TEXHAYECKH YHUBEPCUTET - BAPHA
TECHNICAL UNIVERSITY OF VARNA

I'omuaa X1V, bpoii 2/2016

KOMITIIOTBPHU HAYKHA
U TEXHOJ/IOI'UU

L~

Bulgaria Communications Chapter

Faculty of Computing & Automation

COMPUTER SCIENCE AND
TECHNOLOGIES

Yemevpma nayuna Konghepenyusn ¢ mexcoyHapooHo yuacmue
"Komniomuvpnu nayku u mexmnojozuu'
30 cenmemepu - 1 okmomepu, 2016 2. Bapna, bvazapus

Year X1V, Number 2/2016



KoMIOThpHU HAyKH
u

TCXHOJIOI'NH

N3panue

Ha Pakynrera 110 U34YNUCIUTEIHA TEXHUKA U
aBTOMAaTHU3aLMs

TexHudecku yHUBEpCUTET - BapHa

Penakrop: notl. 1-p FO. IletkoBa
I'n. pepaxkrop: nou. a-p H. Hukonos

PenakuuoHHa KoJerus:

npod. a.1. JI. JIuges (Octpara)
npod. a.H. M. Unues (Pyce)
npod. 1-p M. JIazaposa (Codust)
not1. 1-p I1. AaronoB (Bapna)
no11. 1-p P. Jlumosa (Bapna)
no11. 1-p X. Beiuanos (Bapha)
noir. 1-p B. boxxukosa (Bapna)
not1. 1-p H. Huxonos (Bapha)

Ileyar: TVY-Bapna

32 KOHTAKTHU:

TexHuueckn yHUBepCcUTET - BapHa

OUTA

yiL. ,,Ctynentcka” 1, 9010 Bapha,

boirapus

ten./dake: (052) 383 320

e-mail: ned.nikolov@tu-varna.bg
yulka.petkova@tu-varna.bg

ISSN 1312-3335

Computer Science
and

Technologies

Publication
of Computing and Automation Faculty
Technical University of Varna

Editor: Assoc. Prof. Y. Petkova, PhD
Chief Editor: Assoc. Prof. N. Nikolov, PhD

Advisory Board:

Prof. L. Lichev, DSc (Ostrava)

Prof. M. lliev, DSc (Ruse)

Prof. M. Lazarova, PhD (Sofia)

Assoc. Prof. P. Antonov, PhD (Varna)
Assoc. Prof. R. Dimova, Varna (Varna)
Assoc. Prof. H. Valchanov, PhD (Varna)
Assoc. Prof. V. Bozhikova, PhD (Varna)
Assoc. Prof. N. Nikolov, PhD (Varna)

Printing: TU-Varna

For contacts:

Technical University of Varna

Faculty of Computing and Automation

1, Studentska Str., 9010 Varna,

Bulgaria

Tel/Fax: (+359) 52 383 320

e-mail: ned.nikolov@tu-varna.bg
yulka.petkova@tu-varna.bg

ISSN 1312-3335

Kommiorspru Hayku u Texnonorun 2 2016

Computer Science and Technologies 2




CITOHCOPHU HA KOHOEPEHIUATA

y 4 .
o & ResearchMetrics
y 4

Powering the research datascape

http://www.researchmetrics.com

The complete ecosystem of tools and services for your research
business'™

<
=
o
2]

http://www.sirma.com

Cupma I'pyn XoaguHr pa3paboTBa EKCHEPTHH COPTyepHH
pelIeHHs ¥ MU3BBPIIBA CUCTEMHA HHTerpanus. Harpymnan onut B
MOOWJIHUTE TEXHOJIOTHH, CICKTPOHHOTO yImpaBiicHHE (e-
government), OaHKHPAHETO M 3aCTPAXOBAHETO, CEMAHTUYHUTE
TEXHOJIOTHH U JIp.

O Ardes.hy

EKCNepT B CReTa HA TexHoAorumnTe!

http://www.ardes.bg

Ardes.bg mpeanara Ha KJIMEHTUTE CU: KOHCYJITAIMs IPU H300pa
Ha WHPOPMAIMOHHO OOOpyaABaHEe W CcO(Tyep; JOCTaBKa Ha
KOMITIOTBPHUA CHUCTEMH U KOMIIOHEHTH, MOAYIH U codTyep;
M3rpaKiaHe HA KOMITIOTHPHHU U TEIEBU3UOHHU JIOKATHU MPEKH
U CHUCTEMH; U3TpaXJaHE Ha IISUIOCTHH HH()OPMAIMOHHH
pelenus 3a Ou3Heca; aOOHAMEHTHA TOAJAPHKKA U CEPBU3 HA
KOMITIOThPHA TEXHHKA.

EuroRisk Cucremu OO/l npenocraBs cOpTyepHH CUCTEMH H
yciyru 3a OaHKH, 3acTPaxoBaTeITHU U (PUHAHCOBU MHCTUTYIIMU U
JPYTH OCTAaBUMIIH Ha (PMHAHCOBH yCITyTH.

http://www.asicdepot.com

ASIC Depot mpenocraBs pa3mIpeHn YCIyTH MO MPOCKTHPAHE,
JM3aliH 1 Bepu(UKaIMs Ha MPEXKOBHU MPOLECOPH, MYJITHMEINS,
KOHTpOJIEpH u nepudepus, MOOWIIHE MPUIIOKEeHHUs, copTyep 3a
IpOBepKa U 1p.

EADASTRA

http://www.bg.adastragrp.com

AJTACTPA mnpeiara uHGOpPMaMOHEH MEHHDKMBHT - IThJIHA
raMa ycJyTd, HaCOYeHH KbM PAllMOHAIN3AIMS U YCKOpsSIBaHE Ha
OusHec mpouecu WM OOHOBsSBaHE Ha (pUPMEHA TEXHOJIOTHYHA

HHPPACTPYKTYpa.

Networking
Academy

http://ciscoacademy.tu-varna.bg

Jlokannata Cisco Axagemus npu TY-Bapna mnposexna
KypCOBe 110 Haii-HoBuUTe yueOHu nporpamu Ha Cisco Networking
Academy - Cisco CCNA Exploration u Cisco CCNA Security
Ha OBJIrapCKH U aHTIMHCKH €3UK.

©

The Taxback Group
http://www.taxback.com

Taxback Group mnpemmara makeT OT YCIYrH, cCpel KOUTO
CIeNUAIM3UPaHN  JaHbYHH  JeKjapanud, (UHAHCOBH H
TYPUCTHYIECKH KOHCYNTAaHTCKH YCIYTH 3a (DM3WYECKH JHMIA U
KOPIIOPAaTHBHU KIHEHTH.

@11 Marketing

Thternet Advertising Agency

www.411marketing.bg

Exunm ot amMOMIMO3HM MJaaM Xopa, KOWTO T[oMarat Ha
KIUCHTUTE CH Jia IPOMOTHpAT CBOs Om3Hec. 3alx rppbda cu uMat
yCHeWHO CchTpyaHuuectBo ¢ Haa 32 000 Manku W cpeaHu
OM3HECH KakTo OT bhirapus, Taka v OT 4yKOHHA.

KOMHIOT’prI/I HAaYKHU U TCXHOJIOTHU

2 2016

Computer Science and Technologies 3



http://www.thetaxbackgroup.com/

CBOPHUK JIOKJIAJIUA

Yemevpma nayuna Kkongepenyus ¢ mexicoynapoono yvacmue
"Komniomwvpuu nayku u mexnoaozuu'
30 cenmemepu — 1 okmomepu, 2016 2.
Bapnua, bvacapusa

Computer Scence & Ergineering Department

Fourth Scientific International Conference
Computer Sciences and Engineering
30 September — 1 October, 2016
Varna, Bulgaria

PROCEEDINGS

Kommiorbpru Hayku u Texnonorun 2 2016 Computer Science and Technologies 4



OpraHmammHeH KOMUTET

Organizing committee

IIpencenares:
Ejsena PayeBa

YjieHose:

Xpucro Briuanos

Buomnera boxxnkosa
Mapusina Ctoea
IOnka IlerkoBa
Musniena Kaposa
I'mnka MapunoBa
Benera Anekcuena
Bennucnas HukomoB
Wgaiino Ilenes

Henn Kanuesa

Mas Tomoposa

Amnrtoanera lBanoBa

Chairman:

Elena Racheva
Members:

Hristo Valchanov

Violeta Bozhikova
Mariana Stoeva
Yulka Petkova
Milena Karova
Ginka Marinova
Veneta Aleksieva
Ventsislav Nikolov
Ivaylo Penev

Nely Kalcheva
Maya Todorova
Antoaneta lvanova

IIporpamen komurer

Programme committee

IIpencenarea:

Hensnaxo HukooB — nexad Ha

cDaKYJ'ITeTa 110 U3YUCIINTCIIHA
TCXHHUKA U aBTOMATU3all A
YiieHoBe:
Hanexna Pyckosa

Paiiuo Mnapnonos
Amnren CMpukapos
AHartonuit AHTOHOB
Panocmas BpoGen
Hukona Hukonos
Pozanuna /lumoBa
JIbuesap JInues
Mapra Cuiibayep

[Tnamenka bopoBcka

Chairman:
Nedyalko Nikolov — Dean of
Computing and Automation
Faculty

Members:
Nadezhda Ruskova

Raycho llarionov
Angel Smrikarov
Anatoliy Antonov
Radoslav Vrobel
Nikola Nikolov
Rosalina Dimova
Lachezar Lichev
Marta Seebauer
Plamenka Borovska

KOMHIOTT»pHI/I HAaYKHU U TCXHOJIOTHU

2 2016

Computer Science and Technologies

5



I'oguna XIV No. 2 /2016 YEAR XIV No. 2 /2016
CbABbPKAHHUE CONTENTS
ABTOMATHUKA U AUTOMATION AND
KOMINIOTHbPHU CUCTEMH COMPUTER CONTROL
3A YIIPABJIEHUE SYSTEMS

AJITOPUTMMU 3A YCKOPSIBAHE
HA U3YUCJEHUATA B METOJIA
3A JETEKTUPAHE HA KOHTYPHU

HA J’KOH KEHMU I1PHU
UMIIVIEMEHTUPAHE B FPGA

Lumumvp Kpomuues

ALGORITHMS FOR FAST CANNY
EDGE DETECTION
COMPUTATIONS TO BE
IMPLEMENTED ON FPGA

Dimitre Kromichev

CUMYJIUPAHE B SCILAB HA
FPGA OPUEHTHUPAHA
PEAJIU3ALINASI HA METO/IA 3A
JNETEKTUPAHE HA KOHTYPU HA

SCILAB SIMULATED CANNY
EDGE DETECTION REALIZATION
TO BEIMPLEMENTED ON FPGA

JOKOH KEHAN
Humumvp Kpomuues | 17 | Dimitre Kromichev
OCHOBHU MAPAMETPHU 3A CAPITAL PARAMETERS OF FAST
BbP30OJIEMCTBUE HA FPGA BASED CANNY EDGE
N3UYUCJIIEHUSTA B BASUPAHUSA DETECTION COMPUTATIONS

HA FPGA METO/] 3A
JETEKTUPAHE HA KOHTYPHU HA
J/KOH KEHAN

Jumumvp Kpomuues

25

Dimitre Kromichev

OUJITPUPAHE HA 3AIIYMEHU
CUTI'HAJIM TIOCPEJACTBOM
YEHUBJIET ®YHKIIUN

Mapusana Toooposa, Penema Ilvpsanosa

32

FILTRATION OF NOISY SIGNALS
BY WAVELET FUNCTIONS
Mariana G. Todorova, Reneta D.
Parvanova

CPABHUTEJIEH AHAJIU3 HA
PEKYPCUBHU METO/M 3A
OILEHSABAHE HA ITAPAMETPHU B
CUCTEMA 3A YIIPABJIEHUE HA
IHOCTOAHHO TOKOB /IBUI'ATEJI

Hean I'pucopos, Hacxo Amanacos

39

COMPARATIVE ANALYSIS OF
MORE COMMONLY USED
RECURSIVE METHODS FOR
PARAMETER ESTIMATION IN DC
MOTOR CONTROL SYSTEM

Ivan V. Grigorov, Nasko R. Atanasov

KOMHIOTT»pHI/I HAaYKHU U TCXHOJIOTHU

2 2016

Computer Science and Technologies




CTYAEHTHU U JOKTOPAHTH

STUDENT SESSION

HEPEIIMMMU U HEPEILIEHU

UNDECIDABLE AND UNSOLVED

3AJIAUYHN PROBLEMS
HUpena I'eopeueea | 48 | IrenaY. Georgieva
AJITOPUTHBM 3A ITBJHO ALGORITHM FOR FULL 2
TOINOJOI'MYHO COPTUPAHE HA TOPOLOGICAL SORTING OF AN
ALIUKJIUYEH I'PA® ACYCLIC GRAPH
Koncmanmun eopeues | 55 | Konstantin S. Georgiev
CUCTEMA 3A CUMYJIUPAHE HA BOTNET DOS ATTACK 3
BOTHET DOS ATAKHA SIMULATION SYSTEM
FOnus A. Anexcuesa | 60 | Yuliya A. Aleksieva
KAYECTBO HA YCJUIIYTUTE B QUALITY OF SERVICES IN 4
OBJIAYHU U3YUCJIEHUA CLOUD COMPUTING

Cusana X. Bvauanosa

68

Siana H. Valchanova

AHAJIN3 1 U3CJIEABAHE HA
AJITOPUTMH 3A HAMUPAHE HA

ANALYSIS AND RESEARCH OF
PATHFINDING ALGORITHMS

II'bT B CPEJIA
Huxona B. Bacunes, Munena H. Kaposa | 74 | Nikola V. Vasilev, Milena N. Karova
CBBPEMEHHU CONTEMPORARY SOFTWARE 6
COPTYEPHU ITAKETHU 3A PACKAGES FOR STATISTICAL
OBPABOTKA HA IAHHU B ANALYTICS IN PSYCHOLOGY.
ICUXOJOI'UATA.SPSSUR - SPSS AND R - PROSPECTS AND
CNJIHU CTPAHU U CONSTRAINTS
OI'PAHUYEHUA

Cnasena A. Jlazaposa,
Bsapa H. Konesa - Egppemosa

82

Slavena A. Lazarova,
Wara N. Koleva - Efremova

IPV6 AAPEC OT VIN HOMEP

Paoocnas Bpooben,
Xpucmo Bvruanos

91

IPV6 ADDRESS FROM VIN
NUMBER

Radostaw Wrobel, Hristo Valchanov

KOMHIOTT»pHI/I HAaYKHU U TCXHOJIOTHU

2 2016

Computer Science and Technologies

7




CEKLIUSA 3
ABTOMATHUKA Y KOMITIOTHBPHU CUCTEMM 3A
YIIPABJIEHUE

Yemevpma nayuna Konghepenyusn c MexcOyHapooHo yvacmue
"Komniomwvpuu nayku u mexnoaozuu'
30 cenmemepu — 1 okmomepu, 2016 2.
Bapnua, bvacapusa

iICSE

Competer Soence & Ergineerng Department

Fourth Scientific International Conference
Computer Sciences and Engineering
30 September — 1 October, 2016
Varna, Bulgaria

SECTION 3
AUTOMATION AND COMPUTER CONTROL
SYSTEMS

Kommiorbpru Hayku u Texnonorun 2 2016 Computer Science and Technologies 8



ALGORITHMS FOR FAST CANNY EDGE DETECTION
COMPUTATIONS TO BE IMPLEMENTED ON FPGA

Dimitre Zh. Kromichev

Abstract. The paper focuses on presenting and analyzing four new algorithms addressing the goal of speed
enhanced Canny edge detection computations intended to be implememted on FPGA. A thorough
description of each algorithm’s peculiarities is set forth. The algorithms are scrutinized in terms of their
applicability, computational reliability and speed characteristics. Their technological capabilities of
efficiently avoiding speed eroding computational approaches taking into account the FPGA functionalities
are exposed in detail. Satisfying the peremptory demand for mathematical accuracy and correctness of results
pinpoints the feasibility of the proposed algorithms as tanginle tools for optimizing the speed of Canny
computations on FPGA.

Key words: Canny edge detection, FPGA, speed, algorithm

1. Introduction

Canny edge detection is a complicated low level digital image processing technology intended
to be used in software. The FPGA hardware implementation imposes two basic requirements:
correctness and speed. Speed depends upon several factors, among them of tremendous importance
being the algorithms calculations are realized through. FPGA functionalities and characteristics
should be taken into account by the computational algorithms in terms of utilizing those favourable
to fast executions whereas avoiding operations and methods serving as bottlenecks.

Canny edge detection includes five modules: Gaussian smoothing, computing the orthogonal
gradients, computing gradient magnitude and direction, non-maximum suppression, hysteresis
thresholding. With respect to speed optimization, of particular interest are the linear weighed
average filtering integer arithmetic effectiveness focused on division, gradient direction
computations without resorting to inverse tangent function, dynamic calculation of high and low
threshold values, and hysteresis thresholding edge detection approach.

Focusing on Gaussian smoothing, in the literature, presented are several methods aimed at
improving the speed performance or entirely avoiding the conventional integer division algorithms.
In [8] proposed is a method for realizing integer division on FPGA based on Look-up tables,
without employing additions, subtractions and multiplication by the inverse of the divisor. In [12],
proposed is an FPGA-based computational architecture in which integer division is substituted by
multiplication and shifting. In [11], division is substituted with multiplication with the precomputed
reciprocal value of the divisor. In [15], multiplication of the dividend by the inverse of the divisor is
used instead of conventional integer division. In [14], proposed is a method for integer division
based on subtraction. In the speed domain of FPGA calculations, all these methods share a common
flaw - the use of register logic and iterations.

To avoid the FPGA implementation of inverse tangent function, proposed are techniques
relying entirely upon the vertical or horizontal values’ being positive or negative [13]. This
approach does not provide the necessary correctness of gradient direction calculations.

For the high and low thresholds, in [7], uniformly quantized gradient magnitude histograms
are computed on overlapped blocks. An intermediate classification threshold is calculated based on
a set of pixels with gradient magnitudes larger than a defined value. The high threshold is computed
on the basis of the histograms. In [9] [10], the OTSU method is applied to adaptively calculate high
and low thresholds by basically splitting all the image pixels into two classes, and computing the
best threshold value through the variance maximum value between the two classes. The approach
here is to select a threshold which minimizes the within-class variance or maximizes the between-
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class variance. In [1], a low-complexity 8-step non-uniform gradient magnitude histogram is used to
compute block-based hysteresis thresholds. These approaches share the flaw of computing the high
and threshold values in a sequential mode, thus impeding the pipelining effectiveness and
diminishing speed.

For hysteresis thresholding, in the literature described are few approaches addressing FPGA
implementation. Hysteresis thresholding relies on a moving window, two comparators, FIFO buffer
and OR gates [13] [16].With respect to speed the significant flaw is the reliance on recursive
computations.

The objective of this paper is to present four new algorithms aimed at speeding up the Canny
edge detection computations on FPGA. These algorithms are focused on the Gaussian filtering
function, gradient direction calculation, dynamic computation of high and low thresholds, and
hysteresis thresholding. The task is to describe in detail the sequence of steps, to thoroughly
analyze the mathematical reliabilty, to expose the characteristics, and to point out the applicability
of the proposed algorithms to the goal of speed optimized Canny computations in compliance with
the specifics of FPGA implementation. The targeted hardware is Altera FPGAs. Relevant to the
analyses and conclusions arrived at in this paper are only gray-scale images.

2. Algorithm for Gaussian smoothing
2.1. Gaussian smoothing computations

As a representative of the linear spatial filtering defined as a ZxZ neighbourhood
operation (Z is an odd number and Z = 3), Gaussian smoothing is:

v(m,n) = - Z Z glk,Du(im+k,n+1)
k=—w [=—w ) (l)
where
u(m,n) is the input image,
v(m,n) is the filtered image,
z—1
=T w={12.},
a(k,l is the Gaussian filter,
S is the sum of all coefficients in the mask; it is referred to as normalization

factor; the coefficients are integers based on the binominal series.

On the basis of (1), indispensable for computing the Gaussian function are three integer
arithmetic operations: multiplication, addition, and division. Multiplication and addition are two of
the three top speed arithmetic operations on Altera FPGAs whereas division is not only among the
slowest in terms of maximum frequency of execution [6] , but also provides enormous delays
[2].[3].[4].[5]. Consequently, for the Gaussian filtering to be effective in terms of speed division has
to be tackled in the first place.

2. 2. Fast Gaussian smoothing algorithm

The goal of the proposed algorithm is to replace the conventional integer division and
guarantee maximum execution speed. The technology of computations implemented by the
proposed algorithm focuses on the following mandatory items:

1) A hundred percent mathematical correctness and exactness of results. No approximition
whatsoever is admissible.

2) Utilizing only operations rated among the five fastest on Altera FPGAs.

3) Capability of being applied to Gaussian filters of any size.

KOMIIOTHEPHY HAYKU U TEXHOJIOTUH 2 2016  Computer Science and Technologies 10



4) The Gaussian mask coefficients can be considerably large in value. Therefore, the dividends
calculated on the basis of multiplying a coefficient and the neighbourhood pixel under it can

significantly exceed 216 Consequently, the peremptory demand is defined as: whatever the
value of the dividend, the algorithm should guarantee no susceptibility whatsoever to input data
width driven speed reduction.

5) In order to be capable of approximating the upper speed limit of exactly one clock cycle for
the correct quotient to be calculated, the algorithm has to be based on as many as two operations.
6) The Gaussian mask coefficients are to be changed appropriately as to mathematically
guarantee the application of bit slicing operation as optimal in all respects to accomplish the
maximum speed goal.

7) Integer division requiring rounding, the arithmetic operation that proves to be indispensable to
the algorithm is addition.

8) The algorithm does not admit speed erosion in terms of using iterations and registers.

The proposed integer division algorithm encompasses the following sequence of steps:
1) Defining the positive integer that serves as divisor.
2) Experimentally, an appropriate value equal to a power of 2 is selected. This value is
divided by the integer number from step 1) .
3) Only the integer part of the division result calculated in step 2) is taken.
4) The number that will be divided is multiplied by the integer number from step 3) .
5) From the result calculated in step 4), a sequence of bits (starting with LSB and going
leftwards) is dropped out. The number of the dropped out bits is equal to the number of the
power of 2 selected in step 2).
6) The value of MSB of the bits that are dropped out in step 5) is added to the value
represented by the remaining bits in the multiplication result calculated in step 4) after the
sequence of bits is dropped out in step 5). The positional number of this bit in the multiplication
result calculated in step 4) is equal to:

[the number of the power of 2 selected in step 2)] — 1.
7) The result of addition in step 6) is the needed quotient of the integer division operation.

This algorithm being focused on computing the Gaussian function, the positive integer which
serves as divisor is a filter specific constant — the normalization factor. It has to be different from a
power of 2. If the divisor has a value equal to some power of 2, only the operation bit slicing (steps
5), 6), and 7) of the algorithm) is relevant to the calculations. For the bit slicing to be both reliable
in terms of Gaussian filtering, and mathematically correct and exact with respect to results, each of
the filter mask coefficients is to be multiplied by the modification constant calculated in step 3)
prior to starting Gaussian smoothing computations. Thus, the Gaussian filter employed in
smoothing is practically replaced with a new filter modified only in terms of coefficients but
unchanged as to normalization factor. Utilizing modified Gaussian mask coefficients has significant
impacts on speed with respect to two facts:

1) The combination of only two fastest operations — bit slicing and addition to calculate a
quotient of guaranteed correctness, defines the proposed algorithm as the optimal tool for
performing fast integer division.

2) The modification constant having been calculated in advance, all the modified coefficients are
ready for use before the start of Gaussian smoothing execution. Consequently, no excessive
multiplications are required to perform the proposed integer division algorithm.
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3. Algorithm for gradient direction
3. 1. Gradient direction computations

The mathematical expression for gradient direction calculation is:
G
GD = tan_l (G_:Z)

Gp is the gradient direction,
Gy is they gradient, and Gy € [-255:255]
Gx is the x gradient, and Gx € [-255,255],

Inasmuch as there are eight surrounding pixels in the 3x3 neighborhood, there are four
possible axes determining the gradient directions. Consequently, all the calculation results are
reduced to four values: 0, 45, 90, 135.

Calculating the gradient direction by applying expression (2) has the following inauspicious
aspects:

1) FPGA implementation of inverse tangent function is computationally expensive, and therefore
leads to substantial delays.

2) Integer division is among the slowest operations on Altera FPGAs..

3) The divisor Gx can be equal to 0. In that case calculating the gradient direction is paractically
irrelevant, and, consequently, additional computational conditions should be introduced to ensure
the correctness of results.

Executing (2) on FPGA being impropitious to optimized speed performance, a new approach
is to be applied.

: )

where

3. 2. Fast gradient direction algorithm

The goal of the proposed algorithm is to ensure maximum execution speed taking into
account the characteristics of gradient direction calculation. The accomplishment requires that the
focus be on the following:

1) The signs of Gy and Gx are of capital importance to determie the closed intervals each
calculated gradient directon value is confined to.

2) Integer division is incompatible with speed optimization.

3) It is the ratio between dividend (Gy) and divisor (Gx) that defines the result of computations
in terms of one of the four values: 0, 45, 90, 135.

4) Employing the smallest possible number of reference points to define the requred closed
intervals.

5) The values of the reference points should be the closest possible approximations to the
targeted angles around the unit circle to guarantee maximum mathematical correctness.

6) Using the minimum amount of integer arithmetic operations.

7) Excluding comparison functions on the basis of their being relatively slow and capable of
serving as bottlenecks to speed performance.

8) Utilizing only the fastest integer arithmetic on Altera FPGAs.

The proposed gradient direction algorithm includes the following sequence of steps:
1) Determining all the possible combinations between the signs of Gy and Gx. Their number is
22
2) The combinations from step 1) are divided into two sets.
3) One of the sets from step 2) includes the following relations:

Gy>0 & Gx>0
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Gy<0 & Gx<0 . 3)
4) The other set defined in step 2) includes the following relations:

Gy>0 & Gx<O0
Gy<0 & Gx>0 . (4)

5) Determining the two angles from the unit circle that define four angular intervals in which the
X axis, the y axis, the positive diagonal, and the negative diagonal are bisectrices. These angles
are 22.5° and 67.5°.
6) Determining the most appropriate approximation for the angle 22.5°. Taking into account that
2 2
tan™?! (—) z
5/= 21.8014094°, this is the fraction 5. Then, determine the most appropriate
5

tan~! ( )
approximation for the angle 67.5°. With respect to 2 /= 68.1985905°, this is the fraction
5

2.
7) On the basis of the set of sign relations defined in step 3), the gradient direction values are
calculated as follows:

If  (IGx|*2 - |Gy|*5) =0 Go = O
If [(Gx[*2 - |Gy[*5) <0] & [(|IGX|*5>|Gy[*2)>0] Gp = 45
If  (|Gx|*5 - |Gy[*2) =0 Go = 90. (5)

8) On the basis of the set of sign relations defined in step 4), the gradient direction values are
calculated as follows:

If  (IGX[*2 -|Gy|*5) =0 Go = 0
If [(GX*2 - |Gy[*5) <0] & [(IGX[*5-|Gy[*2)>0] Gpo =135
If  (IGX|*S - |Gy|*2) <0 Go = 90. (6)

In Canny edge detection gradient direction and gradient magnitude computations are executed
in parallel. Taking into account that gradient magnitude requires only the fastest integer arithmetic
operation on Altera FPGAs — addition, the optimal speed characteristics provided by the proposed
algorithm are a feasible tool to reduce the considerable difference, measured in clock cycles,
between gradient direction and gradient magnitude calculations, thus preventing bottlenecks to
speed performance.

4. Algorithm for high and low thresholds
4. 1. High and low thresholds computations

A key characteristic of Canny edge detection is the utilization of two thresholds. Calculating
them through using the image histogram, although being a most reliable approach in terms of
statistical accuracy, is incompatible with the speed optinization goal on the basis of the following:

1) All the image pixels being required for immediate processing, the pipelining is practically
ineffective until the histogram computation and the subsequent analysis of the pixel values have
been completed.

2) The time, in terms of clock cycles, during which the pipelining is blocked, is directly
proportional to the size of the image.
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On the other hand, the most computationally inexpensive way for the two thresholds to be put
into use is to select in advance two values that are to be applied to all the images being edge
detected. As beneficial to speed performance as it is, this technique is characterized by a substantial
unreliability with different images.

All that being taken into account, for both speed and accuracy to be appropriately addressed, a
new approach needs to be applied.

4. 2. Fast high and low thresholds algorithm

The goal of the proposed algorithm is to provide a speed optimized computing of the high and

low threshold values through satisfying the following computational requirements:

1) Dynamic computation of the thresholds.

2) Maximum reliability of results.

3) Adaptiveness to the different noise conditions presented by the different images.

4) Working in parallel with the Canny computational modules.

5) Avoiding the blocking of pipelining.

6) Utilizing only the fastest Altera FPGAs’ arithmetic.

7) Avoiding iterative computations.

The algorithm covers the following sequence of steps:
1) Defining the range of consecutive positive values the high threshold calculation will be based
upon. It is within a closed interval whose minimum and maximum values are selected in such a
way that the difference between the maximum decremented by 1 and the minimum is a positive
number whose factor is 7. The minimum is as many as three times smaller than the largest pixel
value.
2) The closed interval from step 1) is divided into equal subintervals whose number is as many
as three times bigger than 7. Each subinterval encompasses 7 consecutive values, and is
associated with one reference value which is equal to the fourth out of the seven consecutive
values contained in this subinterval.
3) Each of the reference values defined in step 2) is paired with a table value that is 2.8 times
smaller than the reference value.
4) Defining a set of counters. Each counter is related to one of the subintervals from step 2).
5) Starting with image pixel #1 being processed, each pixel is assessed with respect to its value
falling/not falling within one of the subintervals from step 2). If the pixel value is within an
interval, the counter associated with this particular interval is incremented by 1.
6) With all the pixels gone through the assessment procedure from step 5), the values in each of
the 16 counters defined in step 4) are compared to selecte the largest among them. On the basis
of this largest value, one of the subintervals, and the reference value associated with it, as
defined in step 2), is further selected. This reference value is the high threshold.
7) The table value defined in step 3) that is paired with the reference value as calculated in step
6) is selected. This table value is the low threshold.

5. Algorithm for hysteresis thresholding
5. 1. Hysteresis thresholding computations

The high threshold T1 and the low threshold T2 having been calculated, the hysteresis
thresholding’s being rather costly in terms of computations is focused mainly upon the
connectivity/non-connectivity determination with respect to T1. Processing the pixels sequentially
on one-by-one basis, the way they are pipelined into the hysteresis thresholding module from the
preceding non-maximum supression module, to track connectivity leads to:

1) Excessive repetitive calculations.
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2) Recursive computations.
3) Traversing the entire image a number of times to determine the possible indirect connectivity
of a pixel to T1.
4) Significant delays.
Inasmuch as the aforementioned are incongruous with the speed optimization goal, a different
approach has to be employed.

5. 2. Fast hysteresis thresholding algorithm

The goal of the proposed algorithm is to guarantee optimal speed of determining the edge
pixels through fulfilling the following requirements:

1) Diminishing repetitive calculations to the bare minimum.
2) Absence of recursive computations.
3) Computational operations performed only on pixels belonging to consecutive image rows.
4) Reducing the number of calculations one and the same pixel value participates in.
5) Employing two nested square neighbourhood windows to track connectivity.
6) Utilizing the fastest Altera FPGAs’ integer arithmetic.
7) Single traverse of the entire image to define edge pixels.

The algorithm is presented by the following sequence of steps:
1) The value of each pixel is tested for being an edge (bigger or equal to T1), not being an edge
(less or equal to T2), and being a possible edge (smaller than T1 but bigger than T2).
2) A 3x3 window centered around each pixel satisfying the condition for being a possible edge is
applied. All the neighbouring pixels — maximum eight, are tested in reference to T1.
3) If there is a value bigger than T1, the central pixel from step 2) is defined as an edge and its
coordinates in the image matrix are stored in a separate memory buffer to avoid redundant
double check of up to five magnitudes when the window moves on to the next pixel.
4) If none of the neighbouring magnitudes is bigger than T1, but at lest one falls between T1 and
T2, only peripheral magnitudes of a 5x5 window are checked for values bigger than T1.
5) If such a value is available, then it is an edge pixel.
6) If one or more of these sixteen peripheral magnitudes in the 5x5 window falls between T1
and T2, then its (their) coordinates are stored in another memory buffer.
7) If such a magnitude is not available, then the central pixel from 2) is not an edge.
8) The procedure encompassing steps 1) through 7) is repeated for the next pixel in the image
row, taking into account that from the second pixel downwards the contents of the two memory
buffers are constantly checked. The second buffer contains those pixels which can eventually be
determined as edge pixels on the basis of indirect connectivity.

6. Conclusions

Presented are four new algorithms targeting the speed optimization of the Canny
computations. They are focused on Gaussian smoothing, gradient direction, high and low
thresholds, and hysteresis thresholding. A thorough description of each algorithm’s characteristic is
set forth. The algorithms are scrutinized in terms of their applicability, computational reliability and
functionality in the speed domain. Exposed in detail is the feasibility of their implementation on
Altera FPGAs aimed at efficiently avoiding speed eroding computational approaches. The
algorithms’ providing optimal speed performance serves as a tangible tool for achieving a speed
enhanced FPGA based realization of Canny edge detection.
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SCILAB SIMULATED CANNY EDGE DETECTION
REALIZATION TO BE IMPLEMENTED ON FPGA

Dimitre Zh. Kromichev

Abstract. This paper is focused on testing the mathematical correctness and algorithmic effectiveness of a
proposed new Canny edge detection realization intended to be implemented on FPGA. Scilab is the tool used
for the software simulation. The purpose is to assess the reliability of the proposed computational flow in
terms of appropriateness and ability to fulfil the task of properly detecting image edges. The steps in the
simulation program are described in detail. Taking into account the characteristics of the Scilab language, all
the calculations in the Canny modules are organized accordingly as to thoroughly present the functionality
and computational capabilities of the proposed approach. The results are analyzed and evaluated on the basis
of edge detected real life images.

Key words: Canny edge detection, Scilab, simulation, FPGA

1. Introduction

Canny edge detection is a precise yet computationally complicated algorithm. As a
representative of the programmable logic, FPGA has been steadily expanding its market share over
the last two decades. One of the most beneficial aspects of Canny’s being implemented on FPGA is
speed. The latter is a function of appropriate and purposeful algorithmic organization of
computations in each of the Canny modules, and is relevant only on the peremptory platform of
mathematical accuracy and algorithmic effectiveness of calculations as reflected in the plausibility
of detected edges. Therefore, in the first place it is obligatory to scrutinize the abilities of a
proposed Canny realization to satisfy the demand of truthfulness with respect to edge mapped
image qualities. This is basically accomplishable through simulating the proposed technology of
Canny edge detection computations employing a highly specialized software tool.

Scilab is a widely used programming language of technical and scientific computing. The
remarkable reliability in handling matrix based calculations being one of its most salient
characteristics, Scilab is a much viable option for digital image processing. The latter benefits from
the Scilab Image and Video Processing Toolbox’s being able to support a number of formats, which
enhances the feasibility of its practical use in a variety of applications. In the literature focused on
the Scilab characteristics and utilization in the field of digital image processing, Canny edge
detection has been traditionaly paid much attention to. The focus is mainly on its computational
modules and their realization in Scilab in terms of employing the language provided functions [1].

In the literature, simulated are several FPGA implemented Canny realizations. In [3], a 3x3
Gaussian filter is used for smoothing based on two FIFO buffers with a depth of one image row.
The pixels are presented as arrays of values stored in a text file which is used as input during the
smoothing process. The non-maximum suppression block consists of 3x3 window, selector,
arithmetic, and comparator units. Window 3x3 unit holds the 8 pixel values at a time and feeds the
input to the selector unit and the middle value is input to the comparator unit. In the selector block,
angle is calculated at each pixel location simultaneously after the calculation of gradient of an
image. Hysteresis thresholding relies on a moving window, two comparators, FIFO buffer and OR
gates. In [2], described is a new realization of Canny using a low-complexity 8-bin non-uniform
gradient magnitude histogram to compute block-based hysteresis thresholds. In [4], [5], a
distributed Canny focused on significantly reducing memory requirements is implemented. The
image is divided into blocks and each block is processed in parallel. The input image is divided into
mxm overlapping blocks. The adjacent blocks overlap by (L — 1)/2 pixels for a gradient mask LxL.
For each block, only edges in the central nx n (where n = m + L — 1) non-overlapping region are
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included in the final edge map. In [6], a novel distributed Canny computes edges of multiple
blocks at the same time. An adaptive technique calculates the high and low thresholds of the entire
image while only processing the pixels of an individual block. In [7]. a novel implementation of
Canny uses 4-pixel parallel computation. Five memory elements are utilized, each one storing the
data of one image line. Double thresholding is executed by a double comparator with the data being
stored in a specialized cache for the hysteresis thresholding with a size of 1 x image width x 2 bits.
The comparison is achievable as long as a second pass is executed with the pixels read in the
opposite direction. The comparison is also executed for 4 pixels in parallel. The computed data
from pass # 1 of hysteresis is still 2 bits for each pixel and it is stored in an external on-board
memory. In [8], Gaussian filter being separable, the implementation of the 2-D convolution is
achieved using row and column 1- D convolutions. For accessing all the pixels in the
neighbourhood for non-maximum suppression two FIFO buffers are employed. For the two
thresholds, an 8-step non-uniform quantizer is used to obtain the discrete histogram for each
processed block. The hysteresis thresholds are computed at block level. In [9], proposed is a
modified Canny adaptively computing the edge detection thresholds based on the block type and the
local distribution of the gradients in the image block. The hysteresis high and low thresholds
calculation, is modified to enable parallel block-level processing without degrading the edge
detection performance. In [10]. on the basis of the statistical fact that in gradient magnitude
histograms after non-maximum suppression edge pixels present a series of smaller peaks wherein
each peak defines a class of edges having similar gradient magnitudes, it is proposed that the high
threshold of Canny should be selected between the largest peak and the second largest edge peak. A
non-uniform quantizer to discretize the gradient magnitude histogram is proposed to compute the
high threshold value. The quantizer needs to have more quantization levels in the region between
the largest peak and the second largest peak, and few quantization levels in other parts.

The objective of this paper is to prove the mathematical correctness and algorithmic
effectiveness of a new Canny edge detection realization intended to be implemented on FPGA. The
task is to exhibit and scrutinize the proposed approach in terms of its major computational steps,
characteristics, and edge detection capabilities. The accomplishment is based on simulating the
proposed Canny realization functionalities in Scilab and demonstrating its image processing
qualities through the resultant edge detected images. For the purpose, Scilab version 5.4.1 and
Scilab Image and Video Processing Toolbox version 0.4.3 are employed. The targeted hardware is
Altera FPGAs.The proposed Canny realization is intended to work with gray-scale images.

2. Canny edge detection flow of computations

As a low level digital image processing technology intended to be used in software, Canny
edge detection covers the following sequence of computational stages:

1) Applying Gaussian filtering to the input gray-scale image.
2) Calculating the horizontal gradient.
3) Calculating the vertical gradient. Inasmuch as both stage 2) and stage 3) utilize the same
values computed in stage 1), their positions in the succession are interchangeable with no effect
on the mathematical correctness.
4) Calculating the gradient magnitude.
5) Calculating the gradient direction. As long as both stage 4) and stage 5) rely on the values
computed in stages 2) and ), the order of their execution can be changed with no influence on the
reliability of the total flow of computations.
6) Determining the local maxima on the basis of magnitudes and directions.
7) Defining the high and low thresholds on the platform of the image magnitudes. The upward
dependence of this stage is mandatory in case of employing histogram based analysis which
requires the entire image statistics.
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8) Applying the hysteresis thresholding to achieve the edge detected image.
3. The proposed Canny realization in Scilab

To test the mathematical correctness and algorithmic effectiveness of the proposed new
FPGA orientated Canny realization a Scilab syntax based software simulation is employed. Unlike
the FPGA based hardware implementation, which is capable of thoroughly utilizing the beneficial
characteristics of parallel computations, the software approach to Canny allows only for
consecutive calculations. Thus, the Scilab program used to simulate the proposed Canny realization
encompasses the following sequence of essential steps:

1) Selecting a real life colour image using the specialized Scilab function.

2) Converting the colour image into a gray-scale image utilizing the specialized Scilab function.
3) Gaussian smoothing is applied to the image matrix. Weighted average filtering is a
neighbourhood operation. Depending on the particular size of the Gaussian mask, filtering a
single pixel requires a certain number of multiplications and additions to compute the numerator
of a fraction whose denominator is the sum of all the coefficients in the mask. The Gaussian
function essential conventional integer division operation is replaced by a procedure
mathematically focused on selecting an exact number of bits in the numerator. The positions of
these bits are determined by the Gaussian filter normalization factor, and an appropriate value of
capital importance to the procedure - the modification constant. Being filter specific, this
constant is calculated prior to starting the smoothing. Each Gaussian mask coefficient is
multiplied by that constant, and then the result is multiplied in its turn by the square
neighbourhood pixel positioned under the coefficient. To successfully complete the procedure in
terms of calculating a result equal to the quotient of conventional integer division, it is necessary
that a bit characterized by a special, determined by the value of normalization factor, position in
the binary dividend should be added to the already selected succession of bits. This is equivalent
to the rounding operation. The result of the procedure thus described presents the value of a
Gaussian filtered pixel. Having already been filtered, each pixel is stored into a new, Gaussian
smoothed, image matrix which is smaller than the input image matrix on the basis of dropping
out a certain number of border pixels during the execution of neigbourhood operations.

4) The Gaussian smoothed image matrix values are used to calculate the horizontal gradient
through employing the Sobel gradient filter for the x axis. Taking into account that three of the
coefficients in the Sobel mask are positive, and three are negative, the utilized integer arithmetic
peremptorily comprises addition and subtraction. The largest coefficient value being a power of
2, the required multiplication is executed in terms simulating shift left operation. Inasmuch as the
largest calculated value for the horizontal gradient can be equal to the sum of positive (or
negative) coefficients multiplied by the largest pixel value, avoidance of scaling is achieved
through simulating the shift right operation followed by addition of the rounding value.
Therefore, the possible horizontal gradient values are within the interval

[-255,255]. They are stored into a matrix which is smaller than the matrix of Gaussian smoothed
values, the border pixels cut out in the Sobel neighbourhood filtering process having been taken
into acount.

5) The Gaussian filtered image matrix values serve to compute the vertical gradient applying
Sobel for the y axis. All the mathematics described in step 4) is applied here in exactly the same
mode.

6) The results obtained in 4) and 5) are employed in the gradient magnitude calculation. Here, in
the two-dimensional domain of digital image processing, the Manhattan distance is used to
substitute for the Euclidean distance computation. The approximation in its mathematical
appropriateness for the purposes of edge detection is applied on the basis of satisfying the
requirement of utilizing only positive values. Therefore, the negative gradients from 4) and 5)
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have to be converted into their positives prior to commencing the gradient magnitude
calculations.

7) The horizontal and vertical gradients are involved in calculating the gradient direction. The
significance of the values computed in steps 4) and 5) being positive or negative is reflected into
determining the platform of sign relations in terms of defining a set of equal intervals
representing the four quadrants within the unit circle. Then two reference values are utilized to
optimally approximate the two angles of crucial importance to the mathematical correctness of
gradient direction calculation. The essence of determining the four possible values of gradient
direction implies two capital groups of computations. In case of both vertical and horizontal
gradients being positive or negative, or vertical is positive, and horizontal is negative, or vertical
IS negative, and horizontal is positive, all the computations are focused on: a) the gradient
direction value of 0 is calculated, if the doubled positive value of the horizontal gradient is
bigger or equal to five times the positive vertical gradient; b) the gradient direction value of 45 is
obtained, if the doubled positive value of the horizontal gradient is less than five times the
positive vertical gradient and, at the same time, five times the positive horizontal gradient is
bigger than the doubled positive vertical gradient. In case of both vertical and horizontal
gradients being positive or negative, the gradient direction value of 90 is achieved when five
times the positive horizontal gradient is less or equal to the doubled positive value of vertical
gradient. In case of vertical gradient is positive and horizontal is negative, or vertical gradient is
negative and horizontal is positive, the gradient direction value of 135 is calculated for the
doubled positive value of the horizontal gradient being less than five times the positive vertical
gradient and, at the same time, five times the positive horizontal gradient being bigger than the
doubled positive vertical gradient.

8) Calculating the local maximum is based on a gradient magnitude from step 6) with its two
adjacent magnitudes along the four angular axes determined in step 7). In fact, all the
mathematics is realized on the platform of a square neighbourhood operation. If a magnitude is
bigger than both of its adjacent magnitudes along the gradient direction, its value remains
unchanged; otherwise it is replaced by 0. The result of every image matrix pixel’s being
subjected to non-maximum suppression processing is essential to the computation of the high
and low threshold values. For the purpose, a definite nimber of counters are employed, each of
them containing values within a certain interval. Every single magnitude calculated in the non-
maximum supression immediately increments one of the counters. The local maximum
computations having been thoroughly realized, all the numbers contained in the counters are
compared in order to select the largest, which is eventually defined as the high threshold. Then
table values calculated on the basis of multiplying a reference value within each of the intervals
by a predefined coefficient are used to determine the low threshold value.

9) Hysteresis thresholding requires that all the magnitudes calculated in step 8) should be
compared with the high and low threshold in a rowwise mode. Inasmuch as the magnitudes
bigger or equal to the high threshold are straightforwardly defined as edges while those less than
or equal to the low threshold are replaced by 0O, the essential focus of computations is on
determining the direct/indirect connectivity in relation to the high threshold. This is achieved
through a neighbourhood operation based on two nested windows of size 3x3 and 5x5. The 3x3
window is centered around each pixel meeting the requirement of being a possible edge. All the
eight neighbouring pixels are compared to the high threshold. If a pixel is bigger or equal to the
high threshold, then the central pixel is an edge. In case of all neighbouring magnitudes are less
than high threshold but at least one falls between the high and low thresholds, only the peripheral
magnitudes of the 5x5 window are tested for values bigger than the high threshold. Such a value
being available, it is an edge. Then the sixteen peripheral magnitudes in the 5x5 window are
scrutinized for falling between the high and low thresholds. If there is such a magnitude, its
coordinates are stored in a special buffer containing those pixels which can eventually be
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determined as edge pixels on the basis of indirect connectivity. If not, the central pixel in the 3x3
window is not an edge. The next pixel in the row is subjected to the same computational
sequence until the whole image matrix has been covered.

10) The edge detected image is displayed using the specialized Scilab function.

4. Terms of simulation

To successfully simulate the proposed Canny realization in Scilab a concrete Gaussian filter
has to be selected. Two basic facts are to be taken into account here:
1) The impact of the Gaussian smoothing on the edge detected image is considerable on the
basis of the following dependence: the bigger the size of the Gaussian filter, the better the
smoothing, and, at the same time, the worse the localization.
2) It is a practical procedure to choose the standard deviation of Gaussian distribution ¢ taking
into account that the mask is to represent only those deviations of the Gaussian curve that have
the most substantial effect on the weighted average filtering. Thus, in terms of functionality, the
relevant Gaussian filter sizes are reduced to 3x3, 5x5, and 7x7.
1

The 159 Gaussian filter (Fig. 1.) used in this simulation has o= 1.4 and size 5x5.

2 5 1|14 |2
4 12 4
5(12|15|12 |5
419 |12 3
214 |5 |4 |1
1

Fig. 1. Gaussian filter 159

The modification constant calculated for that particular filter is 103. Therefore, each
coefficient is to be multiplied by 103 as required by the Gaussian smoothing computations of the
proposed Canny realization. Actually, the modified filter employed for the simulation, in terms of
appearance, retains unchanged only its normalization factor as the sum of coefficients in the non-
modified filter, which fulfils the essential task of the presented new technology of Gaussian
filtering.

A set of real life colour images is utilized to demonstrate the edge detection characteristics of
the proposed Canny realization. All the images are of size 512x512, and the format is JPG.

5. Simulation results

The mathematical and algorithmic functionalities of the proposed Canny realization are tested
and proved by means of demonstrating and analyzing the output of the Scilab software
implementation. The obtained simulation results are presented below:

1) The real life input images converted into gray-scale:
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The edge analysis of the resultant processed images provides solid evidence of the proposed
new Canny realization’s being capable of guaranteeing high edge detection performance. The latter
exhibits the achievement of the following targeted characteristics:

1) Dependability of the low level integer arithmetic in all respects.

2) Accuracy of throughput for a single consecutive step.

3) Veracity of calculations as the indispensable basis for edges’ plausibility.

4) Appropriateness of the employed algorithms with respect to computational organization and
effectiveness.

6. Conclusions

The focus of the paper is on testing the mathematical correctness and algorithmic
effectiveness of a proposed new Canny edge detection realization intended to be implemented on
FPGA. For the purpose, employed is a Scilab programming language based software simulation. A
set of real life images is used to prove and analyze the image processing capabilities of the proposed
Canny realization in terms of detected edges’ qualities. The resultant edge mapped images show
that the mathematical and algorithmic functionalities characterize the proposed realization as
working and reliable with respect to the dependability of the low level integer arithmetic, the
accuracy of every single consecutive step throughput, the edges’ plausibility based upon veracity of
calculations, and the employed algorithms’ appropriateness to fulfil the task of correctness and
effectiveness.
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CAPITAL PARAMETERS OF FAST FPGA BASED CANNY EDGE
DETECTION COMPUTATIONS

Dimitre Zh. Kromichev

Abstract. The paper focuses on a set of capital parameters serving as a feasible basis for a speed optimized
Canny edge detection which accomodates the technical characteristics and computational peculiarities of
FPGA implementation. In compliance with their functionalities, all the parameters are presented and
analyzed as belonging to one of three levels. The parameters are scrutinized with respect to their capability
of impacting the Canny modules’ specific computational requirements for the purpose of speed
enhancement. Thus, defined is a set of plausible tools marking the guidelines for an effective organization of
computations in an FPGA based Canny edge detection implementation aimed at speed.

Key words: Canny edge detection, FPGA, speed, parameter, level, module

1. Introduction

As a low level digital image processing technology intended to be used in software, Canny
edge detection’s being precise yet complicated renders its hardware implementation a multilateral
task especially when the targeted achievement is speed. As a programmable logic representative,
FPGA has been steadily increasing its market share and applications. For an FPGA-based
realization to capitalize on the goal of speed, the Canny algorithm computations should be adapted
and organized as to be capable of exploiting optimally FPGA peculiarities. Accordingly, the
benchmark qualities of these parameters serve as a standard basis for assessing the feasibility of fast
Canny computations on FPGA.

Described in the literature are several approaches aimed at speeding up the computations in
FPGA based Canny. In [10], pipelining is used with input image fragmentation for fast Gaussian
smoothing. In terms of speed, the flaws are: a substantial quantity of repeated excessive
computations for fragment boundary pixels, recursive computations. In [9], an attempt to
economize on the on-chip memory through performing the computations at block level is presented.
Design flaws: parallel computations speed is eroded by excessive defragmentation calculations;
recursive computations. In [7], the image is partitioned into q sub-images and each sub-image is
further divided into p m xm blocks. Pipelining is realized by q processing units. Design flaws: heavy
demands on memory; cumbersome repetitious computations. In [8], focus is mainly on new
computational method in the non-maximum suppression and hysteresis thresholding modules.
Design flaws: excessive sequential multiplications; recursive computations.

The objective of this paper is to present the set of capital parameters capable of guaranteeing
speed optimization of Canny edge detection computations in compliance with FPGA characteristics.
The task is to scrutinize each parameter with respect to its impact upon the speed enhancement of
calculations in the Canny modules, and its serving as a reliable effectiveness measure to the
implemented organization of computations in terms of speed. The targeted hardware is Altera
FPGAs. Relevant to the analyses and conclusions arrived at in this paper are only gray scale images.

2. Canny algorithm modules

With respect to their functions, particular image processing tasks, stages, and results, all
Canny computations are grouped to present five distinctive successive modules (Fig. 1.):
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Fig. 1. Canny edge detection block diagram

Complicated as it is, both at each stratum and as a whole, Canny yet provides tangible
opportunities for speed enhancement on the basis of organizing the computations by means of
effectively applying appropriate parameters addressing the characteristic features and capabilities of
the FPGA based hardware realization.

Fulfilment of particular tasks in the thorough accomplishment of the speed optimization goal,
as well as the distinctiveness of the operational focus based upon the specifics of FPGA technology,
renders it paractical for all the parameters to be analyzed within three levels.

2. High level parameters
2.1. Pipelining

Pipelining is indispensable to the FPGA-based Canny edge detection implementation focused
on speed. The start of pipelined computations is signified by the execution of the first integer
division operation in the Gaussian smoothing module. At this clock cycle the multipliers are ready
to commence the new set of convolution operations employing the square neigbourhood pixel
values centered araund the second image pixel to be filtered. The effectiveness of pipelining
imposes substantial demands upon the organization of computations as well as the efficiency,
measured in terms of clock cycles, characterizing each of the techiques utilized for executing the
essential integer arithnetic which the Gaussian smoothing function is based upon. With respect to
this, the set of prioritized requirements pipelining should satisfy prove to be:

1) No clock cycle(s) empty of correct computational results for each of the image pixels being
filtered.

2) No clock cycle(s) empty of corect computational results between two consecutive image
pixels being filtered.

3) No intermediate storage between two consecutive image pixels being filtered.

Thus, for a Gaussian filter of size ZxZ, and image of size MxN, the upper speed limit the
execution of pipelined calculations eventually approximates can be expressed as the least total
number of clock cycles required for the linear weighted average filtering of the input image.
Consequently, the smallest total amount of clock cycles presents the optimal quantitative
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measurement of the pipelining parameter for a Canny edge detection module. For Gaussian
smoothing it is:
M*N — {[M - (Z-1)] * (Z-1) + N * (Z-1)}. (1)

In the second Canny module, computing the orthogonal gradients by employing the two Sobel
filters is a neighbourhood operation. The Sobel masks being of size 3x3, the exact number of clock
cycles required for the parallel computations of the vertical and horizontal gradients to commence
is:

2*%(N-(Z-1)) + 4 . (2)

Depending on the organization of computations, the upper speed limit of the pipelined

computations in terms of the smallest possible amount of clock cycles taken for all the vertical and

horizontal gradients to be calculated is:
M*N — {[M — (Z-1)] * (Z-1) + N * (Z-1)} + 2. ©)

In the module computing the gradient magnitude and direction, there are no neighbourhood
operations. Consequently, the pipelined computations start as soon as the first horizontal and the
first vertical gradient values are available at the inputs of the module. Although being subject to
simultaneous processing, magnitude and gradient computations differ as to the number of clock
cycles required for the correct results to be obtained. On that basis, the speed of pipelining is
determined by the gradient direction calculations, which prove to be considerably more demanding
in terms of arithmetic operations. Thus, the smallest possible amount of clock cycles presenting the
upper speed limit of the pipelined computations for this module is:

M*N—{[M—(Z+1)] * (Z+1) + N * (Z+1)} + 4 . 4)

The non-maximum suppression module involves neighbourhood operations. Computing the
local maximum being based on comparing one magnitude with two adjacent magnitudes positioned
along the direction of the gradient, the exact number of clock cycles required for the module to start
executing is:

2*(N-(Z+1)) + 4 . (5)

The essence of calculations in this module being considered, the upper speed limit of the
pipelined computations is presented by:

M*N—{[M—(Z+3)] * (Z+3) + N * (Z+3)} + 2 (6)

clock cycles.

The hysteresis thresholding is the most computationally expensive module. The complexity of
the algorithm employed here demands that the exact number of clock cycles required for the
module to start executing should be:

4*(N-(Z+3)) + 6. (7

Each pipelined magnitude being compared to the two calculated in advance threshold values (high -

T1, and low - T2), the essential focus here is on the determining of connectivity/non-connectivity with
respect to T1. Consequently, the upper speed limit in terms of required clock cycles, is:

M*N—{[M — (Z+5)] * (Z+5) + N * (Z+5)} + 8. (8)

2.2. Memory

For the Canny edge detection to be implemented on FPGA, memory plays a crucial role. With
memory, several aspects are to be taken into consideration:
1) The on-chip memory on Altera FPGAs is limited in quantity.
2) Canny algorithm involves neighbourhood operations.
3) The speed limitations imposed by the on-chip memory.
As to addressing the memory parameter of Canny edge detection computations, it has to be
taken into account that the hysteresis thresholding module demands that there be enough storage
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space for the whole edge detected image. This serves as a basis for estimating the bare minimum of
memory required for the implementation of Canny algorithm. The portions of memory required by
the neighbourhood operations should also be added up to that basis.
The neighbourhood operations’ demands on memory are focused on:
1) Memory should be organized appropriately as to provide a single clock access to as many as
possible image pixels required for executing the neigbourhood operations. The most suitable
option here, provided by Altera is Dual-port RAM [1],[2],[3].[4].
2) Dual-port RAMs have to contain whole rows of the input image. The depth of a single Dual-
port RAM depends on the restrictions imposed on the memory organization by
Altera[1],[2],[3].[4]. To this end, whatever the size of the image, the memery utilization should
guarantee an even number of Dual-port RAMs needed for a particular neighbourhood operation.
All the Dual-port RAMs should be of equal depths.
3) For one thing, the technique of revolving Dual-port RAMs - storing one image row through
replacing another that is not usable (equal to storing only the image rows required by the
neighbourhood operation), should be employed for the purpose of sparing the fastest memory,
thus providing the opportunity images of different sizes to be processed.
Consequently, the total memory required by the FPGA implemented Canny edge detection
depends on the image size as presented by the expression:

M*N + (Z+1)*N + 21*N . 9)

The on-chip memory has a direct impact upon the speed optimization objective since the
highest frequency[1],[2],[3],[4] this memory can be written to or read from presents the upper speed
limit the execution of calculations can eventually approximate. Consequently, the on-chip memory
speed dimensions actually defines the optimal speed standard for Canny computations.

3. Mid-level parameters
3.1. Parallelism

In terms of speed, one of the significant advantages of FPGA-based hardware implementation
of Canny is the capability of executing calculations in parallel mode. The organization of
computations in Canny edge detection is generally responsible for employing that FPGA
characteristic to the fullest. This especially impacts the speed optimization of calculations in the
modules whose computational algorithms are based on neighbourhood operations. The extent to
which the architecture benefits from the parallel computations actually presents one of the platforms
for evaluating the feasibility of speed effectiveness.

Parallelism with its significance to speed enhancement proves to be particularly important in
cases of processing multiple operands of the same type. The organization of computations taken
into account, both in Gaussian smoothing and the orthogonal gradients modules it is addition that
requires a substantial focus on parallelism. While the number of addends with the Sobel filtering is
a constant, in Gaussian smoothing this number varies according to the size of the linear weighted
average filter. With respect to propagation delay times on Altera FPGAs [6], executing integer
arithmetic operation addition by employing multi-staged general purpose two-input adder structure
has a negative impact on speed in compliance with the following expression:

L =P if N=2°
L = p+1 if N>2P g N<2P*t (10)
where;
L isthe number of consecutive levels of adders ,

N is the number of addends,
P isa positive integer.
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For one thing, Altera provides specialized functions [5] to optimize such calculations in terms
of speed so as to avoid the possibility of running into performance eroding delays determined by the
implementation of one integer arithmetic operation in several consecutive stages.

As to blocks within one and the same computational module (Fig. 1.), parallelism is mainly
focused on computing the vertical and horizontal gradients, as well as gradient magnitude and
direction. This is based on the fact that within the flow of pipelined computations the two
components of both modules utilize one and the same value calculated in the previos Canny
module. The parallel approach is also applicable to non-maximum suppresion module in relation to
the values calculated in it being the platform for computing both high and low thresholds to be
further used in the hysteresis thresholding module. The benefits of parallelly computing thresholds
focuse on the dynamic character of obtained values, which definitely results in a much more reliable
detection of true edges. Consequently, this parallelism provides two advantages. On the one hand,
the speed is enhanced in view of the fact that no additional computational time is required to
calculate the two thresholds on the basis of the entire image statistics. On the other hand, in terms of
plausibility and correctness of the final edge detected image, this technology provides much more
superior results as opposed to using two static generalized threshold values without taking into
account the particulars of the concrete image being processed.

3.2. Absence of recursive computations

The focus of this parameter is mainly on the hysteresis thresholding module whose essential
computational effort is framed by the true/false edge discrimination on the basis of
connectivity/non-connectivity criterion. The particulars of calculations employing two threshold
values being taken into account, excluding recursive computations relates to satisfying the
following speed optimization orientated requirements:

1) Reducing the number of computational operations a single pixel participates in to the possible
minimum.

2) Algorithmically being based on neighbourhood operations, all the calculations performed
should be confined to consecutive pixel rows.

The pixel values obeying the connectivity requirement theoretically being positioned across
the whole image, the accomplishment of the task for a threholding without
recursive computations also demands an efficient memory organization that is capable of both
statically mapping the final edge detected picture, and dynamically controlling the different sets of
pixel values falling between the high and low thresholds.

4. Low level parameters
4.1. Optimization of integer arithmetic operations

With respect to speed, integer arithmetic operations differ considerably, the fastest among
them being addition, subtraction, and multiplication (especially in terms of utilizing hard
multipliers) [1],[2],[3],[4] . Consequently, the speed optimization objective benefits from:

1) Reducing the whole bulk of integer arithmetic required by the FPGA implementation of
Canny edge detection to only a small set of operations capable of providing optimal speed
characteristics.

2) Employing only integer arithmetic operations whose execution takes exactly one clock cycle
to provide correct computational results.

Apart from multiplication and addition, the linear weighted average filtering in Gaussian
smoothing comprises division, which is quite a slow operation on Altera FPGAs [5], thus being
hardly compatible with fast Canny computations both in terms of optimal clock frequency and the
number of clock cycles required to obtain reliable results. Consequently, to prevent speed erosion
and significant delays, it is replaced with a technique of equivalent computational correctness which
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definitely matches addition, subtraction, and multiplication on the platform of speed characteristics,
and is optimally capable of reducing the computational time retaining the accuracy of results.

Computing the orthogonal gradients utilizes addition, subtraction, and, taking into account
that the divisor there is a power of 2, a fast equivalent to right shift is employed to address the speed
optimization goal accomplishment in that Canny module.

In computing the gradient magnitude and direction, besides indispensable addition and
multiplication, comparison functions come into play. They are way too slower [5], and are
consequently efficiently replaced by subtraction combined with positive/negative sign
characterization of the values calculated for both horizontal and vertical gradients. Non-maximum
suppression and hysteresis thresholding modules are entirely based on subtraction as a replacement
for comparison functions.

4.2. The width of input data

Confining the input data to 8 bits is of significant importance in the Canny modules as a tool
for diminishing delays. On Altera FPGAs, the fastest integer arithmetic execution in terms of clock
cycles is guaranteed for 8-bit values [5]. The focus on the data widths providing optimal
computational speed is analyzable with respect to the following aspects:

1) The organization of computations within each of the Canny modules.

2) The relevance of calculated values larger than the maximum pixel value in a gray scale image
for each of the Canny modules.

3) The proper scaling techniques.

4) The need for employing certain Altera defined functions whose execution speed is inversly
proportional to the widths of input data.

Depending on the linear weighted average filter coefficients, the values calculated in the
Gaussian smoothing module employing multiplication and addition are the largest possible ones in
the entire Canny. For the purpose of preventing delays measurable in more than two clock cycles
per single addition execution [5], division by the sum of all the coefficients in the Gaussian filter
can be executed as soon as the result of each individual multiplication is available. Thus, the
quotient is 8 bits wide, which us definitely beneficial to speed when addition involves more than
two addends [5] to obtain the the final value of the smoothed image pixel.

The technology of computing orthogonal gradients keeps the magnitude of calculated results
within the limits of 255, thus no scaling, which introduces excessive delays on the basis of
comparison, is required.

Taking into account that computing the gradient magnitude refers to the Pythagorean theorem,
and magnitude values larger than 255 are irrelevant to the calculations of local maxima in the next

Canny module (Fig. 1.), all the results equal or exceeding 2° are scaled down to the appropriate
255. With respect to the fact that the calculations of gradient direction can only be one of four
different values — 0, 45, 90, 135, the 8-bit data demand is met by default.

The values calculated for the gradient magnitude and direction are straightforwardly used in
the non-maximum suppression module. As long as comparison of values limited of up to 255 is
employed, keeping within 8 bits has no alternative. The same applies exactly to the hysteresis
thresholding module.

Actually, dynamic calculation of the high and low threshold values required by the hysteresis
thresholding is the only segment of Canny edge detection computations where the 8-bit approach
cannot be realized on the basis of the accumulators’ being employed in the processing. Depending
on the size and characteristics of the image being subjected to edge detection, the values finally
stored in the accumulators exceed too much the width of 8 bits. Yet, this cannot negatively affect
speed taking into account that:

1) It is a computational mechanism contemporaneous with the non-maxumum suppression
calculations, and, on the basis of non-maximum suppressions’s being a much more complicated
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algorithm, the delays incurred by manipulating the values larger than 8-bits do not actually erode
speed.

2) The algorithm’s characteristics do not demand any repetitive procedures to execute the
comparing of values stored in the accumulators.

5. Conclusions

In this paper presented is a set of six capital parameters defining the specifications of a speed
optimized Canny edge detection to be implemented on Altera FPGAs. The parameters are
scrutinized and analyzed in terms of three levels depending on each parameter’s particular role in
the thorough accomplishment of the speed enhancement goal, as well as the distinctiveness of the
operational focus: high level - pipelining and memory; midlevel — parallelism and absence of
recursive computations; low level — optimization of integer arithmetic operations and the width of
input data. The smallest total amount of clock cycles presents the optimal quantitative measurement
of the pipelining parameter for a particular Canny module. The essential demands on memory are
focused on providing a single clock access to as many as possible image pixels required for
executing the neigbourhood operations, and the technique of revolving Dual-port RAMsS.
Parallelism is particularly applicable in processing operands of the same type, computing the
vertical and horizontal gradients, the gradient magnitude and direction, and calculating both high
and low thresholds in a dynamic fashion. Excluding recursive computations relates to essentially
satisfying two requirements: reducing the number of computational operations a single pixel
participates in to the possible minimum; all the calculations performed should be confined to
consecutive pixel rows. The optimization of integer arithmetic operations renders the Canny
computations to rely only upon the fastest integer arithmetic on Altera FPGAs. Confining the input
data to 8 bits is a tangible tool for achieving optimal execution speed, and diminishing delays. In
their totality, these parameters provide the guidelines for feasible results in the speed optimization
of Canny edge detection on the platform of Altera FPGAs’ essential characteristics.
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®UJITPUPAHE HA 3AIIIYMEHHU CUTHAJIM ITIOCPEJICTBOM YEUBJET ®YHKIIUA

Mapusza I'. Togoposa, Penera /. [IspBaHoBa

Pe3rome: YeliBneT pyHKIIMUTE HAMUPAT IMIUPOKO MPUIOKEHHUE B MHKCHEPHATA JCHHOCT, B TOBA YHCJIO U TIPU
00paboTKka Ha cUrHaJM. B HacTosIaTa cTaThs ca pasrieaHd Bb3MOKHOCTUTE HA YeHBIIET QYHKIMUTE TIPU
¢uTpupane Ha 3amymenn curHaimu. OmeHeHa € eeKTUBHOCTTA Ha (WITPUPAHETO MPH Pa3ITUdH{A HUBA HA
OTHOIIIEHUETO IIIyM/CUTHAI Ha pa3rIexkaaHus curHal. [loaydeHuTe pe3ynTaTu ca CpaBHCHH U aHAJTU3UPAHHU.
KarouoBu qymu: 3anyMeH CUTHAIU, YeHBIET GYHKIMU, YEHBIIET TpeoOpazyBaHue, GUITpUpaHe.

Filtration of noisy signals by wavelet functions
Mariana G. Todorova, Reneta D. Parvanova

Abstract: Wavelet functions are widely used in engineering activities, including the signal processing. The
possibilities of wavelet functions in fitration of noisy signals are discussed in this paper.

The effectiveness of filtering at different levels of the ratio noise / signal is evaluated. The obtained results
are compared and analyzed.

Keywords: noisy signals, wavelet function, wavelet transformation, filtration

1. BbBeaeuue

[Tpu m3cnenBane Ha GYHKIMOHMPAHETO HA JAJCHA aBTOMAaTHYHA CUCTEMa € HeoOXOIuMO Ja
ce pa3depe Kak MOCThIIBa U Kak ce npeolOpa3yBa nHdopmanusra B Hesl. Thil KaTo TS ce ChabpKa B
CUTHAJIUTC, MNMpCMHUHABaAIlX IIPE3 OTACIHUTEC H CIIEMCHTH, TOYHOCTTa Ha CHCEMAHC Ha BXOJHO—
W3XOJIHUTE JIaHHU Ha cUCTeMaTa U Moclie[Baiiara uM o0paboTKa ca OT ChUIECTBEHO 3HAYCHHE.

Ha npaktuka ce Hanara ma ce 00paboTBaT 3alIyMEeHU CUTHAIH. VI3TOUHUIMTE HA IIyM MOTaT
na OpAaT MHOTO pazHooOpa3Hu. Hampumep, u3mMepBaHe Ha JTaHHUTE C TPEUIKU; HACIArBaHE BBHPXY
IMOJIC3HUS CUTHAJI Ha APYT CUTHAJ, IIOCTHIIBALl OT OKOJIHATA CpC/aa, Bb3HUKBAHC Ha CMYUICHUA ITPU
NpeAaBaHe Ha CUTHAJIA U JPYTH.

W3BnnuaneTo Ha mojie3Ha MHGoOpMalus OT 3alllyMEHHM JIaHHU € YecTO CpellaH mpodjemM B
WH)KEHEepHaTa JIEMHOCT.

VeiliBier QyHKIMUTE HAMUPAT BCE MO-IIMPOKO MPUIIOKEHNE, 0COOEHO B 00JIaCTUTE, KBIETO €
HeoOxomuMo na Obaar o0pabOTBaHW CHIIHO 3alllyMeHM CHUTHAIM. YEHBJIET aHamu3bT JlaBa
BB3MOXKHOCT 3a ¢uiTpupane Ha uHdopmaiusata. Toil ocurypsiea mo-rbBKaBa TeXHUKa 3a 00paboTKa
Ha CUTHAJIM B CPAaBHEHUE C KJIacM4ecKus aHanu3 Ha Dypue.

B mnacrosmms nokiajq ca pasrielaHd Bb3MOXKHOCTUTE HA YECTO H3IOJI3BAaHU YeHBIieT
byHKIIMU Tipu QUTpPUpPaHE HA IIyM OT CUTHaiM. V3MoNM3BaHM ca CUTHAM € Pa3jiMYyHO OTHOIIECHUE
mrym/curnai. OneHneHa e eheKTUBHOCTTA Ha (GUITPUPAHETO U MOJTYyUYEHUTE PE3YNITATU Ca CPABHEHU.

2. VeiiBjer npeodpazyBaHue

VYeiipaer mnpeoOpa3yBaHHETO TMpEACTaBIsABa MpeACTaBs HE Ha (QYHKIUU [OCPEICTBOM
yeliBieTu. YelBleTuTe ca CHelMaleH BHJ OPTOTOHATHU (YHKLIMHU, KOUTO C€ H3ION3BAT 3a
pasjiarane Ha (bYHKHI/II/I WM HCHOPEKBCHATU BHBB BPEMCTO CHUTHAJIM IO YECTOTHU CIEMCHTHU U
M3y4aBaHETO Ha BCEKH YECTOTEH €JIEMEHT C pa3/IelUTeNHa CIOCOOHOCT, ChOTBETCTBAIA HA MaIiaba
My. Te ocurypsiBar MHOro n00pa pasfeiauTenHa CHOCOOHOCT IO BpeME 3a BUCOKM YECTOTH U
YIOBJIETBOPUTEIHO pa3pelIeHue MO YECTOTa 3a HUCKH 4eCTOTU. ToBa € BB3MOXKHO JOpH IIpU
OTCHCTBUE Ha MH(OpMaIU 3a XapaKTepa Ha BpEMEBUTE M YECTOTHUTE MapaMeTpy Ha CUTHAJIA.
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VeliBer (QyHKIIMUTE NpPUHAIISKAT Ha L2(R) MPOCTPAHCTBOTO W HMAaT HyJIeBa CpeaHa
CTOMHOCT.

[y®dt=0 1)
[Ipu HAKOM yeWBIeT (pyHKUIWHU, HAPEYEHU YEUBIETH OT M-Ta CTENEH, € BH3MOXKHO HE CaMo
HYJICBHSAT, HO ¥ BCHYKH M MOMEHTA Jia ca paBHH Ha Hyrna [9].

thy/(t) dt=0, j=01..m (2)

VYeiiBiaeTuTe OT AAJCHO CEMEHCTBO Wap(t) ce ompenensat ype3 ¢yHKuusra y(?) (MaiduH
yeliBneT) u Mamabupamara ¢GyHknus ¢(¢) (6amuH yelBieT) BbB BpeMmeBaTa obiacT. Te ca
MaiabupaHu W TPAHCIUPAHW KOMHUs Ha BbJIHATA MaWKa (?), KOSTO OOMKHOBEHHO € OBP30
3aTUXBAIIO TPENTCHUE WU TaKOBA C KpaifHa JbJDKUHA.

OcHoBHaTa Wjes Ha YCWBJIET MpeoOpasyBaHHMETO €, 4e TO TpsOBa Ja MO3BOJISIBA CaMO
NPOMEHHUTE B TOJIEMHHATa, HO He W BBB (popmara Ha BhIHATa. ToBa ce Biusie OT M3bopa Ha
MOAXO0AIIN 0a3UCHU (QYHKITUH.

VYeiineT npeobpasyBanueTo Ha gajaeHa Gpyukius f(t) Mmoxe na ce mpegcraBu kaTo

o1 L t-b
Wf(b,a)= [ f(t)—=y (—)dt 3)
L Ja© o a
Brniarosute KOG(I)I/II_II/IGHTI/I Cjk Morart aa 6’b,IlaT HN3YHUCJICHHU I10 Q)opMynaTa
c; =Wk (b,a)](27,k277), 4)

KbJeTo 27=a ce Hapuya JBoudHa aunatanus, a K.27=b - n1sonuna nozumus.
3. @uaTpanus HA 3allIyMeHH CUTHAJIM MOCPeACTBOM YyeliBJieT mpeodpa3yBaHe

dunTpanuAaTa MOCPEACTBOM HU3IOJI3BaHE HAa YEUBIET MpeoOpa3yBaHe € €()EKTUBHA B MHOTO
WH)XEHEpHU NpuIokeHus. Ts Moke na ObJe W3MO0JI3BaHA NpedH ChllecTBeHaTa oOpaboTka Ha
CHTHaJIa 33 HaMaJIsIBaHEe Ha OeNus IIyM Ha CEH30pUTE.

Bceku oTdeT OT curHaiia Ha CEH30pa € cyma OT MICTMHCKaTa My CTOMHOCT U CllydaiiHa IIyMOBa
cToiiHOCT ¢ ["aycoBo pasmpenenenne. MonenbT Ha 3allyMeH CHUTHAJI MOXeE J1a ObJie MPEeJICTaBeH C
u3pasa

Yo (®) = y(®) +v(t) ()

kbaero: Y, (t) — 3amymen curnan; Y(t) — opurunanen curnar; V(t) — 'aycos mrym.
[MonydyenusT ciesn GUITpaus CUraan Moxe aa one npeacrased ¢ Y (t) .

C nen nmo-nobpa edekTuBHOCT Npu (puaTpanys Ha IIymMa OT CUIHajJa € HeoOXOAMMO Ja ce
OTIpEeeIIAT:
e BHJA HAa yeiBlieTa, ¢ KOWTO J]a ce U3BBPIIM TPeodpa3yBaHeToO;
HUBOTO Ha JIEKOMITO3UIMS HA CUTHAJIA;
CTOMHOCTTA Ha Mpara, CrpsiMo KOHTO Koe(pUIIMEHTUTE OT MpeoOpa3yBaHETO Ce HYJINpaT;
METOJIBT, 110 KOMTO /1a c€ MPUJIOKU OIPENETICHUST Ipar;
HAaYMHBT 32 JEKOMIIO3UpaHe Ha CUTHAJIA.

M300pbT HAa TOIXOSAII YEUBIIET ce ONMpeaelis OT TOBa KakBa MH(OpMaLUS € HEOOXOAUMO J1a
Obnae u3BledeHa ot curHana. [Ipu puirpupane Ha curHaM yeHBIETHT TPSOBA J1a € OPTOTOHAJICH
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wi OuoproroHaincH. ToBa orpannyaBa M300pbT Ha yeiBieT m3mexay (amumuute Daubechies,
Haar, Symlets, Coiflets, BiorSplines, ReverseBior u Dmeyer.

N360pbT Ha HUBO, 0 KOETO JIa C€ JIEKOMIIO3Mpa CTaTUYEH CHUTHAJ, ce 0a3upa Ha eCTECTBOTO
Ha CHTHaJa U Ha 0a3aTa Ha KOJIMYECTBEHA OLICHKA HA HAKOM OT CTATHCTUYCCKHUTE MapaMeTpu Ha
nojryyaBaHute KoepumeHnTu. Karo kputepuii 3a 1300p Ha HUBO Ha JEKOMITO3UIIMS IPU CTaTUYHU
JAHHU YECTO C€ M3IMOJ3Ba KOCPHUIMEHTHT Ha Kopenanus. ONTUMaaIHO HUBO HA JCKOMITO3UIIHS €
HUBOTO C MHUHHMMaJHa CTOMHOCT Ha KoeduIMEeHTa Ha Kopenanus. [lpW IUHAMHYHH JaHHU €
HEOOXOJUMO TMPEIBAPUTEIIHO Jla C€ ONpeaeid 4YeCTOTHAaTa o00JacT Ha HH()OPMATUBHHUTE
KOMIIOHEHTH B curHana. Cliel ToBa ce MpaBH JEKOMITO3UPaHEe Ha CHTHAJIA JI0 HUBO, IIPHU KOETO Ce
3ara3Bar Te3W YECTOTHU KOMIIOHEHTH, a CE IPEMaxBaT YeCTOTHUTE ChCTABKH C TI0-BUCOKH YECTOTH.

Heobxoaumo e n300pbT Ha mpar aa Objae GYHKIUSA Ha CTATHCTUYCCKUTE XapaKTEPUCTHKH Ha
nIryma, 3a Jia ce 3anasu HHGopMaTHBHATA YacT OT CUrHaja. YecTo M3MoI3BaHN METOIU 3a H300p Ha
nparoBa cToWHOCT ca: VisuShrink, SureShrink, BayesShrink, munumakc. Ilpwiaranero Ha
mparoBata CTOMHOCT MOXe Ja ObJie TI0 METOAMTE «TBBPI» Mpar wih «Mek» mpar. [lpu meroma
«TBBPI» Ipar CUTHATBT CE 3ama3Ba, ako ¢ IMO-TOJIsIM 10 aOCOJII0THA CTOMHOCT OT IparoBara
croiiHocT. To3M MeTOA Tpeau3BUKBAa IO-TOJIEMH TPENTEHUS B 00JacTUTE, B KOHWTO HMa
MPEKbCBAaHUS B CHUTHAJIA, B CPAaBHEHHE C METO/a «MeEK» mpar. MeToapT «MeK» mpar uma ao0pu
MaTeMaTHYECKH CBOMCTBA M € 3a NPEAINOYHMTaHE, ThH KaTo N00AaBBUHUSAT IIYM IMOCTEICHHO Ce
HaMassiBa.

4. ExciepyMeHTAJIHM pe3yJaTaTH

CumynupaH € 4ecTo CpelllaH B aBTOMAaTUYHUTE CUCTEMM CHUTHAJI, MpeACTaBeH Ha ¢urypa 1,
KbM KOWTO € AoOaBeH Osi1 ['aycoB IIym 10 JocTUraHe Ha 3aJaJieHO OTHOIICHHE LIyM/curHai (7).
3amryMeHUTE CUTHAIY TIPY PA3JIMYHU HUBA Ha IIIyMa ca IMoKa3aHu Ha ¢purypu 2-4.

Original Signal 4
T T T

Original Signal
T

L L 1 I L I I L L
80 100 120 20 40 60 80 100 120

®@ur. 1. Hezamrymen curaan ®@ur. 2. 3anrymeH curaai npu y=1%

Qriginal Signal
T

Original Signal 4
oF T

0 L L L L

L o L L L 1 I
20 40 60 80 100 120 20 40 60 80 100 120

@ur. 3. 3amrymer curaan npu y=5% @ur. 4. 3amrymen curaai npu y=10%

Cnen ToBa € M3BBPUICHO (QHUITpaHE HA MOJYyYCHHTE 3aIIyMEHHM CHUTHAIU MOCPEICTBOM
M3MnoJi3BaHe Ha yelBietu oT ¢pamunuute Daubechies, Symlets, Coiflets 1 Dmeyer.

N360pbT Ha MOIXOASI YeHBIET € W3BBpLIEH Ha 0OazaTa Ha KOJUYECTBEHA OIIEHKa Ha
epeKTHBHOCTTA Ha (mnTpanusaTa. M3Mmon3BaHUTe KPUTEPUH ca: MaKCMMalHa OTHOCHTENHA TPEIKa
(0max) n xoepunment Ha HamansBaHe Ha mryMa (CNR), ompeneneHn ChbOTBETHO € H3pa3uTe
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S = maxw.loo [%] (6)
y(t)

N
PIAORIE

CNR=5—— (7)
DY -y )

i=1

YacT oT nosyueHuTe cies puaTpanusaTa CUrHaIN ca peCcTaBeHu Ha urypa 5.

Qriginal and Denoised Signals

Original and Denoised Signals
T

| | | I |
80 150 120 20 40 G0 a0 100 120

v=5% v=10%

@ur. 5. 3amymMeHn 1 GUITPUPAHU TOCPEACTBOM 0MEY BhIHMYKA CUTHAIH

20 40

Wzuncnennte MakcumanHu otHocuTenHu rpemkd 1 CNR ca nagenu Ha ¢urypu 6 — 11 u B
Tabmuna 1.

4,00
3,00 B dmey
2,00 - — Mmcoif4
mdb3

1,00 -

sym6
0,00 -

Smax [%]

®ur. 6. MakcuMamHi OTHOCUTEITHU rpemku npu y=1%

8,00

6,00 m dmey

4,00 - ~ mcoifd

2,00 - — mdb3

0,00 - Series4
Sdmax [%]

®ur. 7. MakcuMaiHi OTHOCHTEIIHHU TPEIIKH TIpH Y=5%
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15,00

10,00 - m dmey
M coifd
5,00 - mdb3
7 sym6
0,00 -

Smax [%]

®ur. 8. MakcuMmaaHu oTHocUTeNH| Tpetku npu y=10%

8

6 - m dmey
4 - W coif4
2 - mdb3
0 - 7 sym6

CNR

@ur. 9. KoegunueHT Ha HaMansiBaHe Ha mIyma npu y=1%

15
B dme
10 y
m coifd
5 - mdb3
0 - 7 sym6
CNR

®ur. 10. Koepunment Ha HamalsiBaHe Ha IIyma pu y=5%

m dmey

W coif4
mdb3

7 sym6

@ur. 11. Koedpunuent Ha HamansBaHe Ha mryma npu y=10%
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TaﬁJmua 1. CToiHOCTH HAa MAKCUMAJIHATA OTHOCUTEIHA rpeiika u KOC(I)I/II_II/IGHTa Ha HaMaJIIBaHC Ha IyMa

pu puATprpaHe Ha 3aITYMEHUTE CUTHAIN C Pa3JIMYHU YeHBIeT (QyHKITUN

U3M0JI3BaHH dmey coif4 db3 symo6
yeilBJIeTH
OTHomenne mym/curaan y=1%
omax [%] 1,35 2,68 3,45 2,51
CNR 6,470226 5,600179 1,561464 7,487619
OtHowenne mym/curaan y=5%
omax [%] 3,78 3,85 5,73 5,43
CNR 5,487622 10,73532 2,415217 9,335123
OtHowmenne mym/curnana y=10%
omax [%] 7,27 11,73 11,96 11,73
CNR 14,98455 10,62786 12,43002 18,62184
3akiroueHue

OuiTpauMsaTa Ha 3allyMEHH CUTHAJIM IIOCPEACTBOM YyelBieT mpeoOpa3yBaHHE Ha CUTHaja
MMa ChIIECTBEHU IPEIUMCTBA, KOUTO ITPOU3TUYAT OT CAaMUTE CBOMCTBA HA yeUBIeT (PyHKIMUTE.

B®3 ocHOBa Ha M3YNCICHUTE MAKCUMAJIHH OTHOCHTEIHU TPEIIKH, TOTyYeHH ITpH QuiaTprpaHe
C pa3JIMyYHU YECTO M3IOJI3BAHU yelBiIeT (PyHKIMH, ce CTUra J0 U3BOJA, Y€ 3a IPEeMaxBaHe Ha LIymMa
OT alepuoJMYHU CUTHAJIM C€ IpernopbyBa Ja Cce€ M3M0J3Ba JUCKpeTHa Meyer BbIHHMUKA.
[IpenumcTBOTO Ha TO3U BUA (QYHKIUS ce HaOmogaBa Npu (GUITPUPAHETO HAa BCEKU €AMH OT
pasriieaHuTe 3allyMEHU CUTHAJM, KaTO Hal-5ICHO CE€ OTKpOsiBa IIPU CHJIHO 3alIyMEHHUsl CUTHAJI C
v=10%. Te3u oTnMuHU pe3ynTaTu Ha JucKpeTHaTa Meyer BbIHMUYKa CIPSAMO OCTAHAIUTE C€ IbJKAT
Ha (akta, ye TA chabppKa GUITHp C KpaitHa wmmiyncHa xapakrepuctuka (FIR) c¢ Gasupana
anpoxkcumanus Ha Mayer yenBIer.

Teepaenuero, ue Symlets u Coiflets Bbaamukure ca mommbukanms Ha Daubechies
MPEJCTaBUTEIINTE C€ JI0Ka3Ba OT (akTa, 4e MaKCUMAJIHUTE OTHOCUTEIHH I'PEIIKH MPH U3I0JI3BaHE
Ha Daubechies ¢yHkiuuTe ca cpaBHHTENHO MO-TOJEMH CIPSMO TE€3HM Ha OCTAaHAIMTE JBa Kilaca
BBJIIHUYKH.

[Ipn um3nom3Bane Ha koedummeHTa Ha HamansBaHe Ha myma (CNR) karo kpurepuit 3a
OIpeJiesIsHEe Ha KaueCTBOTO Ha MOTHUCHATUS IIYyM C€ JIOCTUIa /10 M3BOJAA, Y€ B 3aBUCHUMOCT OT
HUBOTO Ha IIyMa € HEOOXOMMO J1a C€ U3IMOI3BaT pa3uyHu Ki1acoBe yelBieTu. CpaBHUTEIHO Hall-
n00pu pe3ynTaTi ce HaOMI0AaBaT Py U3NoI3BaHe Ha Symlets BeIHHYKH.

W no nBaTa U3MOJ3BaHU KPUTEPUS CE€ CTHUra J0 U3BOJA, Y€ Ka4eCTBOTO Ha (UITpUpPAHE Ha
CHTHAJIMTE € Hali-JIOLIO TPH M3MoJI3BaHe Ha yeiiBnerure Ha Daubechies.
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CPABHUTEJIEH AHAJIN3 HA PEKYPCUBHU METO/HA 3A
OLEHSABAHE HA TIAPAMETPHU B CUCTEMA 3A YIIPABJIEHUE
HA CKOPOCTTA HA ITOCTOAHHO TOKOB JIBUT'ATEJI

NBan B. I'puropos, Hacko P. Aranacos

Pe3rome: AanTUBHOTO yrpaBieHHe 00XBalla HA0OP OT METOAM, KOUTO OCHT'YPSBAT CUCTEMAaTHYeH MOAXO[
3a aBTOMAaTUYHO peryjrpaHe B peasHo BpeMe. PeKypcHBHHTE METOIM 3a OLICHSBaHE Ha MapaMeTpH TpsOBa
J1a YAOBJIETBOPSBAT U3UCKBAHUATA 32 ObP30ACHCTBIE KbM alITOPUTMUTE 32 HISHTH(HUKAINS B PEATHO BpEME.
ToBa ce oOycnaBs oT (akTa, 4e KOpPEKUHMATAa Ha MOJEIA ClieJ TNOCThIIBAaHE Ha JaHHUTE OT HOBOTO
HaOJIoIeHUE, KaKTO M U3pa0OTBAaHETO Ha HOBO YNPABIISBAIIO BH3JACHCTBUE TPAOBa Aa CTaHAT 3a €IUH TaKT
Ha JWCKpeTH3anus. B Ta3u cTatus ce mpaBu aHAIN3 Ha HAJEKTHOCTTA HA HAKOW OT MO-YECTO MPUIIATaHUTe
PEKYpCHBHU METOM 3a OLIEHSBAaHE Ha IMapaMeTpH B aIallTUBHU CHCTEMH M TEXHHU Bapuallidl B CHUCTEMa 3a
yIpaBJIeHHE Ha CKOPOCTTa Ha IOCTOSIHHO TOKOB JIBUraTel.

KaouoBn naymm: Meron Ha Hal-MalnKuTe KBaJpaTH, METOJ Ha HHCTPYMEHTaaHaTa IPOMEHIINBA,
PEKYPCHUBHU METOMH 3a OIICHsSBaHE Ha IMapaMeTpH, MOCTOSHHO TOKOB JBUTATElL.

Comparative analysis of more commonly used recursive methods for parameter estimation in
DC motor control system

Ivan V. Grigorov, Nasko R. Atanasov

Abstract: The adaptive control covers a set of methods that provide a systematic approach for automatic
control in real-time. Recursive methods for parameter estimation have to meet the requirements for
identification algorithms in real time. This is determined from the fact that the adjustment of the model after
the submission of new data from monitoring, and the development of new control action should be made in a
single cycle of discretization. An analysis of the relability of some of more commonly used recursive
methods for parameter estimation in adaptive systems and their variations in DC motor control system will
be made in this article.

Keywords: instrumental variable method, least squares method, recursive methods for parameter estimation,
DC motor

1. YBoa

3aAbIKUTETHO YCJIOBHE 3a KOHTPOJ Ha €Ha CHUcTeMa € pa30upaHeTo Ha JAUHAMUYHHUTE
XapakTepucTHku Ha obekta [3]. PekypcuBHHMTE MeTOAM 3a OIEHSBAHE C€ W3IMOJA3BAT IPH
uneHTudukanusa B peaHo Bpeme. [1o Bpeme Ha paboTtata Ha 00eKTa 3aeTHO C YIPABICHUETO MOXKE
Ja TIPOJBJDKU YTOYHSBAHETO Ha Mojeia Ha 0Oaszara Ha TMOJy4YyaBaHUTE HOBU JaHHU. ToBa € OT
0CO0EHO BaKHO 3HAYCHHE, KOTATO XapPAaKTEPUCTUKUTE Ha OOEKTa ce M3MEHST BHB BpeMmeTo. B
aJIalITUBHUTE CHUCTEMH 3a YIpaBIEHUE XapaKTepPUCTUKUTE Ha OOEKTa ca HEWU3BECTHH WIH Ce
M3MEHST BBB BPEMETO, & € Bb3MOXKHO B 00EKTa J]a C€ MOSBU HAKaKBa HEM3MPABHOCT. MeToauTte 3a
OLICHSIBAHE Ha MapamMeTpu B pEaHO BpeMe MOrar Ja MOMOTHAT 3a OTKPUBAHETO Ha TAaKUBA U
TSXHOTO TO-JIECHO W OBP30 OTCTpaHsBaHE. 3a IeNTa Ie Ce HM3CIAeABAT HAKOM OT IMO-9EeCTO
M3M0JI3BAaHUTE METOJIM 32 OIICHSIBAHE HA MapaMeTpHu B CUCTEMa 3a YIPABJIEHHE HA CKOPOCTTA Ha
MOCTOSHHO TOKOB pABuraren mnocpeactsoM IIMM. Ilenra nHa wu3cienBaHeTo HE € CaMOTO
yIOpaBJICHHE, a CPAaBHUTEJIEH aHajlu3 HAa METOJAUTE 3a OLCHSABAaHE Ha MapaMeTpyd Ha MOJeENa U
TAXHAaTa e(PEeKTUBHOCT MPU MO0OHO MPUIIOKEHUE.
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2. PexypcMBHH BepCHH HA METOJa Ha HAali-MaJIKUTe KBA/IPATH 32 OLICHsIBAHE HA NapaMeTpHU
2.1. PexypcuBeH nmpeTeryieH MeTo/ Ha Hall-MaJIKUTe KBa/PaTH.

3a J1a ce mojydar peKypCUBHU OLIEHKH MO METO/ia Ha MPETETJICHUTE Hall-MaJKUTe KBaApaTH,
ce U3M0JI3Ba

A A C.f A
(9N+1:0N + 1 S (yN+l fl;lr+10 ) (1)
fN+1C fN+1
N+1

A

Cnopen (1) crapara olieHKa ¢, ce KOpMTMpa IPONOPLIMOHATIHO Ha pasiukata Y, ., — V., € BEKTOPEH

N
KOe(HUITUEHT Ha MPOTIOPIIHOHATTHOCT

Iy, = 1 Cy fia (2)
—fi.Cyf

N+1 N-+1
N+1

Bennuunnara g, = f )

vty € HOpCICKazaHaTa CTOMHOCT 3ay, ,, H34YHCJICHA BB3 OCHOBA Ha

KOG(i)I/IIII/IeHTI/ITC OT IMpeaArlIHaTa UTCpaunsa éN .

Hsnonzeane na ocmamvyu emMecmo epewKu Ha npeocKassane
B®B dopmyna (2) yuacTBa rpemikara oT npejicka3BaHe

N+1 yN+1 9N+1(éN ) = yN+1 fNT+1é (3)

3a moBHIIaBaHE Ha TOYHOCTTA Ha IIpeICKa3BaHE BMECTO €N+1 C€ M3II0JI3BA OCTATBKBT

N +1 yN a1 fl\-lr+léN +1 (4)
Ot (2) u (3) cienBa

=€ = N+1(9N+1 ) (5)

Ako ot (2) ce onpenenu pasnnkara (6, —6,) u ce 3amectu B (5), ce noydasa

1
eN+1

roo— Wy (6)

N+ — 1
- fr\LlCN fN+1

N+1

Cmapmupane na uzuuciumenuama npoyeoypa

3a mosryyaBaHe Ha OLIEHKU MO0 METOJa Ha MPETerJICHUTe Hail-MaJKi KBaipaTy ca HEOOXOIUMHU
6, u C, or npenuuny usuncnenus. CoOupar ce N >K HaOIIOACHHS U 110 HEPEKYPCHBHHS METOJ
Ha TpPETerNICHUTE Haif-MalKu KBaJApaTH ce Hamupar Hadanuu ouenku 6, u Cy. Cnen Tosa
U3YHCIIeHusITa mpoabnkasar 1o (1) u (7)

C fN+1 fr\T+1CN+1 (7)
1

- 1:NT+1CN fN+1

C

N+1 =CN -

N+1

AJTOpUTBMBT Ha PEKYPCUBHHS TpETEerjeH MEeTOJl Ha Hal-MaJIKUTe KBaJIpaTH JEeXKU B
OCHOBATa Ha peiulia APYTU PEKypCUBHU Npoueaypu. Tol e clieqHusT:
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e Cp0upar ce N >k HaOMIOJEHUS U MO HEPEKYPCUBHUS METOJ HA MPETETJICHUTE Hail-MaJKu
KBaJpaTH C€ HAMUPAT HAYAJIHU OLEHKU éN uC,.

e HoBuTe onieHkH ce n3uucisBar o gopmymna (1).

e [IpensuncisaBa ce marpunara C, , 10 3aBUcUMOCT (7), 3a J1a C€ NOArOTBY 3a CJEaBaIlaTa

urepanusi.

o C HoBuUTE OLCHKH @, , 1 C, , 3al04Ba CICABAIIATA HTEPALHs OT T. 2 HA AIrOPUTHMA.

N+1

2.2. PekypcuBeH 00MKHOBEH MeTO/l HA Hall-MaJIKUTE KBAJAPaTH.

PexypcHuBHHAT METO/] Ha Hali-MaJIKUTE KBAAPAaTH MOXKE JIa CE€ pa3TJIexkaa KaTo YacTeH CIydai
Ha PIIMHMK npu W =1 . ToBa o3HauaBa BCUYKHU TerJia Jia c€ MPUEMAT paBHU Ha €JUHUIIA, KOETO €
Bb3MOXKHO camMO ako p = 1. Ilopagu TOBa pEKypCHBHHMAT METOJ HAa HaW-MAJIKUTE KBaJIpaTH

(PMHK) moxe n1a ce mosyuu, karo B poreaypara ot T.1.1. ce nonoxu HaBcsikpae p = 1[1, 3].

3. PeKprI/IBeH METO HA HHCTPYMEHTAJIHATA IIPOMEH/IMBA

[Ipouenypara 3a mony4aBaHETO Ha OLEHKU IO PEKYPCUBHHUS METOJ Ha MHCTpYMEHTaJIHaTa
IIPOMEHJIMBA € 0J00HA Ha Ta3M [0 PEKYPCUBHHUS METO/ Ha Hali-MaJIKUTE KBAIpaTH.

BuabT Ha HHCTPYMEHTAIHUS BEKTOP V, , ce u3bupa ot (8) uiu (8')

ViT :[_Yi—l _yi—Z“'_yi—n Ui, ui—2"'ui—m] (8)
Vi =[u, U,.u] (8)

ANTOpUTHMBT 3a TOJy4aBaHE HA OICHKH IO PEKYPCHBHHUS METOJI Ha WHCTPYMEHTAJIHATa
MIPOMEHJINBA € CIICAHHUAT:

¢ OueHsiBaHeTo 3anouBa no pexypcuBHus nperersiecH MHK. ToBa moBumiaBa ycTOWYMBOCTTA
Ha HauvajgHuTe oreHku. Cren HaTpymnBaHe Ha ompezesneH Opoit N >k HaOmroaeHUs ce MpeMHHaBa
KbM OILIEHSIBaHE IO PEKYpCHUBHMSI METOJ Ha MHCTpyMEHTajaHaTa npomeHauBa. OOMKHOBEHO ce
m3bupa N na e paBHo Ha 3 710 5 IbTH Opost HA KOEPUITUEHTHUTE.

¢ Ouenkure Ha koeduiuentute Ha N +1-BaTa uteparus ce U34uciIsABaT Mo popmMynara

A

Cyv A
O =0 4 SNNs —f' o 9)
N+1 N p+ f'\'lr+1CNVN+1(yN+1 N+1 N)

>

e Cniefipamara uTepanus ce ImoAroTes, Kato ce npensdnciau C, , no Gopmynara

.
c Yo - CWViafuaCy
N+ — N T

(10)
P+ GV

e I3uncnennsiTa 3amoyBar OT T. 2 C HOBUTE OIEHKH. AKO HE € HEOOXOIUMO TPETeTJsHe Ha
HaOmonenusta, B (9) u (10) ce monara p = 1 [1].

4. Cucrema 3a YHpaBJ/i€eHUE€ HA CKOPOCTTA HA MOCTOAHHO TOKOB ABUTATEJI

HpI/IJ'IO)KeHI/IeTO Ha TIIOCTOAHHO TOKOBUTE JBHUIAaTCIM € I[MHPOKO II0 OTHOHICHUE Ha
aBTOMAaTHKa, pO60TI/IKa U pas3IM4YHu CUCTCMH 3a YIIPABJICHUC. HO,Z[XO,[[SIIJ_II/I ca TaM, KBbACTO €
HeO6XOHI/IMO MPEUU3HO PETYJIMpaHe HA MOMCHT U CKOPOCT, IIPH MOABPKAHEC HA MOMCHT IIPHU HUCKaA
" HYJICBA CKOPOCT.
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4.1. IIoCTOSHHO TOKOB IBUIraTeJI

[TpuHIMITHO yCTPOKCTBO HA JBUTATENM 3a MOCTOSIHEH TOK € MoKa3aHo Ha ¢urypa 1, KpaeTo
PM e pabotna mamuna, BM e Bp30yauTenHa HaMoTKa, a P € poTop.

@ur. 1. [Ipuanunso ycrpoiictBo Ha [1T/]

HI/IHaMI/ILIHI/ITe CBOMCTBA Ha IIOCTOSHHO TOKOBHUS U JABHUI'aTCJI Ca OITMCAaHU ChC CUCTEMATA

u, =R, (T,p+1)i, +cdw

M, = cdi, ! 11)
M, -M, =Jpw
MpeCcTaBeHa upe3 CTpyKTypHara cxema (urypa 2)
, M
Ua 1/Ra ia M, ¢ 1 ®
> > > c @ —_— >
Tap +1 Jp
€

»

cd

@ur. 2. CrpykrypHa cxema Ha [1T]]

[ e
kye (Tap +1)
Ty Tap®+Ty p +1

KOSITO MOXe J1a ObJieT npeodpa3yBana B (purypa 3):

Ug kn 1))

Ty Tap®+Tu b +1

®@ur. 3. CtpykrypHa cxema Ha IIT]] cien npeoOpasyBaHe

KBJETO
k. .(T,p+1)
S ST ——wellaP T M 12
() TT.p°+T p+1 «(P) TT.p’+T p+1 <(P) 12
1 K = R, . _La; T JR, (13)

T T @) Y R (cd)

a

4.2. YnpaBjeHHe HA CKOPOCTTA HA MOCTOSIHHO TOKOB JIBUIaTeJl OCPEACTBOM
IIMPOYUHHO-UMITYJICEH NpeodpasyBareli

CT)BpeMeHHI/ITe CHUCTEMHU 3a YIIPaBJICHUC HA IMOCTOAHHO TOKOBU ABUIAaTCIIUM Ca C IIUPOYMHHU
HUMITYJICHU npeoGpa3OBaTeJm, ThI KaTo ce XapakTepusupar ¢ HO-)I06pI/I CHCPIrCTUYHH I1OKA3AaTCIIN U

Kommiorspuu Hayku u Texnonorun 2 2016  Computer Science and Technologies 42



MO-MaJIK{ MyJICAllMU Ha TOKA U CKOPOCTTA, KOETO OT CBOSI CTpaHa BOJAM JI0 HaMallsiBaHE Ha 3aryouTe
Y pa3IIupsiBaHE Ha Uana30Ha Ha PeryaupaHe.

Ha 6nokoBata cxema Ha ¢urypa 4 e npencraBeHa npunnumaa 610k cxema Ha [TUTI-TIT/ ,
kpaero. 'HT- renepatop Ha TpuoHooOpazHo Hampexenue, K — xommaparop, BB3 — 0nok 3a
BpeMesaapbxka, U — popmupoBaren Ha ummyncure, HU — neynpasnsem mznpasuten, CTK —
CWJIOB TPAH3UCTOPEH KOMYTATOp, J| — IOCTOSHHO TOKOB JIBUTaTE.

fprzsazaies 3
Howmm wvn J
L] [ ]

®@ur. 4. [IpuamunHa 610k cxema Ha IHWUTI-TTT

Ha ¢urypa 5a u ¢urypa 56 e mokasaH NpUMEpPHHUAT BUJ Ha KBAa3HMYCTAHOBEH PEXUM Ha
pa0oTa npu CUMETPUUYEH AITOPUTHM Ha KOMYTalMsl.

2, F
U, Uy 2 - U, Uy

- ——
.

Uy [
| —reT ! (1-"-.JITA )
. |_— ”— u,u I_I—
U,.u‘—! | - :“H‘U:; ! —|>UL . I— ‘
u:.u:-‘ |'|-| H_-'-L;."]:-u:. : u.u:-‘H_UT‘ u:"—‘ ,
I |
®ur. ba ®ur. 56

Maremarnueckoro onucanue Ha mnpouecure B cucremara IIMII-JI ce 3arpyaHsBa oT
JUCKPETHUsI M HEJIMHEEH XapakTep Ha CWJIOBHUs IpeoOpa3oBaren. 3a M3MpPAaBUTENIEH aHAINU3 Ha
IIPOLIECUTE, KAKTO M 3a LEJIUTE HAa CHUHTE3a, HAW-YECTO C€ M3IOJI3BA ONPOCTEHO MAaTEMaTHYECKO
OIMCaHKe, HEOTUUTAILO TOCOYEHUTE OCOOCHOCTH Ha Mpeodpa3zoBaTess, J0KaTo 3a MO-IbJIeH aHAIN3
€ HAJIO)KUTEIHO OTYMTAHETO Ha Te3u ocobeHocTH. 3a mpeaasarenHara ¢ynkuus Ha I mo
YIPAaBJIgBALIUA KaHAII MOXKE J1a C€ 3allMILIe:

U,

Wy (p)= e x Koy e (14
" T.p+1 z,p+1 TP 4
2

KbIACTO kn, Tn u Tcp ca CbOTBCTHO KOG(I)I/II_II/IGHT Ha NIp€iaBaHC, CKBMBAJICHTHA BPCMCKOHCTAHTAa U

CPEHOCTATUCTUYECKO 3aKbCHEHHME Ha MpeoOpa3oBarens, OOYCIOBEHO OT YIPaBJISIBAIIOTO
HanpexeHue U, .

5. ExkcnepuMeHTAIHM U3CJIeIBAHUS U Pe3yJITaTH

W3cnenBaHusTa TyK ce OTHACAT 10 pabOTOCIOCOOHOCTTA, BB3MOKHOCTUTE M HAJIEXKIHOCTTA
Ha OIMCAHUTE BE€Ye PEKYPCUBHU METOM 33 OLCHSBAHE HA ITapaMeTPH.

3a 1enTa Ha U3CJIEIBAHETO € TEHEpUpPaH CIIyd4aeH BXOJIEH CUTHAJ, CUMYJIMpAIll 3allyMsBaHe, C
romoInTa Ha nporpamuara cpera MATLAB.
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Wscnensanmsita ca HampaBeHdn ¢ usnmoisBanero Ha System Identification Toolbox B
Matlab\Simulink. 3a Ta3u uen ca HanpaBeHH O0JOKOBE 32 PEKYPCHBHO OLICHSBAHE HA ITapaMeTpH B
peaHO BpeMe KaKTO CJeBa: peKypCUBEH MeToJ Hail-mankuTe kBaapatu (RLS), pekypcuBHu Haii-
MQJIKUTE KBaJIpaTd C OTYUTAHE HA OCTATBLUTE BMECTO TIpemikara Ha oueHsBaHe (RLSr) u
PEKypCHBEH METOJl Ha MHCTpYMeHTaIHaTa npomeriusa (1\Vu).

Noise

MC Constant

1 1

1/Ra —
Js

Tas+1

Control

Sum1
Gain Transfer Fen1

Gain1

<<} -

Transfer Fen

triangle signal
gy
o PWM

square Control signal

Compare  Data Type Comersiont Switch
To Zero1

Zero-Order
Hold1 Acd1

Constantd ‘

Ua

®ur. 7. biiok cxema Ha LIINUIT B Simulink

[ )| ) N ]
F%%fw

DCNeter

ToWospace

®@ur. 8. biiok cxema Ha ynpasienue Ha [1T/] ¢ LI ¢ pekypcHBHO OIEHSBAaHE B PEATHO BPEME B
Simulink

Upe3 Omoka “0:1%” ce 3amaBa mmnyicHuat curHan ot 0 go 100 % 3a perynupane Ha
CKOpOCTTA Ha TIOCTOSIHHO TOKOBUSI JIBUTATEN.
N36upa ce monen Ha [T/l oT BTopu pea ¢ AUCKpETHA NpeAaBaTeHa GyHKINs

W(z)= 0,2405z71+0,1748z772
1-1,591z1+0,6065z2

al
8 T T T T T T T T T

al
w -~
T T

-
-

04 0.005 0.006 0.007 0.008 0.009 0.01

®wur. 9. OuensBane Ha napamerspa al- RLS(c),RLSr(a),IVu(x)
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1 T T T T T T T T T
— o
o—,——————————"_-" —
1 P
1 g7
1 o
EH - - =
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L
4 1 ! -
1
il
il
3 L M1 | 1 L | | 1 | I
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
time
@ur. 10. OrnensBane Ha napamerbpa a2- RLS(c),RLSr(4),IVu(x)
b1
0.4 T T T T T T T T T
02 | e e
| il
-
I e '__,."" .
1 C s
b A i
H -
- I
S04 i e =
H ]
sof 4] 4
| 1
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I I'l
42 l'1.l| | | | 1 L 1 L 1
"o 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
time
®ur. 11. OuensiBane Ha mapamerspa b1l- RLS(c),RLSr(q),IVu(x)
b2
2 T T T T T T T T T
- ——
r Bt
of = —— -l_ | —— _————-ﬂm—-——mjm
I :
1 r
2 I - -
’ " a1
' I
1 1
S 4r i W -
oo
1
s 1 L] -
-
1
|
8 el .
40 I I 1 I I I | I I
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

time

®ur. 12. OnensBane Ha mapameThpa b2- RLS(c), RLSr(9), IVU(x)

Peaynu croifHoCcTH Ha al a2 bl b2
rapavetpuTe -1.591 0.6065 0.2405 0.1748
Onenenu croiiHocTH ¢ RLS -1.591 0.6066 0.2413 0.1744
Onenenu croiiHocTH ¢ RLSK -1.592 0.6064 0.2401 0.1745
Onenenu croiiHocTH ¢ VU -1.590 0.6066 0.2415 0.1750
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6. AHaJIM3 ¥ U3BOAH

e AHaIM3MpaHUTE PEKYPCHUBHH METOOM 3a OICHABAHE Ha MapaMeTpu ca €JHH OT Hail-
e(eKTUBHH METOJIH 3a OLICHSBAaHE Ha MapaMeTpH, KaTo Te MOraT ja ObaaT MOAU(HUIMPAHU 32 T0-
100po Obp30AEHCTBIE U U3IOI3BAHU B IIO-CII0KHU a/IallTUBHU CUCTEMHU 32 YIPaBJICHUE.

o [Ipu pasnuuen u300p Ha TeriaTa MOrar Jja ce IojlydaT pa3JIndHU POOACTHU OLIEHKU, KOUTO
Morar Jja Ob/1aT HEUyBCTBUTEIHH KbM 3alIyMsIBaHETO.

e PekypcuBHUTE METO/AM 32 OLICHSBAHE Ha MapaMeTpH, pa3riieJaHd B TO3U JOKJIAJ, MOTaT Ja
ObIaT U3MON3BaHU 32 OTKpUBaHEe HAa Hem3npaBHOCTH B CAY.
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HEPEIIMMU U HEPEIIEHU 3ATAYHN

Wpena 1. T'eopruesa

Pe3rome: JloknaasT pasraex/ja TeMaTa 3a JoKa3aHO HEPEIIMMHU U HEpeLeH! A0 TO3U MOMEHT 3aaa4yu. Haii-
OOIIMPHO € TpeACcTaBeH MPOOIIEMBT ChC CITUPAHETO W JOKA3aTEIICTBOTO, Y€ TOW € HepemuM. Jpyr mpumep e
nocneanara reopeMa Ha @epma. Karo HepelieHu 3aaun ca pasriefanu: anropurbM Ha Kosnan, adukBoTHa
MocJeI0BaTeHOCT U poOneMbT P=NP.

KaiouoBu aymu: HepemmnMu 3a/adi, HEPEUIeHH 3aqadd, MpoljeM ChC CIUpPaHeTO, MamuHa Ha TIOpWHT,
rocinenHara TeopeMa Ha @epma, anroputsM Ha Kouam, annkBoTHa niociaenoBarenHoct, P=NP npobiem

Undecidable and Unsolved Problems
Irena Y. Georgieva

Abstract: The report reviews the undecidable problems and the unsolved yet problems. Most extensively is
presented the halting problem and the proof that it’s undecidable. Another example is Fermat’s last theorem.
As unsolved problems are reviewed: Collatz conjecture, aliquot sequence and P=NP problem.

Keywords: undecidable problems, unsolved problems, halting problem, Turing machine, Fermat’s last
theorem, Collatz conjecture, aliquot sequence, P=NP problem

YBoa

Ha Bceku mporpamuct ce ciaydBa Jla Hamullle Iporpama, KoATo Iomnajaa B 0e3KpaeH LUKBII.
Kak obaue mMoxeM f1a yCTaHOBUM Jalu Ts JEHCTBUTENIHO HsMA Ja CIIpe WIM NPOCTO U TpsAOBa
1oBeye BpeMe, 3a Ja BbpHe pe3yarar? [loHskora oTToOBOPBT € OYEBUCH, HO UMa CIy4au, B KOUTO
HE € TOJIKOBA JIECHO Ja ce mpereHu. Mma 3anaum, 3a KOUTO HE OMXMeE IPEAINONIOKUIN, Y€ HAMAT
pemeHne. Mma u TaknBa, KOUTO OCTaBaT HEPELLEHHU.

Hepemmmu 3axa4u

YHuBepcajiHa H3YMCIUTEIHA MAIIMHA

YHuBepcaiHa U34MCIUTENHA MalllMHa € YCTPOICTBO, KOETO € CIIOCOOHO J]a HaMepH pelleHue
Ha BCEKM IpobieM (KOMTO Moke 1a ObAe pas3pelieH), KaTo Ha YCTPOWCTBOTO ca MY OCHUT'YpPEHHU
JIOCTaThbUYHO IaMEeT W BpeMme, 3a Ja 3aBbplid. J[Hec Te3u ycTpolcTBa Hapu4yaMe MallMHU Ha
TropuHr.

YcTpoiicTBaTa, KOUTO JHEC HapyuuaMe KOMIIOTPH, HE3aBUCUMO JIAJIM IO Ta3u JAyMa uMame
NPEABU] IPOrPaMUPyEM MHKPOKOHTPOJIEP B MUKPOBBIHOBA IMEYKa WIH CylnepKoMmioThpbT Blue
Gene, Te BCUUKHU Cca €KBUBAJECHTHH B CMHCHJIa HAa TOBAa KaKBU IMpoOJIeMU MOrar ja paspeuiaBaT. 3a
BCHYKH TSIX MOXeE Jla ObJie J0Ka3aHo, Y€ ca eKBUBAJICHTHU Ha MammHaTa Ha Tropunr. Pa3Oupa ce,
T€3HM MalIMHU UMAT AOCTHII 10 PA3IMYHO KOJMYECTBO MaMeT U padoTST ¢ pa3IuyHa CKOPOCT.

TropuHT ChHIO Taka TBBPAU, Y€ MPOOIeM, KOWTO MalIiHaTa Ha TIOPUHT He MOXKe J1a pa3pel,
HEe MO’Ke Ja Ob/ie pa3pellieH 0 HUKaKbB CUCTEMATHYeH HAYMH, HUTO OT YOBEK, HUTO OT KOMITIOTBP.
Ta3u Te3a ocraBa HenokazaHa! BbIpeku ToBa Jocera HUKOM HE € YCIsUI J1a ONpOBEprae Te3ara u
MHOTO XOpa BsIpBaT B HEMHAaTa HCTUHHOCT. 3a J1a Ce OIpoBeprae te3ara, TpsiOBa YOBEK MJIM MallliHa
Ja paspemy npo0saeM, KOWTO € Hepa3pelM OoT MaliuHa Ha TIOPHHT, KOeTO HUKOW He € YCIII Jia
HarpaBu J10 Hamu Jau [1].

Kommiorspuu Hayku u Texnonorun 2 2016 Computer Science and Technologies 48



IIpooJiem cbe cnupanero (Halting problem)

Anan TroopuHr noka3Ba, 4e JEHUCTBUTEIHO MMa MpoOJeMH, KOUTO HE MoraT jaa Obaar
paspellieHn OT yHHMBepcajHa M3YMCIUTENHA MallliHa. B TeopusaTa Ha U3YUCIUMOCTTA, 3aJa4ara 3a
oTIpeJieNIIHe Tl JIaJIeHa Mporpama Iomnajaa B 0e3KpaeH HUKbJ, ce Hapuda MpoOsieM 3a CIIHPAHETO
nmu cron-npoodsiem (Halting problem). CbcTon ce B ToBa BB3MOXKHO JIM € Jla C€ ONpPEAEId, aKko €
JlaJicHa MPOU3BOJIHA KOMITIOTHPHA MporpamMa M BXOJHU JaHHH 32 Hes, I Iporpamara HsIKora Ie
3aBbPIIM U3MBIHEHUETO CH U 1IIe JIaJie PE3yNITaT WK 1ie paboTu 6e3KpaitHO ABJIT0 BpeMe.

IIpe3 1936 r. AnbH TropuHr noKa3Ba, ye alropuThM, KOMTO /aBa OTTOBOP Ha Ta3M 3ajaya 3a
BCUYKM JBOWKHM Mporpama — BXOJHHU IaHHHM, HE MOXE Ja chuiecTByBa. OcHOBHara ujes B
JI0Ka3aTeJICTBOTO MY €, Y€ aKO TaKbB aIrOpUTHM ObJ€ KOHCTPYHpPaH, TOW OM MPOTUBOPEUYMI Ha
cebe cu, CleqoBaTeNIHO TOW He € mpaBuieH. KitoyoBa yacT OT JI0Ka3aTEICTBOTO CE OKa3Ba
npoOieMbT Na ce aepuHupa MaTeMaTHUYEeCKH KOMIIOTHP U IMporpama, KOoeTo TIOpUHT IpaBH C
BBBEXKIAHETO HA MamuHata Ha TropuHr. [IpoOaemMbT 3a CIUpPAHETO € HEepEIIUM 3a BCSIKa MallhHA
Ha Tropunr. ToBa e enHa OT IbpBUTE peLICHH 331a4u B Teopusita Ha pelIeHUTA.

JokazatenctBoTo Ha TropuHT OMBa myOIMKyBaHO Tpe3 Mait 1936 T., a T0Ka3aTencTBOTO HA
Anonco Ubpu 3a HepemnMocTTa Ha mnpobiieMa B Jiam0ja cMsATaHeTo € OT ampui 1936 r., karo
aBamMaTa paboOTAT HE3aBUCUMO €IUH OT APYr Haja To3u BBIpOC. [1o-KbCHO ca OTKPUTH U MHOTO
JIpyTy HepemuMu npobdaemu. TunuyeH MeTo1 3a JoKa3BaHe Ha HEPEIIMMOCTTa Ha JaJieH IpobiieM e
CBEXKIAHETO MY JI0 Bed€ MO3HAT (JI0Ka3aHO) HepemuM npoodsiem. Crien KaTo HUKOW aJrOpUThM HE
MO3Ke J1a peur mpobiema, 10 KOHTO 3a/1a4ata € CBeJieHa, TO HUKON alfTOPUTHM HE MOXKE J1a PEId U
1o-o01ara 3ajaya.

[Ipu HsKOM adropuTMHU MOXe Ja ObJe AoKa3aHo, Ye Te IIe CIpaT, KAKBUTO U Jia Ca BXOJIHUTE
JaHHU, HO BCSKO JOKAa3aTelICTBO TpsiOBa aa Obae pa3pabOTEHO CIEMUATHO 33 KOHKPETHHS
anropuThM. He chiliecTByBa MEXaHUYHO, OOIIOBANTUAHO PEIICHUE, KOETO J1a ONPEAETU Aalu AaieHa
MamwHa Ha TropuHr mie crpe. Bee mak, Morar ga ObJar MPHIOKEHU HSKOW CBPUCTUYHH METOJIH,
KOUTO MMAT yCIIeX B rojisiMa 4acT OT ciydauTe. ToBa HampaBiieHHE B MHQOpMATHKaTa ce Hapu4a
ABTOMATHU3HMPAH aHAJU3 Ha IPUKIIOUBAHETO [2].

Jloka3zaresicTBO Ha Npo0JieMa ChC CIMPAHETO

3a nma 6bae paspelieH To3u mpodiieM, OTrOBOp (@ WM He) TpsAOBa 1a Oble AajieH 3a KpacH
MepHoJ] OT BpEMEe, HE3aBHUCHUMO OT MallMHaTa WM BXOAHWUTE JaHHU. OYEBUAHO HAKOU MAIIMHU
HUKOTa He NpeKpaTsBaT U3NbJIHEHUETO cu. HanpuMmep MokeM Ja HanmMieM MalluHa Ha TIOpHHT,
KOSATO OpOou Harope, 3arouBaiiK OT €/IHO.

3a 1a oKakeM IO0-JIECHO HEPEeIIMMOCTTa Ha MpobjeMa ChC CIIUPAHETO, LIE IO CBBPKEM C
npobsemM, KoiiTo Beue HU € u3BecteH. Hampumep [lapamokchT Ha mbxkena. Toil riacu: ,,Toa
U3pEUYECHHE HE € BIPHO®.

3a ga JoKaxkeM, 4e HsAMa MalldHa Ha TIOpHUHT, KOSTO MOXE Jla paspemu mnpodiema cbhe
CIIMPAaHETO, JOIyCKaMe€ 4Ye TaKaBa MallWMHa CBIIECTBYBA M IIOCIE JOKa3BaMe, 4€ HEHHOTO
ChILIECTBYBaHe € NMpoTuBopeunBo. Heka Hapeuem mammHara ,,Mamuna Ha Crnupanero®, uiu MC.
MC e mammHa, KOSITO yNnpasisBa Apyra MalluHa U HEMHWTE BXOJHHU JaHHM, 3a /A BB3IPOU3BEIE
OTrOBOp (J1a WJIM HE) 3a KpaeH MepuoJi OT BpeMe: WM BBIIPOCHATA MAIIMHA MPUKIIOYBA 32 KpacH
nepuoJl OT BpeMe (Bpblla OTTrOBOD ,,J1a%), MM He (BpbIIAa OTroBop ,.He). durypa 1 umoctpupa
nercreuero Ha MC.

Mantnaa Ha

Tsopasr + Mammunaa Ha a
— — HIH
EXOJHH copaneTo (MC)
JaHHH He

®@ur. 1. MamuHa Ha CIUPAHETO
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Or MC cp3naBame BTOpa MmammHa, HapedeHa MC HuBeprop wim MCU. Tasum MmammnHa
uHBepTUpa oTroBopa, AaaeH or MC. Ha mpakrtuka, ako MC otrosopu ,.aa“, MCU mnonaga B
6e3kpaeH nuKbI; ako MC otroopu ,,He*, MCU crimpa (purypa 2).

Mantnna Ha

|
|
TrxopuaT + : MWanmHeHa Ha .
EXOJHH crmpaneto (MC) Fpad
JaHHH

De3KpacH UHKBI

®ur. 2. MC HuBepTop

[IpotuBopeunero moxke na Obae BuasgHo karo monutame MC mamm MCH mpekpatsBa
M3IBJIHEHUETO CH, KOTaTO MHOTOKpaTHO My mnonaaBame camuss MCU kato Bxonnu nannu (purypa
3). MHuorokpaTtHo u3BukBamuar ce MCH, u3nonsBaimg cede CH KaTo BXOJHH JaHHHU, CE€ W3IOJI3Ba
kato Bxoauu nanHu Ha MC. JlokaTo ABeTe MalIuHU JIEUCTBAT MPU €IHU U CHIIH BXOJHU JIAHHU, T€
TpsiOBa Ja BPBINAT €UH U CHIIHU OTTOBOP: MJIM MAalllMHATA Ha TIOPUHT MpEeKpaTsBa U3ITbIHEHUETO
CH TIPH J1aJICHU BXOJ/IHM JIAHHU, UJIH HE.

MalWwrHa Ha THPWHN + BEXOOHW 43HHK

VMO L ) MamHHa Ha L
MO T MO T cmpasero (MO) wpar

Mamu=a =Ha A

crHEpageTo (MC) —* :{I‘:H

®@ur. 3. [Ipobiem chbe cripaHeTo

Axo nocneanatra MC naBa oTroBop “yes” => MalllMHaTa, oriepupalia BbpXy cede cu, 11e crpe
cien omnpeneneHo Bpeme. Torasa konuero or MC, Hamupamio ce B MCH, TpsiOBa chio aa aBa
OTTOBOp ,,y€S”’, HO TO JaBa OTrOBOP “no”.

Axo mocneqnata MC naBa oTroBop “no” => MallMHaTa, OmMepupaiia BbpXy cebe cu, Ie
nonagHe B 6e3kpaeH mukwia. ToraBa konuero ot MC, Hamupamo ce B8 MCU, TpsibBa chIo na nasa
OTTOBODP “Nn0”’, HO OTTOBOPBT € “yes” .

Ot nBere TBBPIEHUS ClEBA, Y€ MbPBOHAYAIHOTO TBBpIAeHue, ye MC chiuecTByBa, €
HenpaBuiHO. CleoBaTeNHO HAMA MalldHA Ha TIOPUHT, KOSTO MOXE Ja pa3pelrd mpodieMa che
criupaneTo [1].
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IMocaeana Teopema Ha ®epma (Fermat’s Last Theorem)
YpaBHeHHETO
a4+ b =c" Q)

HSMa pelIeHHE B TMOJOXKHUTEIHU LeTd yucia npun > 2. ToBa e enHO OT Hal-M3BECTHUTE
MareMaThuuecku TBBpAcHUs, HapedueHo "Ilocnemna Teopema Ha Depma'. Ts e o6oOmeHHMEe Ha
Io(aHTOBOTO ypaBHEHHE

a’ + b? = ¢?, (2)

M3BECTHO M M3CJeNBaHO Ipe3 apeBHOCTTa. CBbp3aHo € ¢ Teopemara Ha llutarop u Ilutaroposure
TpubI'bHUIM. [Ipe3 1996 1. odunmanno e mpuero mokazatencTBoTo Ha AHapro Yaiinc. Takaa
YETBOPKAa €CTECTBEHM YMCJIa HAWCTHMHA HE ChbIUECTBYBa. J[OKa3aTEICTBOTO € MHOIO CIOXHO,
cbabppxa ce B 150 ctpanuim v mpoBepkara My € 1o CHJIMTE Ha MHOTO MallbK Opoi MmatemaTtuiu [3].
3a yoBek (M 3a KOMIIWIATOP), KOWTO HE 3Hae, Ue TeopeMara Beue € J0Ka3aHa, e 0bjae TPYAHO JAa
MPEIeHN J1alu mporpamaTta oT Gurypa 4 Ime HaMepH pelieHHe W IIe 3aBbpIIu uian — He. Hemro
MOBEYe, CHIIECTBYBAT MHOIO MOJOOHU 3aJaud, 32 KOUTO ChOTBETEH TEOPETHUUYEH pe3yNTaT He €
M3BECTEH U U3001I10 HE Ce 3HAae JJAIM ChOTBETCTBAIIUTE MMPOTPAMH IIE 3AIUKIIT [4].
vold main() {
unsigned a, b, ¢, 1, x;
for{x=3;;)
1
for(a=1; a<=x; at+)
for(b=1; b<=x; b+t
for(c=1; c{=x; c++)
for(i=3; i<=x; i++)
if((pow(a,i) + pow(b,i) == pow(c,i)) &8 al=b && b!=c &8 al!=c)
cout €€ "a = " €€ a <«

"y " ey "

b = €< b €€ "\nc = €€ € €< endl;
W+

®@ur. 4. [locnennara Teopema Ha Depma

Hepeumenu 3agaun

Aaroputbm Ha Konan (Collatz Conjecture)

[TpumepsT OT Qurypa 5 e uzBecteH nporpamer ¢parment. Jlanu nporpamara e paboTu 3a
BCUYKH BB3MOXHU CTOWHOCTH Ha n? Hukoll He 3Hae otroBopa. [Ipy BCHUKM BXOJIHU JaHHU, NPU
KOUTO € TECTBAaH aJITOPUTHMBT, IPOrpaMara NpeKpaTsBa U3IIbIHEHUETO CH YCIEIHO [5].

while(n»1)
1
if(n#¥2==1)
n=3*n+1;
else
ni=2;
}

®@ur. 5. AnroputsM Ha Konaig

Toga e 1. Hap. 3x + 1 npob6yiem uinm HapudaH omie anroputbM Ha Komair (Collatz conjecture,
Collatz problem). CBbp3aH € ¢ MOBEAEHUETO Ha UTEpAMUTE HAa (PYHKUHMATA, KOSTO HA HEUETHUTE
IIeJTM YUClia N JaBa cTOMHOCT 3n + 1, a Ha yeTHHTE — cTOWHOCT N /2 (3). AnropurbMbT Ha Kosar
TBBPIM, Y€ TPU 3aM0YBaHE C TOJOKUTEIHO IS0 YUCIO N, TOBTOPHOTO HMTEPUPAHE HA Taszd
(dhyHKIHS BCe HSAKOTA II€ TOBEJE 10 CTOMHOCT 1.
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Hanpuwmep, ako 3anounem c
n=99-28-14-7-22-11-34-517-552-26-13-40-20-10->5—-
16 - 8—-4-2—-1.
Bbrpeku ue € MHOTO JIECHO /1a c€ U3KaXKe U pa30epe YCIOBUETO, HO HE € HUKAK JIECHO JIa C€ JOKaXe
WU OMpoBeprae TBbpJeHneTo. To3u mpodiieM Bce ole He € pa3pelieH. Tol crojaens cBoWcTBaTa
CH C JPYTd HTEPAIMOHHU MPOOJEMH KAaTO ATWKBOTHUTE TMOCIEIOBATEIIHOCTH, IPOCIOBYTHUTE
nuohaHTOBY ypaBHEHHS M TIOCIeHATa TeopeMa Ha depma.

ﬁ, akon = 1 (mod?2)

T(n) = (3)

N3N

,akon = 0 (mod2)

Envn HaumH 3a pasrnexnganero Ha 3x + 1 mpoOiiema € CBBbp3aH ¢ HacodeH rpad, YHHTO
BBPXOBE Ca MMOJIOKUTEIIHH LIEJIH YKcia U € HacoueH ot N kbM T(N) (durypa 6) [6].

133 5
3360 34 'VIBG 3 104
168 | 512 48 I7 952

sad 85l lse 2

42

21

C 2
[
®@ur. 6. Hacouen rpad, HacoueH ot n kbM T(n)

AnroputsMbT Ha Komall e mpoBepeH che CHTYpHOCT B amanaszoHa n < 250 =~ 1,1 x 101° u
3aBBpIIBA 32 KpaeH IepuoJ OT Bpeme. BbIpeku MHOroOpOWHUTE MPOBENCHHM H3CIEABAHUSA U
pa3ChKIEHUs, MHOTO BBIIPOCH OCTaBaT. V3BeCTHO €, Y€ MOYTH BCUYKHM LIEJIM YHUClIa B KpaiHa
cMmetka gocturat ctoiHocT 1 [7]. [IpobnembT o6aue octaBa HeperieH Bede 80 roIuHH.

AJIMKBOTHA nocJjaenoBareaHoct (Aliquot Sequence)

B maremaTnkara aqMKBOTHA MTOCIIEIOBATEIHOCT € MOPEANIA OT TIOJOKUTEIIHU LIEJIH YUCIIa, B
KOWTO BCEKH UJICH € PaBeH Ha CymMara OT TOYHUTE JACTUTENN Ha IPEIXOJHHS WieH. AKO opeaniiaTa
JIOCTUTHE YHCIOTO 1, T CBBpIIBA, THH Karo cymara 3a 1 e (. AJTMKBOTHa MOCJIENIOBATEIHOCT,
3aroyBaiiia ¢ MOJ0XKUTEIHO IS0 YUCio Kk, Moxke Aa Obe AepuHUpaHa 1o CIeIHUS HAUKH:

So =k 4)
Sn = S(Sp-1) = 01(Sp-1) — Sp—1 aK0 S,_1 >0 ®)
u s(0) He e feduHUpPaHO. (6)

Hamnpumep, ammkBOTHA NOCIE0BATENHOCT HA YUCIOTO 20 €
0,(20)—20=10+5+2+1=18 (7)
0,(18) —=18=9+6+3+2+1=21 (8)
0,(21)-21=7+3+1=11 9)
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(1) —-11=1 (10)

0,(1)—1=0 (11)

MHoro  aJuMKBOTHHM  TMOcCieqoBaTenHocTH  3aBbpmBaT Ha (0. Bceuukm — TakuBa

MOCTIEIOBATETHOCTH 3aIbJDKUTEIHO 3aBBPUIBAT C MPOCTO YHCIO, MOCIeABaHO OT | (3amoto

€IMHCTBEHUAT TOYEH AENUTEN Ha 110 uucio € 1), mocneasaHo ot O (3amoTto 1 HsAIMa TOYHU

nenurend). iMa v HAKOJIKO BapuaHTa, B KOUTO aIMKBOTHA MOCIIEIOBATEIIHOCT MOXKE J1a HE 3aBBPIIU
HHKora [8].

e AJMKBOTHA MOCJEI0BaTEIHOCT ¢ nepuoa 1. Hanpumep uucioro 6:

0,(6)—6=3+2+1=6 (12)

e AJMKBOTHA MOCJIEIOBATEIHOCT ¢ niepuoa 2. Hanpumep uucnoro 220:
0,(220) — 220 =110 +55+44+22+20+11+10+5+4+2+1 =284 (13)
0,(284) —284 =142+71+4+2+1=220 (14)

e AJIMKBOTHA MOCJIEIOBATEIHOCT ¢ nepuo >=3. Hanpumep uucioro 1264460:

0,(1264460) — 1264460 = 632230 + 316115 + 252892 + 126446 + 74380 + 63223 +
37190 + 18595 + 14876 + 7438 + 3719 + 340 + 170 + 85 + 68 + 34 + 20 + 17 + 10 + 5 +
4+2+1= 1547860 (15)

0,(1547860) — 1547860 = 773930 + 386965 + 309572 + 154786 + 77393 + 8020 +
4010 + 3860 + 2005 + 1930 + 1604 + 965 + 802 + 772 + 401 + 386 + 193 + 20 + 10 +

5+4+2+1=1727636 (16)
0,(1727636) — 1727636 = 863818 + 431909 + 3316 + 2084 + 1658 + 1042 + 829 + 521 +
4+2+1=1305184 (17)

0,(1305184) — 1305184 = 652592 + 326296 + 163148 + 81574 + 40787 + 32 + 16 + 8 +
442 +1= 1264460 (18)

Hpyru. Hanpumep uucnoro 95:
01(95) —95=19+4+5+1=25 (19)
0,(25)-25=5+1=6 (20)

IIpo6aembT P=NP

[Ipo6nembT P = NP e MHOTrO Bajke€H HepelleH npodiieM B chepaTa HA KOMIIOTbPHUTE HAYKH.
BwpockT € manu Bceku mpooiieM, YMETO pelIeHrne MOXKe 1a ObJIe TIOTBBPACHO OT KOMITIOTBD, MOXKE
na ObJie pa3pelieHo oT KOMIMITEP. Hampumep BsipHO 11 €, ue cpen uucnara -2, -3, 15, 14, 7, -10...
UMa TakuWBa, 4yuiiTo cOop e paBeH Ha 0? OtroBopsT € "ma", 3amorto -2-3+15-10=0 necHo ce
MpoBepsABa ¢ HAKOJIKO cOopyBaHusi. CieqBa JIM OTTYK, Y€ € ChIIO TOJKOBA JIECHO Jia ce moaodepar
Te3M yncia’?

OTroBopbT Ha BBIIPOCA 32 PaBEHCTBOTO Ha kiacoBeTe P u NP 6u ycranoBwmi nanu npo0Giemu,
KOUTO MOrar Ja ObJaT MPOBEPEHH 3a TOJIMHOMHAIHO BpEeMe, MOTaT Ja ObJaT pa3pelieHd 3a
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MOJIMHOMHAITHO BpeMe. AKO ce okaxe, ye P # NP, ToBa 03Ha4aBa, 4ye uMa npodieMu B kimaca NP
(xato NP-mreiHMTE TIpOOIIEMH), KOMTO ca MO-TPYAHH 3a pellaBaHe, OTKOJKOTO 32 MOTBHPKIAaBaHE
(He morar na ObJaT pa3perieHu 3a MOJIMHOMHUATHO BpeMe, HO OTTOBOPBT MOXKE J1a Obe MOTBBPICH
3a MOJUHOMHUAIHO BpeMe).

OcBeH B TeopusiTa Ha HM3YUCIUMOCTTA, JI0KA3aTEJICTBOTO OM KMMajo BaXHO 3HAYEHUE B
cdepaTa Ha MaTeMaTHKaTa, KpUOTOTpadusTa, U3KyCTBEHUSI HHTEJIEKT, puiocodusara, MIKOHOMUKATA
Y MHOTO JIPYTH.

3akarouyenue

OOUMKHOBEHO J0Ka3aTeJICTBOTO, Y€ JaJeH MpoOJeM € HepelluM, ciiara Kpail Ha JeceTUIeTHs
WM CTOJIETHS ThpceHe Ha pemeHue. [locneanara Teopema Ha Depma e Gpopmynupana okoio 1600
T., @ HEpEIIUMOCTTa 1 € JoKa3aHa npe3 1994 roauna. Yecto € mo-TpyaHoO Aa ce I0Kaxe, Ye HElllo €
HEBBH3MOKHO, OTKOJIKOTO OOPATHOTO.

Hepaspemmenu npo6iemMu BUHAru € MMaJio U Hali-BeposTHO BUHArH e nma. Kakro Paul Erdds
Ka3Ba 10 MOBOJ HepazpeuieHus 3x+1 mpobnem: “Maremarnkara Bce olle HE € rOTOBa 32 TaKMBa
npobaemMu.”.

CbC CUTYpPHOCT €IMH J€H NpoOJeMUTE, KOWUTO 3aTpyAHsABAT YYEHHUTE JHEC, e Objaar
paspellieHd, HO Jalyd Ha TAXHO MAICTO HsAMa ga ce mosiBaT napyru? Kakro e kazanm Karl
Popper:,,Bcsiko pa3periaBane Ha mpo0sieM MOBAWTa HOBU HEpa3pelIeHH mpoodsieMn.”.

BaarogapHocTn

W3ka3Bame 0J1arogapHOCTH 3a MOJAKpeNnara U ChIACHCTBUETO 1O BpeMe Ha M3pabOTBaHETO Ha
noKiIaa Ha ac. uHK. Hemun ApabamkueBa — Kanuena.
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AJITOPUTHM 3A ITBJIHO TOITOJIOTUYHO COPTUPAHE HA
AIIUK/IMYEH I'PAD®

Koncrantun C. ['eoprues

Pe3tome: To3m mokmag pasriexkia CHITHOCTTA HAa TOMOJIOTHYHOTO COPTHUpaHE NMpH Tpadure, KAKTO H
HErOBOTO TPWIOKCHHUE TPU PEaHH OOCTOATENCTBA. Peanmusupa ce anropurhM, KOWTO U3BEKAA CIUCHK C
BCUYKH BB3MOXHH CJIy4ad Ha TOIOJIOTMYHO COPTHUPAHE B JaJieH rpad, OommMcaH ¢ MaTpulla Ha ChCEICTBO.
[IpoBepsiBaT ce pe3ynraTUTe OT M3MBIHEHHETO HAa alTOpPUThMa B MpOrpaMHa cpeia, KaTo ce aHau3upa
YecToTaTa Ha CpPEIIaHe Ha BCEKU OT BBPXOBETE B rpada U CJell TOBA Ce MPaBAT U3BOAH CIPSIMO pasriieaHaTa
CTaTHCTUKA.

Ki11040BH 1yMHU: TOMIOJIOTHYHO COpPTHPaHe, Tpad, aropuThbM

Algorithm for full topological sorting of an acyclic graph
Konstantin S. Georgiev

Abstract: This article views the essentials in topological sorting regarding graphs, as well as its appliances
in real circumstances. An algorithm, which generates a list of all possible cases of topological sorting in a
given graph, described with a matrix of adjacency, is put into effect. The results of the implemented
algorithm are then tested in a programming environment through analyzing the frequency of occurrence in
each of the nodes in the graph. After that, a conclusion is made based on the viewed statistics.

Keywords: topological sorting, graph, algorithm

1.YBox

Tonomnornuno coprtupaHe Ha rpad € omeparus, KOSITO MOXKE Jla ce HM3IBJIHSABA caMO 3a
OpHEHTHpaHu alukiInuHu rpadu. Karo pesynaraT oT Ta3u omepamuss ce MOoJydaBa TOYHO
OlpezieJieHa MOCIEAOBaTEeTHOCT, HapedeHa TOMOJIOTHYEH peAd. B To3m pen BCHYKM TpeKH
NPEIIISCTBCHUIM Ha JaJIcH BPBX TPSOBA Ja ce HaMHpaT MpeIu Hero WM HeroBus Homep. B eanH
rpad MoYTH BUHATH CHIIECTBYBAT HAKOJIKO TOMOJOTUYHHU pejia.

Enun TomonoruyeH pe Moxe Jia ce TOIy4H Mo CieAHus anroputbm (1):

1) Axo rpadgsT HAMa BBPXOBE 0€3 MPEALICCTBEHHIM, TOW € HUKINYCH U HE MOJJICKH Ha
TOIOJIOTUYHO COPTUPAHE.

2) B mpowu3BoIieH pejl ce 3aucBaT BbPXOBETE, KOUTO HAMAT MPE/IICCTBEHHUIIU U CIIE/ TOBa
ce M3TpHBAT.

3) Ako MMa OCTaHAIlM HEM3TPUTH BbPXOBE, CE IIPEMUHABA B CThIKA 1), B IPOTHBEH CiTy4yai
TOIOJIOTHYHOTO COPTHPAHE € 3aBbpIEHO [2].

ChlIeCTBYBa U OLIE €IUH aIrOpUTHM (2) 3a TOMOIOTMYHO COPTUpPaHe Ha rpad che chllara
CIIO)KHOCT KaTo TPEJHIIHUS, HO € B U3BECTHA CTereH, oOpareH Ha Hero. V3nomsBa ce QyHKIHS 3a
ooxoxxnane B rpinoounna (Depth-First Search) 3a mamupane Ha BbpxoBe Ha rpada, kouto ca 0e3
HACJICTHUIIM M TaKa COPTUPAHETO Ce MojiyyaBa B oopareH pen [3].

TononorndHoTO COpTHpaHe HaMHUpa MIMPOKO MPWIOKEHHE B CIy4ad, KOraTto TpsOBa Ja ce
U3rPaKAAT CUCTEMH OT JIaHHHM, KbJETO Mojpendara € OT BaKHO 3HadeHHe. Karo mpumep moxe aa
ce Jmane enuH y4eOHMK Mo MaTeMaTwka. [Ipu joka3aTencTBOTO Ha €lHA TeopeMa Ce M3IOJI3BAT U
Apyru JeUHUIINN, TEOPEMH B aKCHOMH. YUeOHUKBT MOXKE J1a CE CUMTA 32 TOMOJOTHYHO COPTHPAH,
caMo aKo BCSKa TeopeMa IIUTHpa HHPOPMAIHs, KOSTo € Onia TeuHupaHa Win JI0Ka3aHa Imo-paHo.
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2.AJITOPUTHM U CXeMa 32 U3NIbJIHEHHnE

3ajauaTa e Ja ce HalpaBH ITHJIHO TOMOJOTHYHO COPTHPAHE Ha MajeH alukKindeH rpad. 3a na
Ce OCBILECTBH TOBA, € HEOOXOAMMO Jla C€ M3TPaI MHOXKECTBO OT CIIUCHIIN, KATO BbB BCEKHU CITUCHK
Ce PasIoJIoKH €MH Bb3MOXKEH CiIydail Ha coprupane. [Ipuiaraiiku anroputsM (1) mpu ThpceHe Ha
TOIOJIOTMYHO COPTHpPAHE, Ha BCSAKO HUBO ce M30Mpa BPHX O€3 MPEIIICCTBEHHIIM, a B ClOyd4ail, B
KOWTO Te ca HSKOJKO, ce n30upa mpomsBosieH. OT TasW NMPOM3BOJHOCT Ha H300pa CiieaBar H
pa3IMYHUTE PEIIeHHs Ha 3ajavarta. Taka, KOraTo € HaJWIE IOBEYE OT €Ha Bh3MOKHOCT, TPsOBa
MOCJICIOBATENIHO JIa Ce M3MPOOBAT BCHYKH, O JIOCTUTaHe Ha IbJHO m3ueprBaHe [1]. Heka tasm
byukuus ga ce Hapeue fullTopSort(). Ilpm pasriaekgane Ha BCeKM BpbX TIpadbT I Ce
Mo rdHUIpa, KaTo IbPBO TO3H BPBX 1€ CE U3TPHE U CJIE] TOBA PEKYPCUBHO III€ CE M3BHMKA ChIaTa
¢yukuus. Ciex BPBIIAHETO OT PEKYPCHSTa ClIelBa BBH3CTAHOBSIBAaHE Ha Tpada U CHOTBETHO
MOBTapsiHE Ha CHINUSA MPOIEC ChC CIEABAINUSA BPbX. J[BHOTO Ha peKypcHsTa Ce JOCTHUIa TOrapa,
KOraTro CIUCHKBT ChC COPTUPAHMATA ChIbpika N Ha Opodl BBPXOBE, CIIEM KOETO C€ OTIeYarBa
Hameperoto pemienue. @ynkuusara fullTopSort() me 6bae u3mbIHEHA 1O ciieHaTa cxeMa (purypa
1):

fullTopSort{count)

®@ur. 1. Briok-cxema Ha pyukuusata fullTopSort()

3. 3agaBaHe Ha rpad) ¥ HAa HEroBaTa MaTPHIIA HA ChCEACTBO

Heka 3a u3nbiiHeHHe Ha 3aj1a4ara ce M31oi3Ba cinenHust rpad (purypa 2):
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®ur. 2. 3aganeH rpad

Marpuiiata Ha ChCEICTBO MMOKa3Ba MHIIMICHTHOCTTA HA BCEKH OT BbpXoBeTe B rpada. Ts e
HeoOxo/lMMa 3a HErOBOTO IPEACTaBSIHE B MPOTpaMHa Cpela upe3 ChbXpaHSIBAHETO HAa MaTpHIlaTa B

JByMEpPEH MACHUB.
o 1 2 3 4 5 6 7

o 1

1 1

®@ur. 3. Marpuiia Ha ChCEICTBO HA 3a7aIeHUT rpad
4. Pe3yJTaTH M aHAJIN3

Pesynrarure mokasBat, ue 3amafeHusT rpad uma 210 BB3MOXKHH PA3IUYHU TOMOJOTHMYHU
coptupanus. YectoTaTa Ha CpelllaHe Ha BbPXOBETE B rpada BbB BCSKA €JHA MTO3UIINS B CITUCHIIUTE €
cnenHata (tabnuna 1):

Taéamnua 1. Craructuka Ha BBPXOBETE B rpada

Bbpxose B rpaga

0 1 2 3 4 5 6 7
30% | 30% | 19% 0% | 20% 0% 0% 0%
29% | 30.4% | 18% 0% | 20% 0% 0% 0%
21% | 21% | 18% | 15.2% | 19% 0% | 1.9% 0%
12% | 12% | 14.7% | 304% | 17% | 4.7% | 5.7% 0%
3.8% | 3.8% | 12.3% | 33.3% | 13.3% | 18.5% | 10% 0%
0% 0% 9% | 17.6% | 9.5% | 357% | 18% | 4.7%
0% 0% | 4.2% 0% 0% | 37.6% | 38% | 28.5%
0% 0% 0% 0% 0% 0% | 32.8% | 66.6%

Ilo3unus

O I N0 || W DN
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@ur. 4. I'paduka 3a yectorara Ha cpellaHe Ha BbpXxoBeTe B rpada (1mo adiucara X ca pasnoioKeHn
MO3MIIMUTE Ha BHPXOBETE, & [0 OpAMHATATA Y — MPOIEHTHT YECTOTA)

Or HampaBeHHWTE H3CICABAaHMs HAa CIUCBHIMTE C€ BIDKAA, 4€ BpbX HoMep 2 (Bppx 0Oe3
NPEALICCTBCHUIN) MOXKE Ja C€ PA3MOJIOKU B HA-MHOTO Pa3JIMYHM TO3UIMU TPH COPTHPOBKATA.
ToBa ce abku Ha (akTa, 4e BHPXBT 2 € ChCEICH caMo Ha eluH BpbX (HOMep 6), KOHTO OT CBOsI
cTpaHa ¢ 0e3 HacienHUIM. ToBa O3HayaBa, Y€ BBPXBT 2 € 3aBUCHM €IMHCTBEHO U CaMO OT TO3HU
BPBX U HE MOXE Jla ce HaMupa ciiejl Hero B cnucbhbka. OT Apyra cTpaHa, BbpXbT 0€3 HACIEeIHHUIIH -
HOMEp 7, KOHTO ce HamHpa B JBHOTO Ha rpaga, MOXe Ja c€ IOCTaBH CaMO B IOCICAHUTE JIBE
MO3ULMH, KaTO CHIIO TaKa MMa M Hal-BUCOK IPOLIEHT YECTOTA B €/IHA MO3MILHUS CIPSMO APYTUTE
BBPXOBE.

I'padukaTa Ha yeCTOTUTE CHOTBETHO MOKa3Ba, Ye!

1) Tlpu BBpxOBeTe 0€3 MpeANIeCTBEHUIM KPUBATa € HaMaJIsBAaIlla,;

2) Tlpu BbpxOBeTe O3 HACICIHUIM KpUBATa € HapacTBalla;

3) Ilpu BBpxOBETE C MPEIIICCTBEHHUIIN M HACICTHHUIN KpUBaTa pABHOMEPHO HapacTBa
U CJIe]] TOBa CIaja.

OT Te3u JaHHU MOTAT JIa CE HANPABST CJICTHUTE U3BOJIH:
1) BpbX, KOWTO HIMA MPE/IICCTBEHHUIIN, HO HMa HACJICTHHIIH, HE MOKE J1a IPUCHCTBA
B Kpasi Ha CTIHUCHKA ChC COPTUPAHUSTA,
2) BpbX, KOWTO HIMa HACJICAHHUIIM, HO KMa MPE/IIECTBEHHIIN, HE MOKE J1a TPUCHCTBA
B HAYaJIOTO HA CIINCHKA;
3) Bpbx, KOWTO UMa HACTCIHUIM U TIPEIICCTBCHUIN, HE MOXE Jla IPUCHCTBA HUTO B
Ha4yaJoTO, HUTO B Kpasi Ha CIIUCHKA.

5. 3akiaouenue
TomoJIOrMYHOTO COpPTHpPaHe HE € Cpel HAW-MUPOKO W3MOJ3BAHUTE AJITOPUTMHU B

porpaMupaHeTo. 3a cMEeTKa Ha TOBa 063‘16, HCT'OBUTC IMPpaBUJIa OTHOCHO PAa3MOJIOKCHUCTO HA CAUH
CJICMCHT B IIsJ1a CUCTEMA OT Pa3JIMYHU WUJIKW €AHOTUIIHMW TAaKHBaA, rapaHTHUpPAT )106pa opranusanus 1
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JieCHa HaBHUTranus. Peann3upaHusT anropuTsM MokazBa (yHKIIMOHAIHOCTTA Ha TE3W IpaBHiIa KaTo
T [IpujIara rnpu 3a1aaeH rpad.
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CUCTEMA 3A CUMVYJIMPAHE HA BOTHET DOS ATAKHA

Omusa A. AnekcueBa

Pe3rome: botHeT ¢ OBbp30 pa3pacTBalia ce 3amiaxa 3a ChBPpEeMEHHATa KOMITIOThpHA curypHocT. IRC GoTtHer
ce M3MoJI3Ba 3a rojiemu 1Mo maniad DOS araku. ChliecTBYBaT pa3NIMuHN TEXHHUKH 33 3aCHYaHe Ha OOTHET, HO
HE U 3a MPEBCHIIUS Ha TAXHOTO JIeHCTBHE. 3a pa3paboTBaHETO HA KAUYSCTBCHA TEXHUKA 3a ISUIOCTHA 3allIUTa
cpeury OOTHET aTaku W 3apa3sBaHE ¢ HyXHa J00pa CUMYJAlMOHHA Cpe/ia, KOATO Ja o0XBallla KauyeCTBCHO
1sutocTHaTa QyHKIIMOHATHOCT Ha O0oTHET DOS atakure. B moknaza e mpejcraBeHa pealn3upaHa cUcTeMa 3a
cumynupane Ha OotHer DOS araku, KosATO MOXe jaa ockliecTBsiBa DOS aTaku ¢ pas3ivyHH MapaMeTpH.
[IpencraBenu ca ABE TECTOBU NOCTAHOBKU HA CUCTEMATa M Ca aHAJIM3UPAHH PE3yJTATUTE.

KarwuoBu nymu: 6otHer, DoS araku, TCP araka, UDP araka, ICMP artaka, MpexoBa CHI'YpPHOCT

Botnet DoS attack simulation system
Yuliya A. Aleksieva

Abstract: Botnet is a fast growing thread to the modern computer security. IRC botnet is used for large scale
DoS attacks. There are different techniques to detect botnet attacks and infections, but they do not have the
functionality to prevent malicious botnet activity. The development of a quality equipment for full protection
from botnet attacks needs a good simulation environment that qualitatively meets the functionality of botnet
DosS attacks. The paper presents a realised system for simulating botnet DoS attacks, which can create DoS
attacks with various parameters. Performed are two performance experiences and the obtained results are
analyzed.

Keywords: botnet, DoS attacks, TCP attack, UDP attack, ICMP attack, network security

1. YBoa

BorHer mmar Oorata wHCTOpHS, BBIPEKH Y€ NPEACTABISIBAT HA-CKOpPO TOSBUIATA CE
WuTepHer 3amiaxa, HO 32 CMETKa Ha TOBa M Hali-pa3BUBAIlA U YCIOXKHSBAIA CE€ U BCE MO-IITHPOKO
pasnpocTpaneHa. BbB BpeMeTo OOTHET ca MPEeThPIIeNu pa3BUTHE OT MIPOCTH F'eHEPATOPH Ha CIaM JI0
OCHOBHO CpEJCTBO 32 MAacOBM KPHUMHHAIHHU omepanud. BOTHET ca W3MON3BaHUM B KpakOu Ha
CaMOJIMYHOCTH M HOMEpa Ha KpPEeIWTHU KapTH, pa3inyHu ¢opMu Ha mmuoHax, Denial of Service
(DoS - oTka3 Ha 00CTy)KBaHE) aTaKH, aTakKh KbM HECUTYPHH MPOJYKTH OT HOBUS JMTHTAICH CBST —
MOCTaBSIHKH B OMACHOCT MOJIEPHOTO OOIIECTBO M pa3BUBAIIaTa C€ MKOHOMHKA.

bor e mammHa, Ha KOATO 3J0BpPEAEH KOMIIOTHPEH codTyep € OMNl MHCTaTupaH, Kato TOH
MOJKE J1a C€ KOHTPOJIMPA CAMOCTOSITETHO M aBTOMAaTHYHO. BOTHET mpencTaBisBa rpyna ot 00ToBe
(CBBKYIMHOCT OT 3apa3eHu - 30MOM KOMIIOTPHU), U3MBIHSIBAIIM 370BpeAeH codryep, OuBaiiku
KOHTPOJMpAaHU OT €IuH Xakep — oOmou3BecTeH KkaTo botmaster (ryaBeH 00T), upe3
neHTpanmsupana uadpacrpykrypa Command&Control nentsp Ha aTakata [1].

KomOunammsita Ha botHer che chBpeMenHu texHosnoruu kato Internet Relay Chat (IRC),
Hypertext Transfer Protocol (HTTP) u Peer-to-Peer (P2P) nmaBa BB3MOXKHOCT Ja OpraHH3Upar
CKpHTaTa CH TaKTHKa B JIETATHM TOTPEOMTEIICKH TPUIOKEHHUsS, MPEBPBIIAKN 3aCHYaHETO Ha
OOTHET aTakuTe MHOTO Mo-cnokHO. IRC GoTHeT aTakuTe ca Hali-mamaOHaTa OOTHET 3arjaxa, KaTo
KbM HACTOSIIATa TOJMHA aTaKUTe ca HapacTHaIH ¢be 132% moBeue OT MuHamata roguHal6].

[Tpo6nemsT ¢ HapactBamuTe DoS IRC GoTHeT aTaku Kacae CHBPEMEHHHSI KOMITIOTHPHO-
0a3mpaH OW3HEC, ThH KaTo OCHOBHOTO CPEICTBO 3a BBTPEIIHA KOMYHHUKAIUS KAKTO B TOJIEMH
(Google, Yahoo, LinkedIn, Facebook), Taka u B mo-mManku 6usHec koproparuu (Six Apart, Last.fm)
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ce Oasupa Ha m3non3BaHero Ha IRC kiomenTn m kaHanmu. Pa3smensHaTta uHpOpMaNMs MO TE3U
KaHaJIM € KOH(UACHIIMAIHA, KOETO MPaBU TE€3U KaHAJIM J100pa MUIIICHA 32 aTaKyBaHe.

CopliecTByBaT TEXHMKM 3a 3acMuaHe Ha OOTHET aTakud M 3apas3siBaHusA, HO T€ HsIMar
(YHKIMOHATHOCTTAa Ja TMPEeNOTBPATAT 3JIOBPEAHOTO OOTHET aelicTBHe. ToBa T'M MpeBpbIla B
HEIOCTaThbUHO €(QEKTHUBHM CpPEACTBA 3a 3allMTa, Thil KAaTO HE ca JOCTaTbUHO BCEOOXBaTHH. 3a
pa3paboTBaHETO HAa KavyeCTBEHA TEXHMKA 3a 3acCHYaHe M IpeMaxBaHe Ha OOTHET 3apa3sBaHE €
Hy’KHa J00pa CHMyJIAllMOHHA cpenla, KOoATO Ja € Oe3omacHa M HambJIHO Ja OTroBaps Ha
¢bynkunonanHocTTa Ha OoTHer DoS arakure. Hammumero Ha TakaBa CHMYyJAalMOHHA cCpefa
yJlecHsIBa pa3pabOTBAaHETO HAa TEXHHUKH 3a 3alllUTa, T€ L€ Morar Jia ce TecTBaT, JaBaliKu pealHu
pe3yaTaTd, ChIIO Taka ILIe MOXKE Ja ce pa30paboTBaT KaueCTBEHM U €PEKTHBHM CPEICTBA 3a
npejnaBaHe ot 00THeT aTaku [1].

2. AHaJIn3 Ha CbIIECTBYBAlllK PECIICHUA

'maBHa 1en 3a ChBpEMEHHATa MpPEXKOBAa CUTYPHOCT € Ja ObJaT Ch3AaJCHU aJCKBATHU
TEXHHKH 33 OTKPHBAHETO M CBCHTYAIHOTO MpeKparsBaHe Ha O0oTHeT DoS 3amnaxure. ToBa Hamara
HyXXJaTa OT MOJPOOHOTO UM IMO3HAaBaHe. BHUKBaHETO B CHITHOCTTA Ha OOTHETa W pa3dupaHe Ha
JCHOCTTa MY IIIe JIOBe/e 10 epuKacHa M pa3yMHa TEXHHKA 3a 3acuvyaHe Ha OorHer. Hamara ce
HE0OXOIMMOCTTa OT Ch3/1aBaHE Ha KAYECTBEHU CIICIHATU3UPAHM MPHJIOKCHHS 32 CUMYJAIlUN Ha
o6otHeTt DoS aTaku.

KbM MOMEHTa ChIIECTBYBAT Pa3HOPOJHU CPEACTBA 3a reHepupaHe Ha pasnuanu DoS flood
aTaKH, HO ca TSCHO CIEIUAIM3UPAaHU KbM U3ITBIHCHUETO HA ONPE/ICIICH BU] aTaka 0e3 Bh3MOXKHOCT
3a peajqu3upaHe Ha ocraHanuTe. Majako Ha Opoll ca HATUYHHUTE CPEJICTBA, KOWTO TCHEPUPAT
pasnmuuar DoS araku, a omie mo-Majko Te3H, Kouto renepupar 6otaer DoS araku [3]. ETo Hsakou
OT CBHIIECTBYBAIIUTE TCHEPATOPU M TEXHUTEC OCHOBHH XapaKTCPUCTHKH:

1. LOIC (Low Orbit lon Canon)

LOIC e enun or Hai-nonmyJspHUTE MHCTPYMEHTH 3a DoS araka cBOOOJHO JOCTHIIHH B
WuTtepuer. Moxe aa ce u3moi3Ba caMo OT €QuH MoTpeduTen aa u3Bbpiiu DoS araka Ha manku
cbpBbpu. M3nbansaBa araka upe3 UDP flood, TCP flood unu HTTP 3asBku xbM chpBBpa-KepTBa.
Hyxen e camo IP anpecsT Ha cbpBbpa. HegocraTbuure Ha TOBa CpPEICTBO ca: He peanusupa DoS
aTaka karo OoTHeT, a ot eguHudeH [P aapec; ne ckpusa IP ampeca u Toit Moxe JecHO na Obe
IIPOCIIEIEH.

2. XOIC

CpenctBo, koero u3BbpiiBa (D)DoS araku keMm momanen IP aapec, karo morpedurensr
n30upa nopt u nportokoi. Boau ce 3a no-mouHo ot LOIC. Mima Tpu HHMBa Ha M3IOJI3BaHE, KaTo
OCHOBHOTO € 3a HopMmanHa DoS artaka (TCP/HTTP/UDP/ICMP). M3non3Ba ce 3a TecTBaHE Ha
M3IBPKIMBOCTTA Ha yeOcaiiToBe. HemocTaTbkbT B TO3U CiTydail € ChIUAT — peanusupa DoS araka
OT €lHa MalllMHa, a He KaTo 0oTHeT. ChILl0 Taka CPeJICTBOTO HE € CUMYJIATOp, a peajiHa chucTeMa 3a
aTaKyBaHE Ha CHTYPHOCTTa, KOETO I'0 TIPAaBU OIMACHO JOPHU M 32 TECTOBH IIETIH.

3. DDOSIM

I'eneparop, xoiito peamuzupa HTTP flood u TCP flood xaro cumynupa HamuuumeTro Ha
HSKOJIKO 00T XocTa cbe cinydaifnu [P agpecu. Hamucan e na C++ u pa6otu nox Linux. CpeactBoTto
€ ¢ OTBOpEH KoJ1. CpecTBOTO TeHepHUpa aTaky OT €/IHAa MAIMHA, KaTO CUMYJIHMPA, Y€ JEHCTBUETO Ce
M3BBPIIBA OT PA3IUYHU XOCTOBE, KOETO HE € peaiHa OOTHET CUMYJAIMs, T.K. CE€ pa3IoJiara caMo C
peCcypcuTe Ha MalllMHaTa, Ha KOSITO € CTApTUPaH, 3a TCHEpUPAaHE Ha aTaKy.

4. MAZEBOLT
[TnaTdopma 3a TectBane — peanusupa flood araku, O0THET aTaku, aTaku HA TMPHUIIOKHO HUBO.
CpencTBoTO ce M3I0J3Ba M3IUI0 3a TecTBaHe, HO e miateHo. Cumynupa SYN flood, UDP flood u
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O0oTHeT ataku, paznuuHu OT DoS. CpeacTBOTO € IIaTeHO M CHOTBETHO ChC 3aTBOPEH KOJI, KOETO
orpaHn4aBa Bb3MOKXHOCTUTC 3a U3IMOJI3BAHCTO MY U CbOTBCTHO BHACAHC Ha HO,Z[O6pCHI/I$I.

5. BoNeSi [7]

DDoS 6otHeT cumynarop, KOMTO cumynupa Tpaduk B 3aTBOPEHA cpelia C el IPOyuBaHe Ha
edekta ot To3u Tun araku. ['enepupa ICMP, UDP u TCP flood ataku oT 60THET ¢ AajieH pa3mep —
paznuunu [P agpecu. CpenctBoTro € ¢ OTBOpeH koj, HO € u3Lsio konzonHo. Karo DDOSIM,
reHepupa aTakd OT €/Ha MallliHa, KaTo CUMYJupa, ue JNEHCTBHETO ce M3BBPIIBA OT Pa3iMuHU
X0cToBe. J[pyr HEOCTaThK € U 4e MPUIIOKEHUETO paboTH caMo 1o Linux omeparioHHa CUcTeMa.

OO6001meHnaAT aHanM3 IOKa3Ba, Y€ ChIIECTBYBamUTe pemeHus 3a DoS cumynatopu ca
pealiu3upaHu 3a YaCTHH Cllydad U ONpeNeleHHM aTaku. PasriemaHute reHepaTopu HE ChABPKAT
IBJICH HAOOp OT BB3MOKHOCTH 3a aTakW, UMAaT CUCTEMHH OTPAHWYCHHUS M 3aBHUCHMOCTH, HE
OTrOBapAT HAIIBJIIHO Ha HYXJAWTE Ha aHaJIM3aTOPUTE Ha MpexoBara curypHoct. Jlumncsa pa3paboreHn
TeHepaTop Ha aTakd, KOWTO Ja MOXe Ja cuMmynupa peanHa DoS OOTHeT aTaka W CHOTBETHO Ja
MOTaT J1a ce TeHepHUpaT pa3InYHHU aTakKu KbM U OT MHOKECTBO OOTOBE.

3. IRC 6orHer

IRC OotHer e Hali-pa3npocTpaHeHaTa OOTHET aTaka, TbH KaTo Hail-IECHO MoOXe Ja ce
peanu3upa U U3KIIOYUTEIHO TPYJHO C€ 3acuya Hajnduero Ha 3apasza. IRC e gaTt cucrema, KosATO
OCHTYpsiBA €IHO-KbM-EIHO M €IHO-KbM-MHOIO MHIHOBEHH cChoOUIeHHs mpe3 Mutepuer [5].
Hetvictuero Ha IRC 6oTHeTa € mokazano Ha ¢urypa 1.

®@ur. 1. [letictue Ha IRC 6oTHET

IRC ce wm3mnon3Ba karo wHppacTpykTrypeH C&C mporokon, 9pe3 KOWTO TIAaBHUAT OOT
pasmpocTpaHsBa KOMaHAU KbM cBosiTa 00T apmus. bor MactepsT ce kpue 3an IRC cepBbpa 1
nogaBa aTtaku KbM OoToBeTe upe3 IRC kaHanmu, B KOMTO COOCTBEHUIIMTE Ha OOT MAIIMHUTE HE
3HasAT, 4e MpuchbcTBaT. Hamamarenst moxke na usnonsBa win nyomuueH IRC cwpBbp, unm na
U3rpagu cBOM coOCTBEeH ChpBbp 3a neaure Ha C&C. boroBere ca KOHPUIypUpaHU Jla ce CBbpKAT
oOpatrHo kbM C&C cbpBBpa, OYAaKBAallKM OT KOHTO M Ja € KOH(QUIYpHpaH MOPT Ja MHOoJay4yaT
KOMaHAW U Ja S U3IBIHSIT.

IRC 6oTtHet ce m3mos3Ba 3a peanusupane Ha DoS araku, Thil KaTo 60T MaCTBPBT JECHO MOXKE
Ja yrpasisiBa atakute, CKpuT 331 IRC TexHonorusaTa u TpyaHo Moxe na Obje 3acedeH [2]. Taszu
aTaka € NMpeArnovYrTaHa nopaau Qgaxra, 4ye € MOYTH HEBB3MOXKHO Jla ce paz0epe, ue JajieHa MalluHa
€ yacT oT OOTHET U CHOTBETHO Ja ObJe crpsHa, moHexxke IRC GoTHeT pa3unTa Ha rojsiMm Habop OT
30MOM KOMIIOTPU, KOUTO Ja pealn3uparT MaJKH YacTH OT aTakaTa, HO ISUIOCTHO Ja ce IMOJIydu
TOJIsIMO HaTOBapBaHe. Bb3MOKHOCTHTE Ha eTUHUYHATA OOT MalllHA HE C€ U3MOI3BaT MaKCUMAITHO,
M3BBPIIBANKMA aTakaTa M Taka HE C€ HaToOBapBaT pecypcute Ha 00T mammHata. Ilenta Ha IRC
OOTHET € J1a UMa ToJsiMa apMus OT OOTOBE, KOUTO €THOBPEMEHHO JIa pealu3upaT aTaka KbM JaJieHa
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x)epTBa. Taka cOOCTBEHHITUTE Ha OOT MalTMHUTE HsIMa Kak Jla pa3depaT 3a HaJIu4Ke Ha 3apas3a U Jia
B3eMaT MEPKH 3a U3KIII0UBaHE Ha 00Ta OT Mpexara.

4, Peanu3zanus Ha cucTeMara 3a CUMyJianus

[IpencraBenata cucremMa 3a cumyiaupaHe Ha OorHer DoS artaku uma apXuTekTtypa cC
pasmpenesneH xapakrtep. Cucremara ce CbCTOM OT MHOXKECTBO OOTOBE, U3MBIHSABAIIN CE HA OTAETHH
MalIMHU U KoMyHuKupau cu npe3 IRC kananu.

[Ipu HanmuyHara cuctemMa OOTOBETE MMAT MHCTAIMPAH CKPHUIT, KOWTO OCHIIECTBIBA TAXHATA
60T chiHOCT. TOi € euH U ChIIl 3a BCSAKAa MalluHa U paboTH, JOKaTO OOTHT HE ObJe U3KIIIOUEH. 3a
Ia Moxe na ce cumyinmpa aericteuero Ha IRC OoTHeT, BCsika Hy)XKHa MamIdHa TpsiOBa Ja MMa
MHCTaJIMpaH To3u ckpunrt. ToecT, mpuemMa ce, ye OOTHET Mpekara € Beue Ch3/jajieHa — KOMITIOTPUTE
ca Owmm 3apazeHu. Cucremara MoXKe Jla JIEHCTBA C TMOHE €IWH CBbp3aH OOT KbM Mpexkara Jio
HeorpanuueH Opoit 6otoBe. CKpUNTHT ce€ MyCcKa JIOKAIHO Ha BCSIKA MallMHA U ¢€ KOHTPOJMpa upe3
IRC kanana, kbM KoHTO ce cBbp3Ba. To3u IRC kanan npencrasisBa C&C 1neHThpa Ha OOTHETA.
VYnpasnenuero Ha 60oTHeT DOS arakute cTaBa OTJalIedeHO Ype3 MoJaBaHe Ha KOMaHAM B 3aJa/ICHUS
IRC kanain. Beuuku 60TOBE Mony4aBaT €1Ha U Chllla KOMaH/1a U BCEKHU 5 U3ITBJIHIBA HE3aBUCUMO OT
OCTaHAJIMNTE C Lied Mo-royiiMa epeKTUBHOCT Ha arakara. Cien M3MbIHEHHE Ha aTakata 0OTOBETe
n3nons3Bat IRC npoTokosna u ce cBbp3BaT KbM NOTPEOUTENS HA KaHaJla, KOMTO € 3a1aJl KoMaH1aTa u
My M3IpaliaT JUYHO CHOOIICHHE C OTUYET 3a U3BbpPIICHATa AEMHOCT. Taka OTYETHT € BUAUM CaMo 3a
aTaKyBalllWs, HO HE U 32 OCTAaHAINTE TIOTPEOUTENN B KaHAIA.

3a peanuzanusa Ha cucremara ce u3nonspa IRC kaHan, cnenuanHo Ch3IaZeH 3a Ta3H L.
To3u xaHanm He ce m3moy3Ba OT JeruTUMHH noTpedbutenn Ha IRC Texnomormsita. OcBeH TOBa ce
u3non3Ba JokanHo uaceranupan IRC cbpBbp, a He MyOIUYeH, Thil KaTo U3MOJI3BAHETO Ha MyOIMYeH
IRC cBpBBp OM HAPYIIMIIO €THKETA 3a M3I0JI3BaHe Ha VIHTEpHET U MOXKe J1a JJOBeJIe 0 MPOOJIeMH B
pealHO U3MON3BaHU ycnyrd. JIOKamHO MHCTAIUpPaHUAT CHPBBP HE € JOCTBHIIEH 3a JIETUTHUMHU
norpebutenu Ha IRC TexHonormara 3a KOMYHHUKAaIUs, C KOETO C€ 3ala3Ba CUTYPHOCTTA U
3aTBOPEHOCTTA Ha CUCTEMATa.

CkpuntsT, peanusupan] 60T GyHKIMOHATHOCTTa HA MAalIMHUTE, C€ CTapTHpa Ha XOCTOBETE,
y4yacTBaly B u3cieaBaHero. CKpUNTHT € MporpaMHUpaH Taka, ye OOTOBETE Jla Cce BKJIIOYBAT KbM
IRC, um3nonzpaiiku IRC chpBbpa, KOWTO € WHCTAIUpaH B MpexaTa, a He nmyOmuded. Criex kato
00TOBETE ce CBBPKAaT KbM CbpBbpa, Te ce BKMouBaT B 3agaaeHus IRC kanan. Cnen ToBa
YIpPaBIEHUETO Ha OOTHETa Ce OCBHIIECTBSBAa Ha JApyra MalllHa, KbIETO MOTPEOUTEISAT U3MOJI3BA
IRC xuneHT, 3a aa ce cebpke ¢ IRC cbpBbpa 1 Ja ce BKIIOYM B KaHajla, KbETO OOTOBETE CIIyIIAT
3a KOMaH/H.

Bceku 60T nma cnenHuTe PyHKIIMOHAIHOCTH:

e UDP flood
HOTpe6I/ITeJ'I$IT 3aJaBa XOCTa, KbM KOUTO € HacodeHa aTrakKarta, 1nopTa, KbM KOUTO a Ce
HU3BBPIIM aTaKaTa U MPOABJDKUTCIIHOCTTA HAa aTaKaTa B CEKYHOU. Koraro arakara ce pcanunsupa,
KBbM T'JIaBHUA 60T CC BpbIla I/IH(I)OpMaI_II/IH C TOBA KOJIKO KOHCKIIMU Ca C€ OCBIICCTBUIIN OT 60Ta KBbM
aTaKyBaHaTa MalllvHa.

e TCP flood
[ToTpeburensat 3amaBa XocTa, KbM KOWTO € Haco4YeHa aTakara, MopTa, KbM KOWTO Ja ce
W3BBPIIH aTakaTa, Opost Ha BPB3KUTE, KOUTO J1a Ce M3MPATAT U AbJDKHHATA HA JAHHUTE, KOUTO Ja ce
u3npataT. Korato arakara mpukitouu, O0THT M3Mpalla Ha TJIaBHUS OOT OTYET 3a IhJDKMHATA Ha
aTakara B CEKyH]IH.
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e |ICMP flood
[ToTpeburensar 3amaBa XxocTa, KbM KOMTO € HACOUCHA aTakara, U Oposi MMHTOBE, KOUTO JIa CE
HN3ITBJIHAT. ATaKaTa HM3I10JI13Ba III/IpeKTHO BB3MOXKXHOCTTA 3a U3IIBJIHIBAHC HAa KOMAaHIU W U3IIBJIHABA
KOMaHJIaTa pil’lg. I_ICJ'ITa Ha aTakKaTa € J1a CC U3IpPaTAT IroJisiM 6pOI>'I €XO0 IMMaKE€THU KbM KEPTBATA.

e I3mbiHEHUE HA KOMaHIu
N3non3Ba ce BrpajeHara B CKPUITOBUS €3MK KOMAaHJA 3a W3I'BbJIHEHHE HA KOMaHIU OT
koMmaHaHus pena. llorpebutenar TpsOBa ga momane KOMaHAa C HYXHUTE IapaMeTpH 3a
HM3IBIHEHUETO U M OOTOBETE IIIE S U3ITBJIHAT.

e Jlor uadopmanms

Cnen BcsikO M3MBIHEHHE Ha KOMaH/Aa MM aTaka 00TOBETE ChOOLIABAT CTaTyca CH Ha JINYHO
cboOuIeHne Ha norpedurens. Beceku 00T m3mparna choOILIeHHE C OTYET 3a TOBA KOJKO IaKeTa €
M3IPaTHI/ KOJIKO BpEMe € MPOIBJDKIIIA aTaKkaTa/ i KaKbB € Pe3yITaThT OT U3IIbJIHEHAa KOMaH Ia.

HeobOxoauMocTTa 0T KOMOMHATHBHOCT 10 OTHOILICHWE Ha M3ITBJIHECHHETO Ha PAa3IMYHHUTE
BUJIOBE aTaKy M3MCKBA BCEKH BUJI aTaka Jja MOXKe 1a ObJie M3IIBJIHIBAHA aBTOHOMHO ¢ MaKCHMAaJTHH
BBH3MOKHOCTH 3a MapameTpH3alus. 3a BCsSKa aTaka € MpelBujeHa OTAeiIHa (QyHKIHWs, mpueMalia
KaTo apryMeHT CTPYKTYpa, ChAbpiKamia B ceOe CH Pa3IUyHH apryMEHTH, CTOHHOCTUTE Ha KOUTO
BJIMSIAT BHPXY XapaKTCPUCTUKUTE HA U3IIBIHIBAHATA aTaKa.

5. TecTBaHe HA cHCTeMaTa B pe3yJaTraTu

Peanusupanara cuctema € TecTBaHa 4Ype3 pa3JIMYHU TECTOBU IOCTAHOBKU — pa3jIUYHU
MpPEXOBU HHOPPACTPYKTYpH (paBHMHHA M MapuUIpyTU3MpaHa), pa3jIM4YHO pas3NpeseieHue Ha
MAIIMHUTE KaTO POJIM B CHCTEMara, pa3liMueH Opoil 3apa3eHH MallMHU. B HacTosmus ToKiaa ca
pasrienaHy JB€ TECTOBM IOCTAHOBKM Ha MAIMHUTE — B PaBHMHHA TOIOJIOTUS C pa3jMyeH Opoi
3apa3eHy MalluHU — 3 U 5, aTakyBallly €JHa MallliHa B Mpexkarta. L{enta Ha 1BeTe MOCTaHOBKH € J1a
MOKa)ke KaK MMHUMaJIHa pa3iiika B Oposi Ha OOTOBeTe ce OTpassBa BbpXy Mailada Ha arakara. Ha
¢durypa 2 e mpeacTaBeHO pa3NpeeICHUETO Ha MAITMHNTE TPU TECTOBA MOCTAHOBKA 2, pealn3upaHa
¢ 5 0oTa, KaTo MpHU TECTOBA IIOCTAHOBKA | pa3mpeaesneHueTo € aHaloruyHo — 6e3 60t 4 u 60T 5.

[Ipn paBHUHHaA Tomosiorusi 6OTOBETE, KOMaHIHUAT LEHTHP, IRC CBHBBPBT M arakyBaHaTa
Mall¥Ha ca B €1Ha Mpexa. Llenta € ma ce ompenenu BIMSHUETO HA aTaKUTE M KAuyecTBOTO Ha
MpoITycKaTelIHaTa CIIOCOOHOCT Ha MpekaTa C €IuH KaHal [0 aTaKyBaHaTa MalldHa, KOTaro s
aTakyBaT 3 00Ta U Korarto s atakysar 5 0ora.

aTaKVEaHA MalmHa KOMAaHTeH IeHTLp IRC cBpEBD Bot 1 Bor 2 Bot 3 Bot 4 Bot 5
192.168.1.1 192.168.1.2 192.168.1.3 192.168.1.4 192.168.1.5 192.168.1.6 192.168.1.7 192.168.1.8

PC1 _I PCZ_I PC.‘!_I PC4-_I PC5 _l PCo _I PC 7_[ PCS8 _I
— y 3 y p

T r T T 7T 7T 7T 7

192.168.1.0

®ur. 2. PaBHrHHA TOIOIOTHA C IIET O0Ta

KoMangHMAT LEHThp W aTakyBaHaTa MallMHA ca ToJ ympaBieHuero Ha Windows 7
Enterprise, a 6oroBere — moxa Slackware Linux 3.10. ExcniepumenTtannaTa miargopma e 6azupana
Ha Intel Core2Duo T7700, padorenr Ha 2.4 GHz TakroBa uecrotra m 4GB RAM. 3a menra Ha
tectoBute moctaHoBku € u3noi3BadH UnreallRCd IRC cbpBBp C OTBOpEeH KOA, KOWTO MO3BOJISIBA
nepcoHanHa koHdurypamus. ToBa ce Hamara mopanu Qaxra, 4e u3non3BaHe Ha myomuueH [RC
ChbpBBp OM J10BENO 10 KOH(DIMKTH M HapyllaBa IpaBuiara 3a npaBuiHa KoMyHHKamus B IRC
cpenara. Karo IRC kiueHT e u3nons3san kineHTHT Xchat.
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TecroBeTe ca U3BBPINCHU B JIBE HACOKH: 32 TECTBAHE Ha KOMYHHKAIUATA MEXIy OOTOBETE H
3a peanmmsanmsi Ha DOS artaku. botoBere ce crapTUpar Ha CHOTBETHUTE MAIIUHU WM TIpU
CTapTUPAHETO CH C€ BKIIOYBAT B TECTOBUS KaHAI, ITPEe3 KONTO aTaKyBaIIUAT OOT 3aJjaBa KOMAHJINTE.

[TepBara rpymna TeCTOBE BKIIOYBA TECTBAHE HA BPb3KaTa MEXy OOTOBETE — MPUCHEIUHSIBAHE
B KaHaja W H3MpallaHe Ha KoMaHjara !say, moclie/ijBaHa OT TeKCT. Bcuukm OoToBe TpsiOBa ja
MOBTOPST TEKCTA U J]a IO W3BEJAT Ha eKpaHa Ha kimeHTa. Ha ¢urypa 3 ca mokazanu pe3yaTaTure ot
TecTa ¢ TekcT ,,Hello world!”.

3% XChat: Master @ flat / #TestChannell (+) I=RIENES
¥Chat View Server Settings Window Help
=~ TestIRC 1 ops, 6 total
estChanne *|botl (botl@CC22D0OEE.FAA98DCE.AGTEO4GF.IP) has joined #TestChannell & | Master

bot1 =|bot2 (bot2@DFD26974.FAA98DCE.AGTEO46F.IP) has joined #TestChannell

o =|bot3 (bot3@75028B1E.FAA98DCE. AGTED4GF.IP) has joined #TestChannell bot1

bot2 = |bot4 (bot4@560B0A29. FAAIEDCSE. AGTEOMGE. IP) has Jjoined #TestChannell bot2

1

“|bots (DotS@2FDEEJZE. FARTEDCE. AGFEDSGF. IP) has joined #FlestChanne
bot3 lsay Hello world! bot3
botl| Hello world!
bot2| Hello world! bot4
bot3| Hello world! bot5
bot4| Hello world!
bot5| Hello world!
lsay Hello master!
botl| Hello master!
bot2| Hello master!
bot3| Hello master!
bot4| Hello master!
bot5| Hello master!

m

A Master =

®@ur. 3. Cebp3BaHe Ha O0TOBETE B KaHaa M U3ITbIIHEHNE Ha KomaHzaa !say Hello world!

Bropusar Tect nmpoBepsiBa Bb3MOKHOCTHTE Ha OOTOBETE Ja M3IIBJIHABAT JIOKAJTHO KOMaH/IU Ha
olepanoHHATa CUCTEMa Ype3 M3IpaTeHa MM OT aTaKkyBaIusaT 00T KomaHaa !cmd, mocienBana ot
komanjata Ha OC ¢ Hy)KHUTe NapaMeTpu 3a u3nbiHeHue. Cien Uu3NbJIHEHUETO 00TOBETE U3IpaIaT
pesynrata B NEpCOHAIHO CHOOIIECHME KbM arakyBamus OoT. Taka pe3ynTarsT € BHAUM caMmo 3a
arakyBalmus OOT, HO HE W 3a OCTaHAJUTE NOTpeOUTEeNM Ha KaHaja. Pesynrature oT TecT 3a
m3meHeHne Ha komanaa Ha OC ifconfig ca mokasanu Ha Qurypa 4.

-

$% XChat: Dialog with bot5 @ flat == =]
¥Chat \View Server Settings  Window Help
< TestlRC bot5@2FDEES 26, FAASBDCS, AGTEQ46F. TP
#TestChanne | bBot: [ ethl Link encap:Ethernet HWaddr 52:54:00:af:7F:52 Tnet addr:19Z.168.1.8 ~
bot1 Bcast:192.168.1.255 Mask:255.255.255.0 ineté addr: fe80::5054:ff:feaf:7f52/64
o Scope:Link UP BROADCAST RUNNING MULTICAST MTU:1500
bot2 bot5s Metric:l RX packets:40 errorsz:0 dropped:0 overruns:0 frame:0
packets:29 errors:0 dropped:0 overruns:0 carrier:0 collisions:0 txqueuelen:1000
bot3 RX bytes:5443 (5.3 KiB) TX bytes:2131 (2.0 KiBE) 0
bot4 bot5 Link encap:lLocal Loopback inet addr:127.0.0.1 Mask:255.0.0.0
inet6 addr: ::1/128 Scope:Host UP LOOPBACK RUNNING MTU:16436 Metric:1
RX packetz:0 errors:0 dropped:0 overruns:0 frame:0 e
bot5s TX packetz:0 errors:0 dropped:0 overruns:0 carrier:0 collisions:0 3
txgueuelen: 0 RX bytes:0 (0.0 B) TX bytes:0 (0.0 B)

Master

@ur. 4. Pe3ynrar ot usnbiHeHHeTo Ha koMaHaa !cmd ifconfig ot 60T 5 kbM THaBHHS OOT

Ta3u rpyna TecToBe moKa3BaT (PyHKIIMOHATHOCTTA Ha OoToBeTe. CneBa /1a ce OTOCNEKH, Ue
pe3yaTaTuTe ca aHaJOTMYHU U IIPU JBETE TECTOBH IMOCTAHOBKH.

Bropara rpyma TectoBe u3cienBa (QYHKIIMOHATHOCTTA HAa pa3IMYHHUTE CHUMyIUpaHu DOS
araku. llenta e ma ce ompenmenn edukacHOCTTa Ha CHMYyJAallMOHHATa Cpela 3a HAacWIIaHe Ha
KOMYHHUKAIIMOHHUS KaHaJl C MakeTH. ATaKHTE ca OCBILECTBEHU IO OTHOIIEHHWE HA TpUTe 0a30BU
MPOTOKOJIA.

[IppBusAT THI aTtaka e arakara no TCP, u3nennena no nopt 80 (HTTP), ¢ o6em 1000 makera ¢
IbJDKUHA 110 64 Oalita. Ha urypa 5 e npencraBena usBajka ot otuera Ha Wireshark, ctaptupan Ha
aTtakyBaiiara MammnHa. Atakara no ICMP BkirouBa M3IbJIHEHHE Ha OIpeiesieH Opoit KoMaHIu ping
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OT KOMaHHUS peJ Ha MaIlrHaTa Ha Bceku 00T. Ha ¢urypa 6 e npencrabeHa uzBajaka Ha Wireshark
o Bpeme Ha ICMP arakata, kato ce BW/Ia 4e U rnerTe 00Ta ca cBbp3aHu u usnpamar Echo (ping)
request. Ataka mo UDP xsM onpenener xoct mo mopT 53 (DNS) ¢ npoxsmkutensnoct 120 cek.
[Takerure cbabpkaT cuMmBoaa ‘X’.

M tcp1000-Shota.pcapng [Wireshark 1.12.0 {v1.12.0-0-g4fabAla from master-1.12)]

@ 4 ®E g B

Fiter:  tcp

No.

=

ime Source
00121500 192.
00122000192.
00132700192,
00162200192,
00176800192
0017890019,
00181100192,
00184400192,
00202700192,
00233700192,
00238400192,
00240900192,
00244500192,
00250000 192.
00250700 192.

o R o BST o ] o TSI ERTENTION
Ll S o ] o RIS L o oo o
=] | o B¥E o fE] ofE] o| o o| o| o ERER=N=R =1

00264200192,

00120700 192.168.
168.
168.
168.
168.
168.
168.
168.
168.
168.
168.
168.
168.
168.
168.
168.
00254000 192.168.
00256500192.168.
168.

x
@

= = I - PP PR e o e
oI L~ [ o [ - ERP PRI o

o

Flle Edit View Go Capture Analze Statistics Telephony Tools Intemals Help

DT L Qaan| #mm%| ®

[o] mresion:

Clear

Destination Protocol  Length Info
192.168.1.1 TCP 74 33938-80
192.168.1.1 TCP 74 46869-80
192.168.1.1 TCP 74 53119-80
192.168.1.1 TCP 74 3606180
1.1 TCP 74 5706780
1.4 TCP 54 B0-33938
.5 TCP 54 80-36061
.6 TCP 54 BO-46869
- TCP 54 B0-53119
.8 TCP 54 BO-57067
.1 TCP 74 33939-80
.4 TCP 54 80-33939
.1 TCP 74 4687 0
.6 TCP 54 BO-4| 4
.1 TCP 74 53120-80
.1 TCP 74 3606280
.7 TCP 54 B0O-53120
.5 TCP 54 B0-36062
.1 TCP 74 57068-80

Apply

[s¥N]
[s¥N]
[S¥N]
[5¥N]
[syn]
[RST

[SYN]
[RST,
[sYN]
[RST,
[s¥N]
[S¥N]
[RST,
[RST,
[SYN]

Save

seq=0 win=4380
win=4380
Seq=0 Win=4380
Seq=0 Win=4380
Seq=0 Win=4380
eq=1 Ack=1
=1 Ack=1
Ack=1
Ack=1
eq=1 Ack=1
Win=4380 Len=0 M55=
5eq=1 Ack=1 win=0 Le
Win=4380 Len=0 M55=1460
eq=1 Ack=1 win=0 Len=0
wWin=4380 Len=0 M55=1460

se

Len=0
Len=0
Len=0
Len=0
Len=0
win=0
win=0
win=0
win=0
Win=0

M55=1460
M55=1460
M55=1460
M55=1460
M55=1460
Len=0

Len=0

seqg=0 win=4380 Len=0 M55=1460
ACK] seg=1 Ack=l win=0 Len=0
ACK] Segq=1 Ack=1 Win=0 Len=0
Seq=0 Win=4380 Len=0 M55=1460

SACK_PERM=1
SACK_PERM=1
SACK_PERM=1
SACK_PERM=1
SACK_PERM=1

SACK_PERM=1
SACK_PERM=1
SACK_PERM=1

SACK_PERM=1

SACK_PERM=1

Tsval=3419042 Tsecr=0 ws=32
Tsval=3443211 Tsecr=0 ws=32
TSval=966029 TSecr=0 Ws=32
TSval=3276081 TSecr=0 Ws=32
TSval=547582 TSecr=0 wWs=32

TSval=3419043 TSecr=0 W5=32

TSval=3443212 Tsecr=0 wWs=32

Tsval=966031 Tsecr=0 ws=32
TSval=3276082 Tsecr=0 ws=32

TSval=547583 TSecr=0 wW5=32

@ur. 5. Oryer ot Wireshark 3a Tpaduka MuHaBa npe3 atakyBaHata mamuna 192.168.1.1 o Bpeme Ha
TCP arakata

! ping3.pcapng  [Wireshark 1.12.0 (v1.12.0-0-g4fab4la from master-1.12)]

T T

b =]

CRCIF B A
Filter  icmp
MNo. Time Source

5 0.01580600192.168.

8 0.01646000192.168.

9 0.01888200192.168.
12 0.01944000192.168.
13 0.02055000192.168.
16 0.02108500192.168.

7 0.05761300192.168.
20 0.05824600192.168.
21 0.06818800192.168.
24 0.06882900192.168.
251.01736600192.168.
26 1.01745900192.168.

7 1.02025800192.168.
28 1.02034200192.168.
291.02175200192.168.
30 1.02178700192.168.
31 1.05907400192.168.
32 1.05917600192.168.
33 1. 06956000 192.168.
34 1. 06964700 192.16R.

;

File Edit View Go Capture Analyze Statistics Telephony Tools Internals Help

aesaTLI(EEacan BB % B

[] Bxpression...

Destination Protecol  Length
1.4 192.168.1.1 ICMP a8
aloal 192.168.1.4 ICMP a8
15 192.168.1.1 ICMP a8
aloal 192.168.1.5 ICMP a8
1.6 192.168.1.1 ICMP a8
aloal 192.168.1.6 ICMP a8
1.8 192.168.1.1 ICMP a8
aloal 192.168.1.8 ICMP a8
N7 192.168.1.1 ICMP a8
aloal 192.168.1.7 ICMP a8
1.4 192.168.1.1 ICMP a8
aloal 192.168.1.4 ICMP a8
15 192.168.1.1 ICMP a8
aloal 192.168.1.5 ICMP a8
1.6 192.168.1.1 ICMP a8
aloal 192.168.1.6 ICMP a8
1.8 192.168.1.1 ICMP a8
aloal 192.168.1.8 ICMP a8
N7 192.168.1.1 ICMP a8
1.1 192.168.1.7 TCMP QR

Clear

Info
echo
echo
echo
echo
echo
echo
echo
echo
echo
echo
echo
echo
echo
echo
echo
echo
echo
echo
echo
Echo

Apply

(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)
(ping)

(ninn)

request
reply
request
reply
request
reply
request
reply
request
reply
request
reply
request
reply
request
reply
request
reply
request
renlv

Save

1d-0x0745,
1d-0x06Fd,

i

1d=0x0745,
1d=0x06fd,
1d=0x06fd,
id=0x070a,
0x070a,
id=0x070a,
id=0x070a.

seq=1/256,
seq=1/256,
seq=1/256,
seq=1/256,
seq=1/256,
seq=1/256,
seq=1/256,
seq=1/256,
seq=1/256,
seq=1/256,
seq=2/512,
seq=2/512,
seq=2/512,
seq=2/512,
seq=2/512,
seq=2/512,
seq=2/512,
seq=2/512,
seq=2/512,
sen=2/512.

tt1=64 (reply in
tt1=128 (request
tt1=64 (reply in
tt1=128 (request
tt1=64 (reply in
tt1=128 (request
tt1=64 (reply in
tt1=128 (request
tt1=64 (reply in
tt1=128 (request
tt1=64 (reply in
tt1=128 (request
tt1=64 (reply in
tt1=128 (request
tt1=64 (reply in
tt1=128 (request
tt1=64 (reply in
tt1=128 (request
tt1=64 (reply in
Tt1=128 (reauest

in 5)
12)
in 9)
16)
in 13)
20)
in 17)
24)
in 21)
26)
in 25)
28)
in 27)
30)
in 29)
32)
in 31)
34)
in 11

@ur. 6. Oryer ot Wireshark ot atakyBanara mammuna 192.168.1.1 3a ICMP arakara

(]

WNudopmanusra 3a pe3yataTure oT Tpaduka 3a BCSIKa aTaka ce MojlydaBa OT Pa3IiyHU OTYETH
Ha WireShark, craprupan Ha artakyBaHaTa MamiuMHa. Pe3ynarature OT JABET€ NOCTAHOBKM ca
00001eHu B Tabnuua 1, KbAETO ca NpeACTaBEeHH CPETHUTE PE3YITATH OT EKCIIEPUMEHTHUTE 3a JIBETE
ITOCTaHOBKH, IIOJTy4yeHH Ha 0a3zara Ha 000OIIEHUTE OTYETH Ha aHAIU3aTopa.

Display

Display filter: udp.port eq 53

Ignored packets: 0 (0,000%)
Traffic 4 Captured 4 Displayed 4 Displayed % 4 Marked 4 Marked %
Packets 600 248 41,333% 0 0,000%
Between first and last packet 227,178 sec 162,978 sec
Avg. packets/sec 2641 1,522
Avg. packet size 885 bytes 586 bytes
Bytes 531246 145328 27,356% 0 0.000%
Avg. bytes/sec 2338455 891,702
Avg. MBit/sec 0,019 0,007

LA

Display

Display filter:
Ignored packets:

tcp.port eq 80
0 (0,000%5)

Displayed 4 Displayed % 4 Marked 4 Marked % 4

Traffic 4 Captured 4

Packets 10108 10059 99,515%
Between first and last packet 93,433 sec 88,680 sec

Avg. packets/sec 108,185 113431

Avg, packet size 64 bytes 64 bytes

Bytes 647466 644366 99,521%
Avg. bytes/sec 6929772 7266,234

Avg. MBit/sec 0,055 0,058

®@ur. 7. O600mieH otueT ot Wireshark 3a mposeaenute TCP u UDP aTaku

0

0

0,000%

0.000%
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Tadmmna 1. CpeqHu cToMHOCTH, IPeJOCTaBEeHH OT oT4eTa Ha Wireshark 3a TectoBa mocranoBka 1 u 2

ATaKH NaKeTH/CeKyHaa pa3Mep Ha makera O0aliToBe/CeKyHaa
Tecr 1 Tecr 2 Tecr 1 \ Tecr 2 Tecr 1 \ Tecrt 2
UDP araka 1,7 p/s 2,6 p/s 897 B 885 B 1550 B/s 2339 B/s
TCP araka 569 p/s | 108 p/s 64 B 64 B 36407 B/s | 6930 B/s
ICMP araka 3,4 pls 5,6 p/s 98 B 97 B 335 B/s 544 Bls

B Tabnmuma 1 ca mpencraBeHu cpeaHHMTe pe3yitaru or ortuera ot Wireshark craprupan Ha
aTaKyBaHaTa MallliHa MpU MOCTaHOBKa 1 — ¢ Tpu 60Ta U mpu mocraHoBka 2 — ¢ net Oota. [Ipu
CpelIHUs pa3Mep Ha NMAKETUTE HsMAa TOJEMHU pa3MUHABaHUS B CTOMHOCTUTE MPU JABETE MOCTAHOBKH.
[Ipu cpennuTe CTOMHOCTH Ha OpOM MaKeTH B CEKyHIa M Opoil OaliTOBE B CEKyHJAa CTOMHOCTHTE CE€
pa3MHUHaBaT 3HAYUTEIHO — CTOMHOCTUTE c€ MokayBaT ¢ okoiyio 40% mpu TecT 2, ABJKAIIO Ce Ha
¢dakTa, ye B Mpekara y4yacTBar ¢ 2 0oTa moBeue, KOUTO yBeJM4yaBaT Tpaduka MO Mpexara u
CHOTBETHO MOTaT Jla HaHecaT MOBeYe MIETH KbM aTaKyBaHaTa MallliHa.

TecroBuTe pe3ynTaTu ca MojiydeHH Ha Oa3ara Ha MPOBEACHUTE TECTOBU IMOCTAHOBKH U €
BB3MOJKHO JIa C€ pa3jindyaBaT OT pe3yJITaTHTe, KOUTO Omxa Omnu chOpaHu Ha Oa3aTa Ha TECTOBE,
MPOBEJICHU BBHPXY JAPYTd MAILIUHHU, C PA3NIUYHU TMapaMmeTpH, OINEpalliOHHU CHUCTEMH, HUBA Ha
3aluTa, Cpesia 3a MPEeHOC Ha JaHHU, HATOBapBaHMs HA MpeKara.

5. 3akiaouenne

B Hacrosmus n1okian € mpeacTaBeHa peajin3upaHa chucTeMa 3a cuMmyiupaHe Ha 0oTHeT DoS
aTaku, KOSITO HE IPOCTO Jia [IOMOTHE 33 YCHhBBPIICHCTBAHETO U TECTBAHETO HA 3alllUTaTa Ha €JHa
KOMIIIOTbPHA CUCTEMA MJIM MPEXa, HO U J1a 1aJie Bb3MOXKHOCT 3a U3BBPILIBAHETO HA CTPEC TECTOBE B
peaHO BpeMe M CUMYyJAalMM, MaKCUMAaJIHO JOOJIMKABallld CE O PEATHUTE YCIOBUS, NP KOUTO
cucremara e Ob/ie NpuHyeHa J1a QYHKIMOHUPA, B KPUTUYHU 32 HEHHATa CUTYPHOCT MOMEHTH.

Cucremara 3a cumynanus Ha IRC 6otHer DoS aTaku npenocTassi T'bBKaB HHCTPYMEHTApUYM,
C MOMOUITa Ha KOWTO MoraTr Ja ObAaT CHUMYJIMpPaHM pas3IMyeH THUIl aTakKd C pa3HOOOpa3HU
napaMeTpH, KakTo B pealiHu, Taka U B Ja0OpaTOPHU yCIOBUSI.

Ilen na Obaema pazpaboTka € paslIMpeHue Ha (YHKIHMOHATHOCTTa Ha CHCTEMara C Oule
MOMYJISIPHU BUJIOBE aTakH, 3a Jja Ce MOoJIy4YH e(eKTHBHA CHCTEMA 32 TECTBAHE Ha Pa3IMYHU TEXHUKU
3a 3aCHMYaHE U TEXHHMKH 3a IPEBEHLNs, KAKTO U J1a CE TECTBA U CUTYPHOCTTA Ha J1aJieHa MpexXa.
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KAYECTBO HA YCJIYI'MTE B OBJIAYHU U3YUCJIEHUA

Cusna X. Briruanosa

Pe3tome: OOnayHMTE M3YMCIICHHS Ca JIOKAa3aHO IMO-M3TOJHUAT MKOHOMHYECKH Mojen 3a nocten mo UT
NPOAYKTH, PEIICHUs U yCIyrd OHJIaiH npe3 VIHTepHET B CpaBHEHHE C TPAMIIMOHHUTE JIOKAIHH PEIICHHUS.
OOnavyHUTEe W3YUCICHUS C€ XapaKTepu3upar KaTro HOBO, YETBBPTO IIOKOJCHHUE TEXHOJIOTHH 32
BUpTyanu3auusi Ha uHPpacTpykTypara. KauectBoro Ha ycmyrure (Quality of Service — QoS) wurpae
ChILECTBEHA POJISL 32 €PEKTHBHOTO pe3epBHpaHe M MPEIOCTaBSHE Ha PECYypCH. AKTyaJeH € BBIPOCHT 3a
pa3paboTBaHe Ha TIOOXOMW M CPEACTBA 3a MoBHUImaBaHe Ha QoS B 0OJavyHUTE Cpeau, MPEHOCTaBSIIN
W3YUCITUTENIHU yCIyrd. B HacTosmus JOKIag ca MpeACTaBeHH HAKOM aCleKTH Ha €IUH OT Hail-BaKHHUTE
KOMIOHEHTH Ha QOS B O0JaYHUTE M3YMCICHUS — HAJMYHOCTTA HA YCIYTUTE, KAKTO M W3HCKBAHUS KbM
HEWHOTO IMOA00psIBaHE.

KoarouoBu nymu: O6naunu usuucnenus, Kauectso Ha ycmyrure, Hammunoct

Quality of Services in Cloud Computing

Siana H. Valchanova

Abstract: Cloud computing has already proven itself to be the more profitable economic model of access to
IT products, solutions and services online via the Internet for enterprises of different sizes and it also
promises to become a serious competitive advantage. Cloud computing is characterized as a new, fourth-
generation virtualization technology infrastructure. Because the Quality of Service (QoS) have an essential
role in effective allocation and providing of resources, the important issue is the development of approaches
and tools to increase the QoS to cloud environments. This paper presents some aspects of one of the most
important components of the QoS for cloud computing - the availability of services and requirements for its
improvement.

Keywords: Cloud Computing, Quality-of-Service, Availability

1. BnBenenue

KauectBoro Ha ycayrute (Quality of Service — QoS) wurpae chlumecTBeHa poisi 3a
e(EeKTUBHOTO pE3epBUpPaHE W NPEIAOCTABSIHE Ha PECYpCH B pasIpelesieHUTe CHCTEMH 3a YCIyTH,
u3BeCTHH KaTo ,,M3uncnenus B mpexa”’ (Grid Computing). Pa3BuTHero Ha Te3u pasmpenereHu
CHUCTEMM €BOJIIOMpAa BBB pa3BUTHETO Ha HoBa mnapagurmMa — ,,O0maunu wusuucinenus’ (Cloud
Computing) [1, 3]. To3u HOB THIT M3YUCICHUS Hajara MPOMsHA IO OTHOIICHHE Ha MPUJIOKHHUTE U
CHCTEMHHTE U3UCKBAHMSL.

C nomynspu3upaHeTo Ha OOJIAYHUTE M3UMCIIEHUS cpell OM3Heca M aKaAeMUYHHUTE OOIIHOCTH
PSA3KO HapacTHA KaKTO OPOAT Ha MPEAOCTABSIIUTE YCIYTH JOCTABUHUIIM, TaKa U HA HHTEPECYBAIIUTE
ce OT Te3M YCIyru norpedburenu. /loctaBuniiuTe Ha yCIyru TpsioBa 1a OTTOBOPSAT KOHKYPEHTHO Ha
Ta3W CUTYyalHs, MPEIOCTABSIMKN YCIYTH C BHCOKO KAaueCTBO, CHIIIEBPEMEHHO IMOCTHTANKH HUCKU
MPOU3BOJICTBEHU pasxomu. OT napyra cTpaHa, OCHOBHaTa MOTHBAIMS Ha TMOTpeOUTENHTE Ma
M3IIONI3BAT TMOJOOHU YCIYTH, OTKOJKOTO TEXHH COOCTBEHM HH(MPACTPYKTYpH, € Ja IOCTUTHAT
BHCOKO Ka4e€CTBO Ha YCIYTHTE Ha CPABHUTEITHO HUCKA IIeHA. B TO3M acmeKT MOCTUTaHeTo Ha OallaHc
Mexy QoS U IeHaTa € 0T B3auMeH MHTEepeC KaKTO 3a JIOCTaBYHIINTE, TaKa U 32 MMOTPEOUTEIUTE.

OT rnegHa TOYKa Ha JOCTAaBYMIINTE TIOCTUTAHETO Ha TO3W OallaHC ce SBSBA TOJSMO
MIPEIN3BUKATEIICTBO MOPAIN BCE MO-TOISIMOTO pa3pacTBaHE Ha JICHTa IEHTPOBETE KaKTO IO 00eM,
Taka U 1mo Mecrtomnonoxenue. Hampumep, Google uma 12 obrmaunu neiita 1EHTPOBE HA YETHPHU
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KOHTHUHEHTA. YTIPABJICHUETO M MOIBP)KAHETO HA MOJ00HU JCHTa IEHTPOBE M3MCKBA 3HAYUTEITHU
pasxonu [8].

Pasrnexxnanero Ha Oamanca mexay QoS W IeHaTa € ChIIO BaXHO M OT TJeAHA TOYKa Ha
norpedurenute. OT eHa CTpaHa, 3a Ja € U3TOAHO M3MOJI3BAHETO HA PA3NIMYHU YCIYTH C Pa3IN9IHO
Ka4ecTBO M IICHA, MOTPEeOUTENUTE TPsAOBa €IHOBPEMEHHO Ja HW3IOJ3BAT YCIYTH OT Pa3IMYHU
noctaBuuiy [7], usBectau karo multi-cloud. ToBa obaue Boau 710 HOBU MPEAU3BUKATEICTBA, KATO
MoI00p Ha MPABUJIHHUTE YCIYTH, KOUTO IIIE YIOBJICTBOPAT IMOTPEOUTEINTE B TepMUHUTE Ha QOS n
nena [5]. Ot gpyra crpaHa, HE3aBUCMMO OT OYaKBaHHATA HAa TOTPEOUTENHTE 3a OmpesciieHa
MIPOU3BOJIUTEIIHOCT, JOCTABUYMIIMTE HA OOJIAYHM YCIYTM HE Mpeiiarar rapaHiid 3a Mojao0Ha
MPOU3BOIUTEIIHOCT. Ilopaau JMHAMUYHATA HaTypa Ha OOJIAYHHWTE CpPEId, HEIpeICcKa3yeMHUTe
MPETOBAPBAHUS M OTKa3H, KAKTO M TPYJHOTO OLIEHSBAaHE HAa MPOM3BOJAUTEIHOCTTA 32 M3UCKBAHUTE
pecypcH, akTyajeH € BhIIPOCHT 3a pa3padOTBaHE Ha MOJXOJU U CPEJICTBA 3a MoBHIIaBaHe Ha QoS B
00JIaYHUTE CPEIU, MPEAOCTABSIIN H3UUCIUTEIHU YCIayru [2].

B Hacrosmms 10KIaa ca MpeACTaBeHN HSIKOM aCleKTH Ha €IMH OT Hai-BaXKHUTE KOMITIOHCHTH
Ha QoS B 00JaYHUTE M3YUCIICHUSI — HATMYHOCTTA HA YCIYTUTE, KAKTO ¥ M3UCKBAaHUS KbM HEHHOTO
nmogoOpsiBaHe.

2. Cloud Computing

O6maynn m3uncienust (Cloud Computing) e TexHosorus Ha pasmnpejerneHa oOpaboTka Ha
JTaHHUTE, KBJETO KOMIIOTHPHH PECYPCH W MOIMHOCTH C€ TNPENOCTaBAT HAa MOTPEOUTEIUTE KaTo
yenyru (o0nayHu yciuyrd) mpu HeoOxonumoct. MHbopMmaiius U moTpeOUTENICKH MPUIOKEHUS Ce
ChXpaHsIBaT MOCTOSHHO Ha MOIIHU ChPBBpU B Web (T.H. ,,001a11’’) 1 ca JOCTBITHHU MIPEe3 UHTPAHET
win MatepHer. Taka morpeburtennTe Morar Ja M3MON3BAT Pa3IMYHU MPUIIOKEHHUS OHJIAMH upe3
IMpOKAa rama KpailHM yCTPOWCTBA (HACTOJIHM KOMITIOTPH, JANTONH, CMapTQOHHU, TadieTH),
3amiamankyl camMo 3a JeUCTBUTENHOTO mnoTpednenue. [loTpeOuTenure moiydaBaT OOCTBI J0O
MOIITHY M3YMCIIUTEIHU U TUCKOBH PECYpPCH, 0€3 1a ce MHTepecyBaT 3a GU3NIECKOTO PA3IOI0KEHUE
Ha TE3W pecypcH, TAXHAaTa MNOJApbhxkKa W ynpaeineHue (durypa 1). Pemenusara npu Cloud
Computing ce XapakTepu3UpaT KaTO HOB0, YemEbpHO NOKOJEeHUe MEeXHOI02UU 3d GUPIMYATU3AYUs
Ha uu@pacmpykmypama. Te ce OTIMYaBaT C T'bBKABOCT, MallabUpPyeMOCT, WKOHOMHYHOCT U

MPOU3BOIUTENHOCT [1].

~

i /&
b Hd @

Cloud Mpoesitabp

@ur. 1. ﬂOCT’BHHOCT 1 MOOUIHOCT a0 00JIauHK YCJIIyru OT BCAKO MSICTO

Codryep

Mnatopma

WHippactpykrypa

2.1. Xapakrepuctuku Ha Cloud Computing

Ocuosuute npeaumcrsa Ha Cloud Computing ce uspassiBar B ClI€JHUTE acIIeKTH:

I'bBKaBOCT Ha MHQPACTPYKTYypaTa, KOATO MO-JIECHO MOXE Jla Ce aJanThpa KbM OH3HEC
HOTpe6HOCTI/ITe Ha KOMITaHUsATA. HOCTaB‘II/IHI/ITe Ha 00JaYHNu YCIyru ca roj€Mu KOMIIaHWH, KOHUTO
pasrmosiaraT ¢ B3MOXKHOCTH JIECHO Jla pa3IupsBaT MOTPeOUTEICKaTa BUPTyalHa cpea 3a CMETKa
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Ha coOCTBEHaTa CH BUpTyalilHa MH(PACTPYKTypa, KaTo JajaT IOCTHII 10 MHOTO MPOU3BOJUTEIIHU
XapayepHu U coTyepHHU MIaTgopMu U MHOTO IMO-BHCOKA CKOPOCT 3a paborta ¢ Tax. OcBeH TOBa,
Cloud Computing mnpeniara HOB 2b68Ka8 MOOel HA U3NOA36AHe U 3aniaujaHe Ha Ycayeume.
Knuenture mMorar na M3MOJI3BAT TOYHO TOJIKOBA, KOJIKOTO JKENAsAT, KaTO MMAaT BB3MOXKHOCT Ja
MOBUIIIABAT WJIM IIOHWKaBaT CBOMTE Ou3HeC Hu3MCKBaHUSA. Taka moOpe MO3HATHAT MOJEN Ha
(duKcUpaHu pa3xoqM 3a H3MOJ3BAHETO HA JajJieHa yciayra ce TpaHchopMmupa B moden Ha
NPOMEHUBU pa3Xo0U, KOETO BOJIU JIO I'bBKABOCT U 3alllMTa MIPHU CUTYAIlMH Ha ChIIECTBEHA MPOMSIHA
Ha npuxoaure wim Hyxaute ot UT ycimyru.

HNxonomuss Ha cpeacrBa m mamadupyemoct. Enna ot Haii-Baxknute nenu Ha Cloud
Computing e npegoCcTaBIHETO Ha MO-€BTUHH PECYPCU B CPAaBHEHHUE C TE€3H, KOUTO CE€ MOIIbpKAT U
00CITyKBaT JIOKAJTHO.

Mobuaen aocrbin. Cloud Computing mnardpopmara e AoCThIIHA OT BCsAKA TOYKA Ha CBETa,
TBHH KaTo ¢ 0a3upaHa BbPXY reorpad)Cku pa3npeeieHu IIEHTPOBE 3a 00padoTKa Ha TaHHU, PECypcH
u maatpopmu. OUPMEHU JaHHU U JOKYMEHTH Ca Ha PasloJIOKEHHE IO BCSIKO BpeMe M OT BCSKO
MSCTO Tpu Haiuuyue Ha VIHTEepHET BpB3Ka W Hail-uecto Web Opay3bp. MeHWIKbpUTE U
CIIY>)KMTEJIUTEe MOTaT J1a U3MO0JI3BaT NOTPEOUTEICKH MPUIIOKEHUS U JOKYMEHTH HE3aBUCUMO OT TOBa
namy ca B ouca WM M3BBH HETO, Ype3 pa3HOOOpa3HU CpPEACTBAa W TEXHOJOTHH 32 JOCTBI IO
WuTepHer.

Bucoxa mnpousBoautennoct. Ycuayrute Ha Cloud Computing ce XxapakTepusupar c
MaIlabupyeMocT, JOCTBIIHOCT, TPOU3BOAUTEIHOCT U 0€30MaCHOCT, KAKBUTO HE MOI'aT J1a OCUTYpPST
OTICITHUTE KOMIIaHWH, pa3uuTaiiku Ha cobOctBenute cu UT pecypcu. Ilo TO3m HaumH
HNPEIIpPUATHATa MOXKE J1a ChCPEA0TOYAT CBOUTE YCHIINS BbPXY Hal-ChIIECTBEHUTE OU3HEC MTPOLECH,
WHOBALIMUTE U cTpareruute. Bepnara TpsOBa na ce mo0aBu, 4e JOCTHITHOCTTA, HAICKIHOCTTA U
MIPOU3BOJIUTEIIHOCTTa Ha OOJAYHUTE YCIYrM Ca CHIHO 3aBHUCHUMH OT HH(pacTpyKTypara Ha
JOCTaBUYMKAa W MPOITyCKaTeIHaTa CHOCOOHOCT Ha KaHAJIUTE 3a BPB3KA, MO KOWTO CE€ MIBIIKU
TpapUKBT 10 KIUECHTUTE.

Monenst Ha Cloud Computing (durypa 2) Moxke J1a ce MpeacTaBu Karo ChbBKYITHOCT OT IET
OCHOBHU XapaKTEPUCTUKH, TPU MOJIeIa Ha YCIIYTH, KaKTO ¥ YETUPU MOJIEIIH 3a BHeapsiBaHe [6].

e  Camoo0ciy’XKBaHe I10 3asiBKa
910.CHOBHMW e  TloBcemecten poctsi 1o Web
e  OOenvHEHHE HAa PECYPCHUTE
XaAPAKTEPNCTNKI e  bbp3uHa M rbBKaBOCT
e  3amamiaHe caMo 3a aKTHIECKOTO MOTpebIeHne
3 monenal3a e Codryep karo ycnyra ( Cloud Software as a Service, SaaS)

IMnardopma karo yciyra (Cloud Platform as a Service, PaaS)

AOCHIERARLIC] e  Hudpacrpykrypa kato ycuyra (Cloud Infrastructure as a Service, 1aaS)

Y Cnynn

Private cloud (4acteH o6mak)
Community cloud (o6muiecTBeH 061aK)
Public cloud (my6:mi4eH o6mak)
Hybrid cloud (xubpuneH o6iak)

4iMopena Ha

BHEDpPABAHE

®@ur. 2 Mogen Ha Cloud Computing

Kommiorspru Hayku u Texnonornn 2 2016  Computer Science and Technologies 70



2.2. Mopean Ha ycJayru

Codryep xaro yciyra (SaaS) — ompenens MoAesl Ha pa3npeneisHe Ha codryep, Ipu KOHTO
MPUIIOKEHUATA C€ MOATBPKAT OT JOCTAaBUMK M ca HanuyHHU npe3 MHTepHer upe3 Web Opayswp.
JlocTaBuunuTe MOAIbpKAT HH(PpaAcTpyKTypaTa U IUIATHOPMUTE, BBPXY KOUTO C€ H3ITBIHIBAT
MPUIIOKEHUATA. SaaS MpeJocTaBs MOTEHIIMAIHA Bh3MOKHOCT 3a OM3HEca /1a M3M0i3Ba copTyep Ha
HICKa IIeHa IPU HEOOXOIMMOCT, OTKOJIKOTO 3aKyITyBaHE Ha JIMIICH3H 32 BCCKU HETOB KOMITFOTBD [4].

[Tnardopma kato ycnyra (PaaS) — mpu 1031 Mozen ce mpeaocTaBsi JOCTHIT A0 ONEparoHHa
crCcTeMa M aCOIMUpaHM yciyru npe3 MHTepHeT 0e3 He0OX0AUMOCT OT M3TEIVISIHE M MHCTATUpaHE.
[TorpeOuTensaT Ha yciyrata MMa BB3MOXKHOCT 3a HW3IpaKIaHE Ha COOCTBEHHM IPUIIOKEHUS,
paborem BBPXYy HaeTara cpefa, H3MON3BAMKK IO NPUHIUI HEOTPAHWYECHU HWIYHCIUTEITHU
pecypceu.

Wudpactpykrypa kato ycayra (laaS) — mpeanara Bb3MOXXKHOCT 32 HaéMaHEe Ha U3YHCIUTEITHU
MOIITHOCTH M CBhXpaHCHHWE HA JaHHW KaTo CTaHmapTHa yciayra. Ha kimeHTa ce mpenocraBs
BB3MOKHOCT 32 M3MOJI3BaHE Ha CHPBBPH, ONEPALMOHHU CHCTEMH, CHCTEMH 3a ChXpPaHEHUE Ha
JaHHU, MPEXKOBO 000pyIBaHE U JP.

2.3. Moaean Ha IpeIOCTABSIHE HA pecypcH

JlHec OMCTaHLIMOHHOTO U3IMOJI3BaHE Ha OOJAaKOBH pecypcH HamMupa BCE MO-TOJISIMO
MIPWIOKCHNE KAKTO 32 PYTHHHH OIEpAIlMH HAa MAJK{A M CPEIHU MPEANPHUSATHS, TaKa U 33 TOJIEMHU
u3cneaoBarencku mpoekTH [3]. ChliecTByBaT ClIeTHUTE BIUI0BE O0IaKOBH PECYPCH:

e [lyomuuen o6Omak (Public cloud) — mocTembT 1O pecypcuTe c€ OCBHINECTBSBA OT
OOMKHOBEH MOTpeduTeN mpu yciuoBue Ha nocten 10 MuTteprer. [lyOmmunumsr oGmak
OCHUTYpsIBa I'bBKaB U MKOHOMUYEH Ha4uMH 3a non3Bane Ha UT pemenus.

e UYacren obnak (Private cloud) — pecypcute ca TOCTBITHH caMO 332 OrpaHUYCH OpOii JTUIIa.
YacTHusAT 00JaK ©Ma MO-BHCOKO HHMBO Ha CUTYPHOCT B CpaBHEHHE C MyOJWYHUS 0OJaK,
THHI KaTO € 3alllUTEH OT 3alllMTHA CTeHAa U MOXKE J1a ObJie AOCTHIIBAH €IUHCTBEHO IMpe3
BBTpPEITHA 3aluTeHa Mpexka. [Ipomecute, ycmyrure u mHGOpManmsITa C€ YIpaBIsSBaT
BBTPE B camaTa OpraHu3aius, KoeTo pediekTUpa B MO-BHCOKATa II€Ha HAa TO3M THII
oOnaru.

e OGmectBen ob6mak (Community cloud) — mnogoben e Ha mnyOnuuHus oOJak, C
U3KIIIOUEHHE Ha TOBAa, Y€ PECYpCUTE ca JOCTHIIHM Ha OTpPaHHYEH KPBI OpraHH3aIiH,
UMaIH eJHAKBU MOTPEOHOCTH OT TJIEHA TOYKA HA HHPOPMAITMOHHUTE PECypCH.

e Xubpunen obnak (Hybrid cloud) — obmak, cherosiin ce OT ABa M moBeue oOjaka OT
pa3INyYHU BUOBE, HAIpUMEp MyOJINYEeH U YacTEH.

3. Hammunoct Ha ycayrure B Cloud Computing

KauectBoTo Ha ycinyrure (QoS) neduHupa HUBOTO Ha MPOU3BOIUTEIHOCTTA, HA/IEXKTHOCTTA U
HATMYHOCTTA, IPEAOCTABSIHA OT MPUIOKEHUATA, TUIATGOPMHUTE U HHPPACTPYKTYPHTE, KBIETO TE CE
noabpikat. KauectBara Ha ycimyrure ca pyHaaMeHTaTHH 3a TOTPeOUTENNTE HAa OOJIAYHUTE YCIIYTH,
KOUTO OYaKBaT OepupaHUTE OT JOCTABUMIIMTE XapaKTEPUCTUKH, KAKTO M 32 CAMHTE JIOCTABYHIIH,
KOHUTO CE ONMUTBAT JIa HAMEPAT OaJaHC MEXy KadeCTBOTO M ce0eCTOMHOCTTA Ha MPEJOCTaBIHUTE OT
Tax ycinyru. Hamupanero Ha onTumanieH OajnaHC He € JiecHa 3ajJadya, ThH KaTo TOBa HM3UCKBa
cna3BaHero Ha T.H. Service Level Agreement (SLA) noroBop Mexay HOCTaBUMLIUTE U KpailHUTE
notpedurenu [5].

Enna ot Haii-BakHHTe XapakTepucTuku Ha QoS e HammuHocTTa (Availability) Ha ycmyrure.
Ts ykasBa aktuBHocTTa (Uptime) Ha cucTemaTta, Mpekara, Xapayepa wid codTyepa, KOUTO
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CbBMECTHO TMPEAOCTaBAT oOmpeneieHa yciayra. HamuunocTra Moxe Ja ce pasriiexia Karo
CBBKYITHOCT OT HSIKOJIKO KOMIOHEHTa (¢purypa 3).

HanuyHocT Ha ycayrara

HenpexkbscBaemoct JocTbn 10 1aHHHM DOYHKIUOHAJTHOCT

@ur. 3. KoMIIoHeHTH Ha HAJITUYHOCTTA

HenpexbcHaTtocTTa OCcUTypsiBa HAIMYMETO Ha yciyraTa 3a OMNpe/esieH MepHoJ oT BpeMe 0e3
HUKAKBU NpeKbcBaHMs. ChIIEBPEMEHHO, TPHU HAIMYHE HA HHIUACHT, HEIIPEKbCHATOCTTA MO3BOJISIBA
pecTapTupaHe Ha yciyrata ¥ IpeJoCTaBIHE Ha TMOBTOPEH JOCThII [0 JaHHUTE H
(YHKIMOHATHOCTTAa Ha yciayrara B NMPHEMJIMB BPEMEBM JAMana3oH. ToBa Hamara JOCTaBUMKBT Ja
NOJIbPIKa COJIMIHM CpeAcTBa 3a 00paboTKa Ha MHIMJIEHTH, 3a Jla rapaHTHpa crna3BaHeTo Ha SLA.
[IporniechT Ha yrpaBiieHHE Ha WHIMJCHTH Kacae CHIIO W MOTPEOHTENHTE, OCOOCHO B CIy4ail Ha
KOMEpCHalIHU YCIIyTu. AKO MMa 3ary0a Ha HaJMYHOCT BCJIEACTBHUE Ha XapAyepeH WM copTyepeH
poOJIeM HITH pa3lpoCTpaHeHUTe pasmpeneneHu DoS araku, kpaitHuAT motpeduren TpsioBa na Obe
uHGOpPMHpAaH HE caMO 3a HACTBIMIMS IpoOJeM, HO M 3a OYaKBAaHOTO BpEeME Ha H3YaKBaHE
(downtime). Cner 00paboTKa Ha MHIIMJCHTA ¥ Bb3CTAaHOBSIBAHETO HA YCIIyraTa, TOi TpsaOBa 1a Obie
U3BECTEH, Y€ MOXKE Ja pectapTrupa yciyrata. Heo0xoaumo e a B3eMe MpeiBUJ, Ye MpouechT Ha
BB3CTAaHOBSBAaHE OT HMHIMJCHT MOXE Ja HM3UCKBA OIPEIEeIEHO BpeMe, Taka dYe IThIHOTO
BbH3CTaHOBSBAaHE Ha yCIIyrara Jia He MOJKe Jla Ce U3BbPILU HA €AUH IIbT.

@OyYHKIIMOHAIHOCTTA OMKCBA KaKBO KPAaWHHAT MOTPEOMTEN MOXE Ja MOJIy4YH OT m3OpaHara
ycayra 3a omnpejeneH nepuoj oT Bpeme. IIpenocraBsHeTo Ha MUHUMaiHa (DYHKIMOHAJIHOCT €
KPUTHYHO OT TJelHAa TOYKa Ha Om3Heca. AKO BaXHAa (PYHKIMOHATHOCT OTCHCTBA IO BpEeME Ha
¢dbyHIaMeHTallHa MPOMSHA, M3BbpIIEHA OT JOCTaBYMKAa, TOBA MOXKE Ja HaBpeIu Ha Ou3Heca Ha
notpedurens. B pesynrar e napymraBane Ha SLA. B moo0Hu citydyan € HeoOX0IUMO TTOTPEOUTEIIST
Ja ¥Ma JIOCTaThbuyHO BpeMe, Ipe3 KOeTO (YHKIMOHATHOCTTA Ill€ € HaJluyHa W TeCTBaHa Npeau
ckitouBaHe Ha SLA.

JlOCTBIIBT A0 JaHHU TPsIOBaA J1a OCUTYpsiBa HAJIEXK/AEH JOCTBII KaKTO A0 JaHHUTE, BbBEXKIAHU
OT MOTpPeOuTEeN, TaKa M JI0 TE3H, TeHEPHpPAHH OT yCIIyrara B pe3yiTaT Ha CaMHTE MOTPEOUTENICKU
naHHU. OcUTypsIBaHETO Ha aJIeKBaTeH JOCTBII MMa TOJIIMO 3HaueHHe 0COOEHO 3a JaHHU, Kacaellu
nn4Ha, (uHaHCOBa WM 37paBHa mH(popMarnusa. HTepeceH mpobieM mpu JoCThIIa 10 JaHHU ca
cllyyauTe, KOraTo noTpedouTensT popMupa cBOUTE pelieHus Ha 0a3aTa Ha MOJIy4YeHUTE OT yciyrara
naHHu. B momoOHM ciiydam JOCTaBUMKBT TpsiOBa Ja OCUTypH MPUEMIIMBO BpeMe 3a OTroBop. B
JPYTHU cIyyau KpalHUAT MOTPeOUTEN € Bb3MOXKHO J1a HE MOXKE J1a 3aBbPILIU TPaH3aKIUATa HaBpEME,
KOeTo OM J0BEJIO OTHOBO A0 3aryOu. ETo 3amo € HaJoKUTEeTHO JOCTaBYMKBT Jla MOXE [
OCUTYpsIBa Bb3CTaHOBSIBaHE HA JAHHU OT MOAO0OEH POJI.

3a ocurypsiBane Ha HemnpekbcHartocTTa Ha ycimyrute B Cloud Computing e Heobxommmo
HAIMYMETO Ha CpeACTBa 3a OTKPUMBAaHE Ha W3KIIOYCHHUS, HEKOPEKTHO (YHKIHMOHHMpAHE U
MOHM)KaBaHEe KauYeCTBOTO Ha YCIYTUTE C 11eJ1 Obp3a peakius Npeu HacThIIBaHE Ha OTKa3 Ha yclyra.
ToBa 11e M03BOJIM HA JIOCTABYMIIMTE HA YCIYTH Ja MOJAbPXKAT Ka4eCTBOTO HA MPEAOCTABSIHUTE OT
TAX YCIyTd. AKTyajeH € BBIPOCHT 3a pa3padoTBaHe Ha MOJEIM 3a aHalIM3 Ha KauecTBOTO Ha
YCIYTUTE, KAaKTO U CPEJICTBA 3a TAXHATA IMHAMMYHA KOJIMYECTBEHA U KaYyeCTBEHA OICHKA.
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4, 3axjaodeHue

C moBuIIaBaHe Ha HYXAUTE Ha MOTpeOMUTENUTE, OM3HECA W ONEPATOPUTE OT YCIAYTH H
peCcypcH KaTo €BOJIIOIMOHEH €Tall OT Pa3BUTHUETO Ha KOMIIIOTHPHHUTE TEXHOJIOTHU U TIPUIIOKEHUS CE
nosiBsiBaT U cuctemute 3a Cloud Computin. Te3u cucteMu NpeaoCTaBAT €AWH HOB MOIXO, KOWTO
BOJM JIO HOBAa CTpaTerus, BKJIOYBalla B ce0¢ CH MBJIHO MPEOCMHUCISIHE Ha poJiATa Ha
HHPOPMAIIMOHHUTE TEXHOJOIHU B opraHu3aiuure. KauecTBOoTO Ha ycayrure € GpyHIaMeHTaIHO 3a
NoTpeOUTEIUTe Ha OOJaYHUTE YCIAYrH, KOUTO OYakBaT O(EepUpaHUTE OT JOCTABUMIIUTE
XapaKTEPUCTHKH, KAaKTO U 33 CAMHUTE JIOCTABYHMI[H, KOMUTO CE ONMUTBAT Ja HaMepAT OalaHC MEXITY
Ka4eCTBOTO M CeOECTOMHOCTTA Ha MPEAOCTABIHHUTE OT TSAX YCITYTH.

B HacTodAImuA OOKJIaa Ca MNMPCACTABCHM HAKOU AaCIICKTH Ha KAa4Y€CTBOTO Ha YCIYIUTC B
00JIaYHUTE M3YUCIICHHUS, KATO € aKIEHTUPAHO BBbPXY €HA OT Hai-BaKHUTE MM XapaKTEPUCTUKU —
HaTMYHOCTTAa Ha yciyrute. llem Ha Obnmema pabora e pa3paboTBaHe Ha MOJCIM 3a aHAIW3 Ha
Ka4eCTBOTO Ha YCIIYTHTE, KAKTO U CPEJICTBA 3a TAXHATA TUHAMHUYHA KOJMYECTBCHA U KauyeCTBEHA
OLICHKA.
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AHAJIN3 U U3CJIEABAHE HA AJITOPUTMHU 3A HAMUPAHE
HA ITbT B CPEJA

Huxkona B. Bacunes, Munena H. Kaposa

Pe3rome: JlokmagbT nMa 3a LeJl Ja JUCKYTHpa U CPaBHU TPU Pa3iIMyHU IIpoOIeMa 32 OpUCHTUPAaHE Ha POOOT
B cTaTM4Ha cpena. POOOTHT ce mpuema Karo eqHa TOYKa B JBYMEPEH MacuB. 3a MOCTHUraHe Ha LeNTa ce
W3MON3BaT MOIU(UIMPAHN TEHETUYHH aNrOpUTMU. BBB BCHUKHU cllydan TeHepanusTa Ha IbT ce MojydyaBa Ha
ClIyyaeH NPUHIMIL. 3MbIHEHUETO Ha aNrOPUTMUTE € HAITbJIHO JUHAMUYHO.

KuarouoBu nymu: Anroputmu, [Iporpamupane, Hamupane va neT, [ eHeTHUHM alrOpUTMH.

Analysis and research of pathfinding algorithms
Nikola V. Vasilev, Milena N. Karova

Abstract: The idea of the article is to discuss and compare three different problem of path planning for robot
in static area. Considering the case of constrained environments where the robot is represented as one point
and area like array. For that, we used an approach based on models of modified genetic algorithms. A
population of paths is obtained firstly using a random distribution strategy. The performance of the proposed
algorithms is fully dynamic with increasing complexity.

Keywords: Algorithms, Programming, Pathfinding, Genetic algorithms

1. BbBeaenue

Lenta Ha aNTOPUTMHTE € J1a C€ HAMEPH MapIIPyT, KOWTO J1a ChAbp)Ka CaMO ABMKEHHS, KOUTO
ca rno3BoJieHu. Tps0OBa ga ce oTOeneku 4e poOOTHT BIXKIA CaMO Ha Pa3CTOSHUE €HA CTHIIKA MPe]
HETO B YETHUPHUTE TOCOKH. ANTOpPUTMHTE pabOTAT ChC CTaTHYHA cpeAa. BxomHarta W m3xogHara
TOUKa ce 33a/aBa OT noTpedutens. M3mon3BaH € 00EKTHO-OPUEHTHpPAH MOJIEN 3a Ch3JaBaHETO Ha
aJITOPUTMHUTE.

2. I3n0J13BaHM CTPYKTYPH

3a peanuzanus Ha alrOpUTMHUTE ca W3IMOJ3BAHU TJIABHO JUHaAMH4YHM MacuBu. Cpenarta ce
MPEJCTaBs KaTo JIBYMEpPEH MAacHB, a IBTAT (XpOMO30Ma), KATO MacHB OT TOYKH, KOMTO ca YT OT
LIEJIOUUCIIEHH cToMHOCTH (urypa 1).

¥
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‘i“\\ [
100 | (1, 22| (2,22((2,3) (2,40 ¢2,3)
LA~
poir of element of
infegers chyonnosoine

@ur. 1. CtpykTypa Ha XpoMo30Ma

3. 'enepanus Ha cpeaara

Temata Ha moKiaga He € HAcodeHa Ja JUCKYTHpa alTOPUTMHU 3a TeHepalus Ha cpena
(mabupunr). U3non3sa ce crannapred DFS anroputbm 3a ch3gaBaHe Ha ,iepdexrTeH JaOupuHT
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(KolTO MMa caMO €IMH BB3MOXKEH ITbT OT BXOJHATa JI0 M3XOJHATAa TOYKA) M MpocTa (yHKIUS 3a
M3YKMCTBAHE Ha MPETSITCTBUS 32 aHAJIU3 HA pe3yJITaTUTE.

4. I'eHeTHYHO pa3npeaeseHue

MeToapT, MO KOWTO Ce€ TeHepupa BCsSKa €IHAa XpoMo30oMa, € Oa3upaH Ha CIydaiHO
reHepupaHe Ha IeNd YKcia B JauamnazoHa or 1 mo 4, KouTo ce pa3dupar KaTo YETUPU IOCOKHU
(manpen, Ha3zaj, Harope, Haznouy) . [Tapamersp Ha MeToa € pa3MepbT Ha Nomynauuara. B Hauanoro
C€ MHULHAIM3HMPAT JBE TOYKM — TEKylla, KOSATO € HAayaJlHATa, U BPEMEHHA, KaKTO U HMHJIEKC 3a
TeKylmara xpomo3oma. Pa3mpeneneHuero ce H3BBpIIBA, JOKATO TEKyllaTa TOYKA HE CTUTHE
ueneBata. Ilpy BCSKO uTepupaHe ce Ma3d TOYKaTa INpPEau IPEMECTBAHE, KOSATO € paBHA Ha
TEKyIllaTa, FeHepupa ce MOCOKa, U aKO € Bb3MOXHO JIBH)KEHHE, C€ 3alliCBa B XpPOMO30MaTa, NHAYE
Ce€ Bb3CTAHOBSBA C KOPAMHATUTE HA IPEAXOoAHaTa. TO3M HMKBI IPOABIKABA, JOKATO KOOPAUHATUTE
Ha TeKyllaTa TOYKa HE ca paBHU Ha LieJIeBara.

B angropurpmMa WMa MW BKJIIOYEHA TPOBEpPKA - CIeA Kpas Ha BCsSka Jo0aBeHA TOYKa B
XpOMO30Mara ce€ IMpOoBEpsiBa AAJIM AbJDKMHATA HAa Xpomo3omara € IOo-MajJKa OT KBajapara Ha
momra. AKO TS € Mmo-rojisiMa, ce u3unucTBa. OCHOBHM Pa3fiMKU TYK Ca, Y€ MPHU T'eHEpalusTa ce
M3BBPILIBA U BAIUAALMATA, T.€. IPOBEPKATA 3a IIPUHAJJIEKAIA CTEHA B XpPOMO30MaTa C€ U3BbPILIBA
IIPY CaMOTO IeHepupaHe. ['eHepanusaTa Ha XPOMO3OMHUTE € paslapajelieHa, IIOHEkKE JaHHUTE 3a
reHepanys Ha BCSIKa XpOMO30Ma ca caMmoO 3a caMmara Hesd W HsIMa OMacHOCT OT KOXEPEHTHOCT Ha
JaHHWUTE. AJITOPUTHMEBT € TIPEJCTaBeH Ha Gurypa 2.

5. dutHec MeTO

enta Ha mMeTonma € Aa ce HamepsaT Ha-kpaTkute N MBTHIA OT BCHUKUTE XpomMo3oMH. B
HAYaJloTO C€ WHULMAIM3UpPAT JBa BEKTOpA, KOWTO TMa3AT pa3MepuUTe M HHICKCUTE Ha BCSIKa
XpoMo3oMa. BexkTopbT ¢ pazmepure ce copThpa U pa3MepbT Ha BEKTOpa C€ CpaBHsIBa C pa3Mepa Ha
BCAKa XpOMO30Ma. AKO ca HICHTUYHHU, ce 100aBsi HHACKCHT BbB BEKTOpA 32 MHAECKCH, Pa3MEHAT Ce
KEJIAaHUTE XPOMO30OMHM, a BCUUKU OCTaHAJIU ce M34ucTBaT. [IpenopbunTenHO € OTIAENSIHETO Ja ce
W3BBpIIBA CJIEJl TeHepaluaTa, a He cliel MoIu(pUKaIMsTa, 3all0TO BPEMETO 3a HM3MBIHEHUE Ce
yABIDKaBa 10 JECET ITbTH.

6. MeTton 3a kopurupase

[lenTa HA TO3M METOJ € Jla Ce peMaxHe BbPTeHEeTo Ha poboTa. Hamprmep, ako KoopAnHATHTE
ca(1,1)->(2,1) ->(3,1) ->(2,1) -> (1,1), ma ocranat camo (1, 1). [TomobGen npumMep ¢ AazeH Ha
¢urypa 3. PemreHrero € mpocTo, HAMUPAT ce AyOJIMpPaHUTE KOOPIWHATH M CE MPEMaxBaT BCUUKH
CMIEMEHTH MEXIY TAX. AJTOPUTHMBT € MapajiesieH, T.e. BCSIKa €Ha XpOMO30Ma Ce IMOMpaBs Ha
OTJIEJIHA HUINKA. BpoST Ha HHUIIKATE CE€ ONpeaess XapAyepHO M H3I0J3Ba BCHYKH HAJIWYHU
MPOIIECOPHU HHUIIIKH.
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7. Hamupane Ha mbT ¢ Bpbiane nHaszaa (Backtracking)

MertoabT Hamomo0sBa TEHETHYHHs, HO pa3iukara €, 4e mMmame BekTop oT checkpoints.
Checkpoint e Bcsika Touka (JBOMKa OT KOOPAWHATH X, y), KOSITO UMa MIOBEYE OT €AMH BT, T.€. HE €
3arpajJieHa OT MPEeNATCTBUSA. ANTOPUTHEMBT € J00Bp 3a ciaydas ,,iepekreH 1adupuHT . Chabpika B
ce0e cu M MPOBEpKa 3a NMPOBAJICHUTE ONMUTH 32 HaMHpaHEe Ha IBTA, U aKO ca MOBEYe OT IeET, Ce
M3YHCTBA BEKTOPHT U CE 3alI04Ba OTHAYAJIO.

8. Crossover

To3u mMerox MMa 3a 1eNT J]a HaMepU Hal-KpaTKus IbT U3MEXIy 2 Xxpomoszomu. [Ipumep - Ha
¢durypu 4 u 5.

®@ur. 4. KpscTocBaHe Ha ABa BT

3 e

@ur. 5. Pe3ynrar or KpbCTOCBAHETO

OcHoBHaTa HACs TYK € CCHCHHUE Ha JIBa BCKTOpPA U B3ECMAHEC Ha MMO-MaJIKaTa ABJIKWHA OT JABCTC
ceueHus. ANTOPUTBMBT HaMupa O00pO MPUIIOKEHUE, aKO Ce H3MO0JI3Ba MPH MOCTPOSBaHE Ha
OMHAPHO TBPBO, KBJIETO IBIOOYMHATA HA JBPBOTO € MoKojaeHueTo. [Ipumep - Ha purypa 6.
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9. TecToBe M aHAJIU3
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@ur. 7. CpaBHeHHe MEeX Iy TeHETHYHO pasnpeseiacnue u ¢ backtracking

Ot HampaBUTE TECTOBE, PE3YJITATUTE OT KOUTO ca MoKazaHu Ha ¢urypu 7, 8 u 9, ce Buxka, ue
IIPY HApacTBaHE Ha 3a€TOCTTa CIOXKHOCTTA HA aIrOPUTHbMA CE€ YBEJIMYaBa EKCIOHEHIHMAIHO IIpU
€/lHa HUILKA W JMHEHHO npu napaineneH anroputsM. [Ipu backtrack anropursma oGaue, BpemeTo
HaMaJIsiBa JIOrapUTMHYHO.
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®@ur. 8. CpaBHEeHHE MKy TCHETHYHO paslpe/ielieHue BbPXY €IHa/0CeM HUIIKH Ha cpefia ¢ pa3mep 35x25

Ot durypa 9 ce BmkIa, 4e BPEMETO 3a KPBCTOCBAHE Ha PEIICHUSATA HE OKa3Ba TOJISIMO
BIIUSTHUE BBPXY ISJIOCTHUS pe3yaTar. [Ipu mokoneHue mo-roisiMo oT 5, ce MmojiydaBa KpaThK MbT,
KOWTO B CpaBHEHHE C MACOBHS aJITOPUTHM 32 HAMHpPAHE Ha HAW-KpaThK BT - A*, € 5 CThIKH 1MO-
MaTbK, HO BPEMETO € 5 MbTH MO-TOJSMO.
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BBPXY OCEM HUIIKH Ha cpefa ¢ pazmep 35x25

10. 3akaouyenue

I'eHeTHUHUTE aNrOpuUTMH ca OBbpP3M, HO HE BUHAIM JaBaT A00Bp pe3yinrTaT. BeKTpeKUHIbT
pabotu Haii-1o0pe B cirydas ,,fiep(eKkTeH JaOUPHHT ", a TCHETUYHHUAT - BbB BCAKAKBA Jpyra cpefa.
KonkoTo e mo rossiMa nomysanusra, TOJIKOBa M0-J00po M Ka4eCTBEHO € pelleHneTo. 3a Hall-100po
pellieHre ce M3MO0JI3Ba U KPbCTOCBAHE HAa pEIICHUATa. B cilydas KOJIKOTO MOBE4YE€ XPOMO3OMHU
CBIIECTBYBAT, TOJIKOBA [IOBEYE MTOKOJICHHUS 1€ ce 00pa3yBar.
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CBbBPEMEHHU CO®TYEPHMU ITAKETH 3A OBPABOTKA
HA JTAHHHU B ICUXOJIOT'UATA.
SPSSU R - CWJIHU CTPAHU 1 OI'PAHUYEHMU S

Cnasena A. Jlazaposa, Bsapa H. Konesa - E¢pemona

Pe3tome: To3u fokian chabpika Mpemies Ha CbBPEMEHHUTE MaKeTH 3a 00paboTKa Ha CTaTUCTUYECKU JaHHHU,
KOWUTO C€ M3MON3BAT B COLUMAIHUTE HayKH. [IperienpT MOKpUBa HAKOM OT HAM-IIMPOKO H3MOJI3BAaHHUTE
copTyepHH TPOAYKTH, CpaBHEHHE Ha TAXHATa ymorpeba cmopen cdepara Ha AEWHOCT, MOKPUTHETO Ha
CTaTUCTUYECKUTE aHaJM3M, MPEIUMCTBaTa W HemocTaTbLuuTe 3a noTpedburtenute. [IpencraBsme o030p Ha
3HAUUMOCTTa Ha CTATUCTUKaTa B COLMAIHUTE HAyKH M TPYAHOCTUTE NPEA CTYACHTUTE IO TICHUXOJIOTHSI.
[Mpuemame, ye UMa JiBe ajITEpPHATHBH Ipe]] TSIX MO OTHOINIEHHE Ha codTyepa, KOUTo 1me u3non3sar — SPSS u
R, v mpeyiarame cpaBHUTENICH aHATM3 Ha TE3W J[Ba MPOAYKTA, C el Ja YASCHUM Ipolieca Ha U300p Ha Haii-
MTOJIXOJISITIINS 32 TSIX coryep.

KuarouoBu nymm: SPSS, R, m3cnemoBareicku METOIH, CTATHCTHKA, COPTYEP, TICHXOIOTHS

Contemporary Software Packages for Statistical Analytics in Psychology. SPSS and
R — Prospects and Constraints

Slavena A. Lazarova, Vyara N. Koleva - Efremova

Abstract: This report contains a review on the contemporary statistics software packages, which are used in
social science research. The review covers some of the most widely spread software products, a comparison
of their usage in different fields, their statistical analytics coverage, advantages and disadvantages of the user
experience. We have presented an overview of the importance of the statistics in social science studies and
the difficulties experienced by psychology students. We assume that there are two alternatives to them, in
regards to the software they will use — SPSS and R, and we provide a comparison of these two products in
order to ease the users in the process of finding the most suitable one for them.

Keywords: SPSS, R, research methods, statistics, software, Psychology

1. BLBeaenue

TpagumuonHo rojsMa dYacT OT O0Opa3oBaHHMETO IO TICHXOJIOTHA C€ 3aeMa OT
W3CIIEI0BATEIICKUTE METO/IM M CTaTUCTHKATA, 3al0TO TE€ Ca Ba)KHA OCHOBA 3a TE€3U OT CTYJCHTHUTE,
KOUTO HM30HMpaT Ja pa3pabdoTAT HAaydHU TPYIOBE, AUIIOMHHU pabOTH, AUCEPTAIMH WIA JIOpU 12
MIPOIBJDKAT KapuepaTa cv B 00J1acTTa Ha aKaJICMHYHUTE H3CIICBAHUSI.

Hepaznenna dacT oT u3CIeIOBaTEIICKUTE METONU Ce siBsiBa U coTyephT 3a 00paboTKa Ha
CTAaTHCTUYCCKUTE TaHHU. MI300pbT Ha TIOXOISII TPOIYKT € OT CHIIIECTBEHA BAYKHOCT U CHBCEM HE €
necHo pemienue. Ho xak ma ro nzdepem? Uecto cTaTHCTUKAaTa M MaTeMaTUKaTa caMu Mo cebe cu ca
JOCTAaThYHO IUIAIICIIN 33 W3yYaBalIUTe W 3aBBPIIWIMTE TICHXOJIOTHS M MOTHBAIMATA 3a TIO-
CEpUO3HO MPOYUYBAHE HA BH3MOKHHUTE AITEPHATUBH U M3y4aBaHETO Ha copTyepa M BCUYKU HETOBU
BB3MOXXHOCTH H300III0 JIATICBA. MHOTO OT IMOTPEOUTEIINTE Ce€ CHUPAT Ha JAJCH IMPOJYKT Oe3
Mpe/IBapuTelIHa MOJrO0TOBKAa OTHOCHO TOBA, C KOETO MM MPEJICTOM Ja ce cOmbckar. YecTo OCHOBEH
(dakTop rpu U300pa ca U3NCKBAHKITA HA TEXHUTE MPETOIaBATE)IH U HAyYHU PHKOBOJIUTEITH.

TpaguimoHHo B colMaTHUTE HAayKu ce u3noisBa SPSS, Ho Bce moBede (GopymMu, NUCKYCHUH,
MyOTMKAIIIY U JOPU KHUTH aKIEHTUPAT HA HETOBUTE OTPAHUYCHHUS U HAa BH3MOXXHUTE aJITCPHATHBU
U B YaCTHOCT Ha codTyepa R.
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IlenTa Ha TO3M JOKJIAJ € Aa Ce HANpaBH IO-33ABIOOYECHO MPOYYBAHE HA JBaTa MPOAYKTA
(SPSS u R), 3a na ce u3BemaT TEXHHTE CWJIHM M CJIadW CTpaHM W Ja CE YJIECHH H300pBT, B
3aBUCHMOCT OT ITOTPEOUTEIICKUTE HYKIH.

2. CLBpeMeHHI/I CO(l)TyepHI/I MMAaKeTH 3a 06p360TKa Ha CTATUCTHYECCKH JaHHHU B IICUXO0JI0OTHATA

Wikipedia naBa nbabr cnicbk ot 01130 60 copTyepHH MmakeTa 3a CTATUCTUYECKU aHaM3 Ha
nannu [1]. Cnen mmpoko npoyuBane Ha Gopymu, yeocrpanunu [1, 2, 3, 4, 5], cratuu u Tpynose [6,
7, 8] mo BBIpOCca KO € Hail-moOpUsAT M Hail-uecTo ymoTpedsBaH cOPTyepeH MaKeT, Ce CTUTHA J10
M3BOJIa, Y€ XOpaTa MPEeIMMHO CE HACOYBAT KbM TOBA, KOETO M3IOJI3BAT TEXHH KOJICTH WIIH TIPUSATEIIN
WIM TO3U MPOJYKT, ¢ KOWTO ca C€ 3alo3Hajil B yYHUBEpPCUTETa. ToBa BaXXM B MBJIHA CHJA M 32
yrnotpedara UM B TICHXOJOTHYECKUTE H3ciieaBaHus. CuuTame, 4e OT OMNPEACTAII0 3HAYCHHE 3a
MacoBaTa ynorpeba Ha JajieH coTyepeH MakeT ca MpeIoYnuTaHusATa Ha aKaJeMUYHaTa OOIHOCT U
B YAaCTHOCT YHHUBEPCHTETCKUTE IPEMOAaBaTeNId MO IMPEIMETH, CBBP3aHU C HW3CIICOBATEIICKUTE
METO/IH.

Twii kaTo 00pPa30BaHUETO 1O TICHXOJIOTHS € C HAYYHO-TIPAKTHYECKa HACOUECHOCT, H3y4aBaHETO
Ha W3CJIEJIOBATEIICKM METOAM M CTaTHCTHKATa ca CHIIECTBEHA YacT OT HEro. Bempekwm ToBa, 1O
MHOTO TPUYHHH, TEMHUTEC B H3CIEAOBATEICKM METOAM Ca MPEIU3BUKATCIIHA 3a IMperojaBaHe.
CTyneHTHTE UMaT pa3HOOOpa3Ha MaTeMaTH4eCKa, CTAaTUCTUYECKa M W3YHMCIUTEIHA TOJrOTOBKA,
CTYJICHTHTE YeCTO HIMAT MOTHBAIUS U HE OT/IaBaT TOJISIMO 3HAUCHUE HA CTaTHCTHKATa [7].

KakTto nipu MHOTO Ipyru YHUBEPCUTETH, U3CIICIOBATEIICKH METOIU B TicuxoJiorusita B Deakin
University (Men0ObpH, ABcTpaiiusi), KbACTO IpernoaaBa AHIIIUM, JI0 TOJIsIMa CTEIEH Ce MPeno/iaBa ¢
nomoinra Ha codryep, HapeueH SPSS. To3u copTyep 0OMKHOBEHO Ce MpejCTaBs HAa CTYICHTHTE
Karo IporpaMa C MEHIO, KOSTO C€ M3MOJI3Ba 33 aHajiW3 Ha JaHHM, JaBalla BB3MOXKHOCT 3a
CTaHJapTHA MaHUIMYJIAllMs Ha JaHHHW, aHAIW3W M TpaduuHa Bu3yanuzanus. Jlokato SPSS e
OTHOCHUTEITHO JIECEH 3a yNoTpeda MpH CTaHIAPTHU aHAJIHM3H, 10 Ce OTHACSA JI0 MPEMOJaBaHETO MY
TOW MMa HSKOJIKO HeJOCThKa. [10-KOHKPETHO, TOM € MHOTO CKBIl U CHOTBETHO TPYIHO JOCTBIICH
npoaykt. [To TO3M HaYMH HE MOXKE Ja C€ OYaKBa CTYJCHTHUTE J1a UMaT JOCTBII JO HEro, KakTo OT
JIOMa CH, 3a J1a C€ YIPaKHABAT U U3IOJ3BAT B MPOSKTUTE CU, TaKa M B OBJCIIUTE CU paOOTHU MECTA.
B nonmbnnenue, noxkaro SPSS e necen mpoAayKT 3a M3BbpIIBAHE HAa CTAHJAPTHU aHAJIM3U, TOW HE €
MHOTO I'bBKaB U TOBA T'0O MPaBU TPYIEH 3a U3IOJI3BaHE MPH MMO-HOBH BUaoBe aHanu3u [7]. [Topaau
TE€3W TPUYNHH, MHOTO IMPEroJaBaTe]id TBhPCAT AaNTCPHATUBEH CTATUCTHYCCKH codTyep 3a
npernojaBaHe Ha U3CiIe0BaTeICKu MeToau [7, 6].

W Taka, Makap W TMPHOPUTETHO B COIMATHHUTE HAYKH Jla CE HM3IOJI3Ba COPTYCPHUSAT TMAKET
SPSS (Software Packege for Social Science), Toit naney He € eIMHCTBEHAaTa BB3MOXKHOCT 3a
00paboTKa Ha JaHHHU B IICHXOJOTMUYECKUTE U3CICIBaHuUs - H3MOJ3BaT ce ome SAS, Stata, R, Malab,
Excel.

Cuurame, 4ye € Hal-MOIXOAIIO Ja C€ HAIpaBu T00bp aHAIM3 HA CUJTHUTE U CIA0UTE CTPaHH
Ha copryepa 3a 00paboTka Ha cTaTUCTUYECKH NaHHU SPSS, upe3 cpaBHEHUETO MY C TIOHE OIlle EANH
TakbB NMpoyKT. Ho xoif oT 10 Tyk cnomeHatute 1a nuzdepem?

Ha ¢urypa 1 ca npencraBenu OpoeBeTe HayuyHU TPYAOBE, U3IMOJI3BAIIM €IUH OT TPUTE Haili-
4ecTo chpsranud codryepHu maketd oT TbpceHe B Google Scholar. Tyk scHo ce Bmxaa
MIPUOPUTETHOTO M3Moi3BaHe Ha SPSS 3a akagemuuHu u3cnenBanus, HO AenbT HA R u SAS cwimo e
3HAYHUTEJICH.
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®@ur. 1. bpoesere HayyHu TpyaoBe, u3noysBamm SPSS

Bpeanpan Oxonbp (Brendon O’connor) - acucteHT B TeXHMYECKHST YHHBEPCHTET B
Macauy3erc, mnpenojasaml ,KoMOioTbpu3MpaHe B COLMAIHUTE HAyKH™, HU3BEXJa KpaTka
CpaBHMTENIHA TAa0IMILIAa MEX Ty [IETTe Hali-U3I0JI3BaHU COPTYEPHU MaKeTa, OT KOUTO JIECHO Marar Jia
Ce BHIAT OCHOBHHTE Da3ziM4usi MEXAy Te3u Tpu mnpoxykra (Bmk Tabmuma 1. CpaBHutenHa
xapakrepuctuka Ha R, SAS, SPSS).

Ta6auna 1. Cpasuurenta xapaktepuctrka Ha R, SAS, SPSS [6]

CBooOoaen OcHoBHHU
HNme IIpennmcrBa Henocrarbuu JOCTBI? noTpeduTe N
[lognbpxa Oubnuorekn; |CTpbMHA KpUBa HA DuHaHCH;
R BH3YyaIH3aIus oOyueHue Ja Cratuctuka
CxbI1; ocTapsi busHep;
SAS [['onsma 6a3a qaHHU pOrpamMeH e31uK He [IpaBuTEICTBO
JlecHu craTucTUYeCcKu
SPSS jananu3u MHOTO CKbIT He Hayka

Ot mpenocraBeHaTa TabnWIa craBa sSICHO 3allo, BbIpeku de SPSS e cnenuanmsmpan 3a
COLIMAJTHUTE HayKH, coPpTyephbT R Bce moBeye e crpsiraH KaTo HEroB OCHOBEH KOHKYPEHT — TOM UMa
OTPOMHOTO MPEAUMCTBO J1a € cBOOOAHO JocThIeH [7, 9, 6] u ce ouepraBa KaTo KM3HECHOCOOHA
antepHaruBa Ha SPSS. R e Ge3mnareH, Taka 4ye Toi € CBOOOJEH 3a CTYINeHTH U pabortemu. Toi
pasmoJjara ¢ NIMPOK CIEKThP OT CTAaTUCTUYECKH (PYHKIIMOHATHOCTH. BBIpeku Te3u mpeaumctsa, R
MIPEIOCTaBs HIKOJIKO MPEIU3BUKATEICTBA 32 MHTETPUPAHETO MY B IICHUXOJOrUsiTa. AHamu3uTe B R
OOMKHOBEHO C€ OCBINECTBSIBAT C TIOMOIITa Ha CKpUIITOBE. Taka MHOTO 4YeCTO HE € SICHO 3a
MOTpeOUTENS KaK Jja CTapTHpa HAKOU OT aHAIU3HTE [7].

3. O0pa3oBaHUETO MO CTATHCTHKA U POJISATA HA copTyepa

Hanune e 3HauWTenHa JmTepaTypa OTHOCHO OOpa3OBaHMETO IO CTATHCTHKA M POJIATa Ha
CTaTUCTHUYECKUAT codTyep B Hero. Tuckosckas u Jlankactsp [10] mpenocTtaBst eauH mperien Ha
IpeAN3BHUKATENCTBaTa B 0O0JacTTa Ha OOpPa30BAaHMETO IO CTATHCTHKA. TAXHOTO TNpOy4YBaHE €
CTPYKTYPUPAHO OKOJIO INPENOJaBaHETO U YYEHETO, CTATUCTHYECKaTa 'PAMOTHOCT M CTAaTHUCTHUKATa
karo mnpodecus. OT ocobeHO 3HaYeHHE 3a CTAaTHUCTHKaTa Ha IpernojaBaHe B o0OjacTTa Ha
NICUXOJIOTUATA, T€ O4YepTaBaT HIKOJIKO MpoOjemMa M IMpeJoCTaBAT ChOTBETHUTE MPENpPaTKd KbM
craTucTHUeckara Jyuteparypa. C mpempaTKd, B3€TH OT TEXHHUS AOKIAA, Te3H MpodieMu ca:
HEBB3MOXKHOCT Jla C€ MPHUJIOXKM MaTeMaTukaTa KbM HpoOJIeMUTE OT pealHus CBAT (Hampumep,
Garfield, 1995); mpobiemu ¢ MOTHBAIMATA M TPEBOXKHOCTTA IpPU CTYJACHTHTE, CBBP3aHU C
o0y4eHHeTO UM [0 MaTeMaThKa MU cratuctuka (Hampumep, Gal & Ginsburg, 1994); nmpuchiu
TPYAHOCTH TIPH CTYJCHTUTE 3a pa3OupaHe TeOpusiTa Ha BEPOSTHOCTUTE U CTATUCTHKATA (HAIIpHMeED,
Garfield & Ben-Zvi, 2008); HeoOxomuMocTTa OT pa3padOTBaHE HAa CTATHCTHYECKa I'PaAaMOTHOCT,
KOSATO ce mpeBpblna B exenHeBue (Hamp, Gal, 2002) u HeoOxoaumocTTa OT pa3zpaboTBaHE Ha
MHCTPYMEHTH 3a OLIEHKa Ha CTaTHCTHYeCKaTa rPaMOTHOCT.
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[IpobremuTe pu 00pa30BaHUETO MO CTATUCTHKA ca OCOOCHO 3aCHJICHH, KOTaTO TOBOPUM 3a
CIIEJIBAIINTE TICHXOJIOTHA. Makap W TPHOPUTETHA YacT OT mporpamara UM Jia € 3aeTa OT
M3CIIeIOBATEIICKH METOIH, 3aTPYAHECHUSTA IPH BH3MPUEMAHETO UM UJIBAT IO JBE MPUIKHU. [IHpBO,
CTYZICHTUTE IO TICHXOJIOTHS PSJIKO TMOCTBIIBAT B YHUBEPCUTETA CHC COIMIHU MaTeMaTHUECKU
Mo3HaHus. BTOpo, CTYACHTUTE 1O TICKXOJIOTHS TPECIIEIBAT Pa3InyHa MPO(hEeCHOHAIHA PeaTH3allys.
He Bcuuku mmar aMOMIMU 3a peaju3alus B ICUXOJIOTHYECKUTE H3CieBaHus. ['oisiMa dacT oT
CTYJICHTUTE TBPCAT TMpaKTHYeCKa peanu3anus (HampuMmMep B KIMHUYHATA IICHXOJIOTHS,
OpraHu3alioHHaTa TICUXOJOrHs W T. H.), a Jpyra 4acT H3001II0 HE Cce peaJu3upar IIo
CTEIUAITHOCTTA CH.

Tyk uaBa BBIPOCHT A BCUYKH M3y4aBalld TICHXOJOTHS MMAT €JHaKBa HEOOXOJIUMOCT U
MOTHBAIM 3a padoTa ¢ MakeTuTe 3a 00paboOTKa HA CTATHCTUYCCKU JaHHU W JHUJIeMaTa Tpen
IperoiaBaTeis 1a u3depe MeKAY MPOIYKT, KOKTO IIIe € JIECHO-pa30upaeM 3a BCUUKH CTYJCHTH WU
TaKbB, KOUTO I1I€ [1a/ie TOBEUE Bh3MOXKHOCTU Ha CTYJCHTUTE, KOUTO MMAT aMOMIIMHU 33 pealn3aius
B m3cienBanusaTa. Hampumep, nmakersT SPSS e mo-orpannueH oT R, HO HEroBuTe OrpaHUYCHHS
MoOraT J1a HalpaBsT CTaHAAPTHUTE aHAJIU3U NIO-JIECHU 3a CTyAEeHTUTE [7].

4. CpaBaenue Ha SPSS n R. CuJiHu u c;1adu cTpanu

ITpu u36opa Ha codryep 3a 00pabOTKa Ha CTATUCTHUECKU JAaHHU TPsiOBa Jla ce B3emar MoJ
BHUMaHUE clieqHuTe nokasarenu [8, 11, p. 19]: necHora Ha BbBeXJAaHE HA JAHHU, BH3MOXKHOCT 3a
UMIIOPTHPAHE HA JaHHU B Pa3lU4HU (HOpMaTH;,; MHTEPAKTUBHU BBH3MOXKHOCTH; JUHAMHYHA BPBH3Ka
MEXIy JaHHWUTE, TpaUYHMA U YHCIICHU aHAJM3H; JIECEH 3a ynorpeda 3a creuu(udHu ayauTOpHUH,
JTOCTBITHOCT, TIPEHOCUMOCT; BPEMETO, KOETO € HeOOXOIMMO 3a M3y4aBaHETO MYy; JI0 KakBa CTEICH
co(TyepbT 11e Oba€ U3IOJI3BaH B IpoIIeca.

[To oTHOIIEHHE Ha JOCTBITHOCT M NMPEHOCHUMOCT, IIEHaTa € OCHOBHOTO NpPEAMMCTBO Ha R,
KOWTO € HalrbJIHO Oe3miaTeH. 3a pasnuka ot Hero SPSS e cpaBHUTENHO CKBIT MPoaAyKT. LleHarta Ha
MOTPEOUTEINICKU JIMIIEH3 3a CTYJICHTH 3a enHa ronuHa ¢ 200 nonapa, meHata Ha npodecHOHAITHUS
munen3 e 2000 monmapa, a IeHara, KOATO IUIAlIaT YHUBEPCUTETHTE, ChIIO He ¢ maika [12].
3abKUTETHOTO H3Mom3BaHe Ha SPSS B oOyueHueTo cb3laBa MpoOIEMH IO OTHOIICHHWE Ha
(UHAHCOBUTE BBH3MOKHOCTH Ha CTYJCHTUTE W JIOPM MOXKE J1a TH TIACHE KbM IPHCTHIIBAHE KBHM
ThPCEHE HA MUPATCKU BEPCHH HA MTPOrpaMara.

Ot rienHa Touka Ha PYHKIIMOHATHOCTTA:

el nBara mpoaykra moraT ga Obaar umHctanmupanud wa Windows, Mackintosh u Linux
OTIEPALIMOHHU CHCTEMH.

o 11 nBara codTyepa moIbpKaT OCHOBHUTE aHAIM3H, HO R mpejyiara MHOTO O-TOJIsIM U300p
(Bm>k Tabnuma 2)

¢ SPSS mMa HSKOJIKO MHCTPYMEHTa, KOUTO R He momabpika, BKIIOUYUTEITHO MHCTPYMEHT 3a
BBBEXKJAHE HA MaHHM, rpaduveH nHTep(eiic ¢ MEHIOTa U CHUCTeMa 3a YIpaBJCHHE Ha TaOIHIU U
rpaduku [7] (Buwx ¢purypa 3).

¢ R 1mo3BosisiBa BCHUKHU aHATU3H Jla Ce CIY4BaT ,,Ha €HO MACTO U CJIEIOBATEIIHO cliara Kpai
Ha mpexBbpIsiHeTO Ha (aitioBe ot Excel kem SPSS, ot LISREL ksMm SPSS, munaBaneTo npe3 .CSV
¢aitnose 3a Tpancdep Ha JaHHU U 1p. [9].

e Benubx 3apenenu naHHuTe B R, Te ocTaBar Ha pasmojioKEHHE J0 Kpas Ha CECHsTa M He €
HYKHO J1a C€ OTBapsIT HOBU IIPO30PIHU ¢ AaHHU [9].

¢ R nmpeyiara mo-go06pa Bu3yanuszanus Ha rpaduku u yaprose (BUX ¢urypa 2)
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@ur. 2. Busyanuszanus Ha rpaduku u yaprose Ha SPSS (i1as80) u R (ascHo) [5]

ITo orHommeHne Ha cBosita evekasocm W SPSS m R MMaT BB3MOXHOCT 3a M3BBPIIBaHE Ha
I'bBKaBH aHaIW3U. Bbrpeku ToBa, R mpeaocTaBss MHOTO TO-JIECHO TOCTETIEHHOTO HAATpaXKaaHe Ha
CTaH/JapTHUTE aHAIM3H. TOH € M3KIIOYMTENHO MOJXOISIl 3a pa3pabOTBAHETO 3a HANpPEIHAIN
M3CJIEI0BATENIM, KOUTO MOTaT Ja C€ BB3IOJI3BAaT OT BB3MOXKHOCTUTE MY 3a yBelMYaBaHE Ha
craTucThueckara ciaoxnoct [7]. [Ipeasun TeHneHnuATa AU3aifHUTE HA U3CIIEABaHUATA (0COOEHO B
eKCIIepUMEHTAIHATa ¥ KOTHUTHBHATa IICUXOJIOTHS) Ja CTaBaT BCE IO-MHOTO(AKTOPHH,
cienuduyan 1 m3uckBany "buiiceroBcka craTHcTHKA'", TAXHOTO M3YMCIIIBAHE OT/AaBHA HE € MO
cunurte Ha SPSS [9]. OcBen ToBa R € M3KIIFOUUTENIHO I'bBKAB 110 OTHOIICHHE HA OTBOPEHHS MY KOI.
Bcexn mMoxke na numie OMOIMOTEKH, KaKTO M Ja TW J00aBs Ha mojabpxamute R cepbpu. Kpm
oktomBpu 2015r. makerute ca Beue 7352 [13].

Ot rneana Touka Ha npunosxcumocm R n SPSS ca nocta paznuynu:

¢ R mpennonara 3a1610049€HN IO3HAHUS 110 CTaTUCTHKA.

¢ SPSS uma wunTepdeiic, koiiTo mpuiauya noBedye Ha craHaapTHUTe Windows-0a3upanu
nporpamu (Bux ¢urypa 3).

*R e e3uk 3a nporpamupaHne ¢ Mo-Majako Mociie0BaTeIeH MUCIOBEH MOJIENl HAa CTaHJapTHUTE
nporpamu 3a Windows (Bux ¢urypa 3).

e R uma mo-ctppmHa KpuBa Ha u3ydaBane (learning curve), nmokato mpu SPSS T1s e
cpaBHUTEIHO ToJieraTa (Bux urypa 4). Twit kato R € ¢ 0TBOpeH ko1, TOBa Ch37jaBa TPYAHOCTH HA
noTpeOuTeNuTe, KOUTO TPsIOBa /1a U3yyaBaT HETOBUSI CUHTAKCHUC.

¢ SPSS mpenocraBsi mMo-JleCHH OMIMU OT R 3a ciieqHOTO: MMEHyBaHe Ha TPOMEHJIMBHTE,
MomudUIpaHe Ha MeTa JaHHHW, MMIIOPTHpAHE Ha JaHHW, WHTEPAKTHBHU YapTOBE, CTaHIAPTHU
aHAIM3H U .

[Tpu uz60pa mexay SPSS u R e mobpe aa ce nma nipeasua MucioBaus moaen (mental model),
Heo0Xo/uM 3a paboTa ¢ aBara copryepa. M 1BaTa MUCIOBHU MOJI€Na U3UCKBAT Pa3IMuHU YMEHUS,
KOUTO TpsiOBa J1a ce TPeHHpaT, 3a Ja € YCIEmeH MPEeXOAbT OT CTYIACHTCKUS MHCIOBEH MOJET U
TO31, HEOOX0AMM 3a OopaBeHe cbe codTyepa [7].
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Tabémmna 2. CpaBHuTEIHA Ta0IUIA MEXITy COPTYESPHUTE

npoxykt R u SPSS
TYPE OF TYPE OF TYPE OF
STATISTICAL STATISTICAL R SPSS STATISTICAL R SPSS
ANALYSIS ANALYSIS ANALYSIS
Nonparametric Tests| Yes [ Yes Markov Chain Yes Diffusions Yes
Monte Carlo
T-test Yes | Yes Bootst_r ap & Yes Counting Yes
Jackknife Processes
ANOVA & . -
MANOVA Yes | Yes EM Algorithm | Yes Filtering Yes
ANCOVA & Missing Data Instrumental
MANCOVA Yes | Yes Imputation Yes| Yes Variables Yes
Linear Regression Yes | Yes O_utller_ Yes| Yes Slmul_taneous Yes
Diagnostics Equations
Generalized Least ves | ves Ro.bust. Yes Splines Yes
Squares Estimation
Lo . Nonparametric
Ridge Regression Yes I L Yes Limit Smoothing Yes
(Panel) Data ed
Methods
Lasso Yes SurV|v.aI ves| Yes Extreme Value Yes
Analysis Theory
Generalized Linear . Variance
Models Yes | Yes Path Analysis | Yes Stabilization Yes
Mixed Effects Propensity .
Models Yes | Yes Score Matching Yes Cluster Analysis| Yes | Yes
Stratified Neural Limit
Logistic Regression | Yes | Yes Samples (Survey| Yes| Yes Yes
Networks ed
Data)
Nonlinear Experimental Cla55|f|.cat|on & Limit
. Yes . Yes Regression Yes
Regression Design ed
Trees
Boosting Classif
Discriminant . icati
|scr|r.n|nan Yes | Yes Quality Control | Yes| Yes fcd |on§ Yes
Analysis Regression
Trees
. Reliabili
Nearest Neighbor Yes | Yes eliability Yes| Yes Random Forests| Yes
Theory
Factor & Principal Univariate Limit| | Support Vector
.| Yes|Y . . Y ; Y
Components Analysis es|ves Time Series € ed Machines e
Multivariat ignal
Copula Models Yes u va .|a ¢ Yes signa . Yes
Time Series Processing
Cross-Validation Yes Markov Chains | Yes Wavel.et Yes
Analysis
Bayesian Statistics | Yes Hidden Markov Yes ROC Curves Yes | Yes
Models
. . Stochastic .
Monte Carlo, CI Limit L Limit L
SIS (ST 2 (GLETE Yes fm Volatility Yes fm Optimization Yes
Methods ed ed
Models
= = - - s
T —

®ur. 3. Uarepdeiic Ha SPSS (ot 1151B0) 1 R (0T 151cHO)
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SPSS

EXPERIENCE

®@ur. 4. Kpusa na nzy4asane (learning curve) npu pasnuunure copryepHu maketu [5]

SPSS wmucnoBHusT Momen ce Oasupa Ha HaOOp OT HaHHW. TUNUYHHUAT paOOTEH MPOIEC
MPOTHYA KaKTO CJIE/BA:

1) umnopTHupaHe WK Ch3JlaBaHe Ha TaHHH,

2) nedunupane Ha MeTa qaHHu(Meta data);

3) u300p Ha aHAITHM3H OT MEHIO;

4) apyru B3MOXHOCTH 3a H300p B CAMHUTE aHAIN3U YPe3 AUATOTOBH PO30PIIH;

5) mpou3BekaaT ce MHOTO U3XO/HHU JIaHHH,

6) upe3 HHCTPYKIMH CE YJICCHSABA THIKYBAHETO HAa H3XOIHHUTE TaHHU;

7) W3XOMHHUTE JaHHU MOTaT jJa ObJaT KoNMpaHW W u3noji3BaHu B WOrd qoKyMeHTH WK APYT
TUN (aiijoBe 3a Ch3JlaBaHe HA (PMHAJICH OTYET.

3a 0OMKHOBEHHS TOTPEOUTEN HE C€ MPENOopPhYBAT MEPCOHATUZUPAHETO HA CTATHCTHYCCKU
(GYHKIMM WK MOJI3BAHETO HAa W3XOJHH PE3YJITaTH KAaTO BXOJINM JaHHH 3a JApyru aHanusu. [lo
TO3W HAYMH, KaTo IS0 CHCTeMAaTa HAIPaBIIsBa MMOTPEOUTEIIS B aHAIH3A.

3a paznmuka ot SPSS, B R morpeburtensat HampamisBa codryepa. Ilopaau Tasu mpuuuHa
paboTHUs mporiec mpu R e cneaHusT:

[1].HacTpoiika Ha HEOOPaOOTEHH JAHHU B IpYyra Mporpama;

[2]. uMmIOpTHpaHe HA JaHHW - Hal-uyecTo OWBAT Pa3JIMYHU HAOOpPH OT JaHHHU, MeTa HAOOp OT
JTaHHU U Jpyryu 00eKTHU JaHHU (BEKTOPH, TAOIWYHH JTAaHHH);

[3].mpeobpazyBaHe Ha TaHHUTE, U3MOI3BANKHA HA0OP OT KOMAaHIH;

[4].u3BBpIIBAaHE HA aHaIW3a - W3MBJIHCHHETO HAa KOMAaHAWTE MOXE Ja HAJIOXH THPCEHE B
Google nmn yueOHHK, pa3OUpaHeTO HAa ApryMEHTHTE B KOMaHAUTE MOKE Ja Ob/Ie YIeCHCHO
OT JJOKyMEHTAIus Ha codTyepa Ui OHJIAitH HHCTPYMEHTH;

[5].THI1 KaTO M3XOAHWUTE PE3YIATATH Ca MUHUMAJIHU, YECTO MOTPEOUTENAT TpsAOBa /a MOMCKa
KOHKPETHH JIaHHU Ype3 JOMBIHUTEITHH KOMaHIH;

[6].MHOTO OT cTaHIApTHUTE BB3MOKHOCTH Ha SPSS m3ucksar nmorpedurencku komanau B R, HO
CpPeIHO HampeTHaT TOTPeOUTET MOXKE JIECHO Ja Ch3AajJe MHOXKECTBO KOMAaH/IH,
HechiecTByBamu B SPSS; B R e naney mo-nmecHO M3BAMYAaHETO HA YacT OT W3XOJHUTE
JTAaHHY | TIOJI3BAHETO MM KaTO BXOJHU JIAaHHU 32 JIPYTH WIIW CIIeIBANIM (QYHKINH U aHAJIU3H,

[7].makap ue kpaiiHUTe pe3ynaTh morar ga Obaar Brpagenu B Word wiun Excel moxymentw,
coTyepbT HachbpuaBa MOTPEOMTENUTE Ja y4dacTBaT B pa3HOOOpa3HH pabOTHH MPOILIECH,
KOUTO U3THKBAT BE3MOXKHOCTUTE Ha cOPTyepa 3a Bh3MPOU3BEINMU HAyIHHU H3CIICIBAHUA.

R u SPSS cphmo morar ga 0b1aT cpaBHEHHU MO OTHOIIEHUE HA CHIIECTBYBAIIUTE PECYPCH.
Mma MHOrO OHIalH M Te4YaTHH pecypcu kakto 3a R [14, 15, 16, 17], Taka u 3a SPSS [18, 19].
CrlecTBYBaT U MaTepHUaIl 32 KOHKPETHOTO MPUJIOKEHNE Ha R B MCUXOMOTUYECKUTE U3CIIEIBAHNUS,
HO T€ ca Jajey Mo-MaJiko, OTKOJIKOTO Matepuanute 3a SPSS [20].

5. 3aka0uenue

Crnen HampaBeHaTa ChIIOCTaBKa Ha JBaTa cCOPTyepHU MakeTa 3a 00paboTKa Ha CTaTUCTUYECKH
JAaHHH, MOXKE Jla C€ HaMpaBU 3aKII0UYeHUETOo, ye SPSS e moaxoasi 3a paboTa upe3 MEHI0Ta U JIECEH
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uHTepdeiic 3a CTAaHTAPTHM aHATM3M M € MOAXOAIl 3a TojiiMa 4YacT OT MpPOYYBaHHSTA IO
IICUXO0JIOTHA, OCO6€HO o BpEMEC Ha CJICABAHCTO B YHHBCPCUTCTA. R e no-moaAxoddaml 3a
M3CIIEeI0BATENN, KOUTO MMAT HyXJa OT MO-TOJSIM HAaOOp OT CTAaTUCTUYECKH aHAIW3U, MMAT II0-
CEpHO3HM MO3HAHMS O MPOrpaMUpPaHe U 1M0-100pa MOArOTOBKA M0 CTATUCTUKA Karo 1sui0. OcBeH
ToBa, R e moxxozsam camo 3a MOTPeOUTENH, KOUTO IO HM3IMOJI3BAT YECTO, 3alI0TO UMa IO-IBIBT
nepuoJl Ha 00y4eHHe U MHOTO MOBeYe KOMaHM 3a 3aroMHsaHe. B To3u pex Ha mucnu, SPSS e no-
HOJXO/AIN 32 MOTPEOUTENH, KOUTO MMaT HYXJIa OoT 00paboTKa Ha JaHHH OT BpeMe Ha BpeMe U
0COOCHO MOJXOJSII 33 CTYJCHTUTE IO TICUXOJIOTHS B 0aKalaBbpCKa M JOPU MaruCThpCKa CTEIICH.
Ocgen ToBa SPSS e MHOT0 MO-IIUPOKO MPUIIATaH B IICHXOJIOTMYECKUTE U3CIICABAHNS U € BB3MOYKHO
n3cienBanus ¢ R nma He ObOaT MOAKPENeHW OT HAYYHH PBHKOBOIUTENHM WIM APYTM WICHOBE HA
M3CIeNoBaTeNICKu ekunu. Mmmnementupanero Ha R B ydeOHara mporpama cbhiio Om Ouio
NPEAN3BUKATENICTBO M € TPETOPBUUTEIHO TO Ja ObJe HACOUYEHO KBbM IO-BUCOKH CTENCHH Ha
BUCIIETO OOpa3zoBaHME (MarucTpu, JAOKTOpAHTH). Penuia yHUBEpCHUTETCKHM NPENOJaBaTEId Beue
NPEOCMUCIT BapHaHTH 32 PEATM3UPAaHETO Ha Ta3u uues [7, 6], HO OCHOBHATa aKaJeMHYHA
OOIIHOCT BCE OIIEe Cce MpUIbpKa KbM MO-JecHus 3a ymotpeda SPSS. U Bce mak, HapacTBamara
HYXJIa OT KOMIUICKCHA ¥ MHOTO(AKTOPHU aHAJIHM3H MMa CBOATA OBbJEIIa aaTepHATHBA B JIMIETO HA
TO3U copTyep R, mpu ToBa HaBJIHO OE3MIIATHA.
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IPVV6 ADDRESS FROM VIN NUMBER

Radostaw Wrobel, Hristo VValchanov

Abstract: The main aim of this paper is to propose an algorithm that allows conversion Vehicle
Identification Number, which is used in “real” world to unequivocal identification of the vehicle, into IPv6.
This conversion will create unique IPv6 number that will be assigned to the vehicle. Such solution will allow
to unequivocal identification of the vehicle in “virtual” world as well. The algorithm will be implemented in
the application (built for this paper) called VINIP. It makes the algorithm useful and additionally, correctness
of it could be checked. Indirect goal is the investigation of the subjects related to IPv6 and vehicle
identification.

Keywords: IPv6, VIN.

IPv6 agpec ot VIN Homep
Panocnar Bpo6Gen, Xpucro Briruanos

Pe3rome: OcHoBHaTa 1ieJ1 Ha TO3U JOKNIAJ € A2 NPEeII0KH alfOPUTHbM, KOHTO MO03BOJISIBA KOHBEPTHpPaHE HA
UICHTU(HUKAMOHHUS HOMep Ha mpeBo3HoTo cpenctBo (VIN), koiito ce m3mois3Ba B "peanmHus" CBAT 3a
HEJBYCMHUCIICHAa WIeHTH(UKANNI Ha MPEBO3HOTO cpeactBo, B IPv6. ToBa mpeoOpasyBaHe mie ch3mgazie
yaukaneH IPv6 axpec, koiTo me ObAe MPUCBOCH Ha MPEBO3HOTO CPEACTBO. TakoBa pelieHue Ie MO3BOIH
HE/JIByCMHUCJICHATa MY HWACHTHU(QHKANWsS BHB "BUPTyanHus" CBAT. AJTOPUTHBMBT IIE CE€ peanu3upa B
npuiIokKeHue (Ch3maneHo 3a renra) 1 HapedeHo VINIP. ToBa npaBu aaropuTbMa MOJIE3eH U TOMBIHUTEIHO
OCUTYpsiIBA BB3MOKHOCT 3a IPOBEpKa Ha KOPEKTHOCTTa My. Hempsika mesn e W33ClieABaHETO HA TEMHTE,
cBbp3anu ¢ [Pv6 n nnenTuduKaus Ha MPeBO3HOTO CPEICTRO.

KmrouoBu qymu: IPv6, VIN.

Introduction

The main aim of this paper is to propose an algorithm that allows conversion Vehicle
Identification Number, which is used in “real” world to unequivocal identification of the vehicle,
into IPv6. This conversion will create unique IPv6 number that will be assigned to the vehicle. Such
solution will allow to unequivocal identification of the vehicle in “virtual” world as well. The
algorithm will be implemented in the application (built for this paper) called VINIP. It makes the
algorithm useful and additionally, correctness of it could be checked. Indirect goal is the
investigation of the subjects related to IPv6 and vehicle identification.

Internet Protocol version 6 — known as IPv6. Is the future of data transmission via the
Internet. The protocol is a successor of well know, very common and broadly used Internet Protocol
version 4 — IPv4 [2 — 4]. The purpose why IPv4 must be replaced by newer version is trivial — Ipv4
is running out of network addresses. With constantly increased demands of internet features, need
of IP addresses has to be fulfilled.

Internet Protocol

IPv4 was developed in the beginning of 1970s. [1 - 4]. Initially was used to communication
between academics and government researches in the United States. Probably even IPv4 inventors
did not realize how rapid and broad will be internet usage. Web had grown quickly far beyond
mailing and web pages support. More and more IP addresses were needed. IPv4 has finite number
of addresses that is equal 232 (4 294 967 296) [8, 9]. In that time this number was consider as
sufficient. Reality turned out different and scientists were forced to develop IPv6. Computer’s era
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had begun. Companies such as Microsoft, Apple, IBM started to race with each other which
companies will produce faster, smaller and more powerful computer. What is more they started to
produce computer-similar devices such as laptops, netbooks and tablets. In the meantime
mobilephones became internet connected. Every of these devices needed its private, unique IP
address. Hence demands on IP addresses was growing equally with amounts of electronic devices
that were able to connect to the internet. That is how IPv6 was born.

The one of the main difference between IPv4 and IPv6 is length of the address. IPv6 address
format has 128 bits so 2128 . Unbelievable amount. It can be consider as infinite number.

Differences between IPv4 and IPv6 are [12, 13, 17, 19]:

« Extended address space — from 32 bitsin IPv4 to 128 bits in IPv6

« Autoconfiguration — network prefix can be taken by booting device from an IPv6 router on
its link. Thanks to this prefix information device can be configured for one or more valid global 1P
addresses by using private random number that allow to build a unique IP address or its MAC
identifier can be used as well. In IPv4 technology, unique IP address needs to be assigned to every
device by using Dynamic Host Configuration Protocol (DHCP) or by manual configuration. In
other words it means that for example if new device with its own IP address would be added to
private DHCP server in IPv4 technology, the whole server would need to be reconfigured. Thanks
to IPv6 it is done automatically.

« Simplification of heather format — fixed heather length in contrast to IPv4. 40 bytes (two
times 16 bytes for the Source and Destination addresses and 8 bytes for heather information).

* Improved support for options and extensions — extension heather introduced in IPv6 that
allows faster processing.

In IPv6 two types of host configuration are distinguish [1, 14, 21, 27]:

« Stateless Address Auto configuration — base element of auto configuration system

« Stateful Address Auto configuration — provide advanced control on assigned addresses.
Dynamic Host Configuration Protocol (DHCP) is the protocol that is responsible for addresses
allocation and management. The stateful configuration is the enlargement of stateless configuration
and works only together

For first time, IETF organization distinguished 3 types of addresses IPv6:

« Link-local address is used during communication between the neighbor nodes on the same
link. Such address is valid only within the local network segment connected with the interface.
Link-local address starts with FE80. First bits are set to 1111 1110 10 in order to identify such
addresses. Link-local address is automatically configured and is required for Neighbor Discovery
process [10, 15, 16]. The address is not routable. Hence there is no possibility to forward that
address outside the link.

« Site-local address is not reachable from other sites. Hence it is prohibited to forward site-
local traffic outside the site by routers. Site-Local addresses are used in case there is no direct,
routed connection to the IPv6 internet for example by intranet. In such case intranet can use site-
local address not interfering with global address [1 — 8, 15].

* Global IPv6 addresses are globally reachable in the Internet [1-4, 8, 9, 11, 21, 27].

Interface ID is unique within a subnet prefix. It identifies interface on a link. It is not
recommended to assign the same ID to different nodes on a link. There is an exception from that if
interface ID is directly taken form interface’s link-layer address. In such case if multiple interfaces
are attached to different subnets there is possibility to use the same interface 1D for these interfaces.

Vehicle Identification Number
A vehicle marking system was introduced in earlies 80’ last century [23]. Because a big

increase in car usage there was a need to invent one broadly used system for car marking. The
National Highway Traffic Safety Administration established demand that 17- characters number,
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currently known as vehicle identification number, has to be assigned to every car produced in this
time and in the future. Now the VIN is commonly use almost all over the world. Every car produced
in last 30 years is marked by VIN. There is no two the same VIN in all over the world hence a car
can be clearly identify only by that number. Considering a car as a human being, VIN would be a
DNA. Every information that is needed to unequivocal car and engine, that the car is equipped with,
identification is incorporated in this number. VIN may consist only capital letters (without polish
ones and I, O, Q) and Arabic numbers 0 — 9.Vehicle Identification number can be divided into three
parts [22, 23]:

« World Manufacturing Identifier (WMI). International manufacturer code. WMI is
represented by first three signs in VIN. According to 1SO 3780/PN-92/S-02062 norm WMI number
is allocated to the vehicle by the proper national organization in the country where the vehicle’s
manufacturer has his headquarters.

* Vehicle Descriptor Section. VDS consists of six signs which describes vehicle’s features.

« Vehicle Indicator Section (VIS). VIS consists of eight characters which describe particular
model of the car.

VIN CONVERSION TO IPV6

Nowadays vehicles are equipped with more and more devices to increase ride quality and
improve maintenance of the car. Such process is becoming more common every day — proportional
to the technology developing. Cars manufacturers are racing with themselves in vehicle equipping
with more sophisticated devices. Simultaneously with IT technology spreading and popularity and
usefulness of internet there is an option to connect all cars accessory to the internet. It creates a lot
of possibility thank to them vehicles become more modern and self-sufficient. Internet connection
allows to current, in real time, monitoring of every factor such as fuel level, ABS system state,
temperature of engine, vehicle’s elements wear and many more, without vehicle leaving. Every
parameters may be available on the control panel fixed in the car. What is more such solution may
improve safety on the road by restraining car’s speed if detect any abnormalities in car operation or
exceeded wear of any element in the car. Sensors will be fitted on the road as well hence
communication between these sensors and sensors in the vehicle may prevent car accidents.
Entertainment — another advantage of IPv6 usage.

Problem determination

In binary notation every character from hexadecimal notation is represented as 4 bits (e.g. 0
hex = 0000 bin; F hex = 1111 bin).

The characters that can be used in VIN number are:0-9 = 30-39 hex (ASCIl), A-Z = 41-5A
(without O, I, Q, ASCII) [18].

It is visible from above that all characters that are used to VIN creation, in hexadecimal
notation, consist of 2 signs. Hence it is known that every character that is used in VIN is represented
as 8 bits in binary notation.

Because of that there is no possibility to convert the whole VIN into IPv6. VIN consists of 17
characters. 17 multiple by 8 is equal 136- at least such bits are needed to reflect the whole VIN. Not
saying about prefix that needs another free bits. So straight VIN conversion into IPv6 is not
possible.

After closer analysis of the problem and VIN as well it has turned out that to fully determine
vehicle, characters from 9 to 17 are enough. These 9 characters require 72 free bits. Thanks to this
56 bits remain for prefix and special addresses.
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An application project

Presented scheme (fig. 1) will be used as a pattern for algorithm creation. The diagram does
not get into details. Procedures and functions are not taken into account in the diagram. The ones
that will be unusual and worth to mentioned will be described in further part of the thesis.

INSERT VIN

CONVERT

Fig. 1. An application blocks diagram

Having information captured above, such as assumptions and blocks diagram a converter
“VINIP” was invented. The converter has been made using C# programming language.
Applications written in C# are desired for Windows operation system [20].

The conversion operation — main part of the VINIP application is presented in Listing 1 on
Fig.2. There are some likely mistakes, if made, may have influence on the conversion and cause
wrong IPv6 representation. In order to prevent that VINIP is equipped with two protections. First
of them checks correctness of the VIN (Fig.3, Fig.4).

for (int 1 = @; 1 < ASCII.length; i++)
{
Hex += String.Format("{o:X}", Convert.ToInt32(ASCII[1]));

if (1% 2==0 88 (i + 1) < ASCIIL.Length)

Hex += 5

Fig. 2. Main part of VINIP program (C#)
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private bool CheckVINAddress(string VIN)

Fig. 3. Checking of proper VIN no (C#)

return Regezx. IsMatch(VIN, @""[a-zA-Z8-9 {16} a-zA-Z8-9]3{1}") &&
Regesx. IsMatch(VIN, @"~["1ogI0Q {16}/ 1ogI0Q ${1}");

Fig. 4. Checking of forbidden VIN characters (C#)

Clicking Convert button starts the program working and the VIN conversion. In case of proper
below appears VIN converted into IPv6. Such scenario is presented on fig.5.

[ VN —c—h

VIMN:  WOLOTFFEEVWPE32434

IPv6:  2001:0db3::033:5750:3533:3234:384

VIN

Fig. 5. Usage of the application

3akjao4eHue

It is important to know that is it only prototype. What is more quite simply Internet
Engineering Task Force (IETF) has been facing such problem for couple of years and till now it still
remains unresolved [24]. Presented program can be solution of the problem. Indeed, when it comes
about functionality the application meets IETF requirements and convert VIN into IPv6. But it is
not enough so that recognize VINIP application as a functional.

There is much more problems that are not solved, such as for example security in the Internet
(eve if IPsec is mandatory in IPv6 [3, 5, 26]) . It is highly prioritize problem and has to be meet if
one is talking about global spreading of the application.

Production cost of such application is equal zero. All necessary tools needed to an application
creation are provided by cooperation with TU Varna.
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Cc. llutupane Ha nMUTEpaTypeH W3TOYHMK - HOMEP Ha W3TOYHWKA OT CIUCHKA B KBAJpPATHHU
cKkoOu;

d. TekcTsT Ha GopMyaHTE Ce MO3UIMOHUPA B cpeaata Ha pena. Homepanus Ha ¢popmynute -
ISICHO TIOJIPaBHEHA, B KPBIIJIU CKOOH.

e. @wurypwu - IIEHTPUPAHH, PA3MOIOKEHHE cripsiMo TekcTa: “Layout: In line with text”. Homep
W HaMMEeHOBaHuWe Ha (urypara - pazmep Ha mpudra 11, Hopmanen, ueHrpupan. OTCTosTHHIE
OT chceHuTe naparpadu — 6 pt.

f.  Jlureparypa — BCEKH JIMTEPATYPEH U3TOUHHK CE€ MPEJCTABs C: HOMEP B KBAJPATHU CKOOU W
TOYKA, CHMCHK Ha aBTOpUTE (ITBPBHAT aBTOp 3aroydBa ¢ GaMHiIHs, OCTAHAIUTE — C UME),
3aryiaBue, U3JaTeicTBO, Ipaj, TOAMHA HA M3/1aBaHe, CTPAHUIIH.

0. 3a KOHTaKTH: HAydyHO 3BaHHE M CTENEeH, HUMe, Mpe3uMe (MHHUIHAIH), (aMUIHS,
opranusaius, nojaeiacHue (kareapa), e-mail aapec, ¢ mpudt 11, AcHO MOPAaBHEHO.

Oopaserr 3a popmaTrpaHe MOXKeTe Ja M3TerauTe or azapec http://cs.tu-varna.bg/ - Crnucanue

KHT, Spisanie_Obrazec.zip.
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To3u Opoit OT cliUcaHHETO ce OTIeuaTBa
ChC CPEACTBA OT HAYUHO-U3CIICJOBATEIICKU
IPOEKT, (pUHAHCHpAH LIEJIEBO OT

TbP>KaBHUS OFOJKET.
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