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CALCULATION OF MULTI-STATE TWO TERMINAL
RELIABILITY

Natasha Stojkovic', Limonka Lazarova? and Marija Miteva?

"Faculty of Computer Science, “Goce Delcev” University— Stip
(natasa.maksimova, limonka.lazarova, marija.miteva)@ugd.edu.mk

Abstract. Traditionally, reliability of the transportation system has been analyzed from
a binary perspective. It is assumed that a system and its components can be in either a
working or a failed state. But, many transportation systems as: telecommunication
systems, water distribution, gas and oil production and hydropower generation systems
are consisting of elements that may operate in more than two states. The problem that
we consider in this paper is known as the multi-state two terminal reliability computation.
The multi — state two terminal reliability can be computed with the formula of inclusion
and exclusion, if the minimal path vector or minimal cut vector are known.

Keywords: multi-state systems, network reliability, minimal path vectors, minimal cut
vectors.

1 Introduction

Two-terminal network reliability for binary transportation system has been
studied in various ways. For the binary network it is assumed that a whole
system and its components can be in two states: working or failed state.
However, the binary approach does not completely describe some
transportation systems. Such systems are telecommunication systems, water
distribution, gas and oil production and hydropower generation systems. These
networks and its components may operate in any of several intermediate states
and better results may be obtained using a multi-state reliability approach.[1]
The authors developed a multi-state approach for exact computation of multi-
state two-terminal reliability at demeaned level d (M2TRy). The multi-state two
terminal reliability is defined as the probability that a demand of d units can be
transmitted from source to sink nodes through multi-state edges [2]. The mulii
— state two terminal reliability can be computed if the minimal path vector or
minimal cut vectors are known. In the literature many algorithms for calculating
on minimal path or cut vectors are known.

Some algorithms for obtaining minimal path or cut vectors are given in [1],
[2], [3] and [4]. In [1] is developed a multi-state approach for exact computation
of multi-state two-terminal reliability. In the paper is proposed algorithm for
obtaining minimal path vector. Disadvantage of this algorithm is that it gives
candidates minimal path vectors that are not minimal. In [2] is proposed
algorithm for obtaining minimal cut vectors for the multi-state two-terminal
transportation system. The disadvantage of this algorithm is that it works only
for weak homogeneous components. The components can have different
number of state, but the first state of the components has to be the same. In [3]
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is proposed algorithm for obtaining minimal path vectors. This algorithm has
restriction for the values of capacities on the edges. The capacities on the
edges can be only valued from the set of integer number. In [4], it is proposed
an algorithm for obtaining the minimal path vector that does not require any
restrictions for the values of the capacities of the links.

2 Basic definition
In this paragraph we will give some basic definitions for binary two terminal
network.

Let G(V,E) be a multi- state two terminal network. By V the set of

nodes is denoted, and by E:{ei IlSi£|E|} the set of edges is denoted.
Multi-state edge is defined as an edge of the system, which has a set of states
{r <-100% | r e [0,1]}. The state 0 is appropriate in case when there is no

stream over the edge. The state 100% is appropriate on the state, when the
edge works with full capacity. Intermediate states are all states in which could
be found edge between the state 0 and the state in which the system works
with total capacity. State space set is the vector which presents the state of the
components.

For example, let the edge of the transport system has three different states:

0%, 50%, 100%. Then the vector (0,0.5,1) is the vector of the states of that

edge.

For any multi-state edge, the vector of the capacity (Capacity Vector -
Capacity State Set) is obtained as a product of the full capacity of the edge
and the vector of the state of that link. Let suppose that the edge described
before, in perfect conditions could transfer flow equal to 8 units. The vector of
the capacities, obtained in this way is equal to

S, = (8-0,8-0.5,8-1) = (0,4,8) .
Capacity state set S, as the set of the all possible capacities from the source
to the sink, for the total system is defined. For some simplifications, the states
could be numerated in different ways. For example, it can be supposed that the
perfect state at the level 2,50% corresponds to 1, and the state of the total
breakdown corresponds to 0. In this way, the vector (0, 1, 2) is obtained.

Let X, be the state of the linke,. The vector x=(x1,x2,...,xn) which

describes the states of all components of the system, is called state vector.
The set of all state vectors is called state of the system N = §, x §, x...x S‘E‘ :

The function ¢ : N — S where (p(;c) is the potential capacity from the source

to the sink. If the system is in the state X , it is called multi — state structural
function.
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Definition 1. Multi-state two terminal reliability for the level d (M2TRy) is
the probability of the event, that the flow is larger or equal to d and could be
successfully transfered from the source to the sink.

M2TR, :P((p(;c)Zd) (1)

Definition 2. A vector y is said to be less than X, 5; < ;c, (or dominated by X

)if Vi, y. <x, andforsome k, y, <x,.

Definition 3. A vector X is said to be a minimal path vector to level d if
(o(;c) > d and if for every ; <x, (p(;c) <d.

Definition 4. A vector X is said to be a minimal cut vector to level d if
(o(;c) < d and if for every other} > X, (o(;c) >d .[4,5]

In order to determine the structure of the transport system we define binary
path vector. We are considering multi-state transport system with set of the
nodes V and set of the edges E = {ei 1<i< n} . We consider transportation
system with the same nodes and edges. All the edges in this system are
binaries, i.e. the set of the state of the links is {0,1}. Let V be the minimal path

vector for this transportation system. We say that V is binary minimal path
vector for the multi-state transport system. With BPV we denote the set of
binary minimal path vectors.

With 7S =(V,E,BPV,S,VP), we denote the transportation system,
where V is the set of the nodes, E s the set of the edges, BPV is the set

of binary minimal path vectors, § is the set of capacity vectors of the
components and VP is the set of the probabilites on the level of the

components, where p, is vector of the probabilities on the i-th edges i.e.
)2 =P(xl. =d).

3 Calculating on the multi — state two terminal reliability

We will show how the reliability of multi state system, when the minimal
path vectors are known, can be calculated. For the binary system, reliability
could be solved by the following formula:
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:P[Lj)?hj Z/:P Z P(B, AP+ P[B .. P).

h=1 h=1 h<k

(2)

where j is a number of minimal paths, and Py is a & - the minimal path [5].

This formula can be extended for the new structure of the vectors from the
minimal sets. In the case of multi state system M 2TR, can be obtained with
the following modification of the formula of inclusion and exclusion

T T

M2TR, =Y P(%25,)- D P(¥>

h=1 h<k

=<
=i
\Y
<)
S
~

W AXZ )+ (CDTP(X2F A A

®)

where T is number of the MPV, (minimal path vectors on level d ) and

¥, € MPV, . By using of the notation
max(Zy, ..., Zg) = (max(z1®, ..., zsM), ..., max(z19, ..., z) (4)

where z,Mis v-th coordinate of the coordinate Z,, and the equation (3) can
be written in the form:

M2TR, _ZP (x>y ZPx>rrax(y,,,yk))+ (=1 P(% =max(¥,, ..., y))
h<k

h=1

®)

Algorithm for reliability calculating

Input: Binary minimal path vectors BPV , set of the capacity vectors of the
components S, and the set of the probabilities of the components levels VP.
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Output: Reliabilites M2TR,, form<d <M , m is the minimal level of the
system work and M is the maximal level of the system work.

Step 1. Finding the minimal path vectors for leveld , D = {Z,g,,z_,:} with
the algorithm proposed in [1-4].

Step 2. Finding all possible non empty subsets of the set D.

Step 3. Foreverysubset D 1<r< 2" —1 obtained in the step 2, it is find the

supremum, v, =supD _, according to the ordering relation f

given in definition 2, in this way every coordinate is equal to the
maximum of the appropriate vector coordinates in that subset.

Step 4. Finding of the probabilities P((p()’c’)ZV,) and application of the
formula 5 in order to obtain the reliability M2TR,, .

From the previous algorithm we can concluded that multi — state two terminal
transportation system can be computed if minimal path vectors are given. In
the Example 1, we will show minimal path vectors for level 1,2,3,4 for the
system from Figure 1, and appropriate reliability.

Example 1. Let us consider the simple transportation system in Figure 1.

Figure 1. Two terminal transportation system

Capacities of the edges are S1={0,1,2}, S2={0,1,2}, S5={0,1}, S4={0,1} and
S5={0,1,2,3}. Probabilities that the edges can be in some state are:
p1=(0.1,0.1,0.8), p2=(0.1,0.1,0.8), p3=(0.1,0.9), p4=(0.1,0.9) and
p5=(0.1,0.05,0.05,0.8).
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The vector of maximal state will be M=(2,2,1,1,3).
We suppose that binary path vectors that are minimal path vectors to level 1

are known. With MP. we will denote minimal path vector to level i.

MP4+={(1,0,1,0,1), (1,0,0,1,0), (0,1,1,1,0), (0,1,0,0,1)}
M2TR1=0.97686.

MP2 ={(2,0,1,1,1), (1,1,0,1,1), (1,1,1,0,2), (0,2,1,1,1), (0,2,0,0,2)}
M2TR2=0.84614

MPs ={(2,1,1,1,2), (1,2,0,1,2), (1,2,1,0,3)}
M2TRs=0.64584

MPs ={(2,2,1,1,3)}
M2TR4=0.3686

4 Conclusion

This paper presents an algorithm for calculating a multi-state two terminal
reliability. With this algorithm reliability to level d can be calculated when the
minimal path vectors to level d are known.
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INCREASING THE FLEXIBILITY AND APPLICATION OF THE
B- SPLINE CURVE

Julijana Citkuseva', Aleksandra Stojanova', Elena Gelova'

Faculty of computer science, “Goce Delcev” University, Stip, Macedonia
(julijana.citkuseva, aleksandra.stojanova, elena.gelova)@ugd.edu.mk

Abstract: One of the main tasks of geometrical modelling is to find ways of designing and
representing freeform curves and surfaces. One of well-known geometric modeling tools in
computer aided geometric design are B-spline curves and surfaces. B-spline is smooth in
parts of polynomial functions with reduced smoothness. In this article we will give ways of
increasing the flexibility of the B - spline curve as well as its applications together with
associated examples made using the program package Wolfram Mathematica 8.

Keywords: b-spline model, knot vector, control polygon, Bezier curve, multiple knot.

1. Introduction

A spline curve is a sequence of curve segments that are connected together to form a
single continuous curve. B-spline curve addresses problems with the Bezier curve. It provides the
most powerful and useful approach to curve design available today.

Freeform curves and surfaces have very broad application. Thus, Bezier-curves are used
to draw the path of motion of a point (object). In 3D animations, these curves are used to
determine the three-dimensional path and two-dimensional curve for interpretation of key
segments. B —splines are used for modeling animation characters for the purposes of modeling
animated movies and True Type fonts, as illustrated in this article.

B spline models were first mentioned by Schoenberg [19]. Initially, the practical
application of B-spline curves and surfaces was limited by the instability of the algorithms for their
calculation. This setback was resolved by Cox and de Boor [6] who proposed algorithm for
numerical computation based on recursive template. Then, Reisenfeld [19] revealed that B-spline
is a powerful tool for representing free-form shapes and applied B spline base for curves
definitions.

1.1 Organization of the paper.

First we will give a brief overview of methods that are used for increasing flexibility of B-spline
curves emphasizing two techniques: degree raising and knot inserting. Then, we give two
examples of B-spline application.

1 Increasing the flexibility of the B- spline curve
T
IfS, = [B(’)‘ () Blk () ... B,’f (t)} is B spline base defined in vector form, then,

n
S (Pi0) = ST-P = > BEOP:, € € [t tra)
i=0
is B spline curve defined with vector P = [P, -+ P,]T, where P; are points of the control polygon
for the curve.
It is clear that the choice of base functions and choice of knot vectors significantly affects
the shape of the B-spline curve.
To obtain B-spline curve with greater flexibility two techniques are used:
- Raising the degree and
- Inserting knots (subdivision).
The advantage of raising a degree is that B-spline curve retains smoothness and while applying
subdivision decreases differentiability of embedded knots, which depends on multiplicity of
elements in the knot vector. If the knot vector doesn’t have multiple elements, application
of subdivision reduces differentiability to k-2 order.
By raising the degree of B-spline curve, the new curve should be identical to the original
curve, i.e.

11
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n+1 m+1

S, (P;0) = Z BX(£)P, = Z BEYL(6)P;,

where P;"are points of the control polygon for the new curve

By raising the degree or order of B-spline curve, it becomes smoother compared to the
control polygon. Also, the appearance of multiple internal elements in the vector of knots for B
spline base functions, means a reduction of continuity in the value for the knot, and drawing the
resulting B-spline curve closer to a control polygon. These effects indicate that there are multiple
internal elements in the knot vector.

The flexibility of B - spline curve also increases by inserting additional elements in the
knot vector. Adding a single element in the knot vector is called knot insertion, and insertion of
multiple elements in the knot vector is called a knot refining.

There are two basic methods of inserting knots. The first method contains the so-called
Oslo algorithm developed by Cohen [19] and colleagues and Prautzch algorithm, and consists of
simultaneously inserting multiple elements in the knot vector. The second method, developed by
Boehm [19 ] consists of repeatedly inserting single element in the knot vector.

Let

n+1

S, (P;1) = Z BF (P,
i=1
is an initial curve with the knot vector

T=[t; tz - tneksrl-

The new curve, which is obtained after the insertion of knots is defined by

m+1
Re(B55) = ) MK,
Where ™ =[y; V2 ** VYm+r+1l, m > nis the new knot vector and S, (P; t) = R, (P; s).
To determine the new points of the control polygon Oslo algorithm is used.

n+1
C-=Zai"-Pi 1<i<n 1<j<m,
i=1
where a ; are given with recursive relation
a-1-={ 1 <y <ty
o otherwise
e _ Yitk=1 —ti 4 o tiek T Viek-1 4

ak. = ke akl.
1) _ 1) — i+1,j
Litk-1— & Livg — b

where ¥ af; = 1.

After mser‘ung the value for the knot, if the original knot vector is uniform, periodic or open,
then the end vector nodes are non-uniform. Uniform knot vector can be obtained by inserting
multiple values for knot in the middle of each not null interval.

Example 1. Consider B spline curve of order k = 3 defined by four points of the control
polygon

Pl (Or 0)! P2(1! 4)' P3 (31 2)' p4-(4r 3)

and open uniform knot vectort =[0 0 0 1 2 2 2].

We will perform subdivision of curve, inserting the value 1 in the knot vector between knots 0 and
1,i.e.the knotvectoris7*=1[0 0 0 1 1 2 2 2]. So, starting from uniform, non-uniform open knot
vector with one double knot is obtained. Using the Oslo algorithm, the new control points of the
polygon are obtained.

C = “3 1Pr =P =(0,0),

C; = a3_2P2 =P, =(1,4),

C3 = a3sP, +aj;P; = %(pz +P) =(2,3),

Cy a§'4P3 =P, =(3,2),

Cs 012,5P4 =P, = (4,3).
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¥ ¥y ¥y
Py C, C;
4t = 4t = 4}
Py Cs C- Cs Cs
2 l' 2t ] 2 »
PJ C-I- C4
P 2 4 C1 2 4 Cy 2 4

Figure 1. Impact of change in the control point polygon

Figure 1: Left, shows the B - spline curve obtained from the initial control polygon, with open
uniform vector nodes. The graph in the middle shows the curve after the subdivision. We note
that the curve does not change, but the control polygon is changed and now it has five points,
and the knot vector is changed too. If points C; and C, match, then despite the double element in
the knot vector corresponding to C,= Cs, there is a double point in the control polygon and the
resulting curve will peak in the double knot , as presented in Figure 1 . Right.

2 Application of B-spline

B splines are very widely used in computer design. Below we give two examples of their

application.

Example 2. B splines can be used for drawing animated characters for animated movie’s
needs. The draw for the various parts of the animated character required different control
polygons. In this example the animated character of a squirrel is drawn, starting from three control
polygons. The first caracter defines the body, the second the eye, and the third one defines the
right ear of the squirrel:

P-body = {(8,138), (8,138), (22,148), (55,105), (80,132), (52,146), (20,171), (100,210), (153,185),
(150,165), (163,168), (180,140), (152,122), (138,144), (120,92), (169,94), (265,151),
(311,112), (324,85), (313,74), (342,92), (320,142), (238,161), (225,187), (285,212),
(322,212), (326,203), (433,201), (487,159), (487,86), (393,53), (319,64), (316,50),
(289,29), (225,27), (265,53), (218,50), (167,18), (95,6), (60,60), (43,105), (8,138),
(8,138)};

P- eye = {(102,162), (102,162) ,(82,181), (59,170), (77,158), (102,162), (102,162)};

P- ear = {(148,183), (148,183), (173,191), (193,169), (171,157), (171,157)}.

In Figure 2, right in the front row a figure of a squirrel is presented derived from B-spline
curve of order k = 2, (control polygons). The remaining graphs can be obtained when B-spline
curves in orderk =3,4,5,6 and 7.

13



14

lonumen 36opank 2013
Yearbook 2013

®akynrer 3a nHPpoOpMaTuka, YHUBep3uTeT ,,l one Jemaes™ — IItun
Faculty of Computer Science, Goce Delcev University — Stip

Figure 2. Application of B-splines for drawing squirrel

Example 3. This example will illustrate the application of B-spline for modeling True Type
and Post Script fonts, modeling the letter g. First we define the control polygons:
P1={(2.8,5.2), (1, 4), (2.2, 3), (2.2, 3), (2.2, 3), (1, 1.5), (1, 0.7), (2, 0.2), (3.5, 0.2), (4.5, 0.2), (7,

0.8), (7,2.5),(7,4),(3,4),(3,5), (4,5.2),(4.8,5.2), (6.2,5.8), (6.1, 7.2), (6, 8.2), (6, 8.2),

(7,8.2),(7,8.2),(7,9), (7,9), (6, 9), (6, 9), (5,9.4), (3,9.4), (1, 8), (1.2, 6), (2.8, 5.2)};
P2 = {(3, 3.5), (3, 3.5), (1.5, 1.5), (3, 1), (4, 1), (5, 1), (6.8, 2.5), (6, 3), (3, 3.5)};

P3 ={(5, 5.5), (5.5, 6.5), (5, 9), (3, 9), (2.5, 8), (3.2, 5.5)}.
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k=6

Figure 4. Application of B-splines for modeling fonts

Figure 4: Shows the obtained B-spline curves in orderk =2, 3,4, 5,6 and 7.

3 Conclusion

B-splines are not used very often in 2D graphics software but are used quite extensively
in 3D modeling software. They have an advantage over Bézier curves, so that they are smoother
and easier to control. B-splines consist entirely of smooth curves, but sharp corners can be
introduced by joining two spline curve segments. The continuous curve of a b-spline is defined by
control points. While the curve is shaped by the control points, it generally does not pass through
them.

Application of the free-form curves is not limited to computer graphics, only. They have
an important application in the calculation of optimal orbit and trajectory of aircraft flight. The most
commonly used are Bézier and B-spline curves, but there are other splines as Hermit spline,
Catmull-Rom spline and T-spline.
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WAVELET APPLICATION IN SOLVING ORDINARY DIFFERENTIAL EQUATIONS
USING GALERKIN METHOD
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Abstract. The Galerkin method is one of the most used methods for finding numerical
solutions of ordinary and partial differential equations. Its simplicity makes it suitable for
many applications. In this paper we show that the wavelet-Galerkin method is an
improvement over the standard Galerkin method for ordinary differential equations.

Keywords. condition number, sparse matrix, wavelet, scaling function, wavelet-Galerkin method.

1. Introduction

The concepts of wavelet theory were provided by Meyer, Mallat, Daubechies, and many others,
[4], [8], [10]. Since the beginning, the number of applications where wavelets have been used has
exploded. In areas such as time-series analysis, approximation theory and numerical solutions of
differential equations, wavelets are recognized as powerful weapons not just tools, [1], [2], [3], [7], [11],
[12], [13].

In general, it is not always possible to obtain exact solution of an arbitrary differential equation.
This necessitates either to go for discretization of differential equations leading to numerical (approximate)
solutions, or for qualitative study which is concerned with deduction of important properties of the solutions
without actually solving them. In the early nineties, scientists were very optimistic because it seemed that
many fine properties of wavelets can be directly applied and would automatically lead to efficient numerical
method for solving differential equations. The reason for this optimism was the fact that many nonlinear
partial differential equations (PDEs) have solution containing local phenomena and interactions between
several scales. Such solutions can be well represented in wavelet basis because of its satisfactory
properties such as compact support (locality in time domain) and vanishing moments (locality in frequency
domain).

The Galerkin method is one of the best known methods for finding numerical solutions of ordinary
and partial differential equations. Its simplicity makes it perfect for many applications. The wavelet-Galerkin
method is an improvement over the standard Galerkin method by using a compactly supported orthogonal
functional basis, [2], [11], [12], [13]. The translates of a wavelet for all dilations form an unconditional

orthonormal basis of L?(R) and the translates of a scaling function for all dilations form an unconditional
orthonormal basis for V,- c LZ(R), which is a great improvement over the standard polynomial basis or a

trigonometric basis which not necessarily have to be unconditional.

The aim of this article is to throw some light on this aspect of wavelet analysis for numerical and
qualitative analysis of ordinary differential equations. Section 2 is of preliminary character; we describe the
spaces of functions that we use throughout this paper, we also recall some basic wavelet tools such as
multiresolution analysis (MRA) and define the condition number of a matrix. In Section 3 we describe the
classical Galerkin method for numerical solving of Sturm-Liouville differential equation which comes down
to solve a linear system of equations, or equivalently, a matrix equation AX =Y . For numerical

purposes, there are two properties that we would like the matrix A to have. Firstly, we would like A to
have a small condition number, to obtain stability of the solution under small perturbations in the data.

Secondly, for performing with A quickly, we would like A to be sparse, which means that A should
have a high proportion of entries that are 0. In this paper we show that the two desirable properties of

matrix A can be achieved if we use the wavelets as basis vectors.
2. Preliminaries and Notations

2.1. Spaces of functions. r (R) is a Hilbert space of square integrable functions on the real line

with the inner product <f,g> = Jf(t)g(t)dt , where g(t) is a complex conjugate of g(¢). The Fourier
R

transform of a function f € L*(R) is given with

f@=[fwe"dr.
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The Hilbert space of square integrable functions on [0,1], with the inner product
1
(f.g)=[fwzwa,
0

is denoted by L*([0,1]). C*([0.1]) is the space of functions on [0,1] with continuous derivatives up to
order 2.

2.2. The condition number of a matrix. The methods for numerically solving linear ordinary
differential equation often come down to solving a linear system of equations, or equivalently, the matrix

equation AX =Y. Theoretically, such a system is well understood: for a square matrix A, there exists
a unique solution X for every Yifand only if A is an invertible matrix. However, in applications there
are further issues that are of crucial importance. It is often observed that for two close values of Y, for

example Y' and Y’ , the appropriate obtained solutions X and X are far apart. Such a linear system
is called badly conditioned. In this situation, small errors in data ¥ can lead to large error in the solution
X . A measure of the stability of the linear system AX =Y under perturbation of the data Y isa
condition number of a matrix A .

Let A be a 1 x n matrix. The operator norm, or just the norm of A is defined by

Jaj=supl .
E

2.1)
where the supremum is taken over all nonzero complex vectors z in Cc".
Let A be an invertible 71 x 7 matrix. A condition number C#(A) of A, is defined by

C,(4)=[A]|a"

where A™' is the inverse matrix for A. ltis clear that C# (A) > 1. Itis known thatif A is normal
invertible matrix then

A
2.2)
where ‘)L‘m = max{w : Ais an eigenvalue of A}and

min

W in = mln{w : A is an eigenvalue of A}. If A is unitary matrix, then C,(A) =1. For irregular
matrix A, C,(A) =00.
In applications, a small condition number (i.e. near 1) is desirable. In case when C#(A) is high, the

system AX =Y can be replaced with the equivalent system BAX =BY, where B is a
preconditioning matrix such that C,(BA) < C,(A). In theory this is always possible, i.e. for an invertible

matrix A, B= A
2.3. Wavelets and Multiresolution analysis (MRA). Let ,,, a>0,beR be a family of
functions defined as translations (or shifting) by factor b and dilatation (or scaling) by factor a of the

function y € I (R)
1 t—b
W, (1) = w[)
b Ja a

The function y e 15 (R) (called a wavelet or mother wavelet) is assumed to satisfy the admissibility
condition
A~ 2
T (o)
L
@]

—0
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which implies that
¥(0) = [y(di =0.
@3)

One can prove that, if jw(t)dt =0 and J.(1+‘t‘a )‘y/(t)‘dt < oo forsome a >0, then Cv/ < o0, [1].

In most situations, it is useful to restrict |/ to be well localized both in time and frequency
domains. For time localization, y/(¢) and its derivatives must decay very rapidly, while for frequency
localization, /(@) must decay sufficiently fast as ‘a)‘ —o0 and ¥ (w) must become flat in the

neighborhood of 0. The flatness is associated with the number of vanishing moments of y/(¢) since

jtky/(t)dt =0 y*(0)=0

(2.4)
for k=0, 1, ..., n. It means that larger number of vanishing moments more is the flatness @ is small.
The notion of multiresolution analysis (MRA) was introduced in 1988/89 by Mallat and Meyer as a
natural approach to the wavelet orthonormal basis. One can easily obtain a wavelet basis associated to
the particular multiresolution approximation as follows.

A multiresolution analysis (MRA) of space I’ (R) consists of a sequence of closed subspaces

{V,}’-_, (called approximation spaces) with the following properties:

1. Vjc:V‘

2. UV,=C®R); NV,={0}:
3. fMeV, & f2neV,;
4. f)eV, o fit-k)eV, VkeZ

5. There exists a function ¢ (called scaling function or father wavelet) such that

J€Z;

¢, ()= 272(27t — k), k € Z constitute orthonormal basis for corresponding subspace VJ. .

2
Let ¢ € L"(R) be compactly supported scaling function of MRA. Then

T¢(t)dt #0,

(2.5)
and ¢ satisfies the following dilatation equation

#(t) =2 a,¢(2t —k)
26) keZ

where @, are real coefficients and a, #0 for only finitely many k € Z (the number of nonzero
coefficients @, in the series (2.6) is denoted by L). Since ¢, (1) = 21242/t =k), jkeZ are

orthonormal in L*(R) , we have

[ g -mg—kyde =5,

2.7)
where &, , is the Kronecker delta function such that 0, , =0 for n# k and 5,(’" =1lforn=k.
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If e I’ (R) be compactly supported scaling function of MRA, one can construct the wavelet i/ such
that v, (1) = 2j/2l,y(2jt —k), j,k € Z constitute an orthonormal basis for L* (R) . It can be shown

[4], that if ¢ and 1/7 are the Fourier transforms of the scaling function and its corresponding wavelet, then,
the following relation holds

i@ =g - (é(w))zjme"”” ,

(2.8)
or equivalently,

v =2 (=D a,_ pQr—k).
keZ (29)

The simplest example of MRA is the Haar multiresolution analysis. In this case

I, 0<t<l
¢(t)={

0, otherwise
(2.10)

Consequently to (2.8), we obtain that y/(¢) = @(2t) — (2t — 1), thatis

1, O£t<l
2

1
1)=<9-1, —<t<l1
w () 3

0, otherwise

(2.11)
The Haar wavelet l//(t) is developed by Alfred Haar in 1910, long before anyone began speaking of
wavelets.
3.  Wavelet-Galerkin method for Sturm-Liouville equation

3.1. Sturm-Liouville equation. We consider the class of ordinary differential equations (known as
Sturm-Liouville equations) of the form

Lu(t) = —i[a(t) ﬂj +bu(t) = f(), 0<t <1,
dt dt

(3.1)
with Dirichlet boundary conditions

u(0)=u()=0.
(3.2)
Let a(t), b(t) and f(t) be areal-valued functions, such that f(¢) and b(t) are continuous functions
and a(t) has a continuous derivative on [0, 1]. Note that L may be differential operator with variable
coefficient because a(t) and p(t) are not necessarily constants. We assume that the operator L is

uniformly elliptic, which means that there exist constants C, >0, C, >0 and C; >0 such that

0<C 2a(®)<C,and 0<b(t) <C,forall t €[0,1].

(3.3)
By the theory of ordinary differential equations, it is known that there is a unique function u satisfying
equation (3.1) and the boundary conditions (3.2).
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3.2. Galerkin method for ordinary differential equations. For the Galerkin method [9], [12], we suppose

that {Vi} is a complete orthonormal system (orthonormal basis) for L*([0,1]), and that every v, is

C?*([0.1]) function that satisfies
v;(0)=v,()=0.

We select some finite set A of indices j and consider the subspace
S =span{v;,je A},
i.e. the set of all finite linear combination of the elements {v }, j € A.

We look for an approximation u of the exact solution u of the equation (3.1) in the form

u, = Zxkvk es,
kel
(3.4)

where the coefficients X, ,k € A are unknown. Our criterion for determining the coefficients X, is that

1, should behave like the true solution % on the subspace S , i.e.

<Lus,vj> = <f,vj> ,VjeA.
(3.5)
If we substitute equation (3.4) in equation (3.5) we obtain

Z<ka,vj>xk =<f,vj>, VieA.
@6)

Let X denote the vector (x,),., andlet ¥ be the vector (y,),., where y, = <f,vk>. Let

A=la;, ]j,keA where a;, = <ka ,vj> . Thus, (3.6) is a linear system of equations

2% =Y, J €A
keA
(3.7)
or,
AX =Y.
(3.8)
For each subset A we obtain an approximation u, e S to the true solution u, by solving the linear

system (3.8) for X and then we determine U, by equation (3.4).

We expect that as we increase our set A in some systematic way, our approximations U,

should converge to the true solution # . Now, our main concern is the nature of the linear system, resulting
from the choice of wavelet basis as opposed to some other basis, for example, Fourier basis. For
numerical purposes, there are two properties that we would like the matrix A in the linear system (3.8) to
have. First, we would like A to have a small condition number, to obtain stability of the solution under
small perturbations in the data. Second, for performing with A quickly, we would like A to be sparse,
which means that A should have a high proportion of entries that are 0. In the rest of the paper we will
show that the two desire properties of matrix A can be achieved if we use the wavelets as basis vectors.

3.3. Wavelet-Galerkin method for ordinary differential equations. As we emphasized, the
family of wavelets W ; , (1) = 2/2y(2't—k), j,k € Z constitute an orthonormal basis for I*(R).

We assume the possibility of modifying the wavelet system for L (R), so as to obtain a complete
orthonormal system {w/; , } ;. for L’ ([0,1]). The set " is a certain subset of Z xZ that we do not

specify. The functions W, are not exactly the same functions as in a wavelet basis for 1.> (R), but they
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are similar. In particular, Vi has a scale of about 27j, and is concentrated near the point 27jk, and
Wik is 0 outside an interval centered at 2/ k of length proportional to 277 Wavelets concentrated well
into the interior of [0,1] are nearly the same as usual wavelets, but those concentrated near the boundary

points are substantially modified. After the modifications, V(j,k) €I, y ., should be C? function and
satisfy the boundary conditions
Wik 0)= Wik 1 =0.

Now, we rewrite the equations (3.4) and (3.6) using the fact that the wavelets are indexed by two integers,

in the form
U= DX
(jk)er
and
Z<L\V;k ’Wl,m >x_j,k = <f9Wl,m>’ V(l,m) € r -

(jk)el
(3.9)
We can still regard this, as a matrix equation AX =Y, where the vectors X =(x;,) ;. and

Y:(yj,k)(j,k)er' Vi =<f’\|]j,k> are indexed by pairs (j,k)eI', and A:[a,’m;j,k](,,m);(j,k)er,

Qi = <L\|/M ,\y,,m> . The pairs (l,m) and (j,k) represent row and column of A respectively.

Next, we will prove that if the matrix A does not have a low condition number or is not sparse,
then the system AX =Y can be replaced with the equivalent system MZ =V | for which the new
matrix M has the desire properties, i.e. M is sparse matrix and has smaller condition number than A.

Indeed, we define matrix M = [ml,m;j,k ](l,m),(j,k)el“ by
M=D"AD",
(3.10)
where D =[d

1,m;j.k ](l,m),(j,k)el' ’
L2 am=ai
L0, (m) # (k)
is diagonal matrix.
Since det(D)=2"", its inverse matrix D7is

2/ D0 0...0
Jj(n=1)
a1 adiD = 1. 92 0...0 _
det(D) 2
00 O0..2/m"Y
100...0 2700...0
_Lzm—w 010...0 _ 0270...0
2.in . :
00 0...1 00 0..27

nxn nxn

Then, for the elements of matrix M we have



Topnmen 36opauk 2013 ®dakynrer 3a nHPOpMarnka, Yausep3urer ,,l oue Jemger — Hltun
Yearbook 2013 Faculty of Computer Science, Goce Delcev University — Stip

— -l )
My, =2"""a,,,, =2 <L‘Vj,k ’Wl,m>
3.11)

Since AX=Y<D'AD'DX =D"'Y, seting Z=DX and V=D"'Y, we obtain the

equivalent system MZ =V .
The matrix M is sparse, because of the good localization (compact support) of the wavelets.

Namely, Vi is 0 outside an interval of length ¢2 ’around the point 2”‘](, for some constant C

(depending on the choice of wavelet system). Because the operator L involves only differentiation and
multiplication by another function, it does not change this localization property. So, L(//jk is 0 outside this

interval as well. Similarly, y, is 0 outside an interval of length ¢2 " around the point 27/ m. As jand /

get large, fewer and fewer of these intervals intersect, so more and more of the matrix elements

My sk =277 Afomjk =27" 1<LW/k’Wlm " J_[L\V,k(t) \Vlm(t) dt

are 0. So M is sparse, which makes computation with it easier.

It is proved in [11] that if {‘///k}g oer 1S Wavelet system, then there exist constants C,,C; >0

such that for all functions g of the form g = zcjk(//jk (the sum is finite), it holds

(jdoyer
c, 2% jk\ <j\g O dr<c, Y 2% Jk\z
(j.k)el (j.k)el’
(3.12)

The next proposition shows that the condition number of matrix M is bounded, independently of the set of
indices, so the new equivalent system MZ=V is well conditioned.

Proposition 3.1. [11, Theorem 1.2] Let L be a uniformly elliptic Sturm-Liouville operator. Let {y//. k}(jk)el"

be a complete orthonormal system for [*([0,1]) such that Wi is in C*([0,1]), satisfies
¥+ (0)=y ,, (1) =0 and (3.12) holds. Let A be a finite subset of I".

Then the condition number of M defined by (3.10) satisfies the following inequality
(C, +C,)C;

c.C,
for any finite set A, where the constants C,,C, ,C, are determined by (3.3), and C,,C; by (3.12).

C,(M) <

Remark. In most practical situations, it is usefully to restrict ¥/ to have a larger number of vanishing
moments (see eq. (2.4)). So, if f (t) is a polynomial, then Yik = <f v, k> 0, i.e. Bis a null-matrix. So,

according to (2.5), it is much more suitable to work with the scaling function ¢ and not with the actual
wavelet I/ .

In the next example, we will use the Haar scaling function and the corresponding wavelet. It will be shown
that the numerical results obtained by using the Haar scaling function are better than the ones obtained by
the Haar wavelet.

Example. We consider the differential equation
u"@®)—u@)=t-1,0<r<1
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with Dirihlet boundary conditions

u(0)=ul)=0.

Its exact solution is
2
1 . e

u(t)=— e +
® o

e’ —t+1.
1-¢?
Now, we will obtain the approximate solution u; using a Haar wavelet (2.11). Let
'={(3,0);(3,1);(3,2);(3,3);(3,4);(3,5);(3,6);(3,7)}.  The
Lu(t) =u"(t) —u(t) , so we obtain

differential operator L is

=1, (jik) = (Lm)

Ly ==V VU R)el, and a,, :<L'/’/vk"/’l~'">:{ 0, (jk)#(Lm)

Since y,, = <f,l,uj,k > , we have
1
Y3k =<f,\ll3,k>=—m

Solving the linear system AX =Y where X =(X; ) 0> Y =0;1)per and

A=1a, 1 )imp e Gmjr = <LV’j,k v‘/’/,m> we get
1

X, =  Vk=0,7
a2

So the approximate solution is

= 3w = 2 (2P0 4 x (=D 4 x (2P =2+ xy (2 -3) +

(j.k)er

+ 2, (2t =)+ Xy (2P =5) + Xy (2Pt —6) + x, (231 =T)).

In a similar way we obtain the approximate solution uf using the Haar scaling function (2.10).

Table 1. Comparison of the results using Haar wavelet and Haar scaling function

t Exact solution Numerical Absolute error Numerical Absolute error
u solutllon of ”i solutzlon of ”s2
uS uS

0.0 0 0 0 0 0

0.1 0.0265183 -0.03125 0.057768 0.09375 0.672317
0.2 0.0442945 -0.03125 0.075545 0.08125 0.036956
0.3 0.0545074 0.03125 0.023257 0.06875 0.014243
0.4 0.0582599 0.03125 0.027009 0.05625 0.00201
0.5 0.0565906 -0.03125 0.087841 0.05625 0.00034
0.6 0.0504834 -0.03125 0.072128 0.04375 0.00673
0.7 0,0408782 -0.03125 0.002570 0.03125 0.009628
0.8 0,0286795 0.03125 0.016484 0.01875 0.009929
0.9 0.0147663 0.03125 0.03125 0.00625 0.008516
1.0 0 0 0 0 0

Remark. Let us note that here we have used the simplest scaling function which is not even a smooth
function. The results can be improved using scaling functions with better properties. For comparison, in [9],
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the same equation is solved using the cubic spline scaling function and the obtained results are much
better.
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Abstract

In this paper some products of distributions are derived. The results are obtained
in Colombeau algebra of generalized functions, which is most relevant algebraic
construction for dealing nonlinear problems of Schwartz distributions.

Keywords and Phrases: distribution, Colombeau algebra, Colombeau
generalized functions, multiplication of distribution.

Mathematics Subject Classif2cation 2010: 46F10, 46F30.

1. Introduction

At the early fifty’s of the last century, the French mathematician Laurent Schwartz invented his
theory of generalized functions, also known today as a Theory of distributions, which has a big
impact in a various fields of sciense and engineering, because of the techniques it provided when
dealing with different non-linear problems that classical theory of distributions was unable to solve.
One of the most useful aspects of Schwartz's theory of distributions in applications is that
discontinuous functions can be handled as easily as continuous or differentiable functions which
provides a powerful tool in formulating and solving many problems of various fields of maths,
physics, ect. [12].

According to the distribution theory, we can distinguish two complementary points of view:

The first one is that distribution can be considered as a continuous linear functional f acting

on a smooth function @ with compact support, i.e. we have a linear map

= (f.9)

where @ is called test function.

The second one is sequential approach: taking a sequence of a smooth functions (%)

converging to the Dirac & -function, we obtain a family of regularization (fn) by the convolution
product

£,(x)=(/*@,)(x)=(f (»).9 (x-»))
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which converges weakly to the distribution f . We identify all the sequences that converge
weakly to the same limit, we consider them as an equivalence class, so each distribution
f correspondes to such equivalence calss. We call the elements of each equivalence class

representatives of the aproppriete distribution f . This way we obtain sequential reprezentation of
distributions. Some authors use the equivalence calsses of nets of regularization, i.e. the & -net

(¢.),., defined with
1 (x
¢£ = —¢ —
e \e

But, two main problems when operating with distributions appear: not any two distributions can
always be multiplied (the space of all distributions is not an algebra), and products of distributions
not always satisfy the Leibniz rule for diferentiation. So, many attempts have been made to define
products of distributions, or rather to enlarge the range of existing products [27]. Many attempts
have been made to include the distributions into differential algebras (as an example one can see
[23]).

The regularization method mentioned above is a result of a proposal for solving this problems:
some modifications of functions are made in order to simlify them and make them more 'regular’
(continuous, differentiable, finite, etc.). Actually, all the operations then are done with the
regularized functions (the sequences of smooth functions; that's the meaning of the term 'operating
in the sence of distributions’) and with the inverse process starting from the result, the function is
returned from the regularization.

To overcome the problem with multiplication of distributions, the authors were searching for an

n
associative and commutative algebra (A(Q), +, ), where Q is an open set in R , satisfying following
properties:

1) The space D ' (Q) of distributions over Q is linearly embedded into A(Q) and f (x)= 1 is the
unit in A(Q);

2) There exist derivation operators di : A(Q) —A (Q), i =1, 2, ..., n, that are linear and satisfy the
Leibnitz rule;

3) ai|D'(Q), i=1, 2, ..., n, is the usual partial derivative;

4) °|C(Q)XC(Q) is the usual product of functions.

Schwartz in his famous impossibility result [28] has shown that there isn’t any algebra satisfying
all these conditions. The optimal solution of this problem was offered by French mathematician
Jean -Francois Colombeau who menaged to construct such an algebra in a way that the condition
C (Q)inthe 4)th property above is replaced with C (Q), i.e

4y ° |Cx(9)xcw(g)is the usual product of functions

Colombeauin his books [3,1,2] described the problem of multiplication of distributions and
introduced a differential algebra G, called Colombeau algebra, as a way for overcoming that
problem. He introduced several variants of Colombeau algebras, but all of them with the property

that C functions are faithful differential subalgebra of G, something that Colombeau noticed as
essential in overcoming Schwartz impossibility result. This new theory of generalized functions of
Colombeau is more general then the theory of distributions. From the view point of diferentiation,
these new generalized functions have the same properties as distributions. But, from the view point
of product of distributions and non-linear operations, these new generalized functions have
properties completly different from the properties of distributions: every finite product of generalized
functions is generalized function, and moreover, the algebra of these generalized functions is
closed under many non - linear operations, too. Also, every product of distributions is generalized
function (in this new sense) and may not be a distribution.

In a few words, the differential Colombeau algebra G as a powerful tool for treating linear and
nonlinear problems including singularities has almost the optimal properties while the problem of
multiplication of Schwartz distributions is concerned: it is an associative differential algebra of
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generalized functions, contains the algebra of smooth functions as a subalgebra, the distribution
space D'is linearly embedded in it as a subspace and the multiplication is compatible with the

operations of differentiation and products with C -differentiable functions. The notion 'association’
in G is a faithful generalization of the equality of distributions and enables obtaining results in
terms of distributions again.

Colombeau’s theory was primarly been used for dealing with nonlinear partial differential
equations with singularities and was developed during the years and it has now a big appliance in a
different fields (physics, geometry, etc. see [20, 13, 14, 21, 30, 18, 17, 26, 27, 16]).

About embedding of the space of distributions into the space of Colombeau generalized
functions one can read papers [15, 25, 11, 29]. We can see some products of distributions in a
Colombeau algebra in [10, 5, 6, 8, 9, 4, 7] and other papers written by this author.

Following this approach, we evaluate in this paper some product of distributions, as embedded
in Colombeau algebra, in terms of associated distributions. Similar results are obtained in [23, 24,
19].

2 Colombeau algebra

In this section we will introduce basic notations and definitions from Colombeau theory.
NO is the set of non-negative integers, i.e. NO=N {0}.
Forg NO we denote

4 (R)- {(p(x)ED(R)bgv(x)dx land [ p(x) =0, - 1,...,q}
R R

where D (R)is the space of all Cm functions @:R — C with compact support. The elements of

the set Aq (R) are called test functions.

Itis obvious that 4 D A4, D 4;.... Also, 4, =< forall kEN (this is proved in [3]).
o 1 (x v
For p€4, (R) and e>0 itisdenoted @, =—@|—| and @(x) =(p(—x).
£ £
Wanting to obtain an algebra containing the space of distributions, which elements could be

multiplied and diferentiated as well as C functions, Colombeau started with E (R) , the algebra of

functions f((p,x) 4, (R)x R — C that are infinitely differentiable with respect to the second
variable, x. The embedding of distributions into such an algebra must be done in a way that the
embedding of Cm functions will be identity. Let f and g be Cm functions. Taking the sequence
(f *(pg )DO , which convergesto fin D ', as a representative of f, we obtain an embedding of D'

into E (R) . So, if we consider fand g as a distributions, we look at the sequences (f*(pg )£>0

and (g *@, )DO . Theproductof f and g as a distributions not always coincide with their
classical product considered as a distribution, i.e.

(S )(g*p.)=(/2)* e

The idea therefore is to find an ideal 1 [R] such that this diffrence will vanish in the resulting

quotient. In order to determine | [R] it is obviosly enough to find an ideal containing the differences

l((f*@)—f)

Expanding the last term in a Taylor series and having in mind propertis of (p(x) as an

£>0

element of Aq (R)we can see that it will vanish faster then any power of ¢, uniformly on compact

A.JI
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sets, in all derivatives. The set of these differences will not be an ideal in E (R) but in a set of a

sequences which derivatives are bounded uniformly on compact sets by negative power of €. These

sequences are called 'moderate’ sequences and the set containing them is denoted with E,, [R]
Finaly, the generalized functions of Colombeau are elements of the quotient algebra

Ey [R]

[[R]

where, as explained before, EM [R] is the subalgebra of 'moderate’ functions such that for each

G=G(R)=

compact subset K of R and any p NO there is a ¢ N such that, for each (pEAq (R) there are
¢>0, n>0 and it holds:

sup‘apf(gag,x)‘ <ce™!
xEK
for 0 <e<n and | [R] is an ideal of E,, [R]consisting of all functions f((p,x) such that for each

compact subset K of R and any p NO there is a g N such that for every r=q and each
PEA, (R) there are ¢>0, n>0 and it holds:

sup‘a"f(qag,x)‘ <ce™
xeK
for 0 <e<n. Elements of | [R] are also known as 'null’ functions or 'negligible’ functions.

The Colombeau algebra G(R)contains the distributions on R canonically embedded as a
C-vector subspace by the map:

i:D'(R)—G(R)u— & {%ga,x):(u*(;)(x);(peflq(l{)}

where  denotes the convolution product of two distributions and is given by:

(f*g)(x)=£f(y)g(x—y)dy

According to the above, we can also write: L%)w,x)=<u(y),¢(y—x)> where <u,¢>
denotes the integral fu (x)(p(x)dx.
R

An element fEG (a generalized function of Colombeau) is actually an equivalence class
[f]=[f£ +1 ] of an element f, €E,, which is called representative of f. Multiplication and

differentiation of generalized functions are performed on arbitrary representatives of the respective
feneralized functions.

With the next two deffinitions, we introduce the notion of ’association’.
Deginition 2.1 Generalized functions f, g G (R)are said to be associated, denoted f =g, if for

some representatives [ (¢£,x) and g((pe,x) and arbitrary w(x)ED (R)there is a q
NO such that for any w(x)EAq (R)

limﬂf(gag,x)—g(ng,x)ku(x)dx=O.

=0,

Degznition 2.2 A generalizedfunction f G(R)is said to admit some u D(R) as ’associated
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distribution’, denoted f =u, if for some representative [ (¢£,x)of f and any l/j(x)ED (R)
thereisaq NO such that for any (p(x)EAq (R)

hmff(%,x)w(x)dx=<u,1//>.

£—0

These definitions are independent of the representatives chosen and the distribution associated, if it
exists, is unique. The association is a faithful generalization of the equality of distributions.

Myltiplying two distributions in G as a result it is in general obtained a generalized function
which may not always be associated to the third distribution.
By Colombeau product of distributions is meant the product of their embedding in G whenever

the result admits an associated distribution.

If the regularized model product of two distributions exists, then their Colombeau product also
exists and it is same with the first one.

The relation f =u is asymmetric, the distribution u stands on the r.h.s.; the relation f =u is an

equivalent relation in G so itis symmetricin G and it can also be written as  f —u =0.

As a final conclusion of this introduction we have a fact that we operate with the elements of G
exactly the same as with the Cw-functions, because we actually operate with their representatives
which are Cm-functions.

3 Results on some products of distributions

p
In this part, we will obtain the product of distributions x+ and In x+ as embedded in Colombeau
algebra.

p
For the embedding of the distribution x+ using the embedding rule, we have:

/ypf y du—l/y";(y:r)dy
J e e

where anAO(R). Without lost of generality we can take supp(pg[—l,l]. Using substitution

y—-x
&

p
we obtain the representative of x+ in a Colombeau algebra:

/ :-u—l)dy—l/yp;ctl‘)dy
0 - . <

0

V=

The same way

hiﬁi‘; = /lny;E (y—z)dy = % /.lnyp (y j I) dy
0 0

we obtain:

and with the substitution u = Y
&

1111+— /1111+ w) (u) du

Now, for arbitrary ¢ (x) D (R)we have:
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<;1:b (pe, ) - 111:+ U (1)> =

o0 l [
= /z;’f(r)dl' /(l‘-{-fl')Pp(l')dl‘ /ln(Iﬁ—Eu);(u)du

But @ (x) has also compact support, so we have:
le l

l
<.i':?’ (fey ) - 111\14_ W (1)> = / U (z)de / (z + ev)Po (v) dv / In(z + cu)p (u) du

—le —z

X
Using substitution w = ——, Taylor theorem for ¢ and changing the order of integration we obtain

£
the integral:
l u
<.i':i’ (pe, ) -Inzy 7 (1)> = P19 (0) /‘\,’) (v)dv /¢ (u) du /(v — w)P In(eu — cw)dw+0 (¢)
e v v
. s w=v .
With the new substitution ¢ = we obtain
u-v

<i':i’ (e, ) - ln—;+ Y (1)> =

1 1

— e (0) fqa(v)dvj(v—u)pﬂ () du [ln(eu —ev)[(1-1 d +j(1_t)p lntdt} +0(e)

0

We know that j(l —t)p dt = and j(l —t)p Intdt = —iﬂl where o, = i%
0 0 p+ =1

forp  Nand o,=0 so forthe integral above we have:

p+l1

<i:§5 (pe, ) - 111\l+ W (1)> = —‘pp:ll ¥ (0) [l ¢ (v)dv ; (v— ‘u)p'Hg (u) In (cu — ev) du
) v
€p+10. ] / ! .
—ﬁw(o)!;ﬂv)dv[(v—u) @(u)du+0(¢)

By the properties of test functions, fu"(p(u)du =0 fork=1and ftp(u)du =1, so the

second integral above is zero and we have:

~ — ~p+1
(o (per2) - W0 (per2) 0 (2)) =~

l l
¥ (0) /p (v)dv / (v — uw)P o (u) In (cu — £v) du+0 (¢)

-1 v

i
Next, using integration by part for the integral f(v - u)p+1 (p(u)ln (Eu - ev)du

we have:
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~ — ~p+1 .
P . . . Iy ( — - af P
' (penx) - Inzy (e, 2) 0 (2 >—— W (0 /1 In(cu —ev) dv
(# (o) Mz (9 0), 0 (2)) = =70 (0) [ "o (v) v)

du+0 )

O)j'qp dvf

Applying integration by parts for the first integral above we estimate its value is 0 whereas
l l

- . P+l du
LPofA .) . . - . Iy (A — fy s (o ) c)
(2 (¢e,2) - Iy (p2,2) o (l)>_p+1t (0)./ P+ (v) da /u_l‘+0(_)
-1 v

!

0)fv””¢(v)ln u-vldv+0(e)
-1

Applying integration by parts once again,we obtain that

0

%

1+ (e, ) - 1111+( o=, )
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INPUMEHA HA CRANK-NICOLSON METOJOT 3A PEIIABAIGE HA
TOIIVIMHCKHU PABEHKH

Mupjana Kouanesa', Bnago I'nues!

! @akynrer 3a uHpopmarrka, YHusepsurer ,,loue demues*, [tun
(mirjana.kocaleva, vlado.gicev)@ugd.edu.mk

Ancrpakt. Bo oBoj Tpyn pasrienyBame emHoamMmensuoHaneH (1-JI) mpoOimem Ha TpaHcdep Ha
TOIUTHHA HU3 Tpavka. MHHIMjaIHO MpavKaTa ¢ 3arpeaHa mo A0JDKHHA, a Ha KPAaeBUTE TEMIIeparypaTa
ce OZIp)KyBa Ha HyJla BO TeK Ha BpeMme. [IpoOieMoT ce ommiyBa co mapuujaiHa JudepeHIjarHa
paBeHKa Koja ja pemaBame Hymepuukn co Crank-Nicolson meTogoT.

On peleHneTo MOXKe Jia ce BHIM KaKo BO TEK HA BpEMeE IpadyKaTta Ce JIajau IPH IITO TeMIeparypara
[0 Iena JOJDKHHA Ha MpadKaTa aCHMITOTCKH ce MpUOIMKyBa KOH Hynma. Bo oBOj Tpyn, HuHE ro
HCTpa)XKyBaBME BJIMjAaHHETO HA QHCKpeTH3anujata (sampling) Ha TouHOCTa Ha pemennero co Crank-
Nicolson MeTozoT.

Kayunn 300poBH: mapiyjagHu paBeHKH, napabomndau paBeHkH, Crank-Nicolson metoxn

APPLICATION OF THE CRANK-NICOLSON METHOD FOR
SOLVING HEAT EQUATIONS

Mirjana Kocaleva', Vlado Gicev!

Faculty of computer science, Goce Delcev University, Stip, Macedonia
(mirjana.kocaleva, vlado.gicev)@ugd.edu.mk

Abstract. In this paper we consider one-dimensional (1 - D) problem of heat transfer through the rod.
Initially the rod is heated longitudinally and the ends are maintained at zero temperature over time.
The problem is governed by a partial differential equation which is solved numerically by Crank-
Nicolson method.

From the solution it can be seen that as time elapsing the rod is cooling whereby the temperature of
the rod asymptotically approaches zero. In this paper, we investigate what is the impact of sampling
on the accuracy of the solution of Crank-Nicolson method.

Kew words: partial equations, parabolic equations, Crank-Nicolson method.

1. Bosexn

TlpupoauuTe 1 MHXEHEPCKH (EHOMEHH Ce OIMUIIYBaaT co AU(epeHIrjaany paBeHkd. Exen mMan et
Ol HUB CE€ ONUIIYyBaaT cO OOMYHHU, a MHOTY HOTojJeM Opoj co mapryjasHu JU(EepeHIHjTHH PaBEHKH.
Camo 3a Man Opoj mapiujagHd TUQEpEHIHjaTHd PAaBEHKH CO CHCHHUjaHM WHHUIUjATHH W TPAHUYHU
YCJIOBH TOCTOjaT 3aTBOPEHH, aHATUTHYKH peleHuja. [lopaan Hemoctoeme Ha aHATUTHYKH pPElIeHH]a,
HCTpaxkyBamara Ha (pu3nukure (PEHOMEHH ce BPIIM CO MPUMEHAa Ha MATEeMaTHYKO MOJCIHPABE U
HyMepHuka aHanu3a. Taka aBTOpuUTe mpelaraaT HyMEpUYKH LIEMH W METOAM 3a pellaBambe Ha
emuntnyan 4,7,8,9, mapabommunul,4,5,6,8,9 n xunepbommunn2,3,8,9 maprmjanHu AnepeHINjTHI
PaBEHKH.

PaBeHkaTta Koja ro onuuIyBa HalIMOT IPOOJIEM € eTHOAMMEH3HOHAIHATA TOIUTMHCKA paBeHKa

Uy = ?Uy, (C € KOHCTAHTA). 0)

OBaa paBeHKa 0OMYHO ce KOPUCTH 3a X BO (ukcHu uHTepBanu 0 < x < L u Bpeme t > 0, mponwuiiana
moyetHa Temmeparypa u(x,0) = f(x) (f e mageno) u rpannyan ycnosu Bo x=0 u x=L 3a curte t > 0.
[IpernocraByBame meka c=1 u L=1; oBa cexoramr Moxxe a ce OCTBapH CO JIMHEapHa TpaHCOpMaIlja Ha
x 1 t. Toram TommHcKkaTa paBeHKa U YCIOBHTE Ce

U =Uy 0<x<1 t=20 (D)

BO BHAaTpCIIHOCTA Ha JOMEHOT

u(x,0) = f(x) 2
u(0,t) = u(1,6=0 3)
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kajie (2) ce MOYETHU yCIOBH, a (3) ce rpaHUYHU YCIIOBH.
Anpokcumanujata Ha (1) co KOHEUHH pa3IUKH €

1 1
p (Ui jrr — Wij) = h_z(ui+1,j = 2uy; + ujqj) 4

Cnmka 1 ja mokaxyBa cCOOZBETHATa Mpexa M MpeXHHUTE Touku. [IpocTopHHTEe HHKpEeMeHTH ce h BO
x-mipaBel] 1 K Bo t-mpaBen. @opmynaTa (4) TH BKIydyBa YETHPUTE TOUYKH NMPHKAXaHW Ha ciuka 2. Ha
JIeBO KOpPHCTHME KOHEYHa pa3liKa Hampex Oupejku HemMaMme HHQOpMaIja 3a HETaTHBHO X Ha
nouetokoT. On (4) ro npecMeTyBaMe U; j,1 KOj OAroBapa Ha BPEMEHCKHOT peji j+1, BO OIHOC Ha JApYTHTe
TPH KOM OJIrOBapaaTr Ha BPEMEHCKHOT PeJl j; pemaBajku ro (4) 3a u; j,.; nobusame

Ui jer = (1= 20wy + 7 (Uin j + Uiy j) ®)
=k
Kage T =5
{
Y — Y ep— (= 3)
\
= 0—p O 0 o (J=2) o
U=
S T S S [T
O k h
0 / 1 X
u=fix)

Cinka 1 Mpesxka 1 Mpe:KHU TOYKH KOH 0AroBapaar Ha paBenkute (4) u (5)
Figure 1 Network and networked points corresponding to equations (4) and (5)

(i,7+ 1)

I
i-1, ) X——————— (i + 1,))
(i, 1)

Caunka 2 Yernpure To4KH Bo paBeHkure (4) u (5)
Figure 2 The four points in equations (4) and (5)
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TIpecmeTkuTEe CO OBOj SKCILTMIUTEH MeTona Gasupanu Ha (5) ce eanocraBuu. Cemak, MOXe Jaa ce
MOKaKe JIeKa KJIYYHO 32 KOHBEpPIeHIHja Ha OBOj METOJ[ € YCIOBOT

1 1
rekel, ot ©)

=

., 1,
Toa € OMIIEjKH Ujj UMa MO3UTUBEH Koe(UIMEHT BO (5) wiu (3a 1 = E) ke Ouze orcyteH ox (5). UaTynTHBHO
(6) 3Haun neka He Tpeba na oxume Op30 Bo t-Hacokata. [Ipumep e nanen nomoiy.

1.1. Crank-Nicolson meTon

VenoBor (6) He e MHOTY eHKaceH BO Mpakca. BeyIIHOCT, 3a Jja ce IOCTUTHE JOBOJHA TOYHOCT,
Tpeba na ce m3depe h mano, mro ro npasu u k mMHory mamo ox (6). Axko h=0.1 Toram k<0.005.
Ipedpnamero Ha 1/2 h yeTupukpaTHO ro 3rojemMyBa OpOjOT Ha BPEMEHCKH YEKOPH IOTPeOHH 3a 1a ce
IIOCTUTHE OJpeAeHA t-BpETHOCT.

. k . .
Merox KOj He HaMeTHyBa orpanudyBama Ha © = — ¢ Crank-Nicolson metomot [1] koj KopucTtu

h2

BPEIHOCTH Ha U BO LIECT TOYKM Ha ciuka 3. Mnejata Ha METONOT € 3aMeHa Ha pa3JIMKaTa KOJMYHHK Ha
1

necHaTa cTpaHaHa (4) co 5 TatH of 30MpOT Ha ABaTa Pa3lUYHN KOJMYHHUIM BO JABaTa BPEMEHCKH pera.

HamecTo (4) umame
1 1 1
o (Wijer = wiy) = 5z (Wi — 2w+ wimg ) + 55 (Wisn jer = 201 + Ui je1) (7)

k
Co MHOXeme co 2k 1 3anumIyBame HA 7' = e TH cobupame yCIOBHTE KOU OJroBapaaT Ha BPEMEHCKHOT

pen j+1 0 NeBO ¥ YCIIOBHTE KOM OArOBAapaaT Ha BPEMEHCKHOT PEJl j O/ AECHO:
@+ 20Uy j1 = T(Wirn a1 + imgjer) = @ = 20w + 7 (Uiarj + Ui j)- 3

T'enepanHo, TpUTE BPETHOCTH Ha JICBO C€ HETIO3HATH, JOAEKA TPUTE BPETHOCTH Ha IECHO CE TTO3HATH.
Axo ro nogennme X-uHTepBanoT 0<x<1 Bo (1) Ha n eIHAKBU MHTEPBAIN, HMaMe N-1 BHATPEIIHH
MPEXHHU TOYKH 3a BpeMeHCKH pen. Toram 3a j=0 u i=1,.., n-1, popmynara (8) naBa JIuHEapeH CUCTEM O
n-1 paBeHKM 3a n-1 HEMO3HATH BPETHOCTH Ui1, U2l,.., Un.1,1 BO TPBHUOT BPEMEHCKH PEJl BO OJHOC Ha
npBuaHUTE Bpearoctd u00,ul0,..,un0 u rpaHUYHUTE BPEAHOCTH Uoi,Uni(=0).
Cnmyno 3a j=1, j=2... OOHOCHO 3a CEKOj BPEMEHCKH pel Tpeba Oa pemnMe ChcTeM ox n-1
JIMHEapHU PaBEHKH KOM Mpou3ierysaar ox (8).
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k .
Hako r = - He HaMeTHyBa OrpaHMYYBakba, MOMAI I ke 1aBa nogobap pesyntar. Bo mpakca, ce

u36mpa k co koja Moxe &la ce 3auyBa 3HaYMTENIHA CyMa Ha paboTa, 63 MpaBerme Ha I MHOTY TOJIEMO.
Yecto mobap m360p 3a r e r=1. Toramr (8) ctaHyBa HOEIHOCTABEH.

AU — Wigrjer — Wimgjer = Uign,j T Uicj )

Time row j + 1 ¥ — Y —
| &

Time row j 4 — Y - :
h hi

Cinka 3 Hlecre Touku Bo Crank-Nicolson ¢opmyiute (7) u (8)
Figure 3. Six points in the Crank-Nicolson formula (7) and (8)

2. MareMAaTHYKH MOJeJ

PasrnenyBamMe CTpaHMYHO H30JMpaHa MeTalHa WIMNKa CO JODKMHA | W TakBa mro c¢’=1Bo
torumHCcKara paBeHka (0). IIpernmocraByBaMe Jeka KpaeBHUTe Ha IIMIKATa ce YyBaaT HA TeMIeparypa
u=0°C u jieka TemmepaTypaTa Ha NIMIIKaTa BO ojpeneH MomeHT t=0 e f(x) = sinnx [1]. Ce npumenyBa
Crank-Nicolson metonoT co h=0.2 u r=1. Ja Haorame TemmneparypaTa u(X,t) BO IIUMKATa 3a BpeMe t BO
unTepBan 0 <t<0.2.

Hcro Taka Tpeba ma ce MPUMEHHM METOJOT T.e. paBeHKaTa (5) co I KOj ro 3aJ0BONyBa YCIOBOT Of
paBeHkaTa (6) T.e. r=0.25 u co He3amoBOIMTENHH BpeaHocTH (6) =1 u r=2.5.

OBoj mpumep ke Ouze pemeH W CO eKCIUTMIMTHHOT METOA 3a Ja Ce HampaBH cropenda Ha JBETE
OOMEHH pelIeHu]a.

0.20 | - - | j=5

0.16 | - . lj=4

012 —1— | 4 1;=3

‘ | P,
0.08 | *—° * ° ° 1j=2
/O P, ‘ ‘

0.04 | > o ° o 1 j=1
P, P, P, P, |

=0% —_— o j=0
x=0 0.2 0.4 0.6 0.8 1.0
;=0 P="] =2 i=3 i=4 i=5

Cimka 4 MpeskaTa Ha HAIIHOT MPod.JieM
Figure 4 Network of our problem

bunejku r=1, popmynara (8) ja robusa popmara (9). buaejkn =02 u r = %=1, Toraml,

k=h?=0.04.
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Otryka Tpeba na pemmme ner uekopa. [TotpeGHm HM ce moueTHH BpeaHocTH. HuB ru moGuBame co
peliaBame Ha paBeHkaTa f(x) = sin X 1 UMame

u10=0.587785=u40 n
U20=0.95 1 057=u30

(u1o 3Haum u Bo Pjo Ha ciuka 4). Bo cexoj BpeMeHCKH pejl iMa 4 BHATPEIIHA MPEeKHH TOUKU. OTTyKa BO
CEKOj BPEMEHCKH YEeKOp Ke MMaMe Jla pelinMe YeTHPHU PaBeHKH CO 4YeTUpH Hemo3Hatu. Ho Oumiejku
MoYEeTHATA TEMIIEPATypa MMa CUMETpHYHA AUCTpUOyHja co oaHoc x=0.5 u u=0 Ha aBara Kpaja 3a cure t,
HMaMe U3=Uzj, U4;=Uj| BO IPBHOT BPEMEHCKH PEJ U COOJBETHO 3a Jpyrure penosu. OBa ro Hamanysa
CEeKOj CHUCTEM JI0 B¢ paBeHKH co aBe Hemo3HatH. Of (9), Ouaejku uz=uz1 u un=0, 3a j=0 oBHEe paBEHKH
ce

(i=1)4uyq — Uy = Ugp + Uye = 0.951 057
(i=2)—uy; +4uy; — Uy = Ugg + Uy = 1.538 842

Pemennero e u11=0.399 274, u,=0.646 039. CanuHo 3a j=1 T0 UMaMe CHCTEMOT
4uqy — Uy = Ugy + Uy = 0.646 039 3a i=1
—Uyq + 3Uy, = Uy + Uy; = 1.045 313 3a i=2
Pemrennero e u;2=0.271 221, u»=0.438 844 n.1.H.

Ha ciika 5 ce nprkaskaHu CUTE pelieHHja Ha 0BOj MpoOiIeM,

t x=0 x=02 x=04 x =06 x=0.8 x=1

0.00 0 0.588 0.951 0.951 0.588 0
0.04 0 0.399 0.646 0.646 0.399 0
0.08 0 0.271 0.439 0.439 0.271 0
0.12 0 0.184 0.298 0.298 0.184 0
0.16 0 0.125 0.202 0.202 0.125 0
0.20 0 0.085 0.138 0.138 0.085 0

Cauka 5 Cure pemieHuja Ha npodieMoT
Figure 5 All the solutions of the problem

JI0JIeKa TIaK Ha CJIMKa 6 € MpHKakaHa TeMIlepaTypHaTa pacripenenba u(x,t) kame BpemMero te
JaJIeH0 BO BUJ Ha mapamerap. TemmepaTypHara pacrpeaen0a Mo J0/DKHHA Ha Mpadkara e
npuKakana Bo BpeMeHcku uHcTaHim t = 0; 0.04s; 0.08s; 0.12s; 0.16s; 0.20s
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ulx, t)

1“

0 0.5 | 1 %

Canka 6 Temnepatypna pacnpesen6a mo 10/oKHHA HA MPAavYKaTa
Figure 6 Temperature distribution along the rod

2.1. Peurenue Ha Npo0J1eMOT €O eKCILIMUUTHUOT MeTox (5) co r=0.25

Ox h=02 u r = %=0.25 3a k umame k=rh’=0.25*0.04=0.01. OrTyka Tpeba ma u3BpmuMe 4 maTh
noBeke YeKopu oTkoiKy co Crank-Nicolson metonor. ®opmyna (5) co r=0.25 e

ui,jH = 0.25(1{,:_1']' + Zuij + ui+1‘j) (10)

U oBxe Moxkeme na kopuctume cumerpuja. 3a j=0 Hu Tpedaat up=0,u10=0.587 785, ux=u30=0.951 057
U IpecMeTyBame

Uuy; = 0.25(ugg + 2y + uyy) = 0.531 657
Uy = 025(u10 + 2u20 + u30) = 025(u10 + 3u20) = 0.860 239

Cekako MOXeMe Ja TH U30CTaBUMe IPaHUYHHTE YCIIOBU Uo1=0,u02=0,.. o1 popmy:ata. 3a j=1 umame

Uy, = 0.25(2uy; + up;) = 0.480 888
Uyy = 0.25(uy; + 3uy;) = 0.778 049 u .1

Tpeba na m3Bpmmme 20 YekopH, HO HYMEPHUYKUTE BPEIHOCTH IOKaKyBaaT JIeKa TOYHOCTA € UCTa CO
Crank-Nicolson Bpegaocture CN (TOUHHTE BPEIHOCTH C€ TAIECHH CO TPU JELIMAIIH):

r=02 x=04

t ; : s s oo il ol AN T
CN By (I1) Exact CN By (11) Exact

0.04 0.399 0.393 0.396 0.646 0.637 0.641
0.08 0.271 0.263 0.267 0.439 0.426 0.432
0.12 0.184 0.176 0.180 0.298 0.285 0.291
0.16 0.125 0.118 0.121 0.202 0.191 0.196
0.20 0.085 0.079 0.082 0.138 0.128 0.132

Cauxka 7 TaGena co TOUHH BPeJHOCTH
Figure 7 Table with the correct values
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2.2. Heycnex Ha paBenkata Ha Crank-Nicolson MeToa0T T.€. HA paBeHKaTa (5) mopaau
HApYIIeHU BPEHOCTH Ha I (paBeHKa (6))

®opmynara (5) u; 41 = (1 — 2r)u;; + r(uiﬂ_]- + ui_l_]-) co h=0.2 u r=1 wro ja Hapyuysa (6) e
Ujjp1 = Ujmq,j — Uy + Ujpqj

1 1aBa MHOT'Y MaJIn BpETHOCTH:

! x=0:2 Exact x=04 Exact
0.04 0.363 0.396 0.588 0.641
0.12 0.139 0.180 0.225 0.291
0.20 0.053 0.082 0.086 0.132

Ciuka 8 ®opmy.ia (5) 1aBa MaJIH BPeHOCTH
Figure 8 Formula (5) gives small values

Honeka nmak ¢popmyiara (5) co roieMu BpeJHOCTH 3a T, Ha IpUMep 3a r=2.5, 1aBa KOMILUICTHO OECMUCIICH
pe3yinTar.

r xr=0.2 Exact xr=04 Exact
0.1 0.0265 0.2191 0.0429 0.3545
0.3 0.0001 0.0304 0.0001 0.0492,

Caunka 9 ®opmy.a (5) naBa 6ecMucIIeH pe3yJTaT
Figure 9 Formula (5) gives senseless result

2.3. [Ipuka3 Ha npo0.1eMOT €O KopucTeme Ha Matlab

Co nmomom Ha Matlab co npumena Ha Crank-Nicolson MeTomoT ru no0MBaMe cleJHHMBE pEIICHHja 3a
pasnuieH Opoj Ha HHTEPBAIH.

e Oga ¢ mpercraBa Ha Crank-Nicolson MeTomoT Bo cilyyaj KOora MMame YEeTUPH HPOCTOPHHU
nHTepBany. Ha nprexxure e mprkakaHa 3aBHCHOCTa Ha IMPOCTOPOT X O BPEMETO t O MOMOII Ha
TPU-AUMEH3UOHANICH U JIBO-AMMEH3HOHAJICH IpuKa3. 3abelnexyBaMe Jeka mapaboiaTa Hema
IIpaBHJIEH H3TJIe.
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-)] Figure 2 - E'
File Edit View Inset Tools Desktop Window Help N

DEEHe | R0 DEA- |2/ 0H 0D

0.5

vreme t prostor x

Hprex 1Tpu-1uMeH3HoHATeH NPHKA3 ¢0 4 HHTepBaIa
Drawing 1 Three Dimensional display with 4 interval

File Edit View Insert Tocls Desktop Window Help kY

DS | M RATDEA-S|0EH|aD

0.2 0.4 0.6 0.8 1

prostor x

IpTre:x 2/IBo-1uMeH3HOHAJIEH TPHKA3 CO 4 HHTepBaJIa
Drawing 2 Two-dimensional display with 4 interval

e Osa e mpercraBa Ha Crank-Nicolson MeToIOT BO Cily4aj Kora MMame OCYM HPOCTOPHH
uHTepBaay. Ha npTexure e npukaxkaHa 3aBUCHOCTAa Ha MPOCTOPOT X OJf BPEMETO t CO MOMOLI Ha
TpHU-AUMEH3MOHAIEH M JBO-JMMEH3HOHANCH TpHKa3. 3alenexyBaMme jaeka mapabonara uma
nono6ap M3, OTKOJIKY IapabosaTa IPEeTCTaBeHa CO YeTHPH MHTEPBAIN.
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Figure 2 - olEN
File Edit View Inset Tools Desktop Window Help ~

DS KRR OBDEA- |2 |/0EH| D

0.5

vreme t prostor x

Hpre:x 3 Tpu-quMeH3MoHAJIEH NPUKA3 co 8 MHTepBaJia
Drawing 3 Three Dimensional display with 8 interval

Figure 1 = E'
File Edit View Insert Tools Desktop Window Help »

Dade MAKODEAL- |2/ 08 0O

0 0.2 04 0.6 08 1
prostor x

Hpresx 4 /IBo-AMMeH3HOHAIEH NPUKA3 €O 8 MHTepBaia
Drawing 4 Two-dimensional display with 8 interval

e Kako mocnenna e mpercraBara Ha Crank-Nicolson METOIOT BO Cilydyaj Kora MMame IIeCHaeceT
npocTopHu uHTEpBanu. Ha nprexuTe e npukakaHa 3aBUCHOCTA Ha IIPOCTOPOT X OJ] BPEMETO t co
[OMOII Ha TPHU-IUMEH3HMOHAJICH W JBO-JUMCH3HOHAJIECH  MpHKa3.  3abeiexyBaMme Jieka
napabosiata ©Ma COBpIIEH U3IJIE, 3a Pa3jinKa OJf MapaboyiuTe MPETCTABEHU CO YETHPH H OCYM

HUHTEPBaIU.
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ll Figure 2 - 0o

File Edit View Inset Tools Desktop Window Help »

DEde | k| RRUPDEL-S|0EH| =T

05 0.5

T i prostor x

Hpte:x 5 Tpu-1uMeH3HOHAJIEeH NPUKa3 co 16 uHTepBana
Drawing 5 Three Dimensional display with 16 interval

-] Figure 1 = E'
File Edit View Inset Tools Desktop Window Help L

Odde | kAR TREL- 208D

prostor x

LpTe:x 6 IBo-AMMeH3NOHAIEH NPUKa3 co 16 uHTepBaaa
Drawing 6 Two-dimensional display with 16 interval

3. 3akuayuok

On mpukazor Ha Crank-Nicolson MeTOJOT €O MOMOII Ha MPOTPaMCKHOT jasuk Matlab T.e. on
MPETXOJHUTE 6 IPTEKH JAoarame IO CIEAHHOB 3aKIydOKOT: 3a IMorojeM Opoj Ha MHTEpBalM mapadosaTta
ce HCIPTyBa MOA00PO U MMa moxodap M3IJIel, UCTO Taka CO 3roJieMyBame Ha OpojoT Ha MHTEPBANU CE
HaMaJlyBaaT pellaTHBHATA H allCOJyTHATA rPelIKa.

3a gma ja oOIeHMMe TIpemkata BO 3aBHCHOCT OJ JHUCKpeTH3alyjaTta, MHOYHyBaMe co TIpyoda
nuckpernsandja (Ha mp. 10 maTepBanH, 11 mpoctopHu ToukH). Bo mpBara M KpajHara Touka CrOpesn
IpaHUYHHTE YCIOBH, TeMneparypata e noctojano 0. Toukure on 2 mo 9 umaar x xoopaunatu ox 0.1 1o
0.9. 3a oBue BpeIHOCTH Ha X ro J0OMBaME TOYHOTO (AHAJIMTHUYKO) PEIICHHUE BO BPEMEHCKHOT MOMEHT
t=0.2 umu t=2 cexkyHau. TOYHOTO pelieHHe ro npecMeryBame co (opmynara u(x,t) = n%* Z?ﬁ:l%*
sinnz—" * sin(mxn) * e~ M7t

Ha xpajor Ha anammsata, 3a t = 2 sec, ox TouHoto pemenue mo Crank Nicolsonro Baaume
HYMEPHYKOTO peIIeHHe, NeIUMe CO TOYHOTO pemeHne U MHoxkuMme co 100 1 Ha TOj Ha4MH ja qoOuBaMe
penaTHBHATA IPElIKa BO CPEAMIIHATA TOYKA U3Pa3eHa BO POLICHTH.
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lPaduK Ha 3aBUCHOCTA Ha rpeLuKaTa oa

npocTopHaTta pacnpegen6a
25

o L\

15

10 pewkaTta

PenaTueHaTa rpeluka BO cpegHaTa TouKa

10 20 40 80 160 320 640

Bpoj Ha uHTepBanu n

Lpresx 7 3aBHCHOCTA HA IPEIIKATA O] IPOCTOPHATA pacnpeeda 3a pa3inyeH 6poj Ha HHTePBAIU
Drawing 7 The dependence of the error by the space distribution for different number of intervals

OBa ro mpaBUMe 3a CEKOja JUCKpETH3alH]a.

Ha mprexoT 7 e mpeTcraBeHa 3aBHCHOCTAa Ha rpeuikata oJ OpojoT Ha MHTepBagd. BeymHocT of
LPTEKOT IJIelaMe JieKa IpellkaTa 3aBUCH O OpOjoT Ha MHTEPBAlH, T.€. CO 3roJieMyBambe Ha OpojoT Ha
uHTepBaiy (mocreneHo ox 10, va 20, ma Ha 160...) rpemkara MoCTENEeHO ce HaMallyBa, a TOa € pe3yaTar
Ha TOa IUTO CO TEKOT Ha BPEMETO 3arpeaHara mpadka ce Jiagd HpH INTO TeMIlepaTypara IO Leara
JOJDKMHA Ha IpadkaTa acHMIITOTCKH ce NpHOMMKyBa KOH Hyna. IIpexy oBoj IpTex ro IpHKakaBMe
BJIMjaHUETO Ha JUCKpeTH3alMjaTa Ha ToyHocTa Ha pemenuero co Crank-Nicolson metonor
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S-BOXES — PARAMETERS, CHARACTERISTICS AND CLASSIFICATIONS
Dusan Bikov', Stefka Bouyuklieva? and Aleksandra Stojanova3
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Abstract. S-Boxes are key building blocks in the design of the block ciphers. They are
basically used to hide the relationship between the plain text and the cipher text.

In this paper we study the parameters of Boolean functions and S-boxes, which are
important in the design of good cryptosystems. We give a brief overview of the selection
criteria on S-boxes, which can be resistant to different type of cryptanalytic attacks. For this
goal optimality of S-box is defined. We present different variants for classification of S-boxes
and give some examples. Also we list the results of our computer calculations for the
parameters of Boolean functions and S-boxes that are essential in the cryptographic
research. Finally, we give general framework of the direction in which our study is focused.

Keywords: Boolean function, Differential cryptanalysis, Linear cryptanalysis, Affine equivalence.

1 Introduction

In his paper “Communication Theory of Secrecy Systems” from 1949, Claude Shannon introduced
some design principles for ciphers [1]. He proposed confusion and diffusion in the encryption algorithms.
Cryptosystems are still designed according to these principles. The key elements in almost all block ciphers
are the substitution boxes (S-boxes), which are used to ensure the confusion [1] of the information.

S-boxes form the non-linear part of a block cipher and therefore they are very important for the security
of these ciphers. S-boxes have to be chosen carefully, in order to make the cipher resistant against different
attacks. Thus, the generation and classification of small S-boxes with good linear and differential properties
is very helpful. The S-box is a function S with values that are bit strings, or

S:F}' - FJ*

In many cases it is represented by a table. For any vector v € FJ® a component function S,: F' - F,
is defined by Sp(x) = b - S(x). As Sp are Boolean functions, some their parameters and properties are very
important in the design of S-boxes.

We take into account the following parameters of an S-box:

- Difference distribution table.

- Differential Uniformity (Diff(S) or A(S)).

- Linear approximation table.

- Linearity, linear probability and linear probability bias.
- Branch number.

We give some examples for 4x4, and greater S-boxes and present some classification results in the
4x4 case.

We can generate good S-boxes with two primary ways: (1) picking a random large S-box or (2)
generating small S-boxes with good linear and differential properties. The main drawback of picking a
random large S-box, is that these S-boxes are much more inefficient to implement, especially in hardware
[2].

It is difficult to find an optimal S-box, because of a huge number of permutations for small values of n-
bits S-box. For example, the number of 4-bit permutations is still huge: roughly 244, Because of this, after
exhaustively checking all, finding good S-box, is no option. Resistance of S-box against most attacks
remains unchanged, when invertible affine transformation before and after the S-box is applied. This
reduction allows us to check all optimal S-boxes thoroughly, with consideration to the other criteria, such as
algebraic degree.

1.1 Overview of this paper

In section 2, we give s-box properties notation. In section 3, we find parameters for example 4-bit S-
box, and we show results for testing S-boxes with different size. In section 4, we define optimal criteria. In
section 5, we suggest further ideas to be investigated. We conclude in section 6.
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2. S-Box Properties - Notation

Let F, = {0,1} be a finite field with two elements and F}' be the n-dimensional vector space over F,. A
Boolean function in n variables is a function f: F}' = F, which maps any binary vector of length n (n-tuple or
n bitinput) to 0 or 1. A common way of representing a Boolean function is by supplying a list of output values
for each n-bit input vector, called the truth table of the function. Actually this is a vector consisting of all the
outputs which we obtain for the lexicographically ordered inputs:

fov= (vo, V1, vy Vn_q) € FZ",

where v; = f(7),7 is the binary representation of the integer i. The number of all Boolean functions in n
variables is 22",

Every Boolean function can be written as a polynomial:

fles, %2, 0, xp) = Z cuxt, )

u
where ¢, € Fyp, x* = x," %)% .. xp ™, u = (Uy, Uy, ..., Up) € FR. This presentation is called Algebraic Normal Form
(ANF) of the function. The degree of the polynomial (1) is the algebraic degree of f (deg f). Obviously, the
maximum degree of a Boolean function in n variables is n.

A Boolean function with algebraic degree at most 1 is called affine, so the function fis affine Boolean

function if
fle, oo %) = ag+ ayxy + +apx, = a-x +ay,
where a € F}',a, € F,. If ay = 0, the affine function is called linear.
Nonlinearity nl (f) of the Boolean function f is the minimal Hamming distance from f to the affine
functions:
nl(f) = min{d(f, g)| g — af fine function }

The nonlinearity is at most 2"~1 — 2"/2-1 [7]. For cryptographic Boolean functions, n/ (f) must be close
to this maximum to prevent the system from attacks by linear approximations, correlation attacks, fast
correlation attacks etc. [8].

A Boolean function f on F}' is also uniquely determined by its Walsh transform. The Walsh transform
fW of f is an integer valued function defined by

fr@ =) (DI = 2" = 2dy (f, £,)
XEF}
where (a, x) is scalar product.
Linearity Lin (f) of the Boolean function fis defined by using Walsh transform
Lin(f) = max|f* ()| 22,
2

Linearity and nonlinearity of a Boolean function are connected by the equality

nl(f) =21 - %Lin(f).
From mathematical point of view S-box (or vectorial Boolean function) is a function S, with values that
are bit string, or mapping of n bits to m bits
S:FJ' - FJ".
For any vector b = (b, b, ... by,) € FJ* we consider the corresponding component function S;,: F}' = F,
defined by
Sp(x) = (b,S(x)) = b1S1(x) + -+ + by Sy (%).

2.1 Linear cryptanalysis (LC)
Linearity is a measure for resistance against linear cryptanalysis [3]. We define linearity of S as

Lin(S) = max SY(a)l]= max Lin(S
©) aEFZ"‘,bEFzm,b:tol v (@ beF b#0 (Sb)

In the theory of block ciphers related to linear cryptanalysis, the linear approximation table is studied.
The linear approximation table is a 2™ x 2™ table whose entries are defined as
Lop = #{x € F::(b,S(x)) = {a,x)} = 2™ — dy(Sp, fa)
The probability of a linear approximation of a linear combination of output bits Sp by a linear combination
of input bits we define as

Pap = 57 Lap-
4 21[ »
Linear probability bias € is a correlation measure for this deviation from the probability 2 for which it is
entirely uncorrelated:
1] |Lin(S)
pan = 5| = [

Eab =
The smaller is the linearity more resistant is the S-box against linear cryptanalysis. An open problem
for given integers and m is to find nxm S-boxes with the smallest linearity.
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2.2 Differential cryptanalysis (DC)

Differential cryptanalysis is proposed by Biham and Shamir [4], and is basically applied to block ciphers.
This attack keeps up with the differences in the propagation during the encryption of the messages m and
m+0 through the different rounds in a block cipher. Here a difference distribution table DDT is defined as

Dop =#{x €F}:S(x) @ S(x D a) = b}.
Similarly to the linear case, a differential probability is defined as
DP,, = Z_nDa,b'

To measure the resistance against differential cryptanalysis we take the highest possible value in DDT

called differential uniformity
Diff(S) = max{D,p,a € F},a # 0,b € FJ*}.

Diff(S) is related to the maximal probability that any fixed nonzero input difference causes any fixed

output difference after applying the S-box.

2.3 Branch number
An important parameter describing the diffusion capabilities is the branch number. Branch number [5]
is defined as
BN(S)= min (wy(a ® b) +wy(S(a) ® S(b)))
a,beF,',a*+b

where wy is the Hamming weight and S the S-box.

The branch number here depends on the position of the values in the difference distribution table.
For bijective S-boxes BN 22. Branch number is related to the avalanche property [9] of the S-box and should
be as greater as possible. In [6] differential branch number and linear branch number are defined.

3. Finding S-boxes parameters
Here we calculate some parameters of the 4-bit S-box Gs, which is one of the 16 different optimal S-
boxes classified in [2]. We present Gs by the following table:

Table 1. S-box G3

a 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

S(a) 0 1 2 13 | 4 7 15 | 6 8 12 5 3 10 14 11 9

It can be represented also as a permutation, in this case this is the 16-tuple with values from the second
row of Table 1: (0, 1, 2, 13, 4,7, 15, 6, 8, 12, 5, 3, 10, 14, 11, 9), so
Gs:(0,1,2,3,4,5,6,7,8,9,10, 11,12, 13,14,15) - (0, 1, 2, 13,4, 7, 15,6, 8, 12, 5, 3, 10, 14, 11, 9).
Replacing every number by its binary 4-bit string, we obtain

(0,1,2,13,4,7,15,6,8,12,5,3,10,14,11,9) —

=R el ele]
- O O O
(= =R ]
—_ O =
oS o = O
—_ = = O
—_— = = =
S = = O
(= R
(=R e
—_— O = O
—_ = O O
(==
O = = =

To calculate the linearity Lin(S) of S, we use the first order Reed-Muller code RM (1, 4). The set of all
binary vectors (true tables) corresponding to the affine Boolean functions in n variables, coincides with the
first order Reed-Muller code RM (1, n). Itis a linear code of length 2", dimension n+1 and minimum distance
21,

RM (1, 4) has a generator matrix:

1111111111 11111°]1
00000O0O0OO0T1T1T1T1T1T1F1:1
GRM(1,4)=|0 0 0 0 1 1 1 10000 1 1 11
001 10011001T100T1°1
01 0101010T10T10T1QO0°1

For the linearity of Gz we have nl(S,) = d(Sp, RM(1,4))
= Lin(S,) = 2% — 2nl(S,) = 16 — 2d(S,, RM(1,4))
Lin(S) = max Lin(S,) = 8

—_ = O =

—_ 0 O =
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For the 4-bit S-box Gs we calculate Linear Approximation Table (see Table 2). To do that, we wrote the
program S-box_LATV0.2 in C++ programming language. The results from the calculations are saved in a
text file.

Table 2. LAT for Gs3

a\x

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

A& |o] 1001

1
B

o|h|o|s|o||o| 0001
slo|o|s|A|lo|o| 0010
Ald|n|lo|lo|lo|o| 1000
Mlo|lo[s|Alo|o| 1111

o|o|A|A|A|D|w|o| 1010
INEN

1
N
1
N
1
N

alo
Alo|Alo|r|o|r|r|o|~|o| 0100

1
[e¢]
OO
oo~

'
(o]
o|h|h~h|lO|O

'
N
A |lO|O
'
N

al&o|b[b|o|o|s|A|o|o|n ||| 0011
AR |A(B|pA|o|lo|m|o|blo|oo| 1101

o|h|d[O|bh|w|O|~|O

1
H

A&
.
A

oo~
oO|h|oo
EE

1
N

'
N

o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|g| 0000

w|o|o|o|AlA|A|D|BAMN|o|O|m|o| 0101
o|s|Alo|A|lo|o|a|n|w|w|Alo|s|Alo| 0110
Aln|o|o|w|o|AlA|xw|o|n|a|n|Alo|o| 0111
slolo|s|o|s|b|o|n|b|o|Alo|s|Alo| 1011
o|h|o|s|o|A|lo|s|n|o|Alo|Alo|A|o| 1100
ro|o|s|r[o|b|r|lo|r|ho|o|r|Alo] 1110

\
N

o
o0
(|~

'
N
N
o
'
N
N

Moreover, we wrote the program S-box_DDTv0.3 in C++ to calculate DDT (Difference Distribution
Table) for the same 4-bit S-box Gs (see Table 3). The results from the calculations are saved in a text file.

Table 3. DDT for G3

ax |8 |5 |E | |8|c|€|= 8|58 |=|8|5|€|¢=
g|8|8 |8 || |5 | |e|2|e|e|=|=|=]|F=
0000 | 16 - - - - - - - - - - - - N
0001 - 2 2 2 4 - - - 2 - - - - - 2
0010 | - 4 2 - - - - 2 - - - 2 2 2 - 2
0011 - - 2 4 - 2 - - 2 2 - 2 - 2 - -
0100 | - - 2 - 2 2 4 2 2 - - - 2 - - -
0101 - - 2 - 2 2 4 2 2 - - - 2 - - -
0110 | - - - 2 - 2 2 2 - - 2 - - 2 - 4
0111 - 2 - - - 2 2 2 - 4 - 2 - - 2 -
1000 | - - - - - 2 2 2 - - 2 4 2
1001 - 2 - - - - 2 - 2 2 2 - 2 4 - -
1010 | - 2 2 - - 4 - - 2 - 2 - - - 2 2
1011 - 2 2 2 2 - - - - - - 4 2 2 -
1100 | - - - - 2 2 - - - 4 2 2 - - 2
1101 - - - 2 - - 2 - 2 - - 4 2 2 2
1110 | - 2 - 2 2 - 2 4 - 2 2 - - N R
1111 - - 2 2 - - 4 - 2 2 - 2 - 2 -

Using the program S-box_DDTv0.3, we also calculated

Diff(S) = max Doy =4; DPyp=-2L=0,> or =; BN =2.
a#0, b ’ 2 4 8

The mentioned program can be used to calculate the numbers in DDT, and the parameters, connected
with this table, for bijective S-boxes with different lengths. We test the program for a resource computer
consummation for S-boxes of different sizes (see Table 4). To generate the considered S-boxes, we use the
program Generate S-box (written in C++).
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Table 4. Calculations for DDT in different S-boxes (S-box_DDTv0.3)

Platform Intel(R) Core(TM)2 Duo CPU E8300 @2.83 GHz, 2 GB RAM (VS2013, C/C++)
S-box Running Time: RAM: Size of the text file with the results:
4x4-bit 0.002 sec 3 KB

6x6-bit 0.015 sec 41 KB

8x8-bit 0.155 sec 1-2MB 771 KB

10x10-bit 3.619 sec 16 MB 14.5 MB

12x12-bit 108.185 sec 80-160 MB 260MB

13x13-bit 669.195 sec 400-500 MB *132 MB

14x14-bit 12108.8 sec 550-1100 MB *525 MB

Platform AMD Turion X2 Mobile TL-56 1.79 GHz, 2 GB RAM (VS2010, C/C++)

S-box Running Time: RAM: Size save result text file from Calculation:
4x4-bit 0.002 sec 3 KB

6x6-bit 0.046 sec 41 KB

8x8-bit 1 sec 1-2 MB 771 KB

10x10-bit 24 sec 10-20 MB 14.5 MB

12x12-bit 758 sec 85-170 MB 260MB

13x13-bit 3920.91 sec 260 — 550MB *132 MB

14x14-bit

* Without the values of S(x)®S (x@a), because the text file becomes very large with these values.

4. Optimal 4 Bit S-Boxes

A natural requirement for the S-boxes is their optimal resistance against linear and differential
cryptanalyses. Unlike for higher dimensions the optimal values for Lin(S) and Diff(S) are known for the 4-bit
S-boxes. More precisely, Lin(S) = 8 and Diff(S) = 4 (see [2]). More formally, as it is given in [2], the definition
of an optimal 4-bit S-box is the following:

Definition 1. Let S: F; - F; be an S-box. If S fulfills the following conditions we call S an optimal S-box.
1. S is a bijection.
2. Lin(S) = 8.
3. Diff(S) = 4.

When designing a block cipher it is important to know the set of S-boxes to choose from in order to get
an optimal resistance against known attacks. Number of all permutations on F}' is 2" and even for small
dimensions n, it is crucial to reduce the number of S-boxes which have to be considered.

It is well known (see for example [8]) that the values of Diff(S) and Lin(S) remain unchanged if we apply
affine transformations in the domain or co-domain of S. In particular if we take an optimal S-box in the above
sense and transform it in an affine way, we get another optimal S-box. That's why we could find only
representatives of the different equivalence classes. The definition for the affine equivalence is the following:
Definition 2. The S-boxes S,,S,: F;' = FJ* are affine equivalent if

S,(x)=B-Si(A-x®a)Db
where A and B are invertible n x n and m X m matrices, respectively, a € FJ',b € FJ".

In [2] Leander and Poschmann proved that there are only 16 different optimal 4-bit S-boxes up to affine
equivalence. In [9] Saarinen extends on this work by giving further properties of the optimal S-Box
equivalence classes. He defines two S-Boxes to be cryptanalytically equivalent if they are isomorphic up to
the permutation of input and output bits and a XOR of a constant in the input and output. In [5] the authors
consider all invertible 4-bit S-boxes and search for most efficient S-box in each equivalence class.

5. Future Work

This research is focused on the calculation of the most important parameters of given S-boxes,
generation of optimal S-boxes and classification of all (or only the optimal) S-boxes of given size. We are
going to improve our technique in two ways:

e Optimization of the algorithms and search for new effective methods for computations. Our
examples in this work are mainly for 4 x 4-bit S-boxes. The application of the used methods to
calculate the parameter for large S-boxes is not feasible with a conventional computer and basic
architecture.

e Parallel programming.

Modern processors offer more advanced techniques, such as parallelism, pipelining and instruction
set extensions. Using these features for S-box implementations can result in other tradeoffs which
could be investigated. Selection of a technology for parallel programming combined with different
optimizing methods can ensure promising results.
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6. Conclusion

S-boxes form the nonlinear part in the block ciphers therefore they are very important for security of
the ciphers. We must select S-Boxes carefully in order to be optimally resistant against known attacks.

Here, we gave a brief classification of the S-boxes criteria. We considered some important parameters
of the S-boxes and presented the programs for their calculation which we wrote in C++ programming
language. We also added some test results on different S-boxes with the running time, the size of the used
RAM, and the size of the text file with the results. There are different methods and algorithms to calculate
these parameters. Here, we mentioned some of them and explained what we have used.

We gave a concept for optimality of an S-box. Searching for optimal S-Boxes is a difficult task. There
are many algorithms, using different representations of the optimal S-boxes, but still the problem remains.

In Section 5 we mentioned different techniques which can be used to obtain promising results. Parallel
programing together with different methods and optimizing techniques can offer promising results in
calculations of the properties and finding optimal S-boxes.
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AncTpakTt

Bo npouecot Ha pakoBogewe M BoOewe Ha edHa KomnaHuja, boraTtcTtBOTO
MHpopMaumm CO KoM pacrnonara KomnaHujata, a KoM YyKaxyBaaT Ha Hej3VHOTO
yHKUMOHMpPaKe 1 pa3Boj U Kou ce ynoTpebyBaaT 3a nogobpyBare Ha LIeNOCHUOT TeK Ha
paboTa, e of ronema BaXHOCT Aa byae NocTojaHo Ha AONUP W NpUcTan A0 OHOj KOMY My e
notpe6Ho. EPI cuctemute Kkou fOeHec npeTcTaByBaaT jaApoTo Ha MHopMauuu Ha
OU3HMCOT Ha edHa KOMMaHWja cé noBeKke HaoraaT MECTO BO MCTPaXyBaukuTe Kpyrosu
nopagu notpebute 3a HMBHO nopobpyBawe M pededvHMpare Ha QYHKUMOHANHNOT
acnekT Ha 4OCTanHoOCT Ha nogaTouuTe BO CUCTEMOT.

Bo 0BOj Tpya e npukaxaHa npakTM4yHa VMMNNeMeHTauuja Ha npebapyBauka
MalwmHa 3a noctoedkn EPI cuctem HapeyeH ApTAUUC. Pelwenuneto ce obuayea na
BOBe[e efjHa HoBa Hacoka Bo npebapyBaweTo nogaTtouun Bo EPIM cuctemotr ApTAUNC,
MMEHO TeKCT 6a3vpaHo npebapyBarbe, KOe OBO3MOXyBa UCKOPUCTYBake Ha boraTtcTBoTo
Ha MHopMaLnM BO KOMMAHUCKMOT MHPOPMAaLMCKN CUCTEM, Kako 3a pefoBHU Taka u 3a
HepeaoBHU U HeoDyYeHN KOpUCHMUM 3a yBuA, GusHMC aHanutuka u cn. Pesyntatute of
HallaTa eBanyauuja Ha cTaHaapaHoTo unTep npebapysarse 1 npebapyBavkata MallnHa
3a JajeHa TecT Komnekumja Ha MHopMaLmckm NoTpebn nokaxysaaT Aeka AuMeH3unjaTa Ha
TEKCT OpueHTupaHo npebapyBake NpuAoHecyBa 3a nonecHa ynotpeba Ha npebapysauka
dyHKumoHanHocT Bo EPI1 cuctemot ApTAUNC 3a cute TUNOBM Ha KOPUCHULIM.

KnyyHu 36opoBu: npebapysavka mawuHa, EPI1 cucmemu, mekcm 6a3upaHo
npebapysar-e, KOMIaHUCKo npebapysarse.

1 BoBep

Bo cBeTOT Ha KOHTUHyMpaH W 3roflieMeH MPOTOK Ha MHOpMaLunM, NOCTOU E€BUAEHTHO
3rofieMyBah€e Ha KBaHTUTETOT Ha nogaToum NoTpebHu 3a aHanusa, 6U3HKUC yBUA 1 ynpaByBare
CO MHdopMaumjata BO MOOEPHUTE UHTErpMpaHu UHopmauuckm cuctemu. [eHewHnoT ceeT
Beke reHepupa okony 2.5 ekcabajtn (2.5x108B) HOBM MHDOpPMaLMK CEKOj AEH, LUTO pe3ynTupa
CO OrpoMeH MMNYIC Ha pellenuja 3a Big Data (Halim, 2013).

Mopaaun 6oraTcTBOTO HA MHOPMaUUK LWTO M MMa Ha BeO, cnocobHoCcTa fa ce npoHajaat
H6apaHuTe nHdopmaumm co ynotpeba Ha anaTku 3a npebapyBawe kako Google 3awTenysa
MHory Bpeme. CnvyHM M noronemu npegHoCcTW, UCTO Taka, MoXe Aa ce Jobujat [LOKOMKy
npebapyBareTo Ha MHOPMaLMM Ce OrpaHMynm BO paMku Ha MHEOPMAULUCKUTE CUCTEMU Ha
efHa KoMmnaHuja. KomnaHncka annukauuja, CrmyHO Kako M UHTEPHETOT, NOBP3yBa KOMMjyTEPCKN
nogaTtoun HW3 Lenata KomnaHuwja, obeAmHyBajku pasnuyHW TUMNOBM MHAOPMaUMM BO edHa
€[VHCTBEHA LienuHa.

Kako m BO paHuUTe [OeHOBM Ha WHTEPHETOT, 3a Ja ce npoHajae uHdopmauuja BO
KoMnaHuckaTa 6usHuc annvkaumja notpebHo e aa ce 3Hae kafe ncrata ce Haora. OBoj MeToq
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Ha npebapyBare npeTcTaByBa MpudaTnvMB HayvH 3a PEAOBHM KOPUCHWLM Ha CMCTEMOT 3a
npebapyBawe Ha uHdopmauum 3a Habasku, fobasByBauu unu knueHtTn. Ho, nctmot He e
NPYMEHIMB 3a MOBPEMEH KOPWUCHUK Ha CUCTEMOT, Na Aypu W 3a NOpedoBEH KOPUCHUK KOj
npebapyBa uHOpMauUMM HU3 annukauujata BO obnact koja He My e no3Hata. bugejkn
KOMMaHUCKMUTE annukauum nokpusaaT noBeKke pasnuMyHu ogaenu u obnactu Ha uMHopmauuu,
TELWKO € KOPUCHULMTE Ha CUCTEMOT Aa umaar nofgeTtariHo nosHaBawe Ha (PyHKUMOHanHocTuTe
Ha uenata annukauuja. lNMopagu oBa M annukauuckMTe BeHAOPU AoaraaT Ha nas3apoT Co
panu4Hu pelleHnja 3a npebapyBare BO HUBHUTE MPOAYKTH.

MMocTojaT ABa pasnuYHM NpuoaM 3a OBO3MOXYBak€ Ha BakoB BWA Ha KPUTUYHO
npebapysauyka cyHkumja. [NpBMOT npmnoa ce Gasmpa Ha KOMNaHWCKa annukauucka anartka 3a
npebapyBarte Koja € UBPCTO WHTErpuMpaHa CO KOMMaHuckata annukauuja, u [ocTaByBa
npebapyBayky pesyntaTy of annuMkauukMoT cucTeM Ha 3Haewe. OBOj TUn Ha npuog e
npuMeHeT of GPojHN TEXHOMOLKM BEHAOPK, BKy4yBajkm ro u Google, koj ja npeTcTaBu cBojaTa
Google Search Appliance n Google Mini Products (Gaudin, 2012). JononHutenHo, SAP n
Oracle npogorkyBaaT coO MapKeTUHr Ha cBouTe npebapyBayky anatku Kako 3acebHu npoaykTu
He camo 3a CBOWTE annuKauuu, TyKy 1 kage 6uno Ha gpyro Mecto BO KOMMaHWUCKUOT MHTpaHeT
1 6a3un Ha nogaTouu.

BtopuoT npuoa Ha npebapyBare HW3 KOMMAHWUCKMOT MHAOPMALMCKUM CUCTEM BKITydyBa
npebapyBayka yHKUMja Koja € NoUBPCTO MHTErpupaHa co crneundmyHa annukaumja, n uctata
npeTcTaByBa HeEOMNXo4Ha KapakTepucTuka koja e notpebHo ga ce Gapa BO egHa KoMnaHucka
annvkaumja. Camo HeKomnky annukauucku BeHZopu ce oKycvMpaaT Ha [oCTaByBake Ha
dyHKUMOHANHOCT Ha npebapyBawe BO paMkuM Ha HMBHaTa OGU3HMC annvkauuja Koja Hyau
npebapyBayky cnocobHOCTM cnnyHKn Ha Google.

[eHewHnTe BoAeukn cBeTCKM codpTBepcku BeHaopu Ha EPI pelweHunja cé noseke
3arnoyHaa co BOoBedyBake€ Ha HanpegHu npebapyBaykym MallWMHW BO CBOUTE CUCTEMU CO Lern
nogobpyBawe Ha WUCKYCTBOTO Ha CBoOuTe KopucHuuu. [len oa HMB 3anovHaa copaboTka co
NMOCTOEYKM KOMMaHuM kou u3paboTyBaaT BaKBM CUCTEMW 3a UWHTErpauuja Ha HUBHUTE
annukauumn 3a noedmkacHo npebapyearwe. Taka Ziliak (2013), koocHoBa4 Ha xkzero, ykaxyea
Jeka crnopef UCTpaxyBake CMpoBEeAeHO OA HMB, KOPUCHMUMTE Ha TpaauuuoHanHute EPII
cuctemMum Moxe ga nomuHat u oo 25% op cBoeTo Bpeme BO npebapyBake Ha OCHOBHU
nogatouu Hu3 ceoute cuctemn. HuBHMOT cuctem GetX oBo3moxyBa npebapyBare BO CTUIOT
Ha Google 3a nosHaTute Sage EPI1 cuctemu npeky npebapyBarwe Ha vHAoekcupaHa 6asa Ha
nogartouw (Ziliak, 2013).

[ononHntenHo, cé noBeke KOMMNaHUKU 1 Npeno3HaBaaTt NPeaHOCTUTE o BakBa Hagrpagba
Ha cBojoT EPIl cuctem. TakoB npumep e komnaHujata EnPro (Frey, 2013). KomnaHujaTta
pellaBa Aa UMMremMeHT1pa ckanabunHo 1 aHanuTUYKo pelueHne koe ke 06e3bean nperneq Bo
KOPUCHUYKUTE UHTepecu BO peanHo Bpeme. Co MOMOLL Ha TexHororuiTe in-memory, OBOj
npruoa OBO3OMOXyBa MOAATOYHO MpoLecuMpame W aHanuMTuka BO HEKOSNKY CeKyHAn —
NCKOPUCTYBajKn ja MawmnHaTta Ha EPI1 cuctemnte og HoBUTE reHepaumu.

Bo 0BOj Tpya AeTanHO e MnpuKaxaHa npakTuyHata MMnnemeHTauumja Ha apmucogphm
npebapysaykama mMawuHa. Bo npogomkeHve Ha TpyAOT € HanpaBeH OCBPT Ha apxuTekTypaTa,
KOMMOHEHTUTE W HMBHATa MefcebHa komyHukaumja. NoHaTaMy ce onuwaHu YekopuTe 3a
nMnnemMeHTaumnja Ha aptucodT npebapyBadka mawmHa Bo EPIM cuctemor ApTAUMC. Ha kpaj
ce npuKaxaHu pesyntaTute of eBanyauujata Ha ABaTta Tuna Ha npebapyBawe, unTep
npebapyBare 1 aptTucodT npebapyBayka MallMHa 1 COOLABETHO CE OUKCYTUPAHW 3akiy4youuTe
W UgHWTE Haarpaabu n gopaboTky Ha NPEeANOXEHOTO peLleHne.

2. EPI npe6apyBayka mawmHa Bo ApTAUUC
OcHoBHaTa M,u,eja Ha oBaa npakTtn4Ha MMI'IJ'IEMeHTaLI,VIja belwe Oa ce pasBue cepBuUCEH U
BeG-OpI/IeHTMpaH COd)TBepCKVI mMoayn KOj e VIHTeraGVIJ'IeH, OOHOCHO MOXe Oa Ce KOPUCTU KaKo
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npebapyBayka MallMHa BO pamMku Ha 6uno koja Beb-6asvpaHa annukauuvja n 6e3 pasnuka Ha
AOKYMEHTUTE T.€. COAPXKUHUTE HU3 KOU nctaTa Ke npebapysa.
Vpoejata ce Temenu Ha ABa OCHOBHM KOHLIeNTa:

e  Plug-n-play koHuenm Ha uHMeepabusiHOCM Ha KOPUCHUYKUOM UHMepgejc — OBOj
KoHUenT noapa3bupa geka npebapyBadkaTa MaluMHA KakO KOPUCHWUYKM MHTepdejc 3a
npebapyBarte MOXe Oa ce MMMNIeMeHTMpa Bp3 koja 6uno Beb-6asupaHa annukauwja,
He3aBMCHO Of TexHomnorujata LTO Ce KOPWCTM 3a pa3Boj Ha annvkauujata BO Koja ce
UMNNeMEHTUPA, KaKo 1 of, OHaa 3a pa3Boj Ha NpebapyBaykaTa MalLMHa.

e KoHuenm Ha He3asucHocm 00 Konekyuja Ha OOKyMeHmu - OBOj KOHUeNnT noapa3bupa
He3aBMCHOCT o, BUAOT Ha JAOKYMEHTU HU3 KoM cakame aa npebapyBame, Kako 1 COApXKM-
HaTa Ha uctute. lNpebapyBaykaTta MaliMHa ce NOMHW, T.e. XpaHu CO nogaTouu 3a oBue
OOKYMEHTU MpeKy jaBHO AocTanHu Beb-cepBMCU KOM MOXEe [a Cce NoBuKaaT of koj ouno
codpTBEp HE3aBMCHO Of TexXHomnorujaTa LTO Ce KOPUCTM 3a pas3Boj Ha uctuot. O oBoj
acnekt, aptucodpT npebapyBaykata MalluHa nNpeTcTaByBa CEPBUCHO-OPUEHTUMpPaH
NpOAOYKT.

ApTucodT npebapyBavkaTa MaluMHa nNpeTcTaByBa MHTErpupaH codpTBepckM Mogyn
KOj e koMOuHauuja oa Beb-annukaLmja 1 MHOXECTBO Ha Be6-cepBUCU 3a MHTEpPHA KOMYHMKauuja
BO paMKW Ha annukauumjata, Kako M eKCTepHM CepBUCK 3a KOMYHWMKauuja CO HaaBOPELLUHU
annvkauun. ToKMy eKCTepHUTE CEPBUCK CEe OHUE CETMEHTU O PELUEHMETO KOW OBO3MOXYyBaaT
uvnnemeHTaunja Ha apTtucodpT npebapyBadkata MawmHa Ha koja 6uno Beb-6a3vpaHa
annukauuja, T.e. cucteM. Annukauujata 3a noTpebute Ha MHOEeKcuMpakwe U npebapyBare Ha
[OKyMeHTU ro kopuctu Lucene! - open-source MHOXeCTBO Of BGMOGNMOTEKM KOe OBO3MOXYBa
NoAApLUKa 3a pasBoj M UMMMEeMeHTauuja Ha annukauun 3a npebapyBare HWU3 OOKYMEHTW.
Lucene, rnaeHO, ce KOpuCTV 3a npebapyBame HU3 TEKCTyanHW COAPXMHU, NaKO MMa MOXHOCT
W 3a efeH Bug ,MmuTaumja’ Ha penaumoHa 6asa Ha nogatoum. Llennot nakeT e 36up of JaBa
6a3npaHn 6UBMOTEKN KoM cogpXaT MOKHM Kracu 1 pyHKLMK 3a nHAeKcrpake 1 npebapysame
Ha TEKCTyarnHu COAPXUHMN.

2.1. Apxumekmypa Ha apmucogm npebapyeaykama mawuHa
ApTtucodT npebapyBaukata MalivMHa € MPOAYKT KOj mpeTcrtaByBa KombuHauumja o BeO-
annvkaumja 1 MHOXeCTBO o BeG-cepBMCU 3a KOMYyHMKauuja BO pamMKu Ha ucTaTta, Kako U co
HaZlBOpELLHN cuCcTEMU BP3 Kou uctata bu ce nHterpupana. Pa3BojoT Ha Beb-annukauujata u
BeO-cepBMCHTE € JOBOSTHO NMapamMeTapCkM Taka LITO noaapXyBa (MYHKLUMOHANHOCT Ha PasfinyHu
nnatpopmn n TexHonormn. Bo npogorkeHuve ke M pes3vmupamMe OCHOBHWTE MOUMKU 3a
npebapyBare nHPopmaLnm 1 enemeHT Ha aptTucodT npebapyBavkarta MaLlMHa.

[okymeHT

[loKyMeHT e eHTUTET KOj NpeTcTaByBa Nornyka LienuHa of COAPXKUHA, aBTop, HAacroB, OMNuC
M Cn. KOj € of, ofpefeHa BPefHOCT 3a [ajeHa KoMMaHuja, HO UCTUOT PU3ndkM He Mopa aa
nocton. Moxe ga 6uge 36up of 3anucu Bo Gasa Ha nogarToum, M3BeLwTaj 4o0OMEH of Hekoja
annvkaumja, LOKYMEHT KOj (hM3nYKM Ce YyBa BO HEKOj CUCTEMU 3a MEHaLMpake Ha OOKYMEHTU
UM Koj OUNo eneKTPOHCKN LOKYMEHT.

Cekoja koMmnaHuja MoXe Aa yyBa noBeke AOKYMEHTV o4 pa3nunyHu kateropun. Cekoj eneH
OOKYMEHT KOj Ce MHAeKcupa mopa fa ce kpeupa kako Lucene Document 06jekT unm noTtovHo
ob6jekt op knacaTta org.apache.lucene.document.Document. Monukata cogpXuHa, Hacnos,
aBTOp M KpaTOK OMUC ce MHAEKCMpaaT Npu rpagere Ha nHAekcoT. Cute nomnukba, OCBEH NOMETO

! http://lucene.apache.org/
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CcoOpXuHa ce YyBaaT BO PaMKu Ha AOKYMEHT 0bjeKkToT, T.e. BO MHAEKCOT. [loneTo coapxuHa He
ce 4yBa nopaau akToT LTO MHAEKCOT MoXe Aa 6apa ronema memopwja 3a MaHunynauuja u ga
ro 3abaeBm npouecoT Ha npebapyBawe. Cute octaHatu WHdopmauum ce [OBOMHM 3a
naeHTndukaumja Ha AOKYMEHTOT W npukas Ha pesyntatute npu npebapyeBamwe. URL Ha
OOKYMEHTOT MOXe Aa Guae MpexHo gocTanHa mamndka fiokaumja Ha noctoeukn gokymeHT, URL
[0 oApefeH AOKYMEHT BO Beb-annvkaunja utH.

Crton-36opoBu

Crton-36opoBn e MHOXeCcTBO of 300poBM 3a gageHa KomnaHuja kom Tpeba pa ce
UrHopvpaaT npu uvHAekcupawe n npebapyBane. Cekoja komnaHuja ro napameTpusvpa oBa
MHOXeCTBO Ha 36opoBu. CTon-360poBuTE Ce Haj4ecTo CBP3HMLUM, NPeasnio3n u cnm4Hn 360poBu
KOV He ce MHOory 3HayajHu npu npebapyBare. OO acnekT Ha MHAEKCMpare, BakBuTe 360poBu
3HaYUTENHO NpUAoHEeCyBaaT BO HaMarnyBake Ha ronemMuHaTa Ha UHOEKCOT.

Cton-kapaktepu

Cron-kapakTepyn e MHOXEeCTBO 0f, CreLmjanHn KapakTepu Kou ce kopucTaT 3a nogenoda Ha
AafdeH TeKCT Ha 36opoBu. MHuLmjaneH cTon-kapakTep e Npa3HoTo MecTo. [1ononHUTenHo cron-
KapakTepu Moxe Aa 6uaat kapaktepu kako “,./\; ][l @#$ % &*()_+=" UTH.

Mopa pa HanomeHeme feka KONKy M Aa usrnea €4HOCTaBHO Mopa Ja ce MocBeTu
BHUMaHWEe npu deduvHUpare Ha BakBuTE Kapaktepu, buaejkm uctute Moxe 3HadajHoO Aa
BnujaaT Ha npebapyBameTo. [lpvmep 3a BakBO CLEHapMO € KopucTewe Ha “.” Kako cTon-
KapakTep. Ha kpajoT oA pedeHuua Taa e CToM-kapakTep, Merytoa npu WHAEKCupawe Ha
aatymot 22.03.2013, TepmoBuTe (TEpM, BO MOHATaAMOLUHWOT TeKCT 300p) kou ke ce
nHaekcupaar ce “22”, “03” n “2013”.

Mapcep

lMapcepoT e eHTUTET KOj BO WHTEPHUOT AM3ajH Ha pPELUeHMEeTO Ce HapekyBa mur Ha
napcep. BcylwHocT, onepauujata Ha napcupare ce u3BpwysBa npeky Lucene ob6jektoTt
Analyzer, notoyHo 06jekT of knacata org.apache.lucene.analysis.standard.StandardAnalyzer.
Tvn Ha napcep Kako eHTUTET ce KOpPUCTU 3apadu AedrHMpaHke Ha pasnuyHu KombrHauum Ha
cTon-360pOBM M CTON-KapakTepu Npy UHAEKCUPaHE Ha PasfnnyH BUOOBU OOKYMEHTU.

MHBepTUpaH nHaekc

MHBepTMpaH MHOEKC npeTcTaByBa CTPYKTypa Koja 4YyBa CTaTUCTMKM 3a MHOXECTBOTO Of
300poBM BO OOKYMEHTHaTa Korekuuja, kKako U nmcta o AOKYMEHTW BO Kou gadeH 30op ce
nojasysa. LlenaTa koMnnekcHOCT Ha hopmMaToT Ha 3ayyByBake, 3ae4HO CO cUTe MHopMaLUn
N BPCKM Mery OobjekTUTe KoM Ce KpeupaaT Mpu rpajerwe Ha MHOEKCOT, € 3ajada koja ja
naspyBa Lucene. OHa wTo Tpeba Aa ce fgeuHmMpa Npu reHepypame Ha MHOEKCOT € HeroeaTa
dusnyKka nokauuja, OAHOCHO AMPEKTOPUYMOT BO KOj UCTUOT Ke ce vyBa. 3a Lucene MHOEKCOT e
30up of JaTOTeKn KoW ce 3anuvilyBaaT BO e€f4eH AMPEKTOpUyM 1 ce merycebHo 3aBucHu. OBaa
KOMMJIEKCHOCT ja envMyHMpamMe Taka LUTO MHAEKCOT ro HapekyBaMe AMPEKTOPUYM U ja 3Haeme
nokauujaTa Ha koja Tpeba ga 3anvwyBame 1 of koja Tpeba aa untame npu npebapysarse.

2.2. KomnoHeHmu Ha apmucogm npebapyeaykama MawuHa
ApxutekTypata Ha apTucopT npebapyBaykaTta MallMHa Ce COCTOM Of, HEKOIKY
komnoHeHTn: Document Crawler, Document Creator, Index Builder, Index n Searcher. Tue ce
objacHeTu kako WTo crneaysa.
Document Crawler — € KOMNOHEHTa Koja KOMyHMLMpA CO HAABOPELLUHU CUCTEMU 3apaaun
npoHaorake Ha [OKYMEHTW KOM Ha oOJpedeH HayMH ce O03HadeHn paeka Tpeba fna ce
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MHOekcuMpaaTt. ANropuTMOT € KpevpaH [a M MOMUHE PEKYP3UBHO CUTE AMPEKTOPUYMM Ha
AajeHaTa nokauuja n ga rm cobepe cute npoHajaeHu gokymeHTn. Cekoj o oBMe OOKYMEHTM ce
npouecvpa u crnopes OpMaToT Ha WUCTUOT Ce MOBUKYBA KOMMOHEHTa Koja ja npesema
coapXXuHaTa Ha UCTUOT BO TEKCT chopmart, Kako 1 Apyrv nogaTtoumn of TUNOT Ha HacroB, aBTop 1
cn.

Document Creator - e KOMMNOHEHTa Koja AMPEKTHO MOXe [a ce MoBuKa of Koj 6uno
HazBopelleH cucTeMm Bo Bua Ha Beb cepsuc. Ce kopucTu 3a ob6paboTka Ha OOKYMEHTOT BO
MOMEHTOT Ha HEroBO Kpevpare, MpU LITO CEPBUCOT ja eKCNopTUpa CoapXXMHaTa Ha UCTUOT Unu
nak ja nobmea Bo hopMa Ha TEKCT Kako BneseH aprymeHT. o npouecupame Ha JOKYMEHTOT ce
noeukyBsa Index Builder komnoHeHTaTa Koja ro uHgekcupa uctuor.

Mapanena Ha ropHuBe ABe KOMMOHEHTM e BeO crawler, poboT KOMMOHEHTa koja ro
n3MuHyBa BeGOT 1 M UHAEKCUpa HOBUTE JOKYMeHTW. Bo cnyuajoTt kora Tpeba ga ce namuHat
BeKke MOCTOEYKM AOKYMEHTU mma notpeba on gononHuTenHun cetmpawa. OBa napye Kog ro
HapekyBame docProxy un e npalamwe Ha UMnNeMeHTaumja Ha CeKkoj CUCTeM KOj Ke ja KopucTu
npebapyBaykaTa MaLLMHa.

Index Builder - oBaa KOMMNOHeHTa urpa efHa Of KiyYHWUTE Yyrorm BO CUCTEMOT U ce
KOPWUCTM 3a MHAOEKCUparbe Ha efeH Unu rpyna Ha JokyMmeHTu. Ce NoBrKyBa O efHa Of Kracute
documentCrawler unu documentCreator Bo Lucene kon kako pe3ynTaTt gaBaaT MHOXECTBO Ha
[OKyMeHTU. BeyliHoCT, 3ajavata Ha oBaa KOMMOHEHTa € [a 3anuviie efeH UM MHOXECTBO Ha
AOKYMEHTU BO T.H. MHAEKC HAa KOMMaHwjaTa Ha Koja 1 npvnaraart JOKYMEHTUTE.

Searcher - Searcher ([MpeGapyBay) e KOMNOHEHTa Koja ce KOpUCTU 3a npebapyBame.
OBaa KOMMOHEHTa Kako BIE3HW aprymMeHTu npuma WAeHTUdMKaTop Ha KoMnaHujata u
KOPWUCHUWKOT Koj NnpebapyBa, Kako v kny4HuTe 36opoBu. HejsuHaTa 3apjadva e aa npebapysa HM3
ONPEKTOPMYMOT KOj ce vyBa Bo RAM memopwuja, unm nak HW3 rMaBHUMOT WHOEKC, JOKOSKY He
nocton nHaekc Bo RAM memopuja. lMputoa ce gedwmHupa v NO Koja Of KOFOHUTE Kou ce
WHOEeKcupaHu ke ce npebapysa.

2.3. MpakTuyHa MMNieMeHTauuja Ha apTucodT NnpebapyBaykaTa MaliMHa

EPI1 cuctemmTe Ha KOMNaHMUTE Ce LeHTparnHoO MECTO KaJe LUTO ce YyBaaT CUTe JOKYMEHTU
noTpebHn 3a pyHKUMOHMpaweTo Ha uctute. MNMpebapyBaweto BO EPI cuctemnte HajuecTo ce
BPLUM CO Nomnuka hunTpu Kage LITO KOPUCHUKOT € NoTpebHO Aa 3Hae TovHa MHopmauuja 3a
naeHTndrKyBae Ha AOKYMEHTOT unu npebapyBaweTo pe3yntvMpa BO ronema nucra Ha
OOKYMEHTU, NoApefeHN Mo HepeneBaHTHU bakTopu 3a OHOj Koj Npebapysa.

ApTANMUNC e EPIT cuctemoT Ha apTtucodT Koj reHepupa 50-TvHa pasnuyHuM TUMNOBM Ha
pokymeHTu. NpebapyBaweTo ce BpwM HU3 MOCeOHM OyHKUMM 3a CEKOj pasnuyeH Tun Ha
OOKYMEHT co npefeduHupaHn uUnTpy cenekTupaHu cropes NPOeKTaHTCKUTe aHanuMan u
OANYKM NPU MHMLMjANHOTO MPOEKTUpawe Ha CUCTEMOT UMM Mnak Mpu peamusajH, cekako co
orpaHunyyBavku aktopu. Ha oBOj HaumH He Gy Moxene Ada ce 3emaT MpeaBuf CUTE MOXHU
cueHapuja, MpoMeHn w noTpebm Ha KopucHMUWUTE, na BO [JadeH MOMEHT WCTMOT €
HednekcMbnneH n KpyT 3a KopucHuuumTe.

Bo npogomxeHve ce pesumupaHn cuTe 4Yekopu MOTpebHWM 3a wMnnemeHTaumja Ha
yHKUMOHANHOCT 3a WHAeKkcupawe u npebapyBawe Ha AokymeHTun on ApTAUNC op Tvn
mukemu npeky apmucogpm npebapysadykama mawuHa. OBUE YEKOPU Ce reHepanusvpaHn u
BaXaT npv umnnemeHtauuja Ha npebapyBaykata mawmHa Hag Koja 6uno konekuuja Ha
OOKYMEHTU 0fi KakBa buro kateropuja.

1) Yekop 1: lNocmasysare Ha komnaHuja — MPBUOT YeKop € eBuAeHUMja Ha KoMNaHujaTa Koja

Ke ja kopucTu npebapysaykama MawuHa.

2) Yekop 2: BHec u manupare Ha KOpucHUUyU — 3a cekoja komnaHuja e notpebHo aa ce BHecat
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n manuvpaat kopucHuuute Ha EPIT cuctemoT kom 6m ro kopuctene npebapyBareTo Kako
dyHkumnoHanHocTt. Cekoe npebapyBamwe ce eBMAEHTUpa BO uctopujat Ha npebapyBara 3a
KOPWCHUKOT Koj npebapysarn.

3) Yekop 3: KoHgpueypauyuja Ha cucmemom — 3agormkuTeneH Yekop npea aa ce uHaekcupaar
OOKYMEHTUTE € KOoHdurypaumja Ha HayMHOT Ha npouecupare Ha CcoapXuHaTa Ha
pokymeHTute. OBOj Yekop ondaka nNononHyBawe Ha CTON-kapakTepu U cTon-360poBu, Kako
N Kpeupare Ha notpebHuTe TMNOBM Ha napcepw. TUMOT Ha mapcep Koj ro KpewpasMme 3a
uenute Ha uMmnnemeHTaumja Ha [NpebapyBaykata mawuHa Bo ApTAUUNC e o3HadveH 3a
default n rn Bkny4yBa cTon kapaktepute A|,;:/?"$*&/\., kako n cton 36opoBuTe 60, da, do, e,
u, uako, umH, kade, Kkako, Ha, Ho, 00, o, Mokpaj, nped, ce, ¢/, m.e., WMo, UTH.

4) Yekop 4: lNonHere Ha uHOekc — Beke rm objacHMBME komnoHeHTUTe documentCrawler n
documentCreator koun ce kopucTaT 3a obpaboTka Ha [OoOKymeHTUTEe kou Tpeba pa ce
UHOeKkcmpaat W MNoBMKyBakbe Ha KomnoHeHTaTa Index Builder koja ke rm uHAekcupa.
KomnoHeHTaTa documentCreator e norogHa [OKOMKY AOKYMEHTUTE (hU3MYKM MocTojaT Ha
JajeHa MpexHOo pgocTtanHa nokauuja. Bo HawwumoT crniyyaj gokymeHTuUTe (TUkeTute) ce
BMPTYEnHW, T.e. ce kombuWHauuja of nmogaTouu Kou ce 4vyBaaT BO penauvoHa 6asa Ha
nopgatoun. Bo oBoj cnyyaj mopa aa kpeupame docProxy KOMMNOHEHTa, T.e. napye Koa Koe ke
MM Kpevpa OOKYMEHTUTE KO cakame Aa rvm mHaekcupame. Cekoj cuctemM BO KOj ce vyBaaT
BUPTYENHN OOKYMEHTU Tpeba Aa MMa MOXHOCT 3a HMBHO MevyaTewe, Mpu WTO LOKYMEHTOT
ce reHepvpa BO HekakoB OTBopeH dhopmart (Hajuecto pdf). FoToBMOT Moayn 3a nevyateke Ha
OOKYMEHTU Ce KOPUCTM 3a HMBHO hM3UYKO Kpeuparse, Mo WTo npeq aa 6uaat usbpuiaxm,
ce NoBUWKYBa KOMMOHEHTaTa Koja Ke rv mHaekcupa. KomnoHeHTata documentCreator moxe
[a ce KOpWCTU 1 3a MHOEKCUPaHE Ha CMTe HOBOHAcTaHaTU JOKYMEHTMU.

5) Yekop 5: Mlhmezpayuja Ha kopucHu4yku uHmepgejc — OBOj Yekop noapaszdbupa BoBeayBake
Ha MOXHOCT 3a npebapyBare HWU3 MHOEKCUpaHUTE [OOKYMEHTU MpeKy annukauujata Ha
CaMUOT KOPWCHUK, BO 0BOj criydaj ApTAUNC EPIN cuctemor.

3. EBanyauwuja Ha echeKTMBHOCTaA Ha apTMcoT NpebapyBayka MaluMHa
Bo oBaa cekuuja ce pe3umupaHu pe3yntatute oOf eBanyauuja u TecTupake Ha
npakTuyHaTa uMmnnemeHTauvja Ha aptucodT npebapyBaykata mawwuHa Bo EPI1 cuctemor
ApTAUNC. MeTopornorujata 3a eBanyaumja BkrydyBa cTaTUCTMYKa aHanmM3a v npeseHTauuja Ha
nepcdopmaHcuTe Ha ABata CMCTEMW MpeKy AoOpo nosHaT ceT Of Mepku 3a eBanyauuja:
Presicion, Recall n MAP (Manning et al., 2009). 3a npecMeTka Ha OBWE MEPKU KOPUCTEH €
TREC_EVAL 8.1 codbTBepckmoT naker.
HajBaxxHnTe MeTpukmn 3a eBanyauuja Ha epeKkTMBHOCTa Ha efeH npebapyBaykm cuctem ce:
o RECALL - Bpakate Ha cuTe peneBaHTHU AOKYMEHTU;
o PRECISION - Bpakahe Ha HajpeneBaHTHUTE JOKYMEHTU Ha NOYETOK 04 nNucTaTa;
¢ KOMBUHAUWJA
o BpaKkare Ha LITO NOManky HepeneBaHTHU JOKYMEHTH;
o BpaKahe Ha peneBaHTHWUTE AOKYMEHTW Npej HepeneBaHTHUTE.

Precision (P) e nenoT Ha BpaTeHu JOKYMEHTU KOU CE peNneBaHTHU

#(BpaTeHH pesieBaHTHU JJOKYMEHTH)

Precision =
#(BpaTeHH JOKyMEHTH)

Recall (R) e penot Ha peneBaHTHM LOKYMEHTU KON Ce BpaTeHU

#(BpaTeHU pesieBaHTHU JJOKYMEHTH )

Recall =
#(pesieBaHTHU JOKyMEHTH)
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Mean Average Recall (MAP) eguHcTBEHa Mepka 3a KBanuMTETOT Ha cuTe HMBOa Ha recall:

1ol mj

1 1
MAP(Q) = mz E; Precision(Rj,)

Jj=1

HononHutenHo, npebapyBaweTo Ha MHMOPMAaUMN HWM3 KOMMAHWCKUTE WHMOPMAaLMCKU
cucTeMu uma pasnuyHu notpebu n cneundukn. Komnanuckmute EPIM cuctemmn ce kopuctat o
pasnuyYHy TUMOBU Ha KOPUCHULIM, KOPUCHULM KOW Ce BO CEeKOjAHEBHA MHTepakumja co cucTemMoT
n YHKLMOHANHOCTN Kou ce Bnucku co obeBpckuTe kou M mmaaT Ha paboTHOTO MEecTO U
KOPUCHMLUM KOW He ce [OBOMHO obyveHn Ja ro Kopuctat CUCTEMOT UMM OApeAeH Aden of
CMCTEMOT KOj HE € NoBp3aH CO HUBHUTE CekojaHeBHM 06Bpckn. Bo eBanyauujaTa wro crnegysa
Ke rv 3ememMe npesug Asata Tvna Ha KOPUCHULIN.

3.1. Onuc Ha mecm Kosnekyuja
Cekoja TecT Konekuuja LITO Ce KOpUCTK 3a eBarnyauuja Ha eeKTUBHOCT Ha MHAOPMaLMCKN
CUTEMU CE COCTOW Of, TPU MMaBHU KOMMNOHEHTHU:

e Komekumnja Ha OOKYMEHTU, KOja € MHOXECTBO Of, AOKYMEHTW LITO Ke ce uHAeKkcupaart u
Bp3 KO Ke ce n3BpLuyBa npebapyBare 1 Mepemse;

o Konekuuja Ha ynuTu unm npebapysatsa, T.€. TECT MHOXECTBO OA MHhopMaLMCKm
notpebu (npebapyBamna, query-ja);

e MHOXeCTBO Ha payvyHO WMAEHTUDVKYBaHW pEeneBaHTHW OOKYMEHTU 3a CeKOj ynuT unu
npebapyBame.

3.1.1. Konekyuja Ha dokymeHmu

Konekuujata Ha OOKYMEHTM € MHOXeCTBO of cute gokymeHTn og ApTAUMUC opg Twn
mukemu. TVKeT npeTcTaByBa AOKYMEHT KOj CE reHepupa 3a Cekoja aKTMBHOCT BO paMKu Ha
KOMMnaHujaTa Koja nogpasbvpa nHTepakuuja co knneHT Ha uctarta. Cekoja npuvjaea Ha npobnewm,
Gaparbe 3a moaudumkalmja, onepaTMBHa nogapLuka u Cin. pesynTupa co JOKYMEHT o OBOj Tvn
Bo LIPM (CRM - Customer Relationship Management) mogynot o ApTAUUC. Tuketute
cogpXaT noBeke OMUCHW nodaTouuM BHECEHW Of CTpaHa Ha KIMeHTUTe, Kako Oonunc u
MaHudecTupare Ha npobrem, Kako M uHdOpPMauuM KOW ce BHecyBaaT oOf CTpaHa Ha
BpaboTeHMTEe KOM ro paspellyBaaTt NpobnemoT, Kako LWITO ce MpuYMHA 3a NnojaBa Ha npobnewm,
MUCIEHE, OMUC Ha peLleHne Ha NpobremoT u ch.

Bo npoponxeHune, Bo Tabena 1 ce npukaxaHW OCHOBHM CTaTUCTUKW 3a Konekuujata Ha
OOKYMEHTU (TUKETK):

Ta6ena 1.CTaTMCTMKM 3a KOnekuujaTa Ha JOKYMEHTH

Bp. Ha BOKYyMEHTH 2908 Bp. Ha 36opoBu 363166
MpoceyeH 6p. Ha 36opoBU 124.8 Fonemu Ha MHAEKC Ha xapA AUCK 1.12MB
BO JOKYMEHT

Bpeme Ha reHepupame Ha 60ms Bpeme Ha Hgekcupamwe Ha 422ms

OOK. DOKYMEHT
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3.1.2. Tecm MHO)XXecmeo Ha ynumu

TecT MHOXeCTBOTO oA nHdopmaunckm notpedbu npetcrasyBa 36Mp 04 pasnUyYHU BUOOBU
Ha ynuTu unu npebapyBawa (queries) kKoM ce reHepupaHn Of eKCMepTu, OAHOCHO Nuua Kou
CEKOjOHEBHO M KpeupaaT unu nak ynotpebyBaat Ha GUNO KakOB HAYMH JOKYMEHTUTE of Tvn
mukem.

Konekuujata cogpxw BKynHo 25 npebapyBana kou ce nogeneHu Bo ABe KaTeropum:

1. ®unmep, DB (Database)-opueHmupaHu npebapysar-a - NpebapyBaraTta ko npunaraar
Ha oBaa KaTeropuja MOXe penaTMBHO MEeCHO W TOYHO [a reHepvpaaTt pesyntatn o
npebapyBareTO KOPUCTEjKM M NnocToedkmTe hmunTpu 3a npebapysarwe Bo EPI1 cucremort
ApTAUUC. TukeToT e 36Mp of MonuHsa KoW ce MOMOSIHyBaaT cropes LumdpapHULm,
OOHOCHO efeH BuA Ha chopmynap, Kako 1 of nonvka Kowu ce TekcTyanHwu. [Jokonky 3a
npebapyBakeTo € [OBONHO MOMOMHyBake Ha oapeaeHu untep nonmuka unu nak
JaTymcku nonuka, Toraw npebapyBakeTo npunara BO oBaa kateropuja. OBaa
kaTeropuja cogpxu 14 og BkynHo 25 npebapyBara U Ce KOpUCTWU 3a MoAenupame Ha
notpebute Ha KOPUCHMLMTE KOW Ce BO CEKOjAHEBHA WHTEpakuuja CO CUCTEMOT MU
PYHKLMOHANHOCTK Kou ce B6nmckn co 0BBpCKUTE KOU ' MMmaaT Ha paboTHOTO MECTO.

2. Tekcm-opueHmupaHu ripebapysama - MNpebapyBarwata ko npunaraat Ha oBaa KaTero-
pvja, OOHOCHO pe3ynTaTuTe KOU ce OYeKyBaaT of UCTUTE He Moxe Aa ce gobwujat kopuc-
Tejkn rm noctoevkute puntpu 3a npebapysawe Bo EPI cuctemor AptTAUMUC, ogHocHO
CMUCTEMOT MIMN He nocefyBa MOXHOCT 3a npebapyBawe criopef ogpefeHu YCroBu unm
nak reHepupa OrpoMHa nucta Of pe3ynTaTu Koja He e noapedeHa Crnopep HuKaksa
peneBaHTHOCT BO OJHOC Ha OHa LWTO ce npebapysa. OBne npebapyBara HajyecTo ce
koMbuHauuja of 3060poBM KOM MOXe [a ce MojaBaT Kako gen of koe 6wuno of
TEKCTyanHuTe, T.e. ONUCHUTE Monuka Ha TukeToT. MNpumep 3a TakBo npebapyBame €
KoMbuHauuja of Hekornky 36opa v gatym unu nak gen o pgatym. Oaa karteropuja
cogpxu 11 oa BkynHo 25 npebapyBarba U Ce KOPUCTU 3a MoAenupare Ha notpebute Ha
KOPUCHULNTE KOW He ce AO0BOMHO oby4eHn Aa ro kopuctar CUCTEMOT WK oAapefeH aen
o[, CUCTEMOT KOj HE € NOBP3aH CO HNUBHWUTE CEKOjOHEBHM OOBPCKU.

3.1.3. MHOXeCTBO Ha pefieBaHTHU [OKYMEHTHU

MocneaHWOT cerMeHT oA TECT Komnekuujata € MHOXXECTBOTO Ha penieBaHTHU JOKYMEHTU
3a cekoj ynuT nnu npebapysare. Pesyntatute og npebapysaraTta Bo ABaTa cuctema, Kako u
nMcTata Ha peneBaHTHWM OOKYMEHTM MnoToa ce kopucTu kako Bne3 Bo TREC_EVAL.8.1 koj
npecmeTyBa MHOXECTBO Ha METPUKM KO Ce KopucTaT 3a eBanyauuja (oueHyBawe) n cnopeaba
Ha [jBaTa cuctema.

WTepaTnBHO ce MOMUHyBaaT cuTe npebapyBara U 3a CEKOE Ce W3BpLUYyBaaT CreaHuTe
Yekopu Ko pesynTupaatr co AobuBarke Ha MHOXEecCTBO of Makcumym 80 [OOKymMeHTH 3a
eBanyauuja 3a cekoe npebapyBahe, Kako U BEKTOp Ha peneBaHTHOCT 3a cekoj of osue 80
OOKYMEHTHU:

1. [llpebapysame 60 npebapysayka mawuHa - Ce usBpwyBa npebapyBawe BO apTucodT
npebapyBaykaTa MallvHa CO OOpPeAEeH CeT Ha Kry4YHu 360poBM U Ce eBUAEHTPA BPEMETO
Ha npebapyBare, Kako U nucta of uaeHTudukaunckm 6poeBn Ha OOKYMEHTUTE KOU ce
pobvBaaTt Kako pesynTaT copTMpaHu crnopef anroputam 3a Scoring Ha OOKYMEHTU Ha
Lucene (OkapiBM25) 3a peneBaHTHOCT. [1pebapyBareTo ro n3BpLUyBa KOPUCHUK KOj HE €
MHOTY UCKYCEH BO paboTa Co OKYMEHTW of TUMN muKemu.

2. [ipebapysare 8o ApmAUUC - Ce usBpwyBa npebapyBawe Bo ApTAUNC co ceT Ha
dunTpK Kou M aedmHUpa KOPUCHUKOT oA MHdopmaumckaTa notpeba Ha npebapyBareTo.
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Ce eBugeHTMpa BpeMeTo Ha npebapyBame, kako U nucta of naeHTndukaumckm 6poesu
Ha [OKYMeHTWUTe Kou ce gobuBaaTt kako pe3ynTaTr copTMpaHu crnopen pepocreq Ha BHeC
Ha OOKyMeHTUTe BO cucteMoT. PegocnenoT Ha npukas Ha gadeH LOKYMEHT € BCYLUHOCT
HeroBmoT paHr. [pebapyBareTO ro U3BpLLYBa KOPUCHUK KOj HE € MHOTY UCKYCeH BO paboTta
CO OOKYMEHTU Of, TUN mukemu.

Cem Ha pe3ynmamu Kou ce nosmopysaam — Opf eBugeHTMpaHaTa nucta Ha WaeHTu-
durkaumckn 6poeBn Ha TUKETU, Kako M HUBHUTE PaHroBW, MPOrpamcku ce cernektupaar
OHVEe KoM Ce MOBTOpYyBaaT kako pes3ynTaTt Bo npebapyBaraTa U3BpLUEHU BO MpBUTE [Ba
yekopa. [lokonky nma 80 unu nak nomanky op 80 BakBM JOKYMEHTU cuTe CTaHyBaaT aen
0f, MHOXECTBOTO Ha JOKYMEHTU 3a eBanyauuja Ha peneBaHTHOCT. [JOKOMKy nma noseke og
80 pokymeHTu, ce cenektupaaT npeute 80 copTWpaHu cropef cpegHaTa BPeAHOCT Ha
paHroT Ha OKYMEHTOT BO ABaTta cuctemMa. Bo 0Boj crnyyaj ce npeckokHyBa 4eKkopoT 4.

Cem Ha pesynmamu Kou He ce nosmopysaam — [JOKOnKy BO MPETXOAHUOT YeKop He ce
dopmumpa konekumja oa 80 AOKYMEHTW, UCTUTE Ce OOMONiHyBaaT CO AOKYMEHTU KOu ce
rnojaByBaaT Kako pe3ynTtaTu camo Bo efeH oA cuctemute. Pacnpegenbarta e nogeaHaksa.
OueHysar-e Ha peniesaHmHocm Ha npebapyeara — Bo 0Boj Yekop ce nsbupaart ekcnepTu,
O[IHOCHO fuua Kou ja no3HasaaTt npobrnemarumkarta n Kou Ke ja oueHyBaaT peneBaHTHOCTa
Ha CeKoj oA AOKYMEHTUTE BO KonekuujaTa Ha JOKYMEHTM 3a eBarnyaumja Ha AafeHoTo npe-
bapyBane. Cekoj og OOKyMeHTUTe BUHapHO ce O3HadyBa Aanu € perneBaHTeH 3a MOMEH-
TanHoTo npebapysare (co 1 nnm 0). OBaa nucTa Ha BpegHOCTU ro hopMmpa BEKTOPOT Ha
peneBaHTHOCT.

lenepupare Ha erne3 8o TREC_EVAL — Op reHepupaHuTe NMUCTU Ha pe3ynTaTtu, npuapy-
XKEHWN CO HMBHMTE PaHroBW, Kako U Konekuujata Ha AOKYMEHTW 3a eBanyauuja u BEKTOPOT
Ha peneBaHTHOCT, MpOrpamMckM ce reHepupaaT TeKCTyanHu [JOKYMEHTM Kou noToa
npeTtcTtaByBaaT Bfe3HW aprymMeHTu BO nporpamata 3a eBanyauuwja. [pu BakBaTa
obpaboTka Ha pe3ynTtaTtuTe ce gobueaat 1 ogpeneHu CTaTUCUTKU 3a TECT KonekuujaTta.

Bo npoaosnkeHne ce npukaxaHu onwTu CTaTUCTUYKKM noaaTtoumn 3a TecT KOJ'IeKLlVIjaTa 3a

cekoja kaTeropwja Ha npebapyBatsa (Tabena 2 n Tabena 3).

Tab6ena 2. CTaTUCTMUKMN NoaaToLm 3a TECT KOJNeKLujaTa 3a kaTeropuja mekcm

Pe3yntatn MakcumaneH MuHumaneH 6p. TlpoceuyeH 6p.
6p.

ApTtucodT npebapyBayka MmawimHa 2899 22 1474

ApTAUNUC 2445 0 458

PeneBaHTHM AoOK. BO konekuuja Ha 80 0 40

OOK. 3a eBanyauuja

Ta6ena 3. CtaTMCcTUM4YKM nogaToLm 3a TECT KoneKuujaTa 3a kateropuja DB

Pesyntatn MakcumaneH MuHumaneH 6p. TlpoceuyeH 6p.
6p.

ApTtucodTt npebapyBayka mawmHa 2894 25 1394

ApTAUUC 2445 0 660

PeneBaHTHM goOK. BO konekuuvja Ha 80 7 29

AOOK. 3a eBanyauuja
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3.2. EkcnepumeHmaisnHu pe3yamamu

Bo npopormkeHve ce npukaxaHu pesyntatute, TabenapHo (Tabena 4 u Ttabena 5) u
rpaduyku (cnvka 1 u cnuka 2) og esanyauuja Ha ABaTa cuctema 3a npebapyBare co gBeTe
kaTteropuu, DB 6a3upaHu 1 Tekct 6a3npaHu npebapyBara.

Ta6ena 4. Pesyntatu o npe6apyBane co DB 6a3npaHu npebapyBama

DB BABUPAHO DB BABNPAHO
ApTtucocTt npebapyBayka ApTAUNC
MalimHa MeTpuka BpegHoct
MeTpuka BpegHocTt P5 0.43
P5 0.27 P10 0.44
P10 0.26 P15 0.42
P15 0.25 P20 0.42
P20 0.26 P30 0.42
P30 0.27 P100 0.41
P100 0.28 MAP 0.45
MAP 0.25 AP 0.19
AP 0.05

Ta6ena 5. Pesyntatu og npe6apyBawe co TeKCT 6a3mpaHu npebapyBama

TEKCT BASUPAHO TEKCT BA3BUPAHO
ApTtucodt npebapyBauka ApTAUUC
MalluMHa MeTpuka BpegHoct
MeTpuka BpegHoct P5 0.1
P5 0.36 P10 0.07
P10 0.32 P15 0.08
P15 0.31 P20 0.08
P20 0.30 P30 0.08
P30 0.25 P100 0.08
P100 0.27 MAP 0.08
MAP 0.34 AP 0.01
AP 0.22

Pesyntatute nokaxyBaaT pgeka apTucodT npebapyBaykaTa MaluMHa € 3HaYMTenHo
noedekTuBHa npu TekcT-6asupaHu npebapyBawa (Tabena 5 m crnvka 2), gogeka OYeKyBaHO
cTaHgapaHoTo duntep npebapyBamwe Bo ApTAUUC EPI1 cuctemMoT ce nokaxa Kako noedekTMBHO BO
npebapyBareTo Ha MHOPMAaLMM NOBP3aHU CO AaAEHN TOYHO NO3HATU BPEAHOCTM 3a aTpubyTuUTe Ha
OOKYMEHTOT koj ce Gapa (Tabena 4 u cnuka 1). Cekako, BTOpMOT cny4vaj nogpasbupa petanHo
No3HaBake Ha HA4YMHOT Ha KOj (pyHKUMOHMpA LEenuoT cucTeM, JoAeKa MpBMOT € MpuknageH 3a
KOPUCHMUM KOW BOOMLUTO HE Ce 3ano3HaeHuW CO CreunduKkuTe Ha CUCTEMOT M Ce HaydyeHu Ja
npebapyBaaTt MHopmaLmmn kopucTejkn cTaHgapaHn metoam Ha Beb (nnm Google-like) npebapysamse.



Topnmen 36opauk 2013 ®dakynrer 3a nHPOpMarnka, Yausep3urer ,,l oue Jemger — Hltun
Yearbook 2013 Faculty of Computer Science, Goce Delcev University — Stip

DB npebapyBame

—&— Artisoft
search engine

Precision

—— ARTAIIS

01 ~

Recall

Cnuka 1. Peayntatu Precision u Recall oa npe6apyBawe co DB 6a3upaHu npebapyBata

TeKcT npebapyBatbe

06 Artisoft Search
<\ Engine MAP = 0,34
0,5

\_N\ ArtAllS MAP =0,08
0,4

c
% 03 N\~ —o— Artisoft
& 02 n \ search engine
= ARTAIIS
0,1
0
0 0,2 0,4 0,6 0,8 1

Recall
Cnuka 2. PeaynTtaTtu Precision n Recall og npe6apyBame co TeKCT 6a3mpaHu npebapyBama

4. 3akny4ok u ugHa pabora

Bo oBoj Tpya npukaxaBme npakTU4Ha MMMNNeMeHTauuja Ha npebapyBayka MallvHa 3a NOCTOeYKN
EPI cuctem HapeveH ApTANUC. Mpeky ekcnepuMeHTanHu pesynraTi rnokaxasme feka 6e3 pasnvka
KOMKY 1 Aa My e Aobpo no3HaT CMCTEMOT Ha KOPUCHUKOT koj npebapyea, BpemeTo noTpebHo aa ce
HaBurMpa 0O odpedeH KOPUCHWYKM eKpaH 3a npebapyBakwe HU3 AafdeH TUM Ha OOKYMEHTM, Kako 1
BpeMeTo MoTpebHO ga ce nononHaT cute uITpu, He cMee Aa ce 3anoctaeu. [puaoHecoT of
MMnnemeHTaumnja Ha npebapyBayka MallnHa Bp3 koe 6uno napye codTBEp € BO MOXHOCTA 3a 6p3o n
edeKkTMBHO npebapyBare HU3 MHOXECTBO Ha LOKYMEHTM U TEKCTyanHW COOPXWMHWU 0f pasnuyHu
TUMNOBU, KOPUCTEjKN €AUHCTBEH N €AHOCTABEH KOPUCHUYKN MHTepdejC.

Bo wgHuHa ©OM MOXeno pJda ce HanpaBaT HEKONKY [JOMOMHUTENHW OnNTUMM3auun Ha
npebapyBaykata MallMHa BO MOrfie4d Ha MNPETNpPoLecUpalbeTo Ha [OOKYMEHTMTE, Kako U BO
anroputamMoT 3a paHrupame Ha uctute. MNMoaapLika Ha NAaTUHUYHO U KUPUIMYHO NpebapyBake € NCTO
Taka noTpebHa naHa Hagrpapba Ha npebapyBaykaTa MallMHa, CO Len ga ce OBO3MOXW HamaneHo
BpeMe 3a foarake 4o notpedHaTa uHdopmaumja Npeky oflecHyBake Ha KOpUCHUYKaTa MHTepakumja
CO CUCTEMOT.
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EOYKATUBHO NOOAATOYHO PYOAPEHE CO MOODLE 2.4
3opaH Munesckn', 3opaH 3apases’

1 dakynTeT 3a nHdopmaTuka, YHnsepautet ,loue Oenyes® - LLUtun
milevskiz@gmail.com, zoran.zdravev@ugd.edu.mk

AncTtpakT

OkonunHnte 3a e-ydewe MMaaT 3a uen ga obesbepar
emkacHM mMeToam 3a ydewe, Aa OBO3MOXAT KOPUCHULMTE BO KOe
Ouno Bpeme da npuctanaT KOH ogpefdeHun pecypcu, ga nocraeBaT
pelleHnja 3a ogpeneHn npobnemn, ga 6muaat OUEHETU 3a HUBHUOT
Tpya u cn. EgHa og nonosHaTtuTe TakBW OKOSIMHM € CUCTEMOT 3a e-
yyerwse Moodle. OBue okonuHu kako Moodle kopucTaT n cknagupaat
rofieMn KOMMYMHM Ha NoAaTouu, HO BO TMOBEKETO Clyyan He
3agoBoflyBaaTt noronem gen of GapawaTta 3a HMBHA NpuUMeHa u
HEeZ0BOSHO ja MpUKaXKyBaaT aKTMBHOCTA HA YYECHULIUTE NPU y4eHETO.
Llenta Ha 0BOj TpyA € CO MOMOLL Ha TEXHUKM 32 NOAATOYHO pyaapere
Kako LWTO ce krnacudukaumja, knacrtepupake, CTaTUCTUKU U
perpecuja, ga ce onuvule NpoUecoT Ha cenekuvja un gobuBame Ha
nogatoun of 6Gasata Ha nogatounm Ha Moodle n ga ce kpeupa
KOHTponHa Tabna — Beb 6a3mpaHa annukaumja WTo Ke KOMyHuumMpa co
cuctemoT 3a e-yyewe Moodle n ke obe3benyBa HEKOMKy HMBOA Ha
npucTan M T0a: MeEHaLepCcKo, agMUMHUCTPATOPCKO, HACTaBHUYKO W
KOPUCHWYKO HUBO, M NPAKTUYHO Ke NpukaxkyBa obpaboTeHn nogatoum
N u3BewTanm Kou Ke ro nogobpat npuctanoT Ha eBanyauuja Ha
noroneMy rpynu Ha yyYecHuUUM BO npouecoT Ha ydyewe. Co Toa
AVPEKTHO ce pelsaBa U NpobnemoT Ha HacTaBHUUWUTE BO Mnornes Ha
HVMBHaTa noaapwka npu pabota co BakoB Tun Ha nnaTdopmu u
ronemu KOmMyYnHM Ha nogaTouu.

KnyyHn 3060poBu: 0QasieyuHCKO y4ere, e-ydyere, eOyKamueHO
nodamoyHo pydapere, Moodle, edykamugHu KOHMpPOAHU mabnu,
u3eeuwmau 80 roseke HU8oa.

EDUCATION DATA MINING WITH MOODLE 2.4
Zoran Milevski', Zoran Zdavev'

Faculty of computer science, Goce Delcev University, Stip,
Macedonia
milevskiz@gmail.com, zoran.zdravev@ugd.edu.mk

Abstract
The goal of e-learning environments is to supply effective
learning methods, to enable the users to approach certain resources
at any time, to set solutions for certain problems, assessment for the
work etc. One of the best known environments of this kind is e-
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learning system Moodle. These environments like Moodle use and
save large amount of data in their databases, but in most cases they
don't offer enough information of the course participants and their
activities in the system. The aim of this work is, by the use of data
mining techniques such as classification, clustering, statistics and
regression, to describe the process of selection and acquiring data
from the Moodle database, and to create dashboard - web based
application, that would communicate with the e-learning system
Moodle and supply multilevel approach as: manager, administrator,
teacher and user level; and practically will improve the approach to
evaluation of larger groups of participants in the learning process.
This will help teachers to evaluate web activity of the students, to get
more objective feedback and find out more about how the students
learn. Also this dashboard will directly solve the teachers problems
in the terms of dealing with this kind of platforms and big amounts of
data.

Keywords: Distance Education, E-learning, Educational data
mining, Moodle, Educational Dashboard, Multilevel reports.

1. Introduction

Web-based educational systems and their usage has increased rapidly in the
last few years. The impact on this trend comes from the fact that neither teachers
nor students are limited any longer to be at the same time on the same location,
and additionally these online education-based systems are independent from any
hardware platforms [6]. The approach to these platforms is only through internet
browser and thus the dependence on different operative systems and their
demands is neutralized. These educational systems have been installed in many
universities, and even individual teachers use them with a goal of setting certain
resources that will be easily approachable for certain groups of people.

Moodle (Modular Object Oriented Developmental Learning Environment) as
an educational system is well known and widely used because it is open code
and also satisfies greater part of the needs for its use, and it is also simple to use
both for the teachers and the students as course participants [1], [2], [3]. Moodle
accumulates great amount of different information that is very important when
analyzing the students conduct and represents a gold mine of educational data.
Moodle stores all the data of the activities in which the students are involved.
Moodle also keeps data of the participants profiles, their activity in different
courses, their sent assignments etc.

The e-learning system Moodle is used in 232 countries in the world and at the
moment there are 79429 active Moodle web sites, whereas in Macedonia there
are 39 Moodle web sites most of which belong to the universities in the country
[14].

Although Moodle, as well as the other systems of this type, offers tools for
reports and view of the more important activities of the course participants, when
it comes to a bigger number of students it becomes hard to follow their activity.
On the other hand, although the goal of the e-learning systems is to motivate the
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student by the use of multimedia materials to make studying more interesting and
of higher quality, they don’t always succeed in keeping the student’s focus on the
learning itself. Instead of learning they use the opportunities that the system offers
in the direction of social communication between them (chat) [5]. Whatsoever, to
make studying more effective, it is important to supply personalization of the
contestants, based on their activity, an opportunity to analyze the participants in
different courses, prediction of the results of the participants and better survey of
the activities of the students. A promising area, when it comes to fulfilling this goal
is data mining, and in this case it is educational data mining with the Moodle 2.4
database [3], [6].

Educational data mining means selective extraction of the kept data of large
databases, their processing with the use of several educational techniques of
data mining such as classification, clustering, statistics, regression etc. and
acquiring the processed data that would improve the approach to larger groups
of participants in the learning process [7]. The acquired information can be used
not only by the teachers, but the students themselves too. They can get
recommendations and directions for certain activities and resources that would
improve their learning, where the teacher can get the feedback necessary for the
evaluation of the students activity, separating the students in groups based on
the need for their monitoring, finding the frequent mistakes made both by the
students and the teachers; view into the activities assigned for the students; and
have greater effect than the others [6].

Web based application connected to the active Moodle database can provide
several levels of approach:

= Manager level approach,

= Administrator level approach,

= Teacher level approach and

= User level approach.

All of these roles are included in the, so called, dashboard and they will be
explained in this study.

This dashboard is external application made to be very easy to use, because
all needed reports for the various users are simplified in one place and enable a
survey of some information kept in the new dashboard database, while the
standard reports don’t give such view with the use of standard reports.

2. Data analyses in the Moodle database
It is very important what kind of data is kept in the database and the more data

is processed the more information can be acquired. Figure 1 illustrates the
process of educational data mining and the way this process works [2].
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Cnuka 1. lNpouec Ha egykaTMBHO NOATOYHO pyaapere
Figure 1. Process of educatonal data mining

Educational data mining is an interactive process in which not only the
processed data can be acquired, but it can also be filtered so that a certain
decision can be made. The process consists of gathering information about the
students’ interaction within the process, than data processing so that they can be
transformed into a relevant format to be mined. Data mining is applied, i.e.
algorithms are used that provide and summarize the acquired interests about a
certain user (teacher, student, manager etc.). Finally, the results are interpreted,
evaluated and represented [2], [6].
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Cnuka 2. MNpukas Ha Moodle nsseLTaj
Figure 2 Moodle log report screen

Moodle stores every click of the user and its system navigation. Figure 2 shows
a scheme of modest report record of Moodle about the site activities. Records
can be filtered by course, participant, data and type of activity [15]. Teachers can
use this report to follow the course participants activity, what they do and when.
For activities such as quizzes the report contains data about the results, the time
length of the quiz activity, as well as detailed analyses of every answer of the
student. These reports are useful, but at the same time they are not clear enough.
For a more effective view for the teacher, besides course activity it is important
to be able to see which of the activities attracted greatest attention, which is the
least visited material, in the quiz section, besides detailed analyses of every
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answer, which is the question that was answered by the smallest number of
students, analyses of the results of one student or all the students in several
quizzes etc. [4], [13].

Moodle doesn’t keep these records as text but keeps them in relational MySq|
database. Moodle database has around 145 related tables, but all of them are
not necessary to implement educational data mining. Table 1 schemes the more
important tables with their description that would be used for getting raw data so
later be processed with several different techniques [6].

Tabena 1. MNMoBaxHu Tabenu Bo 6a3aTta Ha nogaToum Ha Moodle n HUBHK onnc

Table 1. More important tables in Moodle database and their description

Table name

Table description

mdl_assign
md|_assign_submission

mdl_assign_grades
mdl_choise, mdl_answers u
md|_option
mdl_course
mdl_enrol

mdl_forum n
mdI_forum_discussions

mdl_posts
mdl|_read
mdl_grades u
mdl_grade_letters

mdl_lesson
mdl_log
mdl_message u
mdl_message_read
mdl_question
mdl_quiz
md|_user
mdl_enrolments
mdl_user_lastaccess

Homework data
Sent homework status for a
student
Homework score
View of questionnaire
answers
Created courses data
Type of log on, course
logging password
Created course forums and
survey discussions started by a
certain user
Forum answers with date,
user, message,
Forum participants activity
Summarizing participant
grades and score criteria and
final grade
Set lessons data
Log for every student action
Survey of sent messages
Question base for the quizzes
with answers
Quiz questions, answers
All users information
Enrolled users in a certain
course
participant’s last course
access

Data preprocessing provides data to be transformed in relevant format for data
mining to be applied. Before using data mining it is important to identify the
necessary user, the course he is enrolled etc [9], [10].
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For example, to show the number of resources (figure 3) there is created new
i.e. warehouse that is linked with the original Moodle database and it is filled with
data in sertain time period.

=@ =

€
|
|
|

co Moodle

MeHayepcko HUBO

Bpoj Ha kopucHuuu: 1595
Bpoj Ha kypcesu: 22

Cnuka 3. CTpaHuua 3a pecypcu Bo KOHTposiHaTa tTabna
Figure 3. Resources page in the dashboard

To get certain reports it is important to analyze several tables from the database
so that a summary of the system activities can be provided, to get user-friendly
results scheme. That is the aim of this research, with which we consider that
system users (all within their own role) will get view in their activities.

3. Data mining of analyzed data

Besides analyzing the data in the Moodle database, it is very important how
the data will be grouped in order to achieve the required effect.
For that purpose we hold up on data mining and we use some of the known
techniques that can provide us all necessary information and data in the effort to
give the teacher simplified view on the processed knowledge.

In e-learning systems clustering can be useful for finding similar characteristics
students clusters, revealing the user conduct and grouping the students into
several groups: students who are active in the system, discuss in forums, send
homework, spend some time in the system in checking different contents etc. [6].

In this research we will divide students into three clusters as follows: cluster 0
(inactive), cluster 1 (very active), and cluster 2 (active course participants).
Cluster 0 is characterized by students who haven’t sent homework, have read
only few messages, took only few quizzes and spent very little time in checking
the resources, activities and forum participation. Cluster 1 is characterized by
students who have sent at least one message in the forum, have read at least
three messages, have passed successfully at least half of the quizzes and have
finished less than half of them unsuccessfully and have high score and grades.
Cluster 2 is characterized by students who have lower score than students in
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cluster 1 and more than the students in cluster 0. In this way the teacher can use
these information so that he can divide the students into groups of different type
of students for example at least one student from cluster 1 and students from the
other clusters or a group of students from cluster 1 who would work on problem
assignments of higher degree than the others [6], [12].

Classification of participants is used to discover potential students with similar
characteristics for a definite specific pedagogical strategy, to predict the final
results for a group of students, even to identify the students who need motivation
to get better results.

We divide the students into bad, good and excellent by generating decision
trees that involve certain classification rules. Our goal is to classify students in
different groups depending on their activity in Moodle. Table 2 represents the
knowledge by decision tree with if-else rules. This process goes on until all data
are classified perfectly or we run out of attributes. Students with lower number of
passed quizzes are classified as weak students, students with bigger number of
quizzes are classified as excellent and the students with an average number of
quizzes as good and of course taking into account the total time spent on
resources and activities, the number of sent homework assignments etc. [6], [9],
[11].

Tabena 2. MHOXeCTBO npaBuna reHepypaHu og o4/ly4yBayvko ApBO
Table 2. Rule set generated by Decision Tree

if(n_quiz=low) then mark=bad
else if(n_quiz=medium) then {
if(total_time=Ilow) then {
if(view_resource=low) then mark=bad
else if view_resource =medium) then {
if(forum_post=low) then mark=bad
else if(view_resource=medium) then {
if(total_assigments=high) then
mark=good
else if(overall_core=high) then

mark=excellent

else if(total_time =medium) then {
if(view_resource=low) then mark=bad
else if(view_resource=medium) then mark=good
else if(view_resource=high) then
mark=excellent
if(overall_score=good) then
if(forum_post==good) then
mark=excellent

}

Teachers can use this information from these rules to get an overview of the
course activity and the classification of the course participants. For example, it is
obvious that the main discriminator in this case are the successfully realized
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quizzes, but there are also other decisive factors that would help the teacher to
decide about the type of activities he would use in the future, to decide which
activities not to use in the future due to the bad results or their insufficient
attractiveness among the other activities and resources. The teacher can and
decide which of the students have difficulties in learning, which topics are more
difficult to overcome, so that he can react on time.

The last mining technigue that will be described in this paper is regresion. It is
the easiest technique to use, but is also probably the least powerful. Regresion
is a data mining function that predicts a number. A regression task begins with a
data set in which the target values are known. In the model build (training)
process, a regression algorithm estimates the value of the target as a function of
the predictors for each case in the build data. These relationships between
predictors and target are summarized in a model, which can then be applied to a
different data set in which the target values are unknown [19]. For example, in
our case study, using regresion we can predict the students grades, based on
observed data for many students activities over a period of time.

For our dashboard, different roles of users (manager, administrator, teacher,
user), display different reports gained with the mining techniques.

a. Manager level acquired data

Manager level enables manager role data survey and getting reports that
enable to follow the activity of all the participants in the system, number of
courses, set materials and resources, realized quizzes etc.

After logging as role manager, the home page (figure 4) gives the manager
quick view of the activity of the users and review of the number of the participants
in the courses.

AKTMBHOCT N0 A€HOBK Bpoj Ha koprucHULUK

Cnuka 4. lNoyeTeH nornea No HajaByBawe BO yrora Ha MeHaLep
Figure 4. First view after login in the role manager

The menager can look over all system registered users, users that have
confirmed their registration and those that haven’t confirmed the registration,
whereas in the submenu user activities he can see the last system access of the
users, shown for a certain date. An example for how much time the participants
(teachers/students) spent in the system is given at figure 5.
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TabenapeH NPUKa3 Ha KOPUCHWLM CO YIOF3 Ha HACTABHULIA
Mpukanan 10~ 3anmuck MpeGapyeate
v 3ume < bpojHakypcesu & 3auneHer & TlocnedHo Hajaeyeatse ¢ BKYMHO NOMUHETO BREME -
UREROKH 4 02.09.2012 rof, 28.09.2013 rog. 18:21 yacot 6 aeHa 16 4 12 MuH 33 cek
2 02.09.2012 rof, 25.00.2013 rog,. 07:47 yacot 214 37 MiH 38 cek
2 13112012 rop, 13.02.2013 rog. 11:58 vacor 13421 mnH 40 cex
2 17.09.2012 rop, 01.12.2012 rog. 22:19 yacot 06 4 55 mnH 28 cex
Kate 2 15.10.2012 rog. 28.09.2013 rog. 19:07 yacot 04404 mnH 30 cex
3 4 06.12.2012 rog, 27.00.2013 rop, 07:20 yacoT 03402 M+ 13 cex
1 05.12.2012 rog, 05.12.2012 rog. 11:10 vacor 01445 mnK 27 cek
1 25.03.2013 rog, 25.03.2013 rog. 21:18 vacor 01416 MuH 44 cek
1 02.04.2013 rog, 24.04.2013 rog. 19:44 yacot 01406 muK 01 cex
1

02.09.2012 rof, 25102012 rof, 10:24 yacot 00453 M1H 36 cex

Mpukasyearse 140 10 0 akynHo 11 3anucn 2 Cneper Mocnepen

Cnuka 5. [lommHaTo BpeMe BO CUCTEMOT Of U3BELLTAjOT 38 KOPUCHWNYKa
aKTUBHOCT
Figure 5. Time spent in the system from the user activity report

The course menu schemes a list of courses in categories and a total number
of, list of all courses and an opportunity to choose a certain course. After a course
is chosen a view of the number of discussions without content display is acquired,
but a view of the activities of the discussion participants, number of started topics,
number of theme answers. A list of all resources and access to all of them with
additional details for most visited and least visited resource. A survey of all the
activities such as homework and its assessment with a list of students with
highest and lowest score is also available. This part also offers a survey of all
questionnaires and their results as well as a possibility to print the questionnaire
results.

User portfolio enables individual course users’ data preview, as well as table
preview for all the course participants by viewing the activity (inactive, active, very
active), division in categories according to the assessment into bad, good and
excellent, prediction of whether they will complete the course successfully or not
and complete summary.

The user portfolio view gives contrastive analysis of a student’s results in
several courses and all the activities that characterize the student.

b. Administrator level acquired data

The administrator is the user of the application who has all the privileges. The
application administrator has the overall view of the user from the manager level.
There is an additional opportunity to give tasks in precisely defined period of time
(when it is expected not to have any activities in the system) to keep the data in
the new database, as well as to archive the previous preview, because previously
all overviews through cancel procedures are read from the Moodle database that
is linked to the new database, the warehouse. Besides that the administrator has
the right to register new users of the system from external bases for example
excel documents.
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c. Teacher level acquired data

The teacher has a similar role in the application to the manager, with the little
difference that the manager has an overview of all courses and all users of the
application, whereas the user with the teacher’s role can view only the data that
refers to the courses that he has created and the system users that are
participants only in his courses.

Additionally the teacher has better view of the section that refers to the results
of the student’s homework, quizzes and their activity in the system.

The teacher can see which of the questions the participants have been
answered correctly and which not so that he can direct the participants to find out
the correct answers in the following lessons. For example, in the quiz section, to
be able to see the results according to the standard Moodle report several steps
are required in order to get a table view, so the application enables getting view
with only one click, automatic sorting of the results and a percentage
representation of the score as well as another column with a grade in form of
letter.

In the section that refers to the comparison of the results and the activity of the
students in the other quizzes, the teacher can see only the analyses of the
activities and the processed data only for the courses that he has created, but
not for all the other quizzes in the e-learning system.

d. User level acquired data

User with the user level role in the application is in fact the student who
participates in one or several courses of the e-learning system Moodle. The user
has a username and a password as in the profile he has created on the e-learning
system Moodle itself. The data that the user can see is from the user portfolio of
the manager and the teacher and refer only to the logged user. In this way the
user can view in which subject he participates, to see his activity, results,
comparison of the activities in different courses etc.

Besides these views the user gets certain suggestions by the teacher for the
necessity to pay more attention and to be more active in the working obligations
within the course in order to motivate him to accomplish better final results.

4. Conclusion

This work gives analyses of the data from the database in the e-learning system
Moodle and gives survey of the results from the data mining with the use of
several techniques applied on the application that offers several levels of
approach. It is necessary to integrate the data mining tools in the e-learning
environments which is the goal of this research, because in this way all these
data mining techniques will be applied in a single application and the feedback
and the acquired results will be directly applied on the e-learning environments
[16].

Here are several data mining techniques that can be used for acquiring
processed results and reports in the process of learning, and they are not
complicated to be used by the teachers. That is why this approach of creating
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dashboard — web based application, which is user-friendly and give better control
when it comes to larger groups of students when the standard reports reduce the
control clarity and the ability to evaluate their results at the end of the course [3],
[3], [16].

Nowadays, data mining tools are too complex to be used by the educators and
their futures go beyond the scope of what educator might to do. By creating a
dashboard that would communicate with the e-learning system Moodle, the
teachers can easily evaluate web activity in order to get more objective feedback,
and find out more about students capability in successfully passing the exam.
Also this dasboard will directly solve the teachers problems in supplying support
in dealing with various kind of algorithms. It could also be oriented towards the
academics and administrators responsible in order to obtain parameters about
how to improve site efficiency and adapt it to the behavior of their users, have
measures about how to better organize institutional resources (human and
material) and their educational offer, enhance educational program offers, etc.
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APEMMEQ HA TEXHUKU 3A NPENO3HABAHKE HA NUK OO BUOEO
Ana Jby6oTeHcka', rop CrojaHoBui?

1 ®akynTeT 3a nHdopmaTuka, YHusepsuteT [oue [enyes” - LUtun
(ana.ljubotenska, igor.stojanovik)@ugd.edu.mk

AncTtpakTt

Bo ob6nacta Ha ananusupawe Ha CnuvkKM, 3HavaeH npobnem npeTcTaByBa
npeno3HaBaHeTO Ha NKK Ynja OCHOBHA Lien € Aa ce OTKpUe Unm nNoTBpAu MOEHTUTETOT Ha
FNIMYHOCT Of BHECEHA CrMKa, ako ce AafeHMN Cnvka Of NUK Kako Brie3eH nopatok v 6asa co
cnuku of no3Hatu nukosn. OBaa npobnematvika cTaHa 0ocobeHo akTyenHa BO nocnegHuTe
roAvHW, Npea cé nopagv ronemarta NnpuMMeHa LWTOo ja UMa BO PasfnnyHW AOMEHU, Kako Ha
npumep BO GuomeTpuckata Bepudmkaumja. TeXHUKUTE KOU Ce KopucTaT 3a oBaa Len ce
knacvuduumpaHm BO TpWU Tpynu, BO 3aBWCHOCT of MeTogonorujata 3a pgobusame Ha
nogaTounTe 3a NUKOT: MeToaM Kou obOpaboTyBaaT BMAEO W ayauo CeKBeHLUMU
(ayanoBn3yenHo npenosHaBawe Ha IWK), UHTEH3UTET Ha Cnvka Wiu Apyrn KIyYHu
nogartoun, Kako LWTO ce uHdpaupseHa cnuka, 30 wnu 20 nogatoun. MeTtogonoruute
MoXaT Aa ce KOMOWHMpaaT, Taka LWTo Ke ce paboTun 3a GUMoAanHo Npeno3HaBarke Ha Nk
UnM MynTuMoAarnHo npenosHaBamwe. POKycOoT BO OBOj TpyA € KOH Toa Kako Aa ce
KOMOMHUpaaT pa3nnyHn GUOMETPUCKM KapaKTepUCTUKM 3a BruomeTpuckaTta Bepudurkaumja
3a a ce HampaBu NOCUTYpHO Npeno3HaBakeTo Ha K. [NaBHaTa naeja e ga ce Hanpasu
nperneg v cnopefaba Ha nepdopMaHcUTe Ha KIyYHUTE TEeXHWKM KoM ce KopucTaT 3a
npeno3HaBawe Ha NUK Of BUAEO, YKaXyBajkM Ha HUBHWTE OCHOBHW KapakTEpPUCTUKU K
NpeAHOCTM, CO LITO OBOj TPYA Ke UM MOCMYXWN Ha aBTOPUTE Kako OCHOBA 3a NOHaTaMOLLHK
ncTpaxysara 1 npoanaboyysarka Bo oBaa obnacr.

KnyyHu 36opoBu: 6uomempucka udeHmucbukayuja, rnpernosHasare Ha JlUK,
rperno3Hasarbe Ha 2080p, 8UOEO.

PREVIEW OF METHODS FOR IMAGE RESTORATION FROM VIDEO
Ana Ljubotenska1, Igor Stojanovik

1Faculty of computer science, Goce Delcev University, Stip, Macedonia
(ana.ljubotenska, igor.stojanovik)@ugd.edu.mk

Abstract

In the field of image processing, significant problem is face recognition. Main goal is to
determine or validate person identity from the entered image, if we have image with person
as input and database with recognized faces. This issue has become particularly topic
current years, primarily due to large scale applications that has in various domains, such as
in biometric verification. The techniques which are used for this purpose are classified in
three groups, depending on the methodology for obtaining data for person: methods that
process video and audio sequences (audio - visual character recognition), intensity image,
or other means data such as infrared image, 3D or 2D data. Methodologies can be
combined, so face recognition can be bimodal or multimodal. The focus in this paper is how
to combine different biometric features for biometric verification to make face recognition
safer. The main idea is to review and compare the performance of the means techniques
used for face recognition from video, showing their basic features and advantages. This
paper will be base of our future research in this topic.

Kew words: biometric identifications, face recognition, voice recognition, video.

1. Bosep

BrvomeTpuckn 6GasumpaHuTe TexHonormM ce MokKaxaa Kako HajcooABETHO pelleHue 3a
npeno3HaBake Ha NMUYHOCTM, CO LITO Ce OBO3MOXYBa aBTEHTMKaLMja Ha MMYHOCTM M [03BOMEH npuctan
A0 BUPTYenHW n dusunykn ypean. OBa e OBO3MOXEHO CO KOPUCTEHe Ha MaMeTHW KapTUYKW, TOKEHW,
NO3WNHKM, NUHOBU U CNNYHO. JIO3UHKNTE M MUHOBUTE, MAKO Ce 4eCTO KOPUCTEHW, NECHO MoxaT Ada ce
3abopaBaTt, a UCTO Taka mMoxaT da GwaaT OTKpMEeHW o APYyro nuue Koe Hema OBfnacTeH npuctan.
ToKkeHUTe M KapTU4KMTe, Nak, MoOXaT fecHo Aa ce usrybat unu ga ce HanpaeaT HUBHW AynnukaTtu. OBue
HegocTaTouM ja HasecTyBaaT notpebata oA npoHaorawe Ha ApYyr HauvH 3a uaeHTUduMKauvja Ha
nM4yHOCTW. HajcooaBeTeH HauuH e OHOj Koj ce Gasmpa Ha UHAMBMAYanHUTE GUOMOLLKM KapaKTEPUCTUKK,
6uaejku Tve He MoxaTt ga 6bupat 3abopaBeHu, n3rybeHn wunu ykpageHu. BuomeTpucku Gasupanute
TEeXHOMOrMKN BKNy4vyBaaT uaeHTudmMkaumja wto ce 6asmpa Ha PU3NMYKUTE N NOTMYKN KapaKTePUCTUKW Ha
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NNYHOCTA, KaKo LUTO Ce NUK, rnac, oTnevyaTok of NpcT, AnaHka, yBo, reOMeTpuja Ha paka U reoMmeTpuja Ha
npct. Mcto Taka, BknMydyBaaT uaeHTudukauuja GasmpaHa Ha KapakTepuUCTUYHWUTE oOfHecyBaa Ha
NMYHOCTA, KaKo MOTNUCOT, AMHaMuKaTa Ha yaap w ofewseTo [1].

[lBeTe OCHOBHM LenNW Ha Mpeno3HaBaweTO Ha NuK ce: udeHmudgbukayuja, yTBpAyBake Ha
MOEHTUTETOT Ha NWYHOCTa npeky crnopepba Ha cnukata co Gasata Ha nogaToun u eepucbukayuja,
O[HOCHO MOTBPAa Aeka NMLUETO € OHOj KOj TBPAW AeKa e, LUTO ylTe Ce No3HaTU Kako coBnarawe efeH Ha
noBeKe 1 coBnaramwe efeH Ha efeH, cooaBeTHO. Npeno3HaBakeTo Ha MUK MOXE [a ce pasrneayBa U Kako
cneunduryeH obnuk Ha npenosHaBake Ha 06jekTn. Fonemarta pa3snuka mMefy HMB € Toa LUTO BO HajyecTaTa
dopma Ha nuuata, a Toa € PPOHTaNHWOT Mornes, Nopagn emMouuoHanHuTe ABWXewa, pasnukata mery
NVKOBUTE € MHOry cynTunHa [2]. Kako pesyntat Ha Toa, CMMKMTE CO MNpeAHaTta CTpaHa Ha nuue
dopmMupaaTt MHOry rycT Krnactep BO NpPOCTOpPOT Ha CNWKW, kade wTo ynotpebaTta Ha TpaavumoHanHute
TEXHWKM 3a Mpeno3HaBake Ha MOAEN € Peyncu HEBO3MOXHa 3a NpeumnsHo AeduHupare Ha pasnukute
Mery HMB CO BUCOK CTEMEH Ha yCnex.

Mpeno3HaBakeTO Ha NUK KaKo TEXHMKA HyOM HEKONKy MpedHOCTM BO OOHOC Ha Apyrute
6uomeTpuckn metoan. Ha npumep, nuyHocTa Tpeba Aa 3actaHe Ha (PMKCHO MeCTO NpeA KamepaTa unu ga
ja noctaBM pakaTa Ha COOABETHO MeCTO 3a [MpernosHaBake Ha reomMeTpujata Ha [AnaHka.
Mpeno3HaBawEeTO Ha MUK MOXe [a ce BPLUU 1 NAacUBHO, BO OTCYCTBO HA EKCMNULMTHA KOPUCHUYKA akuuja,
Taka LITO CrvkaTta Ha NMKOT MoXe Aa ce fobue of kamepa of cTpaHa. OBaa KapakTepucTuka e KrnyyHata
npegHocT oA acnekt Ha 6esbegHocTta. Cenak, M OBaa TexHMKa Ce COo4vyBa CO npobrnemu Kako wu
ocTtaHatuTe. Kora ce noTnupa Ha npyMepouy of NpCT UNu AnaHka, TexHukata moxe aa buae 6eckopucHa
[OOKOMKY €enuaepMHOTO TKMBO € OWTEeTeHOo, Ha npuMMep MOCTOM MOAPWMHKA unu nykHatuHa. Kaj
npumepoLuuTe CO NUK cuTyauujata e yliTe MocroxeHa, nopaauw roremara YyBCTBUTENHOCT Ha KakBo 6uno
OBWKeke Ha TenoTo. [NoTnucute moxat ga 6ugat moauduumpaHm nnu 3abopaBeHn, a Npeno3HaBakeTo
Ha roBop e 4yBCTBUTENHO Ha wym. Cenak, OoGpuTe anropuTMM 3a npero3HaBake Ha NNK, Kako u
coofBeTHaTa obpaboTka Ha cnvkuTe, MOXaT Aa ro HamanaT BMvjaHMeTo Ha WyMOT Ha ManuTe Bapujaumu
BO OCBETYBakeTO N Ha opueHTauujaTa [3]. [lpyra npedHocT e WTO oBaa TeXHWKa He MOANEeXu Ha
Hanaau » HemMa HVKakBU pU3nuUM 3a 34paBjeTo Ha NMYHocTa.

LLinpoknoT oncer Ha nMpumMeHa e oHa WTO oBaa OuomeTpuja ja npaBum nocebHO akTyenHa.
MpumeHaTa moxe ga 6uge on 6e3begHOCEH acnekT, HA NPUMeEpP Ha aepoapoMUTe, FPaAHUYHUTE NPEMUHU
[4], ATM mawwuHuTe, KOMMjyTepckaTa u mpexHa 6e3begHoct [5]. OcBeH oBa, MOXe fa ce MpUMEHU 3a
ncnuTyBama Ha 6asata co Cruku, MynTMMeaujanHyu HacTaHu, Kaj cekoj obruk Ha NnameTHUTe KapTudku [6],
Kaj eneKkTpOHCKW pernctpupama, BUAEO VMHAEKCUpawe, CYACKM UMU KPUBUYHU CUCTEMU UNKU HaA3op, Ha
npumMmep Ha 6eH3nHcka nymna, Bo 6aHka unm Tproecku LeHTap. Bo Hacoka Ha oBa e npoekToT ,be3beneH
rpag’‘ 3a NokprBake Co BUAEO-HaA30p Ha TeputopujaTta Ha rpagosBuTe Ckonje, KymaHoBo u TeToBo, WTO €
O[ CYLUTUHCKO 3Hayeke 3a nonvuumjata. OBOj npoekT Bo MakeaoHuja 3anovHa Bo 2012 rogmHa, 3a uuvja
uen ce uHctanupaHu Hag 300 kunoMeTpu onTuYka Mpexa, a kora npoekToT ke buae LenocHo 3aBplueH
Tpeba Bo cyHkumja ga 6GupaTt Hag 600 kamepu kou ke BpwaTt MoHuTopuHr. OBa e fJoka3 Aeka
npeno3HaBakEeTO Ha UK KaKo TEXHUKa Ce aKTyanuaupa 1 BO Halwiata 3emja, npen cé 3a 6e3begHoCHM
uenu. OCHOBHWUTE TEXHWKM 3a Mperno3HaBake Ha NUK Kaj pasnuyHu  annvkauumM npeTpryBaat
MoaudmKauumn, a Hajaoobpu pesynTatu ce gobuBaaTt co KOMOUHMpawe Ha MPeno3HaBakeTO Ha UK CO
apyra buomeTpuka, Ha nMpuMep OTMeYaToK Ha MPCT Wnu roBop, co WTo ce AobuBa GumopanHo T.e.
MynTUMOAANHO npeno3HaBake. BCylHOCT, MynTMModanHOTO mnpeno3HaBake € MHOry noedumkacHo u
NocurypHo, gofeka eauHeYHOTO Npeno3HaBake € NPUNYHO OrpaHUYeHo.

2. AnropuTmm 3a nperno3HaBak€ Ha JIMK CO ayAUOBU3YerieH npucran

Mopaaun Toa WITO TEXHUKaTa 3a Mpeno3HaBake Ha MWK HajMHOry ce KOpucTu 3a 6e36eHOCHU
Luenu, WTO BKMydyBa MNpeno3HaBake Ha MUK BO peanHo BpeMe Of CEeKBEHLM Ha Cruku JobueHun o
BMAeokaMepa, ayauMOBU3YErNHUOT MpucTan ce W3BojyBa Kako HajnpumeHyBaH. MyntumoganHute
ayaouoBKU3YErHU MpucTany 3a Mpeno3HaBake Ha MWK Ce KOpUCTaT 3a LUMPOK CrekTap Ha MpuMeHa Ha
TexXHomorvja Ha roBop, BKIy4yBajKu: Npero3HaBake Ha NMYHOCT LTO roBOpM, Npeno3HaBawe Ha roBop,
cerMeHTaumja Ha rosop u nogobpyBake Ha roBop. [aycoBMOT MellaH mogen (GMM1) € efieH o 4ecTo
KOPUCTEHUTE MOAENU 3a ayauo Mpeno3HaBame, KOj CTaTUYKM MM MpeTcTaByBa OCOOWHUTE Ha Cekoj of
uenHute roBopHuum. MNocton egeH obnvk Ha GMM HameHeT 3a LenHuTe roBOPHULM U eAeH YHUBEP3aneH,
Mogen Bo nosaguHa, ckpateHo UBM (Universal Background Model), koj ce kopncTu Kako NOYeTEH 3a CEKOj
Mofen koj e obyveH co agantupawe Ha [aycosute kapaktepuctukun. UBM ce Kopuctn BO TeKOT Ha
TECTMPaHETO KaKo anTepHaTUBHA XuroTesa uuj pesyntaT ce crnopegyBa CO pe3ynTaTtoT of MogenoT Ha
LeNTHMOT rOBOPHMK 3a fja ce Co3aje BepojaTHOCTa Ha aHanM3npaHmoT COOAHOC.

Kaj Bn3yenHoTo nmpenosHaBake Ha NWK ce pasrnefysaaT ABa npuctana: npucrtan 6asvpaH Ha
Mofen W npuctan wto ce 6a3vpa Ha norned. Bo mopen 6asupaHuoT npucTtan ce npoueHyBaaT
pasnuuyHWTE acnekT! Ha NMUEeTo, Kako BUCMHATa W LuMpMHaTa Ha YCHWTE U CMyXW Kako WM3BOp 3a
KapaKTepucTUKUTEe Ha Konekuumjata. ANroputMuTe 3a OBaa HaMeHa Ce OrpaHUYeHu of KBanuTeToT Ha
npoLeHeTUTe KapakTepucTuku. Kaj ApyrnoT npuctan npeno3HaBakeTo ce MMMeMEHTUpPa Bp3 OCHOBA Ha

! GMM=Gaussian Mixture Modal
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opurnHanHa cnuka. KnyyeHn npobnem osge 6un npobnemoT co AMMEH3NOHANHOCTa, CO LITO ce jaBuna
notpeba 3a meToaM 3a HamarnyBawe Ha CIMKU CO NIMK BO TUMUYEH HUCKO AMMeH3noHaneH npoctop. OBoj
npeanssuk ro pewwune Turk n Pentland [7], ucnonsyBajkn ja aHanusata Ha rnaBHU KOMMOHEHTU-PCA
(akpoHMMOT Ha aHrnuckK), nonynapHo nosHarta kako Eigenfaces meTtoaa, co WITO Ce NOCTUrHATK 3HAYajHM
pe3ynTatu BO BU3YENHOTO Mpeno3HaBake Ha nuk. [lobpu pe3yntatu ce nocturHyeaaT u co Fisherfaces
[8], wTo npeTcTaByBa nWHEapHa AOUCKPUMMHAHTHa aHanu3a-LDA (akpOHMMOT Ha  aHrnucku),
HagononHyeawe Ha Eigenfaces, kage WTO knacute ce KOHBEKCHU W NIMHeapHO AenvBu, CO LITO CO
NMHeapHa npoekuvja MOXe Jf[a Cce Hamanu [AuMeH3umoHanHocta. W pgBata wmetopja Gapaar
npeTnpouecupayka dasa, Bo Koja nuuaTa Ke ce geTekTmpaaT u Hopmanuavpaar.

Eigenfaces npuctanot ro ogpegyBa OnTUManHWOT, NIMHEApeH MPOCTOp 3a MnpenosHaBake Ha
nvua. Cute HopManusupaHu CrNvku ce NpeTcTaByBaaT BEKTOPCKM X, U Ce OApeayBa 3HayaeH T.e. cpefeH
NUK X4, KOj Ce oA3emMa of CMTe HOpManuaupaHu fUKOBM A, = x,- X,, CO WTO ce chopmupa matpuua A.
Motpe6Ho e fga ce npecmeTa koBapujaHcata kako S = AAT, uuj wTto Bektopu & ke ja dopmupaat
ocHoBaTa Ha npocTtopoT Ha nwuk. Turk u Pentland antepHatuBHO npepnoxune dopmupawe Ha
KOoBapujaHca Ha nomanky AuMeHavoHaneH npoctop S = ATA, uuj wTo BekTopn @ Cce MHOXAT Co
matpuuata: & = A®. OBa pesynTupa co NoAeAHAKBO edmKacHa OCHOBa 3a MpeTcTaByBake Ha nuua.
KonoHwute Ha maTtpuuata ®; cdopmupaaTt ocHoBa 3a Eigenfaces npocTopoT Ha nuvua 4uj opuruHan e
3Ha4ajHNOT MUK, KOj ce o3HauyBa co W. 3a BpeMe Ha TeCTUpakEeTo Cekoja HopManuaupaHa cnvka Mmoxe Aa
Ce npoekKTMpa BO NPOCTOPOT Ha nuua co y, = P (x,- xq).

Kaj npuctanot Fisherfaces ogHocoT mery knacata Ha maTpuuata Ha pactypake Sy, U nomery
KnacaTta Ha mMaTpuvua Ha pactypame S, ce npecMeTyBa crnopef npeTxo4HO onuwiaHuoT npuctan. LlenTa e
Oa ce makcMmuaunpa dyHkumjata 3a nogenba Ha NpoCTOpPOT NOMery KrnacuTte, BO 0gHOC Ha nogenbara Bo
KnacuTe, WTO ce AobuBa co pelwaBawe Ha Spx = Syx A. [lobneHnTe pelleHuja notoa moxaT da ouaar
reHepupaHu CO MpoekTupake Ha BekTopuTe Aobuenu co Eigenfaces, Bo npocTtopoT geduHupaH of
BekTopuTe oA pelleHneTo Ha Eigenfaces npobnemot [9]. 3a pasnuka og ayavo npeno3HaBaheTo, Kaj
BM3YENTHOTO He NOCTOM CTaTUCTMYKN MOAEN 3a NpeTcTaByBake Ha LenTa Bo NapagurmaTta Ha TecTupame.
Hamecto T0a, noctou Eigenfaces T.e. Fisherfaces BekTtop WTO ogroBapa Ha cekoja crnvka BO
ucrimtyBaHata rpyna. locneguua og oBa ce noBeke pesynTaTn 3a Cekoja wucnutyBaHa crvka. 3a
nobuBarbe Ha pe3ynTaTuTe MoXaT Aa ce KopucTaT noseke npuctanu, Ha npumep EBknmgoBa meTpuka,
MaxanaHobuncoBo pacTojaHve 1 HopmanuaupaHa kopenauuja.

Crnopepn Chibelushi [10] »n Brunelli [11], kou ce wMefy npBuTe LWTO Ce 3aHMMaBane Cco
KOMOMHMpawe Ha ayaumo U BU3yenHWTe WHAOpMauuMu 3a npenosHaBake Ha nuvua, KombuHupaHaTa
nHpopmaLumja of roBop M NUK ce npecmeTysa cnopes dpysujaTa Ha noHaepupaHuoT 36up co obnuk:
f = w01 + w,0,, Kafe 0, ¥ 0, Ce NPOLIEHKN reHepupaHy o4 roBopoT M NPOMUIIOT Ha FIMKOT, CO COOABETHU
TEXUHU w; U w,. lNpoueHkaTa oaroBapa Ha BepojaTHocTa 3a nobapyBake, 6asupaHa Ha cobpaHuTe
nHdopmaumn. Huckata npoueHka cyrepupa Aeka TBpAeHETO He e TOYHO, AOAeKa Bucokata npoueHka
cyrepupa Aeka TBpAeHETO A0CTa € BepojaTHO [eka € TOYHO. 36MpoT Ha TexunHuTe u3HecyBa 1, of Kage
WTO ce Aobuea obnuKoT: f = wy0, + (1 — wy)o,.

AHanuanTe HanpaBeHu cnopef oBa [12] nokaxyBaaT Aeka Kora ce KOpUCTM camo roBOpOT, T.e.
Kkora w;=1, ce NOCTUrHyBa BKyMHa CTanka Ha rpeLuka EER? oA 3,4%, a kora ce KopucTu camo NpodunoT Ha
nuk 1.e. w;=0 ce pobuBa BkynHa cTanka Ha rpeluka of 3%. Co KopucTere Ha onTUMarnHa TexuHa u npar,
BKyMHaTa cTanka Ha rpewka ce Hamanysa Ha 1,5%. Brunelli ru nma koMGuHMpaHo nmpoueHkaTa Ha nuK,
nobveHa of reomMeTpuUCKUTE KapaKTEPUCTUKWM Of CTaTUYKM CMMKU CO (PpOHAmnHW NMKOBU M TOBOP, CO
npucTan Ha noHaepvpaH Npouasod, Aobusajin f = (0,)"x 0,(17%1) . Cnopen 0BOj HauuH, Kora ce KOpucTu
camo roBop, cTankaTa Ha maeHTudukaumja e 51%, a co ucnuTyBame camo Ha NpodunoT Ha MUK, ce
MOCTUrHyBa cTanka Ha naeHTudukaumja og 92%. Co KopucTere Ha onTUMarsHa TexuHa 1 npar, crtanka Ha
naeHTugukalmja pacre.

3. Tpeno3HaBawe Ha NUK 04 BUAEOCEKBEHLMN

Brpeo-6a3npaHoTo npeno3HaBake Ha NUK ce COCTON Of TP MOAYNW: efeH 3a AeTekTupame Ha
WK, BTOP 3a HEroBo criefdewe W TpeT 3a npenosHasawe [13]. HajyecTo ce oabupaat Hekonky Aobpwu
CMVKKW, U3BagEeHU Of BMAEOTO, BP3 KOM CE€ MPMMEHyBa Hekoja 0 TEXHWKUTE 3a MHTEH3WTET Ha cnvka, co
LITO Ce onpepenysBaaT pPervoHUTe Ha MHTepec, Na ce opmupaaTt COOABETHW BEKTOPU Ha MUK, cropen
nNpeTxoAHo onuwaHuTe npuoau. Kaj cuctemuTe 3a npenosHaBare Ha Nuua Of BUAEOCEKBEHLUM ce
KopucTaT [ABOAMMEH3VWOHaNHW ChAvKM T.e. BMAEOpaMku [JoOMeHn opf peanHa OKOMvMHa, OJHOCHO
TpuaMMeH3noHanHa cueHa. Bo noHoBute gocTurHyBamwa of oBaa obnact [14] aBTopuTe rv kombuHupaat
BpeMeHckaTa 1 NpocTopHa MHopmaLuja coapXXaHu BO BUAEOCEKBEHUMTe 3a Aa 0be3bedaT BMCOKO HUBO
Ha NPeumM3HOCT BO HeorpaHWyeHuTe cueHn. Peuncn cute MeToamn rv criefaTt YeKopuTe MpuKaxaHu Ha
cnuka 1. Ha npumep, auctpubympaHa ceH3op Mmpexa e npeanoxeHa on Foresti u Snidaro [15] kako
pelieHne Ha npobnemMoT CO napuujanHo 3aTBoOpake, LUTO € 3acTaneHo BO AMHAMUYKM cpeduHun. Li un

2 EER=Equal error rate
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Chellappa [16] ro BoBegoa cucteMoT 3a Bepudmkaumja Ha NMK LITO KOPUCTU Tpaektopum co aboposu
UpTM Ha §uMueTo 3a wuaeHTUdMKauUMja Ha JNMYHOCTM, co ynoTpeba Ha no3afguHcKa TrycTuHa
KapakTepusupaHa co aswxere. Majumdar n Nasiopoulos [17] npeanoxwja npenosHaBake Bp3 OCHOBA Ha
cnuka, 6asvpaHo Ha uHdopmaumjaTta 3a 60ja. Mian [18] kopucTn HeHabrbyayBaH NpuUcTan Ha yvewe 3a
OTKpMBaHE Ha MAEHTUTETOT Ha NUYHOCTa Bp3 Gasa Ha NPMBPEMEHO LBPCTO coBnarawe Ha AenoBuTe Ha
BWEO CEKBEHLUTE.

MNPENO3HABAKE HA UK

. }, T 1
- i
| | -Npudakaroe nau
Buaeo ; ¢ j ) Mogayn 3a onbusare
i
! 5
I
i

Kamepa -UpenTndukaumja

Knacudurauuja
Ha pesynTatuTe

PervioH Ha BeKTopM Ha
WUHTepecupare KapaKTepucTMKu Mogenu

JInyHOCTM BO CLEHa

Cnuka 1. FeHepaneH 6MOMeTPUCKM CUCTEM 3a Npeno3HaBake Ha NUK oA BUAEO
U3Bop: ,,An adaptive classigZcation system for video-based face recognition®, J. F. Connolly, E.
Granger, R. Sabourin, 2012

EneH oa HajsHavajHUTE nMpucTanu 3a npenosHaBake Ha MUK Of BUAEOCEKBEHUM e oHOj Ha Howell
n Buxton [19], kou pasBune psocnojHa, xubpuaHa RBF Mpema3[20] 3a ydyere co ynotpeba Ha
KapakTepucTukuTe Ha [aycoBo dumntpupake n Maboposa 6paHoBMAHa aHanm3a’ 3a npeTcTaByBake Ha
LupTuTe Ha nuk. MpexxaTa ce cocTou oA HaarfneaysaH Crioj, KOj € 0f CKPUeHUTe A0 W3NEe3HUTE eAUHULN 1
cnoj koj e 6e3 Hag3op, of BMNe3oT [0 CKPUEHWTE eAMHUUM, Kade LTO 3a cekoja CKpueHa eauHuua,
WHAMBMAYaANHW pagvjanHiu [aycoBu yHKUMM rO MOTTUKHYyBaaT edeKkToT Ha npenokpusBake W NoKanHo
CUHXPOHW3Vpake Ha OTBOPEHU Monuma. [penosHaBakmeTo Ha NWK Kaj 0BOj NpucTan e oA B1aeo co cnaba
pesonyuuja. TecTuparaTa ce Bplart co ynotpeba Ha ABa BuMAA Ha CEKBEHUM OF CMMKW: 8 npumapHu
CeKBeHUM, 3eMeHM BO penaTvBHO OrpaHuMYeHa cpeauMHa W BTOpa CekBeHLUa, HamnpaBeHa BO

noHeorpaHn4yeHa cpeaunHa.
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Cnuka 2. Usrnep Ha KOMNeTHa NnpuMapHa U ceKyHaapHa cekBeHua 3a knacute Kapna n Ctus, npeg
npouecupaweTo, a No cermeHTauumjata, cnopeg metronot Ha Howell n Buxton
U3Bop: ,,Towards Unconstrained Face Recognition from Image Sequences”, A. Jonathan Howell H.
Buxton, © 1996IEEE

MpumapHaTa cekBeHua co cnvku Tpeba fa o6e3bean cooaBeTHU nopgaToum 3a obyka Ha cuctem
CO BKIyYEH U3BOP Ha TECT CNWKWU, KOM Ce COCTojaT Of edHO Nuue Koe ce ABWXKM oA efHa npodunHa
nosvuuvja [o Apyra, AoAeka NULUEeTo ceam Ha CTOr, CO Len a ce OrpaHuyu ABUXEHETO Ha TenoTo, BO
cpedvHa co cuBa no3afvHa 3a [ja ce orpaHuyaT u nosaguHckute edektn. OBaa cekBeHUa coapxu of 62
0o 94 pamku. CekyHgapHaTa CeKBEHLA Ha CINUKM, Nak, € HaMeHeTa 3a CUMynupake Ha OHNajH U3BOpP Ha
TECT CMUKMK, KOU Ce MHOTYy NoBeKe NMPOMEHNMBK of NpvMapHaTa CekBeHLa, 3a Aa Ce CUMynvpa crnejewe
BO HEKOHTponupaHa okonunHa. Ce cocTon oA NPUINYHO AOMTN CEKBEHLM HA €4HO nuue, Koe ce ABUXN HU3
coba, co MeHyBake Ha nosaavHa. bpojoT Ha pamkum e MHory moronem. [MoHaTamy ce nNpodosKyBa Co

> RBF=Radial basis function, mTo mpercraByBa BemTauka HEBPOHCKA MpPEka, Kaje IITO OCHOBHATA paiMjaiHa
(dyHKIMja ce KOPHCTH Kako (yHKIHja Ha aKTUBHPAbE, a M3/1€30T € TMHeapHa KOMOWHAIIN]a 0/l OCHOBHATA paJijaiHa
(yHKIHMja Ha BJIE30BUTE  HEBPOHCKHUTE MapaMeTpH

Crermjanes BuJ Ha Kpatkorpajua Oypuesa tpancdopmarmja
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npouecupamwe Ha cermeHTupaHute nogatoun. Ce npumeHyBa RBF mpexarta 3a yyewe co ynoTtpeba Ha
[aycoBoTo hunTpupate u MaboposaTa GpaHOBUOHA aHanu3a 3a NpuMapHaTa U cekyHAapHa cekBeHua U
ce crnopeayBaat aobueHuTe pesyntat. Ha cnvka 3 e npukaxaH usnesot 3a gen of [aGopoBoTo
npouecupare Ha cekyHaapHaTa cekBeHua 3a knaca CTuB.

H H G D G G G G G H H H F G
H . . . . G . . G . HH . . G

s annrrrye e

H H GG G G D G G G G G H H E
H . . . . . . . . . . . H

H H H H
H H H
Cnuka 3. Uane3 oa npouecupamweTo co FlabopoBa aHanu3a Ha ceKyHAapHaTa ceKBeHLa Ha Kracara
CrtuB
U3Bop: ,,Towards Unconstrained Face Recognition from Image Sequences“,A. Jonathan Howell H.
Buxton, © 1996IEEE

[opHWOT pea Ha BykBM ro Nokaxysa NPBUYHMOT M3Ne3, a NMOHUCKUOT pej ro Nokaxysa M3nesoT no
OT(hprareTo Ha BPEOHOCTMTE CO HMCKa AoBepba, T.e. TMe KOW Ce Janeky of OpUrMHamnHWTE CIIUKM BO
6a3arta. KapaktepoT ' ykaxxyBa Ha oTdpreHn BpegHoCT.

Bo oBaa ob6nact uctpaxysaat u Biuk u Loncaric [21] oa YHuBepautetoT Bo 3arpe6. HuBHute
MCTpaxyBaka Ce OJHeCyBaaT Ha CeKBEHLM O, CMVKM Kaje LITO nosuumjata Ha NMKOT ce MeHyBa of -90 oo
90 cteneHun. CekBeHUMTE Ce NpoeKkTMpaaT BO MpocTop, reHepupaH crnoped Eigenfaces meTtogoT, co uen
Aa ce gobve NpoTOTMN Ha TpaekTopuvja 3a cekoja no3HaTa nu4HocT. Cekoja Touka of TpaekTopujata
ofroBapa Ha efeH aron Ha nornep Ha efHa ucta NMYHOCT. 3a Bpeme Ha asaTa Ha npernosHaBakE,
TpaeKkTopujata Ha Heno3HaTUOT INUK Ce crnopedyBa CO TPAEKTOPUMTE-NPOTOTMMNOBM, 3a Ja ce
naeHTudurKkyBa nuyHocta. Llenata matemaTndka nosagvHa e cnopen Eigenfaces metopot. OBOj TecT-
cucteM nma 6asa koja ce coctom of 28 nuuyHoctu, co 11 pamku 3a cekoj, nako Biuk n Loncaric go6pu
pe3yntaTtu Joburne n co KOPUCTEHE Ha HajMarnky 4 paMmku.

Cnuka 4. a) MNpukas Ha TpaekTopuuTe 3a 2 IMYHOCTU NpeTCTaBeHU co 3 KOMMNOHEeHTH Bo 11
pa3nuyHu arnu; 6) NMpukas Ha TpaekTopuuTe 3a 2 CeKBEHLM 3a UCTa JINYHOCT CO 3 KOMMOHEHTH,
cnopepn metoaoT Ha Biuk u Loncaric
U3Bop: ,,Face recognition from multi-pose image sequence, Z. Biuk, S. Loncaric, ©2001 IEEE

[MocTojaT ywTe HeKonKy NOHOBWM MpucTanu BO Kou e ynotpebeHa napagurmarta eudeo 8o sudeo
BO KOja MHdOpMaLuMja of CEKBEHLA Ha paMK1 o BUOEOCErMEHT e noBp3aHa co efHa nuyHoct. OBOj noum
noapasbvpa cnejewe M BpeMEHCKa aHanusa Ha BUOEOCEeKBeHUa W nperno3HaBake Ha OfpefeHu
npobnemu, Ho oBaa npobnemaTvka cé ywTe e npegmMeT Ha TEKOBHUTE UCTpaxyBaka Ko rm ucnutysaat
pasHuTe Bapujauumn BO opueHTaumjaTa u u3pasot Ha nuue [22].

4. TpegHOCTU M HegocTaToLM
TexHUKUTe 3a ayQuoBKU3YENHO Mpeno3HaBake Ha MWK, Kako NpUMep 3a CUCTEMU 3a AUHAMMUYKO
npeno3HaBake, UMaaT MoBeke MpeaHOCTM, HO U HegocTaTouM BO OAHOC Ha cTaTudkuTe. Bo uenuvHa
norornem e 6pojoT Ha HegocTaToum, buaejkn TMe 06UYHO ce nonpeyveHn co crab KBanUTET Ha CMWKWU, Nako
KBanMTETOT Ha crnvkaTa MOXe [a Ce 3rofieMu MpeKky UCKOPWUCTYBake Ha TEXHUKU CO cyneppesonyuuja.
[Opyrn HegocTaToLM ce NpenofiHUTE CPpeanHN, KoM Fo OTeXHYBaaT OTKpUBaHETO Ha nuk [23], npucycTBOoTO
Ha noBeke o4 edHO Nuue BO CNuka, rofiema KonvymHa Ha nogartoum 3a obpaboTka [24], HO M Toa WTO

81



82

lonumen 36opank 2013 ®akynrer 3a nHPpoOpMaTuka, YHUBep3uTeT ,,l one Jemaes™ — IItun
Yearbook 2013 Faculty of Computer Science, Goce Delcev University — Stip

crnukata co nuk Moxe Aa 6uge co nomana ronemuvHa oA OHaa WTO e noTpebHa 3a cuctemoT 3a
npenosHaBane Ha MuK.

Cenak, AMHaMWYKMTe LIEMX MMaaT M NPeAHOCTU BO OJHOC Ha CTaTuykuTe TexHUkU. OrpoMHOTO
1306MNCTBO Ha MoAaToLy OBO3MOXYBa CUCTEMOT 3a MNpenosHaBawe Aa oabepe pamka co Hajaobpa
MOXHa CrvMka M ga rm oTdpnu HenosonHuTe. Bupeoto ob6e3benyBa BpPEMEHCKM KOHTUHYyUTET, na
MHgopMaLMnUTe of HEKONKy paMKu Moxe Aa ce KombuHupaaT 3a nopgobpyBake Ha nepdopmaHcute 3a
npenosHaBame. Mokpaj Toa, BUAEO OBO3MOXYBa CliefeHe Ha CNuKv of Nvua Kou uMaaT Bapujauum BO
M3pasoT Ha NMLETO 1 No3nTe, LITO pe3ynTupa co nogobpeHo npeno3HasBake Ha Nk [25].

5. 3akny4ok

[MpenosHaBakeTO Ha MWK € Npeau3BuK, HO U TeXOK nNpobrnem Bo obnacta Ha aHanuanpawe Ha
CIVKM 1 KOMMjyTepcka Bu3uja, Ha LITO € NOCBETEHO rofiemMo BHUMaHWe, nopaau ronemara annukauuja Bo
pasnuyHM gomeHu. VcTpaxyBarwarta eHeprmyHo ce crpoBedyBaaT M3MUHATUTE YeTUpPU OEeLeHWU, HO U
Nnokpaj Toa LITO € HamnpaBeH ronem Hanpeaok, AobueHun ce oxpabpyBauku pes3ynTatv U akTyenHuTte
cuUCTEMM 3a Nperno3HaBakke Ha NK JOCTUrHaa oapeaeH CTENeH Ha 3penocT kora paboTaT noj orpaHUyeHu
yCrioBu, cenak, TMe ce Janeky of NocTUrHyBake Ha ugeanoT Ja MoXaT COOABETHO [a ce U3BplUyBaaT BO
pasnnyHM cutyaumm Kou ce cpekaBaaT co yrnotpebata Ha oBMe TEXHUKM BO pearnHuoT XuBoT. KpajHaTta
Len Ha UCTpaxyBauuTe € [a Cce OBO3MOXW KOMMNjyTepuTe Aa ro NoAApXKyBaaT YOBEYKMOT BU3YeENeH
cucteM. Bo KOHTEKCT Ha oBa e 1 cTaBoT Ha Torres [25], koj cMeTa Aeka 3a NOCTUrHyBake Ha KpajHaTta uen:

[TompebeH e cuneH u KOOpOUHUpPaH Harop MoMery KoMrjymepckama eusuja, npouecupaH-emo
Ha cueHanu, ncuxoghusukama u HegepoHaykume®.

Llenta Ha TpygoT Gele Ha egHo MecTo Ada rm cobepe no3HavajHUTE MpeseHTUpaHu MeToam 3a
npernosHaBake Ha NWK O BUAEO, 3a Aa ce pa3bepe cywTnHaTa u notpebata of BU3yenHo npeno3HaBame
1 Oa ce 0BO3MOXM H6asa 3a NoHaTaMOLLHU UCTpaxyBaka Bo oBaa obnact. buaejkun nctpaxysarweTo Gelle
Haco4yeHO KOH Mpeno3HaBawe Ha NWK of Buaeo, npeuyHO Gea objacHetn PCA u LDA, opHocHO
Fisherfaces n Eigenfaces metoante, kako enemeHTapHu. VIcTpaxxyBaweTO € 3a0KPY>KEHO CO NOCOoYyBaHe
Ha NpegHOCTUTE U HeAOCTaToOLMTE Ha OBOj MpUCTan U UAHUTE TEeHAEHUMU Ha OBaa Hayka.
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MHTEPHET ANMNJIMKAUWMUJA 3A OBPABOTKA HA CJIUKU CO
MATPUYHU TPAHCOPOPMALIUAN
MeaH CTojaHoB", AHa Jby6oTeHcka', Mrop CtojaHosuk!, 3opaH 3apases’

'dakynteT 3a nHdopmaTuka, YHusepauteT ,loue denues” - Ltun
(ivan.stojanov, ana.ljubotenska, igor.stojanovik, zoran,zdravev)@ugd.edu.mk

AncTtpakr

AdvrntanHuTe cnukn ce cosgaBaaTt 3a Aa NpukaxyBaaT wunn
3a4yyByBaaT KOpPUCHW MWHopmauun, HO nopaau ronemuot 6poj
HegocTaTouM LITO MOCTOjaT Mpy MPOLIECOT Ha HMBHA 00paboTka,
CHMMeHaTa Cnuka Cekorall npeTcTaByBa AerpagvpaHa Bepsuvja Ha
opurnHanot. 3aTtoa, noTpebata o4 curypeH MeTod 3a HMBHA
obpaboTka e n noseke og HeonxoagHa. O gpyra ctpaHa, copTeepoT
CO OTBOPEH KOA HYAM HU3a NpegHocTu. Toj e JocTaneH 3a CeKoro u
CeKoj MOXe [a ro aHanvsa, Hagrpagysa v axypupa, co uen ga ce
CMoAenv NoKBanuMTeTHO peLleHne Co 3aedHuuaTta U NoHaTaMoLLHO
NCKOPUCTYBak€ Ha MCTOTO 3a NMYHM UK OMNWTECTBEHU NOTPeON.
[osBonata 3a npuctan kKoja ja uMMa nowmpokata jaBHOCT,
npeTcTaByBa MOjOOBHA TO4Yka Ha pPas3BoOjOT Ha KOAOT, Koja e
npocrnefeHa co KOHTUHYMpaHO nogobpyBawe Ha CTpyKTypata u
yHKLUMOHANHOCTUTE Ha UCTUOT. TOKMY CnoMeHaTUTe NpeaHOCTU Ha
COPTBEPOT CO OTBOPEH KOA, Kako u noTpebata of WHTEPHET
annukaumja 3a o6paboTka Ha CrvKKu, ce OCHOBHaTa MOTMBauMja 3a
0BOj Tpya. Hawarta paboTa ke 6uge HacoveHa KOH pasBuBaHe Ha
BeG-annukaumja Koja ke BpLM MaTpUYHU MaHunynauum n uctata ke
ja »MNNemMeHTMpaMe Kako NMPOeKT CO OTBOPEH koA. MNpumeHnueocTa
Ha annukauuwjata ke 6uae HacoyeHa kOH obpaboTkaTa Ha CUKW.
PectaBpauunjata u ogmarnyBakheTO, KakO 3Ha4vajHU npouecu npu
obpaboTkaTta Ha CruKu, ke ce BpLUAaT CO MaTpUYHM TpaHcdopmauum
BO nosaguHa. Nopagnm akTyernHocta Ha oBaa npobremaTuka, ce
o4YeKkyBa rotoBaTta annvkauuwja ga éuge npumeHnumea, a gobveHute
pes3ynTaTy KOPUCTEHW 3a NOHaTaMOLLHWM UCTpaxyBawa of obnacra
06paboTka Ha CrMKKU, Kako Ha Hac, Taka U Ha ApYyrM UCTpaxyBauu,
4yuM UCTpaxyBara ce BO oBaa obnacrt.

Kny4yHun 36opoBu: seb-annukayuja, obpabomka Ha CIIUKU,
onepauyuu co Mampuuu, 3amaeryeare, pecmaspauuja Ha CriuKu,
PHP npoepamupare, MySQL cucmemu.

1. BoBep

Bo [eHewHOTO COBpPEMEHO OMWTECTBO OUTUTANHUTE MeOUYMU U
3amMeHuja TpaauLuMOHanHNTEe aHanorH Meanuymu, LTo € pasdupnmneo XMUBeEjkK
BO epa Ha nHdopmauun, kaae LWTo BUNMoHN BUTOBM NoaaToLM ce co3aasBaaT BO
CeKoj Aen of cekyHaaTa. AurntanHute Cnvku ce edeH oA Haj4ecTuTe BUOOBU Ha
anrntanHm obnuumn geHec. 3atoa n obpaboTkaTta Ha OUrUTanHWTE CIMKU €
npobnem of KMy4yHO 3Hadvewe. [log gurmtanHa obpaboTka Ha CNMKKM ce
nogpasbupaaT noseke MeTOAM 3a HMBHA 0bOpaboTka CO MOMOLL Ha KOMMjyTep.
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3HavaeH gen og obnacta Ha obpaboTka Ha CNUKM NpeTcTaByBa pecTtaBpaumjaTa
Ha CINUKK, LUTO yLITEe Ce HapeKyBa U ogmarnyBare Ha CIIMKU U AeKOHBOMyLUMja.
Taa ce 3aHMMaBa CO PEKOHCTPYKUMja, OAHOCHO NPOLIEHKa Ha CMVKWM KOoW umaat
3amarnyeawe unu wym. PectaBpaumjata Ha cnuka ce obuayBa ga v3BpLUn
onepaumja Bp3 crnvkaTa koja € UHBEpP3Ha Ha HECOBPLUEHOCTUTE MOojaBeHu npu
CUCTEMOT Ha Hej3MHO hopMaTupare, Kako Ha NpuMep LWyMoT. [Npn KOPUCTEHETO
Ha MeToOM 3a pecTaBpauuja Ha Crnvka ce npeTnocTaByBa [Jeka
KapakTepUCTUKUTE Ha CUCTEMOT Ha Aerpagupare M LWyM ce Mo3HaTtu npuopu,
nako BO NpaKTU4HM CUTYaLMUN HE ceKorall MoXe a ce oobue oBaa MHopmaumja
ANPEKTHO 04 NpoLeCOT Ha hopMumparse Ha crnvkaTa [4]. UI3BopoT Ha crivka moxe
Aa ovge og pasnuyeH Bug, na nopagu Toa Hajgodbpo e npu obpaboTkata Ha
CNWKM UCTUTE Ja Ce NPUKaXKaT BO MaTpuyeH 00nuK.

Kako nojooBHa Touka 3a pa3Boj Ha NpoekToT bGelwe aHanusata Ha
nuTepaTypa Co crimyHa TemaTuka [1,2,3] og Koja e npe3deMeHa OCHoBaTa Ha OBOj
npoekT. oejaTta 3a n3senba Ha HAYMHUTE Ha KOM Ce BHeCyBaaT BpeQHOCTUTE Ha
CINUKNTE KaKO €MeMEHTM Ha MaTpuLM, 3ae4HO cO Apyrnte OYHKLUUOHANHOCTU 3a
0bpaboTka Ha cnvkK, ce JOOUEHN NpeKy aHanM3a Ha cnoMeHaTtaTa nuteparypa.
MmnnemeHTMpaweTo Ha annukauuvjata 3a o06paboTka Ha CNMKK Npeky MaTpuum
ke Omge co KopucTewe Ha codTBep CO OTBOPEH KoA, nopagu Herosute
NPeaHOCTM M MOXHOCTa 3a MOCTOjaHO HagrpagyBake, LTO NpuaoHecyBaat
BakBUTE NPOEKTW Aa ce YyCoBpLUyBaaT BO hopma kakea b6u 6una HajnpmudaTnuea.
Co gaBawbeTo Ha 403BOsIa 3a NpUcTan 40 U3BOPHMOT KOA Ha NMPOEKTOT ce 0TBOopa
MOXHOCT 3a fo6uBaH€e Ha NoBpaTHM MHpOpMaLMM O NoLMpoKaTa Maca, Co LUTO
ke ce [obue poKyc KOH Toa WTo Tpeba ga ce monpaBu M YCOBPLUM, 3@ MPEKY
nmnnemMeHTaumja Ha HajgobpuTe pelleHunja, 4a ce OAroBopu Ha notpebute.

3a nocTurHyBame Ha LienTa Ha OBOj TPy Ce KOpPUCTaT TEXHMKN CO OTBOPEH
kog [5,6], kako wWTO ce ckpunT-jasukoT PHP u cuctemoT 3a ynpaByBawe Ha
penauuoHn 6asun co nogatoun MySQL. KpajHuoT npoaykt Bo dopma Ha Beb-
annvkaumja ke rv coeavMHu cuTe KOHUEenTu oA NuHeapHaTa anrebpa koum ce
NOBP3aHN CO MaHWMynauumTe KOM MOXe [a Cce M3BpLlyBaaT Bp3 mMaTpuuu BO
obpaboTkata Ha CnukW, KOHKpeTHO objacHeTn nogony. mMnnemeHTupaHu BO
NPOEKTOT, OBME KOHLIENTU K& My OBO3MOXaT Ha KOPUCHMKOT Ha edHO MeCTo Aa
MOXe [a r'v 3agafe MaTpuuuTe Kako BNe3Hu napameTpu 1 UCTOBPEMEHO Aa uma
npucTan 4o e4eH LWMPOK CnekTap Ha onepauun of kage LUTO CO HEKOSKY KIMMKOBU
6u ce gedumHupana maHvnynauuvjata wrto Tpeda ga ce M3BpLUM BP3 BHECEHUTE
MaTpuULUK, OOHOCHO CAMKKU M CO TOa Aa ce Aobue CooaBETEH KpaeH pe3ynTaT Koj
BefHall Ke ce npe3eHTMpa Ha KOPWUCHMKOT. HauuMHOT Ha KOj e nmocTurHata
AeduHvpaHaTta uen 6w 6un npeseHTMpaH Ha MOLUMPOKMOT ayaUTOPUYM NpeKy
nocTaByBak€ Ha KpajHaTa annukauumja Ha Beb, 3aeHO CO M3BOPHMOT KOA.

2. O6paboTka Ha QUruTasnHu CIIMKN CO MaTPUYHKU TpaHcdopmaummn

lMpumeHnMBOCTa Ha HanpaBeHaTa annukauunja ke buge pasrnegysaHa 3a
Cnyyaj kage WwTo BNEe3HU Matpuum, OQHOCHO onepaHau BHECEHW of CTpaHa Ha
KOPUCHUMKOT ce aurntanHum cnuki. OBa goara Kako nocrnegvua of uagejata oBaa
annukaumja ga ja npyumeHuMme 3a obpaboTka Ha QUrnTanHu CNuKK, NOTOYHO 3a
HMBHa pecTaBpauuja. OurutanHUTe CAWKM HajegHOCTaBHO MOXeMe jJda ru
AeduHvpame Kako CNMKW NpeTBOpeHW BO OuHapeH opmart, uitnve 3a
KOMNjyTepoT Koj ce cocton oA normdkn 0 n 1. Cnvkata Kako nogaTtok Moxe Aa
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6uge nedvHupaHa kako ABoaMMeH3noHanHa dyHkumja f(x,y), Kage Wwio x n y
ce NpoCcTopHKU KoopauHaTu. ObnacTta Ha obpaboTka Ha AUrnTanHUTe CrnKK ce
ofHecyBa Ha 06paboTyBaHeTO Ha CNNKUTE AUrMTarHO, CO MOMOLL Ha KOMMjyTep.
AvirnTanHuTe Cnukn ce cocTojat of KoHeveH Bpoj Ha eneMeHTH, Kafe LITO CeKoj
Of HMB UMa nocebHa nokaumja 1 BpedHOCT N OBUE eNNeMEHTU Ce cpekaBaart Mo
UMETO NUKCENWN Unu eneMeHTn Ha cnukaTa. TpuTe Hajronemn Temmn Bo obnacra
Ha oOpaboTka Ha CNUKM ce: pecTaBpaumja Ha Ccnuku, nogobpyBake Ha
KBanuTeToT Ha CINKM 1 KoMnpecuja Ha cnuku [7,8]. PecTaBpauunjaTta Ha Crivku 3a
npBnaT CTaHyBa akTyernHa BO NegeceTTuTe roguHn Ha MMHaATUOT BEK, a ronemara
aKTYenHoCT N AeHeC ce AOMKMN Ha HejanHaTta roniema npuMeHa, Ha npuMmep Kaj
caTenuTckuTe CrvKW, MeAUUMHCKUTE CHUMKU UMW KoMMjyTepckata rpaduka.
OcHoBHaTa wWwema Ha npouecoT Ha obpaboTka Ha CNWKWM, OOHOCHO
pecTaBpupare Ha CMvKK, e JageHa BO NPOAOIKEHNE:

Flxy) DYHHUM]a Ha g(x,v) PecTaspupaHm i
*  perpagmparbe H bajnosm i
DETPAOWUPAKE PECTABPHUPAHKE

Cnuka 1. OcHOBHa WemMa Ha 06paboTKa Ha Cnuka

Kage wTto f(x,y) e opurMHanHata, HegerpagupaHa cnuvka, n(x,y) e goganeH
LyM OAHOCHO 3amarnyBawe, g(x,y) € AerpagvpaHaTta cnvka, a f(x,y) e
pecTaBpupaHaTta cnuka. Ha npouecoT Ha pecTtaspauuja My NpeTxoam npouecoT
Ha pJerpajauuvja, KOj HacTaHyBa CO MNpUMeHa Ha ofpefeHa dyHKUMja Ha
Jerpagvpakbe Bp3 OpurMHanHaTa Cnuka, Ha LWTo ywTe ce npuapyxysa
3amarnysake unu wym. Co oBa ce fobuBa gerpagmpaHa cnvka, Bp3 Koja moxat
Ja ce npumeHaTt ogpefeHn UNTPKU 3a pecTaBpaumja N Kako pesyntaTt ga ce
nobve pecTtaBpupaHa crvka. YCMeLwHoCTa Ha pecTaBpauuvjata 3aBucu of Toa
KOMKy pecTaBpypaHaTa cnuka e nobnmm3y p[o opurmHanot.  Kornky
pecTaBpupaHaTta Cnuka € MOCfMYHA CO OpUIrMHAanNOT, TOMKY MPOLEHTOT Ha
pecTtaspauuja 6un noycneLleH.

BcylwHOCT, cnuknTe npukaxysaaT UM CHUMAaaT KOPUCHWU MHpopMaumm.
Mopagn ronem 6poj Ha HegocTaTouM KOM MOCTojaT MNpyM MPOLECOT Ha
obpaboTyBawe Ha CnuKUTE, CHUMEHaTa ChuKa cekorawl npeTcTaByBa
JerpagvpaHa Bepaunja Ha opurMHanHata crnuvka. [loctojaT pasnuMyHn HauMHU Ha
KoM crnvkata moxe pa 6Ouge perpagupaHa, Kako Ha Mpumep: LIyMmoT,
reomMeTpuckUTe Aerpagauuun (guctopsvja Ha BPBOBUTE), OCBETIYBaHETO UMM
HecoBplweHocTn Ha 6o0ja (Ha npumep caTypaumja) u 3amarnyBamweTo [9].
3amarnyBaheTo, Kako HajyecT MpuUYMHUTEn Ha Jderpagauuvja, € dopma Ha
HamanyBake Ha MPOMYCHUOT Oncer Ha uaeanHaTa Cnuka, LITO Ce OOSDKM Ha
HeCOBpLUEHOCTU Npu hopMMpar-eTo Ha cnukaTa. Hajuyecto ce npeansBuKyBa of
penaTMBHO MOTOPHO ABWXEHE Mery KamepaTa 1 opurmHanHaTta cueHa, OnTUYKK
CUCTEM KOj € HaaBOp 04 (POKYCOT unm atmocqepckm TypbyneHumn.
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2.1. Mamemamuyku modes1 3a o6pabomka Ha duaumarsiHu CJuUKuU
CO Mampu4HU mpaHcgopmayuu

Bo nosagmHa Ha vHTepdejcoT Ha annukauujata ctojaT anroputMu 3a
pecTaBpupare Ha ChnuKKM, KO ce MNOBUKYBaaT Ha OCHOBHWUTE KOHLUENnTW of
nuHeapHaTa anrebpa, Kou ce ogHecyBaaT Ha MaHunynaumMuTe KoM MoOXe aa ce
n3BpLUyBaaT Bp3 MaTpuum Npu pecraspupameTo Ha cnvku [10]. 3amarnyBameTo
Ha Cnuka gernysa Kako TOYKa Ha npene Ha yHKuumjaTa, LUTO ce 03HavyBa Co
h(x,y). MeTognte kon ce KopucTaT 3a pecTaBpupare Ha Crvka cnaraaTt BO
rpynata Ha nvMHeapHu, MNPOCTOPHO HEe3aBUCHM (PUNTPU 3a pecTaBpupar-e.
Mputoa ce npeTnoctaByBa Aeka CTaTUCTUYKUTE CBOjCTBA Ha CrvkaTa He ce
MeHyBaaT npocTtopHo. OBMe nNpeTnocTaBkM Ha MoAenuvpawe MaTeMaTUudKu
MOXaT da ce ¢hopmynmpaar Taka LWTO Ke npeTnocTaBume geka ako f(x,y) e
opuvrMHanHarta, NPoCTOPHO AMCKPETHA Cnuka, Koja He NoAMNeXun Ha 3amarnyBamwe
W WymMm, Toraw cHUMeHarta cnuka g(x,y) ce mogenvpa co:

N-1 M-1
g(ny) = h(x:)’) *f(x'J’) = Z Z h(kllkZ) *f(x - liy - kZ)
k1=0 k=0

Ha oBaj HaunH ce nNpasu NpoLeHka Ha naeanHarta crivka, BO Criyyaj kora
ce JageHu caMo gerpagupaHara cnuka u doyHkuuvjaTa Ha 3amarnysame [11].

OBa moxe fa ce npowimpu 3a peanHa H matpuua og tvn mxn. 3a Hea
obnukoT ke buge:

g=Hf,geR™ feR";HeR™"

Co oBa ce onuuwyBa HeOeTEPMUHUCTUYKU CUCTEM O m WUCTOBPEMEHU
paBeHCTBa, KOU ce BpLUaT crnopep ropHaTa dopmyna, No e4HO 3a CEKOj eneMeHT
O[1 BEKTOPOT g U n HEMO3HATWU, N0 €4HO 3a CEeKOj eneMeHT o BeKTopoT f. [NpuToa
OpojoT Ha HenosHaTWM n ce npecMeTyBa cnopeg n=m+1[l—1, kage wWwTo
napametapoT [ O03HadyBa XOPU3OHTaANHO, fWHEeapHO 3amarnysawe,
npeau3BUKaHO of ABWMXewe, n3paseHo BO nukcenu. lNpn pectaBpauujata Ha
CnuKa, Koja e 3amarfneHa of penaTtuBHO MOTOPHO AOBUXEH-e, pe3ynTaToT ce
COCTOM 0O pellaBakbe Ha HeOeTePMUHUCTUYKM CUCTEM, cropen MocnegHoTo
paBeHcTBO. Bo Taksu ycnosm 3amarneHaTa crnvka ce onmmyBa MaTpUYHO CO:

91 - hy 0 0 00
o h1 hl 0 00
00 0 - hy -

EnemeHTuTe Ha ManmuaTa H ce necplempaHM KaKO. h; = 1/1, 3a cekoe
i =1,2,3...1. Llenta e ga ce HanpaBu NPOLIEHKA HA OPUTMHANHNOT pea CO NOMOLLI
Ha penosuTe of f (cogpxaH Bo BeKTopoT f1), cropes cekoj pea o matpuuarta
Ha 3amarnieHaTa cnvka g (coapxaHa Bo BeKTopoT g'), noad npeTnocTaBka aeka
KapakTepuCTUKUTE Ha CUCTEMOT Ha Aerpaguparse H e nosHat npuop [9][11].

AHanorHo Moxe fa ce geduHnpa n matpuua F koja Ke ogrosapa Ha
opurMHanHaTta geTepMUHUCTUYKA CriuKa, Taka LUTO efleMEeHTUTE Ha cnukaTta ke
bupat F;j 3a i=12..r n 3a j=12..n. Toraw matpuuata Ha 3amarsysame

oBfJe Ke ja 03Ha4MMe co G U ke ce npecMeTyBa Co:
1

1 _ _
Gij =72 Fijapi=1..,7j=1.,m
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ManVI‘-IHVIOT oonuk Ha OBa, WTO oAgroBapa Ha 3amariiyBawe
npegn3BMKaHO o4 XOPU3OHTAJTHO ABUMXeHe, €.
G = (HF™)T = FHT

Kora ce paboTtu 3a npouec Ha 3amarnyBame CO BEPTUKAIHO ABUXEHE,
MaTpuYHUTE TpaHcdopmauun ce cnopea cnegHasa dopma:
g=Hf,geR™ feER;H e R™"

OBpe 3a r Baxu geka r =m+1—1, a | o3HayyBa 3amarnyBawe nog
OejCTBO Ha BepTUKanHo, IvMHeapHO [BWXeHwe, W3pa3eHO BO MUKCENMW.
CoopgeTHo, hopmata Ha MaTpuuarta G, WTO ofroBapa Ha BepTUKarHo,
NVHeapHO 3amMarnyBane Ha Crivka npeav3BrKaHo o ABUXKEHE €:

G = HF,G € R™"; H € R™"; F € R™*"

OBure maTpuyHu TpaHcopmaumm 3a pectaBpupare Ha 3amarsfieHa crnvka
ke BugaT MMMNNeMeHTMpaHN BO kpajHOTO Beb-pelleHne. bnarogapeHue Ha HuB,
ce MoKaxkyBa Kako pecTaBpauujata Moxe fa ce NPUMeHn BP3 3amarfieHn CIUKK,
CO LWITO 3amarnyBakeTo Of CIUKUTE Ke Ce enMMUHMUPAa MNPeKky KOPUCTEHEe Ha
MaHunynauumMte Cco MaTpuuu, cnopeg MaTematudknot obnuk, objacHeT
npetxogHo. OCBeEH OBME MATPUYHM TpaHcdopmauun, ke Bugat oBO3MOXKEHU U
OCHOBHUTE TpaHcopmaumm €O MaTpuun, Kako cobuparwe, oasemame,
TpaHCNOHWpake W CrMYHO, Ouaejku gen og HMB Ke ce KopuctaT u npwu
pecTaBpupamEeTO.

3. DyHKUMOHMpaHEe Ha UHTEePHEeT annukKauujata

3a pa3Boj Ha kpajHOTO Beb peLleHne e KOpUCTeH ckpunT- jasukoT PHP koj
npetcrtaByBa crnobogeH coTBEpP M BOEOHO € HajKopuUCTeHa TexHornorvja 3a
pa3BoOj HAa MPOEKTM CO OTBOPEH KOA4 OA4 TUNOT Ha BebG-annukauun [12]. MMpw
n3BpLUyBak-€ Ha OApeAeHa onepauumja Bp3 MaTpuum, 40OMEHNOT KpaeH pesyntar
3aeHO CO MOKaxyBad KOj Ke ja uaeHTUdUKyBa u3BpLUeHaTa onepauujata u
MaTpuumuTe Co KoM ce onepupa, ce ckrnagupaat Bo 6a3a co nogaToum Ha cepsep,
CO Lern npu cnegHoTo MOBUKYBawe Ha UCTUTE napameTpu pesynTtaTtoT ga ce
3eMe OMpeKTHO o 6asaTa u co Toa fa ce peayumpa BpEMETO 3a U3BPLLYBAHETO
Ha npecmeTkuTe. CUCTEM KOPUCTEH 3a ynpaByBake Ha penauuoHu 6asu co
nopgaToun e MySQL cucremor. [13]

MpBUOT 4Yekop BO MNpPOLECOT Ha MpecMeTka € BHeCcyBaweTo Ha
BPEAHOCTUTE Ha eMIEMEHTUTE 04 MaTPULINTE NPEKY MHTEPaKLMja CO KOPUCHUKOT.
BpegHocTute Ha enemeHTUTE MOXe Aa Buaat o TMNOT Ha Leny nnm geuumarHm
OpoeBM N UCTUTE MOXe Aa OGuaaTt 3agadeHuM Ha koj O6uno o TpUTe Ha4dMHM
onuwaHu Bo npogomnxkeHue. MNpBMOT HauMH e Npeky 3agaBarke Ha QUMEH3NUTe
Ha MaTpuuMTEe W COOABETHO CMNopen BHECEHWTE BPEOHOCTM Ha WUCTUTE ce
npucTanyea KoH hopMupare Ha MaTpudHa Taberna of TeKCT Nonukba, Taka LWTo
BpeAHOCTa BO CeKoe TEeKCT rore ogrosapa Ha BpeaHOCTa Ha efjeH enemMeHT of
MaTpuuata. BTOprMoT HauuH e npeky AMPEeKTHO BHECyBawe Ha enemMeHTuTe Ha
MaTpuLUuTE BO TEKCT NOMMH-a KOW Ce A0CTanHu BO MHTEPHET annukawuumjaTta, Taka
LITO KOPMCHMYKMOT BHEC MOpa Aa UCMONHyBa ogpeneH opmaT T.€. eNeMeHTUTe
BO MaTpuuaTta ga ce ogaeneHu efeH of Apyr CO KapakTep 3a npasHO MecTo
(blank space), nogeka nak npeorakeTo BO HOB peq Aa Ce Kapaktepusmpa co
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3HaKoT 3a npemuH BO HOB pef (Enter). NocnegHnoT HauMH Ha BHecyBake Ha
MaTpuuuTe e npeky cdopma 3a npukadvysawe Ha gaToteku co .txt popmart kage
LUTO coapXXuHaTa BO faToTekaTa Tpeba aa ro McnonHyBa NPeTXO4HO ONULIAHMUOT
dhopmaT Kako Npy BTOPMOT HAYMH Ha 3a[aBare Ha BPEAHOCTUTE Ha eNneMeHTuTe
BO mMatpuumTe.

OTkako maTpuuMTe Ce BHECEeHW BO annukauujata, ce npuctanyBa KOH
n3bop Ha coodBeTHa ornepauuja Koja ke ce M3BpLUn Bp3 HMB. Ha KOpUCHMYKMOT
uHTepdejc ke bugaT 4OCTanHU pasHM BUOOBM HA MaHWMynauum, Kako LUTO ce
onepauuuTe 3a cobupame 1 oasemarse, Haorfakwbe Ha NPoM3Bo Ha ABE MaTpuULM,
TpaHCNoOHWpake Ha MaTpuua, Haofake Ha UHBEepP3Ha MaTpuua, npecMeTyBaHhe
Ha AeTepMMHaHTa Ha MaTpuua, ckanupame, CTeneHyBakwe U pasHu KOMObnHaumm
0, CMTe MPEeTXOL4HO CroMeHaTV ofnepauvMyM BO Hacoka 3a pecTaBpupare Ha
cnvka. 3a u3BpLUyBakbe Ha HEKOM OA MaHunynauuMmMTe HeonxogHo e ga bupat
BHECEHM BpeHOCTUTE Ha eneMeHTUTe Ha ABe MaTpuuu, goAeka nak 3a gen og
onepaumMTe [OOBOMHM Ce BPEAHOCTUTE Ha eneMeHTUTe W Ha caMo efHa
MaTpuua. 3a Hekou of onepauuuTe (KOMOUHaLMM 04 onepaumn) Kako onepaHau
Ke ce jaByBaaT n Tpu maTpuun. N36opoT Ha nocakyBaHaTa onepauuja € Yekop
KOj e mpocnefeH Co U3BpLUYyBare Ha uctaTta.

Mo wun3bopoT Ha onepaumjata, a HenocpeoHO nNpes Hej3UHOTO
n3BpLlyBak-€, Ce NpucTanysa KoH 6asaTta co nogaTouun Ha CepBepOT U Ce BpLUK
npoBepka [anvM BO Hea Beke MOCTOM pes3yntatoT O BHECEHWTE MaTpuum K
nsbpaHaTta onepaumja U Kako TakOB JOKOINKY € NpoHajaeH ce 3ema of 6aszata u
ce npukaxysa Ha KOpUCHUKOT 6e3 npuToa ga ce rybu Bpeme BO npecMmeTka. AKo
He e NpoHajaeH pe3ynTaT of npebapyBaweTo BO 6asarta, ce npucrtanysa KOH
u3BpLlyBak-e Ha npecmeTka Ha msbpaHaTa onepauuja u gobneHMoT pesynTtaT
npea ga buae npeseHTMpaH Ha KOPUCHUKOT ce cknaampa Bo 6asaTa, 3a cnegHuoT
naT kora ke 6uaaT NoBuKaHM UCTUTE NapaMeTpu 3a NnpecmeTka, Aa ce pegyumpa
BpeMeTOo 3a npecmeTka Ha onepauunte. [putoa, egHa maTpuua Bo 6asata ce
CKrnagupa Kako Hu3a o[ €efneMeHTM Taka LWTo enemeHTuTe MerycebHo ce
pasgenenn co 3anvpku.

3.1. CTtpykTtypa Ha 6a3arta

'eHepanHo, BO 6a3nTe co nogartoum ke nmame Aesa Buga Ha Tabenu Bo
Kou Ke ce cknagupaaT maTtpuuuTe, BrEe3HUM MaTpuum — onepaHaM BHECEHU oA
CTpaHa Ha KOPMCHUKOT 1 BP3 KOU Ke Ce U3BpLUyBaaT MaHunynaummuTe u n3nesHm
MaTpuun — KpajHu pesyntaTtin gobueHn og npecMeTKNTe Ha MaHunynauumTe. 3a
BNE3HUTE MaTpULM NOKPaj HA3a BO KOja ce YyBaaT BPEAHOCTUTE Ha efIEMEHTUTE,
notpebHo e pga OupaTt cknagupaHn v uHgopmauuja 3a OuMeH3unjaTa Ha
mMaTtpuuarta u eaMHCTBEH naeHTUdmnKaTop no Koj ke ce npuctanysa 4o Matpuuara
Kora ke 6uge noTpebHa.
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Ta6ena 1. CTpykTypa Ha Tabenara 3a BNne3HuTe maTpuum

matrices_in
id_in elements_in | dimensions
1 8,4,2,6 2x2
2 11,...4,3 5x6
3 25,...,4,7 6x14

Kaj Tabenute 3a wusnesHute MartpuuM, MNOKpaj HM3aTta BO koja ce
ckragvpaaT BpeOHOCTUTE Ha enleMeHTUTE U eAMHCTBEHUOT uaeHTudurkaTop,
noTpebHO e Aa ce cknagmpa v nore Koe ke npeTcTaByBa HEKOj BUA Ha MOKaXxyBay
KOH onepauujata Koja ce wu3BpwyBa (operation), KOMOHW KoM coapxar
naeHTumKaTopn KOH MaTpuumte — onepaHau Bp3 KOM Ce wu3BpLlyBaaT
onepauunTe, Kako U OOMNOMHUTESNHM napameTpu Kou Ke buaat UCKOPUCTEHU 3a
KOMBUHaLMM o4 MaHunynauuu.

Tabena 2. CTpyKTypa Ha Tabenara 3a us3nesHUTe maTpuum
matrices_out

id_o | elements_o | operatio | matrix | matrix_ | matrix_I | r |s|p| q

ut ut n | 1l /]

1 8,2,4,6 (AT 1 0 0 0|0

2 16,8,4,12 rA + sB 1 1 0 1/1/0]0

3 12,9,...,141 A*B 2 3 0 0|0
7

BoBeagyBaheToO Ha AOMOMHUTENHUTE NapaMeTpu (KOHKPETHO BO CryyajoT
BO Tabena 2) 0BO3MOXXyBa cKanupame Ha MaTpuuuTe npeq Aa ce U3BpLUM Hekoja
MaHunynauuja Bp3 HUB. [JOKOMKY KOPUCHUKOT caka Aa U3BpLUM MaHunynawmja Bp3
maTpuuute 6e3 Tve ga GmuaaTt ckanvpaHu, BPeAHOCTUTE Ha napameTpuTte I
nocraeyBa Ha BpedHocT 1. icTute ce uckopmucteHu Bo noseke chopmynaumm Ha
n3pasu 3a maHunynauuja. o BHecyBarwe Ha MaTpuumTe Npeky HTepdejcoT, co
n3bop Ha ogpeneHa onepaumja ce reHepmpa CoOOOBETEH MOKAXyBay N UCTUOT ce
bGapa Bo 6asaTta co nogaToum, NOTOMHO BO TabemnaTta BO kOja ce cknagupaHu
NMHopMaummTe 3a usnesHute matpuumn. Ako Bo 6asata ce npoHajaeHn nonuka
CO ucTaTta onepauuja, ce npucrtanyBa KOH crnopeaba Ha BHeCEeHUTe MaTpuum
npeky MaeHTudukaTopcknute O6poeBn U BO Cry4vaj Ha MpOHajOeH pesynTaT ce
Bpaka BpegHocTa opf elements _out konoHaTa. Bo cnpoTuBHO, ako He e
npoHajaeH TakoB pesynTtaT Bo 6asaTa, ce npucTanyBa KOH W3BpLUYBake Ha
COOABETHUTE MpPecMeTKM U cKknaguparwe Ha U3Ne3HWOT pes3ynTtaT Kako HoBa
KonoHa Bo matrices_out TabenaTa.

3akny4ok

Kopuctejkn ja npetxogHo obpaboTteHa uaeja 3a pas3BOj HA WMHTEPHET
annvkauuja, co Koja 6u ce usspLuyBane MaTpu4HuU MaHunynauumn 3a obpaboTka
Ha CNVKK, HaMpaBMBME aHanuMs3a Ha uctaTa M ja UCKOPMCTMBME Kako OCHOBA 3a
pa3Boj Ha LienokyneH NpoekT. LlenTa Ha KpajHNOT NPOeKT € UMNIIEMEHTUParE Ha
OpojHN TEXHUKN 04 NHeapHaTa anrebpa BO eaeH BeO-KOPUCHMYKM nHTEpdeE]C,
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3a UMMfeMeHTaumja Ha cpaboTEHOTO BO NPOLLECOT Ha 0OpaboTka Ha crivku. Ha
noyeToK [JadoBMe BOBe4 BO KOj yKaxaBme Ha notpebata o WHTEpHeT
annukaumja 3a obpaboTka Ha CnMKW, MOTOYHO pecTaBpupawe Ha crnvku. n
HaBeOBME M NPEOHOCTUTE Ha NPOEKTUTE CO OTBOPEH Ko, MOpaAmn KOU MPOEKTOT
LWITO Ke ro peanuaupame Ke ro nocraBMMe Kako TakoB. Ha Toj HauuH cekoj Ke
MOXe Oda npuctanysa, Aa MMa yBuA BO KOOOT Ha MPOEKTOT M Aa ro MeHyBa
MCTUOT, CO Uen ga ce gobujaT noedukacHM KpajHu pesynTaTti, BO CMUCIA Ha
pa3BMBake W UMMIEMEHTUpawEe Ha nogobpn TEXHUKM 3a pepyuMpare Ha
BpeMeTO MoTpebHO 3a npecMeTkn unu crmyHo. KpenpaHuoT KOPUCHUYKM
UHTepdejc 3a pecrtaBpaumja Ha CrMKM MOXe Aa Ce KOPUCTU 3a NoHaTamMOLUHU
NcTpakyBara, aHanuau u cnopenbu, KOHKPETHO BO NpobremMu 3a ogmarnyeame
Ha 3amarneHu cnukn. Mcto Taka, MoXe ga ce KOPUCTU 3a MpoLeHyBawe Ha
edKacHOCTa Ha BakBMOT Ha4YMH, CO MAaTPUYHU MaHUMynaunm 3a pectaBpmpame
Ha cnvku, npeky cnopegba Ha [oOveHuTe pesynTtatM CO OBOj mMpucTan co
pesyntatute OobveHn CcO Hekoj Opyr npuctan unu, nak, ga ce yTBpau
OoTCTanyBaweTo 0f MaTemMaTUdkuTe odekyBawa. [lpeky kpeunpaHuoT BeO
KOPUCHMYKM MHTEpdejC 3a pecTaBpauuMja Ha CIMKM Ce MOKaXyBa YLITE U KaKo
PHP n MySQL moxe ga ce uckopmcrar 3a Kpemparwbe Ha KOPUCHUYKK nHTepdejcu
KoM MOXaT [Aa ce KopucTaT 3a pasfuyHW HamMeHW K npuToa McTuTe da bupat
e[HOCTaBHM 3a ynoTpeba oA cTpaHa Ha KOpUCHULUUTE.
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YTAYT U HEJ3UHATA NPUMEHA BO OBPA30OBHA CPEAUHA:

NPEIMMEQ HA COCTOJBATA
MwupjaHa Kouanesa', rop CtojaHoBMK?, 3opaH 3apaBeB?

" LleHTap 3a enekTpoHcKko yyewe, YHuBepauTeT loue denyes”, LUTtun
2 dakynTeT 3a uHcbopmaTuka, YHuBepauTeT ,loue Jenyes”, LUtun
(mirjana.kocaleva, igor.stojanovik, zoran,zdravev)@ugd.edu.mk

AncTtpakTt. VIHopMaTHiknTe U KOMyHUKaumckuTe TexHonorum (UKT) nmaat noteHumjan oa
M nopobpaT cuTe acnekTm Ha HalMOT OMLITECTBEH, €KOHOMCKA W KYNTYPeH XUBOT.
BoBenyBamweTto Ha VKT BO yHMBEp3WTETUTE Kako BMCOKOOOPA30BHM YyCTaHOBW, jaCHO O
MEHyBa Ha4MHOT Ha Koj obpasoBaHMeTO ce crnpoBeAyBa. HO, KOMKy LITO € BaXHO
BOBEJYBa-E€TO, TONKY € BaxHO W npudakaweTo Ha HoBuTe WKT. 3a Taa uen ke ja
ynotpebume yHudumumpaHaTa Teopuja 3a npudakare u ynotpeba Ha TexHonorujata
(YTAYT) co koja ke ce objacHM HamepaTa Ha KOPUCHMKOT Aa KOPWUCTU WMHOPMaLMOHU
CcMCTeMM 1 NnocneaoBaTenHo Aa ro cnean ofHecyBaweTO Of, HUBHOTO KOPUCTEH-E.

Bo Tpynos e onnwaHn mogenot YTAYT u chaktopute Kou BfvjaaT Ha HEro, Kako 1 Herosata
moaudmKaumja co TekoT Ha BpemeTo. MNoHaTamy ce fafdeHu NpuMepu 3a npumeHaTa Ha
YTAYT Bo pasnuynu cpeanHn. W Ha Kkpaj, BO 3akny4oKoT HaBedyBame 30LUTO npudakareto
Ha WKT e 3apomxutenHo un wrto Tpeba ga ce npeseme 3a ga ce npudaty egHa Hosa
TexHonoruja.

KnyyHu 36opoBu: YTAYT, knyyHuU chakmopu, mexHoroauja.

UTAUT AND ITS APPLICATION IN AN EDUCATIONAL ENVIRONMENT:
STATE-OF-THE-ART

Mirjana Kocaleva', Igor Stojanovik?, Zoran Zdravev?

' E-learning Center, “Goce Delcev” University, Stip, Macedonia
2Faculty of computer science, “Goce Delcev University”, Stip, Macedonia
(mirjana.kocaleva, igor.stojanovik, zoran,zdravev)@ugd.edu.mk

Abstract. Information and communication technologies (ICT) have the potential to improve
all aspects of our social, economic and cultural life. The introduction of ICT in universities
as institutions of higher education is clearly changing the way in which education is
conducted. But, as much as important its introduction is, the more important is the
acceptance of new technologies. For that purpose, we shall use a unified theory of
acceptance and use of technology (UTAUT) which will explain the user’s intention to apply
information systems and subsequently to monitor the behavior of their usage.

This paper describes the UTAUT model and the factors that affect it, and its modification
over time. Furthermore, examples are given for the application of UTAUT in different
environments. Lastly, in the conclusion we note why the uptake of ICT is mandatory and
what should be undertaken in order to accept a new technology.

Keywords: UTAUT, key factors, technology.

1. Introduction

The presence of communication and information technologies in organizations today has
dramatically increased. Some studies suggest that, by 1980, about 50 percent of all new capital
investments in organizations had been in information technology (Westland and Clark 2000).
However, the technologies for improved productivity must be accepted and used by employees
in organizations.

The explanation of customer acceptance of new technology is often described as one of the
most researched areas in modern literature information systems (IS) (Hu et al. 1999). Studies in
this area have resulted in several theoretical models, with roots in information systems,
psychology and sociology (Davis et al. 1989; Taylor and Todd 1995b; Venkatesh and Davis 2000).
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Individual reactions Intentions to use Actual use of

to using information Jii information information
technology technology technology

Figure 1. Basic Concept Underlying User Acceptance Models (Venkatesh et al. 2003)

Figure 1 presents the basic conceptual framework underlying class of models, explaining the
individual acceptance of information technology that is the basis of this research (Venkatesh et
al. 2003).

In this paper we describe the UTAUT theory created by Venkatesh in 2003, as well as its
modified versions from 2008 and 2012 respectively, along with the factors that affect them. In the
version of UTAUT of 2008 there are some changes in the schedule of the factors affecting the
acceptance of new technologies and new three key factors, while the model of 2012 was extended
and was intended for the consumer sector. Further, examples are given of the application of
UTAUT in university environment where the surveys were conducted on university academics
and their results are shown respectively in Table 2, Table 3 and Table 4, given below in part 5.
Finally, in conclusion we note why the acceptance of ICT should be mandatory and which
obligations should be undertaken to accept one new technology and to be used in a university
environment.

2. Synthesis of various models and creating a unified view of user

acceptance

Information technology (IT) accepts researches that gave many competing models for
acceptance and use of information and communication technologies, each model with different
acceptance of determinants. Each theory or model has been widely tested to predict user
acceptance (Venkatesh and Davis, 2000; Thompson et al., 1991). However, no comprehensive
instrument to measure the variety of perceptions of information technology innovations had
existed until Venkatesh et al. (2003) attempted to review and compare the existing user
acceptance models with an ultimate goal to develop a unified theory of technology acceptance by
integrating every major parallel aspect of user acceptance determinants from those models.

The eight original models and theories of individual acceptance that are synthesized by
Venkatesh et al. (2003) are: the Theory of Reasoned Action (TRA), Technology Acceptance
Model (TAM), Motivational Model (MM), Theory of Planned Behavior (TPB), Combined TAM and
TPB (C-TAM-TPB), Model of PC Utilization (MPCU), Innovation Diffusion Theory (IDT) and Social
Cognitive Theory (SCT). Constructs of each models and theories, including the UTAUT model,
are represented in Table 1.

Table 1: Models and Theories of Individual Acceptance (Oye et al. 2011)

Models and Theories Constructs
Theory of Reasoned Action (TRA) by Fishbein Attitude
and Ajzen (1975) derives from psychology to Subjective norm

measure behavioral intention and performance.

Technology Acceptance Model (TAM) by Davis Perceived Usefulness

(1989) develops new scale with two specific Perceived Ease of Use

variables to determine user acceptance of Subjective Norm*

technology. Experience*
Voluntariness*

Technology Acceptance Model 2 (TAM2) by Image*

Venkatesh and Davis (2000) is adapted from Job Relevance*

TAM and includes more variables. Output Quality*

Result Demonstrability*

* indicates TAM2 only
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Motivational Model (MM) also stems from
psychology to explain behavior. Davis et al.
(1992) applies this model to the technology
adoption and use.

Extrinsic Motivation
Intrinsic Motivation

Theory of Planned Behavior (TPB) by Ajzen
(1991) extends TRA by including one more
variable to determine intention and behavior.

Attitude
Subjective norm
Perceived Behavioral Control

Combined TAM and TPB (C-TAM-TPB) by
Taylor and Todd (1995).

Perceived Usefulness
Perceived Ease of Use
Attitude

Subjective norm

Perceived Behavioral Control

Model of PC Utilization (MPCU) by Thompson et
al. (1991) is adjusted from the theory of attitudes
and behavior by Triandis (1980) to predict PC
usage behavior.

Social Factors

Affect

Perceived Consequences (Complexity, Job-Fit,
Long-Term Consequences of Use)

Facilitating Conditions

Habits

Innovation Diffusion Theory (IDT) by Rogers
(1962) is adapted to information systems
innovations by Moore and Benbasat (1991). Five
attributes from Rogers’ model and two additional
constructs are identified.

Relative Advantage*
Compatibility*
Complexity*
Observability*
Trialability*
Image
Voluntariness of Use
* indicates Roger’s constructs.

Social Cognitive Theory (SCT) by Bandura
(1986) is applied to information systems by
Compeau and Higgins (1995) to determine the
usage.

Encouragement by Others

Others’ Use

Support

Self-Efficacy

Performance Outcome Expectations
Personal Outcome Expectations
Affect

Anxiety

Unified Theory of Acceptance and Use of
Technology Model (UTAUT) by Venkatesh et al.
(2003) integrates above theories and models to
measure user intention and usage on technology

Performance Expectancy

Effort Expectancy

Attitude toward Using Technology
Social Influence

Facilitating Conditions
Self-Efficacy

Anxiety

Researchers are faced with a choice among variety of models and know that they have to
"choose" factors across models, or to choose "favorite model" and to ignore the contributions of
alternative models. Thus, there is a need to review and synthesize in order to progress towards

a unified view of user acceptance.

Based on the conceptual and empirical similarities across models, a single model is formulated
and now a unified theory of acceptance and use of technology (UTAUT) is often used.
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UTAUT was tested by using the original data and overcoming the eight individual models, and
in that way it was founded. UTAUT has become a useful tool that managers need to apply in order
to evaluate the probability of success while introducing a new technology and helps to understand
the factors for its acceptance, in order to undertake more active interventions (such as training or
marketing) targeted at users who may be less prone to adopt and use new systems (Venkatesh
et al. 2003).

3. What is the UTAUT

UTAUT aims to explain user intention to use information systems and subsequently to monitor
the behavior of their use. The theory considers that four key factors (performance expectancy,
effort expectancy, social influence and facilitating conditions) are direct determinants of intention
and usage behavior. Gender, age, experience and voluntary use are set to mediate between the
impacts of the four key factors of the intention to use and the behavior (Venkatesh et al., 2003,
Figure 2).

Figure 2. Diagram of UTAUT theory (Venkatesh et al. 2003)

4. Modifications of UTAUT

In 2008, Venkatesh made modification on UTAUT (Figure 3) and the new model used the
behavioral intention, facilitating conditions, and behavioral expectations as predictors of the three
key factors of a system that we use. The three key factors of the system here are duration,
frequency and intensity. Each of these three predictors play different roles in predicting each of
the three factors of the system we are using.
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Behavioral
Intention

Behavioral
Expectation

-—- Relationship hypothesized as significant in UTAUT (Venkatesh et al. 2003), but nonsignificant
here

N UTAUT (Venkatesh et al. 2003) or TAM2 (Venkatesh and Davis 2000) relationships

— New relationships

Figure 3. Diagram of UTAUT theory (Venkatesh et al. 2008)
In 2012 there was an expanding of the scope of unified theory of acceptance and use of
technology (UTAUT) for acceptance and use of technology in the consumer context (Venkatesh
et al.). This theory was called UTAUT 2.

—
/
/]

=

1. Moderated by age and gender.

2. Moderated by age, gender and experience.

3. Moderated by age, gender and experience.

4. Effect on use behavior is moderated by age and experience.
5. New relationships are shown as darker lines.

Figure 4. Diagram of UTAUT 2 theory (Venkatesh et al. 2012)

99



100

lonumen 36opank 2013 ®akynrer 3a nHPpoOpMaTuka, YHUBep3uTeT ,,l one Jemaes™ — IItun
Yearbook 2013 Faculty of Computer Science, Goce Delcev University — Stip

UTAUT 2 included three new constructions in the previous model of UTAUT: hedonistic
motivation, price value and habit. Individual differences — age, gender, and experience - were
hypotheses for moderating effects of these constructs on the behavioral intention and the use of
technology. Compared with the UTAUT, the proposed extensions in UTAUT 2 produced
significant progress in explaining the variance in the behavioral intention (from 56 percent to 74
percent) and the use of technology (from 40 percent to 52 percent).

5. Application of the UTAUT

At the University of Jos Plateau, Nigeria, a pilot — study was conducted which contained 23
UTAUT survey questions and 9 demographic statements in the total amount of 32 questions (Oye
et al. 2011). Respondents were university academics. The survey showed that, 57% of
respondents were male and 43% were female. By using the pilot study questionnaire part of the
demographic statements, they were able to give answer to the following questions (a) Was ICT
mandatory or voluntary in their institution? (b) What were the greatest barriers for using ICT for
academics? The following results were obtained: the majority of the full-time lecturers (89%)
responded that ICT was mandatory. Question which talked about barriers of using ICT, had the
majority of the respondents (42%) which said that their problem was the time; on the other hand
(31%) said that the problem was the training. Others respondents (4%) said that the cost was
their problem, another group (20%) said that they needed the compensation and the final group
(3%) said that, it did not fit their programs. This implies that the university ICT made task more
easily accomplished, thereby making them more productive. Hence result from the survey showed
that 86.5% agreed with that. Therefore this determined the level of expected adoption of ICT by
the respondents. Among the four UTAUT constructs, performance expectancy exerted the
strongest effect. Therefore Performance expectancy was the most influential factor for the
acceptance and use of ICT by the respondents.

Recommendations that were made were that, all employed teachers in Federal, State and
Private universities should undertake mandatory training and retraining on ICT programs. This
study used the models TAM and UTAUT to understand the teacher’s behavioral intention on the
acceptance and use of the technology.

Table 2. Results from the study in Nigeria (with UTAUT constructs of reliability of above
0.70.)

Results from the study in Nigeria (Number of respondents N = 100)

Male 57%

Gender Female 43%

Use Mandatory 89%
Voluntary 11%

Time 42%

Training 31%

Barriers for using ICT Cost 4%
Compensation 20%

Do not fit with the job 3%

Another survey was conducted in a large public university in the Midwest area. The revised
questionnaires were distributed to 394 undergraduate students in a business administration
course. There were 294 returned responses, for an overall response rate of 74.62 percent. The
demographic data of respondents were also collected. Table 2 demonstrates sample
characteristics.

The subject of the questionnaire was the assessment of the students’ intention to use
Blackboard (named MyGateway at the survey institution) which is a Web-based software system
used to support flexible teaching and learning in face-to-face and distance courses. Blackboard
is an educational innovation that provides tools and facilities for the online course management,
content management and sharing, assessment management, and online collaboration and
communication between faculty and students or among students themselves.

Table 3. Sample Characteristics from the study in Midwest area (p-value <=.01)
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Sample Characteristics Results
Academic Year Freshman 30.38 %

Sophomore 15.00 %
Junior 40.77 %
Senior 13.08 %
Other 0.77 %

Gender Male 50.38 %
Female 49.62 %

Age Mean 22.12
S.D. 5.19

Application Experience None 50.77 %

1-2 Semester 30.77 %

More than 2 Semester 18.46 %
Application Training None 82.31 %

1-5 Hours 16.92 %

More than 5 Hours 0.77 %
Voluntariness Yes 50.00 %

No 50.00 %

The last study attempted to understand factors that affected university students’ usage
intention of library apps in university libraries. The survey was administered in Taiwan in the
context of adopting library apps in university libraries; the subjects selected were distributed
across various departments, and undergraduate and graduate students in eastern Taiwan from
each department and school were fairly evenly distributed to ensure valid comparison.

All subjects participated in the study voluntarily. There were a total of 363 Participants, 168
males and 195 females. Within the sample population: 277 (76.3 percent) were undergraduate
students and 86 (23.7 percent) were graduate students. The age of the participants ranged from
18 to 28 years. Most of the participants (69 percent) stated they were familiar with the term library
APP before the survey.

Table 4. Results from the study in Taiwan (p-value <= 0.05; 0.01; 0.001)

Results from the study in Taiwan (Number of respondents N = 363)

Male 168

Gender Fomae 168
Population undergraduate students 277
P graduate students 86

6. Conclusion

Today the majority of researches in IS are focused on adoption and use of various
technologies. Hence the application of UTAUT is of great importance for them, because this
theory helps us to get real result in real time, based on opinion of the respondents.

According to various studies that have been implemented in many universities that use the
UTAUT, we conclude that the use of ICT is almost everywhere mandatory, but we are still working
on an adoption and use of new technologies by academic staff.

However, we know that by using new technologies we improve the quality of work, if they are
accepted and used by employees. The faster a technology is accepted by all employees, the
faster the effectiveness and efficiency of operations will improve. For a technology to be accepted
by the employees, mandatory training, time, and above all perseverance and desire to learn
something new are required.

101



102

lonumen 36opank 2013 ®akynrer 3a nHPpoOpMaTuka, YHUBep3uTeT ,,l one Jemaes™ — IItun
Yearbook 2013 Faculty of Computer Science, Goce Delcev University — Stip

References:

[1] Carmen C. Lewis, Cherie E. Fretwell, Jim Ryan, James B. Parham. (2013). Faculty
Use of Established and Emerging Technologies in Higher Education: A Unified Theory of
Acceptance and Use of Technology Perspective. International Journal of Higher Education, 22-
34.

[2] Dapper, G. (n.d.). User acceptance of Enterprise 2.0 - A case study at an
internationally operating private bank.

[3] I Im, Seongtae Hong, Myung Soo Kang. (2011). An international comparison of
technology adoption Testing the UTAUT model. Information & Management, 48, 1-8

[4] Lemuria Carter, Ludwig Christian Shaupp, Jeffrey Hobbs, Ronald Campbell. (2011).
The role of security and trust in the adoption of online tax filing. Emerald, 303-318

[5] Mike Wade, Scott Schneberger. (2005, September 30). Retrieved from The Theories
Used in IS Research : http://www.istheory.yorku.ca/YTAYT.htm

[6] Oye N. D., A.lahad N., Ab.Rahim N. (2012). Acceptance and Usage of ICT by
University Academicians Using YTAYT Model: A Case Study of University of Port Harcourt,
Nigeria. Journal of Emerging Trends in Computing and Information Sciences, 81-89.

[71N.D. Oye, N. A. lahad, Zairah Ab. Rabin. (2011). A Model of ICT Acceptance and Use
for Teachers in Higher Education Institutions. International Journal of Computer Science &
Communication Networks, 22-40.

[8] Ton A.M.Spil, Roel W.Schuring. (2006). E-Health Systems: Diffusion and use: The
inovation, the user and the use IT model. Hershey, London, Melbourne, Singapore: Idea Group.

[9] Venkatesh, V. (n.d.). Walton college of business. Retrieved from Theoretical Models:
http://www.vvenkatesh.com/organizations/Theoretical Models.asp#YTAYT

[10] Viswanath Venkatesh, James Y. L. Thong, Xin Xu. (2012). CONSUMER
ACCEPTANCE AND USE OF INFORMATION TECHNOLOGY: EXTENDING THE UNIFIED
THEORY OF ACCEPTANCE AND USE OF TECHNOLOGY. MIS Quarterly, 157-178.

[11] Viswanath Venkatesh, James Y. L. Thong, Frank K. Y. Chan, Paul Jen-Hwa Hu,
Susan A. Brown. (2011). Extending the two-stage information systems continuance model:
incorporating YTAYT predictors and the role of context. Information Systems Journal, 527-555.

[12] Viswanath Venkatesh, Susan A. Brown, Likoebe M. Maruping, Hillol Bala. (2008).
PREDICTING DIFFERENT CONCEPTUALIZATIONS OF SYSTEM USE: THE COMPETING
ROLES OF BEHAVIORAL INTENTION, FACILITATING CONDITIONS, AND BEHAVIORAL
EXPECTATION. MIS Quarterly, 483-502.

[13] Viswanath Venkatesh, Michael G. Morris, Gordon B. Davis, Fred D. Davis. (2003).
USER ACCEPTANCE OF INFORMATION TECHNOLOGY: TOWARD A UNIFIED VIEW. MIS
Quarterly, 425-478.

[14] Yu-LungWu, Yu-Hui Tao, Pei-Chi Yang. (2008). The use of unified theory of
acceptance and use of technology to confer. Journal of Statistics & Management Systems, 919—
949.









