpenBSD and Solaris. A ZFS storage pool created on
any of the supported operating systems can be migrated
to another without significant downtime [4]. This can
be done with some of the SDS solutions as well
depending on the vendor implementation.

A good storage product is the one that can grow
from the smallest model to the highest without
downtime or the need to replace all of the hardware
that is already in place. Good example, are the NetApp
filers which can grow from the smallest to the highest
model in the family without significant downtime and
without buying additional hardware except the
controllers heads.

On the other side, we have products like EMC
VNX2 where you cannot upgrade between some of the
models in the product family and without significant
investments in hardware and time for migration.

3. 6. Additional Features

The thing that differentiate most of the storage
solutions on the market are the additional features that
are offered. Some times that makes the biggest
difference.

Some of the most wanted additional features are:

e Snapshots

e Clones

e  Deduplication

e Compression

e Replication

e  Automation (API)
e  Monitoring

e  Virtualization

The snapshots are very handy feature for
environments where software is developed. It can help
teams tests new features on databases for example. Still
depending on the vendor there can be different
limitations on how the snapshots are created and
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stored. Also there is difference on how much time it
will be needed for creation and restore from these
snapshots.

Clones are similar to snapshots but they can be
deployed to a full blown data images that can be used
for deployments. Example for that is creating boot
disks for servers. An image is installed on a server and
after that the installation disks from that machine are
cloned. This help deploy multiple servers in minutes
and not hours.

Deduplication and compression are having a very
similar task to save disk space. The biggest difference
between them is the way they do it. Compression is not
removing any of the data and it is not a heavy burden
on the system. On other hand the deduplication is
removing the parts of data that have duplicates. Still it
is very heavy on the system resources.

Automation is a very important topic these days. A
system that has a good way to automate most of the
daily tasks of the storage administrator can save hours
and with a good API it can provide additional features
depending on the needs of the company.

A good storage system needs good monitoring. This
feature can help identify future storage needs and can
help when the troubleshooting problems. The common
case today is that the monitoring software is not
coming with the storage and it is a separate product
that is very often sold at high price.

Virtualization is a new feature that will become more
and more important in the coming years. In most cases
the storage systems have a powerful CPU’s that can be
utilized for additional tasks. With products like Docker
an organization can save money with the use of
containers.

IV. CONCLUSION

A good storage system is the collection of its parts.
One weak part and the whole system is compromised.
This includes not only the hardware but the software as
well. Even the best hardware cannot provide all of the
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needed features without good software. Still most of
the customers on the market are not performing full
research when they are buying storage they are just
checking the price tag. In some cases, the price is not
everything. Not every time the support is included for
example and even if it is, it doesn’t include the quality
of it. Most of the times when there is an issue that
makes the difference. Every missed angle when a
storage system is chosen can lead to huge problems in
the future in some cases it can lead do data loss or even
more spendings on new hardware.

V. FURTHER WORK

In the next articles in the series we will prepare some
sample designs that follow current and suggest best
practices for both SDS and traditional storage systems.

ACKNOWLEDGEMENT

This work is supported by the project NID-
10/28.02.2017 “UNICLOUD: Research on the
possibilities for introduction of cloud services into the
UTP learning process” at the University of
Telecommunications and Post, Sofia, Bulgaria.

REFERENCES
[1] IEEE Software Defined Storage Technology Dr. S.C.
Gupta and Dr. Anita Goel

http://ieecexplore.ieee.org/stamp/stamp.jsp?arnumber=74
67277

[2] EMC VNX Series Systems
Specification Sheet,
https://www.emc.com/collateral/software/specification-
sheet/h8514-vnx-series-ss.pdf

Unified Storage

[3] FreeNAS website,
http://www.freenas.org/about/features/
[4] FreeBSD Handbook available at,

https://www.freebsd.org/doc/handbook/zfs.html




Second International Scientific Conference
“TELECOMMUNICATIONS, INFORMATICS, ENERGY AND MANAGEMENT”, 2017

PATTERN AND CODING IN THE COMMUNICATION

Liubov Ilieva,

University of Telecommunications and Post, 1 Acad. St. Mladenov Str, Sofia 1700, Bulgaria,
e-mail: Liilieva@utp.bg

Ivan Ivanov,

University of Telecommunications and Post, 1 Acad. St. Mladenov Str, Sofia 1700, Bulgaria,
e-mail: i.ivanov(@utp.bg
Neli Maneva

University of Telecommunications and Post, 1 Acad. St. Mladenov Str, Sofia 1700, Bulgaria,
e-mail: n.maneva@utp.bg
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IlaTepHuTE M KOAUPAHETO B KOMYHUKAIIUSATA

JIr060B I/IJII/IeBal, HNBan I/IBaHOBz, Henu Manega’

Pesziome — B Tazm CTaTusl, HUEC aHAJIU3UpaMe poJsiTa Ha
NaTepHUTEe B NMPOLECUTE HA KOAUPaAHE U TE€KOAUPAHE IO

Ha TIATCPHUTE B KOMYHUKalUsTa, BKJIIOYUTECIHO

BpeMe Ha TMpoHeca Ha KOMYHMKanus. B Hamero
u3cjieBaHe ce B3eMaT II0J BHUMAHHE HSKOU OCHOBHH
ujien Ha ¢uiocoduaTa M NCHXOJOTHATA B 00JIACTTA HA
YOBeIKOTO Bb3npusaTHe. Hue wu3sicHABaMe posiMTe Ha
aTpaKkTop, NMaTepH M LeJ KaTo OCHOBHH (pakTOpu B
npoueca Ha Bb3NPUSTHETO H MUCJIEHE.

Knouosu Oymu — mnarTepH, KOJAHMpaHe, 1eKOJAHPaHe,
Bb3NPHUATHE, KOMYHHKAIMSI.

I. BBBEJIEHUE

B NpeaAcTaBCHUd MOJCI Ha KOMYHHUKaAlMATa CC
OIpCACiid poJiiTa Ha MAaTCPHUTE M LECJIUTC KAaTO Ha
(l)aKTOpI/I, Oopranusupaliy NpoucCuTe Ha Bb3MPUATUCTO.
C’I)IIIO TaKa € IIOKa3aHo, KaK 49pe3 TAX CC OCHUICCTBABA
MAaHUITYJIUPAHCTO HA JIUYHOCTTA..

L[en Ha HacTodlmara pa60Ta € Ja IOKaXEM poJidTa

o608 Wnuesa, Bucme Yumiunie no TenekoMyHUKauuu 1
Iomwm, Codus, yn. Axan. Ct. Mnagenos 1, 1700, Bearapus,

e-mail: Liilieva@utp.bg

*WBan Manos, Bucme Yummmme mo TenekomyHuKauuu u
Homm, Codusa, yn. Axag. Ct. Mmagenos 1, 1700, Bearapus,

e-mail: i.ivanov@utp.bg

MACTOTO UM TIPH MCHXOJIOTHYECKOTO BB3ACHCTBUE
BBPXY OTIENHHS HYOBEK WIM ISIOTO obOmiectBo. Tasum
TeMa € MHOTO Ba)KHa 3a Jia pa3bepeM MexaHH3Ma Ha
MaHUIYJIMpaHe Ha Chb3HAHUETO Ha OTAEIHATA JIMYHOCT
i o01ecTBOTO Kato Isu10. Hue sxnBeeM mo Bpeme Ha
OBp30TO pazBUTHE Ha MHOOPMALMOHHNTE TEXHOJIOTUH,
KOMTO Ca MOIIHO CpEACTBO 3a YNpaBiCHUEC U
MaHMIYJIMPaHEe Ha HAIIETO Ch3HaHWE. Pa3BuTnero Ha
MH(QOPMAIMOHHUTE TEXHOJIOTMM M METOAWTE MM 3a
BB3ACHCTBUE BBPXY HUOBEKAa CWJIHO H3IPEBapBa
mpoleca Ha INPOy4BaHETO M paszOupaHeTo 3a
MEXaHM3Ma Ha BB3JCHCTBHETO UM, €TO 3allo
CBITHOCTTA W MEXaHHW3Ma Ha BB3ACHCTBUETO Ha
nHpOpManUATa BBPXY UYOBEUIKOTO CBb3HAHHE C
MIOMOIITa HA MOJICPHUTE TEXHOJIOTHH € Ba)KHA TeMa 3a
M3CIIe/IBaHe JHEC.

3amo HM BB3AEHCTBAa pekiamara, Kak HUE
BB3NpHEMaMe ONTHYHWTE wio3un? Ima nm Hemo
0010 Mexay Tsx. OTTOBOPET € ,,Aa", nMa. Toa 00110
ce Kpue B TIIpoleca Ha BB3ACHCTBHETO Ha
nHpOpMaNUATa BBPXYy HAC H OCOOCHOCTHUTE Ha
BB3IPUATHETO H.

3a ga pasbepeM H OCMHUCIMM MEXaHH3Ma Ha
MH()OPMALMOHHOTO BB3ICHCTBHE BBPXY JIMUYHOCTTA, €
HYXHO J1a pa3depem ocHoBara My. ToBa 3Hauu, ye HHE

SHenn ManeBa, Bucme Yuunume no TenexoMmyHHKanuu u
Homm, Codus, yn. Axkan. Ct. Mmanenos 1, 1700, Bearapus,

e-mail: n.maneva@utp.bg

TpsiOBa Jna ,,CXBaHEM™, KaK CTaBa BB3ACUCTBHECTO W
KaKBO ro MpaBu BB3MOKHO. Tei KaTo
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UH(OPMALIMOHHOTO BB3IEHCTBHE BBPXY YOBEKa Ce
OCBIIIECTBABA 110 BpPEME HAa KOMYHHMKAIIMOHHUS aKT, €
HEOOXOJUMO [a H3CleaBaMe BCHUYKH €JIIEMEHTH U
ChCTaBJISIBALIIUTE HA TO3M MPOIEC, U HAH-BaXKHOTO -
KakK C€ OCBIIECTBIBA OCMHMCIISHETO HA CHOOIIEHHETO U
OT TO3W, KOWTO TO W3Mpaima (HM3Ipaiada) 1 OT TO3H,
KOHTO TO MmoITy4JaBa (IoyJaTessi WIH PEICIICHTA).

KoMyHUKaTHBHHS KOMITOHEHT TIPHUCHCTBA BBB
BCHYKH BHJIOBE YOBECIIKA AKTUBHOCT, 3aTOBA € MHOIO
CIOKHO J1a TO H30IMpaMe 3a U3CIeIBaHe, 3a Ja
aHaJIM3upaMe MexaHu3mMa Ha  HMH(GOPMAIIOHHOTO
BB3JICHCTBUE BbPXY YOBEKa.

CrIiecTByBalIUTE MOJICNY HA KOMYHHUKAIHATA HE ca
B3aMMOCBBP3aHU, BCEKH MOJCNI € OPHUCHTUPAH KbM
OINMKCAHWE HA CIIUH OTPEJEIICH aCICKT WIN €JICMEHT Ha
KOMYHUKAITHSTA.

BcenencrBue Ha TOBa HSAMa €QUHCTBO M SICHOTA B
MPEIICTABUTE 32 CIEMEHTH Ha KOMYHHKATHBEH akT. B
CHBPEMEHHUTE MOJICITH HAa KOMYHHKALUATA MO-TOISIMO
BHUMAaHUE Ce OTAEN Ha aHaJu3a Ha CHHTAKTHKAaTa U
CEMaHTHMKaTa Ha CBHOOIICHHWETO, aHaNU3UpaT Cce
JAHHWTE, CBEJCHUATA, (haKTHTE, CHOUTHATA, 3HALIUTE U
KaHaluTe 3a  [OpejaBaHe  Ha  CHOOIIEHHETO.
[Iparmatukara ce cBeXXJa 0 aHaIM3a Ha JEKOAHUPaHE
Ha CHOOIIEHHWETO, KOETO € MHOI'0 Ba)KHO, HO HE €
JIOCTAaTHhYHO 32 Jla pa3depeM KOMYHHUKATHUBHHS aKT B
JIBI00YMHATA HA IICUXOJIOTMYECKHUS aCIIEKT.

Hamrara men Ha w3cienBaHETO HA KOMYHHKAIHATA
mpejmnoara MOJAEN, B KOWTO Aa Oblie SBHO BKIIOYCH
MEXaHHM3bM Ha OCH3HABAHETO HAa CHOOILEHHMETO, A
ObJe oT4eTeHa clienu(uKaTa Ha YOBEIIKOTO Ch3HAHNE,
MMaliKl TIpeIBUA XapakTepa Ha IO3HAHHETO, KaTo
pe3ynTar OT KOMYHHUKAaIlMs Ha 4YOBEKa C IPHPOJA,
MEXIYy-TAYHOCTHATA M ayTO-KOMYyHHUKarusaTa. OcBeH
TOBAa, B HAIIETO MH3CIEABAaHE € HEOOXOIUMO Ja
BKJIIOYMM [IBa MHOI'O Ba)XKHM KOMIIOHEHTa, a MMEHHO
LeJIEBUS. KOMIIOHEHT, KaKTO M II€HHOCTHHUS, BCSKa
KOMYHUKAI[HSI KIMa I[eJT, KAKTO U acIieKTa Ha OICHsSBaHE
Ha ToNydeHata wWH(OpMAIWsi, Ha WHQOPMAIUATA,
KOsATO TpsiOBa Ma ObJe M3MpaTeHa OT M3Mpalaya, 3a Ja
JIOCTUTHE MIOCTaBEHATa OT HETO IEII.

B mpomeca Ha KOMYHHUKAIMsITa BCEKH WHAWBUI,
KOHTO B3eMa yJacTHe B KOMYHHKAIIMOHHUS MIPOIIEC, HE
caMoO mpHeMa CBHOOMIEHHETO, HO M TO ,,IPOEKTHpa‘
BbpXy ce0e CH, IOCTaBSIMKM IO B KOHTEKCTa Ha
COOCTBEHHSI CH  IICHXOJIOTMYECKH U  KYyJITypeH
KOHTEKCT, OCMUCJIS T'0.

3a ma paszbepeM ,,MeXaHW3Ma“ Ha TO3U CJIOXKCH
npoliec, HUe TPsIOBA J1a aHATM3UpPaME UMEHHO HHUBOTO
,»pasoupane” u ,,0cCMUCIIAHE Ha CHOOIICHUETO, KOCTO
rmoilyyaBa  OTHEJIEH  YOBCK  II0 BpeMe  Ha
KOMYHUKAaTUBHHS aKT. ECTeCTBeHO, HUE 3HAEM MHOTO
MPUMEPH, KOraTo W3IPAaTEHO CHOOIICHHE —IIeNn
BB3ICICTBHE BBPXY HAIIETO IOACH3HAHWE, 3a [a
NpeaAu3BUKa oOmpeneseHo nerctBue. Kbae ce kpue
MEXaHM3Ma Ha ToBa BB3xeicTBHe? B Hamero
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n3cieBaHe HUE U3II0JI3BaMe HSAKOHU oT
CBICCTBYBAIIUTE  MOJCIM HAa  KOMYHHKAIIHUATA!
monenute Ha lllenon, Hlpeiinep u Jlacyen. Monenst
Ha KomyHukanusara Ha IlleHoH e cBBp3aH mnpeau
BCHYKO ChC CHHTAKTHICCKHUS aCTIeKT Ha
KOMYHUKaIusITa. B cBosS Momen TOH W3MON3Ba B
KauecTBOTO Ha 0a3a Ha EINEMEHTH - CHOUTHA.
Cpbutnsita Qopmupar (pa3oBOTO NPOCTPAHCTBO Ha
curHamure. Ulpefixpp mobaBs KbM MoAena Ha
KOMYHHUKalusATa  IOHATHETO  ,Te3aypyc’, KOETO
MO3BOJISIBA Jla C€ aHAJIM3Hpa LIEHHOCTHHS acreKT Ha
CeMaHTHKaTa B ciyd4as Ha KoMmyHHKanuara. Ho Hue
TpsiOBa Ja HaMepuM OTTOBOP Ha BBIPOC: KaK ce
OCMHUCJISI CHOOIIICHUETO - U HAa M3XO0Ja U Ha BXoja. 3a
[eNiTa € HeoOXOAUMO Jia M3I0JI3BaME TAKHBAa MOJICIU
HA KOMYHHKAIIUAATA, B KOUTO CE OTYMTA CAMUS IPOIIEC
Ha (OPMHPAHETO HA 3HAKOBUTE CHCTCMH.

ToBa ca CIOXHO CHCTEMHHTE MOJICTH, KaKTO
Monenmute Ha XakeH (1) m Jlyman (2). B momena Ha
XakeH wWMa TMOHATHE ,,aTPAKTOPHO CBCTOSHUE".
ATpakTOpHO  CBCTOSHHE €  CBCTOSHHETO  Ha
MIpUBJIMYAHE, MAaTePH. XaKeH OINpeneis aTpaKTOPHHUTE
CBCTOSIHUA (CHCTOSIHUS Ha NMPHUBJIMYAHE - B CIydas - B
OMpe/eICHO MHOXKECTBO) KaTo 0a30BH EAMHUIM Ha
cMuchia. [loHsATHETO ,,CMHCHI® TpHIOOHMBA HOBO
u3Mepenue. JlymaH pa3BuBa Tasu WICs, BBBEKIAUKU
Karo  CaMOCTOATENIeH  mpobjeM  poiisiTa  Ha
OUPKYJIHPAaHETO Ha CHOOIICHMATA B ClOy4as Ha
MTOJIPE/ICHATE CHCTOSIHAS HA MH(POPMALMOHHOTO TIOJIE.
Wndopmanms, cpoOmenne wu  pa3dbupaHe 1pu
M3II0NI3BAaHE HA TE3W JIBa MOJelia, T€ CTaBaT OCHOBA 3a
aHAJIM3MpPaHE Ha TIpolleca Ha KOMYHHUKAIIHATA, KOETO
JIaBa BE3MOXKHOCT 3a pa3OupaHe Ha ICUXOJIOTHYSCKHUTE
My CTpaHd. Bcekum y4yacTHHK Ha KOMYHHKalWs HMa
coOCTBeHa Il W 3a Ja s IOCTUTHE, TOH Thpcu
aZIeKBaTHU METO/IH.

Besmuocr  uen e eamH  OT
KOMIIOHEHTH Ha KOMYHHUKAITUATA.

[pn  ¢opmanmsmpane Ha mparMaTHKara Ha
KOMYHUKAITUATA 3a]IBIDKUTEITHO TPSOBA 1a CE BKIIFOYU
MOHATHETO ,,1en. [Ipoliec Ha KOMyHHKaIUAITa € eAHa
CIO)KHAa CHCTEMa C MHOXECTBO €JIEMEHTH. Bcekn
YYaCTHUK Ha KOMYHHKAIHS CE CTPEMH [a IIOCTUTHE
cobOcTtBera men. Kato Bcekn ydaCTHHK MOXKE Ja WMa
moBeye OT €OHa Ilel u Te Morar jna Obaar
mpoTuBOpeyrBH. O4YEeBUIHO, Y€ BCUYKU YYACTHHUIIM Ha
KOMYHUKaIlsiITa HE MOTaT B paBHAa CTelNeH [a
IOCTUTHAT CBOWMTE IENW. 3a Jga pasodepar, naiu
MTOCTUTAT LEJIUTE CH, YYACTHUIIUTEC B KOMYHHUKATHBHUS
MIPOIIeC MPAaBAT OICHKA Ha WHGpopManusaTa. lleHHOCTTA
Ha WHpOpPMANHUATA CE OICHSIBA Ype3 aTPaAKTOPHOTO
CBHCTOSTHHE: OCTaBa JIM JIaJicHaTa crcTeMa B 00XBaTa Ha
aTPaKTOPHOTO CHCTOSIHUE, B KOETO TS CE € HaMmmpala
TIpeIu 1a TOJIYYH CUTHAN, WA IPEMHUHABa B TIOJIETO HA
ZIPYT aTpaKTop.

Hal-Ba)KHUTE
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3a BCEKM €JEMEHT OT KOMYHHMKaluATa HMa
3Ha4YeHHe, B Koe WH(OPMALMOHHO TIIOJIE TOH ce
Hamupa. Bceku eneMeHT OT KOMYHHKaTHBHOTO IIOJIE
OLICHSIBA CBOMTE I10JI3U 110 OTHOLIEHHE KbM aTpakTopa
(emeMeHT, KOHTO TO TIpPUBIMYA  IOCPEICTBOM
ompezneneHa wuHpopmanwms, curHan). (IIpumep: B
MIpUpO/IaTa: MHOTO HAacCeKOMHM - MMa MHOTO IITHIIH,
NTHLMTE U3SDKAAT HACEKOMUTE, HACEKOMHTE H34e3Bar,
OTHLHTE C€ MECTAT TaM, KBIETO B JAJCHUS MOMEHT
AMa IOCTaThYHO HACEKOMH).

KakBu  JMYHOCTHM  MEXaHHM3MH  OIPEACIIT
CTENCHUTE Ha 3HAYMMOCTTA M Ka4eCTBOTO HA
unpopmanusra?

Ha mbpBU eTam OT BB3MPUATHETO Ha HU3MpaTCHATA
uHpOpMALUs HHUE BB3MPHEMaMe eaWH o0pa3 Kato
0, 0e3 Ja ro aHamu3Mpame, HO Cjel ToBa ce
BKJIIOYBA CEH30pHATA CHCTEMa, KOSATO TO3BOJISABA J1a Ce
OTYHWTA JOMBJIHUTEITHATa WH(POpPMAIHSA, TOBA € TO3U
Cllyyai, KOraTto BIDKAaMe HaKbCaHaTa JIMHUS U s
JOCTpOsiBaMe (03aITbIBaMe B Ch3HAHHUETO CH) - TOBA €
OCHOBATa Ha 3PUTEITHHUTE MUITIO3HH.

Crnen TBPBUYHOTO BBINPHUATHE Ha HHUBO ,,00pa3®,
MMa eran OCMHUCIISTHE - HUEe HaMecTBame o0pa3
(marepH) B HamIaTa cCUCTEMa Ha 3HAIM U MUCIH. MIMame
HACOYCHOCT Ha BHUMAaHHE KbM HIKaKbB 00¢kT. Korato
HUC BIDKIAME HEINO, MMaMe YycCellaHe, 4e BeaHara
CBBbp3BaME€ TOBA, KOETO BIDKAAME C OIPEIEIICHO
MOHSATHE, 0€3 a CH TaBaMe CMETKa 3a TE3U MEKIUHHU
MPOIECH, KOUTO CTaBaT Ha HECH3HATEIHO HHUBO. Tam
CMe€ TO/IaTJINBY Ha WH(GOPMAIIMOHHOTO BH3ACHCTBHIC HA
aTPAKTOPHOTO CHCTOSIHUE - MATEPH, KOETO HE YCIsIBaMe
Ja nekoaupame. M3npaiay uMa eHa e, MoayvaTes
Ha uHpopMamusATa wMa chBceMm napyra uen. (Hwue
HSMaMe HaMepeHHe Ja KylyBame HeIIo, HO Clief
Bb3/ciicTBUETO Ha J00pe HampaBeHa pekiiama, To
KynmyBame). B ciiyyas Ha pekinama pexiaMoJaTrelisT
U3Ipalia MaTepHU - AaTPAKTOPHHU ChCTOSHUS TaKa, 4e T
Jla BB3IEHCTBAT HA HHUBO HAIICTO IOACH3HAHUE,
HEroBaTa IleJI € Ja HU Hakapa Hemo aa Kynum. Toi
ycmsiBa Ja TIOCTHUTHE CBOATa TIel. Tyk JeicTBa
MEXaHHW3Ma Ha JCKOAMPAHETO W OCH3HABAHETO Ha
matepuaure. Kak? MWsmpama ce cpoOmeHneTo -
Bu3yajeH oopa3. Hue ro Bb3npremame KaTo eHO LsII0
Ha HHBO 00Opa3 - obade, 6e3 ma ro ocmuciuM. Toect
Ollle HE CMe I'0 HAMECTHUJIM B HAIllaTa CHCTEMa OT 3HaIH
(nonsitust) u muciu. MiMa u oOparHa BB3MOXKHOCT -
Bb3/ICHCTBUE Upe3 MOHITHE, KOETO MPEIU3BUKBA B HAC
o0pa3y M aKTHUBHpA HAIIETO BBOOpakeHHe. Taka,
HAIIETO CBh3HAHHEC CC MAHUIYJIUPa TOCPEICTBOM
BapupaHe Ha KOMOWHAI[MMTE OT [aTepPHUTC B
CTpYKTypaTa Ha CHOOIICHHETO, Ha Ta3W OCHOBA CE
0a3wpaT 3PUTCIHUTE WIIO3UHU, 3PUTCIHUTEC H3MAaMHU,
pexiiamara, poKycure.
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II. U3CIIEIBAHIA

Hamrara menm Ha W3cienBaHETO HA KOMYHHUKAITHSTA
mpeAnoiara Mojel, B KOWTO Aa Objie SIBHO BKIIIOYCH
MEXaHM3bM Ha OCBH3HABAHETO HAa CHOOILEHHETO, 14
0bJe oT4eTeHa crienuduKaTa Ha YOBEIIKOTO Ch3HAHKE,
MMaliki TIpeJBHJ XapakTepa Ha MO3HAHHUETO, KaTo
pe3yiraT OT KOMYHHUKAlWsi Ha 4YOBEKa C NPHPOJA,
MEXY-TMYHOCTHATA U ayTo-KoMyHHKauusta. OcBeH
TOBa, B HAIIETO WH3CIEABaHE € HEeoO0XOauMO [a
BKJIIOYMM JIBA MHOI'O Ba)KHHM KOMIIOHEHTa, a MMEHHO
[IEJIEBUS KOMIIOHEHT, KaKTO M LIEHHOCTHHS, BCSKa
KOMYHUKAITUS FIMa TIeJT, KAKTO U aclieKTa Ha OICHSIBAaHE
Ha ToNydeHata wWHQOpMAIWs, Ha HWHPOPMAIUATA,
KOSATO TpsiOBa 1a OBbJe M3MpaTeHa OT W3Mpalnaya, 3a Ja
JIOCTUTHE IIOCTABEHATA OT HETO LIE.

III. PE3YJITATU

B saBen Bug e 1mokazaHa HEOOXOOUMMOCTa OT
W3ydaBaHE Ha TIpoleca Ha BB3MPUATHETO, 3a Ja ce
pas3bepe MEXaHU3bM Ha WHPOPMALMOHHOTO
BB3JICHCTBUE BBPXY UOBEKA INPH KOMYHHUKAIIHITA.
HNHdopMallMOHHOTO BB3IIEHCTBHE CE OCHILECTBSABA HA
HECH3HATEIHO HHMBO C IIOMOINTA HA KOMOHHAIMS OT
MaTepHHU.

IV. 3AKJIFOYEHUE

HeoOxonumo e 3aapa00ueHo n3yyaBaHe Ha Ipoleca
Ha BB3MPHUIATHETO MO BpeMe HAa KOMYHHKAI[HOHHHUS aKT
C 1e1 pa3dupaHe HA MEXaHW3Ma Ha UH(HOPMAITUHOHHOTO
BB3CHCTBUE BBPXY OTIEIHATA JIMYHOCT WM LISIIOTO
00IIecTBO, 32 Ja ce M30erHe MaHUIYJIUPAaHETO Ha
CBH3HAHUETO.
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ITIL OR BRINGING ORDER TO THE IT CLOUD
CHAOS

Strahil Sokolov', Asen Zahariev’, Mihail Vukadinoff’, Blagoy Simeonov*

Abstract — The paper is short introduction into the world
of ITIL and provides basic high level guidelines on how to
prepare a working environment for adopting the
framework. The most used features of the de-facto service
management standard is described as well as the necessary
actions for adoption in a corporate environment.

Keywords — Management, ITIL, framework, service
management guide

L.

Information Technology Infrastructure Library also
well known as ITIL is a set practices and guides focused
on aligning IT services with the vision and needs of the
business. ITIL framework aims to standardize every step
or process and provide efficiency in IT departments.

ITIL was introduced in the 80s by the UK
government’s Central Computer and Telecommunication
Agency (CCTA) in response of the growing dependence
of IT in government agencies and private sector. Another
important factor, which led to making of this framework,
is the decentralizing of data centers and more
geographically diverse architectures [1].

In the foundations of ITIL lay five books which
encompass every step, procedure, task, best practice and
check lists which are non-organization specific, but all of
them applicable for establishing close relationship with
an organization’s strategy and delivering values. They
also provide baseline on which the business/organization
can plan, implement and measure improvement. These
books or core publications are under review periodically
and updated as technologies evolve [1 - 7].

The rest of the paper is organized as follows: In section
II, ITIL core properties, goals and customer requirements
are discussed. Section III describes ITIL Components and
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roles as well as Service Strategy. In section IV we
proceed with defining targets and Service Design. In
Section V we provide an overview of the ITIL benefits
for Service Delivery and Transition as well as guidelines
on our future work in this field.

II. WHATIS AND ISN’T ITIL

ITIL focuses on delivering and improving already
existing IT services. It does not focus on creating things
as project management works. The difference between
Project Management (PM) methodologies and ITIL is
that in PM you have start and end of the project. The
deliverables within the project, once the project’s needs
and timeframes are met the project is done. Unlike the
PM processes, ITIL is based on endless process of
improving, innovating and continues its evolvement
based on these guidelines.

ITIL Evolution

1989: ITIL introduced To
standardize IT service
management

2001: ITIL v2 provides a more
uniform and usable structure
for service support and

delive

ITIL 2007: ITIL v3 introduces a feedback loop for
improvements in the ITIL service lifecycle. The
ITIL guidelines now cover service strategy,
design, transition and operation with continual
service improvement built in.

2011: ITIL 2011 expands upon and
clarifies processes in ITIL v3, adding
some more processes and focuses on
STRATEGY

Fig. 1. The evolution of ITIL [11]
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In addition, ITIL is not a tool. One can apply several of
its aspects using ITSM based tools, but they are not
required. ITIL does not offer all-or-nothing approach.
You can identify which parts of it you need and apply
them only. There are no strict rules, stages or order that
dictates how to apply ITIL for your business and needs.
As mentioned, you can just pick a part of it and start
using it. With the time and growth of you service you can
implement the rest of the ITIL practice if required.

II1. ITIL WILL MAKE YOUR CLOUD GREAT
AGAIN

co“‘:‘“uﬂ\ service im, roy,
L
Serv!'ce
Transitio n

‘Service
Strategy

Fig 2. ITIL Service Components life cycle [7]

Since the ITIL basis has been introduced, an overview
of the five books on each of the ITIL areas can be started.
Before the start of implementation of any of the stages, it
is important to have the so called SPONSOR. This person
will be the pivot or spine of your project. This is
necessary because of the potential disagreements between
the IT people. There are three types of people in every IT
department.

First type is going to fully embrace or at least to agree
with the new changes and that they need to start
following some kind of common standards. These people
are flexible and can easily break from their comfort zone.

The second type are the people that will stay neutral
and see how it is going to work for them. They will agree
with everything and start using them. Most important for
this group is that they will make constructive criticism
providing valuable feedback.

Last type are the negative folks. They will fight with
arguments stating this is not required and they are
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working perfectly without all the bureaucracy that ITIL
can offer. Of course, they can be correct, if you do not
offer smooth and transparent approach.

This is why the sponsor is needed. This could be a
person within the company, currently part of the higher
management. Her/his tasks would normally be to take
care of exactly how painful or painless the whole ITIL
will be for the IT people. Most significant the whole
program will be dependent from them. Jane’s
improvement project or Bob’s make IT team great again
and every similar case. When we have such catchy name
involving, the management (VP, CTO, IT director) even
the stubborn (type 3) people will not refuse to at least
give it try and after that they can make up their mind
which group they can join or stay on the current negative
side.

Talking about higher management, this involves the
business and from there we can start talking Service
Strategy. Maybe the most important, or at least for me,
part of ITIL [2]. The objective of it is to decide what
strategy or approaches they are going to use to server the
customer/business. Starting from an assessment of
customer needs and the market place, the Service
Strategy lifecycle stage determines which services the IT
organization is to offer and what capabilities need to be
developed. Its ultimate goal is to make the IT
organization think and act in a strategic manner.

Within this goal we have to assess the 3rd party
providers and in-house offerings, capabilities,
competitors as well the current market and technologies
of developing stable and reliable strategy ensuring the
implementation during the whole ITIL lifecycle. This is
the objective of Strategy Management as a portion of
Service Strategy.

Next intention is to manage the Service Portfolio.
Ensuring that it has the correct mix of services,
technologies and people for maintaining and improving
the required business outcomes.

Of course, after having the right resources for the job
you need to manage the financial side or management.
Ensuring that the budget is under reasonable management
regardless of the demand in Service Strategy. Demand
management is talking care of providing an
understanding or expectation of customers’ demand. It
can be hiring more people or procrurement of new
equipment either for new or ongoing projects.

This part of the service strategy is in close relationship
with Capacity management — an essential part of ITIL’s
Service Design. Talking about relationship, here is one of
the essential element all of the pointed above pieces is the
connection with the business itself. Having open and
clear dialog for everything is the leading part for
providing excellence and solid leadership. It stresses both
on the concerns and positives of the customer in every
step of each process and the day-to-day work.
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This can close our chapter on Service Strategy. Within
it we pointed out that having close contact and
understanding is the key for building a concrete base on
top of which you can ensure growth. With all information
we gather from strategic point of view, we can proceed
with development of a design for our service offerings or
ensuring sustainable changes and improvements to the
existing ones.

IV. DEFINING TARGETS AND SLA

Before starting with this uneasy task we need a
coordinator to keep everything on track. One of the most
important tasks would be a review of the required steps;
handling the collaboration between different teams and
retaining the documentation up to date.

When a blocker appears, no matter how insignificant is
it to address it to the business? After we have our
portfolio, financial targets and targets set by the business
it is time to set the SLA or Service Level Agreement.
SLA is under negotiation depending the client’s
requirement. Meaning that a given service depending
how crucial is to the business can be unavailable only for
a given amount of time. If this time is above of defined it
will lead to penalties to the IT provider, regardless 3rd
party or in-house.

In such events another parts of ITIL are being involve.
Setting and meeting the SLAs is important for both
parties — requiring and delivering. Within the design, we
need to care of any risks, which can appear now and in
the future. Information Security management handles
these threads. Govern the confidentiality, integrity and
availability of an organization's information, data and IT
services [3].

With the design in place there is a phase which
guarantees to a certain extent that everything from the
past phases will be built, controlled and deployed into the
real life properly. All of this is possible thru the ITIL’s
Service Transition.

Overview the lifecycle of every change, or more
specific to Change management. Looking more deeply
into it we strongly can say that everything can be view as
a change. Moving a server from one location to another.

Updating a configuration file, upgrade of a database
and many more actions, which are different from the
original design of the process or infrastructure point of
view. Other important pieces are Release and
Deployment Management, taking care of moving IT
services from test to live or production state [5].

Ensuring that the integrity of these services are
constructed according to the design and needs;
Configuration management is maintaining an information
about every item or asset of the IT; And on last place, but
not as important is building a Knowledge database.
Sharing all the knowledge gained during the design and
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transition state, also from the ongoing operation across
the whole IT staff.

Everything is now in place so the delivery teams or
ongoing delivery to start performing their duties. Taking
care of each incident thru Incident management,
cataloging each of it into the Problem management so a
root cause can be found and the reoccurrence of this
incident will be stopped.

Also fulfilling the entire request from business or
infrastructure side thru change facility management.
Ensuring every operation is moving smoothly and
without any troubles.

On regular basis a service review is performed to
evaluate and assess how every wheel is moving.
Continual Service Improvement is involved when there is
something which can be replace, remove or improve,
from both process and technology point of view [4].

V. CONCLUSION AND FUTURE WORK

In this article, an initial overview of the most important
core phases of ITIL was provided. Giving us high-level
view of moving from understanding business needs,
designing a model that fits those needs, transition and
ongoing operation. Most important rule to remember is
that you can use only what you need. Exactly this phase,
which is most appropriate for you need. All the ITIL’s
chapters can work independently one from other or to
combine different. ITIL is here to service you and the
other way around. Nevertheless, you need to be careful to
not create too much bureaucracy and obstacles.

In our future work we intend to research the available
community and commercial ITSM tools and create a
comparison sheet with their features and criteria for easy
adoption. We will also focus on the ways to achieve
leadership through adoption of ITIL and compare this
frameworks to other existing service management
platforms and frameworks.
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TECHNIQUES IN PROGRAMMING LANGUAGES FOR
PERFORMANCE IMPROVEMENT OF APPLICATIONS

Mihail Chalashkanov', Julian Velchev®

Abstract — This article describes an approach to
evaluating the performance optimization of existing
algorithms in various modern programming platforms.
Various options for changing end-user performance have
been explored using some of the most popular
programming languages (C, C #, JAVA). Suggestions are
proposed for evaluation, including compiler parameters,
virtual machines (for which they are applicable) or
performance-enhancing algorithms that, depending on the
desired performance, serve as a platform for development
of end-user applications.

Keywords - performance, price of time execution,
programming languages, algorithms.

I. INTRODUCTION

Development of programming languages over the
recent years lead to a change in basic parameters of end-
to-end software applications. One of these parameters is
productivity. This performance is affected by both
hardware and software (programming language) used by
the application. This influence is due to the types of use
of the processor and memory. In different languages,
storage and release of memory is different. Also,
different compilers or translators provide opportunities
to change the amount of memory used, some of which
also provide performance-enhancing parameters.

Algorithms used to increase productivity also have a
different impact in their use in different programming
languages. This difference comes again from the
different memory management and the processing time
used to execute the caching algorithm operators [3 - 6].

The main purpose of the study in this article is to
present a comparison between the performance of
different programming languages and platforms on the
basis of a comparison of the same algorithm
implemented in different programming languages.

The remainder of the article is organized as follows:
Part II describes the main problems encountered in
algorithm implementation and performance evaluation in
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different software environments, Part III describes the
experiment and the used platform and Part IV gives the
experimental results of the comparison and analysis is
performed. The article ends with a conclusion and offers
the source code of the algorithms used to perform the
comparison.

II. OVERVIEW OF EXISTING OPTIMIZATION
TECHNIQUES AND PERFORMANCE OPTIONS

Depending on the programming language that is
used, we have a different execution time for the program
(even minimal in some cases). It follows from this that,
depending on the algorithm used, the execution time
would be different [9]. Therefore, there are different
programming techniques for each programming
language, which may affect the performance of the
program. These techniques are very different and can be
of great complexity, which is why they are divided into
different articles for the respective programming
languages to which we will refer in this report.

At the following address, you can find many
possible parameters and algorithms to increase
productivity in JAVA:

http://www javaperformancetuning.com/tips/rawtips.shtml

The Intel C++ Compiler version 14.0.2 offers many
optimization options for the programmer. Some of these
are restricted to command-line flags, while others must
be inserted as directives into the original code [1].

The following address presents performance
enhancement techniques through different algorithms in
the C ++ programming language:
http://www.thegeekstuff.com/2015/01/c-cpp-code-optimization

Also, the GNU organization provides
capabilities to optimize applications by
compilation options [8]:

some
using

https://gce.gnu.org/onlinedocs/gec/Optimize-Options.html

For C# Microsoft also provides options that can
affect performance:

https://msdn.microsoft.com/en-us/library/ms973839.aspx

Possible ways to change and increase performance
are particularly interesting in environments like
BIGDATA where we have calculations on huge data
structures and need for very fast algorithms and
programming languages. These productivity
improvements are under constant discussion even in
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shared information networks such as StackOverflow [7]:

https://stackoverflow.com/questions/6911863/setting-up-a-c-
sharp-application-for-max-performance-build

III. EXPERIMENT

To confirm the previous statement, we will do the
following experiment with measuring the time used to
declare a variable in some of the most common
programming languages C, C #, JAVA. To do this, we
will create a program that declare 800,000 single-
variable variables (we choose this mount of variables
because the expectation is the difference to be very small
- micro or nano seconds, and by accumulating this small
difference we take into account the difference in the
different languages). The program will run on a physical
hardware system with parameters:

Processor:

Intel® Xeon® CPU L5630 @ 2.13GHz 2.13GHz

2 processors

RAM:

6.00 GB
System type:
64-bit Operating System

compiled and executed in different languages. When
starting the program, we will use standard language
features to take the current time. At the end of the
declaration we will use these features again, and the
difference will give the time to declare 8000000
variables in the different languages. Variables will once
be of primitive type, as they are expected to have direct
addressing and compiler creation faster than object
variables that construct sophisticated data types [2]. We
will run 10 apps in a simplified and complex data
version to confirm the results, and even if there is a
change in memory based memory time, this will be
reflected in the difference with which the execution time
changes.

For the purpose of the experiment, we will use the
following algorithms in the programming languages
JAVA, C ++, C# (Appendix A).

IV. EXPERIMENTAL RESULTS

After the experiments we are performed and report the
following results in the test program execution time
measured in ms (milliseconds) shown in Fig. 1 and
Fig. 2:
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Fig. 1. Performance graph using primitive data type

50000
40000 —JAVA ok_)ject
type String
30000 + —— C++ object type
20000 - String
C# object type
10000 1 String
0 —— T
1 3 5 7 9

Fig. 2. Performance graph using object data type

V. CONCLUSION

This paper presented an approach to determine the
performance of algorithms in different software
environments. Application performance theme is up-to-
date and, in addition to performance, we can also
consider the resources used during execution. Future
developments of the topic team will also be affected by
this aspect of the subject.
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APPENDIX

/ITest.java
import java.util.Date;
public class Test {
public static void main(String [Jarg){
long start = (new Date()).getTime();
System.out.println("Start " + start);
for(long i=0;1<8000000; i++){
long a=i;
//String a=new String(""+1);
}
long end = (new Date()).getTime();
System.out.println("End " + end);
System.out.println("Execution time " +
(end - start));

}
}
/[Test.cpp
#include "stdafx.h"
#include <iostream>
#include <ctime>
#include <ratio>
#include <chrono>
int _tmain(int argc, TCHAR* argv([])
{

using namespace std::chrono;

high_resolution_clock::time point t1 =

high_resolution_clock::now();

for (long i=0; i<8000000; ++i) {
long a=i;
//std::string a ="s";
}
high resolution clock::time point t2 =
high resolution_clock::now();

duration<double, std::milli> time span =12 - t1;

std::cout << "It took me " << time_span.count() <<
" milliseconds.";

std::cout << std::endl;

int a;

std::cin>>a;

return 0;

}

/[Test.cs

using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Threading.Tasks;

namespace ConsoleApplication

{

class Program

{

static void Main(string[] args)
{
int startsec = DateTime.Now.Second;
int start = DateTime.Now.Millisecond;
Console.Write("\nStart "+(startsec * 1000 +
start));

for (long i = 0; 1 < 8000000; i++)
{
long a=1;
//String a=""+1i;
¥
int endsec = DateTime.Now.Second;
int end = DateTime.Now.Millisecond;
Console.Write("\nEnd " + (endsec * 1000 +
end));
Console.Write("\nUsed " + ((endsec * 1000
+ end) - (startsec * 1000 + start)));
Console.Read();

H
}
}
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CRM, BUSINESS INTELLIGENCE AND THE IMPACT
ON COMPANIES’ PERFORMANCE

Carmine D’ Arconte'

Abstract — Nowadays many companies try to carry on
with their businesses with great difficulty due to the
persistent economic and financial crisis; in this complex
environment, we believe that a fundamental way to help is
focusing on two fundamental aspects: having the right
strategic approach to the market and investing accordingly,
and collecting all necessary internal and external data to
make the right managerial decisions.

In this paper, we first examine CRM, Customer
Relationship Management, considering both its strategic
and technological aspects, and then shift focus to the
possibility for companies to implement an effective business
intelligence system, while trying to demonstrate the great
benefits it can offer companies that use it.

Keywords — CRM, Business Intelligence, Entrepreneurs’
competences and approach to market, Market scanning,
Profitability and Customer Satisfaction monitoring.

[.INTRODUCTION AND THEORETICAL REVIEW
ON CRM AND BUSINESS INTELLIGENCE

CRM, Customer relationship management, and
Business Intelligence: what are they, exactly, and how
may they be of help to companies? We will try to answer
the question not only at a theoretical level, but also in
regard to the practical application of these concepts
within for-profit companies.

As for CRM, we can see that there is an on-going
debate in the literature about what it actually represents
(Payne, 2005 & Zablah, 2004) and what the main issues
are when companies adopt it (Bull, 2003). The
definitions of CRM are numerous and varied, but
technology is an element of CRM that most authors’
definitions highlight, for instance Baraldi (2013), states
that CRM is ‘A technical device interacting with people
who input data and information in an Information
Technology system to obtain processed information in
order to handle customer relationships’.

Some authors, such as Coltmann (2011), point out that
measurable returns from IT investment programs rarely
arise due to narrowly concentrating on IT alone;
nevertheless, the technological approach is still
widespread almost everywhere —in spite of it being not
only insufficient and misleading, but also embodying the

!Carmine D’Arconte, Assistant Professor of Marketing and
Communication, Faculty of Economics, University of Roma
Tre, Rome Italy
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most serious misconception about CRM that is also one
of the main reasons for its failure.

Fortunately we there are other authors who, in a
totally different way, define CRM as a process (Lambert,
2009), a strategy (Lazer, 1999), or a philosophy (Hasan,
2003); as we can see, these offer a completely different
approach that does not simplistically focus only on
technology. In line with this, a more complete definition
comes from Walter Scott (2001), who summarizes that:
‘CRM is above all a business process aimed at creating
and maintaining relationships with customers that
involves the entire company and creates value in every
moment of contact between a customer and the
company, at all levels of the organization’.

This is certainly an improvement as far as definitions
are concerned, but what does it mean in practice and
how can this be of help to companies?

As for Business Intelligence, the situation is quite
different from CRM, firstly because we can find very
good definitions, such as Luhn’s (2010): ‘An automatic
system developed to disseminate information to the
various sections of any industrial, scientific or
government organization. This intelligence system will
utilize data-processing machines for auto-abstracting and
auto-encoding of documents and for creating interest
profiles for each of the action points in an organization’.
Beyond this, the fundamental importance of BI to
businesses seems to be fully appreciated; according to
Moss (2008), ‘In today’s highly competitive and
increasing uncertain world, the quality and timeliness of
an organization’s business intelligence (BI) can mean
not only the difference between profit and loss, but even
the difference between survival and bankruptcy.” Apart
from this, Moss also provides a very well-detailed
roadmap for the implementation of a Business
Intelligence system.

Finally, a fundamental contribution comes from
Pennarola (2006), who gives one of the more complete
representations of a CRM system that is very effectively
summarized in Fig. 1, which also shows the vital
interconnections between the operative and analytic
components—two separate parts that nonetheless have to
be fully and constantly integrated.
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Fig. 1. Architectural plan of operative and analytical
CRM business intelligence. Source: Pennarola, F. &
Perrone, V. 2006

II. RESEARCH ON ENTREPRENEURS, CRM AND
BUSINESS INTELLIGENCE

To try and understand what the situation is like for
both CRM and Business Intelligence we researched
entrepreneurial competences and then made a
comparison with other research on BI; we prepared a
complete and detailed questionnaire with nearly 50
questions on entrepreneurs’ competences and their
approach to business. Out of these 50 questions, 8 were
focused on personality traits and 11 were on various
aspects related directly or indirectly to CRM and BI,
though mainly to the former. The questionnaires were
distributed to 30 entrepreneurs, most of them members
of the CNA, or Confederazione Nazionale
dell’Artigianato e della Piccola e Media Impresa di
Roma, who are mainly the owners of small businesses;
participants were asked to fill out their answers
independently prior to a lengthy, open, and interactive
discussion of each item.

The results demonstrate how the entrepreneurs
interviewed, apart from their technical skills, displayed
some natural proclivities in their personalities that have
helped them to start and run a business; these include
propensity to risk, creativeness, fatigue strength,
intuitive problem-solving, and interpersonal
competences. Anyway, as far as managerial skills are
concerned, they seemed to be quite poorly equipped,
mainly because they hadn’t received any preparation in
this regard; in fact, not only had most of them begun
their activities without precise business ideas or even an
embryonic business plan, but they also had difficulty
with fundamental issues such as the methodology for
preparing an estimate, fixing and adapting prices, cost
assessment and control, balance sheets and managerial
accountancy, finance, etc.

Beyond this, if we refer to the Italian market
specifically, in 2012 around 60% of companies were
comprised of individuals and approximately 35% were
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micro-companies with an average of 3.6 employees each
(SBA, 2012); therefore, it’s easy to understand how in
these conditions a doubly negative factor exists, i.c.,
entrepreneurs have neither professionals aides who may
help them to compensate for managerial limitations, nor
access to advanced technologies which are often too
expensive for them.

If this is the situation for CRM, we only can expect a
worse situation as far as Business Intelligence is
concerned, In fact, considerable investments in
technology and highly skilled personnel are required to
achieve good results, and this is only possible for large
companies which are, in Italy and likely in most
European countries too, the exception. Apart from this,
as we will see more clearly in the conclusions, the main
problems that causes failure of basic CRM systems are
even more present in the highly-complicated BI systems.

Business Intelligence is strictly related to analytical
CRM, which only exists in theory, while operative CRM
is often purchased en masse, off the shelf, and without
regard to the specificity of a single company’s
processes—this often reveals the poor integration of
various communication channels.

In line with these results, CRM does not seem to have
been a great success to date; from a Gartner study
published at the end of 2001, it emerged that over 50%
of CRM projects do not help to reduce costs or obtain
expected profits; furthermore, according to an IBM study
in 2003, 40% of senior managers consider CRM to be
useful but not decisive, and in 80% of cases it is not fully
implemented even if it is already being used. For some
managers, CRM even seems to be going out of fashion,
while others are convinced that it will incur more costs
and provide fewer benefits.

Two possible explanations for these results are that:

> CRM, in itself, is no good

> CRM is not yet fully understood in general and,
above all, it is not being implemented correctly.

III. WHAT IS CRM, REALLY?

We have been studying the topic in-depth (D'Arconte,
2017) but here, to briefly summarize, it should be
understood that in the current socio-economic context
companies have to firstly identify their customers’ needs
and next, to the best of their actual abilities and skills,
think of the most suitable products or services that will
satisfy those needs in a fair and satisfactory way.
Another fundamental point is that companies should
finally realize how vital it is nowadays to be true to the
promises they make when advertising their products. In
this regard, Norman (1984) very wisely coined the
expression “moments of truth”, meaning the highly
critical moment when customers believe companies’
advertised promises, buy their products, and begin to use
them, thereby finding out whether the same promises
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were true or not. In this particular moment, customers’
reactions may range from enthusiastic satisfaction to
total dissatisfaction, with all the wvarious levels in
between; consequently, they will accordingly feel highly
satisfied and therefore gratified with their choices or
dissatisfied, frustrated, and cheated'.

Offering a product that really satisfies customers’
needs, avoiding exaggerations in advertising, and being
fully available to assist customers post-sale are the first
fundamental steps to setting up a good CRM system; the
common, indispensable denominator among these three
elements is that management needs to be sincerely and
continuously customer oriented. Moreover, this implies
that in order to keep up, companies need to know that the
only way to make a profit is through maintaining a base
of satisfied customers.

Having understood this preliminary fundamental point
and we believe that as a general rule this is not at all like
this we have to ask ourselves about the role of CRM’s
other components, and what relationships may exist
among them. The two other main components are
personnel, including organisational procedures and
processes, and, of course, technology. In this regard, we
believe it may be enlightening to refer to the CRM
pyramid in Fig. 2 by Greenberg (2001), which not only
enumerates but also establishes a precise hierarchy
among the three components: at the top we have the
managerial approach to the customer and to the market
in general, followed by people, organization, and
processes in the middle and technology at the bottom.

The CRM pyramid conveys a very simple idea which,
though it may seem hackneyed, is nevertheless often
overlooked: a company could have the most advanced
technology in the world but would go nowhere without
good management. It’s something like having a
sophisticated plane without a good pilot the plane might
stay put on the runway or, even worse, come crashing
down at the first sign of difficulty during the trip.

Crm pyramid

Crm pyramid according to Front Lines Solutions
Ltd

(Crm - Paul Greenberg — Apogeo)
Worid Fonan for a sustainable Soctety. Universtty of Safie. Faculty of Economics and Business, St. Kltment Ohridek, Sofla 17-18 October 2014

Fig. 2. The CRM Pyramid. Source Paul Greenberg, 2001

' Please refer to “Confirmation-disconfirmation

paradigm” (Donnelley, 2017).

Immediately after customer oriented management
comes good personnel, namely the right people in the
right positions, a convenient organizational model, and
efficient, effective processes. Therefore, the creation of a
good CRM system requires not only a great deal of
attention to what is outside the organization—especially
communication processes, the quality of relationships
with customers, and the general image presented to
external stakeholders but also (we might even say above
all) to what is inside, so as to have perfectly integrated
people, processes, and procedures behind a managerial
strategy that puts the customer at the centre of
everything.

All this must be supported by the right technology,
meaning something expressly designed to really be in
line with the specific organization’s needs.

Apart from a hierarchical relationship among the three
components, the CRM pyramid also indicates that they
have to be harmoniously correlated in a dynamic system
with feedback mechanisms that can lead to the necessary
optimizations, and can allow companies to adapt
promptly to any changes that may occur in the reference
context.

This representation, by its very simplicity, also makes
the reasons for CRM to fail very clear: senior
management not being effectively involved, and
purchasing advanced, very expensive CRM technology
without regard for the organization’s nature and
processes.

Back to the pyramid, the first two components are
followed by technology, not because it’s less important,
but only to highlight that it has to be thought of and
designed expressly in line with the other leading
components; this helps to avoid the recurrent
misconception a standard technology exists, something
ready off the shelf which is suitable for every company
on the contrary, technology must be specifically
personalized in order to complement a company’s
specific needs.

The loyal customer advantages growing in time

omium price profit

old of mouth profit

Prafit for costs
reduction

PROFIT

Profit for cross
and upgrade
selling

Basic profit

Costs for acquiring cusomers

Fig. 3. Synergic effects of customer satisfaction on
income levels. Source: F. Reicheld & E. Sasser.

We previously elaborated a theoretical model on CRM
(D’Arconte, 2017), and collected some empirical
evidence; they both confirm that if a CRM system is
focused on the retention of profitable customers, and it is
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also set up in line with this schema, it may really give an
organization a boost, both at strategic and operative
levels. This is partly because it prompts companies and
allows them to optimize available assets, and helps them
to avoid becoming immersed in an indiscriminate sales
policy in order to try and continuously find new
customers. Here we will limit ourselves to quoting the
results of Reicheld’s (1990) research, which shows the
multi-faceted, positive impact of retention on income in
Fig. 3 and research carried out by Bains that shows how
the increase of profitability due to a retention policy may
be found in all sectors, although with variations
according to the particular situation as indicated in
Fig. 4.

Crm — Empirical evidence of the effect of retention on profit in
different sectors

Effetti sul profitto di un 5% di
erescita della retention
—125%

Incremento nel profitto (%)

°
Vendits per Conteniteri  Software

comtspond.  rifiutl

Fonte: Bain & Company

Fig. 4. The effect of an increase of 5% retention rate on
profitability in 7 different sectors. Bain & Company.
Source Donnelly

In light of all this, and bearing in mind the important
contributions already cited, we propose our own
definition: ‘CRM is a managerial approach based on a
real orientation towards the customer, widespread at all
levels of an organization and aimed at creating value for
the customer, thus favoring customer loyalty by means of
specific organizational procedures, information flows,
and highly specialized technologies, all of which fully
integrated with the company’s strategy and processes.’

IV. WHAT IS BUSINESS INTELLIGENCE AND
How CAN BE OF HELP FOR COMPANIES?

The above-mentioned contribution by Pennarola
(2006) is the most detailed work on CRM we have found
in the literature; nevertheless, in our opinion, something
very important is still missing; companies, in fact, not
only need technology, but also a clear indication of how
to use it in a suitable way to make their business more
profitable.

In this regard, we will produce two practical
indications: the first one has its focus inside the
company, it is relatively easy to be put into place, and
does not demand highly sophisticated technologies; the
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second concerns external and internal aspects, and a
higher level of difficulty and technology is involved.

The first one is portfolio optimization, which involves
customers to make an adequate segmentation, and
accordingly carry out differentiated actions; this is
summarized in Fig. 5, with what we describe as the
Satisfaction-Profit matrix (D’Arconte 2017). The basic
idea here is to have a reliable representation of how each
customer’s activities contribute to the total financial
result and, at the same time, of their level of satisfaction.
To do this, we will need to set up a customer warehouse
(see Fig. 1), which essentially derives from the
integration of marketing databases with traditional
administrative systems, or with more evolved ones such
as ERP types' and other kinds of external sources. Fig. 6
gives a picture of the different types of internal and
external sources for the implementation and management
of data warehouses, which we refer to as “customer
warehouses” to reflect the focus on customers.

To build up the Satisfaction-Profit matrix we will need
reliable data per customer from accounting and customer
satisfaction monitoring systems; the matrix (see Fig. 5)
considers 4 classes both for the state of relationships (on
the ordinate side) and for profitability (on the abscissa);
the first two classes refer to negative situations average
to high dissatisfaction in relationships and average to
high financial loss for profitability while the other two
classes refer to positive situations moderate to high
satisfaction combined with modest to high profit
probability.

Satisfaction and profit matrix

ig
dissatisfaction

High losses Modest profits High

ssssss profits

Fig. 5. The Satisfaction - Profit matrix. Source,
D’Arconte 2017

All of the classes add up to 16 quadrants, identified
here as 16 “classes of customers”; two classes, such as
the customers in the bottom-left and those in the top-left,
are immediately drawn to our attention because they
require immediate intervention. In the former group, we
have high profitability combined with highly dissatistied
customers; a company should give absolute priority to
intervening and ensuring that these customers do not
leave the company for another supplier. In the latter

ERP stands for Enterprise Resource Planning. It is a management system, called an
information system in IT, which integrates all aspects of business and its cycles, including
planning, making a product (manufacturing), sales, supplying, purchases, warehouse logistics,
and marketing.
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group, on the other hand, we have customers who
represent a serious loss for the company probably
because they paid very little for the company’s services
but, who are, alas, highly satisfied. It should be noted
that the level of customer satisfaction could play a
negative role here, as customers are likely to remain
loyal indefinitely and therefore worsening the damage
over time. It is essential to take immediate and corrective
action with this group too, or, for lack of other
alternatives, to try and disinvest as soon as possible
(contractual clauses and commercial “good manners”
permitting, so as to avoid negative fallout in terms of
company image).

CAL SITUATION

CUSTOMER
SATISFACTION
SURVEY

INSIDE THE
COMPANY

OUTSIDE THE
COMPANY

DE/MARKETING

Fig. 6. Internal and external sources to be used for
Business Intelligence. Source, D’ Arconte 2017

Using such a differentiated approach, companies
would certainly benefit financially and economically,
and it will not be necessary to rely on complicated and
expensive technologies if they have access to correct
data about profitability and customer satisfaction levels;
anyway, though it may seem rather elementary, the
problem is that most companies do not have good
accounting systems, nor do they systematically and
scientifically monitor customer satisfaction levels
(D’ Arconte 2015).

The second example is closer to the widespread idea
of Business Intelligence, derived from data warchouses,
that makes possible both intelligent research and the
production and real-time analysis of the information
necessary for various personnel, who not only can access
the available data rapidly, but can also extrapolate in a
self-service format the information they need to carry out
their appointed tasks.

The basic idea of analytical CRM is that various levels
of interaction with both potential and acquired customers
generate information assets in the field of operative
CRM,; such information must not only be acquired and
safeguarded, but also analysed and interpreted. In this
way, it will be possible for management to make focused
decisions and set up the most suitable procedures for
achieving company objectives. This mainly refers to the
analysis of future trends and the identification of new
products, services, and so on, so that companies, when
scanning and proactively monitoring the market, are not
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taken aback by the inevitable market changes but are
always ready to adequately meet customer demand.

V. CONCLUSIONS AND FUTURE
OUTLOOK

We can firstly conclude that the nature of CRM is not
yet fully understood, but still is quite widespread the
purely technological interpretation sees CRM as a
machine, a technological tool, or piece of software that is
complex and sophisticated, but essentially a technology
that on its own should be an enormous boon to
companies.  This  technocratic/engineering-oriented
interpretation is favoured not only by technicians and
technology fans, but also by many firms that create the
technology for CRM. And, unfortunately, it is also the
main reason why CRM may fail.

CRM can be a powerful tool in order to survive and
develop, but this is true only in cases where companies
are really customer oriented and, offer products and
services that really meet customers’ requirements, and
avoid making promises that cannot be kept in any way.
Once these conditions have been met, CRM systems
should be put in place according to Greenberg’s pyramid
and technology should always be personalized in order
to perfectly suit the specific needs of a particular
company.

As CRM is in no way limited to technology, it is not
only for big companies that can afford to make
expensive investments; on the contrary, it can benefit
anyone, from even the tiniest of shops where most of
business is related to direct customer relationships and
technology is either simple or not used at all. In this
regard, if we imagine going to a town hall office and
finding someone who can answer our questions clearly
and thoroughly, using only his voice to solve our
problems, we will have a good example of Customer
Relationship Management (in this specific case, Citizen
Relationship Management would be more accurate)
without the need for any kind of technology.

The right approach to customers allows us to
understand how companies should mainly focus on the
retention of profitable customers by taking the utmost
care of their satisfaction levels; unfortunately, this is still
rare and companies seem to be mainly caught up in
indiscriminate sales policies, continuously looking for
new customers. Back in 1983, Theodore Lewitt, author
of the world-famous article Marketing Myopia, first
began to speak about the need for a new approach to
marketing based on the quality of relationships with
customers rather than merely on transactions, as had
been the norm until then. At around the same time,
Schneider echoed him by focusing on the most important
hindrance to this new approach. He writes: “What is
surprising is that researchers and businessmen have
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concentrated far more on how to attract customers to
products and services rather than on retaining them’.

More than 30 years have passed since then, but the
managerial approach does not seem to have changed
much and the impression is that most managers still fail
to understand that in today’s highly competitive market,
it is nearly impossible to carry on with a self-centred
approach to the market.

In this regard, research conducted in Italy by Carlo
Eminero et al. in 2004 on how customers perceive CRM
services shows a high level of dissatisfaction among
most people interviewed; the research highlights a
‘disagreeable  imbalance  between the apparent
helpfulness shown by their interlocutors, especially Call
Centre employees, and their actual capacity for
intervention in solving their problems’.

A summary of the reasoning behind their
dissatisfaction, with a focus on the positive aspects,
could be that although it is often easier to find what you
need and get information about products and services, on
the other hand things still do not function as they should,
a lot of mistakes occur due to a lack of systems planning,
and there are still many inefficiencies and
inconsistencies. Many of those interviewed share that
‘they listen to you and help you while everything is
going well, but if you have a problem then nothing much
changes’ and ‘they couldn’t find a solution to my
problem nothing like that had ever happened before, and
they didn’t know what to do or who to ask about it’.

Basically companies do not listen effectively and so,
as the author concludes, they have no real relationship
with customers; this is the crucial point that explains
why the results are so disappointing: customers who
have problems need solutions, but they don’t get them,
and it is not because CRM does not work but because
companies use it badly. The solution, therefore, is not to
abandon it but to rethink, revise, and revisit the strategies
companies use in dealing with the market using CRM.

What about Business Intelligence? Here, quite
differently, the idea at a theoretical level is very clear
and we have found very good definitions that highlight
its extraordinary potential;, in practice, however, the
situation is actually worse than that of CRM. Business
Intelligence, in the truest sense of the word, needs
advanced technology and high skilled personnel to
manage it appropriately and, as we have already seen,
companies’ size as well as their limited access to capital
inevitably excludes both of these requirements. In large
companies there are obviously many more possibilities,
but once again, as Pennarola (2001) points out, the
perceived usefulness of Business Intelligence at the
managerial level seems to be rather low, at least in
comparison with perceptions of high setup costs, the
highly time-consuming nature, and the necessity for
specialised competences in Information Technology.

What is the future outlook like?
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There is no point in fooling ourselves carrying out
substantial change is easier said than done. If this is true
for human beings, it is even more difficult for
organizations, especially large ones, to carry out
significant changes because of procedures and business
culture consolidated over time. In this regard the gravity
of the situation actually seems quite dire, as some
authors (Ferrante, 1994) have found that organizations
actually appear to experience an initial imprinting' which
tends to leave its mark almost indefinitely on a business
culture, with little room for change left over.

However, all of this should not necessarily cause
despair; since it is highly expedient to operate in a real
CRM perspective, it may be sufficient for an enlightened
group of entrepreneurs to move in the right direction,
thus encouraging and stimulating others to follow their
good practices. This ought to be supported by the
government, which must finally adopt a different
approach to companies; the typical case now is that
entrepreneurs risk their own capital and create jobs, only
to find themselves with a nearly useless and very
awkward partner in the state, which only demands taxes
and tributes.

When it comes to Business Intelligence, the situation
is more complicated mainly because of the size of
companies, the lack of competences, and the scarce
availability of capital; the government should also
intervene in this case through investments that encourage
the spread of entrepreneurial culture, with a specific
focus on Information Communication Technology, and
also by providing incentives and financial support so as
to increase the average size of companies. At the same
time, some advanced technological platform, possibly
cloud based, could be devised so that entrepreneurs may
share, at a reasonable cost, at least the most basic
services and relevant benefits that Business Intelligence
can provide. If entreprencurs were able to take advantage
of the most elementary of supports, they would most
likely be stimulated to improve their knowledge of
Information Technology and to invest in it further.
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PEJAIUATA ,,JIMUEH UMUK HA JIMJAEPA —
OPI'AHU3AIIMOHEH UMHU/I7K” B BBJII'APCKATA
BU3HEC IIPAKTUKA

1 2
Murnena TemenkoBa u Jumutbp Kones

Pesiome - B TO3M [OKJIA] ce pasriexia Bpb3KaTa u U3IPAXKJAHETO HA OPraHM3ALMOHHUS HMHIK, CTaBaT
BJIMSTHUETO HA JIMYHHUSI UMUK Ha JIWAE€pa BbPXYy HUMMIKA MOJEN 3a IOApakaHWe W CHUMBOJI 3a OpraHu3aluysATra,
Ha opraHu3anusaTa. Hal‘lpaBeHa € TeopeTH1Ha NOCTaHOBKa KOSITO HpeﬂCTaBJI}IBaT.

Hu ca ﬂpeJCTaBEHlfl pe3yJ1TaTn OT aHKETHO ﬂpOy'lBaHe. I_[eHTa HA HACTOSIIOTO HW3CICABaHE € 1A yCTaHOBI/I
Jaid IMYHUS MMUIK Ha JIMJEPUTE Ha OBJIrapcKuTe
OM3HEC OPraHM3allid OKa3BaT BJIUSHUE BHPXY MMHUIKA
HA UKOHOMHUYECKUTE CyOEeKTH, KOMTO IPEJCTaBIABAT, U
B KaKBa HACOKA.
I. BLBEJIEHUE 3a MOCTUraHEeTO Ha IeITa ca IIOCTABEHH CIEIHUTE
3a1auH:
> na ce H3CclIeBa cnenudukara Ha
OPTaHM3alMOHHMS MMUIK M OCOOEHOCTUTE Ha
(axTOpUTE, KOUTO MY BJIHUSAIT;
> Ja ce yCTaHOBAT  BB3MOXKHOCTHTE  Ha
OPTraHM3alMOHHUTE JIMAEPU Ja BIUAAT BBPXY
OpPraHHU3alMOHHUS UMUK
> Ja ce OmpeleNd CTENeHTa M II0COKaTa Ha
BIMSHME HA JMYHMS UMUK HA JIMZAEPA BBPXY
OpraHM3alOHHUA MMHIK Ha OBITapcKUTE OH3HEC
OpraHU3aLyH.

Kniovosu Oymu - aupep, JdMAepcTBO, JUYeH HMUJLK,
OpraHu3annoHeH HMHIK.

CpBpeMEHHHUTE OpraHM3allid  OTJaBaT OrPOMHO
3HAa4YEHHE Ha CBOSI UMUK, KOITO Urpae BaskHa PO 3a
YCIEUIHOTO UM Pa3BUTHE B HENPECTAHHO NMPOMEHsIATa
ce cpema. JloOpwsT WMHIK OCHIypsBa penuia
MpeIUMCTBAa HAa KOMIIAHUATA, Ch3/1aBa BB3MOXKHOCTH 3a
MIPUBJINYaHE HAa BUCOKOKBAIM(UIMPaHN CIEIUATINCTH U
OKa3Ba BIMSHHUE BBPXY PEIICHHETO HA MOTPEOMTENNTE
IIPY 3aKyITyBaHE HA CTOKa WJIM IIOJ3BaHE Ha yCIyra oT
e/lHa WM Jpyra KoMnaHus. Yecto nunepuTe Ha JajicHa
OpraHM3aiysi, KOUTO MpPEJCTaBIABaT JHMLETO W mpen
pa3IMYHM ~ KOHTAKTHM  ayAWTOpUH, IOMaraTt 3a

II.PETALIVATA ,,JIMYEH UMUK HA JIUJEPA -

'mor. 1-p Murnena TemenkoBa, Bucme yumimme o OPTAHUBAILIMOHEH UMUK
TEJIEKOMYHHKAIMK U momy, yi. akaa. Credan MnageHosB 1,
Coous 1700, Bearapus KoprnopaTuBHUSAT WM OpraHU3alMOHHUAT UMUK
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opranuzanus [2]. pyru aBTOpU MpHIaBaT Ha UMHJKA
CJIETHUTE OCHOBHU XapaKTepUCTHUKH [1]:
»  CpeICTBO 3a BB3/ICiCTBUE
00IIIeCTBEHUTE HArJIacH U OTHOILCHUE;
» He chappka B cebc CH PCATUCTHYHH H/WIA
CBILECTBYBAIIA XapAKTEPUCTUKU;

BBPXY

> clencrsue e oT LeJIeHaco4YeHa
KOMYHHKAI[HOHHA JCHHOCT W WHTEpHpEeTalusl Ha
nHdopmanms.

Ilomoben e w® BB3MJIEOA 33  KOPIOpAaTHBHA

HWAEGHTHYHOCT OT TJIeHA TOYKAa HA MAapKETHHIa:
»--€KCIIDECHPAHETO Ha BHU3UATAa Ha KOMIIAHUATA OT
MEHW/DKMBHTa KBbM  BBHIIHUTE CTCUKXOJIIBPU C
MOMOIITa Ha MPOAYKTHTE, KOMYHUKAIUUTE,
MOBEACHHETO U Cpejara, B KOSATO (YHKIMOHUpA
opranmzanusara“ [2]. Tyk, obade, poinsrta Ha Juaepa B
JaneH UKOHOMHUECKU cyOeKkT ce OKa3Ba
(yHZaMEHTATHO BaXKHA IPH  U3TPAXKIAHETO Ha
OPTaHM3AIOHHUS MMUK, 2 UIMEHHO HACOYBAHETO HA
MIPEACTaBUTE HA 3aMHTEPECOBAHWUTE CTPaHU KbM
IUIaHUpaHaTa  Bede BU3US 33  OpraHM3aluATa.
AHanorn4yHo cieiBa Ja ce TBBPAU, 4€ IyOIMIHUTE
W3ABM W MEAMHHMA 00pa3 Ha OpTraHU3ALHOHHUTE
TuAepU JaBaT ornpenerneHa npescTaBa Ha
CTEMKXOJNABPUTE 3a IMOBEJICHHETO, MPOAYKTUTE W
yCIyTUTE, IPEIOCTaBIHU OT TEXHUTE OpTaHU3alUH, T.€.
OKa3Ba BJIMSHHE BBPXY OpraHU3alMOHHHA UMHIK. OT
e/lHa CTpaHa, W3TPAXIAHETO Ha J00Bp MMHIK JaBa
penuia mpeIuMcTBa Ha OPraHU3aLUNTE, KaTo:

> JOIBIHNTEIHA TCHXOJIOTHYECKa CTOHHOCT 3a
MIPOYKTa WJIM yCIIyTaTa,;

> HaMaJsiBa PUCKa 3a MOTPEOUTENINTE;

> yJiecHs1Ba n300pa Ha MPOAYKTH;

> MOBHUIIIaBA yIIOBJIETBOPEHOCTTA Ha
CITY)KHUTEIIUTE;
> MpUBJIAYA BHUCOKOKBaJTHU(PHUIIPAHU

CIICHUAJIUCTH, KOUTO TPAJUIIMOHHO MPEANOYUATAT Ja
paboTAIT 3a yBaXKaBaHW OpPTaHU3AIIHY;

> yBeJIN4aBa e(PeKTHBHOCTTA OT PEKIaMara;

> ITOJIITOMAara MpeJICTaBsHETO Ha HOBH MIPOIYKTH;

> JieiicTBa KaTo MpeIypexKIeHIE 3a
KOHKYPEHIIMATA, KOraro OpraHu3alusaTa € MHOTO
arpecuBHa CIIPSIMO Hes;

> JlaBa JOCTHI JI0 KayecTBEHH MPO(eCHOHATHU
YCIYTH — TOOpHUTE PEKJIAMHH areHINH UCKaT J1a paboTsIT
3a Hali-I0OpUTE OpPraHn3aliy KIIMSHTH;

> yBEJIM4aBa BB3MOKHOCTUTC
[ll/ICTpl/I6yL[I/lOHHl/I KaHaJIu U TAXHOTO Ka4CCTBO,

> MOXE Jla TIOCIY>XH KaTO TapaHIus MpH
CKJIIFOYBaHE Ha JjorosopH [3].

3a

Ot gpyra cTpaHa, JUACPUTE B HMKOHOMHUYECKUTE
CyOCKTH OKa3BaT BIUSHHE BbPXY OpPraHH3alMOHHUS MM
WMWK TI0 JIBA OCHOBHH HaumHa (BmX Qur. 1) - upe3
JMUICPCTBO, TPEBBPHATO B OpaHI, KOETO CBBHP3Ba
WICHTUYHOCTTA HA JIMJICPUTE C OYAKBaHUATA Ha
KIMEHTHTE U OPTraHU3al[IOHHOTO IOBEACHHE U upe3
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Pa3BUTHUEC W HU3IOJI3BAHC Ha JIMYHaTa peIyTagusd Ha
JMIepa, KOSATO TO OTJIMYaBa OT OCTaHaUTe. B Tasu
Hacoka HMMa peauia INpHMEpU 3a OpraHU3alHOHHU
JUIEpH, KOUTO 4Ype3 CBOS NyONMYeH WMHIUK H
OTIIMYMTENTHM  KadyecTBa ycmsBaT Ja  HOJoOpsT
3HAUYUTEITHO MMHUJKA Ha CBOMTE opraHu3anuu — CTHIB
Ixo6c¢, Pruapa Bpancen, bun I'eiite u npyru.
W3cnenBanus, TpOBEACHW Ha TEPUTOPHATa Ha
Peny6nuka Boirapusi, couat ue rosisiMa 4act OT Ou3Hec
OpraHM3allMNTEe y HAc HE MpHIaraT IeJeHacoueHa
TIOJINTHKA 32 TIOJIbP)KaHe Ha KOPIIOPATHBEH UMUK [2].
ToBa mpenmonara, 4e pojsTa Ha JHIEPUTE IPH
(hopMHupaHETO HA MMO00CH UMUK € OIIE TO-TOJIIMA H €
OCHOBA 3a NPOBEX/IaHE Ha M3CJICBAHNUS B Ta3H MOCOKA.

BoHUWHU Gakmopu

3 4
Mpovymu Augepu

Augepem3oma kamo Gpang
" -

Ry
; N
1 2
KomneneHmHU Augepu CnocoGrocmu 3a augepemBo
h2

Bompewnu dakmopu

Our. 1. EBontonius Ha TUIEPCTBOTO (M3TOUYHUK:
Vapux, J1., Cmonyn, H., 2010 [4])

III. TIPOYYBAHE HA BJIUSIHUETO HA
JIUJTEPUTE BBPXY OPTAHN3AITMOHHU S UMUK
B BBJITAPCKATA BU3HEC ITIPAKTUKA

HacrosimoTo u3cnensane e 0a3upaHo Ha MpOy4BaHe,
npoeneHo  cpen 150  pecnoHIEHTH, OTHOCHO
BB3MPUEMAHETO HA OINPEICIICHU MPEACTABUTEIH OT
Obirapckuss OM3HEC CEKTOp, KOWTO YeCTO IMPHUBIMYAT
MEIMHHUS ~ WHTepeC W WrpasT  posira  Ha
OpPTraHU3AIOHCH JIMACP B HMKOHOMHUYECKHTE CYOCKTH,
KOUTO TpeACTaBIsABaT. M3cinenBaHeTO € MpeArnocTaBKa
32 HaArpaxkAaHe Ha TEOPETHYHHUTE OCHOBH, KacaellH
Bpb3Kara  MEXIy  OpraHH3alMOHEH  JHAep |
OpTraHM3AIlIOHEH WMHIK. 3a Aa ObIe Mpene3upaHo
MHEHHETO Ha PECHOHASHTUTE IIPU MPOYyYBaHETO, 3a
OCHOBEH KpUTepuid € u30paHo o0pa30BaHUETO, IO
Mpe3yMIIHATa, Y€ XOopaTa C MO0-BHCOKA CTENEeH Ha
oOpaszoBaHue, Mo-100pe AeGUHUpPAT HOHATHETO JUACP U
T'O0 CBBbpP3BAT C OPraHu3allMOHHUS UMHJIK.

O6B’bp3BaHeTO Ha JIMYHUA UWMUIOK HajJdyaepa C
OpPTraHU3aIlMOHHMS WMWK Ch3l1aBa NPEANOCTaBKH 3a
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THPCCHC Ha KOPCJIalMOHHU 3aBUCUMOCTU MEKAY JIMYCH
JIMACPCKU CTUIT U CTPATErus Ha Ou3Hec opraHusanuysra,
MCXKAY JHUIACPCKU MOTCHUOHUAT Ha YHOPABJICHUECTO U
NOTCHIMAJI 3a MOCTUIaH€ Ha BHBPXOBU U CHUHCPTUIHU

pesyaTatu oT MKOHOMUYECKUTE cyOekTu.
VYCTaHOBSIBaHETO HA PEJALMOHHUTE OOBBP3aHOCTH
MEXIy Jaepa Ha On3Hec OpraHu3anmusITa M|

OPraHU3aLOHHHS HMHUJDK TIPEIOCTaBs CEPUO3HA OCHOBA
BBPXY KOATO MOXKeE Jla Ce TPy TeopusTa 3a 100aBeHaTa
CTOMHOCT Ha JIMIEPCTBOTO B  OPTaHU3ALHOHHOTO
pasButue. MHTepec npencrapisBa U AepUHUpaHETO Ha
NpUHAJICHaTa CTOMHOCT OT JIMAAEPCTBOTO 3a KIMEHTHUTE,
CJIIYXKUTECJINTE, HWHBCCTUTOPUTE, opraHusanusra u
00ILECTBOTO KATO LIsUIO.

Ha mppBO MSCTO, OT IBPBOCTENEHHA BaXKHOCT €
YCTaHOBSIBAHETO, C KAaKBO PECIIOHJEHTHTE CBBP3BaT
Hali-MHOTO OIIPEAETIeHN JMYHOCTH B 3aBUCHMOCT OT
TsAXHaTa cdepa Ha HMHTEPECH W OOMICCTBEHH NPOSBU
(Brxk Tab. 1).

Tab6muma I
OcHoBHa cepa Ha IeHHOCT Ha OOIIECTBEHH JUACPH
B bbirapus
Kareropun B
Y% buznec | IMosmtuka | Cnopt | JApyro
HNmena
Becemn 79,66 15,25 0 5,085
Mapeuku
Kupit 322 3,39 61,02 | 339
Jlomycuues
Crac Pyces 67,8 5,85 13,56 13,56
Hensu Ieescku 40,68 33,90 3,39 22,03

Or Tabnmuuara SICHO c€ BWXKIA, 4Ye II0OBEYETO
PECIIOHACHTHU CBBP3BAT 1436poeH1/1Te JIMYHOCTHU OCHOBHO
c OM3Hec, KaTo TOBa ce OTHAacd Haii-Beue 3a Becemun
Mapemku (oxono 80%) m Cnac PyceB (okoso 68%).
Jpyrusat npencTaBuTeN C I0-ICHO M3pa3eHa MeaniiHa
ocanka ¢ Kupun Jlomycuues, kKaTo TOH € CBbp3aH Haii-
Be4e CbC cHopr — okoido 61% ot orroBopure.
HNurepecno owe e, ye J[ensH IleeBcku mnoayuyaBa
PaBHOMEPHO  pas3lpenesieHne Ha  OOIIecTBeHaTa
IpeAcTaBa 3a HETO MEXIy TPH KaTeropuu: ITbpPBO,
ousHec ¢ okono 41%; Ha BTOPO MSCTO, TIOJUTHKA C
okono 34% u xareropusTa ,,Jpyro“ ¢ 22%. Cnensa aa
ce 100aBH, Y€ B KaTeropusra ,,JApyro‘ pecroHJIeHTUTE
[0COYBAaT II0-CKOPO HeraTWBHAaTa CHU Harjaca KbM

HErOBHSl THIl JIMAEPCTBO. 3a oOcTaHanuTe, obaue,
OIPENIENIAHETO UM KaTo ,,ON3HECMEHN
(IpenMyIIecTBOTO Ha  OTIOBOPH  OT  KaTeropus

,OM3HEC) MOXKe [1a ce TMpHeMe W 3a MPEAIoCTaBKa
JMYHOCTTa WM Ja BIHMsAe BBPXYy HUMHKa Ha
OpraHu3alHnTe, C KOUTO Ca CBbp3aHU. B cirydas craBa
JyMa 3a KaTeropus 3 OT €BOJIOLUATa Ha CbBPEMEHHOTO
nuneperBo — [Ipouytu nunepu (ot dur. 1).
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3a MOTBBPKICHUE HA Ta3W XUIOTe3a Ha ¢urypa 2 e
npeJCTaBeHa YCTHPU CTEICHHA JHKBPTOBA CKalga 3a
BJIIMAHHUECTO Ha JUACPUTE BBpXY UMH KA Ha
MpEJCTaBIsIBaHATA OT TAX OW3HeC opraHm3anus. Te3u
YETUPU CTENEHU ca CIIETHUTE: ,,HE®, ,,[I0-CKOPO HE®, ,,HE
3HaM/ HEe Mora Ja MpeueHs”, ,0-CKopo ma““ u ,Jaa“.
ScHO ce BmKIa, Ue CIIOpe PECIIOHICHTUTE, H30pOCHUTE
JUIEpPH OKa3BaT BIMSHHE BBPXYy HUMHIKAa Ha
OpraHM3aIlsiATa, KaTo 3a Hall-CWIHATa IOJIOKUTETHA
Kateropus ,,a" ca orropopwin 50 % ot pecroHaeHTHUTE
CbCc cpemHo oOpasoBanme u okojo 42% oT Te3u ¢
Bucie. J[pyrata chIo MOJOKUTEIHA KaTErOpUs — ,,I0-
CKOpO Aa*“ ce oTHacs 10 okoyo 43% OT aHKEeTUpaHUTE
cbe cpeaHo obpaszosanue u 40% ot Bucmuctute. Expa
MajKa d9acT OT pECIOHJICHTHTE  CMsATaT, d4e
TOPEIOCOYCHUTE JINACPH HE BIUSAAT BBPXY UMHUIKA Ha
opraHuzanusTa (0koso 5%) Wiu He MOTaT Ja MPeleHIT
nanu nMa Takosa BimstHuE (7% u 13%).

i Bawero
50.0% ofpazosanne?
Bcpespo
WEeuces

a0 0%

30.6%

Percent

20.0%

10 0%~

no-zwops An aa

- o oAl e BT

28 N

CmATaTe NM, He Wib @ n
BBpxy Ha opr a, KOATO
npeacTasnNABaT?

Owur. 2. BrusHue Ha Tuaepa BbpXy UMHDKA Ha
MpeICTaBIsIBaHATA OT HErO OpraHu3anus

Uscnensanero B Tasuw cu  (aza HeeIHO3HAYHO
NOKa3Ba, Y€ pasriielaHuTe JIMYHOCTH OKa3BaT BIIMSHHE
BbPXY HMHDKa Ha OW3HEC OpraHM3alUUTe, KOWUTO
MeHukupar. MHTepechT obadye € cBbp3aH C MOCOKaTa
Ha BJIMSHHETO Ha U3CJICABAaHUTE OPraHU3alHOHHH

Jimaepu BBpPXY OpraHru3aliuOHHUSA UMUK Ha
HUKOHOMUYECCKHTC Cy6€KTI/I, KOUTO  IPCACTaBJIABAT
(burypa 3).

OTroBOpPBT Ha TO3W BBIIPOC, Hallara paslpelneieHue
Ha MHEHHETO Ha PECHOHACHTHUTE B MET CTEIICHHA CKaa.
[IpoyuBaHeTo MOKa3Ba, 4e SICHO CE OuepTaBa JIMIcaTa Ha
KaTeropusra ,,JIO3UTUBHO™, KOSITO C€ OTHACS 10 Hai-
JOOpOTO TOJIOXKHUTETHO BIHMSHHE BBPXY HMHIKA Ha
Ou3Hec opraHu3anuuTe. AHKCTHPAHETO JaBa OCHOBAHHUS
Jla Ce HANpaBU M3BOJA, Y€ PECIOHICHTUTE C IO-HHCKA
CTEINeH Ha 00pa30BaHUE Ca MO-MOJOKUTETHO HACTPOCHH
KBM TOPEIOCOYCHUTE JIUACPH M CMSTaT, Y UMAT IO-
CKOpO TO3UTHBHO BIIMSHHE BHPXY HMHUKA Ha OHW3HEC
opraumzaruute cu (50%). KopeHHO MpOTHBOIONIOKHA
ca pe3yJITaTHTe OT aHKETHPAHHUTE C BUCIIE 00pa30BaHHE
— Te ca MO-CKeNTUYHU M CMATAT, Y€ Te3U JUACPU HMaT
MM0-CKOpO HETaTWBHO BIHUSHHE — OKoio 33% wumm He
MOTaT Jia MpeNeHsT — okoJo 36%.



Second International Scientific Conference
“TELECOMMUNICATIONS, INFORMATICS, ENERGY AND MANAGEMENT”, 2017

B kareropusita ,,HeraTUBHO® TPHUCHCTBAT CaMO
OTTOBOPH Ha PECTIOHJEHTH C TO-BUCOKATa CTEMEH Ha
00pa3oBaHUe, KOCTO CHBIAAA C IPEAMNOIOKECHHETO, Y€
TE3W JIMIA MOo-100pe AeUHUpAT MOHATHATA , TAICP U
»»OPTraHU3aIIMOHEH UMUK

Baweto
oBpasoaanme?

BWcpeano

50,0%

40,0%

32.0%

Percent

20,0%

10,0%

(3%
eratnete no-cropa
mraTHBG

He HaMIHE MO A0 No-gKop
FReusHA meswTIBHG

Kakeo e BNMAHMETO UM, CIOPEeA BAC, BPXY HMWAXS

@wr. 3. [lacoka Ha BIUSHHE BBPXY HIMHAKA HA
OpraHu3auysTa oT Jujepa

HOCHG}IHO, HO HC€ U IIO BAXHOCT, € H€O6XOIH/IMOCTTEI
OT YCTAaHOBsIBAHC Ha HArJlaCUTE Ha PECIIOHACHTUTC 110
OTHOLICHUC PCHICHUECTO UM 3a 3aKYIIyBAHC Ha CTOKHU
nim II0JI3BAHC Ha yciayru, IpeaoCTaBIHA oT
OpraHn3alunTe, 3aCETHATU OT HACTOAIIOTO IMPOY4YBAHE

(purypa 4).

100,0%-] 06paaaBaHHe?

B cpeao
Eevcwe

£0,0%]

60.0%

Percent

40,0%-]

20.0%]

He To-ciopo ne As

Euxre nu a opr
NPEACTABNABANA OT HAKOW OT FOPENOCOYEHHTE
nudKOCTH?

®ur. 4. BrusHue BPXY HOTPEOUTEICKOTO PEIICHUE

[IpoBeneHoTO mMpoyYBaHE Ype3 aHKETEH METOX SICHO
II0Ka3Ba, Y€ B YHUCOH ChC CBOSTA IIOJIOKUTEHA HArnaca
CIpPSIMO  TOPENOCOYEHHTE OpraHHU3alIOHHU u
OOILECTBEHH JINACPH, aHKETHPAHUTE JIMIA ChC CPEIHO
00pa3oBaHKe ca CKIIOHHH Jja 3aKyIST CTOKH MM yCIyTH
0T JaJCHHUTE OpraHu3auuu — okono 86%. B cevmioro
BpEME PECIIOHJICHTHTE C BUCIIE 0Opa3oBaHUE, BHIIPEKH
HeraTHBHATa CH Harjaca CIIpsSIMO IOCOYEHHTE JIMJEpH,
NPOSBSABAT IOJIOKUTENHA HArjiaca CIPsSMO NPOIYKTHTE
1 YCIIyTHTE Ha 3aCETHATHTE OpraHu3anuy - okoio 47%
ca CKJIOHHH J1a TH M3II0J3BaT U OKoi0 45% ce xoaebasr
B OTroBopa cH. Moxe JIa ce 3aKIo4d, 4Ye Io-
00pa3oBaHHUTE JIMLA HE CE BIUSAT TOJKOBA OT MUMHIXKA
Ha OIpeleleHH OpPraHW3alMOHHU JUASpH M OH3HecC
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OpraHu3ald, a IO0-CKOpO Cce HHTepecyBatr
KauecTBOTO Ha AajeH NPOAYKT WM YCIIyra.

Jpyra unTepecHa KOHCTaTalys € NPUCHCTBHETO Ha
JIMIA OT JIBETE HMBA Ha 00Pa30BaHOCT, KOUTO HE JKEJIAsT
Ja 3aKylsIT NpPOAYKT WIM YyCIyra Ha 3acerHaTture
opranuzanuu — okono 14% ot aunara cse cpeqHo u 9%
OT JIMLaTa ¢ BUCILIEe 0Opa3oBaHue.

oT

IV. MHTEPIIPETUPAHE HA PE3YJITATUTE

Hanpasenoro MPOyYBaHE [TOCTaBS HSKOJIKO
(hyHIaMEHTATHU BBIIPOCH, BBPXY KOUTO ClelBa Na0bie
HaATpaXJIaHa TEOpHUATa, Kacaella peJanusira ,JIHYeH
MMUJDK Ha JIHJEpa — OPTaHU3AIMOHCH UMUK

» IlspBaTa Tpyna BBIPOCH Ca CBBP3aHH C
OTKPOSIBAHETO HA BIMSHHETO HA CHIIHOCTHUTE YEPTH Ha
OIIpEe/IeTICH JIMACPCKH CTHJ BBTPE B OpraHU3alUsATa U
M3sBaTa My BbB BHHIIIHATA OPraHU3allMOHHA cpelia U Ha
Ta3d OCHOBA JIe(HUHHUPAHE HA IOCOKATA, MHTCH3UTETA U
YCTOWYHMBOCTTA Ha TOBa BIIASIHUE BBPXY
OpFaHI/BaI_lI/IOHHI/IH UMUK Ha OHpeI[eJ'leH
HUKOHOMHUYECKHU CYOCKT.

» Bropara rpyma BBIOpOCH KacasT OTYMTAHETO IIO
eJIEMEHTH Ha J00aBeHaTa CTOMHOCT Ha JIHICPCTBOTO
BBPXY KJIHMEHTHUTE, CIYXXHTCIUTS, WHBECTUTOPHUTE,
OpTraHU3aIMAITa U OOMIECTBOTO KATO IISIIO.

» Tperara rpyna BBOPOCH  MPOU3THYAT  OT
XapaKTePUCTUKUTE HA MPOJAYKTHTE W/WIM YCIYTHTE,
npeJiarand OT OIpeJelicHa OM3HEC OpraHu3alus |
BB3MOXKHOCTTa T€3W MPOJYKTOBHU CHELU(PHUKH Ja ce
YCWIAT WM HAMaJAT BCJEACTBUE HAa MposiBaTa Ha
IIO3UTUBCH WJIM HCIraTUBCH HWMHUIXK Ha Jn/mepa Ha
ChOTBETHATA OM3HEC OPTraHU3AIHS.

HanpaseHoTto npoy4BaHe couw, 4e:

» HE3aBUCHMO OT THIIA JIUJEPCTBO, MPOSBIBAHO BHB
BBHIIIHATA OpPTaHW3AlMOHHA Cpela, U HE3aBHCUMO OT
OIICHKAaTa HA PECIOHICHTHTE 32 JIMYHHUS WMWK Ha
JUJIEpa, 32 ChOTBETHUTE MKOHOMHUYECKH CYOEKTH, YNUTO
muaepu ca 00eKT Ha IpOydYBaHE, ca Hajuie JT00aBeHH
CTOMHOCTH, KOUTO pedIIeKTHpaT U BBPXY TEXHUS
OPraHU3aIHOHCH UMUK,

> HE3aBHCHMO OT INPOSBSIBAHMSA MMHUDK Ha JIAACpa
BbB BBHIIIHATA 32 MKOHOMHYECKHS CyOEKT cpenda, ce
3a0elisa3Ba yBEIMYaBaHE HA MHTEPECa KbM MPOIYKTUTE
W/WIA YCIIyTUTE HAa OM3HEC OpPraHU3aIHsITa, KOSATO TOMH
MEHHMDKBPA, KOETO HMa CBOS IIPUHOC U  BBPXY
Pa3BUTHETO HA OPTaHU3AIMOHHUS UMUK,

» HE3aBUCHMO OT JIMJEPCTBOTO U JIMYHUS UMHJDK Ha
W3CIICIBAHUS JTUICP, KAUYSCTBCHUTE XapaKTEPUCTUKU Ha
MPOM3BEKIAHUTE OT OPraHMU3alMUTe CTOKH W/ WK
YCIyTd OCTaBaT Ha BTOpA MO3WIMUS MPU B3eMaHETO Ha
pelleHre 3a MOKyIKa W JaBa OCHOBA Ja Ce HalpaBH
W3BOJ, Y€ JIMYHOTO JUACPCTBO HA MEHHKBpA BIIHSIC
BBPXY Pa3BUTUETO HA OPTaHU3ALMOHHUS UMUK,

» YCTOMYMBOTO JIMYHO JIMAEPCTBO M HMMHIDK Ha
Jyaepa Ha OIPEACICH HKOHOMHUYECKH CYyOEKT BBB
BBHIIIHATA cpe;[a, OKa3BaT BJIIMIAHHUC B’Lpr pa3BI/ITI/IeT0
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Ha BBTPCIIHO-OPraHU3aAlMOHHUTEC MapaMETpu U BBHPXY
OpraHn3aluOHHUA UMUK,

WHTeprpeTHpaHeTo Ha pe3yNTaTHTe OT HAMPaBEHOTO
MpOy4YBaHE BOAM JO CHHTC3MPAHETO HA TEOPETUYHH
0000mIeHns, KOWTO  HaArpaxkaaT TeopusTra  3a
penanoHHaTa 3aBUCHMOCT MEXKIY JIMYCH HUMHIDK Ha
Jujepa W OPraHM3alMOHCH MMHIK. B Tasu Bpb3Ka C
BHCOKA CTEIICH Ha KaTErOPUYHOCT MOXKE JIa Ce Kaxe, ue
Ce YCTaHOBH, 4e:

> OpraHM3alHOHHMS HMHIDK CE€ BIHSC KaKTO OT
JMYHMS  OKUTEWCKM BT Ha Jujaepa Ha  CIHA
OpraHusaiys, Taka W OT pa3BUTHETO HAa HeHHaTa
BBTpEIIHA CPE/ia U MPOILYKTH/YCITyTH;

» e(heKTUBHUST OPTraHU3alIOHCH UMUK CE CBEXKIa
HE caMO JO TOBa, KOETO OPraHU3alUHTE MPAaBAT U
MOCTUTAT, HO W J0 Ch3IaBaHE IOCPEIACTBOM
WH()OPMUpPAHOCTTa HA KIMCHTHTE, HWHBECTUTOPUTE U
00IIECTBOTO HA 3HAHHE, KOETO C¢ MaTepHaiu3upa B
CTOMHOCT 32 OpraHU3aLHsATa;

» (yHkumsaTa Ha e(EKTHBHHUsS OpraHM3allMOHEH
UMHDK € Ja Uu3rpagd CBOEOOpaseH MOCT MEXAy
JIMACPUTE M BBTPELIHO-OPraHMU3aLHOHHATA Cpefa — OT
eHa CTpaHa, ¥ MEXAY JHACPUTE U BBHIIHATA cpela —
OT Jpyra, HO KOHTO MOCT JHIEPCTBOTO TPaHCIUPa

OYaKBaHHATA Ha KIIMCHTUTC, CIIYKUTCIIUTE,
HWHBCCTUTOPUTE, O6H160TBOTO u HHTEPECUTE Ha
OopraHu3anusra,

» cujara Ha OPraHM3allMOHHUSI MMHUJDK 3aBUCH OT
MTO3UTHBHOTO WJIM HETAaTUBHO BB3MPHUEMAaHE HA JIMYHUS
MUK Ha JHOEpa BHB BBHIIHO-OPTaHU3AIMOHEH
MOPSAABK — OPTaHU3ALUUTE C YCTOWYMBO M IMO3UTHBHO
JMUAEPCTBO HAa MEHHUIDKMBHTA CH pa3BUBAT TpaeH
OpPraHU3aIlMOHEH WMUIDK, KOMTO HaKUBSBA BCEKH
WHIUBUAYaAJICH JHIEP, a OPraHU3alMUTE CBBP3BAHU C
HEraTUBeH MMUJ/DK OT CTpaHa Ha JMJepa CH, pa3BUBAT
KPaTKOCPOYCH OPraHW3alMOHECH UMHUIDK, KOUTO Ce TyOoH
ChC CMsIHaTa Ha CbOTBETHUS UHJIMBUyaJIEH JIUJED.

V. 3AKJIIOYEHUE

HanpaBeHOTO mpoyuBaHe upe3 aHKETHHS METOJ
BBPXY OOBBP3aHOCTTa MEXIY JHYEH UMUK Ha JHIEpa
M OpraHu3allMOHEH HMMHUIDK U HWHTEpIpeTanusTa Ha
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pe3yiTaTuTe BOIU JI0 CHHTE3MPAHETO HAa CJIEIHUTE
OCHOBHH M3BO/IH:

» OpraHu3allMOHHUSAT UMUK Ha 6usHec
OpraHu3aluuTe B bBbiarapus e B TromsiMa CTEIeH
CIICIICTBHE OT JINYHHS HMHJDK HA TEXHUTE JTHICPH;

» NUYHUAT MMUIDK Ha Jdaepa Ha eaHa Ou3Hec
opraHuzauys B Bearapus pasmmpsBsa 1o cBoeoOpaseH
HAYMH OPraHU3AIMOHHUS UMHIK U Ce BB3IPHEMa KaTo
Metadopa, ompezensia opraHu3alMoHHaTa KyJITypa Ha
olpeieNieH HKOHOMUYECKH CYOeKT;

» JUYHUAT HUMWDK Ha JIMAepa Ha  OIpenelieH
UKOHOMHUYECKH CYOCKT Ce CBhP3Ba C UICHTHYHOCTTA Ha
OW3HEC OpraHU3alMATa B CH3HAHHUETO HA KIMCHTHTE,
WUHBECTHUTOPUTE U OOIIECTBOTO;

» KpaTKOCPOYHUS OpraHU3alOHCH UMUK
MPOU3THYa OT HEraTHBHATA NPEACTaBa Ha KIHCHTHTE,
WHBECTUTOPHUTE U OOILECTBEHOCTTA 32 JIHJepa Ha OH3HeC
OpraHU3aLyATa, JOKATO ABJITOCPOYHUAT UMUK CTHIIBA
BBpXy MO3UTHBHATA Harjaca Ha BBHIIHATA cpela 3a
nuaepa.

BJIATOTAPHOCTH

Hacrosmmsar nokmax e pa3paboTeH B paMKUTE Ha
npoekt ¢Quuancupana no HWJ] ma BVYTII, Codus,
bbarapuss, B pamkure Ha [oroBop Ne HUJ]
12/28.02.2017.
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Abstract - The costing is an accounting method. Its means to apprise the products and services made in the enterprise.
The costing method is important as for financial reporting as for management of the enterprise. From one side the
costing is the base for pricing and from the other the costing is the subject of the financial management in the enterprise.
The questions about costing methods are not new for accounting theory and practice. Many accounting investigators are

worked on this issue.

How to costing for the financial reporting is regulate in International Accounting Standard 2 Inventory and National
Accounting Standard 2 Reporting the Inventory. But there are some differences between costing in the industry and the
costing the intangible services. It is necessary to prepare a costing scheme usable for intangible services.

In the producing the intangible services is possible to appear many overheads. That’s why it is possible to use
Activity Based Costing as a base for Activity Based Management.

Keywords - costing, costing method, costs

DUHAHCOBO-OTUYETHU U YIPABJICHCKHU aCIEKTH HA
KUIKYJHMPAHETO HAa CEOECTOMHOCTTAa HA HEMATEPUATTHUTE
yCIIyTU

Teomopa Pyr[cKa1

Pestome - Kajakynupanero e eIMH OT CYETOBOJHHTE
MeTO/IM, 4Ype3 KOWHTO ce [eIH YCTAHOBABAHe Ha
ce0ecTOHHOCTTa Ha Cb3JaJiecHUTe B NpPeJNpUATHETO

NPOAYKIMSA WJIH YCJIYrH, KbM KOUTO He MOKe Ja ce
NMPHJI0KH AHPEKTHO CYeTOBOTHNUS METO/ OLleHsIBaHe.
Ce0ecToiiHOCTTA HMa 3HAYeHHUe KaKTO 3a
NpeiCcTABSIHETO Ha (uHaHcoBaTa uHopMauuaTa 3a
NpeanpHUsATHETO, TAKA U 32 ynpasJjeHuero. OT eAHa cTpaHa
ce0ecTOHHOCTTA e 0a3aTa BPXY KOsATO ce opMupa LeHaTa
Ha CBb3a/IeHaTa ycjayra, a oT Apyra — cefecToifHocTTa ce
¢opmMupa oT HampaBeHHUTe B MPEeINPHUATHETO Pa3Xoau,
KOUTO ce SIBSBAT OCHOBeH O00eKT Ha (PMHAHCOBOTO
ynpasJjieHue. Bonpocure 3a cedecToiiHOCTTa He Ca HOBH 3a
TeOpHATa M TNPAKTHKATa Ha c4yeToBoacTBOTO. Ilo TO3M
npooJieM ca padoTHIH H3BECTHH CUETOBEAN.
PersiameHTHpaHeTO Ha TOBa Kak ce ompejaeJs
ce0ecTOHHOCTTA 32 HeauTe HA (UHAHCOBOTO OTYUTAHE M
npeacraBsinero e HamnpaBeHo B MCC 2 Marepuajinu
3apack u1 CC 2 OrunTaHe Ha CTOKOBO-MaTepHATHUTE
3anacu. Ho npu omnpenensinero Ha celecToiiHOCTTa Ha
HeMATepHATHHUTE YCJIYTH MO:Ke 2 ce 04epTasT H3BeCTHH
pa3IH4YMsi ¢ NMPOHM3BOJACTBEHHSI CEKTOP, KOMTO H3HCKBAT
WHAMBHAyaJdeH TOAXO0X MNpH  pa3padoTBaHeTO  Ha
KAJIKYJAllMOHHA €XeMa M BKJ/JIIOYBAHETO Ha OTAEJHHUTE

'"Teomopa Pyncka,
e-mail: t.roupska@abv.bg

VHCC,  Codus 1700,
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Pa3xo1u B Hesl.
IIpn cBb3gaBaHeTO HAa HeMATepHAJHHMTE YCJIYTH e
Bb3MOKHO HAJIMYMETO HA OTHOCHTEJIHO IOBede OOLIH
pa3xoau, YycmemwHO OM  MOIVI0O Ja ce  NPHJIOKH
KAJKYJUpaHeTo Ha 6a3aTa Ha aeiiHocT (ABC MeToabT Ha
KAJIKyJUpaHe), KaTO ce OCHIYPH BBb3MOKHOCT 3a
NpPUJIOKEeHHe HA yIpaBJieHHe Ha 0a3aTa HA Aei{HOCTH.

Kniouosu oymu - kankyanpane, cedecTOHHOCT, Pa3X0/H.

KankynupaHero ¢ emuH OT CYCTOBOJHUTE METOJH,
Yype3 KOWTO C€ ILIEIM YCTAHOBSIBAaHE Ha CeOECTOMHOCTTA
Ha  ch3ganeHWTe  (IPOM3BEACHH) B OTICIHOTO
MPEIIPUATHE TPOIYKIMS WA YCIYTH, KbM KOHWTO HE
MOXE JIa C€ TIPIJIOKHU TUPEKTHO CUCTOBOIHHUS METOJ
ouensiBane. Kaikynupanero ce mpuiiara 3a 00SKTH Ha
(hMHAHCOBO-CUETOBOIHO OTYUTAHE, KOUTO TPAOBa 11a ce
MPECTaBSIT B CYETOBOIHATA cucTeMa Ha
NPEANPUSTUETO TIOCPEACTBOM TAPUYHUSI U3MEPHTEIN, HO
YCTAHOBSIBAHETO HA TSAXHATA MapU4Ha PABHOCTONHOCT €
HEBB3MOXKHO Ja C€ peaju3upa HENOCPEACTBEHO, a
W3MCKBA TMPHIIOKCHUE HA OINPEICIICHU H3YUCIUTCITHH
TPOIICTyPH.

VYcraHoBsiBaHETO Ha ce0ecTOMHOCTTA € TpyAEH
npoiec, 0coOeHO M0 ce OTHAacs A0 M300pa Ha Haii-
MOAXOMAIa METOAWKA 3a BKIIOYBAaHE B Hed Ha



Second International Scientific Conference
“TELECOMMUNICATIONS, INFORMATICS, ENERGY AND MANAGEMENT”, 2017

HerpekuTe (0OINM, KOCBEHH) pPa3XOMu OT pa3jInycH
Xapakrep.

CebecToifHOCTTAa WMa 3HAYCHWE W MPEICTABISIBA
HHTEpEeC KaKTO 3a IpeicTaBiHeTO Ha (uHaHCOBaTa
uHpOpManuATa 3a IPEIUpPHATHETO, Taka M 3a
YIPaBJICHUETO Ha MPEANPUATHETO, Thi KaTo OT Hes B
rojsiMa CTereH 3aBHCH e(EeKTHMBHOCTTa OT HEroBaTa
neiiHoctTa. ToBa € Taka, 3allOTO OT €AHA CTpaHa
cebecroiiHOCTTAa € 0a3ara BBpPXy KOATO ce (opmupa
LCHaTa Ha Ch3JAJICHATa B MPSANPHATHETO yCiIyra, a OT
Jpyra — cebecToifHOCTTa ce (OpMHUpa OT HANIPABEHUTE B
NPENIPUATHETO Pa3XOAd, KOUTO Ce SIBIBAT OCHOBEH
00eKT Ha ((MHAHCOBOTO YTIPABIICHHE HA MPEIIPUATHETO.

Bwbrpocure 3a BiusiHHETO Ha ceOECTOMHOCTTA BBPXY
MPOJXHUTE IIEHM HE Cca HOBH 32 TeopHiTa H
MIpaKkTHKaTa Ha CYETOBOACTBOTO. Ilo To3M mpobiem ca
paOOTHIIN ¥ ca TTMCAIM N3BECTHU CUETOBEIM — OIIE MPE3
1941 u 1945 r. B cBoWTe TpymoBe , YUeHHE 3a
OTJENHOTO CTOMAaHCTBO® M ,,CHCTEMAaTW4eH Kypc IO
cueroBoAcTBO Jl0OpeB mpencTaBsi CBOW BIDKIAHHS
OTHOCHO Kankyiupasnero[2], [3]. Ipyru aBTopu, KOUTO
pa3paboTBaT CBOMTE BW)KIAHUS IO OTHOLICHHE Ha
cebecTolfHOCTTa TMO-KhCHO ca JI. PIOpI[ElHOB [6], Am.
I'eoprues [1], B. Pankos [7], B. Hdymanos [4], Tp.
Tpudouos [8], [9], b. Moukosa [5]. Ho npu anammsa na
TEXHUTE pa3pabOTKU MpaBH BIEYATIECHHE, Y€ OCHOBHO
TE ca HACOUEHH KbM ONpeJesIsiHe Ha ce0ecTOWHOCTTa Ha
MIPOAYKIMATA, MOJyYeHa B PE3yJATaT Ha HPOMHIILUICHH
mpom3BoACTBa. V3kimroueHwe mpaBu An. [eoprues,
KOHTO pa3paboTBa BBIPOCHUTE 3a cebOEeCTOMHOCTTa Ha
JKEIIe30ITbTHUTE TPEBO3H (TPAHCHOPTHU YCIyrH). Mmm
IpU NperJiesia Ha JINTEPATypPHUTE U3TOUHHUIIN TTOCBETCHU
Ha KaJIKyJMpaHETO M cebecToiHocTTa mnpeobiiasaBar
TE3d, B KOMTO C€ H3cilenBa ceOECTOMHOCTTAa Ha
NPOMUIIUIEHATa MPOAYKIHMS, KaTo ISJIOCTEH TPy
MOCBETEH Ha Ce0ecTOWHOCTTa Ha HeMaTepHaIHUTE
YCIIyTH HE OCIlIe OTKPUT.

Karo ocHOBeH (hakTop 3a onpeaessiHe Ha IpoJaKHaTa
IeHa Ha YCIyrure, ceOecTOWHOCTTa BIWsIE BBPXY
(uHAHCOBHS pe3yaTaT — nevyandaTa Ha MPeIpHITHETO,
a OT TaM ¥ Ha JaHBIUTE, KOUTO TO IUIalia Ha
aepkaBata. OT  gpyra  cTpaHa, pasXoAuTe B
NPEANPUSITHETO KAaTO OCHOBEH OOEKT Ha (PMHAHCOBO
yIOpaBlieHWe, C€  KOHTPOJMpAT, AHAIU3UpPaT |
onTuMH3upar. Taka ceOeCTONHOCTTA € BAXKCH MOKa3aTel
OT KOHTO ce sBsBa OOCKT HA H3CICIBaHE W OT
yIIpaBJIeHUeTo Ha mpeanpustrero. LlenTta e mocTurane
Ha MaKCHMAaJICH e(pEeKT OT OCBHIIECTBIBAHUTE ACHHOCTH B

gero. CremoBareIHO TS € OCHOBEH OOEKT Ha
u3clie/IBaHe, aHAJM3 M KOHTPOJI M OT CTpaHa Ha
YIPABICHUETO HA MPEANPHUATHETO.

Bcuuko  HammcaHo 0 TyK ce  OTHaca 3a
ce0eCTOMHOCTTa HAa MNPOAYKUHUSITA M YCIYIHTE IO
MPUHIMI, KAaTO C T[bJIHA CWIA BaKd © 32

cebecTOMHOCTTa HA HEMaTepHaTHUTE yCcayru. Moxe na
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CC KaXC, Y€ TCXHHA HEMATCPUAJICH XapaKTCp, I'M MpaBu
HHTEPECCH 00€eKT 3a H3CJICABAaHC Ha cebecToHOCTTA.

IIpu ompenmemssHeTo Ha  cebecTOMHOCTTA  HA
HEMaTepUAIHUTE YCIyTd MOXE Ja C€ OouepTasT
CJICIHUTE Pa3JInyus:

1. OTHOCHTENHUS JSUT HAa Pa3XxoJIUTe 3a MaTepHal €
CPaBHUTEITHO MAIIBK CIPSIMO OTHOCHUTEIHHS JSUT Ha TE3U
pasxoAu TpH ONpPEIeIIHETO Ha Ce0eCTOWHOCTTa Ha
JPYTU BUAOBE MPOLYKTH U YCIYTH;

2. B pe3ynraT Ha JeHHOCTTa ce MOIy4aBa YCIyTa,
KOSITO HSIMAa MaTepHUaJleH XapakTep;

3. HemarepuamHusr xapaxkrep Ha HSIKOH OT YCIYTHTE
He II03BOJIIBA T€ Jla C€ ChXpaHABaT 3a CIEABAILO
notpedienue; Taka Te ce morpedsBaT B MOMEHTa Ha
TSIXHOTO CH3/JaBaHEe;

4. TIlpomechr mpomaxkba ce  OCBILECTBsBA
Ope/BapUTENIHO WM  ChBIaJa C MOMEHTa Ha
MPOU3BOJICTBOTO M MOTPEOIEHHETO HA HEMaTepHalHaTa
yciyra.

Permamentupanero 3a ToBa, Kak TpsOBa 1a ce
cb3nane ¢uHaHcoBa uH(popMmanus 3a cedecToiHOCTTa
Ha MPOAYKLUATa M yciayrure e HampaBeHa B MCC 2
Martepuanau 3amacu u CC 2 OtunraHe Ha CTOKOBO-
MaTepualHUTe 3amacu. 3a UeauTe Ha (UHAHCOBOTO
OTYHTAHE ¥ IPEACTABSIHE Pa3XOIUTE CE OTYHUTAT II'BPBO
Criopesl TSXHaTa MKOHOMHYECKa CBIIHOCT, a ClieJl TOBa
Criopes TAXHOTO (DYHKIMOHAJIHO IperHa3HaYeHHE.
HsxakBu crnemuduunn ocoOeHOCTH WM MpoOIeMHu,
CBBP3aHH C KaJKYJIUPAaHETO Ha CeOecTOMHOCTTa Ha
HeMaTepUaJHUTe YCIyrn Hama. Ho 3a mpakTH4ecKoTo
(¢uHAaHCOBO  oTuMTaHe Ha  ceOecTOMHOCTTa  Ha
NpeInpUATHATA, Ch3JABAalld HEMAaTepHAIHH YCIYyTH €
BOXHO CHIBPKAHMETO Ha KaJKyJalllOHHATa CXeMa.
KbM HacTOsLIMA MOMEHT B NPHJIOKMMaTa HOPMaTHBHA
06aza He ca I[IOCTAaHOBEHW IPUMEPHH CXEMH Ha
KaJIKyJIalKsl, KOETO J1aBa Bb3MOXHOCT 32 MHANBU/IYaJIeH
HOZAXOJ] BBB BCSKO OTJENHO HPEANpUSITHE, Ch3aBaI0
Hemarepuaigau yciyru. OT apyra cTpaHa, JMIicara Ha
TaKaBa HpHMepHa cxema TIOCTAaBs npex
MIPAaKTUKYBAIIUTE CUCTOBOAMUTENN BBIPOCHT KaK € Hai-
NPABHJIHO METOJOJIOTHYECKH Ha OBJaT MNOApeIeHH
OT/ICHUTE pa3sxolW B Hed. ToBa € BaxkHO, 3a Ja ce
OpraHu3Wpa B NPEINpPHUATUATA, B KOHTO C€ Ch3IaBar
HEMaTepHalHN YCIyTM IOIXOILIO OTYMTaHe Ha
pasxomuTe, KOUTO C€ MpaBiAT M KOMTO (opMupar
cebecToifHOCTTa Ha yciayrara. OCBeH TOBa cxemaTa Ha
KaJIKyJIallMsATa MOXKE Jla Ce T0JI3Ba M NIPH aHaIn3a U
M3CIIE/IBAHETO Ha OTJETHUTE Pa3XOAU OT YHPABICHHETO
Ha MIPEANPHUATHETO.

Cropen mnpunoxumute KbM MoMeHTa MCC 2
Matepuanan 3amacu u1 CC 2 CroxoBO-MaTepHaTHU
3anacy, npu QopMupaHeTo # ce BKIOYBAT OCHOBHO
pasxoauTe 3a TpyJ Ha IepCOHana, KOHTO € 3aeT ChC
CB3/1aBaHETO Ha CHOTBETHATa HeMaTepHalHa yciyra. B
ro-crapuTe HopMaTtuBHM u3TouHMIM [10], KBIETO MMa
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MPEeNJIOKEH! MPUMEPHH CXEMHU ca KaJKyJalus, Mpu
OIpeieiIsTHe Ha CeOSCTOMHOCTTa Ha OTICIHHUTE BHIIOBE
MaTepuagHa U HeMaTepuaaHa TPOAYKIMs, ce Mpejyiara
cXeMa Ha KallKyJIaIus 3a CEKTop ,,ChOOMIeHU, KaTo T
¥WIMa CJICTHHS BHI:

1. Pa3zxoau 3a maTepuany,

2. Pa3xomu 3a eHeprus U TOPUBA;

3. Pa3zxoau 3a amopTH3aLuy;

4. Pa3xoau 3a 3a1uiaTu;

5. Pa3zxonu 3a conuagHi OCUTYPOBKH;

6. lpyru pa3xonu.

TpsabBa ma ce orOenexu, Ye Taka NpEATIOKEHATa
cXeMa ce OTHacid 3a KaJKylupaHe Ha CbhKpaTeHa
(mpomsBozacTBeHa) cebecToHOCT. B Hes ca BKiIroueHH
caMO IPUCHIIUTE Ha JaJeHara OIepaTHBHA IEHHOCT
pasxomy, 0e3 KbM TAX lla ce MPHUOABAT Pa3XxoAuTe 3a
npoxaxOu u ynpasieHue. Ilociennure ce Tperupar
KaTo pa3XxoJu 3a INepuona, M OOMKHOBEHO HE
NPE/CTAaBISIBAT TOJIIM HWHTEpEC 3a  YIPaBJIEHHUETO.
[IpaBu BricuaTsieHue, Yye B IpUMEPHATa KaJKyJIallMOHHA
cXemara Ha I'bPBO MACTO Ca BKJIIOUCHH DPa3XOAWTE 3a
MaTepHaly, a He Pa3XOAWTe 3a TPYH, HEIlo, KOETO € B
MIPOTHBOpEYHE C MOCTAHOBKHTE HA cera JCHCTBAIINTE
MCC 2 Marepuamau 3amacd 1 CC 2 Orumrane Ha
CTOKOBO-MaTepHAIHUTE 3allacH, 32 KaJIKYJIHPAaHETO Ha
cebecToifHOocTTa Ha Yyemyrmre. [lo Hame MHEHHe,
cxemaTa Ha KaJKyJIMpaHe Ha HeMaTepUalHUTE YCIyTH,
cboOpa3eHa C IIOCTAaHOBKMTE Ha cera AeiicTBaiaTa
HOpMaTHBHa 0a3a, TpsiOBa J1a nMa Buja:

1. Pa3xonu 3a 3aratu;
2. Pa3xoau 3a colManHu OCUTYpPOBKY;

3. Pa3zxonm 3a marepuaiy, B TOBa YHCIIO TOpPHUBA U
EHeprus;

4. Pa3zxoau 3a aMOpTU3aLUH;

5. lpyru pa3xoju.

IIpn moppeknaHeTo Ha OTHACTHUTE €JIEMEHTH B
KaJIKyJIalIOHHATa CXEMa C€ CIEIH 332 OT OTHOCHTEIIHHSA
Is71 B ce0ecTOHHOCTTa Ha KOHKPETHHUS BHUI Pa3Xonu,
KaKTO M TOBa JajJM Ca MPEKU WM HempeKH (KOCBEHH).
Crma3zBa ce mpaBMIIOTO, Y€ Ha IIBPBO MSACTO B MOJO0HA
cXeMa ce BKJIOYBaT NPEKUTE pa3xodd C HaH-roisM
OTHOCHTEJICH JISUI, @ Ha MOCJIEAHO MSICTO — HETIPEKHTE, C
Hall-MaJ’bK OTHOCUTENEH JISI.

B npunoxuMuTre CUCTOBOAHU CTaHIAPTUTE €
periaMeHTHpaHo Kak TpsOBa Ja ce BKIIOYaT B
cebecroiiHOCTTa o0OmMTE pazxoau. Karo ToBa e
MIOCTAaHOBEHO, KOIraTo T€ BB3HMUKBAT B OIpPEJEIECHO
MaTtepuagHo mnpousBoactBo. B CC 2 Otuutane Ha
CTOKOBO-MaTEpUATHUTE 3alack ce TOBOPM CaMoO 3a
0OIIOITPON3BOACTBEHN Pa3XOIH.

Tyk BB3HHMKBAa BBIPOCHT JadM BCHYKO Ka3aHO 3a
o0IIMTE pa3XoAW B MATCPHATHOTO MPOHM3BOJCTBO CE
OTHacd W 3a HemaTepuaiaHoTo? SICHOTa B CTaHAApTUTE
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HsdAMa, HO IO MHCHUC Ha aBTOpa, CJCO KaTo HAMa

YKaszaHo  Apyro, Tp$I6Ba n 3a HCMATCpUATIHOTO
MNpou3BOACTBO Jda C€ IPUIIOKAT TOCTAHOBCHUTE
IIpaBuJIa.

3aab/DKUTENHO, OOIMTE pa3xoau TpsOBa ga ObaaT
pa3rpaHUueHN Ha MOCTOSIHHU W NPOMEHIIMBH U CHOpE]
TOBA, KbM KOSl KaTCTOpPHs Ce MPHUYKCISABAT CE IpUiiara
pasiMyHa METOIuKa 3a pasmpeseicHuero uM. OcCBeH
TOBa, MPH Pa3NpPEACICHACTO Ha OOIIUTE Pa3Xomud UMa
3HAYCHUE JaH MPEINPUITHETO, B KOCTO T¢ BH3HUKBAT,
€ pabOTHIIIO HAITBITHO U3IMONI3BANKHN CBOS TTPOU3BOJICTBCH
KamanuTer wid He. B 3aBucumoct oT (akrtopa
,,TIPOM3BOJCTBEH KamamuTeT ce ompenens Oaszara 3a
pasmpereneHre Ha OOLIUTE Pa3XO/IH.

Teif Karo mpu Ch3JaBaHETO HA HEMaTEpUATHUTE
YCIyTn € BB3MOXHO HAJIMYMETO HA OTHOCHUTEIHO
rmoBevye OOMM pa3XoAd, YyCHEmHO OW MOTJIo Ja ce
MIPWIOXKH KaJKyJIMpaHETO Ha 0a3aTa HA JEHHOCTH WIH
ABC MeTombT Ha KaJKyTUpaHe, KaTo 110 TO3M HAYWH Ce
OCHUTYPH BB3MOXKHOCT 3a IPWIOKCHHE HA YIpPaBICHHE
Ha 0a3ara Ha neiiHOCTH. ToBa € ChBpEMEHEH METO] Ha
KaJIKyJIUpaHe, KOHTO MOXe J1a ce IPHIIOKH KakTo 3a

Henure  Ha  (DMHAHCOBOTO oruyuTaHe  (KOratro
pasmpeeicHHEeTO Ha OONIUTE Pa3Xoiu € ChoOpa3eHo C
IMOCTAHOBKHUTE Ha MIPUIOKUMUTE CUETOBOIHU

CTaHJAPTH), TaKa M 3a ICIUTE Ha yIpaBJicHUEeTo. Makap
U J0CTa CKbII METOJI, UMalll CBOUTE MPOTUBHUIIM, TOU €
3acera CIMHCTBEHUAT, KOWTO JaBa BB3MOXKHOCT 3a
W3YNCISIBAaHE Ha HaW-TOYHa Cce0ECTOMHOCT M 3a
CTPUKTHO HAONIO/ICHNE Ha Pa3XOAUTe, KOUTO CE TPABIT
BBB BpB3Ka CBC CH3AABAHETO U IpojaxkOara Ha
MaTepHajHaTa ¥ HeMaTepHajaHaTa MPOIyKIIHs.

B HacTosmmsa JOKIax MPENCTaBUXME OCHOBHHTE
acrieKTH Ha (PUHAHCOBO-CUYETOBOJHOTO M YIIPABIEHCKO
3HA4YEHNE Ha KaJIKyJIMpPaHETO Ha ceOECTOMHOCTTa Ha
HemarepuanauTe yciyrd. IlpeactaBuxme pasmudmsiTa
Ha HEMAaTepUAIHUTE YCIYyTH OT MaTepHalHaTa
HPOIYKLUsI, KOUTO UMaT 3HAUCHHE MPU KAJIKYIHPaHETO
Ha cebecToitHocTTa. PaspaboTuxme u IpeacTaBHXME
IpUMEpHa CXeéMa Ha KalKyJalus Ha cebecToiHOCTTa,
cboOpaseHa C [IOCTQaHOBKMTE Ha  MPHIOKHMHUTE
CUYETOBOJHU CTAaHAAPTH, NMPUJIOKUMA IPU ONpeAessHe
Ha ce0eCTOMHOCTTa Ha HeMaTepUaTHUTE YCIIyTH.
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ANALYSIS OF SERVICE SYSTEMS
CHARACTERISTICS IDENTIFYING QUALITY OF
EXPERIENCE

Anna Otsetova' and Emiliya Saranova®

Abstract — Quality of Experience (QoF) is crucial for
the customer satisfaction and retention in the global
knowledge service economy. QoFE is now widely
recognized as a strategic organizational variable. QoFE is
an assessment of the human experience when interacting
with technology and business entities in a particular
context. The goal of this paper is to analyze the
characteristics of service systems identifying QoF in order
to determine the necessary effects for its management,
taking into account the key factor for user’s perception.
In addition a brief review of Quality of Experience
literature is conducted.

Keywords — Services, Quality of Services, Quality of
Experience

I. INTRODUCTION

Services are the dominant economic sector in most
countries. About 63,7% of the world Gross Domestic
Product (GDP) comprises services at the same time
over 70% of the workforce is engaged in service
occupations. Services contributed 70% of GDP in
Unites States, Canada, Australia, Japan, Germany,
United Kingdom, France, Italy, Spain, Belgium,
Netherlands, Sweden, and Switzerland [1].

The service sector is important in the economies of
countries around the world, and services will continue
to be a dominant force in the world economy in the
future.

According to the theory of Quaternary Sector of the
Economy, the quaternary sector is a way to describe a
knowledge-based part of the economy - which typically
includes services such as information technology,
information-generation and -sharing, media, and
research and development (R&D), as well as
knowledge-based services like consultation, education,
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financial planning and designing [2].

The quaternary sector is based on information and
knowledge. It consists of intellectual industries
providing information services, such as computing and
information and communication technologies (/CT),
consultancy and R&D (research, particularly in
scientific fields). The quaternary sector of industry is
the sector of industry that involves the intellectual
services, e.g. research, development and information.

Due to the significant contribution of service to the
global economy, Quality of services (QoS) has become
high-priority for many firms, and will continue to be
important in the future.

Service quality is an important differentiator in a
competitive business environment, and a driver to firm
performance. Providing excellent service quality is
critical to customer satisfaction and retention, and in
turn to market share growth and profitability [3].

For service providers a critical issue is to understand
how services are evaluated by customers. Therefore,
the role of perceived service quality is so important.
Perceived service quality is described in terms of the
customer's assessment of the overall excellence or
superiority of the service. The new trend in the
scientific research in past few years has been focused
on Quality of Experience.

QoF concept includes two main aspects - Quality of
Service and something which addresses the user’s
perceptions and experiences. QoE concept is more
appropriate for designing systems and services with a
high level of acceptance. QoF is “the overall
acceptability of an application or service, as perceived
subjectively by the end user” [4]. This definition has
two pivot points:

(1) Includes
effects.

(2) May be influenced by user expectations and
context.

The idea was to extend the motion of QoS by
defining the user-centric concept of QoE. The QoE has
emerged mainly with the basic motivation that QoS is
not powerful enough to express everything now
involve in services [5].

QoF is a fast emerging multidisciplinary field based
on social psychology, cognitive science, economics,

the complete end-to-end system
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and engineering science, focused on understanding
overall human quality requirements [6].

Hence, the goal of this paper is to analyze the
characteristics of service systems identifying QoF.
Particular attention is paid to information and
communication services.

II. THEORETICAL BACKGROUND

With the increasing development of /CT systems and
services, the need for evaluating their quality becomes
urgent.

The customer has many opportunities being able to
choose between different competing providers. Given
similar pricing schemes, which are a primary decision
factor for many users, their subsequent choices are then
likely to be influenced by expected and experienced
quality. Consequently, the service providers’ interest in
how users perceive usability, reliability, quality, and
price-worthiness has increased. A provider needs to be
able to observe and react quickly on quality problems.
The aggressive competition forces the service
providers to revisit their strategies to improve their
competitive advantages. Facing this kind of quality
competition, the concept of quality of experience
emerged, combining user perception, experience, and
expectations with non-technical and technical
parameters such as application- and network-level
quality of service [7].

Since the late 90’s, the concept of ‘Quality of
Experience’ has gained major role and followers in
different application contexts. For example, in
communication, the notion of quality has been largely
associated to the so-called ‘Quality of Service’ for
many years. The QoF concept has emerged in this field
mainly with the basic motivation that QoS is not
powerful enough to fully express everything nowadays
involved in a communication service [8].

The White Paper on Definitions of Quality of
Experience gives the following working definition of
QoE: “QoF is the degree of delight or annoyance of the
user of an application or service. It results from the
fulfillment of his or her expectations with respect to the
utility and/or enjoyment of the application or service in
the light of the user’s personality and current state”.

According to ITU-T Rec. P.10 (Amendment 2, 2008),
QoF is defined as: “The overall acceptability of an
application or service, as perceived subjectively by the
end-user”.

NOTE 1 — Quality of experience includes the
complete end-to-end system effects (client, terminal,
network, services infrastructure, etc.).

NOTE 2 — Overall acceptability may be influenced
by user expectations and context.”

According to Moller and Raake [5], QoE can be
defined as the degree of delight or annoyance of a
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person during the process of experiencing. It results
from the person’s evaluation of the fulfillment of his or
her expectations and needs with respect to the utility in
the light of the person’s context, personality and
current state.

The newest definition by Moller and Raake [5]
identify QoFE as degree of delight or annoyance of a
person whose experiencing involves an application,
service, or system. It results from the person’s
evaluation of the fulfillment of his or her expectations
and needs with respect to the utility and/or enjoyment
in the light of the person’s context, personality and
current state.

QoF can be subject to a range of complex and
strongly interrelated factors, falling into three
categories: human, system and context influence
factors. These groups of factors frequently overlap, and
together have a mutual impact on QoE (Fig. 1).

A Human Influence Factor is any variant or invariant
property or characteristic of a human user [8]. The
characteristic can describe the demographic and socio-
economic background, the physical and mental
constitution, or the user’s emotional state. Common
examples of human influence factors usually include
gender, age and expertise level. As a result, due to
their inherent complexity and the lack of empirical
evidence, it is still poorly understood how human
factors influence QoE [5].

System
influence
factors

Human Context

influence influence

factors

factors

Fig. 1. Factors influencing Quality of Experience [5]

System Influence Factors refer to properties and
characteristics that determine the technically produced
quality of an application or service [8]. These factors
can be classified into to four groups: content-related,
media-related, network-related and device-related
systems influence factors. The content itself and its
type are highly influential to the overall QoE of the
system as different content characteristics might
require different system properties. The media-related
system influence factors refer to media configuration
factors, such as encoding, resolution, sampling rate,
frame rate, media synchronization. Network-related
system influence factors refer to data transmission over
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a network. The main network characteristics are
bandwidth, delay, jitter, loss and error rates and
distributions, and throughput. The network-related
system influence factors may change over time or as a
user changes his location, and are tightly related to the
network Quality of Service. Device-related system
influence factors refer to the end systems or devices of
the communication path.

Context Influence Factors are factors that embrace
any situational property to describe the user’s
environment [8]. Context influence factors can be
grouped as follow: physical context, temporal context,
social context, economic context, technical and
information context. The physical context describes the
characteristics of location and space, including
movements within and transitions between locations;
spatial location (e.g. outdoor or indoor, in a personal,
professional or social place), functional place and
space; sensed environmental attributes (e.g. peaceful
place vs. noisy place, lights and temperature);
movements and mobility (e.g. sitting, standing,
walking or jogging); artifacts. The temporal context is
related with temporal aspects of a given experience,
e.g. time of day (morning, afternoon or evening), week,
month, season (spring, summer, autumn or winter) and
year; duration, and frequency of use (of the
service/system); before/during/after the experience;
actions in relation to time; synchronism. The social
context is defined by the inter-personal relations
existing during the experience. Hence, it is important to
consider if the application/system user is alone or with
other persons, and even how different persons are
involved in the experience, namely including inter-
personal actions. Moreover, the cultural, educational,
professional levels (namely hierarchical dependencies,

Humarn Characteristics

Human
Demographics

Human Entity

Human QoE
Factors

internal vs. external), and entertainment also need to be
considered. Costs, subscription type, or brand of the
application/system are part of the economic context.
Finally, the technical and information context describes
the relationship between the system of interest and
other relevant systems and services including: devices
(e.g. existing interconnectivity of devices over
Bluetooth or Near Field Communication), applications
(e.g. availability of an application instead of the
currently used browser-based solution of a service),
networks (e.g. availability of other networks than the
one currently used), or additional informational
artifacts (e.g. additional use of pen and paper for better
information assimilation from the service used).
Characteristics like interoperability, informational
artifacts and access, or mixed reality also need to be
considered.

QoF can be influenced by wide a range of factors,
which are complex and strongly interrelated.

ITI. SERVICE SYSTEM CHARACTERISTICS
IDENTIFYING QOE

Along with rapid technological advances, there has
been a diffusion of new and innovative systems,
services, applications, and end-user devices. Thanks to
these technical advancements, the fulfillment of
customer demands and user experience requirements

are becoming the main differentiators for the
effectiveness of service providers.
In order to determine the service system

characteristics that identify QoFE we propose a modified
Quality of Experience Interaction Model, presented in
Fig. 2.
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Fig. 2. Quality of Experience Interaction Model (adapted by [6])
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Human QoFE characteristics can be presented as
overall assessment of human needs, feelings,
performance, and intentions. @ Human  QoFE
characteristics are classified as subjective and objective
factors based on psychological and physiological
factors. Subjective QoFE Factors represent both
quantitative and qualitative aspects of human needs and
requirements; they reflect human perceptions,
intentions and needs. Objective QoFE Factors are
associated with human physiological, psycho-physical,
and cognitive capabilities.

In a communication system, context represents the
circumstances, situations, and environment at the time
of interaction between human, technology, and
business entities. Contextual aspects influence the
human perceptual experiences, resulting in a significant
impact on the overall QoFE [6].

The designed technological characteristics represent a
blueprint of all technological aspects of the service life
cycle from service design to delivery. All aspects that
are designed, deployed, and delivered during a service
life cycle are considered technological entities.

The business characteristics directly affect the final
intention of purchasing a service and the price at which
a service provider can offer the service. Today,
effective management of the customer experience is
one of the single most important differentiators in this
highly competitive market [6].

The user evaluation of a system is influenced by
pragmatic and hedonic quality aspects. These quality
aspects have to be evaluated with the help of real or
test users providing judgments on what they perceive.

The literal review shows that the service system
characteristics that identify QoF are [9, 10, 11, 12, 13,
15]:

Interaction quality: Interaction is at the heart of user
experiences. Without interaction user experiences
cannot happen. Experiences of technology imply that a
person must have interacted with the technology at
some point. Therefore, interaction is required to
experience services. The diversity of both activities and
technologies, however, results necessarily in diverse
interaction. In fact, human technology interaction can
become so complex in structure and temporal dynamics
that its role grows from being a requirement of
experience to also being a part of it. The term
Interaction quality relates to the quality of the pure
interaction between user and system, disregarding any
other aspects of system usage. It includes the perceived
input quality and output quality of the system, as well
as its cooperativity. Input quality relates to the
perceived system understanding and input comfort; in
contrast to input performance, it reflects how the user
thinks that she/he is understood by the system [15].
Interaction quality as a whole can be quantified in
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terms of speed, conciseness, smoothness, and
naturalness of the interaction [10]. The metrics
commonly used to assess interaction quality are
questionnaires [16].

Efficiency-related  characteristics:  Include the
effectiveness (the accuracy and completeness with
which specified users can reach specified goals in
particular environments [9]) and efficiency (the effort
and resources required in relation to the accuracy and
completeness [9]), as well as learnability (speed and
facility with which the users feel they have been able to
master the system [9]) and intuitivity (the extent to
which the user is able to interact with a technical
system  effectively by applying knowledge
unconsciously [11]). The metrics commonly used to
assess efficiency are questionnaires [13].

Usability: According to the ISO definition, usability
is the “extent to which a product can be used by
specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified
context of use” [12]. The reference [13] considers two
aspects of usability: The ease of use — which is
influenced by the mentioned consequences of
interaction quality — and the joy of use. Joy of use
depends not only on the quality of the interaction;
hedonic aspects like the appeal or the “personality” of
the system will largely influence this sub-aspect. Both
ease of use and joy of use may determine the
satisfaction of the user, which can be considered as a
consequence of good usability. The metrics commonly
used to assess usability are questionnaires or psycho-
physiological measures [13, 18].

Aesthetics, system personality and appeal: Aesthetics
is the sensory experience the system elicits, and the
extent to which this experience fits individual goals
and spirit [14]. The systems personality refers to the
users’ perception of the system characteristics
originating from the current combination of agent
factors and surface form. The appeal is a result of the
aesthetics of the product, its physical factors and the
extent to which the product inherits interesting, novel,
and surprising features [13, 14]. The metrics commonly
used to assess aesthetics are questionnaires or psycho-
physiological measures [13, 17].

Utility and usefulness: In order to judge whether a
system is useful, we have to compare the functional
requirements of the user with the functions offered by
the system. Utility answers the question: Can a specific
user resolve his personal task with the help of the
system [18]? Usefulness relates this to the usability:
How well can a user resolve the task, considering the
effort spent in the interaction, but also the joy
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experienced herein? The metrics commonly used to
assess utility and usefulness are questionnaires [13].

Acceptability: How readily a user will actually use
the system. Acceptability may be represented as a
purely economic measure, relating the number of
potential users to the quantity of the target group [13,
18].

IV. CONCLUSION

QoF concept is important to everyone who works in
the development of product and services, including
researchers, administrators and network operators,
service and content providers and product
manufacturers. Nowadays, QoF concept are applicable
in several areas such as electrical, electronic, computer,
telecommunication engineering, computer science,
information technology, professional in the areas of
ergonomic and usability.

In this paper, we have proposed a modified Quality
of Experience Interaction Model and made a review of
QoE definitions. The main characteristic identifying
QoFE are displayed. Our future work will include
developing a methodology for QoFE assessment and
control.
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Abstract - In this report, the essence and characteristics of the cloud services are considered. On the basis of a
literature review, the economic benefits of the consumption of these services, both at the micro and macro levels,

are derived.
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NKOHOMMWYECKMU I10OJI3U OT ITOTPEBJIEHUETO HA
OBJIAYHU YCIIYI'1

1 2
I'eprana JlumueBa u JlecucnaBa SAHrpHOBA

Pestome — B HacTOAIMAT [JOKIaj ca pasriieJaHu
CBIIHOCTTAa H Oco0eHOocTHTe HA O0JgaunuTe ycayru. Ha
0azaTa Ha  JIMTepaTypeH 0030p ca  H3BeJCHH
HKOHOMMYECKHTe IOJI3H OT MOTped/eHHeT0 Ha Te3Hu
YCJIYIH, KAKTO HA MHKPO, TAKA M HA MAKPO HUBO.

Keywords — 06Ja4HH yCIyrd, HKOHOMUYECKH MOJI3H.

1. BBBEJIEHUE

[lpes mociemHuTe TOAWHM  MHTEPECHT  KbM
O0JIaYHUTE YCIIyTH CTaBa Bce Mo-roysM. [Ipuuunata e,
4ye Te3W TEXHOJOTMM MpeAjaraT Ha CBOMTE KIMEHTH
HaJIeKIAHU M JIOCTBIIHM YCIYI'H IPH TI'bBKAaBU IICHU.
Bwrpekn ToBa, KaTo NOOpHM M WHOBAaTHBHH YCIIyTH
crope] peaulia M3CIEIBAHUS, TOBa HE O3HA4yaBa
HENpeMeHHO, 4Ye  oOJayHuTe  TEXHOJIOTMH  ca
TIOJIXOJISIIIH 32 BCHYKH OM3HEC OPTaHU3aIHH.

B nnemrHO Bpeme, B yClIOBHATa Ha MH(GOPMAIIMOHHO
00IIEeCTBO, KOMIIAHMUTE HENPEKBCHATO C€ pa3BHBaT,
KaTo MPOMEHAT TOJIeMHHATa CH MO OpOH CITy)KHTEH,
Opoii oTnenu, TepuTopHaiIeH o0xBar u ap. B momoOHM
clly4ay, OONayHUTE YCIYI'H ca pecypc, KOWTO € Ha
PAa3IONOXKEHNe, 3a Ja IOMOTHE Ha OpraHM3aluuTe, Aa

fac. n-p Teprama J[lumueBa, Bucume yuunuie mno
TenekomyHukauu u nomy, Cogust 1700, yn. “Axkan. Cr.
Miagenos” Nel, bearapus

YJlecucmaa  SlurpHOBa,  Bumcime YUWIHILE 110
TEJIEKOMYHHKAIUKA W TOLIH, CIEIUATHOCT ,,MEeHUIKMBHT H
WHPOPMAIIMOHHU TEXHOJIOTHH B TEICKOMYHUKAIIUUTEC U
momure”, Codus 1700, yn. “Axkang. Ct. MnageHos” Nel,
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OTIOBOPH Ha TEXHUTE HYX/H, Ja MOCTHTHAT OHM3HEC
uemure cu. Oco0eHo B MalKHTe NPEANpPUsTHS,
oOlayHuTE YyCIyrd ca OMIMYEH TEXHOJOTWYeH
WHCTPYMEHT, KOWTO He € HeoOxoguMo na Oble
Ch3/1a/IcH OT camara OpraHu3alus, KOATO H3II0J3Ba
,,00maka“. Tlo-cKOpo TOBa € TEXHOJOTHS, KOSTO ce
NPEeNOCTaBs OT KOMIIAHHMATA JOCTaBYMK Ha OOJayHU
yeiryru [1].

B ycnoBusita Ha 3acunena konkypenuus Cloud
TEXHOJIOTHATAa Ce MpEeBbpHAa B MOMYJSIpHA HIes 3a
oOCIy)XBaHE, KaKTO Ha CIY)XUTEJIH, Taka M Ha
pa3iMuHK KIMEHTH. 3a J1a Ob/ie KOHKYpEeHTOCIOCOOHa
elHa OpraHu3anms, TS TpsiOBa Ja ce BB3NOJI3BA OT
BB3MOKHOCTHTE, KOWTO TMPENOCTaBs JIOCTBIA MO
WHTEPHET, 4pe3 M3IO0JI3BaHEe Ha Pa3IMYHU HMHTCPHET
ycnyrn. Te momaraT Ha OpraHu3alMUTE Ja HAco4ar
BHUMAaHHETO CH KBbM pa3paboTBaHe Ha moOpu Om3HEC
NPUIOKEHUS, KOUTO INe JOHECaT WCTHHCKAa Ou3Hec
crouHOoCT [1].

Bbropexkn ue, oOmayHuTE YCIYrH ca HHOBAaTHBEH
HayMH 3a YyBelIHMYaBaHe Ha OM3HEC CTOMHOCTTa M
NPOU3BOAUTENHOCTTA B JaJeHa  OpraHu3aIys,
W3MOJI3BAHETO Ha Ta3W TEXHOJIOTMs TpsiOBa na Obre
camo 3a CIIY)KHTEIH, KOUTO UMaT JIOCTHII 10 MHTEPHET.
[2]. ETo 3amo, 32 na Moxke oOnayHaTa TEXHOJIOTHS A2
ce IMpuiara yCreurHo, T TpsiOBa J1a ce M3IoJ3Ba caMo
OT KOMIIAaHHM, KOHTO OTrOBapsT Ha OIpEICICHU
KPUTEPHH, ChC CICIU(UIHN TTOTPEOHOCTH U PECYPCH.

Henta Ha HacTosmmata pazpaboTka ¢ Ha Oa3zaTa Ha
HaIlpaBeH JIMTEpaTypeH 0030p Ja ce M3BenaT HAKOU
MKOHOMUYECKH IIOJI3U OT MOTPEOJICHNUETO Ha O0JIAaYHU
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YCIIyTU B JIB€ OCHOBHH HAaIPaBJICHHUS — HA MUKPO HHBO
(B paMKnTe Ha eIHa OpraHu3alys - NOTpeOuTEn Ha
o0ayHu yCIyrH) M HA MaKpo HUBO (B paMKUTEe Ha
HaIMOHATHOTO CTOIAHCTBO).

II. CBIIHOCT M OCOBEHOCTHU HA OBJIAUYHUTE
VCIIVIH

C mnonsatuero "oOmaynm ycayru" (ot amri. Cloud
computing) ce O3Ha4aBa KOMIIIEKC oT
MH(pOpMALMOHHM YCIIYTH MO ChXpaHsiBaHe, 00padoTKa
Y W3IOJI3BaHE Ha JIAHHW 4Ype3 OTAAJICYCHU KOMITIOTPH,
nocThitHA B Mpexa [3]. Te3um kommroTpu oOeawHsSBAT
W3YHMCINTEIHATE CH PECypCH B €IMHHA CHCTEMa
(Kommtorspen obmnak). KommorspausaT obnak ("Cloud
Computing") wMa JBa OCHOBHM KOMIIOHEHTa -
"CepBbpu 3a m3uuciutTenHu mporecu” (Processing
Nodes) u "MacuB/Mpexa 3a cbxpaHeHHE Ha JJaHHU"
(Storage Area Network). [4]

Pactsimata momynsipHocT Ha KoHuenuusita cloud
computing ce IbJDKA Ha KOMOMHAIMS OT TEXHOJIOTHU U
UKOHOMHUYECKH Qakropu. “Obnauure” NpUBINYAT
BHUMAHHUETO Ha CIICIMAINCTU U IIOTPEOUTENN ChC CBOS
MOTEHIMAJ 32 peajn3alysl Ha KauyeCTBEHO HOB OM3HEC
mozen [5].

Eman or Bomemmre ‘“oOnayHn” IOCTAaBUMIA Ca
Amazon, Google, IBM, Yahoo u Microsoft. Bceku
eIMH OT TAX Npeasiara pasinyHd (QyHKIUHA B PAMKHUTE
Ha TsxHata uHQpacTpykrypa yciuyru [6]. [ToBedero oT
Te3W KOMIIAHMM Mpejiarar oOJayHu YCIyTH U
pelIeHus, ¢ MOMOIITAa Ha KOUTO OPraHU3alHUTe KaTo
NOTpeOUTENM HMaT BB3MOXKHOCT Jia IPOTHO3UPAT
nasapa, Jia ONTUMHU3HMPAT KIMEHTCKUTE CH MOPHYKH, Jia

ONITUMU3UPpAT TPOU3BOACTBCHUA CH IIpouec, Ja
HOHO6p$IBaT MOACIINTC CH HA ueH006pa3yBaHe.
Ho Bce nak, ¢ peaunara nOpeamMCcTBa IIpH

M3IOJI3BAHETO HAa OOJNAaYHM YCIYyTH, CBIIECTBYBAaT M
HSKOM HeZocTaThl. Ha mbpBO MSCTO, M3MOI3BAHETO
Ha Ta3W TEXHOJOTWS W3MCKBA TOCTOSHHA BPB3Ka C
HHTEPHET. 3a ]a MOXKe ITOTPEeOUTENUTE J]a ce CBBP3BaT
OTHQJICYEHO A0 JOKYMEHTH WM  IPUIOKEHHS,
CbXpaHsBaHHU B 00JiaKka, MOTPeOUTENNTE TPsIOBA MIBPBO
Ja TMOJaydYaT AOCTBI A0 uHTepHeT. Hemo nosede,
Bpb3KaTa C MHTEPHET TPsiOBa Ja MMa BHCOKa CKOPOCT
[1].

Wudopmarmsara, coOCTBEHOCT Ha KIMEHTa, Ce
ChbXpaHsABa Ha OTJIAJICYCHH CHPBBPU, COOCTBEHOCT HIIH
MOA KOHTpOJIAa Ha JApyra KOMIIAHHUS - JOCTaBYMK Ha
ycmyrata. JIOKOIKOTO 00paboTkaTta M ChXpaHCHHETO
Ha [JaHHHTE Ce€ OCBINECTBsIBAa B Cpelda HW3BBH
coOcTBeHaTa Mpe)ka Ha KIIMEHTa, 4eCTO Ha CHhPBBPH B
Jpyra IbpKaBa WIM B HAKOJKO Pa3siM4YHU JbPIKaBH,
KIMEHTHT HAMa (HU3MYECKa BB3MOXKHOCT MPSAKO H
HENpeKbCHATO Ja KOHTPOJIMpa B IIbJIHA CTEIeH
JIOCTBIIA ¥ ONIEPUPAHETO C AaHHUTE [3].
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[Morpeburenure  TpsiOBa 1ma  3HasAT, €, e
CBhXpaHsIBaHETO Ha IaHHM B oOJaka Moxe na Oble
omacHOo. AKOo oOnmaka TpsOBa ga ,HaMamee“, a
MOTPEOUTENAT HE pasloiara C pe3epBHO KOMME Ha
JaleH TOKYMEHT, TOH MpOCTO IIe 3aryOM JTOKyMEHTa.
ChI10 Taka € Bb3MOXKHO CHCTEMHUTE 32 00JIa4HU YCIyTH
Ja ObJaT MOAJOKEHH Ha 3J0HAMEPEHH AaTakd oOT
CTpaHa Ha HEOTOPHU3HpaHH JuLa [2].

AJZMUHHCTpUpaHETO Ha o0jlaka MO NPHHIUII Ce
OCBILECTBSABA IO KOHTpPOJIA Ha JIOCTaBYMKa Ha
yciayrata, T.€. JIOCTaBUMKBT, a HE KIMEHTa, MMa
pelaBala poJis o yrpasjeHue Ha JaHHuTe. [3].

III. UIKOHOMUWYECKH I10JI3U OT
ITIOTPEBJIEHUETO HA OBJIAUHU VCJIYTU

Enna or ocHOBHMTE OW3HEC [elNM Ha BCsKa
opraHu3anusi OT €JHa CTpaHa ¢ MaKCUMH3UpaHe Ha
neyanbara ¥M MHHUMH3MpaHe Ha pasXxoguTe B
JUBJITOCPOYEH TUIAH, M OT JIpyra Jia ce yJOBJIETBOPSIBAT
MOTpeOHOCTHTE Ha OOIIECTBOTO B MAKCUMAJIHA CTEIICH.
ToBa ce mocTura upe3 NpPaBHIHOTO ChYETaBaHE Ha
MpPOW3BOACTBEHATA M  pecypcHata  e(eKTHBHOCT.
[Moaxomsi HHCTPYMEHT 3a TIOCTHTAHETO HA Ta3H Lel €
M3MOJI3BAHETO HA OOJAYHUTE YCIYrH, MPH KOUTO
YCIEIIHO ~ C€  KOMOWHHpAT  TEXHOJOTHH U
ukoHomuuecku (akropu. Ha crenpamure durypu, Ha
0a3zaTa Ha HANPaBEH JINTEPATYPEH 0030p ca W3BEACHU
MKOHOMHUYECKUTE TMOJ3M OT NOTpeOIeHHeTo Ha
o0NayHK yCIyrd B JIB€ OCHOBHHM HAIIPaBJICHHS - HA
MHUKpPO HHMBO (B paMKHTE Ha €[HA OpraHU3alus -
notpeduTeN Ha 00JaYyHM YCIIyTH) U Ha Makpo HHUBO (B
paMKHTE Ha HAIIMOHATHOTO CTOMAHCTBO) (dur. 1 u 2).

A. Hxonomuuecku noasu om nompebdieHuemo Ha
00aaUHYU YCyeUu Ha MUKPO HUBO

- Hucku mbpBoHavanuu pasxoam - OOnaunute
YCIYTH Ch3JlaBaT BHCOKa Malmabupyemoct 06e3 na e
HeoOXoJMMa BHCOKa IThbPBOHAYaJHA HHBECTHLUS 32
3aKyIlyBaHETO Ha WHQPACTPYKTYpa, THH KaTo T
ocTaBa COOCTBEHOCT Ha JoctaBunka [7]. Huckure
ITHPBOHAYAIIHU Pa3XOAH OT CBOSI CTpaHa JIOTPHUHACSAT 3a
HaMaJlsiBaHe Ha OapuepuTe M BPEMETO 3a HABJIHM3aHE Ha
JaJeH 1a3ap, OcCOOeHO 3a MaJKUTe M CpPEeJHU
npeanpuATHs. Te UMaT BB3MOXKHOCT JHHAMHYHO J1a
YOpaBIABAT M3IOJI3BAHUTE OT TIX PECYpCH, CIOpEN
ra3apHUTE CH TO3ULMHU (OM3HEC Pa3BUTHETO CH), Oe3
Ja ca HeoOXOQMMH TIpENBAPUTEHH KalHUTAJIOBU
WHBECTULIMM OT TsSXHAa CTpaHa 3a XapAyepHa u
copryepna obesmedeHoct. I[lo To3m HaumH ce
ocurypsisa He3abaBeH JOCTBII 10 TE3U PECYPCH.

- Hwuckm pasxoau 3a nomapbxkka Ha IT
HHppacTpyKTypa - MHOro KOMIaHUM MUMaT BHUCOKHU
pasxomu 3a nomapwkka Ha UT umnabpactpykrypa. C
W3MOJI3BAHETO Ha OONAa4YHU yCIyrW, AEHCTBHUTEIHO
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HaMaJIsiBaT TE€3W Pa3Xo/H, KaKTo 3a 3aKyIlyBaHe, TaKa 1
3a TOAApPBXKKA Ha XapayepHO H  COPTyepHO
obopyasane [7, 8, 9, 10] ToBa e okxaxe roJsiMo
BIIMSTHUE BBPXY CTPYKTypara Ha pa3xoJIuTe U 4Ype3 Hes
BBPXY BB3MOXXHOCTHUTE 32 INPOU3BOACTBO HAa BCHYKHU
¢bupmu. [8, 11, 12]. Opranuzanusi, KOSITO MHIpHpa
CBOsITA MH(pOPMAIMOHHA CHCTEMa M JIaHHU B O0JlaKa
MOXE J1a HaeMa pecypcH, 0e3 ma € HeoOXOoauMo na
M3I0J13Ba TTATEHTOBAaHA HHPPACTPYKTypa U 1a HAMaJIAT
pasxoIure 3a: ChbXpaHeHHe, HMOAAPHKKAa Ha codryep,
MOJ/IPBKKA HA MPEXKaTa, CHEPTHHHUTE Pa3Xo/an, KaKTo
1 Pa3Xxo/u, CBbP3aHH C Bb3CTAHOBSIBAHE CJe]] OC/ICTBHE
[13, 14, 15].

B kpaiiHa cMmeTka Bcska yciyra, KOSTO CIeECTsBa
rmapu ¥ BHacsl ynoOCTBa Ha KJIMEHTa € oOpedeHa Ha
ycrnex. Crnopen crenuanuctd B obiactrta kpM 2018
roAMHa Cce O4YaKBa 3HAYUTEIHO HapacTBaHe Ha
TBPCEHETO Ha OOJNAYHM YCIYTH - W3KIIOYCHHE IIe
O0pmat KIIHEHTH, KOHTO uMar OTpOMHA
uH(ppacTpyKTypa u cpeacTsa nia s noaabpkar.[16]

- JIunca Ha pa3xoau 3a 3aKynmyBaHe Ha Xopayep U
codryep - CodryepbT MOKe Ha OBIE CKBIT pecypc 3a
opranmzaiuure. [lpm mnorpebieHuero Ha 0OOJIAYHU
yCIAyI'M HE € HYXHO Jia ce 3aKylyBaT OTACIHHU
coTyepHH TPOAYKTH 32 BCEKHM E€IWH KOMIIIOTHD B
choTBeTHaTa opranm3anusi. CopryepbT Moxke aa Oble
JOCTBIICH B o00Jaka OT "BCHYKH CJIY)XUTEIH Ha
choTBeTHaTa (Qupma“. OcBeH ToBa, oONayHaTa
TEXHOJIOTUSI BCBHIIHOCT € B CBCTOSHHE Aa TOIOOpH
CHBMECTUMOCTTA MEXIY OINEpalliOHHUTE cucTeMH. [1]
[MomynsipHOCTTa Ha TO3M MOJEN € CBbp3aHa, OT €lHa
cTpaHa ¢ HamangBanero Ha WT pasxogure Ha
KOMITAaHMUTE 32 YIpaBJIeHHEe Ha Xapayep, copTyep 1 Ha
MpexoBaTta HWH]pacTpykTypa, a OT Jpyra c
npeackazyemocrra Ha MT Oromxerure B pe3ynaTar Ha
SIIMMUHHApAHEe HAa W3BBHPEIHH Pa3XOAH, CBBP3aHU C
OTCTpaHsiBaHE Ha HemnpeABuAeHH npobiemu [16].
PazxonbT, KOWTO oOpraHu3aunusATa TpaBM HE €
karmmtanoB (CAPEX), a omeparuBen pasxon (OPEX),
KOMTO KMa MHOIo IIo-HMCKa croiHocT. ToBa e
OTPOMHOTO MNPEANMCTBO Ha OOJAUHHMAT MOAEN Ipen
TpaguiponauTe 1T  pemieHust —  BB3MOXKHOCTTA
HAIMYHATE CPENICTBA [la CE MHBECTHUPAT TUPEKTHO B
IPOAYKT, YCIyra Wi pekjiama, BMECTO B 3aKyIlyBaHE
Ha CKBIIO CTpyBamla HWHQPACTPYKTypa, KOSITO CIel
HAKOJIKO Mecella MOXE Ja C€ OKake HEHyXXHa, a
WHBECTHPAHNUTE CPEICTBA — IIOXapUueHH HampasHo [17]

- Jlumca Ha pa3xoaum 3a CbXpaHeHHe Ha
nHpopmamust — OOnauHata ycioyra € Chb3JaicHa
[JIABHO 332 CHTYPHO ChXpaHCHHE Ha MH(popManusiTa B
obnmaka. MHOro KOMIAHHM HCKAaT Jia CbXpaHsIBaT
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nHpopManusATa CcH B o0Jlaka, Karo HauyuH 3a
HaMansiBaHe Ha pasxomute. Ilo TO3M  HauMH
KOMIIAHHMHMTE MOraT Ja CIEeCTAT IapH, BMECTO Ja
KyIlyBaT pa3jIMuHH MOIIHU CHPBHPU 3a ChXpaHEHHE.
[To-ckopo Te3u KOMIIAHWH MOTAT IPOCTO Ja 3arulamiat
Ta3y ycilyra 3a CbXpaHeHHe Ha MH(OpManuiaTra W 1a
pasmpesesaT cpeicTBaTa CH KbM Jpyru oOyacTH Ha
O6uzneca cu. [1] Ob6naynmTe yciyru mnpemiarar Io-
BHUCOKAa CHTYPHOCT, OTKOJKOTO CBXPAaHEHHETO Ha
JJAHHUTE B IOMEILEHNE Ha ChOTBETHATA OPraHU3allMs.
[16]

- Hucku pa3xoau 3a nepconay - M3nonssanero Ha
o0JIauHM YCIIYTM MOXE Ja CIEeCTH CpelIcTBa Ha
OpraHu3alUUTEe 32 OpOs Ha CIIYXKUTEIUTE, KOMTO Te
TpsioBa na Haemar [1, 18]. ToBa mo3BomsBa Ha
OpraHM3alMUTe Ja  HaMamsAT  pa3XoAuTe  3a
MHOTOOPOIHUTE CITY)KUTENHU 3a TEKYIIH 3aJa4H, KOUTO
Morar Jia ObJaT M3BBPUICHH OT HIKOJIKO CITY>KHTEIH.
[1, 19]. ToBa e OT CHIIECTBEHO 3HAUYCHWE, KAKTO 3a
HOBOCTApTHpPAIM, Taka M 3@  CBIIECTBYBALIU
HpeIIpHUATHS, KOUTO MCKAT J]a HaMaJIAT [IepCOHaIa CH,
nopajy orpannueHu pecypcu. OcBeH ToBa, B pe3yaTar
Ha JMIICaTa Ha XapAyepHO M copTyepHO oOOpyaBaHe
Ou3HEC OpraHu3alusATa MOXE Ja HaMaiud Oposi Ha
eKCIIJIOATAl[HOHHUS TIEPCOHAJ, HEOOXOUM 32 TAXHOTO
yIpaBiieHHe, ChII0 Taka HE € HEOOXOAUMMO HaeMaHETO
Ha JOIBJIHHUTENICH IEepCOHAI 3a KOH(QUrypamus u
HOAPBKKA.

- CpkpamaBaHe HAa BPeMETO NMPH peajn3amnus Ha
CbBMECTHH TIPOEKTH MEXKIY OpraHu3aluud u
nmapTHLopu —OO0JauHUTE YCIYTH JaBaT BBH3MOXKHOCT
HAa MHOXXECTBO OpPTaHM3allMU Ja CH CHTPYIHHYAT IO
MPOEKTH WM JTOKYMEHTH B oOnaka. EnwHcTBeHWTE
M3WUCKBAaHUS Ca KOMITIOThD W WHTEPHET BpPB3Ka. AKO
Te3W W3WCKBAaHWUSA Ca CIIA3¢HA 32 OPTraHU3aI[UHTe
MapTHHOPH, JOKYMEHTHTE MOrar na ObaaT JIeCHO
JIOCTBITHA OT Beska Touka [1, 2]. He e Heobxomumo
CITy’)KUTENNTE, KaTO WICHOBE Ha SKHUII Jla ce chOupart, 3a
Ja paboTsT, a Te MOraT Jia ,,IbTyBaT B oOiaka“, upe3
HHTEpHET 1da paboTiAT BUHArW W HaBcskpiae [1]. Ot
elHa CTpaHa OOJaYHHUTE YCIyTM MOTaT Jia OrpaHuyaT
Opost Ha CIIy)KUTENMTE, HEOOXOUMH 3a pealn3alusiTa
Ha JaJIeH MPOEKT, HO B CHUIOTO BpeMeE ,,00aKa’ Moxe
Ja cp0epe Ha €JHO MSCTO KIIOYOBUTE NMApTHHOPH B
OW3Heca - CKWIM, KJIWEHTH W JOCTaBYMIH, Aa ,,CC
cpemar®, na CHOACNAT WACH U J1a MpaBsT OW3HEC IMo-
epexTiBHO m Oe3 3abamsHe [1, 20]. To3u cmomemeH
JIOCTBIT MO CHIIECTBO CKBCSBA BPEMETO, HEOOXOAUMO
3a KJIMEHTH WK JOCTABYHIIH, 32 JIa TI0JIy4ar JAOCTbII 10
mazapa [l, 8]. Korato masappT e BHpPTyaleH u
MOCTOSTHHO JIOCTBIICH, Ch3/laBa YCIOBHUS, KakTO 3a
BUCOKM TMe4aiOM, Taka M 32 H3rPaXIaHe Ha
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ABJITOCPOYHHU B3aMMOOTHOIICHUA
3aUHTCPCCOBAHUTEC CTPAHU.

MEXAY

- CbkpamasaHe Ha BpeMeTO 3a IIOKYIKO-
npoaax6a — C nomoiira Ha OOJIAYHUTE YCIYTH Ce
CBKpalllaBa BPEMEeTO, HEOOXOAUMO 3a NPOJAaBaYUTE U
KyIyBauHTe, 3a Jla CTUTHAT 0 Ia3apa. Te3nm yciyru
MPEIOCTAaBAT BB3MOXKHOCT 332 HM3BBPIIBAHE Ha HAKOU
CIENKH MapajJenHo, KOEeTO HaMmajiBa BpeMeTo 3a
obpabotka. [1]

- I'sBkaBo nenooOpasyBane — [Ipu oOmaunure
TEXHOJOTUH KIMEHTUTE MOTaT CaMH Jla OMNpEeAENAT
THMa ¥ obeMa Ha YCIIyrH, KOWTO MOJ3BaT, KaKTO U
NpaBUIHO Ja IUIAaHUpAT CBOUTE pasxoau. Tasu
I'bBKAaBOCT € BB3MOXHA, OJlarofjapeHue Ha pa3IndHU
[ICHOBM MOJENIH Karo LeHooOpa3syBane Ha 0a3za
W3IOJI3BaHE, IUIallaHe Ha 0a3a moTpeOsieHne Win

OpYTA  pa3IdHU momemn  [5].
CrnenoBarenHo 1leHaTa € ympasiaiema. JlaBa ce
BB3MOXHOCT Ha MOTPEOHTENs [a 3aIljIaTH, TOBAa KOETO
ToW m3nomn3ea [21], T.e. mpu oONaYHUTE YCIIyTH HE ce
3allamar  M3JMUIIHM — pecypcH, ThH  KaTto  ce
eHooOpa3yBa caMo Ha 6a3a Ha MOTPeOICHUETO, KOETO
KIHEHTHT e akymynupan [16]. Crnopen uscnenBane Ha
IBM, ¢pupmure npenacouniu IT nadpactpykrypara cu
KBM “0o0iraka” OenexaT 2,5 MBbTH II0-BHCOKA T'OIMIIHA
neyanda CrIpsMO KOHKYPEHTUTE CH, CKENTHYHH KbM
HOBaTa TexHonorus [22].

Benukn ropecroMeHaTH HMKOHOMUYECKH TIOJI3H 32
Om3HEC moTpeduTeNnuTe Ha OONAaYHHU YCIYTH BOIST IO
HaMaJsiBaHe Ha MPOCTPAHCTBOTO M 00OpY/BaHETO,
HEOOXOIMMH 3a TsXHaTa naeiHocT. ChKpamaBa ce
o0mmsAT Opoit oneparvy.

JlaBa ce Bb3MOXHOCT Ha OHM3HEC MOTPEOUTENIUTE A2
ONTHMHU3UpPAT Ppa3XxoJuTe€ CH W Ja HampassT
M3MOI3BAHETO  HAa  KOMIIIOTBPHUTE  TEXHOJOTHH
edextuBHO. Hampumep, upe3 HamaisiBaHeTo Ha Opos
Ha  (QusnMYecKUTEe  YCTpOWCTBA Cce€  yBellMuaBa
eHepruifHara  eQeKTMBHOCT M  c€  HaMmalsiBa
KOHCyMalusiTa Ha eNeKTpudecka eHeprus. Jlpyro
Ba)XHO HEIIO €, 4e KOraTo €/lHa KOMIIaHHs BbBEIC B
opuca cu mampk Cloud, T4 WMa BB3MOXKHOCT Ja
koHTposmpa 100% mpunoXeHHATa W MPOTPAMHUTE,
KOHTO CIYXHTEINTE i n3non3sar [23].

B pesynrar Ha Te3u HaMalleHH Pa3XoAu YCHIIUSTA Ha
OuzHeca Morar nga ObAaT HACOYEHH KbM HOBH
WHBECTHIUH B APYTY HANPABJICHHUS.

Tepcenero Ha 00JauHM yciayrd B beirapus ce
yBenuun ¢ Hajg 19% nmpe3 mocnegHata TOAMHA.
Wznonseaiiku cloud, Bce moBeye pupMu OTKpHUBAT, ue
B JBJITOCPOUYCH IUIAH pa3XxomuTe 3a OOCIy)XBaHE Ha
XOCTHHI yciyrara HamajsiBaT. ToBa ce ABIDKM Ha

a0OHaMEHTHH
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¢daxTa, 4ye TEXHOJIOTHATA Ha OOJIAYHUTE YCIYTH €
MHOro Tmo-HajexnHa W nasa 100% curypHocT Ha
JAaHHWUTE TIPH TTOBpea Ha ¢pu3ndeckaTa MammuHa. ChIno
Taka TO-rojxsAMara Obp3WHAa Ha JOCTaBSHE Ha
caiiToBeTe, KOSTO TSI JaBa HAa CBOUTE KIHEHTH, UM
OCHUTYpsiBa KOHKYPEHTHO MPeIuMCTBO.[16]

Or ka3aHOTO A0 TyK ce moAuepraBa (axra, ue
oOJayHUTE YCIYI'W HMaT MHOXECTBO IpPEAUMCTBA.
KakTo BCHYKM TEXHOJIOTMH, Taka M T€ HMaT CBOHTE
HelocTaTbld. Beopekn ToBa moM3HTE OT  TAX
HaJessIBaT HaJl OTpULATENHUTE acrekTH. O0mauHuTe
YCIIYTH CITy’KaT KaTo CPEeJCTBO HE CaMo 3a HaMaJIsiBaHe
Ha Pa3XOAWTE M yBEIWYaBaHE Ha Iedandara, HO U
MO3BOJIABAT MO-MANKO CIYKHTEIH Ja pabdoTAT OT
pa3cTosiHUe, MOBHIIABaHE Ha NPOW3BOJUTEIHOCTTA U
n3rpakaHe Ha 1o-100pu OM3HEC OTHOIICHNSI.

B. UWkoHomuuecku nonsu om nompebraeHuemo Ha
0671a4HU YCy2u HAa MAKpPO HUBO

Bce mo-mmpokoTo mpuioKeHHE Ha O0O0JIadHHTE
YCIYTH OT IPEIMMHO MAIKH W CPEIHU NPEIIPHATHS
OKa3Ba CBOCTO BB3JCHCTBHE M BBPXY CTPYKTypaTra Ha
MHOTO TIa3apH, U BPXY HKOHOMHKATa KaTo 1510 [7].

[lpn HanpaBeHO u3cieaBaHE € KOHCTATHPAHO, Ye
pa3poCTpaHEeHUETO HA OOJIAYHUTE YCIIyTH OCHTYpsBa
MOJNIOKHUTEJICH MPHUHOC KbM TONUIIHUSA TEMI Ha
npupacT (X0 HSKONKO 3HAaKa Cllel JAeceTHYHaTa
3ameras), KOETO IONpPHHACS 3a Ch3JaBaHE Ha OKOJIO
€IMH MWIMOH HOBM pabOTHM  MecTa, 4pe3
pa3paboTBaHETO Ha HSAKOJKOCTOTHH XWISOH HOBU
MalK{ U CPeAHH TpennpusaTus B uenus EBpomeiicku
cwio3 [7].

EmHo OT OCHOBHMTE NpenyMCTBA Ha OOJNAvyHHTE
YCIIyTH, € Y€ IPESIU3BUKBAT MIPOMSHA B CTPYKTYpaTa Ha
masapa B MHOTO CEKTOpH Ha HKOHOMHKATa, upe3
Ch3JaBaHeTO Ha MoBeuye (UPMH W yBEIUMYaBaHE HA
HHMBOTO Ha KOHKypeHTocnocoOHocT. [1o To3n HauwH, B
YCIOBHATa Ha 3acWiCHa KOHKYPEHLHMS BBB BCEKU
CeKTOp TOBa IIe JOBede MO0 YyBEIMYaBaHe Ha
MIPOM3BOJICTBOTO W TIO-HUCKH THPTOBCKH HaJl0aBKH,
KOETO OT CBOSl CTpaHa IIE OKaXe IOJIOKUTEITHO
BJIMSIHHE BBPXY MOTPEOJICHUETO.

[lo TO3M HaumH ce ch3AaBa IOJNOXKHUTENEH eQeKT
BbpXy OpyTHus BbTpemieH mnpoaykr (BBII) Ha
CHOTBETHATA CTPaHA.

B ycnoBusTa Ha rnoGanHa MKOHOMHYECKAa KpH3a,
TOBa OM MOTIIO J1a ObJc BaYKSH NMPHHOC 32 HAChPUYaBaHE
Ha MKOHOMHYECKH pacTeX. ToBa Ie OTBOPH HOBHU
BB3MOXKHOCTH 338 MHBECTHLMH, KOUTO B MOMEHTa ca
OJOKMpaHM OT  HEoOXOOUMOCTTa  OT  BHCOKH
II'bPBOHAYAITHA HHBECTULIMH.

OcHOBHOTO HMKOHOMHU4Yecko mpenumcTBo Ha Cloud
Computing e, 4e ce MpeAoCTaBsIT HOBH Bb3MOMXXHOCTH
3a pa3BUTHE M CH3JaBaHETO Ha pabOTHH MecTa, KaTo
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JIOTIPUHACS 33 YCKOPSIBAHE HA MKOHOMHYECKHUS PACTEK
Ha eHa TbpkaBa [13].

Yact OT MONOXKHUTETHHTE €(PEeKTH OT OOJaAYHUTE
YCIYrH ca CBBP3aHU ChC CKOPOCTTA HA MPHEMaHEe Ha
HOBaTa TexHoyorus. [lopaau Ta3u mpuYMHA YacT OT
yCWIIMSATA HAa MAaKpOWKOHOMHYECKATa TMOJIUTHKA Ha
CbOTBETHATa CTpaHa TpsOBa Ja ObjJe Haco4YeHa KbM
MPEIOCTAaBIHETO Ha  BB3MOXKHOCTH 33  OHM3HEC
OpraHM3allMiTe, KOWTO Ja BKJIIOYBAT JAHBYHH
CTUMYJIM W HachpyaBaHE Ha MOTPEOJIEHHETO Ha
00JIaYHUTE YCIAYTH U TMO-CIEIHATHO B JUHAMHYHUTE
CEKTOpH.

Cloud Computing e wMomelr, KOHTO € MHOro
MOMYJISIPEH Cpeji OU3Heca U MO-KOHKPETHO € MPHUET OT
MaJIKHT€ W CPEAHW  MPEANPHATHS,  MOPaad
orpanuueHusi uM Orojpket. Toll mpenara Ha Ou3Heca
MHOKECTBO YCIIyTH U TOBA UM MO3BOJIsIBA Jia ObJAT Mo-
MPOIYKTUBHH, €(PEKTUBHH M KOHKYPEHTHOCIIOCOOHH,
0e3 5ma e HeoOXOoAMMO Ja ce WHBECTHpAT ToJeMH
cpeactsa [1, 13].

'sERaBD
genoobpasysaHe

CeEpanasaHe Ha

CeKpanjasaHe Ha
EPEMETO TIPH
e CTHF
TIP 0SKTH MEEAY
OPraHHS AITHEH

Busnec opranmzanmuTe, HE3aBHCUMO OT TEXHHS
pasmep, ce CTpeMAT Ja MMaT MaKCUMaJHH Nedanou c
MHUHHUMAITHH Pa3X0JH, MOPaIH KOSTO T MUTPHPAT KbM
obylaka, 3a Ja  CTaHaT  IIO-TICYCIMBINM U
KOHKYPETHOCIIOCOOHH.

[lpuemanero Ha OONaYHM YCIYIW HE € Camo
NKOHOMMYECKH €(eKTHMBHO M IOJIE3HO 3a MAJKHUTE U
CpelHH NPEeaNpHATHS, HO CBIIO Taka € H3TOAHO 3a
JIOCTaBYMLIMTE Ha Te3W ycuyrd. [IpemocraBsHeTro Ha
ycinyrn B o0Jlaka € WHOBaTHBEH IOAXOA C TOJIEeMHU
MEPCIEKTUBH 32 PAacTeX M IPEICTaBs IOCTOSHHO
HapacTBAaIlH [TeYaJIOH.

[lewanbure Ha NOCTaBUMIMTE HA OOJAYHM YCIYTH
3aBUCST OCHOBHO OT METOJHWTE Ha I[EHOOOpa3yBaHe.
Haii-Baxxnure ¢daktopu 3a I1eHOOOpasyBaHe ca
pa3xoAuTe 3a MPOU3BOJCTBO, KOHKYPEHIIHS, YCIOBHATA
Ha Masapa M KayecTBOTO Ha MpomykTute. Tesm
(axkTopu M MOAXOJSIIIA CTpaTerus 3a eHooO0pa3yBaHe
OIpeJeNsT NeyanOuTe Ha ChbOTBETHUS TOCTaBYHK [13].

Hizcra
B PBOHa AT HI
PAa3xX OfH

Heonormyeck H
MOJOHOT
noTped TeHHeTO
ma o maumn
YCAyTH

HMimica Ha
pasxogmsIa
CEX PAHEHHE Ha
HHDOPMALTE

Jsmica Ha
Pasx ogHIa
JAKYIIVEAaHe Ha
apAyepH

codryep

JanepcoHAn

dor. 1. MroHo Miyeciat Doy oT noTpebnednero Ha o B ayHE YOIyTH Ha MHEDP O HHBO
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VYeenmnuasaHe
6post HA MAJIKH H
CPefHH
ITPEeIIPHSITHS

CrHMy/IHpaHe Ha
IoTpebIIeHHETO

HNxoHOMHYE CKH
ITOJI3H OT
roTpebieHHeTo Ha
OOIaYHH YCIIyTH
Ha MaKpPOHHBO

VYeemmuasaHe Ha
38eTOCTTA

HxoHOMIYE CKH
pacTtex

VYeemHuaraHe
obema Ha BBII

ur. 2. ITKOHOMH' €CKH ITOMI3H 0T o Tp eGreHHeTo Ha 0G/IadHH Y CTy THHa
MaKp 0 HHBO

IV. 3AKJIIOYEHUE

BposiT Ha Ou3HEC OpraHU3alUTe, KOUTO MHUTPHPAT
KbM OOJAa4YHH YCIYr'H HEMPEeKbCHATO HApacTBa
BKITIIOUMTENHO U B brirapus. [IpeobiagaBat ManknuTe u
CpEeIHHU NPEANPHUSITHS, KOUTO CE CUUTAT 3a rphOHAKa Ha
nkoHoMHKaTa. OT TakaBa IJICJJHA TOYKa BCSAKA CTpaHa
TpsiOBa Ja I'M HaAchp4yaBa Ja I[pHeMar OOJIAaYHHUTE
YCIIyTH, 0COOCHO B YCJIOBHATAa Ha pelecHs, 3a Ja ce
M3rPAJAT IMO-KOHKYPEHTHOCIIOCOOHH U e(DeKTHUBHU
HNKOHOMHMKH.

BJIATOZIAPHOCTH

Hacrosmusar moxman e pa3paboTeH B paMKHTE Ha
mpoekt ¢uaancupana mo HUJ] ma BYTII, Codus,
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